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Preface

Although we are currently in an advanced scientific era where we have sound 
technologies to solve healthcare problems, the world is still experiencing microbial 
infections, antimicrobial resistance, drug failures, disorders, and pandemics due to 
malpractices of drugs, natural mutation, and urban lifestyles. The major causes of 
therapeutic failure depend on a complex interplay of socio-cultural and clinico-medical 
factors, which can be observed at every step of the therapeutic chain. Even though 
vaccines are available to protect against polio, tetanus, flu, hepatitis B, hepatitis A, 
rubella, measles, rotavirus, chickenpox, and more, there is still a need for medicinal 
food and agents from nature. Medicinal plants are rich resources of ingredients that 
can be used in drug formulation, whether pharmaceutical, non-pharmaceutical or 
synthetic. They also play a critical role in the development of human cultures around 
the world.

The use of medicinal plants goes back to ancient times. Egyptian papyrus and 
Chinese manuscripts describe the uses of many local herbs. Evidence shows that 
Unani hakims (traditional medicine practitioners in South Asia), Indian tradi-
tional healers, and European and Mediterranean travelers were using plants as 
medicinal agents for more than 4000 years. Ancient cultures like the Indus Valley, 
Mesopotamian, Egyptian, and Huanghe civilizations used plants as medicines, as 
shown by archeological evidence. Among the ancient civilizations, India has been 
known to have a rich diversity of medicinal plants. Indigenous traditional knowl-
edge (ITK) and the forest of India are full of therapeutic information and medicinal 
wealth, respectively, both of which provide raw materials for drug formulation. 
About 8,000 herbal remedies have been codified in Ayurveda, Yoga, Naturopathy, 
Unani, Siddha, and Homeopathy (AYUSH) systems. The World Health Organization 
(WHO) estimated that about 80% of people worldwide rely on local herbal medi-
cines for their primary healthcare needs and identified 21,000 plant species as 
having medicinal value. After the COVID-19 pandemic, the world is going back 
to nature and readopting traditional practices, ITK, and old therapeutic systems. 
Readopting is difficult but not impossible. As such, this book provides a glimpse 
into plants and their traditional uses as well as their contemporary utilization for 
treating, managing, and even curing health problems. It is a useful resource for 
researchers, academicians, intellectuals, and interested readers.

Sanjeet Kumar
Biodiversity and Conservation Lab.,

Ambika Prasad Research Foundation,
Cuttack, India 
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Chapter 1

The Use of Native Flora/Herbal 
Products in Human Papilloma 
Virus (HPV) Infection: A Global 
Perspective Study
Franca Nneka Alaribe Nnadozie, Sidonie Tankeu  
and Daisy Nwaozuzu

Abstract

Human papilloma virus (HPV) is associated with 99% cause of cervical cancer 
with 20.2 million women at risk of having it in South Africa. Vaccine is the major way 
to prevent HPV infection. However, the vaccination program is not within easy reach 
for all that need it. Plants are an important source of medicines for African people, 
some herbal medicines are widely used for many ailments such as malaria, respiratory 
problems, pains, infection, and inflammation. There is limited information regarding 
the efficacy of medicinal plant use as there lack human studies, and no proper dosing 
measures are available. This study evaluated the global perspective of people over 
using medicinal plant products/plant-derived bio-therapeutics in the management of 
HPV infection. A survey method (Survey Monkey) distributed through social media 
was used for 3 months. 117 people participated and data realized from the study 
indicated their approval and readiness to use medicinal plant products.

Keywords: human papillomavirus, infection, cervical cancer, medicinal plants, efficacy

1. Introduction

In South Africa and other Sub-Sahara countries, cervical cancer (CC) is the most 
prevalent type of cancer disease suffered by women, with 20.2 million women at risk 
and 12.983 cases diagnosed annually [1]. Management of CC requires access to health 
care systems. Due to the stage of progression, the affected persons by this disease 
would require surgery, radiotherapy, and chemotherapy in order to increase their 
chances of survival. However, if CC is left unmanaged death may result [2].

In Low Middle-Income Countries (LMICs), the unaffordability of therapeutic 
resources and negligence of palliative care are among the factors hampering the fight 
against CC. Most women often consult health care providers at an advanced stage of 
cervical cancer due to financial hardship. The partial resources available for treatment 
are not adequate to provide effective surgical, radiotherapy, and chemotherapeutic 
services [2].
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Studies [3, 4] have shown that among HIV positive women, there is consistent 
higher incidence of human papilloma virus (HPV) infection (the major cause of CC), 
persistent HPV infection with high-risk types, multiple types of HPV, and cervi-
cal cancer precursors (CIN or SIL). An estimate as high as 20–40% has been made 
for the prevalence of CIN in HIV-positive women. Many studies have shown that 
HIV-positive women are more likely to have persistent HPV infections than HIV-
negative women [3]. South Africa is among countries in the world with a very high 
HIV prevalence. Zhang et al. [3] in their study recorded nearly half (41/83, 43%) of 
HIV-infected women co-infected with carcinogenic HPV genotypes [3]. Similarly, 
Temmerman et al. [4] reported a five-fold increased risk of high-grade SIL among 
513 HIV-positive women in a family planning clinic in Kenya. Other reports from 
the region show that women with HIV develop cervical cancer at an earlier age than 
women who are HIV-negative [4]. Statistically, cervical cancer in South Africa is at a 
prevalence of 22.8 and 27 per 100,000 women when compared with the global aver-
age of 15.8. A total of 5743 new cases are encountered annually with an approximately 
3000 mortalities. About 99% of these mortalities are associated with HPV, HPV 
strains 16 and 18 being responsible for 70% of the cases [1, 5].

Currently, in most of these sub-Sahara African countries, a vaccination program is 
either ongoing [1] or not yet incorporated into the eradication/screening policy [6, 7]. 
In South Africa, there is a vaccination of Cervarix®, which is provided for protection 
against HPV-16 and HPV-18 strains [1]. However, this vaccination program is either 
expensive, not efficient, or not within easy reach for all that need it. Furthermore, not 
much effort has been observed in HPV eradication and cervical cancer status in spite 
of the vaccination efforts in all the locations where it is operating.

Traditional medicines or herbal medicines have always been recorded as an important 
component of the health care system of the African people [8]. Medicinal plants/extracts 
involved in this practice are becoming a worldwide topic, drawing an impact on world 
health. They are still being administered by traditional practitioners in some parts of the 
health care system, especially in the rural areas of developing countries [9, 10] for the 
treatment of various illnesses, including viral infection, cancer, osteoarthritis, asthma, 
heart disease, tuberculosis, swollen ankles, bone fracture, malaria, convulsion, piles, 
hypertension, typhoid fever, diabetes, and anemia [8, 11, 12]. Additionally, extracted 
compounds of medicinal plants are being employed as inputs in toxicology, phytochemi-
cals, pharmaceuticals, and other chemical industries [8, 13]. Furthermore, [14] has 
shown that medicinal plants are a source of bioactive agents employed in the prepara-
tion of synthetic medicine, therefore, function in the discovery of drugs like antiviral, 
antidiabetic, anticancer, antifungal, antiasthma, antibacterial, anti-HIV, and antimalarial 
[14]. This study evaluates how people see the use of native floral-derived products and 
bio-therapeutics in the management of HPV infection.

2. Materials and methods

2.1 Study design

A mixed-method, including both qualitative and quantitative methods, was 
used by means of an electronic survey setup (Survey monkey) conducted between 
December 2020 and March 2021 to assess people’s notions about the use of medicinal 
plant extract or bio-therapeutics in the treatment/management of HPV infection. A 
total of 117 participants took part in the online survey monkey questionnaire.
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2.2 Data collection

Data collection was predominantly close-ended questions and a few open-ended 
questions were compiled in the form of an electronic survey/questionnaire on the 
Survey monkey Google platform. A link to the survey was disseminated via social 
media platforms along with an information leaflet. Participants accessed the survey 
and participated voluntarily and anonymously. Implied consent was assumed by the 
act of participating in the survey.

2.3 Data analysis

The quantitative data was subjected to data preparation for validation. Data was 
prepared and statistically analyzed using Excel for comprehensive data presentation. 
The significance level was established as p < 0.05.

3. Results

3.1 Demographical characteristics

Demographically, gender (Figure 1a), race (Figure 1b), age group (Figure 1c), 
and country of residence (Figure 1d) were the characteristics used. Under gender, 
93 females and 21 males participated in the study questionnaire. 3 of the participants 
preferred not to say. The number of females that participated was statistically sig-
nificant (P-Value = 0.001347 < 5%) compared to the number of males (Figure 1a). 
Data under race (Figure 1b) indicated participation of races from Black/African (96), 
White/Caucasian (6), Asian/Asian America (6), Hispanic/Latino (0), American India 
(0), Native Hawaiian, or other Pacific Islander (0). Other races not included in the list 
indicated a total score of 9.0. Black/African participants showed the highest score of 
96, which is statistically significant compared to participants from other race groups. 
Figure 1c depicts the age group of participants, which ranged from 18 years to 65 and 
above. Participants from 18 to 24 were 3, 25–34 (6), 35–44 (18), 45–54 (72), 55–64 
(15), and 65 and above were 3 participants. Age group 45–54 indicated the highest 
group of age that participated in the survey with 72 people that responded, followed 
by age group 35–44 with 18 respondents. In order to know people’s notions using 
location on the use of plant extracts for the treatment of HPV, participants’ countries 
of residence were requested in the survey. The number of participants residing in 
Nigeria was 51, in South Africa was 12, and those residing in other countries were 51 
similar to those in Nigeria (Figure 1d).

3.2 Knowledge of HPV infection and the type of cancers it can cause

HPV infection is the most sexually transmitted infection (STI). There are over 
100 types of HPV and more than 40 can infect humans [15]. HPV is known to be the 
cause of 70% of cervical cancer and other cancers such as vulva cancer, Papillomas/
Carcinomas, vagina, penis, and oropharynx cancers. Additionally, 630,000 cases of 
HPV-related cancers are diagnosed each year [1, 16–18].

For the above reasons, it was necessary to ascertain the knowledge of participants 
about HPV infection and other cancers it can cause. Data realized from this survey 
question (Figure 2) indicates that 78 participants are aware of HPV infection and 
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Figure 2. 
Participants with knowledge of HPV infection and the types of cancers it can cause. The level of awareness was 
highly statistically significant at P-value  = 0.000 < 5% for 78 participants. However, 24 participants declared 
their lack of awareness of HPV infection and the type of cancers it can cause.

(a) (b)

(c) (d)

Figure 1. 
Used demographic characteristics in the study. Gender (a), race (b), age group (c), and country of residence 
(d). Any parameter with the highest score in each group was statistically significant (P-value = <5%) compared to 
others.
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other types of cancers it can cause while 24 participants are ignorant of this. 9 partici-
pants are not sure (maybe) of their level of awareness to this. This shows that most 
people are aware of HPV infection and other types of cancer.

3.3  Knowledge of relative suffering or have suffered from any HPV-related 
cancers

As cervical cancer had earlier been indicated as the second most prevalent type of 
cancer suffered by women in developing countries [19] and with the nature of HPV 
infection as indicated in [15], we tried to have the knowledge of participants with 
relatives suffering or have suffered HPV-related cancers. On the question, do you have 
a family member, friend, or relative suffering or has suffered from cancer that HPV 
is one of its causes? Data from this survey question indicated that only 15 people have 
either friends, relatives, or family members suffering or have suffered HPV-related 
cancer while 93 (P-Value = 0.000 < 5%) people have not had such experience and 3 
were not sure (Figure 3). This figure shows that although most participants are aware 
of HPV infection as well as other types of cancer, they do not have many relatives 
affected by HPV-related cancer. Financial burden of these HPV cancers sickness was 
also included in the survey question. Results indicated that 15 participants showed 
bad financial effects/burdens on them due to these HPV cancers while 39 showed 
neutral burden over the HPV cancer sickness. No participant indicated the financial 
burden to have a good effect (figure not shown).

3.4 Use of herbal products for any purpose

Question to find out if participants have in any way used herbal or plant medicinal 
products for any purpose showed that 63 participants know and have used herbal 
products for one purpose or the other. A total of 43 participants indicated that they 
have never employed herbal products for any purpose while 6 participants were not 
sure if they have (Figure 4). The majority of participants demonstrated that they 
have already used herbal products for their health.

3.5  Awareness of some herbal products being used effectively either singly or in 
combination for the treatment of different ailments

Currently, many herbal products or medicinal plant extracts have been showcased 
for the treatments of different sicknesses [8, 10]. This study also evaluated the level 
of awareness of participants regarding the single-use or a combination of herbal 
products for the treatment of different diseases effectively. Data from participants’ 
responses showed that 96 participants were aware of the effective use of herbal 
products for the treatment/management of different ailments. This value was highly 
significant (P-Value = 0.000 < 5%) compared to the number of participants (3) that 
declared ignorant of the use of herbal products. 12 participants responded maybe to 
this effect (Figure 5).

3.6 Future use of herbal products for HPV management/treatment

Readiness of the participants to patronize/support the use of any native flora/
herbal discovered for the management/treatment of HPV infection was evalu-
ated. Data from this showed that 93 participants indicated their interest in the 
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future use of herbal products. 3 participants did not approve the future use of 
herbal products while 18 participants’ opinions were uncertain (Figure 6). Most 
participants were willing to use any future herbal products that may be produced 
to manage HPV. This is in agreement with previous observation where most 
participants indicated that they have previously used herbal products to improve 
their health.

Figure 3. 
Response to survey question indicating some participants with relatives and friends suffering from 
any HPV-related cancers.

Figure 4. 
Number of participants that have employed herbal products for any purpose.
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4. Discussion

The higher incidence of HPV infection, especially in HIV-positive women, and the 
higher prevalence of cervical cancer in LMICs call for urgent attention. Despite all the 
efforts of the government to ameliorate HPV infection through immunization and 

Figure 5. 
Number of participants with knowledge of effective use of herbal products either singly or in 
combination for the treatment of different diseases.

Figure 6. 
Number of participants showing their readiness to support or buy any native flora/herbal product 
discovered for the treatment or management of HPV infection.
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cervical cancer screening measures, yet not much has been achieved in HPV infection 
level and reduction in CC prevalence, especially in sub-Sahara Africa [1, 3, 6].

HPV is known to be the most sexually transmitted infection and 40 types of HPV 
can infect humans. HPV is also implicated in the proliferation of not only CC but 
other types of cancers [1, 16]. Therefore, eradication or ameliorating of HPV infec-
tion becomes imperative and necessary.

Currently, the importance of medicinal plant extracts has been showcased sever-
ally in the literature due to their involvement in the production of different drugs, 
herbal products, and bio-therapeutics for the treatment/management of different 
diseases.

This study evaluated people’s notions of future use of herbal products for the 
treatment/management of HPV infection. Table 1 exhibits some of the medicinal 
plants/active compounds evaluated for antiviral/inhibition of HPV by previous stud-
ies with Figure 7 depicting photographs of some of the plants listed in Table 1.

In this study, demographically, the number of females (93) that participated was 
highly statistically significant (Figure 1a) compared to the number of males (21). The 
reason may be perhaps due to CC cancer being discussed here is one of the women gyne-
cological cancers or questionnaire was more distributed among women online groups. 
However, HPV infection affects both females and males and can cause other cancers 
rather than CC. Similar incidence also occurred in the age group (Figure 1c) where ages 
from 35 to 44, 45–54, and 55–64 were the age group that participated. The score value 
from the age group 45–54 was very high and statically significant compared to other age 
groups. This is perhaps due to the screening stage of cervical cancer falling in these age 
groups. Again, the survey questionnaire was mostly distributed among women groups 
than men groups. For the race, Africans was the most participated (Figure 1b). This could 
be a result of influence due to location and execution of study questionnaire. However, 
studies have observed that traditional medicine/herbal products are being practiced and 
used mostly by poor African black communities for their wellbeing [11, 23].

It is quite interesting that a high number of participants (78) already have the knowl-
edge of HPV infection and its impact on the associating types of cancer (Figure 2). 

Medicinal Plants Active compounds References

Hedyotis diffusa Rutin Song et al., 2020 [20]

Rheum emodi Croyophanol Salaria et al., 2022 [21]

Thymus serpyllum Apigenin Salaria et al., 2022

Moringa oleifera Glucomoringin “

Brassica Oleracea — Yarnell Eric, 2015 [22]

Astragalus membranaceus — “

Platycodon grandiflorus — “

Wolfiporia cocos — “

Angelica sinensis — Yarnell Eric, 2015

Berberis aristata Berbamine Salaria et al., 2022

Zanthoxylum armatum Armatamide “

Oxalis corniculata Isovitexin Salaria et al., 2022

Table 1. 
Some medicinal plants/phytoconstituents that have been evaluated for anti-carcinogenicity for HPV.
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Only few participants (15) revealed that their relatives had experienced a type of cancer 
disease due to HPV infection. Consequently, the number of participants recorded with 
financial burdens was small/few (Figure 3).

Additionally, many participants (63) indicated that they have used herbal prod-
ucts for different purposes. However, 43 participants showed that they have never 
used herbal products for any purpose. This study impressively indicated that almost 
all the participants (96) know that herbal products can be effectively used singly 
or in combination for the treatment of diseases (Figure 5). This number is highly 
statistically significant (P-Value = 0.000 < 5%) compared to those without awareness. 
Furthermore, Figure 6 of this study indicated the willingness of the participants to 
support or patronize the use of any native flora/herbal product discovered for the 
management/treatment of HPV infection.

5. Conclusion

Knowing people’s reaction over the therapeutic capacity of these herbal products 
will not only help in the production of herbal products for HPV infection and reduce 
the prevalence of cervical cancer/other HPV implicated cancers but it will be of 
economic importance to agriculture and health sector. It will also address the gap 
of unemployment and good propagation of medicinal plants species that are on the 
verge of being wiped off. The knowledge will also attract more research in the field 
of agriculture, biomedical sciences, pharmaceuticals, chemistry, biotechnology, etc. 
This study could perhaps serve as a common interaction between people’s notions 
and the use of medicinal plant extracts and herbal products for the treatment of HPV 
infection and other related diseases.

For future work, we intend to work on already identified medicinal plants found to 
have antiviral effects with HPV up to the prototype stage and further.

Figure 7. 
Photographs of some of the plants listed in Table 1.



Medicinal Plants

12

Author details

Franca Nneka Alaribe Nnadozie1,2*, Sidonie Tankeu1,2 and Daisy Nwaozuzu1,3

1 Foundation for Women’s Health Promotion and Welfare Initiatives, 
Pretoria, Gauteng, South Africa

2 Department of Pharmaceutical Sciences, Tshwane University of Technology, 
Faculty of science, Pretoria, Gauteng, South Africa

3 Coventry University, Coventry, United Kingdom

*Address all correspondence to: foundationforwomenshealth@gmail.com;   
chisara5@hotmail.com

Challenges encountered: Study should have the survey for a longer period of time 
so as to get more people involved and a more generalizable result. Our current study 
is for a short period of time and with a small population. Our survey was not widely 
distributed and the links sometimes were not easily accessed. Some of the survey 
questions were not completely answered so many questionnaires were eliminated.

Acknowledgements

The authors like to thank the Foundation for women’s health promotion and 
welfare initiatives (FWHPWI) members for assisting in the filling and dissemina-
tion of the online survey questionnaire links to the public, and Prof David Katerere 
and group, Department of Pharmaceutical Sciences, Faculty of Science, Tshwane 
University of Technology for their encouragement.

Conflict of interest

No conflict of interest.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



The Use of Native Flora/Herbal Products in Human Papilloma Virus (HPV) Infection…
DOI: http://dx.doi.org/10.5772/intechopen.104742

13

[1] Bruni L, Albero G, Serrano B, 
Mena M, Gómez D, Muñoz J, et al. ICO/
IARC Information Centre on HPV and 
Cancer (HPV Information Centre). 
Human Papillomavirus and Related 
Diseases in South Africa: In Cancer 
Association of South Africa (CANSA) 
Position Statements and Fact Sheet on 
Cervical Cancer 2020. 2019.  https://
cansa.org.za/ what-cansa-believes/

[2] Burt LM, McCormak M,  
Lecuru F, Kanyike DM, Bvochora- 
Nsingo M, Ndlovu N, et al. Cervix cancer 
in sub-Saharan Africa: An assessment 
of cervical cancer management. An 
American Society of Clinical Oncology 
Journal. 2021;2:173-182

[3] Zhang HY, Tigglaac SM, 
Sahascabuddhe W, Smith JS, Jiang 
CQ , Mei RB, et al. HPV prevalence 
and cervical intraepithelial neoplasia 
among HIV-infected women in Yunnan 
Province, China: A pilot study. Asian 
Pasific Journal of Cancer Prevention. 
2012;13(1):91-96. DOI: 10.7314/
APJCP.2012.13.1.091

[4] Temmerman M, Tyndall MW, 
Kidula N, Claeys P, Muchiri L, Quint W. 
Risk factors for human papillomavirus 
and cervical precancerous lesions, and 
the role of concurrent HIV-1 infection. 
International Journal of Gynecology 
& Obstetrics. 1999;65:171-181. DOI: 
10.1016/S0020-7292(99)00043-0

[5] Human papilloma virus vaccine. 
Available from: https://www.
westerncape.gov.za/general-publication/
hpv-vaccinations [Accessed December 
10, 2021]

[6] Braimoh O, Dim CC, Nwagha HU, 
Ezegwui U. The need to incorporate 
routine cervical cancer counselling and 

screening in the management of women 
at outpatient clinics in Nigeria. Annals of 
African Medicine. 2014;11(2):201

[7] Mensah KB, Mensah ABB. Cancer 
control in Ghana: A narrative 
review in global context. Cell Press. 
2020;6(8):e04564. DOI: 10.1016/j.
heliyon.2020

[8] Alaribe FN, Motaung KSCM. 
Medicinal plants in tissue engineering 
and regenerative medicine in the African 
continent. Tissue Engineering. Part A. 
2019;25(11-12):827-829. DOI: 10.1089/
ten.TEA.2019.0060 PMID: 30838937

[9] Sulaiman FA, Kazeem MO, 
Waheed AM, Temowo SO, Azeez IO, 
Zubair FI, et al. Antimicrobial and 
toxic potential of aqueous extracts of 
Allium sativum, Hibiscus sabdariffa 
and Zingiber officinale in Wistar rats. 
Journal of Taibah University for Science. 
2014;8(4):315-322. DOI: 10.1016/j.
jtusci.2014.05.004

[10] Ullah R, Alqahtani AS, Noman OMA, 
Alqahtani AM, Ibenmoussa S, Bourhia M. 
A review on ethno-medicinal plants used 
in traditional medicine in the Kingdom of 
Saudi Arabia. Saudi Journal of Biological 
Sciences. 2020;27(10):2706-2718.  
DOI: 10.1016/j.sjbs.2020.06.020

[11] Alaribe FN, Maepa MJ, 
Mkhumbeni N, Motaung SCKM. Possible 
roles of Eucomis autumnalis medicinal 
plant in bone and cartilage regeneration: 
A review. Tropical Journal of 
Pharmaceutical Research. 2018;17:741

[12] Bisi-Johnson MA, Obi CL, 
Hattori T, Oshima Y, Li S, Kambizi L, 
et al. Evaluation of the antibacterial 
and anticancer activities of some 
south African medicinal plants. BMC 

References



Medicinal Plants

14

Complementary and Alternative 
Medicine. 2011;11:14

[13] Hensel A, Kisseih E, Lechtenberg M, 
Petereit E, Agyare C, Asase A. In: 
Heinrich EM, Jager AK, editors. From 
Ethnopharmacological Field Study to 
Phytochemistry and Preclinical Research: 
The Example of Ghanaian Medicinal 
Plants for Improved Wound Healing. 1st 
ed. Chichester, UK: John Wiley & Sons, 
Ltd.; 2015. pp. 179-197

[14] Moshi MJ. Current and future 
prospects of integrating traditional and 
alternative medicine in the management 
of diseases in Tanzania. Tanzania Health 
Research Bulletin. 2005;7:159

[15] Healthline. Everything you need 
to know about human papillomavirus 
infection, 2017. Available from: https://
www.healthline.com/health/hpv-in-the-
mouth#prevention [Accessed July 15, 
2021]

[16] Ayat P, Sharif S, Hewitt K,  
Grigorian A, Goldman SA, 
McFarlane IM. Vulvar squamous cell 
carcinoma in a patient with AIDS: A case 
study. American Journal of Medical Case 
Reports. 2020;8:522-527

[17] BMC. Mapping evidence on the 
distribution of human papillomavirus-
related cancers in sub-Saharan Africa: 
scoping review protocol. Available 
from: https://systematicreviewsjournal.
biomedcentral.com/articles/10.1186/
s13643-017-0623-3

[18] American Association for Cancer 
Research (AACR). Lets End HPV 
Related Cancers. Available from: 
https://www.aacr.org/professionals/
policy-and-advocacy/science-policy

[19] Nigeria: Human Papillomavirus 
and Related Cancers. Fact Sheet. 2021. 

https://hpvcentre.net/statistics/reports/
NGA_FS.pdf

[20] Salaria D, Rolta R, Mehta J, 
Awofisayo O, Fadare OA, Kaur B,  
et al. Phytoconstituents of traditional 
Himalayan herbs as potential inhibitors 
of human papillomavirus (HPV-18)  
for cervical cancer treatment: 
An In silico approach. PLoS One. 
2022;17(3):e0265420. DOI: 10.1371/
journal.pone.0265420

[21] Song Y-C, Huang H-C, Chang 
CY-Y, Lee H-J, Liu C-T, Lo H-Y, et al. A 
potential herbal adjuvant combined 
with a peptide-based vaccine acts 
against HPV-related tumors through 
enhancing effector and memory 
T-cell immune responses. Frontiers in 
Immunology. 2020;11:62. DOI: 10.3389/
fimmu.2020.00062

[22] Eric Y. Herbs against Human 
Papillomavirus. Alternative and 
Complementary Therapies. 2015;21:2. 
DOI: 10.1089/act.2015.21205

[23] Alaribe FN, Razwinani M, 
Makwese M, Motaung KSC. The potential 
effect of medicinal plants for cartilage 
regeneration. In: Nikolopoulos DD, 
Safos GK, Dimitrios K, editors. Cartilage 
Tissue Engineering and Regeneration 
Techniques. London, UK: IntechOpen; 
2019. DOI: 10.5772/intechopen.84780



15

Chapter 2

Paris polyphylla: An Important 
Endangered Medicinal Plants  
of Himalayan Foothills
Arunkumar Phurailatpam and Anju Choudhury

Abstract

Paris polyphylla is an important threatened medicinal plants found mainly in 
the north eastern parts of India. These rhizomatic plants are in great demands and 
extracted injudiciously from the wild. The rhizome is the economic part which is used 
for its various medicinal properties. The present article gives an account of updated 
information on its phytochemical and pharmacological properties and its ethno 
medicinal uses on account of the tale from the local people and veds, literature and 
their conservation aspects in the region. The review reveals that wide numbers of 
phytochemical constituents have been isolated from these plants. The rhizomes of the 
several species of the genus Paris have been used as haemostatic and anti-inflammatory 
agent to treat traumatic injuries, snake bites, abscess, parotitis and mastitis. For the last 
few decades or so, extensive research work has been done to prove its biological activi-
ties and pharmacology of its extracts. Excessive injudicious collection and harvesting 
from the wild has pushed these species towards extinction. Domestication, cultivation 
and strict laws are the need of the hour to save these species from extinction.

Keywords: medicinal plants, Paris polyphylla, conservation, threatenened,  
North East India

1. Introduction

The knowledge of using of plants and herbs as medicines and for the treatment 
of many kinds of diseases and for healthy living is handed over from generation to 
generation in all the communities. Numerous traditional uses of plants and herbs for 
medicinal purposes have been documented and published time by time. Mankind has 
been continuously using the medicinal plants in several ways for treating of various 
ailments and for cosmetics purposes. In India, the sacred Vedas dating back between 
3500 B.C and 800 B.C gave many references of medicinal plants. “Virikshayurveda 
is one of the oldest works in traditional herbal medicine in India, which is compiled 
even before the beginning of Christian era and it formed the basis of medicinal 
studies in ancient India. Knowledge of herbs has been handed down from genera-
tion to generation for thousands of years and herbal drugs constitute a major part in 
all traditional systems of medicines. Plants have been used for medicine from time 
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immemorial because they are easily accessible and cheap and above all they were the 
only means for healthcare. Recently, there has been a tremendous increase in the use 
of herbal products in many countries, both developing and developed, which resulted 
in an exponential growth of herbal products globally. Herbal medicines have a strong 
traditional or conceptual base and the potential for them to be useful as drugs in terms 
of safety and effectiveness, leads for treating different diseases. Many of the popula-
tion in the developing and underdeveloped countries still depend on herbal medicine 
where access to modern medicine is little [1]. Plants continue to serve as possible 
sources for developing new drugs from the chemicals derived from various parts of 
plants. In recent time there has been a marked shift towards herbal cures because of 
the adverse and noticeable side effects of modern drugs. However, due to increase 
in population, deforestation, roads and railways, urbanization and unsustainable 
harvesting and collection from the wild, many useful plant species along with their 
uses are disappearing every day. Unsustainable and injudicious extractions of these 
medicinal plants have pushed some of the important species towards extinction. An 
important anti cancerous plant, Taxus wallichiana Zuccarini was pushed towards 
endangerment due to injudicious harvesting and collection of Paclitaxel (Taxol), the 
most effective anti cancerous compound used for treating a variety of cancers [2, 3]. 
This species was extracted in large scale from the wild injudiciously for its anti-cancer-
ous properties during 1980s which led endangered status at present [4]. It has become 
the most threatened species and has been categorized as endangered by the IUCN [5]. 
Today, history is again repeating for many other species, including Paris polyphylla 
Smith. In this context, I would like to bring forth an important threatened medicinal 
plant species (Paris polyphylla) found in North eastern part of India in the foothills 
of Himalayan which has been very less documented and evaluated but talking of its 
importance, it’s a plant with varied medicinal uses and great demand in the market.

Paris polyphylla is a rhizomatous herbaceous species belonging to Melanthiaceae 
family. The genus comprises of 24 species, which are distributed in Bhutan, China, 
India, Japan, Korea, Laos, Mongolia, Myanmar, Nepal, Russia, Thailand, Vietnam and 
Europe [6]. China has the highest number of species (22 species) with 12 endemic 
species. In India the genus is represented by 2 species, viz. P. polyphylla and P. thi-
betica with about 6 intraspecific taxa (Table 1) [6].

As of May 2012 the World Checklist of Selected Plant Families (WCSP) recognizes 
several varieties [8, 9].

• Paris polyphylla var. alba

• Paris polyphylla var. chinensis

• Paris polyphylla var. latifolia

• Paris polyphylla var. nana

• Paris polyphylla var. panxiensis

• Paris polyphylla var. polyphylla

• Paris polyphylla var. stenophyla

• Paris polyphylla var. yunnanensis
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The Flora of China recognizes five additional varieties, three of which are placed 
in different species by the WCSP:

• P. polyphylla var. appendiculata = P. thibetica

• P. polyphylla var. brachystemon = P. polyphylla var. stenophyla

• P. polyphylla var. kwantungensis = P. polyphylla var. polyphylla

• P. polyphylla var. minor = P. delavayi

• P. polyphylla var. pseudothibetica = P. delavayi

2. Taxonomic classification

Common Name—PARIS
Botanical Name—Paris polyphylla Sm.
Family—Melanthiaceae
Part Used—Rhizome
P. polyphylla is a shade loving herbaceous, perennial plant usually found in temper-

ate and subtropical regions. It grows well in shady moist forest thickets and bamboo 
forests with moist soil. It bears rhizomes which is the economical part and has medicinal 

State District Village/region Local 
name

Arunachal 
Pradesh

Kameng, Subansiri, Kurung Kume, 
Siang, Lohit, Tirap and Changlang

— Do-Tala

Manipur Senapati Hengbung, Maram, Purul 
and Ma-kui regions

Singpan

Tamenglong Puilong Village

Uttarakhand — — Satwa

Himachal 
Pradesh

— — —

Jammu & 
Kashmir

— — —

Mizoram — — —

Sikkim — — —

Nagaland Tuensang Pangsha village —

Phek Chida region

Kohima Arudara region

Mokokchung Longkum village

Meghalaya West Khasi Hill Nongstoin region Sohbsein

Source: [7].

Table 1. 
Geographical distribution and availability of P. polyphylla in India.
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properties. It has a single unbranched stem and 2–3 whorls of leaves are present on the 
nodes. It flowers during the month of April. It has odd flowers with long yellow radiating 
anthers [10]. The morphological characteristics of the herb are given below (Figure 1):

Habit: Aerial, erect plant, herb, rhizomatous,.
Stem: Unbranched, non woody, smooth, 50–100 cm tall, 1–2.5 cm thick.
Leaf: Simple type, arranged in whorls and petiolate; lanceolate, reticulate with 

three primary veins, smooth margin, spider-like flowers.
Inflorescence: At the initial growth stage It forms a closed whorl
Flower: blooms at terminal. Flowers are solitary, yellowish green; monoecious; 

sepaloid outer is larger and inner is smaller, tepal 3–5.

Figure 1. 
Arunkumar Phurailatpam, College of Horticulture and Forestry, Central Agricultural University, Pasighat, 
Arunachal Pradesh, India.
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Androecium: Stamens-free and 6–11 in numbers.
Gynoecium: 1 pistil, 3–5 carpels, syncarpous (carpels fused), ovary superior.
Seed: Reddish orange in colour; a mature fruit contains about 50–60 seeds.

3. Habitat

P. polyphylla grows luxuriantly under the shade with a good canopy closure at an 
altitude of 1300–2500 m above sea level as forest under storey. It grows mainly in a 
forest with bamboo groves, grassy or rocky slopes, stream-sides, mixed conifer forests 
and scrub thickets [6]. It is a slow germinating herb and takes about seven to eight 
months to sprout from the seed. It thrives well inside the deep forest cover in nature. It 
grows best in humus-rich and well-drained soil and waterlogging is found to be lethal 
for this herb. Plants that lack inflorescences are usually shorter in height. It has been 
reported that the plants when taken out of the natural habitat failed to either flower 
or set seed. This plant is a very slow growing herb and almost takes a year to increase 
it rhizome size from one node to another and this is one important reason for the fast 
disappearance of this species from the natural habitat. The rhizomes are the economic 
part of this plant and they are harvested from the wild injudiciously.

4. Morphology

P. polyphylla is a perennial, rhizomatous, herbaceous plant with green and 
unbranched aerial parts which grows upto 50–100 cm. It has a erect smooth stems 
with a rhizome. The leaves are arranged in whorl and usually 6–7 in numbers. The 
leaves has parallel reticulate venation and lanceolate in shape. The flowers are borne 
above the leaves whorl and are yellow green in colour. The Inflorescence is solitary. 
Flowers are bisexual and the perianth is of two series. The outer sepaloid is larger as 
compared to the inner one. The tepals may be 3, 4 or 5. It contains 6–11 Androceum 
and the stamens are free. It contains one gynoecium and a pistil with 3–5 carpels. The 

Variety Description

P. polyphylla var. alba Style and apical part of ovary white

P. polyphylla var. chinensis Anthers about twice as long as filaments

P. polyphylla var. kwantungensis Filaments can grow to about 10 mm; stigma lobes

P. polyphylla var. latifolia Ovary and capsule tuberculate
Ovary and capsule smooth

P. polyphylla var. minor Filaments 1–2 mm; anthers around 6 mm

P. polyphylla var. nana Plants about 10 cm tall; free portion of anther connective inconspicuous

P. polyphylla var. polyphylla Leaf blade oblong, elliptic, or obovate—lanceolate, 2.5–5.0 cm wide

P. polyphylla var. stenophylla Leaf blade lanceolate to linear-lanceolate; 1.5–2.5 cm wide

P. polyphylla var. yunnanensis Inner tepals are 3–5 mm wide; distally widened sometimes; narrowly 
spatulate

Source: Flora of China (online), eFloras.org, retrieved 11 February 2015.

Table 2. 
Different varieties of P. polyphylla.
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ovary is superior. It blooms in the month of April–June in the region and flowering 
may last up to 3–4 months. The capsules split when it got ripened in late summer. A 
mature fruit contains 50–60 red seeds.

Different varieties of P. polyphylla have been identified. Some of them are given 
below (Table 2).

5. Ethno medicinal uses

This plant has many uses in traditional health care in many countries especially in 
China and Nepal. Some of the uses are as/in analgesic, removes heat, antispasmodic, 
antitussive, depurative, snake bites, boils and ulcers, diphtheria and epidemic Japanese 
B encephalitis, stomach ache, appendicitis, tonsillitis, insect bites, boils. It also counter-
acts toxicity, causes the subsidence of swelling, alleviates pain and relieves convulsions, 
boils, carbuncles, sore throat, traumatic pain, convulsions. It also has anti-tumor action.

6. Pharmacology

6.1 Anti tumour activity

Lee et al. [11] of the Department of Biochemistry, the Chinese University of 
Hong Kong reported that the steroidal saponin of Paris polyphylla, polyphyllin D, 
could served as a candidate for breast cancer treatment. It was found that treatment 
of MCF-7 and MDA-MB-231 cells with polyphyllin D resulted in the inhibition of 
viability and induction of apoptosis in a dose dependent manner. Mechanistically, 
polyphyllin D dissipates the mitochondrial membrane potential, induces a down 
regulation of anti-apoptotic Bcl 2 expression and an up-regulation of pro-apoptotic 
Bax-expression and activate caspase 9.

Yan et al. [12] of Tianjin University, China has reported that (Diosgenin-3-α-L-
arabinfuranosyl (1-4)-[α-L-rhamnopyanosyl (1-2)]-β-D-Glycopyranoside), the main 
steroidal saponin of Paris polyphylla showed remarkable cytotoxicity and caused 
typical apoptosis in a dose dependent manner. Rhizoma Paridis saponins showed anti-
cancer activity against lung adenocarcinoma cell lines, both in-vivo and in-vitro.

While investigating the anti-cancer activity of 15 traditional Chinese medicines 
which are usually used for tumour patients in China, using MTT(methyl thiazolylt 
diphenyl-tetrazolium bromide) method on 6 human digestive tumour cell lines-
human liver carcinoma cell lines (HepG2) and SMMC-7721), human gastric cancer 
cell lines (BGC-823), human colon adenocarcinoma cell line (LoVo and W-116) and 
oesophagus adenocarcinoma cell line (CaEs-17), it was found t ha t Paris polyphyll a 
showed a predominant inhibitory effect on all the cell lines with IC50 values ranging 
from 10 μg/mL to 30 μg/mL. The finding suggested the potential of Paris polyphylla 
Smith against digestive cancer [13].

Anti tumour constituents from Paris polyphylla var. yunanensis isolated by column 
chromatography with silica gel and purified by Sephadex LH20 column chromatogra-
phy and reverse phase preparative HPLC [14] are:

1. Diosgenin-3-O-α-L-arabinofuranosyl (1-4) β-D-glycopyranoside

2. Pennogenin-3-O-α-L-arabinofuranosyl (1-4) β-D-glycopyranoside
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3. Isorhamn etin-3-O-β-D-glycopyranoside

4. Ethyl-α-D-fructofuranoside

5. Pennogenin-3-O-α-L-rhamnopyranosyl (1-4)[ α-L-rhamnopyranosyl(1-2)] β-D-
glycopyranoside, and

6. 6.Pennogenin-3-O-α-L-rhamnopyranosyl (1-4) [α-L-rhamnopyranosyl (1-4)] 
α-L-[α-L-rhamnopyranosyl(1-2)] β-D-glycopyranoside.

6.2 Immuno-stimulating properties

In the study of three diosgenyl saponin compounds is olated from Paris 
polyphylla i.e. (1) 3-O-α-1-rhamnopyranosyl (1-4)-α-1-rhamnopyranosyl 
(1-4)-[α-1-rhamnopyranosyl (1-2)-α-d-glucopyranoside, (2) Diosgenin-3-O-α-
1-rhamnopyranosyl (1-2)-α-1-arabinofuranosyl-β-d-glucopyranoside and (3) 
Diosgenin on the immuno-modulatory activity about phagocytosis, respiratory burst 
and nitric oxide (NO) production, it was found that (1) and (2) exhibited significant 
enhancement of phagocytosis, respiratory burst and NO product ion in RAW 264.7 
cells (mouse macrophage cells) but (3) only showed great augmentation of phagocy-
totic function. (3) Neither showed respiratory burst response nor increases the pro-
duction of NO. It was concluded that the presence of glucoside moieties of diosgenyl 
saponins is essential for the activation of immunological reactions, especially during 
the period of oxygen consumption such as in the process including inflammation 
and microbial activity although diosgenin (3) could only stimulate the macrophages 
phagocytosis including elimination of foreign or denatured substance [15].

7. Anti-bacterial action

The roots have shown anti bacterial action against Bacillus dysentery, B. typhi, B. 
paratyphi, E. coli, Staphylacoccus aureas, Haemolytic streptococci, Meningococci etc. [16].

8. Spermicidal action

The plant extract showed effective spermicidal activity against rat and human 
sperms. The vaginal application of the plant’s extract (100 mg/animal) prevented 
pregnancy up to 60% of the rabbits tested [17].

9. Anti fungal

Deng et al. in 2008 evaluated the anti-fungal activity of Paris polyphylla saponin 
against Cladosporium cladosporioides and Candida species and showed comparable 
activity to chemicals used in some commercial products.

10. Others

The rhizome of the plant contains sugars (7.9%) and two glycosides viz a-paridin 
(m.p. 244–46°) and a-paristypnin (m.p. 147–49°) which produces a tingling sensation 
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on the tongue. α-Paristypnin has a depressant action on carotid pressure, myocardium 
and respiratory movements. It produces vasoconstriction in kidney, vasodilation in 
the spleen and limbs and stimulates the intestines [17].

11. Chemical composition

Devkota [17] isolated 6 (six) compounds from Paris polyphylla collected from 
Parbat district Nepal.

The compounds are

1. Przewalskinone B (1,5-Dihydroxy-7-methoxy-3-methylanthraquinone) which 
has a anthraquinone skeleton 

2. Polyphyllin C (Diosgenin-3-O[α-Lrhamnopyanosyl(1-3)-β-D-glucopyranoside) 
which has a steroidal skeleton.

3. Polyphyllin D (Diosgenin-3-O[α-Lrhamnopyanosyl (1Rha-2Glu)-α-
Larabinofuranosyl (1Ara-4Glu)]-β–D-Glucopyranoside) which has a steroidal 
skeleton

4. Saponin-1 (Diosgenin-3-O[α-L-rhamnopyanosyl (1Rha-2Glu)-α-L-
rhamnopyranosyl (1Ara-4Glu)]-β-D-Glucopyranoside) which has a steroidal 
skeleton

5. Stigmasterol which is a steroid, and

6. Stigmasterol-3-O-β-D-glucoside.

A new saponin-polyphyllin A-H has been isolated from the rhizome of Paris 
polyphylla of which first six are spirostanol steroidal saponins and remaining two are 
furastanol steroidal saponins [18].

A novel steroidal saponin along with the 12 known compounds were separated from 
Paris polyphylla var. chinensis [19]. The novel compound was obtained as an amorphous 
solid and spectral data including two dimensional NMR showed the structure as 
3b,21-dihydroxypregnane-5-en-20S-(22,16)-lactone-1-O-a-L-rhamnopyrnosyl(1®2)-
[b-D-xylopyranosyl(1®3)]-b-D-glucopyranoside.The 12 known compounds are known 
steroids and their structures were identified by 13C NMR spectrum as

1. Diosgenin

2. Pennogenin

3. Diosgenin-3-O-a-L-rhamnopyranosyl(1→2)-b-D-glucopyranoside

4. Pennogenin-3-O-a-L-rhamnopyranosyl(1→2)-b-D-glucopyranoside

5. Diosgenin-3-O-a-L-rhamnopyranosyl (1→2)[a-Larabinofuranosyl(1→4)]-b- 
D-glucopyranoside
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Plant species Isolated compounds

P. polyphylla Paris saponin I (diosgenin3-O-α-L-rha-(1→2)-[α-L-arab-(1→4)]-β-D-glu)

Paris saponin I (diosgenin3-O-α-rha-(1→4)-α-L-rha-(1→4)-[α-L-rha-(1→2)]-β-D-
glu)

Paris saponin III (diosgenin 3-O-α-L-rhamnopyranosyl-(1→2)-[α-L-
rhamnopyranosyl-(1→4)]-β-D-glucopyranoside)

Polyphyllin VI (pennogenin-3-O-α-L-rhamnopyranosyl-(1→2)-β-D-glucopyranoside)

Polyphyllin VII (pennogenin-3-O-α-L-rhamnopyranosyl-(1→4)-α-L-
rhamnopyranosyl-(1→4)[O-β-D-glucopyranosyl-(1→2)]-β-D-glucopyranoside)

P. polyphylla Saponin-1 (diosgenin-3-O[α-L-rhamnopyanosyl (1Rha-2Glu)-α-L-rhamnopyranosyl 
(1Ara-4Glu)]-β-glucopyranoside)

Polyphyllin C (diosgenin-3-O[α-L-rhamnopyanosyl(1→3)-α-D-glucopyranoside)

Polyphyllin D (diosgenin-3-O[α-L-rhamnopyanosyl (1Rha-2Glu)-α-L-
arabinofuranosyl (1Ara-4Glu)]-β-D-glucopyranoside)

Przewalskinone B (1,5-Dihydroxy-7-methoxy-3-methylanthraquinone)

Stigmasterol

Stigmasterol-3-O-β-D-glucoside

P. polyphylla var. 
chinensis

Diosgenin

Pennogenin

Diosgenin-3-O-α-L-rhamnopyranosyl (1→2)-β-D-glucopyranoside

Pennogenin-3-O-α-L-rhamnopyranosyl(1→2)-β-D-glucopyranoside

Diosgenin-3-O-α-L-rhamnopyranosyl(1→2)
[-α-L-arabinofuranosyl(1→4)]-β-D-glucopyranoside

Pennogenin-3-O-α-L-rhamnopyranosyl(1→2)[-α-L arabinofuranosyl 
(1→4)]-β-D-glucopyranoside

Diosgenin-3-O-α-L-rhamnopyranosyl(1→2)-[β-D-glucopyranoside(1→3)]-β-D-
glucopyranoside

Diosgenin-3-O-α-L-rhamnopyranosyl (1→4)-α-L rhamnopyranosyl (1→4)[α-L-
rhamnopyranosyl (1→2)]-β-D-glucopyranoside

Pennogenin-3-O-α-L-rhamnopyranosyl(1→4)-α-L-rhamnopyranosyl (1→4)[α-L-
rhamnopyranosyl (1→2)]-β-D-glucopyranoside

3-O-α-L-arabinofuranosyl(1→4)[α-L-rhamnopyranosyl(1→2)]-β-D-
glucopyranoside-β-D-chacotriosyl-26-O-β-D-glucopyranoside

2β, 3β, 14α, 20β, 22α, 25β hexahydroxycholest-7-en-6-one

2β,3β,14α, 20β,24β,25β hexahydroxycholest-7-en-6-one

P. polyphylla var. 
chinensis

3b, 21-dihydroxy pregnane-5-en-20S-(22,16)-lactone-1-O-α-L-rhamnopyranosyl 
(1→2)-[β-D-xylopyranosyl (1→3)]-β-D-glucopyranoside.

P. polyphylla Smith 
var. yunnanensis

(25R)-spirost-5-en-3b,7b-diol-3-O-α-L-arabinofuranosyl-(1→4)-[α-L-
rhamnopyranosyl-(1→2)]-β-D-glucopyranoside

(25R)-spirost-5-en-3b,7a-diol-3-O-α-L-arabinofuranosyl-(1→4)-[α-L-
rhamnopyranosyl-(1→2)]-β-D-glucopyranoside

26-O-β-D-glucopyranosyl-(25R)-Δ 5(6) 17 ( 20)-dien-16,22-dione-cholestan-3b,26-
diol-3-O-α-L-arabinofuranosyl-(1→4)-[α-L-rhamnopyranosyl-(1→2)]-β-D-
glucopyranoside
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6. Pennogenin-3-O-a-Lrhamnopyranosyl (1→2)-[a-Larabinofuranosyl(1→4)]-b- 
D-glucopyranoside

7. Diosgenin-3-O-a-L-rhamnopyranosyl (1→2) [b-Dglucopyranoside(1→3)]-b-D–
glucopyranoside

8. Diosgenin-3-O-a-L-rhamnopyranosyl (1→4)-a-Lrhamnopyranosyl (1→4)[a-L-
rhamnopyranosyl (1→2)]-b-D-glucopyranoside

9. Pennogenin-3-O-a-Lrhamnopyranosyl (1→4)-a-Lrhamnopyranosyl (1→4) [a-L–
rhamnopyranosyl (1→2)]-b-D-glucopyranoside

10. 3-O-a-Larabinofuranosyl(1→4)[a-Lrhamnopyranosyl (1→2)]-b-D-glucopyran-
oside-b-D-chacotriosyl-26-O-b-D-glucopyranoside

11. 2b,3b,14a,20b,22a,25b hexahydroxycholest-7-en-6-one, and

12. 2b,3b,14a,20b,24b,25b hexahydroxycholest-7-en-6-one (Table 3).

12. Propagation

P. polyphylla grows well in humus-rich moist soil in full or partial shade. Prolonged 
seed dormancy and slow germination is the real challenge for regeneration through 
seed. It is mainly propagated by rhizomes though propagation by seed is also pos-
sible. Hence rhizomes from the wild are the only source for propagation as well as for 
medicinal purposes. Slow regeneration, long dormancy period, slow growth period 
along with over exploitation are the main reasons for decline in the population of P. 
polyphylla in the wild. It is on the verge of extinction due to its excessive illegal collec-
tion for many years [15]. Moreover, this perennial plant can only be harvested after 
growing for 5–7 years, which aggravates the shortage of its resource [20].

To preserve this natural resource and ensure a stable and renewable source of P. 
polyphylla for medicinal purposes, successful propagation is imperative [21].

Plant species Isolated compounds

P. polyphylla Smith 
var. yunnanensis

26-O-β-D-glucopyranosyl-(25R)-5-ene-furost-3β,17α, 22α, 26-tetrol-3-O-α-L-
arabinofuranosyl-(1→4)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside

26-O-β-Dglucopyranosyl-(25R)-5, 20 (22)-diene-furost-3β, 26-diol-3-O-α-L-
arabinofuranosyl-(1→4)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside

(25R)-spirost-5-ene-3β, 12α-diol-3-O-α-L-rhamnopyranosyl-(1→4)-α-L-
rhamnopyranosyl-(1→4)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside

P. polyphylla var. 
stenophylla

24-O-β-D-galactopyranosyl-(23S,24S,25S)-spirost-5-ene-1b,3b,21,23,24-pentol-1-O-
α-L-rhamnopyranosyl-(1→ 2)-[β-D-xylopyranosyl-(1→3)]-β-D-glucopyranoside

21-O-β-D-galactopyranosyl-24-O-β-D-galactopyranosyl-(23S,24S)-spirost-
5,25(27)-diene-1b,3b,21,23,24-pentol-1-O-α-L-rhamnopyranosyl-(1→ 
2)-[β-D-xylopyranosyl-(1→3)]-β-D-glucopyranoside

Source: [7].

Table 3. 
Some chemical constituents isolated from the rhizomes of P. polyphylla.
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This calls for an urgent need to discover alternate resources from which the contin-
uous supply can be obtained. Domestication of this plant and cultivation in large scale 
in those areas similar to natural habitat is the only solution to save this plant from 
extinction. Propagation by tissue culture is another prospective for the propagation 
and conservation of this endangered plant species.

13. Conservation

Paris polyphylla Sm. (Satuwa) is one of the medicinal plants listed as vulnerable 
by the IUCN. Seed viability was found to be low and the seeds did not germinate 
in laboratory conditions even under different chemical treatments. The growth of 
the rhizome is very slow and takes almost a year to increase its node number. There 
seems to be a need for raising awareness amongst people living near the plant habitat 
on Paris polyphylla propagation. Scientists must make aware the sustainable use of 
the rhizome and its cultivation practice for the conservation of this plant. If some 
part of the rhizome containing the bud is left underground, the plant would become 
more sustainable and would help in conserving its population in the future. It was 
observed in a study done in Nepal, that overharvesting, unscientific collection of 
rhizomes, harvesting of plants before seed maturity, low viable seed production and 
long dormancy of seeds are some of the major threats to the plant's propagation. Paris 
polyphylla is considered to be a highly traded plant and have become less abundant in 
the past decade and this could be due to deforestation. It is found out that during the 
harvesting process, the whole plant is often uprooted to collect the rhizome, which 
leads to the destruction of the stock. During harvesting or collection from the wild 
the every plant is uprooted for its rhizomes irrespective of its maturity. This unsus-
tainable harvesting practice, combined with illegal/cross-border trades of rhizome, 
and habitat destructions were common in their natural habitat. Old growth habitat 
decline and fragmentation were major threats to the population of P. polyphylla. 
Market driven collection resulted in rushed and premature collection and habitat 
degradation. Cultivation of the species coupled with in-situ conservation could be a 
solution to address the escalated herbal demand.

Local communities opined that the need of the risen market demand for its 
medicinal, biological and pharmaceutical purposes can be met once the P. polyphylla 
can be sustainably harvested and cultivated with the active involvement of local com-
munities and application of sustainable harvesting guidelines. Works are progressed 
at College of Horticulture and Forestry, Central Agricultural University, Pasighat, 
Arunachal Pradesh, India for the conservation of this vulnerable species. Tissue 
cultured plants are produced in the laboratory from the rhizomes of Paris polyphylla 
collected from natural habitat. Then the tissue cultured plants are planted in the wild 
in their natural habitat or similar habitat so that it can grow and increases its popula-
tion in nature without interference from human.

14. Conclusion

Paris polyphylla is an important medicinal plants found in the North Eastern part 
of India which are threatened by the over exploitation and lack in cultivation efforts. 
This species have many medicinal properties for the treatment of many ailments. 
Due to their less population and availability these plants fetch a very good price in the 
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market. Most of these plants are sold in the black market and due to its great demand 
the plants are collected or harvested injudiciously from the wild which push them 
towards threaten stage. P. polyphylla usually grows in high altitude and temperate 
region as forest understory. In natural habitat the propagation of this species takes 
much long time which also makes difficulty in propagation and multiplication in 
nature. Due to its great demand in the world market the species is collected from the 
wild injudiciously and causes the decline in population. This species comes under 
threatened species under IUCN. There is also a great demand in the market for this 
plant and many of which is met from cultivation. It’s the need of the hour for the 
policy makers and scientist to frame policies and research work for the conservation 
of these two species before it is too late.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Ethnobotany
Jafer Siraj

Abstract

Ethnobotany is a life science which studies the interaction between human beings 
and flora in particular and broadly deals with the investigations, observations, and 
identifications of botanical diversity used for the prevention and treatment of human 
and livestock ailments. The current chapter reviews the history and development 
of ethnobotany and the involvement of this branch of science in the innovation 
and derivation of drug products which is originated from plants and claimed by the 
traditional healers and indigenous people used for the prevention and treatment of 
disease. This chapter also combines interdisciplinary and multidisciplinary methods 
that can lead to further productive, comprehensive, and systemic guesstimates in the 
investigation of the relationship between the plants and humans. Regardless of its 
various bottlenecks, ethnobotany becomes an attractive and hopeful area of research. 
It also covers ethnobotanical knowledge and modern science, ethnobotany research 
and their applications, plant conservation and sustainable management practices, 
taxonomy, and economic botany. The chapter also deals with the ways in which differ-
ent societies and cultures have come to perceive, know, use, classify, and symbolically 
represent plants and animals.

Keywords: ethnobotany, ethnobiology, ethnoecology, ethnomedicine, herbal medicine, 
ethnopharmacology, natural products, medicinal plants

1. Introduction

1.1 Ethnobotanical terms and concepts

The word ethnobotany was first announced by American botanist John 
Harshberger in 1896 as “the study of interaction of human beings with flora.” 
Ethnobotany is a life science which studies the interaction between human beings and 
flora in particular and broadly deals with the investigations, observations, and iden-
tifications of botanical diversity used for the prevention and treatment of human and 
livestock ailments [1]. It also studies about the indigenous people knowledge, beliefs, 
and practices (i.e. it may be cultural and religious practices) related with medicinal 
plants. Also it includes how human beings categorize, isolate, and associate with 
floras besides with joint relationships of floras and human beings. The ethnobotanists 
should have to discuss with native community to share their routine life and to respect 
their cultures in order to obtain valuable information about the plants used for the 
medicinal purpose. Ethnobotanists have an obligation both to the scientific civic and 
the native principles. The field of ethnobotany is a much comprehensive discipline 
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which is concerned in all studies about the interaction between human and floras. 
In addition to medicinal plants, ethnobotany also give emphasis on other natural 
products including food, plants used in rituals, coloring agents, fiber plants, poisons, 
fertilizers, building materials for houses, household items, boat, etc. [2].

Botany is the science which deals with floras including physiology, morphology, 
genetics, ecology, distribution, taxonomy, and economic importance. Occasionally, 
fungi are included in botany [3]. Ethnobiology is a multidisciplinary ground that 
deals with the interaction of human with living things including plants and animals. 
Ethnobotany might be considered as a particular subdivision of ethnobiology. There 
is numerous specific division of ethnobotany that emphasizes one specific charac-
teristic of the field [4]. Ethnomedicine focuses on complementary and alternative 
medicine including diagnostic and therapeutic along with herbal remedies. It is 
generally the comparison of the traditional medicines practiced by various ethnic 
groups, especially by indigenous people [5]. Ethnopharmacology is the study of the 
purposes, mechanism of action, efficacy, and safety of drugs which is herbal or plant 
origin, and it may include both stimulants and centrally active herbal remedies [6]. 
Economic botany emphasizes applied economic, agricultural, or marketable features 
of a plant that are used by people but does not intensely discover customary beliefs, 
the “ethno” side of ethnobotany. Economic botany deals with the aim of discovering 
novel products which are plant origin and which might be or might not be related 
with indigenous practices, while ethnobotany studies are documenting traditional use 
practices of plants by the indigenous people without considering the economic value 
of the plants. Ethnobotanists use different methods and materials for their ethnobo-
tanical studies, including ancient writings, surveys, discussions with key informants, 
and field investigations of the relationship between the plants and human beings. 
They typically work together with native people or traditional healers who have 
knowledge about the plants to record the indigenous biodiversity including plants, 
and also for the identification of botanical diversity, parts used for the treatment 
of human and livestock diseases, and method of preparations and applications [7]. 
Biocultural diversity is the entire diversity demonstrated by the world’s natural and 
cultural arrangements. It includes both the biodiversity index (the variety of florae, 
faunae, territories, and ecologies) and the cultural diversity index (variety of people 
customs and languages). Biodiversity is calculated by sharing the amount of diverse 
species in specific habitat by the entire digit of persons living in that specific habitat. 
Cultural diversity can be measured by dividing the quantity of diverse languages, 
religions, and tribal groups in specific habitat by the quantity of whole persons living 
in that specific habitat [8].

Ethnobotany covers various disciplines, including botany, biochemistry, pharma-
cognosy, toxicology, medicine, nutrition, agriculture, ecology, evolution, compara-
tive religion, sociology, anthropology, linguistics, cognitive studies, history, and 
archeology, due to the fact that plants have significant purpose in day-to-day activity 
of human beings. The multidisciplinary habit of ethnobotany permits a widespread 
range of methods and uses and leads to the investigation of plants in various ways by 
the researchers [9]. But plants with medicinal importance are usually the focus area 
for the investigator under the field of ethnobotany, and the study of these medicinal 
plants has essential role for the development of ethnobotany field [2]. It is obvious 
that interdisciplinary and multidisciplinary methods can lead to further productive, 
comprehensive, and systemic guesstimates in the investigation of the relationship 
between the plants and humans. Regardless of its various bottlenecks, ethnobotany 
becomes an attractive and hopeful area of research [9].
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1.2 Applied ethnobotany and ethnoecology

In addition to developing quantitative approach for the ethnobotanical assess-
ment, ethnobotany has progressed along with broader method, including additional 
features of the natural environment. Ethnobotanists somewhat frequently categorize 
themselves more and more as ethnobiologists or ethnoecologists for the reason that 
these fields bargain more prospects to evaluate the relationship between the people 
and the whole surroundings in addition to the societies’ interaction with the external 
environment including the effect of global trade on domestic economy and individual 
life. Since 1992, the interaction of human beings with plants has created a new term 
known as “applied ethnobotany” which in fact relates to studies and approaches 
which allow to work together with the indigenous people and traditional practitioners 
in an actual way, to investigate the knowledge of native people and develop a better 
management structures which shape specific use practices and social dynamics [10]. 
Applied ethnobotanies also made every effort to fill the gap between indigenous 
knowledge and modern practice and to recognize the association between indigenous 
practices and knowledge schemes and procedures, directions, and financial fashions 
at the nationwide and worldwide level [10]. In recent times, the term ethnoecology 
has been invented. Martine defines ethnoecology as a discipline which integrates 
many diverse academic fields. The term ethnoecology is used to incorporate all fields 
which designate the relationship between indigenous people and the ecosystem, 
including subdisciplines such as ethnobiology, ethnobotany, ethnoentomology, and 
ethnozoology [11]. In fact, ethnoecology is the discipline of how individuals compre-
hend the interaction between human beings and the living things, including animals, 
plants, and physical elements of a place [12].

2. Ethnobotany in history

Human being has been consuming floras meanwhile beforehand documented his-
tory. Our most primitive ancestors collected floras for foodstuff, medication, fibers, 
and construction supplies, momentary on their knowledge through oral customs. 
Farming, the exercise of generating yields and rising livestock, came about autono-
mously in diverse areas of the universe 10,000–15,000 years ago. Plant knowledge 
was an unlimited benefit in ancient societies, as it conversed a bigger opportunities 
of survival. Many ancient researchers took an extreme concern in botany, publishing 
herbals that enclosed plant information, and in addition also contained botanical 
importance. By using this baseline, an individual can identify and collect medicinal 
plants from the traditional healers own garden or from the forest and also can easily 
understand the method of preparations and applications. The term ethnobotany did 
not coin out as a discipline during the ancient civilization until earlier modern period. 
Despite the fact that individuals historically had a nearby relationship with the plants 
and various intellectuals investigated botany, rare scholars investigated the plant 
knowledge of an ethnic group till the twentieth century. The following are the rare 
leading ethnobotanical researchers and texts that aided disperse botanical knowledge 
all the way through the ages [8].

The ancient Egyptians (3000 B.C.) were specialists in using remedies for cura-
tive and preventive purposes. The curing of the sick was carried out by priest doctor 
and pharmacist “Son” who prescribed and prepared remedies. The crude drugs 
used for the plant derivation included Aloes, Gum, Myrrh, Poppy, Pomegranate, 
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Colocynth, Linseed, Squill, Coriander, Onion, Anise, Melon, Castor, etc. The Ebers 
Papyrus found in Egypt in the 1870s contains prescriptions written in hieroglyphics 
for over 700 preparations. This prescription for an asthma remedy is prepared by the 
combination of herbs heated on a brick so that the victim possibly will inhale their 
smokes. The Babylonian medicine was known as Laws of Hamorabi (772 B.C.). The 
medicines used were mostly of vegetable origin. The medications used include 250 
constituents of plant and 180 constituents of animal origin. Several of these remedies 
were known to the ancient Egyptians. In the Old Indian medicine, the “Riveda” and 
Ayurveda (Acoko 2000 B.C.) contained the holy medicinal plants. The gathering of 
plant constituents was undertaken only by a guiltless, pure, and religious individual. 
The fresh plants were considered to be most effective. The most famous Indian 
remedies were sandalwood, clove, pepper, cardamom, caraway, ginger, benzoin, 
cannabis, castor oil, sesame oil, aloes, etc. Besides the well-known acupuncture, the 
Chinese medicine is very recognized for the herbal remedy. The Pen Ts’ao Kang Moa 
(1000 B.C.) contained an unbelievable amount of herbal medicines and preparations 
of animal source. Their book comprises many recipes for every ailment. Among the 
plants and minerals highly respected for its magic well-being power were ginseng, 
rhubarb, ephedra, star anise, pomegranate, and aconite. Opium is a very old Chinese 
drug for diarrhea and dysentery. Pythagoras (560 B.C.) used drugs such as mustard 
and squill. Hippocrates (466 B.C.) was familiar with abundant medicines and wrote 
“Corpus Hipocraticum 460 B.C.” The Greek Empire was followed by that of the 
Romans Dioscorides who was a Greek by birth and was the first to define medicines, 
and his work “Greek Herbal of Dioscorides” included 5000 medicinal plants in 
addition to animal and mineral medicines. Pliny, who lived about the same time as 
Dioscorides, was also a renowned author of natural history. Galen (134–200 A.C.) 
was a physician and he is ascribed the use of “Galenical preparations.” Islamic lit-
eratures were found the first beginnings of chemistry, the name of which is derived 
from an Arabic word “Kemia,” as were also such familiar words such as alcohol and 
alkali. The Arabs added several new plants and medicines to those previously rec-
ognized to the Greeks and Romans. In their days, pharmacy attained its maximum 
reputation and developed an independent branch of medicine. It is thought-provok-
ing to note that the first dispensary was opened in Baghdad, the center of trade in 
those days. The dispensary was made of sandalwood and named “Sandalia.” Rhazey 
(850–932 A.C.) who was born at Rai in Persia was the director of Baghdad hospital. 
He published a famous book “Alhawi Kabeer” [8].

3. Ethnobotanical knowledge and modern science

Out of the several plants biodiversity found on the earth surface, the plants which 
are used for the prevention and treatment of human and livestock disease are the 
significant ones due to the fact that those medicinal plants have secondary metabolites 
known as specialized metabolites [13]. Specialized metabolites with therapeutic pos-
sessions are dispersed throughout some plants genera, and these floras act as process-
ing house for the natural products which are responsible for specialized metabolites 
[14]. The specialized metabolites have the potential biological activity that in turn used 
to protect the health and well-being of people and are the essential lead compounds 
for the modern medicines [15]. Study reported that medicinally important plants are 
the major source of treatment for up to 80% of the population until now, especially for 
underprivileged nations [16]. Also, the rest 20% of population living in higher-income 
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countries still depends on complementary and alternative medicines which are espe-
cially plant origin and natural products [17]. Fascinatingly, out of the 25 dispensed 
drugs, about 12 of them are products which are plants origin [18, 19]. The role of 
ethnobotanists and researchers are incredible in the innovation of different present-day 
drugs, including artemisinin, aspirin, ephedrine, codeine and papaverine, colchicine, 
taxol, digoxin and digitoxin, capsaicin, tetrahydrocannabinol, and cannabidiol which 
are derived from Artemisia annua L., Filipendula ulmaria (L.) Maxim., Ephedra spp., 
Papaver somniferum L., Colchicum autumnale L., Taxus brevifolia Nutt., Digitalis 
purpurea L., Capsicum spp., and Cannabis sativa L., respectively [13, 20–22]. The uses 
of artemisinin in the modern medicine become acknowledged after a Chinese scien-
tist (Tu Youyou) wins Nobel Prize in a year 2015 [23]. The results from the search of 
“medicinal plants” term on Google Scholar become more than 200,000 starting from 
the year 2000 until now.

Native people and ethnic groups use more than thousands of wild plants for 
the prevention and treatment of different human and livestock ailments, and even 
some of them are not identified and scientifically named still now, and hope several 
conventional medicines will be discovered from the plants and natural products in the 
future by the scientific community [24–26]. The well-known anthropologist David 
Maybury-Lewis had given emphasis to the role of indigenous people in supporting 
the invention of several plants which are medicinally important and used by this 
indigenous people for the treatment of different diseases [27]. Ethnobotanists can 
accelerate the proof of identity of plants which are medicinally important, and it is 
recommended that instead of conducting ethnobotanical assessment only, bioactive 
and lead compound can be extracted by mimicking the ethnobotanical information 
obtained from the indigenous people or traditional healers that can simplify the 
activity of bioprospecting of the plants [28]. Garnatje et al. [13, 29] advocated the 
term “ethnobotanical convergence” for the similar uses of plants included in the same 
node of a phylogeny. Although the term “ethnobotanical convergence” was con-
demned by Hawkins and Teixidor-Toneu [30], it is however assumed that connecting 
new technologies with the indigenous ethnobotanical information can accelerate the 
development of new modern drugs from the natural products and plants. Connecting 
ethnobotany with other fields such as phytochemistry, pharmacology, pharma-
cognosy, and molecular biology can support the botanical diversity identification 
and analysis of chemical constituents of medicinal plants which have the ability to 
prevent and treat human and livestock ailments [31]. Furthermore, approaches such 
as genomics and omics can also be employed to identify the genes underlying the 
(specialized) metabolites present in the plants characterized by high-throughput 
metabolomics approaches such as gas chromatography–mass spectrometry (GCMS), 
liquid chromatography-mass spectrometry (LCMS), and nuclear magnetic resonance 
(NMR) spectroscopy [32, 33]. The proper identification, utilization, and conserva-
tion of medicinal plants can assist in providing better alternative health care services 
in rural areas, especially in developing countries [34, 35]. Moreover, several medicinal 
plants collected from the traditional healers own garden or from the forest are majorly 
important, and high percent of individuals relay on these medicinal plants in order 
to get cure from their diseases [36]. The shortage of quality health care provisions 
that safeguard healthy lives and encourage safety of the individuals at all ages groups 
especially in the third-world nations of Asia and Africa strengthens the significance 
of medicinal plants used by the specific ethnic groups [34, 35]. In the past more than 
10 years, the majority of population in the world depends on products derived from 
the plants which in turn shows the increasing demands of products derived from the 
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natural resources, and it may lead to the over-increment of the need of medicinal 
plants. So, the scientific community and ethnobotanists should fasten the investiga-
tion related with the development of products from the plants by working together 
with the indigenous people and traditional healers who have the ability to collect 
those plants which are medicinally useful by considering the emerging number of 
both communicable and noncommunicable and population growth and global climate 
change.

4. Plant collection and identification

A herbarium is a process of collecting dried-out plant samples that used for study 
purposes. The key roles of a herbarium are to make available reference materials for 
botanical diversity identification of newly collected specimens, help as a supply for 
botanists and botany subjects, record the occurrence of a plant types in a specific 
area, decide taxonomy concerns, and store type and voucher samples. A type speci-
men is the exact specimen on which the name of a taxon is based. They are vastly 
valued and may be stored distinctly or attached onto different colored paper to 
escape loss or harm. A voucher specimen helps as the root for a scientific research. 
It is a consistent technique to authenticate the exact identity of the plant used for the 
research. Incase if questions are raised about the identity of the medicinal plants, 
the only way to answer this questions is by using the voucher numbers given for 
the specific plants. So, this shows whether the plants are correctly identified by the 
experts [37].

The person who collects the medicinal plant specimens are not allowed col-
lecting endangered plant species or rare plants in a specific territory. And also, the 
individuals should respect the local regulations and need to obtain permission from 
the responsible bodies/officers. Incase if the medicinal plants were found only on 
individuals or traditional healers own gardens, verbal informed consent or permission 
should be obtained from the owner of plants to collect the specimens. After the plant 
specimens were collected from the traditional healers own garden or from the forest, 
the specimens should be put into the plastic bags, labeled, pressed, and transported 
to the national biodiversity centers. Then, the plant materials should be dried using 
the appropriate drying system and prepared for the botanical diversity identification 
using standard herbarium procedures. The identification mechanism is taken place by 
the botanists or taxonomists in the laboratory. But some botanical diversity identi-
fication processes can be taken place directly in the traditional healers own garden 
or in the forest if the owner or laws are not permitted to collect the plant specimens. 
The plant specimens should be deposited in the national herbarium or biodiversity 
laboratory by collecting them and immediately pressing between papers using a field 
press. Sticky specimens may be pressed between waxed paper. The pressing procedure 
in between newspaper should be carried out simultaneously by collecting the speci-
mens due to the reason that once the specimens dried, they are difficult to press and 
arrange. The plant specimen should be arranged to show all the significant structures 
including lower and upper leaf, flower heads, and so on. Large specimens can be 
folded or cut into sections. Bulky fruit can be cut in half; large cones can be tagged to 
be stored in a box. Plant specimens should be dried as rapidly after it was collected 
and transported to the laboratory [38].

Sticks with good plants need to be gathered for the sample. The parts of the 
plants collected as sample should have to encompass pure phyllotaxy and the forking 
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scheme. For small herb, collection of more specimens as could fix on the herbarium 
sheet is desirable. In common, cutters are used to cut the stems, whereas for a 
while tallness, pruner is used, and for spiny samples, such as Berberis mucrifolia, 
leather glove is mandatory. For leaves and aromatic plants, digger is useful to dig 
out underground part. Particular plants stems lie horizontally under the ground. 
In such cases, the underground part should be washed from the mud elements, etc. 
If it is stem, then samples have been placed in a branching manner. Marine floras 
are light or to some extent filamentous and are hard to be organized on the page. A 
sheet of mounting paper is located below the moving or submerged tiny floras, and 
then the paper is slowly raised till the sample lies on the paper and out of the water. 
Then paper is raised to create a slope prudently so that it enables water runoff. These 
floras need to be shaken well before placing them in flimsies. Certain floras can 
be placed in plastic bags. The flowers that straightforwardly damage or can be lost 
among higher flowers from the same gathering place can be positioned in small bags 
within the larger bag. Unhealthy flowers, depauperate samples, diseased branches, 
etc., should be escaped [39].

Details about the plant specimens geographic area with the help of Geographic 
Information Systems (GIS), specimen collection date, and collection number should 
be noted down at the period of the specimen collection in a field notebook or elec-
tronically. This information is necessary to arrange the label for the herbarium speci-
men sheet. The collection number should be written on the edge of the sheet of paper. 
After the exact botanical diversity of the specimen becomes identified, the scientific 
name of their plant can be written together with the collection number. Herbarium 
specimen labels are organized in several means, but they usually hold a heading with 
state or region, province or district, country, and name of institution related with the 
sample, followed by the scientific name (genus, species, and author), details about 
the area such as geographic types or distance from adjacent town or landmark, and 
locale specifics (soil, altitude, humidity, etc.), Collection date, name of the specimen 
collector, and collection number are also significant information. The label is located 
at the bottommost-right-hand corner of a herbarium mounting sheet and attached 
immediately. Glue is also applied to the back of the plant sample, and it is organized 
on the mounting sheet. Lesser weight may be located on the top of the specimen till 
the glue is dry. Fragments of plant material such as seeds or pollen can be located in 
a small folded pocket, which is also glued immediately to the sheet. Once dried, the 
herbarium stamps the sheet with its name and assigns it an accession number. It is 
then filed in the herbarium cabinets that are usually ordered alphabetically as per 
plant family, genus, and species. Some herbaria use numerical arrangement as per the 
Adolf Engler method of arrangement [37].

Knowledge of plant anatomy is essential for classifying plant species. Deprived 
of it, a plant may be not identified correctly, with possibly severe consequences. 
Botanical diversity identification keys are valuable tools if you have adequate infor-
mation of plant anatomy to appropriately use them. A dichotomous key offers the 
user with two alternatives at each stage, while a polyclave key may offer quite a lot of 
choices at each stage. Electronic polyclaves usually let the user to effort some well-
known features of the specimen, thus removing various species in the key. It may, 
moreover, offer the possibility or chance that the left behind species are the right 
choice and may quick the user to say other features to remove further species. There 
are little elementary rules to make a dichotomous key. The entries should initiate with 
a couplet that has same first words (e.g. Leaves opposite or Leaves alternate) but are 
opposing statements. A leaf cannot be both alternate and opposite so that the decision 
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is perfect. To avoid misunderstanding, they should not have several entries in a row 
that start with the identical word and should not use overlying ranges of measure-
ment. Negative statements (e.g. Leaves not opposite) should also be avoided. Couplets 
can be numbered, lettered, or a combination of both. Occasionally indented keys use 
no numbers or letters at all [38].

Even though this key is only a rare line, it comprises terms that need specialized 
knowledge of plant anatomy. If you do not know what “samaroid wings” or “perianth” 
are, the key is unusable. Field guides frequently enclose keys and illustrations to 
support the plant identification. They usually emphasize a restricted geographic area 
and compressed adequate to carry in the field. A field guide lets the user to compare 
the unidentified plant with identified plants that cultivate in the area. Even with a 
good field guide and key, it is often hard to identify a plant down to the species level, 
specifically if it is not flowering or fruiting. If possible, a botanist will gather a speci-
men to take back to the laboratory for an additional systematic investigation [40].

5. Ethnobotany research and their applications

Even though many new chemical constituents have been derived and identi-
fied from medicinal plants used by the multicultural ethnic group, there are no 
conventional drugs synthesized from these plants using ethnobotanical knowledge 
and regulated as pharmaceutical products in the United States in at least in the past 
40 years [41]. This may look like astonishing, considering the amount of resources 
and materials invested during the investigation of ethnobotanical knowledge for the 
past 40 years. On the other hand, indigenous knowledge about the medicinal plant is 
still used by the scholars and researchers for the identification of new chemical con-
stituents and structures [42] that can be used as the main points for the development 
of new chemicals that have biological activity. Nowadays, the jobs for scholars and 
researchers have become more difficult than the past. They did not focus on finding 
new cultures, rather they focused on previously invented more than 4000 cultures 
and knowledge. An essential problem challenged by researchers on medicinal plant 
is that the study on medicinal plant may not all the time result in perfect separation 
of mechanisms of action, rather they only show “in-vitro pharmacological activity” 
or “in-vivo pharmacological activity on different organ or “identification chemical 
constituents and suggesting that it may have such activity due to the presence of this 
functional groups,” etc. A close relationship between ethnobotanists who conduct 
research for the assessment of medicinal plant use practices by the indigenous people 
and traditional healers and experimental pharmacologists who conduct study on the 
pharmacological activity of traditional medicinal plants claimed by the traditional 
healers is very important in order to add values on present health care system by 
discovering novel drugs from the natural products and plants [43].

Most of the scholars have related the current use of medicinal plants to their 
ancient civilization of ethnic groups by investigating the local names of the medicinal 
plants and uses in archival material and literature, but also more in recent times 
through past linguistic analysis of popular names [44, 45]. Investigation of the history 
of the use practices of Rhododendron tomentosum Harmaja in Norway by the indig-
enous people indicates continuity in vernacular names and the therapeutic indication 
of this medicinal plants from the first eighteenth to twentieth centuries, with only a 
loss in use as a salt substitute. The investigation of cognates to indigenous medicinal 
plant names offers us evidences to the past interaction between the medicinal plants 



37

Ethnobotany
DOI: http://dx.doi.org/10.5772/intechopen.104754

and the native society, whereas the specific name of medicinal plants indicates some 
striking characteristics of the plant, color, their native uses, and views of the indig-
enous people [46]. Sabine Nebel’s studied that the evaluation of names for edible 
greens among Grecanico speakers in Italy and Greek findings shows astonishing conti-
nuity of language and customs. For instance, Portulaca oleracea L. (purslane) is called 
andracla in Gallicianò and andrakla in Greece. The uses of several of these medicinal 
plants are the most persistent form of traditional healing practices in ancient Greek 
civilization [38]. Spanish ethnobotanists and researchers also try to relate historical-
linguistic method to the Spanish use practices of medicinal plants called manzanilla 
(chamomile) in drinking teas since the ages of Moorish practices in the twelfth and 
thirteenth centuries, and even further back to Dioscorides in ancient Greece [46]. 
Also, other researchers present an infrequent sight into Lithuanian botanical diversity 
classification by tracing and certainly separating the roots of cognate native names 
for sycamore maple (Acer pseudoplatanus L.), plane tree (Platanus spp.), black poplar 
(Populus nigra L.), guelder rose (Viburnum opulus L.), and blessed wreaths prepared 
from collected rye. They show the importance and risks of using traditional texts 
and ethnographic data, such as melodies, mysteries, and children’s verses, as botani-
cal indication for rebuilding the etymology and figurative history of ethnobotanical 
naming [47].

Many scholars give emphasis on the present uses of higher plants collected from 
the forest or wild not only due to the continuous historical use practices by the 
indigenous people or recurrence in new markets but also due to the their signifi-
cance nutritional values. Generally, wild plants are nutritive because of their high 
content of minerals and vitamins [48, 49]. Study show that the consumption of 
common golden thistle (Scolymus hispanicus L.) among poor farmers in Portugal has 
a long history, also stretching back to ancient Roman times, and has now become 
popular among tourists. Underlying the use of this particular thistle, though, is the 
fact that it manages to maintain its high nutritional value regardless of the quality of 
the soils in which it grows. Native agriculturalists have acknowledged this distinc-
tiveness and thus ignore all other thistles that cultivate in the area [49]. Also, other 
characteristics like sex are also essential concern in the collection and preparation 
of wild plants for healing and foods in Europe. Even though the depth knowledge 
of collection and preparation of wild fruits and plants is considered as the charac-
teristic of females in various countries [50], but thistles collection and preparation 
is the activity of males in Portugal [49]. Researchers identified and presented about 
females who become males in the Albanian Alps: in this ancient form of transgen-
derism, there is convergence of the ethnomedicinal knowledge of “typical” males, 
regarding food and plants used for the treatment livestock ailments (ethnoveteri-
nary), wild greens, and the ethnomedicinal knowledge of females, regarding weedy 
food and medicinal plants [51].

Around 679 ethnobotanical surveys were accompanied in Latin America until 
2012. Out of these surveys, 41% of ethnobotanical studies were carried out in Brazil, 
22% of these studies were conducted in Mexico, 9% of these surveys were carried 
out in Peru, 8% were conducted in Argentina, 6% were conducted in Bolivia, and 
14% of the studies were conducted in the rest of the countries of Latin American 
continent [52]. Apart from the infamous development of ethnobiology as a field in 
Latin America, the amount of ethnobotanical research conveyed for the scientific 
community look like to delay in various countries. From the results of research con-
ducted on ethnobatanical information in Latin America especially in Brazil, Mexico, 
and Argentina, it is true that there is rapid increment of scientific studies on the 
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ethnobotany fields in the continent. This condition could be improved by the integra-
tion of better funds for ethnobotanical studies by investing in human resources and 
economic capitals and through the formation of thematic areas and ethnobotanical 
cultures (as observed in Brazil and Mexico). The overall objective of these thematic 
areas are to promote and enlarge debates on the disciplines, build protocols, and 
create knowledge that may fulfill the existing gaps in various areas of ethnobotany. 
Ethnobotanical study may also be encouraged by an escalation in the number of 
scientific proceedings and journals to distribute the results obtained from the 
researches and by the design of undergraduate courses and master programs to teach 
scholars who will conduct quality researches on this field. These methods can fufill 
the existing gaps and intervals in ethnobotanical study and also lead to the alliance of 
ethnobotanical knowledge throughout the Latin America continent [52].

Ethnobotany seems to have appealed its correct place among the scientific 
field getting finance studies, but much task yet to be conducted. There is still a lot 
of ethnobotanical information yet to be recorded, especially in different parts of 
Africa like ethnobotanical knowledge of the Khoi, Ndebele, and Swazi, as well as the 
relationship of this ethnic group with traditional medicinal plants, wealth of unre-
corded information, especially relating to the ethnobotany of the Khoi, Ndebele, and 
Swazi, as well as the interaction between plants and people, folk taxonomies, histori-
cal use practices of plants, uses of plants for the treatment of livestock ailments, 
and medicinal plant uses before the colonial period. In addition to these, medicinal 
plants used for the treatment of dental disease, plant parts used for the perfumes, 
cosmetics, insect repellents, colorant flowers, yeast plants, thatching plants, textile 
plants, musical instruments, as well as hunting, fishing, and other technologies. It is 
very important to isolate market-based research from indigenous knowledge-based 
research. Hence, market-based research may depend on the profit obtained from the 
study within reasonable time, but the former may be of more direct value in the short 
term, but indigenous knowledge-based research may be more urgent and important, 
as a consequence of their long period role on the way to a deeper identification of 
medicinal plants use practices by the traditional healers and native societies, espe-
cially in Africa. Study shows that urbanization and solid traditional effects from 
other parts of the globe are prominent to an extraordinary loss of indigenous knowl-
edge in South Africa. Scholars and researchers should be stimulated to grasp the 
chances offered by ethnobotanical study and to document the aspects of their own 
historical-linguistic information and indigenous medicinal plant use practices by 
the different ethnic groups for the sake of future generations. It is obvious that once 
the traditional knowledge is documented well systematically, it is not adulterated for 
life time. It is truly accepted that each individuals and generations can understand 
and interpret indigenous knowledge in different angle. The sources of present-day 
technologies and discoveries by the scientists are the traditional and indigenous 
knowledge of our illiterate ancestors. However, the investigation of native knowledge 
concerning medicinal plants uses for the prevention and treatment of human and 
livestock diseases should be given emphasis especially in Africa. Hence, it is not 
feasible to give oral indigenous knowledge information for the scientific community 
without tangible and well-documented traditional knowledge about medicinal plants 
use practices in Africa [53].

Study conducted on ethnobotanical study in northern Angola showed that about 
2390 medicinal plants were reported to be used by the traditional healers and com-
munity. Those medicinal plants were categorized under 358 species in 96 plant 
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families, while just 3 out of 358 stated species are endemic to Angola and about 
one-fifth are neophytes. As the distance from where the medicinal plants collected 
increased, the number of use citations also higher. According to this study, large pro-
portion of women (83%) was involved in the collection and preparation of medicinal 
plants from the forest and garden. The authors of this study discover new medicinal 
plants used for the treatment of different ailments by the indigenous people in the 
study, including Gardenia ternifolia which is claimed to have anti-measles, and 
ethnobotanical knowledge and the chemical constituents of Annona stenophylla 
subsp. cuneata medicinal plant have never been identified and documented elsewhere 
especially in the study area. Regardless of the long-term fighting in Angola, indig-
enous use practices of medicinal plants for the prevention and treatment of human 
and livestock disease remain a crucial part of traditional heritage. For that reason, 
plants are critical components in all parts of livelihood, particularly in the health care 
system. This condition is compounded by the still low-quality medical sectors in the 
Angola, particularly in countryside of the countries [54].

Another study conducted on hierarchies of knowledge; ethnobotanical knowl-
edge, practices, and beliefs of the Vhavenda in South Africa for biodiversity conserva-
tion showed that 84 medicinal plant species were stated by the respondents which 
are categorized under 44 families. The majority of the stated medicinal plants were 
categorized under the fabaceae. The authors were identified 6 new species which are 
not reported before in Vhavenda ethnobotanical documents, also 68 medicinal plants 
claimed to have new indications and another 14 species have the similar uses with 
previously record. In this survey, high percent of plants reported were consumed 
as dietary supplements (36.0%) and used for the treatment of different human and 
livestock diseases (26.1%) and comprised mostly indigenous plants (73.8%) paral-
leled to nonnative plants (26.2%). The Vhavenda takes a variety of activities for the 
management of plant diversity that can be endorsed to taboos avoiding the usage of 
endangered and rare species, advertisement of sustainable collecting activities, and 
the proliferation of plant species for environmental refurbishment. Also, the authors 
reported about 48.4% of indigenous plant knowledge was transferred to generations 
through family/relatives, followed by studying about plants cultivation, collecting 
information by individual itself, through traineeships with traditional practitioners, 
and through learning in the schools and clan gatherings which constituted 16.1%, 
9.7% 6.4%, and 19.4%, respectively. The reasons behind the difficulty in transfer-
ring knowledge about traditional plants use practices of Vhavenda are alterations in 
traditional knowledge platforms for information exchange, destruction of traditional 
organizations, and shifting value structures. The Vhavenda ethnic groups preserve 
a complex “knowledge-practice-belief” structure nearby for the use, control, and 
protection of plant biodiversity. The documentations of indication of new medicinal 
plants for the different purpose in this research and the expansion of the previ-
ously invented plants for the treatment of different human and livestock disease are 
valuable for providing an additional complete understanding into the indigenous 
plants use practices by this ethic groups in South Africa. The indigenous knowledge 
of medicinal plants use practices of this ethnic group is widespread comprising a 
variety of indigenous, exotic, wild, and cultivated plants. The indigenous people and 
traditional healers cultivate and gather a diversity of plants from the own garden, and 
from the wild and deciduous woodlands representing an all-embracing knowledge 
base conceivably imitating the sociocultural perspective of comparative separation 
and long-term settlement of the Vhavenda in the area. The domination of native 
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plant diversity signified in ethnobotanical survey proposes that plant knowledge 
acclimatization may initiate with common and readily existing plants; conversely, the 
new popularity of nonnative plant diversity also reveals a form of adaptation to new 
acquired plant variety that has become integrated into the Vhavenda depository of 
valuable plant diversity. Native practices and organizations are also inserted in tradi-
tional settings and coded in cosmologies and belief systems that have safeguarded the 
sustainable utilization of plant biodiversity. Plant managing plans aim is to sustain 
consistent and continual supply of plant biodiversity for dietary purposes, medicinal 
use practices, and other uses through selective practices such as the prohibition of 
endangered and rare plants from use, the advertisement of sustainable collecting 
practices, and the proliferation of plant biodiversity [55].

A study review on medicinal plant use practices in Ethiopia showed that the 
country is rich in biodiversity and believed to have about 6000 higher plants diversity 
with about 10% of native higher plant species. This amount of biodiversity of plants 
species also includes most of the lower plant species. The genetic variety enclosed 
in the many biotic makeup is also great, consequently making the country a serious 
biodiversity homeland for plants. As one of the 12 Vavilovian midpoints of origin for 
home grown crops and their wild relatives, it is the country of various native crops 
and genetic stocks. Ethiopia is considered as the richest country in biodiversity since 
5000 years ago when ancient Egyptians, Greeks, and Romans used it as a basis of 
exclusive merchandises like Frankincense, Myrrh, and other plant products, which 
are also used for the production of different drugs. Among the largest biodiversity of 
plant species found in Ethiopia, highest percent has medicinal purposes. With similar 
fashion with the rest of the world, most of the people of Ethiopia rely on medicinal 
plants for the treatment of human and livestock ailments. Accordingly, about 95% of 
traditional therapeutic synthesis are the products of plant source. It is not ambitious 
to say medicinal plants have been used as a basis for the traditional remedies in order 
to prevent and treat different human and livestock diseases in Ethiopia. Medicine 
preparation from the medicinal plants is an essential part of the tradition of Ethiopian 
people. Most Ethiopian indigenous healing knowledge is retained in stringent mys-
tery; conversely, it is dynamic in that the traditional healers create every struggle to 
broaden their range by reciprocal transferring of traditional medicinal knowledge to 
each generations or by reading the traditional pharmacopeias. It is difficult to acquire 
indigenous healing information of the traditional practitioners for the reason that 
they claim that the knowledge is their own and only like to transfer their knowledge to 
their relatives, especially to the eldest son [56].

Traditional practitioners in Ethiopia use the medicinal plant existing in the 
biodiversity for the prevention and treatments of various human and livestock 
ailments. A study showed that around 800 plants diversity which is medicinally 
important in Ethiopia is used for treating around 300 diseases. As stated by several 
researchers, there are diverse kinds of plant diversity with their parts used for the 
treatment purposes, the place where they grow, and the type of conditions treated 
by using these medicinal plants. There are about 18 medicinal plant diversity with 
63 genera, and they are used by the indigenous society for the prevention and 
treatment of different human diseases. According to the literature, the common 
medicinal plants used for the prevention and treatments of human conditions 
are Aloe species, Eucalyptus globulus, Hagenia abyssinica, Cupressus macrocarpa, 
Buddleja polystachya, Acmella caulirhiza, Acacia species, Citrus species, Clematis 
species, Coffee Arabica, Croton macrostachyus, Euphorbia species, Ficus sycomorus, 



41

Ethnobotany
DOI: http://dx.doi.org/10.5772/intechopen.104754

and Moringa stenopetala. According to other reviews, all plant life forms were not in 
the same way used as therapies, for the reason that there is the dissimilarity in the 
distribution among the life forms. Therefore, the growth forms of medicinal plants 
were trees, shrubs, herbs, climbers, and others. The most predominant plant parts 
used for the prevention and treatments of different human and livestock ailments 
are herbs, followed by shrubs and trees [57].

A study conducted on ethnobotanical assessment and physicochemical properties 
of Commonly Used Medicinal Plants in Southwest Ethiopia showed that a total of 72 
plants species were stated by the respondents for the treatment of different human 
and livestock ailments and classified under 61 genera and 39 families. Herbs consti-
tuted the predominant plant growth parts followed by shrubs, tree, and climbers. 
Leaves were the most frequently used medicinal plant parts by the traditional healers 
in the study followed by roots and seeds. Regarding the method of preparation of the 
medicinal plants, crushing, powdering, pounding, and pressing were used sequen-
tially by the traditional healers [58].

6. Conservation of medicinal plants

Conservation of medicinal plants should have an objective of conserving 
biodiversity within specified place like by preparing botanical garden to confirm 
that all the plant species will be ready to use by the future generations [59]. 
Sustainable managing of indigenous medicinal plant diversity is very significant 
not only for the reason that their potential benefit as lead compound for new drug 
discoveries but also because of the large percent of people around the world still 
depends on traditional medicinal plants [60]. There is certain protection activities 
that have been carried out everywhere in the globe intended to keep endangered 
medicinal plants from additional harm [61]. This includes in situ and ex situ 
protection actions. Both in situ and ex situ protection efforts are applied to protect 
medicinal plant genetic biodiversity. In situ conservation is the protection of plant 
biodiversity in their natural territories. Certain indigenous medicinal plants have 
to be well kept in situ because of the difficulty for domestication and managing 
[62]. Medicinal plants can also be protected by confirming and inspiring their 
growth in different spaces, as they have been used traditionally [62]. This can 
be promising in the place of churches, mosques, graveyards, farm margin, river 
bank, and so on. An interpretation that has been made by the researcher showed 
that medicinal plant diversity grown around the religious sites is prohibited from 
collecting [60]. The second one is ex-situ conservations means conservation 
outside their natural habitats. This comprises gen bank, herbal gardens, and oth-
ers. As it was stated, home gardens have an abundant influence for the protection 
of medicinal plant species in broad, and at the same time the biodiversity can 
also be well kept; thus, home gardens are strategic and best agricultural systems 
for the protection, production, and development of species that are medicinally 
important [62, 63]. Various efforts have been made to safeguard and encourage 
sustainable use of plants that are medicinally important in different country. In 
the field, biodiversity protection goes alongside with the protection of ethnobo-
tanical and ethnopharmacological information. Ethnobotanical investigation can 
point out managing difficulties of biodiversity through interviews and market 
studies; moreover, it provides resolutions by encouraging indigenous knowledge 
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and customs that had protection advantages [64, 65]. A study reported that the 
wise utilization of species that are medicinally useful wants the participation of 
diverse sectors and larger community support and for this, awareness formation is 
suggested [66].

7. Conclusion

Ethnobotany is a life science which studies the interaction between human 
beings and flora in particular and broadly deals with the investigations, obser-
vations, and identifications of botanical diversity used for the prevention and 
treatment of human and livestock ailments. It also studies about the indigenous 
people knowledge, beliefs, and practices (i.e. it may be cultural and religious 
practices) related with medicinal plants. Also, it includes how human beings 
categorize, isolate, and associate floras beside with joint relationships of floras and 
human beings. The ethnobotanists should have to discuss with native community 
to share their routine life and to respect their cultures in order to obtain valuable 
information about the plants used for the medicinal purpose. Ethnobotany might 
be considered as a particular subdivision of ethnobiology. Ethnobotanists use 
different methods and materials for their ethnobotanical studies including ancient 
writings, surveys, discussions with key informants, and field investigations of the 
relationship between the plants and human beings. They typically work together 
with native people or traditional healers who have knowledge about the plants to 
record the indigenous biodiversity including plants and also for the identification 
of botanical diversity, parts used for the treatment of human and livestock dis-
eases, and method of preparations and applications.

Ethnobotanists somewhat frequently categorize themselves more and more as 
ethnobiologists or ethnoecologists for the reason that these fields bargain more 
prospects to evaluate the relationship between the people and the whole surround-
ings in addition to the societies’ interaction with the external environment including 
the effect of global trade on domestic economy and individual life. Since 1992, the 
interaction of human beings with plants has created a new term known as “applied 
ethnobotany” which in fact relates to studies and approaches which allow to work 
together with the indigenous people and traditional practitioners in an actual way, to 
investigate the knowledge of native people and develop better management struc-
tures which shape specific use practices and social dynamics. Applied ethnobotanies 
also make every effort to fill the gap between indigenous knowledge and modern 
practice and to recognize the association between indigenous practices and knowl-
edge schemes and procedures, and directions and financial fashions at the nation-
wide and worldwide level. In recent times, the term ethnoecology has been invented. 
Martine defines ethnoecology as a discipline which integrates many diverse academic 
fields. The term ethnoecology is used to incorporate all fields which designate the 
relationship between indigenous people and the ecosystem, including subdisci-
plines such as ethnobiology, ethnobotany, ethnoentomology, and ethnozoology. In 
fact, ethnoecology is the discipline of how individuals comprehend the interaction 
between human beings and the living things including animals, plants, and physical 
elements of a place.

Human being has been consuming floras meanwhile beforehand documented his-
tory. Our most primitive ancestors collected floras for foodstuff, medication, fibers, 
and construction supplies, momentary on their knowledge through oral customs. 



43

Ethnobotany
DOI: http://dx.doi.org/10.5772/intechopen.104754

Farming, the exercise of generating yields and rising livestock, came about autono-
mously in diverse areas of the universe 10,000–15,000 years ago. Plant knowledge 
was an unlimited benefit in ancient societies, as it conversed a bigger opportunities 
of survival. Many ancient researchers took an extreme concern in botany, publishing 
herbals that enclosed plant information, and in addition also contained botanical 
importance. By using this baseline, an individual can identify and collect medicinal 
plants from the traditional healers own garden or from the forest and also can easily 
understand the method of preparations and applications. The term ethnobotany did 
not coin out as a discipline during the ancient civilization until earlier modern period. 
Despite the fact that individuals historically had a nearby relationship with the plants 
and various intellectuals investigated botany, rare scholars investigated the plant 
knowledge of an ethnic group till the twentieth century. The following are the rare 
leading ethnobotanical researchers and texts that aided disperse botanical knowledge 
all the way through the ages.

Even though many new chemical constituents have been derived and identi-
fied from medicinal plants used by the multicultural ethnic group, there are no 
conventional drugs synthesized from these plants using ethnobotanical knowledge 
and regulated as pharmaceutical products in the United States in at least in the 
past 40 years. This may look like astonishing, considering the amount of resources 
and materials invested during the investigation of ethnobotanical knowledge for 
the past 40 years. On the other hand, indigenous knowledge about the medicinal 
plant is still used by the scholars and researchers for the identification of new 
chemical constituents and structures that can be used as the main points for the 
development of new chemicals that have biological activity. Nowadays, the jobs 
for scholars and researchers have become more difficult than the past. They did 
not focus on finding new cultures, rather they focused on previously invented 
more than 4000 cultures and knowledge. An essential problem challenged by 
researchers on medicinal plant is that the study on medicinal plant may not all 
the time result in perfect separation of mechanisms of action, rather they only 
show “in-vitro pharmacological activity” or “in-vivo pharmacological activity on 
different organ” or “identification chemical constituents and suggesting that it 
may have such activity due to the presence of this functional groups,” etc. A close 
relationship between ethnobotanists who conduct research for the assessment of 
medicinal plant use practices by the indigenous people and traditional healers and 
experimental pharmacologists who conduct study on the pharmacological activity 
of traditional medicinal plants claimed by the traditional healers is very important 
in order to add values on present health care system by discovering novel drugs 
from the natural products and plants. On the assumption that there is a necessity 
for original, cautious, systematic, and cooperative records of the relationship of 
human beings with plant nature, for joining societal and environmental systems, 
for sustaining and improving biodiversity, and for recoupling health and well-
being with traditional and ecological integrity, ethnobotany will be a discipline of 
significance and prominence in the globe.
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Chapter 4

Traditional Medicinal Plants as the 
Potential Adjuvant, Prophylactic 
and Treatment Therapy for 
COVID-19 Disease: A Review
Moleboheng Emily Binyane  
and Polo-Ma-Abiele Hildah Mfengwana

Abstract

Coronavirus disease 2019 (COVID-19) is a respiratory disease caused by a severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). In an effort to combat the 
pandemic caused by COVID-19 disease, researchers have identified several tradi-
tional medicinal plants (TMPs) as potential adjuvant, prophylactic, and treatment 
for COVID-19. TMPs reported in this paper were identified based on the findings of 
molecular docking research and the documented traditional use of these plants for 
COVID-19-related symptoms, such as fever, coughing, headaches, and tiredness. 
Secondary metabolites with antiviral, anti-inflammatory, and immunomodulatory 
activity against various SARS-CoV-2 proteases were also identified from the list of 
South African medicinal plants. This review discusses secondary metabolites of TMPs 
with pharmacological benefits, which contribute to the management of COVID-19, 
and these include Acacia Senegal, Artemisia afra, Aspalathus linearis, Clerodendrum 
splendens, Dioscorea batatas decne, Echinacea purpurea, Hypoxis hemerocallidea, 
Xysmalobium undulatum, Tinospora crispa, Sutherladia frutescens, and Zingiber 
officinale.

Keywords: traditional medicinal plants, COVID-19, adjuvant, antiviral, 
immunomodulatory

1. Introduction

Coronavirus disease 2019 (COVID-19) that caused pandemic started in December 
2019 in Wuhan, China [1–3]. The novel coronavirus responsible for this respiratory dis-
ease was identified to be the member of the Coronaviridae family known to cause infec-
tions in humans called severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
[1]. SARS-CoV-2 is reported to be found in bats, and the infections occurred in humans 
because of the intermediate host, the pangolin [2]. SARS-CoV-2 is the third coronavirus 
reported to cause the respiratory disease pandemic after severe acute respiratory syn-
drome (SARS) and Middle East respiratory syndrome (MERS) [2]. COVID-19 disease 
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spreads from human to human by respiratory droplets [4], and the symptoms include 
dry cough, fever, fatigue, body aches, dyspnea, chills and shivering, sputum production, 
diarrhea, nausea, nasal congestion, rhinorrhea, and loss of speech or movement [3, 5–7]. 
To date, COVID-19 is still the cause of morbidity and mortality worldwide, accounting 
to 409 confirmed positive cases and 5.8 million deaths between 7 and 13 February 2022 
[8]. Among the African countries, South Africa (SA) reported the highest numbers of 
new mortality between 7 and 13 February 2022 [8].

Vaccines were quickly developed for the prevention of COVID-19 pandemic 
[9], but there is no specific treatment available [4] as vaccinated individuals can 
still contact and transmit the COVID-19 virus. COVID-19 symptom management 
is mainly supported with oxygen therapy, steroids, antivirals, antibiotics, and anti-
inflammatory agents, including chloroquine and hydroxychloroquine [5, 6]. However, 
antibiotics, antiviral, and anti-inflammatory drugs are reported to be the cause of 
health problems due to their toxicities [6]. Africa has a long historic record on the use 
of traditional medicinal plants (TMPs), and phytomedicine is preferred as 80–90% 
of rural population rely on medicinal plants for primary healthcare [10]. Fortunately, 
the World Health Organization (WHO) promotes the use of traditional, complemen-
tary, and alternative medicine on condition that their efficacy, safety, and quality 
are scientifically reported [1, 11]. Therefore, considering the potential of TMPs as 
alternative and complementary conventional drugs for COVID-19 management is an 
important research topic during the current situation of COVID-19 pandemic [12]. 
Several studies were conducted on TMPs and their pharmacological activities against 
COVID-19 [10, 13–15], and this review is, therefore, aimed at the documentation 
of TMPs that can be used in adjuvant, prophylactic, and management therapy of 
COVID-19.

2.  Potential use of TMPs in adjuvant, prophylactic, and management 
therapy for COVID-19 disease

TMPs have become the subject of interest in the era of COVID-19 pandemic, 
and various researchers have conducted studies based on selecting TMPs com-
monly used traditionally to treat fever, cold, and flu symptoms [13, 14]. Echinacea 
purpurea and Zingiber officinale were identified among TMPs with promising 
adjuvant symptomatic therapy [14]. A number of secondary metabolites isolated 
from TMPs were identified to have immunomodulatory, antiviral, and anti-
inflammatory activities against SARS-CoV-2 [15]. TMPs with immunomodulatory 
effect could be used in COVID-19 patients as a prophylactic and treatment therapy 
[16]. Immunomodulation agents identified as potential therapy against infec-
tious diseases, including COVID-19, are, among others, Dioscorea batatas decne, 
Clerodendrum splendens, and Tinospora crispa [17].

Active secondary metabolites of these TMPs have immunomodulatory effect and 
can reduce cytokine production against viral infections [6]. TMPs with potential 
antiviral activity against SARS-CoV-2 were identified as Artemisia afra, Acacia Senegal, 
Aspolathus linerias, Hypoxis hemerocallidea, Sutherladia frutescens, and Xysmalobium 
undulatum [15, 18, 19]. Madagascar’s Artemisia afra was found to have inhibitory effect 
against SARS-CoV-2 [18]. Although the safety and dosage of this medicinal plant was 
determined in vitro, clinical studies must still be conducted to evaluate the use of this 
medicinal plant for COVID-19 prevention and treatment in COVID-19 patients [18]. 
Molecular docking research using the list of South African TMPs identified plants with 
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antiviral activity against SARS-CoV-2 included Acacia Senegal, Aspolathus linerias, 
Hypoxis hemerocallidea, Sutherladia frutescens, and Xysmalobium undulatum [19].

TMPs reported in this review article target various stages in viral life cycle starting 
from the prevention of viral entry to the E6 cells, halting the fusion of the S protein, 
the inhibition of SARS-CoV-2 receptor-binding domain, the prevention of viral 
replication, and the transcription by targeting SARS-CoV-2 RNA-dependent RNA 
polymerase and major proteases [6, 15, 17, 19–25]. The diagrams in Figure 1 show 
strategies for the prevention and management of COVID-19 using TMPs.

2.1 Acacia senegal

A. senegal (Figure 2), also known as white gum tree, belongs to the Mimosoideae 
family of plants and is widely distributed in Senegal, Cameroon, and Sudan [26–28]. 
Exotic A. Senegal is found in South Africa and is called siKhambophane and umKhala 
in isiZulu [29]. A. senegal is traditionally used to treat respiratory symptoms and infec-
tions, such as flu and sore throat (Table 1), and other conditions including, sinusitis, 
toothaches, stomach ulcer, colic, diarrhea, and dysentery [19, 26]. This medicinal 
plant has pharmacological activities, which include anti-inflammatory, antibacterial, 
antifungal, and antioxidant [26]. Secondary metabolites identified from A. senegal’s 

Figure 1. 
Identified strategies for prevention and treatment of COVID-19 using TMPs.
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plants extracts include glycosides, alkaloids, flavonoids, and arabic acid [15, 19, 26]. 
Arabic acid was determined to have a higher docking score (−5.2 kcal/mol) against 
3CLpro, suggesting that A. senegal is a medicinal plant with antiviral activity against 
SARS-CoV-2 3C-like major protease (Table 2) [15, 19]. Thus, testing A. senegal in 
vitro might help to characterize new treatment and/or prophylactic strategies against 
SARS-CoV-2.

2.2 Artemisia afra

Artemisia afra (Figure 3), also known as African wormwood, belongs to the 
Asteraceae family [44, 45]. It is indigenous to Africa and is widely distributed in 
South Africa, Namibia, Zimbabwe, Kenya, Tanzania, Uganda, and Ethiopia [30, 44]. 
Artemisia afra is called Umhlonyane in Xhosa and Lengana in Sesotho [44]. It is used 
traditionally for the treatment of respiratory symptoms and diseases including cold, 
cough, headache, influenza, sore throat, asthma, and pneumonia (Table 1), and other 
disease conditions such as diabetes, colic, dyspepsia, bladder and kidney disorders, 

Figure 2. 
Acacia Senegal leaves in picture A and bark in picture B.

TMPs Traditional uses in respiratory symptoms and diseases

Acacia senegal Flu, sore throat [19]

Artemisia afra Cold, cough, headache, influenza, sore throat, asthma, pneumonia [30, 31]

Aspalathus linearis Asthma [32]

Clerodendrum splendens Asthma, cough, [20, 33]

Dioscorea batatas decne Asthma [21]

Echinacea purpurea Common cold [34]

Hypoxis hemerocallidea Tuberculosis [35, 36]

Sutherladia frutescens Influenza, fever [37]

Tinospora species Fever [23]

Xysmalobium undulatum Headache [19]

Zingiber officinale Cold, cough, asthma, influenza, headache, fever, sore throat [14, 38–40]

Table 1. 
Traditional uses of TMPs in respiratory symptoms and diseases.
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constipation, malaria, and rheumatism [30, 31]. Artemisia afra contains secondary 
metabolites including tannins, alkaloids, terpenoids, cardiac glycosides, and saponins 
[30]. Pharmacological activities of Artemisia afra include antioxidant, antiviral, 
antiplamodial, antifungal, and antibacterial [30, 31, 44]. Artemisia afra aqueous and 
ethanolic extracts, as well as teas, were shown to inhibit SARS-CoV-2 plaque formation 
in vitro [15]. The antiviral activity of this medicinal plant is reported to have been as a 
result of flavonoids present in Artemisia species (Table 2) [15]. The extracts showed 
some toxicity at higher concentrations with the selectivity index of 10, which opened 
a therapeutic window that is required to be further investigated in clinical trial [15]. 
There is still a need to prove whether Artemisia afra extracts can reach the serum levels 
required to completely inhibit the virus in COVID-19 patients.

2.3 Aspalathus linearis

A. linearis (Figure 4), also known as Rooibos in Afrikaans, belongs to the 
Fabaceae family and is an endemic South African species cultivated to produce a tea 
[46–48]. It is used commonly for the treatment of respiratory disease such as asthma 
(Table 1) and other diseases including cardiac arrhythmias, colic, diarrhea, and 
hypertension [32]. Rooibos contains flavonoids including aspalathin, isoorientin, 

TMPs Secondary metabolites with a Adjuvant, prophylactic, and anti-COVID-19 activity

Acacia senegal Arabic acid, Anti-SARS-CoV-2 3C-like major protease activity [15, 19]

Artemisia afra Flavonoids, Anti-SARS-CoV-2 activity [15]

Aspalathus 
linearis

Flavonoids, quercetin, luteolin, Anti-SARS-CoV activity [41]

Clerodendrum 
splendens

Type II arabinogalactam, immuno modulatory activity [17, 20]

Dioscorea batatas 
decne

Allantoin, batatas, choline, dioscorin, diosgenin, gracillin, glycoproteins, 
L-arginine, mucopolysaccharides, prosapogenin, protein, polysaccharide, saponins, 
Immunomodulatory activity [17, 21, 22]

Echinacea 
purpurea

Chicoric acid, polysaccharide, alkamides, immunomodulatory activity [14] and Extracts, 
Anti-coronavirus activity [42]

Hypoxis 
hemerocallidea

Hypoxide, Anti-SARS-CoV-2 receptor binding domain activity [19]

Sutherladia 
frutescens

L-canavanine, Anti-SARS-CoV-2 3C-like main protease activity [19]

Tinospora crispa hydroxy-5-cholen-24-oic acid, androstan-17-one, 3-ethyl-3-hydroxy-(5.alpha), 
camphenol, (−)-globulol, yangambin, nordazem, TMS derivative, benzene ethanamide, 
Anti-SARS-CoV-2 main protease activity [25]

Tinospora 
cordifolia

Amritoside, apigen-6-C-glucosyl7-O-glu-coside, 20a hydroxy ecdysone, tinosporine B, 
epicatechin, Anti-SARS CoV-2 main protease activity [6]

Xysmalobium 
undulatum

Uzarin, Anti-SARS-CoV-2 RNA dependent RNA polymerase activity [19]

Zingiber officinale 10-paradol, 8-paradol, scopoletin, 10-shogaol, 8-gingerol, 10-gingerol, Anti-SARS-CoV-2 
activity [43]

Table 2. 
Secondary metabolites of TMPs with adjuvant, prophylactic, and anti-COVID-19 activity.
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isovitexin, nothofagin, orientin, quercetin, rutin, and vitexin [41]. Other pres-
ent secondary metabolites include polyphenols and phenolic compounds such as 
dihydro-chalcones, flavonols, flavonones, and proanthocyanadins [41, 46, 47].  
Rooibos has pharmacological activities including antioxidant, antiviral, immuno-
modulatory, anti-inflammatory, cardioprotective, and nephroprotective effects 
[41]. Flavonoids, quercetin, and luteolin (Table 2) present in Rooibos were found to 
inhibit SARS-CoV infection by preventing entry of virus into E6 cells, and luteolin 
acts by binding to SARS-CoV S proteins, thereby interfering with the S protein 
function [41]. However, more experiments must be conducted to validate the clinical 
relevance of Rooibos in treating COVID-19 and other respiratory diseases [41]. 
Although other studies have highlighted the drug interactions associated with the 

Figure 3. 
Artemisia afra leaves.

Figure 4. 
Aspalathus linearis.
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Rooibos derived phytochemicals [42], more research is required in determining the 
safety of Rooibos in patients.

2.4 Clerodendrum splendens

Clerodendrum splendens (Figure 5), also known as bag flower, bleeding-heart, 
and glory bower in English [33, 49], belongs to the Lamiaceae family of plants [20]. It 
is distributed in tropical Africa, Southern Asia, America, and Northern Australasia 
[33]. Clerodendrum splendens is used traditionally to treat respiratory diseases such 
as asthma and coughs (Table 1) and other diseases including anorexia, leucoderma, 
leprosy, malaria, skin diseases, ulcers, uterine fibroids, wounds, burns, and sexually 
transmitted diseases such as syphilis and gonorrhea [20, 33]. Phytochemical con-
stituents present in Clerodendrum splendens include alkaloids, cyanogenic glycosides, 
diterpenes, flavonoids, phenolic compounds, saponins, steroids, tannins, terpenoids, 
and volatile compounds [17, 20]. It has pharmacological activities including anti-
bacterial, antifungal, anti-inflammatory, antiproliferative, antioxidant, and hepa-
toprotective [17, 20, 33]. Clerodendrum splendens contains a polysaccharide, type II 
arabinogalactam (Table 2), that has been shown to have immunomodulatory activity 
both in vitro and in vivo [17, 20]. Its antiproliferative activity is reported to be as a 
result of clerodane diterpenes and phenyl propanoids found in aerial parts this plant 
[17]. The methanol extract of Clerodendrum splendens was reported to have in vitro 
anti-inflammatory activity (Table 2) [24]. The findings reported on Clerodendrum 
splendens form the basis for further research into the efficacy and safety of this plant 
as potential COVID-19 treatment and anti-inflammatory agents [17, 24].

2.5 Dioscorea batatas decne

D. batatas decne (Figure 6), commonly called Chinese yam [50, 51], belongs 
to the Dioscoreaceae family of plants [21, 52]. Dioscoreaceae plant species are 
widely distributed in West Africa, Southeast Asia, and Tropical America [52]. D. 
batatas decne is used traditionally for the treatment of respiratory disease such as 

Figure 5. 
Clerodendrum splendens leaves and flowers.



Medicinal Plants

58

asthma (Table 1) and other conditions including, abscesses, cancer, inflamma-
tion, hypertension, ulcer, chronic diarrhea, and diabetes [21]. It has antioxidant 
and anti-inflammatory activities [22, 50]. D. batatas decne contains various active 
components, such as allantoin, batatasins, choline, dioscorin, diosgenin, gracil-
lin, glycoproteins, L-arginine, mucopolysaccharides, prosapogenin, protein, 
polysaccharides, and sapogenins (Table 2) with immunomodulation effects when 
orally administered [17, 21, 22]. The immunomodulatory activity of tuber protein 
and dioscorin occurs through the activation of TLR4-induced macrophage due to 
the stimulation of signaling molecules such as NF-kB, JNK, p38, and ERK, and 
by TNF-a and IL-6 cytokines expression [17, 21, 22]. The immunomodulation 
effect of tuber extract on inflamed and normal skin was reported to be due to the 
enhancement of granulocyte-macrophage colony-stimulating factor promoter [17]. 
The tuber extract of D. batatas was found to be the potent inhibitor of SARS-CoV 
(Table 2) at concentrations between 25 and 200 μg/mL [53].

2.6 Echinacea purpurea

E. purpurea (Figure 7), also known as Eastern Purple Coneflower, belongs to the 
Asteraceae family [54–56]. It is native to eastern North America [55]. E. purpurea 
is used for the treatment of respiratory conditions such as common cold (Table 1) 
and other conditions including pain, cancer, toothache, seizures, arthritis, and skin 
disorders [14, 34, 54]. E. purpurea has been approved by the European Medicine 
Agency Herbal Medicinal Product Committee to be used as prophylactic therapy 
for the maximum of 10 days for immunostimulation and to prevent cold and other 
respiratory infections [14]. Pharmacological activities of E. purpurea include 
antiviral, antioxidant, antibacterial, immunomodulatory, antitumor, and anti-
inflammatory [54, 55]. E. purpurea contains phytochemicals such as alkamides, 
betaine, phenolic compounds, polysaccharides, lipoproteins, saponins, sesquiter-
penes, and polyacetylene [55]. Echinacea species exerts a soothing effect and could 
be useful in the relief of respiratory symptoms and common cold [14]. The immu-
nomodulatory activity of E. purpurea was reported to be as a result of chicoric acid, 
polysaccharide, and alkamides (Table 2) in a rat study [14]. The use of Echinacea 

Figure 6. 
Dioscorea batatas decne leaves and fruits.
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for supplementation is reported to decrease the duration of acute respiratory tract 
infections and the severity of the disease [57]. The extract of E. purpurea (L.) 
Moench has shown direct antiviral activity against coronaviruses, and the pre-
liminary published findings on human clinical trials covering antiviral activity of 
Echinacea against SARS-CoV-2 further support the use of this plant species against 
this particular coronavirus [58].

2.7 Hypoxis hemerocallidea

Hypoxis hemerocallidea (Figure 8), also known as African Potato, belongs to the 
Hypoxidaceae family [35, 36, 59]. It is called inkomfe in Zulu and Lotsane in Tswana 
[60]. Hypoxis hemerocallidea is widely distributed in Southern Africa including, South 
Africa, Lesotho, Mozambique, and Zimbabwe and is also found in East Africa [36]. 
It is used traditionally to treat HIV/acquired immunodeficiency syndrome, arthritis, 
diabetes mellitus, testicular tumors, cancers, infertility, urinary infection, cardiovas-
cular diseases, and respiratory disease such as tuberculosis (Table 1) [35, 36]. Hypoxis 
hemerocallidea contain phytochemicals, such as sterols, sterolins, norlignan, daucos-
terol, and rooperol, responsible for its therapeutic benefits [35]. Hypoxide is the main 
glycoside isolated from Hypoxis species [36]. Molecular docking analysis identified 
hypoxide (Table 2) as a potent inhibitor of SARS-CoV-2 receptor-binding domain with 
the docking score of −6.9 kcal/mol [19]. The study conducted on rats has demonstrated 
that Hypoxis hemerocallidea has the ability to impair kidney function. There is a need 
for more in vitro and in vivo research on the toxicity, safety, and efficacy of Hypoxis 
hemerocallidea [61].

2.8 Sutherladia frutescens

Sutherlandia frutescens (Figure 9), also known as cancer bush, belongs to 
Fabaceae family of plants [6, 62]. It is an indigenous medicinal plant commonly 
used in South Africa to treat respiratory symptoms and disease such as fever 
and influenza (Table 1) and other diseases including cancers, diabetes, kidney 
and liver problems, rheumatism, depression, wounds, hemorrhoids, gonorrhea, 
urinary tract infections, and back pain [37]. Various Sutherlandia formulations are 
available in pharmacies and herbal shops and include capsules and tablets, gels, 
creams, liquid extracts, and ointments [37]. S. frutescens has been scientifically 
reported to have anticancer, antidiabetic, and anti-HIV properties [37, 62]. It has 
phytochemical constituents including sutherlandioside A, B, C and D, D-pinitol, 
gamma (γ) aminobutyric acid, and L-canavanine responsible for its biological 

Figure 7. 
Echinacea purpurea. (A) Flowers and (B) leaves.



Medicinal Plants

60

activities [37]. The results of molecular docking analysis identified L-canavanine 
(Table 2) present in S. frutescens as a potential inhibitor of SARS-CoV-2 3C-like 
main protease [19]. The results of a randomized, double-blind, placebo-controlled 
trial of Sutherlandia leaf powder in healthy adults revealed that 800 mg/day of 
Sutherlandia leaf powder capsules were safe for consumption twice per day for 
three months in healthy adults [63].

Figure 8. 
Hypoxis hemerocallidea leaves.

Figure 9. 
Sutherlandia frutescens. (A) Leaves and (B) flowers.
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2.9 Tinospora species

Tinospora crispa (Figure 10A) is also known as Seruntum in Malaysia, Brotawali 
in Indonesia, Makabuhay in Philippines, Boraphet in Thailand, Da ye ruanjinteng 
in China, Banndol Pech in Cambodia, Golonchi in Bangladesh, and Lyann span Zeb 
kayenn in Martinique island [23, 64]. Tinospora cordifolia (Figure 10B and C), also 
known as heart leaved Moonseed plant in English, Giloy in Hindi, and Guduchi in 
Sanskrit [65]. Tinospora species belongs to the family Menispermaceae [23, 65, 66]. 
Tinospora crispa is found in South East Asia and the Pacific [23, 66], and Tinospora 
cordifolia is found throughout India and certain parts in China [65]. Traditionally, 
Tinospora species are used to treat respiratory diseases and symptoms such as fever 
(Table 1) and other conditions including muscle pain, immune system associated 
inflammatory disorders, rheumatism, muscle pain, diabetes, and abdominal pain, 
septicemia, scabies, and ulcer-related disorders, hypertension, jaundice, paralysis, 
skin disease, leprosy, flatulence, dyspepsia, and diarrhea [6, 23, 66]. Phytochemical 
constituents of Tinospora crispa include alkaloids, flavonoids, furanoditerpenes, 
lignans, lactones, and steroids [66]. Tinospora crispa has pharmacological activity 
including antioxidant [23]. Active constituents such as boldine, cardioside, eicose-
noic acid, quercetin, magnoflorin, and syringin are reported to have the antioxidant 
potential higher than that of ascorbic acid [23]. The same constituents are also 
reported to have the ability to increase the expression of IL-6, IL-8, and INF-g, 
thereby activating the immune system [17]. Tinospora cordifolia contains second-
ary metabolites including folioside A, tinocordiside, magnoflorine, and syringin 
with immunomodulatory activity [6]. The results of the molecular docking study 
on Tinospora crispa have revealed nine potential anti-SARS-CoV-2 lead molecules, 
namely, imidazolid-4-ne, 2-imino-1-(4-methoxy-6-dimethylamino-1,3,5-triazin-
2-yl), spiro [4, 8] dec-6-en-1-ol, 2,6,10,10-tetramethyl, 3.beta-hydroxy-5-cholen-24-
oic acid, androstan-17-one, 3-ethyl-3-hydroxy-(5.alpha), camphenol, (−)-Globulol, 
yangambin, nordazem, TMS derivative, and benzeneethanamide (Table 2). Three 
of these molecules have demonstrated some biological activity, which led to further 
optimization and drug development research for COVID-19 disease [25]. Molecular 
docking analysis also revealed that Tinospora cordifolia contains bioactive com-
pounds, including amritoside, 20a hydroxy ecdysone, apigen-6-C-glucosyl7-O-glu-
coside, tinosporine B, and epicatechin (Table 2), with promising anti-SARS CoV-2 
main protease activity [6]. The acute toxicity study conducted on rats has revealed 
that the ethanol extract of Tinospora crispa stem is not toxic and did not cause animal 

Figure 10. 
(A) Tinospora crispa. (B) and (C) Tinospora cordifolia.
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death at a dose of 4.0 g/kg of body weight (g/kg BW). However, six-month chronic 
toxicity study has reported hepatic and renal toxicities of the ethanol extract at a 
dose of 9.26 g/kg BW/day [64].

2.10 Xysmalobium undulatum

Xysmalobium undulatum (Figure 11) also known as Uzara wild cotton and milk bush, 
belongs to the family Apocynaceae [67–70]. Genus Xysmalobium is endemic to Africa 
and there are about 18 plant species occurring in SA [67]. Uzara is used traditionally to 
treat respiratory symptoms such as headaches (Table 1) and other disease conditions 
including, diarrhea, stomach cramps, afterbirth cramps, dysmenorrhea, wounds, 
sores, abscesses, and hysteria and has a diuretic effect [68]. Uzarin and its isomers 
allouzarin, xysmalorin, and alloxysmalorin are the main compounds isolated from 
Uzara [67]. Pharmacological activities of Uzara include antidiarrheal and antidepressant 
[68]. Uzarin (Table 2) was identified as the potential inhibitor of SARS-CoV-2 RNA-
dependent RNA polymerase, and it showed favorable docking score of −3.5 kcal/mol in a 
molecular docking study conducted from the list of South African TMPs [19].

2.11 Zingiber officinale

Z. officinale (Figure 12), also known as Ginger, belongs to the Zingiberaceae family 
which comprises of close to two hundred species [38, 71]. Z. officinale is used for the 
treatment of respiratory symptoms and diseases including common cold, cough, 

Figure 11. 
Xysmalobium undulatum leaves and flowers.
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asthma, influenza, headaches, sore throats, and fever (Table 1) and other diseases 
such as arthritis, rheumatism, nausea, flatulence, muscular aches, pains, cramps, 
constipation, hypertension, dementia, infectious diseases, helminthiasis, colic, and 
diarrhea [14, 38–40]. It has pharmacological activities including immunomodulatory, 
antitumorigenic, anti-inflammatory, antiapoptotic, antihyperglycemic, antilipid-
emic, antiemetic, antipyretic, antioxidant, antibacterial, and analgesic [38–40]. 
Active compounds in ginger include phenolic and terpene compounds, and phenolic 
compounds in ginger include gingerols, paradols and shogaols, and paradols [39]. The 
profile and chemistry of Z. officinale makes it a perfect anti-inflammatory therapy in 
the context of upper respiratory affections [39]. Molecular docking in silico studies 
suggested that phytochemical compounds, such as 10-Paradol, 8-Paradol, Scopoletin, 
10-Shogaol, 8-Gingerol, and 10-Gingerol, in Z. officinale (Table 2) have potential in 
reducing viral load and detaching of SARS-CoV-2 in the nasal passages [43].

Future aspects include the extraction of the medicinal plants listed in Table 1, the 
isolation of pure compounds as well as their fingerprinting and identification, and the 
confirmation of their mechanisms of action [72]. Further testing of extracts in animal 
models and investigations of effective and safe dosages, route administration, drug 
administration intervals, pharmacokinetics, and mechanisms of action are required 
before the use of medicinal plants discussed in this review can be advocated to be 
used for COVID-19 patients [7].

Figure 12. 
Zingiber officinale whole plant showing roots, stem, and leaves.
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3. Conclusions

The current review has summarized TMPs commonly used in the treatment of 
respiratory symptoms and diseases, which possess potential adjuvant, prophylactic, 
and therapeutic properties against SARS-CoV-2 including Acacia Senegal, Artemisia 
afra, Aspalathus linearis, Clerodendrum splendens, D. batatas decne, E. purpurea, 
Hypoxis hemerocallidea, Xysmalobium undulatum, Tinospora crispa, Sutherladia frutes-
cens, and Z. officinale. Secondary metabolites present in selected TMPs are responsible 
for the pharmacological activities of these medicinal plants. TMPs identified by 
molecular docking analysis should be investigated experimentally as potential SARS-
CoV-2 treatment. Further studies are warranted to isolate and test secondary metabo-
lites with inhibitory properties against SARS-CoV-2. Safety and efficacy profiles of 
these TMPs must be explored in vitro and in vivo. Animal studies and human clinical 
trials are required for further testing of these TMPs before recommendations to use in 
COVID-19 patients.
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Chapter 5

Diseases of Medicinal Plants
Cultivated in Karnataka and Their
Management
P. Swetha and R. Sundararaj

Abstract

A broad spectrum of fungal diseases infecting selected 10 medicinal plants
surveyed in Karnataka, India, was studied in the present research. We present a
detailed review on previously reported as well as our present investigation’s details of
fungal diseases, etiology, symptoms, and its management. Some of the commonly
observed diseases are Anthracnose disease, Blight disease, Leaf spot, Root rot, Pow-
dery mildew, Downy mildew, and Wilt disease. The detailed analysis of medicinal
plants revealed that the medicinal plants are susceptible to diverse fungal phytopath-
ogens. Therefore, sustainable management of the diseases is necessary for the suc-
cessful cultivation of disease-free medicinal plants.

Keywords: diseases, medicinal plants, Karnataka

1. Introduction

India is a cradle for diverse medicinal plants and has an immense repository of
traditional medicinal knowledge. There are valuable resources that aid in treating
various illnesses. About 90% of the medicinal herbs in India are accessible only from
the forest, and hence, there is an imminent need for the commercial cultivation of
medicinal plants. Karnataka one of the Indian states is known for the major biodiver-
sity hotspots of India, viz., the Western Ghats, which boasts a huge diversity of
medicinal plants in the country. Plant diseases create challenging problems in com-
mercial plantations and pose economical threats. Medicinal plants are not an excep-
tion and are vulnerable to the attack and invasion of several pathogens resulting in
huge crop loss as well as degradation of their medicinal properties. Toxins produced
by these pathogens are also of a great concern in case of medicinal plants. Therefore,
the prevention of the diseases of medicinal plants should be the utmost priority. In this
context, diseases of the 10 important medicinal plants cultivated in Karnataka viz.,
Sweet flag (Acorus calamus L.), Adosa (Adhatoda vasica (L.) Nees), Safed musli
(Chlorophytum borivilianum Sant. & Fern.), Gurmar (Gymnema sylvestre (Retz.)
Schult.), Hibiscus (Hibiscus rosa-sinensis L.), Noni (Morinda citrifolia L.), Velvet bean
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(Mucuna pruriens (L.) DC.), Tulsi (Ocimum sanctum Linn.), Long pepper (Piper
longum Linn.), and Crepe jasmine (Tabernaemontana divaricata & Tabernaemontana
coronaria (L.) R. Br. ex Roem. & Schult.), and their management measures are
reviewed and presented.

1.1 Sweet flag (A. calamus L.)

Rust caused by Uromyces acori [1]; leaf spot disease by unidentified pathogen [2]
and bacterial leaf blight caused by Xanthomonas campestris P.V.O. Oryzae [3] have
been reported on A. calamus. In this plant, rust disease caused by U. acori was
prevalent in Tumkur district during the winter months, with the highest disease
index of 69.4% in December, and the extent of infection ranged from 3 to 4%
(Figure 1).

1.2 Adosa (A. vasica (L.) Nees)

There are relatively few reports of disease on A. vasica; these include leaf spot
caused by Rhizoctonia solani [4, 5]; Alternaria blight [6] and rust by Puccinia
thwaitesii [7]; leaf spot by Alternaria alternata, anthracnose disease by Colletotrichum
capsici, leaf rust by Aecidium adhatodae [8]; leaf necrotic spots by Colletotrichum
gloeosporioides [4, 9]; and wilt by Fusarium oxysporum Schlect [10]. Wilt disease by
F. oxysporum occurs during high humidity conditions and the highest disease index
and death of 7% of the plants were observed during the month of September and the
extent of infection ranged from 3 to 7% in Bangalore (Figure 2).

Figure 1.
Rust symptoms in Acorus calamus (A) caused by Uromyces acori (B).

72

Medicinal Plants



1.3 Safed musli (Chlorophytum borivilianum)

Leaf blight disease caused by A. alternata [11] and Colletotrichum chlorophytumi
[12]; red spot disease by unidentified pathogen [11]; root rot disease by a Rhizoctonia
solani, Aspergillus flavus, Fusarium oxysporum complex [13] and Haemofonectira
haematococca [14]; and anthracnose disease by Colletotrichum chlorophyti [15] are the
major diseases reported so far in C. borivilianum. Leaf spot disease in this plant by the
pathogen A. alternata was observed in Bangalore during March (Figure 3).

1.4 Gurmar (G. sylvestre (Retz.) Schult.)

Powdery mildew and leaf spot caused by Colletotrichum sp. [16] and
Pseudomonas syringae [17] are the major diseases so far reported in G. sylvestre. Leaf

Figure 2.
Wilt symptoms in Adhatoda vasica (A) caused by Fusarium oxysporum (B).

Figure 3.
Leaf blight symptoms in Chlorophytum borivilianum (A) caused by Alternaria alternata (B).
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spot symptoms due to the pathogen C. gloeosporioides occur during January in
Bangalore (Figure 4).

1.5 Hibiscus (H. rosa-sinensis L.)

A number of fungal diseases commonly infect hibiscus plants; in addition,
physiological disorders also occur [18]. Leaf spots caused by several species of fungi
cause brown or black circular or irregular shaped spots on the leaves [18]. Sooty mold
is a black fungus on the upper surfaces of leaves, growing in the secretion of aphids,
mealybugs, many scales, and immature whiteflies. The mold spoils the appearance of
foliage but is not particularly injurious to the plant [18]. Root rots and collar rots, one
of several species of fungi causing soft rotting of roots and sometimes also stems.
Infected plants often wilt as though they are short of water [18]. Anthracnose by
Colletotrichum gloeosporioides (Glomerella cingulata) [19]; powdery mildew by
Podosphaera sp. [20]; dieback disease by Botrytis sp. and Erwinia sp.; wilt disease by
Fusarium oxysporum and Verticillium; Choanephora blight caused by Choanephora
infundibulifera [21]; botrytis blight by Botrytis cinerea [22]; hibiscus witches broom
disease caused by Candidatus Phytoplasma brasiliense [23]; Phytophthora disease by
Plagithmysus nicotianae var. nicotianae [24] and rust by Kuehneola malvicola were also
reported [25].

Incidence of Leaf blight disease by Nigrospora sphaerica was observed in
December (Figure 5) and anthracnose disease by the pathogen C. gloeosporioides
was observed from August that gradually declined in the month of December
on H. rosa-sinensis in Bangalore. Anthracnose disease exhibited the highest disease
index of 29.4% in October and the extent of infection ranged from 2 to 4%
(Figure 6).

1.6 Noni (M. citrifolia L.)

This plant is known to be susceptible for some fungal diseases. Anthracnose caused
by C. gloeosporioides, by which small brown-shaped spots of varying size (0.5–2.5 cm)
appear on the leaves that gradually enlarge and coalesce. The center of the coalesced
lesion turns grayish white leaving a shot hole symptom. Under humid conditions,

Figure 4.
Leaf spot symptoms in Gymnema sylvestre (A) caused by Colletotrichum gleosporoides (B).
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acervuli with pink masses of spores emerged on the lesions [26, 27]. C. gloeosporioides
infect all parts of the plant like twigs, flowers, and fruits irrespective of stages of the
crop growth. Symptoms of the infection on the flowers appear as dull brown lesions,
and the infected flowers dry off within 48 h after infection. The twigs infected by
C. gloeosporioides are characterized by the presence of necrotic brown lesions with
yellow halo. The necrotic lesions spread gradually toward fruits through peduncle that
leads to the development of infection on flowers and fruits. Later, the infected fruits
shrink, dry off, and get mummified. After mummification, the infected fruits are

Figure 5.
Leaf blight symptoms in Hibiscus rosa-sinensis (A) caused by Nigrospora sphaerica (B).

Figure 6.
Anthracnose symptoms in Hibiscus rosa-sinensis (A) caused by Colletotrichum gleosporoides (B).
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colonized by saprophytic molds like Aspergillus and Penicillium [26]. Tamil Nadu and
Karnataka states in southern India witnessed a severe outbreak of leaf blight, during
2008–2009 by the infection of A. alternata [27]. The same pathogen was reported to
cause dry fruit rot, which is characterized by the presence of black necrotic sunken
spot of 2 to 3 mm diameter on the green unripe fruits [28]. Pantoea agglomerans
causes soft rot of fruits with the typical symptoms of soft rot of fruits with brown
water-soaked lesions on the surface of matured but unripe fruits. The lesion spread
quickly within one or two days to the entire fruit, and the infected fruits emit a bad
odor. The affected tissue becomes softened and rots subsequently [26]. It is also
infected by a wide range of other fungal pathogens such as Phytopthora sp. and
Sclerotium rolfisii (black flag and stem, leaf and fruit blights), Guignardia morindae
(leaf spot), Phellinus noxius (brown root rot), A. alternata (dry fruit rot) and
Phytophthora morindae [29]; P. agglomerans (wet fruit rot); and Collectrotrichum sp.
(anthraconose) [28]. The pathogenic alga, Cephaleuros minimus has been reported to
cause leaf spot and occurrence of mold infection by Rhizopus sp. in the post-
harvested fruits [28]. Fusarium wilt disease by Fusarium oxysporum [30] and phyto-
plasma disease caused by phytoplasmas (mycoplasma like organisms or MLOs) [31]
were also reported. Among these diseases, anthracnose disease by C. gloeosporioides
was observed in M. citrifolia at Bangalore throughout the year with the highest
disease index of 13.79% in December and the extent of infection ranged from 10 to
15% (Figure 7). Wilt disease on M. citrifolia by F. oxysporum is prevalent in Banga-
lore during high humidity conditions and the highest disease index and death of 10%
of the plants during September and the extent of infection ranged from 8 to 10%
(Figure 8).

Figure 7.
Anthracnose symptoms in Morinda citrifolia (A) caused by Colletotrichum gleosporoides (B).
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1.7 Velvet bean (M. pruriens (L.) DC.)

Necrotic crowns and numerous necrotic lesions along the roots and runners of
M. pruriens caused by Macrophomina phaseolina are considered as a serious threat in
Nigeria [32]. Foliar fungal diseases (Cercospora leaf spot and angular leaf spot,
Phaeoisariopsis griseola) were also reported in the USA as substantially reducing the
biomass ofMucuna [33]. Charcoal rot caused byModiolula phaseolina was reported by
[34]. Incidence of Leaf blight disease caused by C. gloeosporioides occurs in Bangalore
in September while in December in Gadag (Figure 9). Also, incidence of Rust disease
caused by Uromyces mucunae was observed in the month of January in Gadag district
(Figure 10).

1.8 Tulsi (O. sanctum L.)

There are several diseases that could cause leaf damage leading to yield loss, such
as Fusarium wilt (Fusarium oxysporum f. sp. basilicum) [35]. Other destructive diseases
include bacterial leaf spot (Pseudomonas cichorii), gray mold (Botrytis cinerea), fungal
leaf spot by Alternaria sp., Cercospora ocimicola and C. gloeosporioides and damping
off or root rot (Rhizoctonia solani; Pythium sp.), root rot by Rhizoctonia solani and
Pythium sp. [36]; leaf blight by a species of Alternaria [37]; Gray mold caused by
Botrytis cinerea [38]; and powdery mildew caused by Erysiphe biocellata [39]. Downy
mildew (Peronospora belbahrii) is also very destructive and widespread disease in this
plant [35].

Wilt disease of Tulsi by F. oxysporum is severe during December causing complete
mortality in January in Bangalore, and the extent of infection of this disease ranged

Figure 8.
Wilt symptoms in Morinda citrifolia (A) caused by Fusarium oxysporum (B).
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Figure 10.
Rust symptoms in Mucuna pruriens (A) caused by Uromyces mucunae (B).

Figure 9.
Leaf blight symptoms in Mucuna pruriens (A) caused by Colletotrichum gleosporoides (B).
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from 80 to 100% with the death of most of the plants (Figure 11). Incidence of
powdery mildew by Erysiphe biocellata occurs in January causing complete mortality
in March, and the extent of infection of this disease ranged from 70 to 100% with the
death of 100% of the plants (Figure 12). Fungal leaf spot disease by C. gloeosporioides
is noticed in August (Figure 13).

1.9 Long pepper (P. longum L.)

Known to be affected by the number of fungal diseases like showing symptoms of
rotting of leaves and vines and by C. gloeosporioides [40], necrotic spots and blights on
leaves by Collectotrichum sp. and Cercospora sp. [41]; leaf spot by Botryodiplodia
theobromae, leaf rot by Fusarium pallidoroseum [42] and Rhizocotonia solani [40];
Cercospora leaf spot by C. piperata [43, 44] and Phytophthora rot by Phytophthora
capsici, basal wilt by Sclerotium rolfisii, Phytophthora Foot rot by Phytophthora capsici,
and phyllody disease by phytoplasma [40]. In Bangalore, the onset of the anthracnose
disease caused by Colletotrichum boninense was observed in June with the highest
disease index of about 17.5% in September. It gradually decreased during the subse-
quent months and was found vanish during April and May and the extent of infection
of this disease ranged from 29 to 35% (Figure 14).

1.10 Crepe jasmine (T. divaricata/coronaria (L.)

Leaf brown or black spots caused by Phytophthora citrophthora in which brown or
black spots and patches may be either ragged or circular, with a water-soaked or

Figure 11.
Wilt symptoms in Ocimum sanctum (A) caused by Fusarium oxysporum (B).
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Figure 13.
Leaf spot symptoms in Ocimum sanctum (A) caused by Colletotrichum gleosporoides (B).

Figure 12.
Powdery mildew symptoms in Ocimum sanctum (A) caused by Erysiphe biocellata (B).
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Figure 14.
Leaf spot symptoms in Piper longum (A) caused by Colletotrichum boninense (B).

Figure 15.
Wilt symptoms in Tabernaemontana divaricata (A) caused by Fusarium oxysporum (B).
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yellow-edged appearance. Insects, rain, dirty garden tools, or even people can help its
spread of this disease [44]. T. divaricata is also affected by wilt disease by Fusarium
oxysporum [45] and rust disease by Uredo manilensis [46]. It was found to be affected
by Fusarium oxysporumwith wilting symptoms from September to November, causing
death of plants in November and the extent of infection of this disease ranged from 10
to 20% (Figure 15). T. coronaria with leaf spot disease caused by Colletotrichum
gloeosporioides was observed from November to January with the highest disease index
of 9.7% in the month of January and the extent of infection of this disease ranged from
40 to 50% (Figure 16).

2. Management of diseases

On the basis of the experiments conducted and the results obtained in our studies
and the reports of earlier researchers the following management measures are
recommended for the economically important diseases of medicinal plants in
Karnataka.

#Disease recorded in Karnataka for the first time.
*Disease recorded for the first time on the host plant.
Diseases of A. calamus.

Figure 16.
Leaf spot symptoms in Tabernaemontana coronaria (A) caused by Colletotrichum boninense (B).
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Disease and its
pathogen

Symptoms Management practices

Rust disease
[1] Uromyces
acori

• Infected leaves shows reddish brown
pustules on both surface of leaves with
ruptured epidermis.

• Severe infection consisting of yellow
brown-coalesced pustules at the center,
circular rings of brown pustules at the
periphery and brown to black-coalesced
raised spots at the center was observed.

• Formation of yellow and brown pustules
in a scattered pattern in advanced stages.

• On stems, affected tissues showed
necrosis and death of plants [1].

Cultural method [46]
• Removal of weeds from bunds and

channels.
• Avoid application of excess nitrogen.
• Apply N in three doses (50% during

basal, 25% during the tillering phase
and 25% N in panicle initiation stage).

Chemical Method [46]
• Application of Carbendazim 50WP @

500 g/ha (or) Tricyclozole 75 WP @
500 g/ha (or) Metominostrobin 20 SC
@ 500 ml/ha (or) Azoxystrobin 25 SC
@ 500 ml/ha.

Biological control [46]
• Dipping seedling root, soil application,

and foliar spray with with TNAU Pf
1liquid formulation (500 ml for one-
hectare seedlings) are recommended
[47, 48].

Leaf spot
disease [2]
Unidentified

• Occurrence of discolored spots on the
leaves of the plant [2].

• Application of Captan @10 g and
Chlorpyrifos @20 ml/10 L will help in
the mitigation of the disease [2].

Bacterial leaf
blight disease
[3]
Xanthomonas
campestris P.V.
O. Oryzae

• Bacterial leaf blight produces tannish-
gray to white lesions along the veins and
characteristic symptoms of yellow
lesions with wavy margins on leaf blades
that may extend to the sheath.

• Symptoms are observed at the tillering
stage, disease incidence increases with
plant growth, peaking at the flowering
stage.

• Leaves of the entire plant turn pale
yellow and wilt during resulting in a
partial or total crop failure.

• Occurrence of bacterial ooze from
infected leaves has been observed in
warm and humid climates, which
contributes to the spread of this disease
[3].

• Application of Bordeaux mixture with
or without sugar, copper-soap mixture,
copper-mercury fungicides, copper
oxychloride and streptomycin solution.
Spraying synthetic organic bactericides
such as nickel dimethyl
dithiocarbamate, dithianone,
phenazine and N oxide techlofthalam
[3].

• Chlorinating irrigation water with
stable bleaching powder.

Diseases of A. vasica.

Disease and its
pathogen

Symptoms Management practices

Wilt Disease#*
Fusarium oxysporum
Schlect. emend. [10]

• The leaves slowly wilt and die; they
usually do not turn yellow, the
leaves tend to stay green they begin
to darken and turn brown, or
blackish color and chlorosis occur
and the plant dies [10].

• Use Safer Yard & Garden Insect
Killer to control many garden
insects.

• Avoid application of excess
nitrogen fertilizers that may
increase susceptibility to the
disease.

• Deweeding using a weed flamer or
natural herbicide.
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Disease and its
pathogen

Symptoms Management practices

• Application of Mycostop (1–2 g/
100 sq. ft.), biological fungicide
that with sufficient watering
protect crops against wilt caused by
Fusarium.

• If the disease persists, removal of
the entire plant and solarization of
the soil before planting again is
essential [49].

Leaf spot disease [4, 5]
Rhizoctonia solani &
Colletotrichum
gloeosporioides

• Initially, symptoms appear as
minute, round, light brown spots
but later the spots grow and acquire
a round to irregular shape with
coalescence of some spots.

• Fully developed spots are water-
soaked dark brown to blackish,
scattered all over the leaf lamina
with margins of the spots diffusing
and at the center.

• Severe infection resulted in
defoliation [5].

• Concentric grey-brown spots
appear on the leaves and join
together to create large necrosed
patch. Fruiting fungal bodies are
observed in the middle of the spots
[50].

• Spraying with Benomyl 0.1% (or)
Mancozeb 0.2% (or) Carbendazim
0.1% is recommended [51].

Leaf spot disease [8]
Alternaria alternata

• Initially, symptoms appear as
minute, round, light brown spots
but later the spots grow and acquire
a round to irregular shape with
coalescence of some spots.

• Fully developed spots are water-
soaked dark brown to blackish,
scattered all over the leaf lamina
with margins of the spots diffusing
and at the center.

• Severe infection resulted in
defoliation [5].

• Concentric grey-brown spots
appear on the leaves and join
together to create large necrosed
patch. Fruiting fungal bodies are
observed in the middle of the spots
[50].

• Spraying with Benomyl 0.1% (or)
Mancozeb 0.2% (or) Carbendazim
0.1% is recommended [52].

Anthracnose disease
[8] Colletotrichum capsici

• Large expanding leaf spots with
dark to tan centers and diffuse,
irregular margins.

• Expansion of individual lesions
results in their “target spot”
appearance; that is, concentric rings
become visible in the lesions as the
lesions grow each day.

• Lesions may coalesce to form large,
blighted areas on leaves, often at

• Sanitation by removal of severely
diseased leaves of the plant and
destruction of fallen infected leaves
is recommended.

• Management of moisture and
humidity by ensuring good
drainage, deweeding, adequate
plant spacing, pruning, minimize
leaf wetness, and overhead
irrigation.
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Disease and its
pathogen

Symptoms Management practices

leaf margins. Infected leaves may
abscise (drop) prematurely.

• Symptoms are often most severe
within dense noni canopies and/or
on the lower leaves.

• Fruits and stems are not susceptible
to infection [53].

• Avoid mechanical spread of the
pathogen on hands and tools during
harvesting operations [53].

• Spraying of P. fluorescens, Bacillus
subtilis were found to be effective
[54].

• Most studies have evaluated the leaf
extracts of various plants to control
C. capsici. Leaf extracts of neem,
Datura, Ocimum, Polyalthia, Vinca
rosea were found fungitoxic against
C. capsici [55].

• Yeasts strains isolated from
rhizosphere were found to be
antagonistic to C. capsici by
inhibiting the mycelia growth of C.
capsici to the extent of 40.6 to
43.1%, which intern found to
control the anthracnose to the tune
of 60% [56].

• There are several species of
Trichoderma, of which the major
ones are Trichoderma asperellum,T.
viridae,T. harzianum, and T.
longibrachiatum. Isolates of T.
longibrachiatum found to inhibit
the mycelia growth of
Colletotrichum capsici up to 66%
due to the volatile compounds
released by Trichoderma [57].

• Use disease-free seeds.
• Seed treatment with thiram 2 kg/ha

or zineb 2.5 kg/ha.
• Spraying of captan 0.2% with

sufficient interval.
• Essential oil of Nigella sativa is

shown to have antimicrobial
activity [51].

Alternaria blight [6] A.
alternata

• The Alternaria leaf blight infects all
aerial parts of plant.

• Initially, the disease appears in the
form of small, scattered brown
spots on the leaf lamina, which later
increases in size and coalesces
covering the entire area with dark
brown margin and yellow halo.

• Linear necrotic lesions appear on
stem, petioles, and sepals. In severe
cases, the head and seeds also get
infected [58].

• The fungicide Indofil M-45,
Ridomil at 0.5% and bio agents like
Trichoderma harzianum,T. viride,T.
pseudokoningii,T. koningii,
Aspergillus niger, and A. flavus
reduced the growth of A. alternata
[59].

Leaf rust [7] Puccinia
thwaitesii

• The disease starts as circular brown
or reddish brown, granular.

• Sori or a group of sori were
observed in chlorotic areas, which
soon die.

• Trichoderma harzianum was found
to be effective against rust
pathogen Puccinia thwaitesii [60].
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Disease and its
pathogen

Symptoms Management practices

• As the disease advances, the red
pustules become black spots
circular and small and later coalesce
to form large patches [7].

Leaf rust [8]
Aecidium adhatodae

• The postules are circular or
elliptical, smaller than those of stem
rust, and they do not coalesce and
contain masses of orange-brown
Urediospores.

• Infection sites primarily are found
on the upper surfaces of leaves and
leaf sheaths and occasionally on the
neck.

• They survive on stubbles and
volunteer crops [61].

• Mixed cropping with suitable crops
is recommended.

• Avoid application of excess dose of
nitrogenous fertilizers.

• Spraying of Zineb at 2.5 kg/ha or
Propioconazole @ 0.1% is
recommended [61].

Diseases of Chlorophytum borivilianum.

Disease and its pathogen Symptoms Management practices

Leaf blight [11] Alternaria
alternata

• Initially, reddish-brown lesions on
the leaves, forming longitudinal
streaks along the midrib, veins
and margin of the infected leaves.
Finally, rotting and death of leaves
is observed [11].

• Spraying biocontrol agents like
Trichoderma sp.

• Spraying with Benomyl 0.1% (or)
Mancozeb 0.2% (or) Carbendazim
0.1% IS recommended [52].

Colletotrichum
chlorophytumi
[12]

• Yellowing of leaves leading to
withering and ultimately death of
the whole leaf [12].

• Application of Bavistin solution
@1 g in 1 liter of water at the
interval of 25 days twice [12].

Red spot [11] Unidentified • Occurrence of red, orange, and
yellow leaf spots on plants [11].

• Application of Bavistin solution
@1 g in 1 liter of water at the
interval of 25 days twice [11].

Root rot disease [13]
Rhizoctonia solani,
Aspergillus flavus,Fusarium
oxysporum [13]

• Initially gradual drying of leaves
of affected plants.

• The basal portion of the root
appears watery and soft and root
system is very much reduced and
its tissues are also affected. In
advanced stages, the infection
spreads to roots, and the roots
decompose and turn into a
decaying mass of tissues resulting
in poor and stunted development
of roots [62].

• Fungicides, neem-based
formulations, organic cakes and a
biocontrol agent Trichoderma
viride.

• Application of mancozeb
63% + carbendazim 12% (SAAF-
75WP), carbendazim 50WP,
propiconazole 25EC, 0.1%
tebuconazol (250EC), and
hexaconazole 5EC are highly
effective.

• Root dipping for 15 min. in a
mixture of 0.3% thiram
(80WP) + 0.15% carbendazim (50
WP).

• Application of Trichoderma viride
at 5 g kg�1 soil before planting.

• Field application of a mixture of
NC + mustard cake (1:1) before
planting at the rate of 4 q h�1.
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Disease and its pathogen Symptoms Management practices

• Soil drenching 45 days after
sowing (DAS), with a mixture of
0.3% thiram +0.15% carbendazim
+0.5% T. viride + 0.4% NC + 0.4%
mustard cake.

• Spraying of 0.2% carbendazim
(50WP).

• Neem-based formulations and six
oil cakes extracts, neem oil, neem
formulation no 2 at 3% and neem,
jatropha cakes extract at 40% were
highly inhibitory to Rhophitulus
solani [13].

Haemofonectira
haematococca sp. nov. [14]

• Initially gradual drying of leaves
of affected plants.

• The basal portion of the root
appears watery and soft and root
system is very much reduced and
its tissues are also affected. In
advanced stages, the infection
spreads to roots, and the roots
decompose and turn into a
decaying mass of tissues resulting
in poor and stunted development
of roots [62].

• Root dipping for 15 min. in a
mixture of 0.3% thiram
(80WP) + 0.15% carbendazim (50
WP).

• Application of Trichoderma viride
at 5 g kg�1 soil before planting and
field application of a mixture of
NC + mustard cake (1:1) before
planting at the rate of 4 q h�1.

• Soil drenching 45 days after
sowing (DAS), with a mixture of
0.3% thiram +0.15% carbendazim
+0.5% T. viride + 0.4% NC + 0.4%
mustard cake.

• Spraying of 0.2% carbendazim
(50WP) [14].

Anthracnose [15]
Colletotrichum chlorophyti

• Initially, small brownish spots on
lamina, more prominent on
margin or tip, are observed.

• Typical symptoms of Anthracnose
like sunken lesion that range from
dark red to tan black [15].

• Spraying Bordeaux mixture 1% or
carbendazim + mancozeb 0.1% is
recommended.

• Shade regulation and adopting
integrated nutrition management
practices in the plantation are
essential.

• Spraying P. fluorescens (FP 7) at
3 weeks interval [63].

Diseases of G. sylvestre.

Disease and its
pathogen

Symptoms Management measures

Leaf spot # [16]
Colletotrichum
gloeosporioides

• Appearance of minute black or brown
points surrounded by a pale green ring
visible on both the surfaces of the leaf.

• As the spots enlarge, the center turns pale
brown and then greyish-white
surrounded by a deep brown band.

• The fructifications of the fungus appear
as tiny black dots in the white center.

• The diseased spots are scattered over the
leaf and are roundish when young but
may become irregular when mature.

• Spraying 3 g of water soluble sulfur in
one liter of water at an interval of 10–
15 days [16].
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Disease and its
pathogen

Symptoms Management measures

• Leaf tissue withers and large brown
patches of dried leaf may result [16].

Leaf spot [17]
Pseudomonas
syringae

• Initial symptoms were small, angular,
water-soaked lesions observable on both
adaxial and abaxial surfaces.

• Lesions enlarged, became tan to light
brown, and were often surrounded by
chlorotic haloes [64].

• Extracts of seaweeds (Sargassum
wightii,Turbinaria conoides, Ulva
lactuca) possess an antimicrobial
activity against the pathogen [17].

Powdery
mildew [16]
Unknown

• Typical mildew growth is generally
confined to the under-surface of the leaf.

• Severe infection leads to infection on the
upper-surface [16].

• Spraying 3 g of water soluble sulfur in
one liter of water at an interval of 10–
15 days [65].

Diseases of H. rosa-sinensis.

Disease and its
pathogen

Symptoms Management practices

Blight*# Nigrospora
sphaerica

• Initial symptoms were yellow-to-
brown, irregular-shaped lesions on
the leaf margin, or tip later lesions
expanded along the mid-vein until
the entire leaf was destroyed.

• Blighted leaves turn grayish to dark
brown and wither, and ultimately
affected plants died.

• In areas where the disease may cause
yield loss, applying captan, captafol,
fentin hydroxide, and mancozeb can
inhibit conidial germination and
carbendazim fungicide and copper
base fungicide can effectively
control the disease.

• Spraying with Mancozeb 1 kg or
Iprobenphos 500 ml or Carbendazim
250 g/ha is recommended [66].

Anthracnose #
Colletotrichum
gloeosporioides
[Glomerella cingulata]
[19]

• Appearance of yellowish brown to
dark brown irregular spots present
with a chlorotic yellow halo on
leaves.

• Progression of the disease leads the
spots to coalesce and the leaves dry
up.

• The center of the lesions was covered
by black acervuli [19].

• Spray Bordeaux mixture 1%, such
that the spray solution reaches the
lower surface of the leaves.

• Spray Bordeaux mixture 1% or
carbendazim + mancozeb 0.1% with
the onset of pre-monsoon showers
on the new foliage and spikes.

• Regulate shade in the plantation with
the onset of pre-monsoon showers.

• Adopt integrated nutrition
management practices in the
plantation.

• Spray P. fluorescens (FP 7) at 3-week
interval.

• Before storage, treat with hot water,
(50–55°C) for 15 minutes or dip in
Benomyl solution (500 ppm) or
Thiobendazole (1000 ppm) for
5 minutes [63].

Bacterial Leaf Spot
Pseudomonas cichorii
[67]

• Lesions range from 2 to 10 mm in
diameter and are usually surrounded
by a two-color border with necrotic
lesion center surrounded by
yellowish halo.

• Starting new plants using pathogen-
free cuttings and

• Application of fertilizer affect
severity of many bacterial diseases of
ornamental plants.
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Disease and its
pathogen

Symptoms Management practices

• The central necrotic portions of the
lesions are tan to whitish and
sometimes fall out, creating a “shot-
hole” appearance.

• Severe spotting may cause
premature defoliation.

• Other parts of the hibiscus plant
(e.g., flowers, petioles, stems) are
not susceptible to the disease [67].

• Sanitation and removal of diseased
plant organs such as leaves from the
vicinity of healthy leaves is
recommended.

• Routine pruning and destroying
branches with heavily diseased
leaves.

• Minimizing leaf wetness and relative
humidity in the plant canopy can
manage the disease effectively.

• Ensure that soil is completely
aerated.

• Trim weeds around hibiscus plants
to reduce relative humidity ensure
plant spacing, intercropping, non-
host plants between hibiscus plants
to block the spread of bacteria
between plants [67].

Powdery Mildew
[20] Podosphaera sp.
[20]

• Initially begins as white spots that
turn gray or tan as the fungus grows
and covers more of the foliage.

• The fungus causes stunted growth
and in severe cases, the leaves may
wither and fall off the plant [68].

• Watering hibiscus at the base of the
plants and not directly on the leaves
is recommended.

• Avoid high-nitrogen fertilizers and
ensure proper spacing.

• Trim affected growth immediately
and dispose of diseased plant
material carefully.

• A mixture of neem oil and water is a
safe, at a rate of 2 tablespoons neem
oil to 1 gallon of water has shown to
effectively manage the disease [68].

Dieback Disease
Botrytis sp., Erwinia
sp. [69]

• The rot will cause a change of color
on the stem and sometimes it
appears as a light brown dry rot.

• The leaves begin to wilt as water
does not progress in rotted stem
[69].

• Removal of infected part of the stem
from the plant and early spotting of
the disease will help in mitigating the
disease.

• Application of diluted Phyton
(Copper biocide) on the wound is
recommended [69].

Wilt Disease
Fusarium oxysporum
and Verticillium [69]

• Characteristic symptoms of leaves
slowly wilting and death of the entire
plant are observed.

• Initially, leaves will tend to stay the
green and later may slowly darken as
they wilt to a dark green, brown, or
blackish color.

• Wilt disease affects the entire plant,
not just one tip or branch [69].

• Application of 1 pint of household
bleach with 2 quarts of warm water
is recommended.

• Sanitation and removal of the wilted
plant will ensure the prevention of
the spread [69].

Choanephora Blight
Choanephora
infundibulifera [21]

• Initial symptoms began as reddish
purple spots at the tip of flowers and
expanded to encompass entire
flowers.

• Infected lesions appeared water-
soaked, reddish brown, and were
followed by rapid rotting of infected
tissues [21].

• Good sanitation practices including
grooming the plants and removing
spent or senescing flowers can
minimize the potential for infection.

• It is also important to avoid wetting
the flowers when watering and
crowding plants.
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• Adequate spacing between the plants
can promote good air circulation.

• Use of potassium bicarbonate,
mancozeb, copper hydroxide, and
thiophanate-methyl is recommended
[70].

Botrytis blight
Botrytis cinerea [22]

• Lesions initially occur on the tips of
stems and rapidly moved downward
when environmental conditions are
cool and humid.

• No lesions are observed on leaves;
however, flowers became blighted,
turn brown, and abscise
prematurely.

• Diseased stems occasionally are
colonized by C. gloeosporioides is
reported [22].

• Sanitation and aeration reduce
humidity levels around plants and
appropriate fungicide applications
are recommended for disease
control.

• Fallen leaves and petals should be
carefully removed from production
areas.

• Regular fungicide applications will
reduce losses on especially
susceptible hosts grown in humid
environments [71].

Hibiscus witches’
broom disease
Candidatus
Phytoplasma brasiliense
[23]

• Witches’ brooms disease affected
leaves and shoots display distorted,
dwarfed, and discolored symptoms.

• This disease results from a multitude
of diseases such as powdery mildew
or rusts, mistletoe, or from insect
and mite feeding [72].

• Providing plants with proper
cultural control and pruning will
manage the disease [72].

Viral disease
Rhabdovirus-like
particles and hibiscus
ring spot virus [73]

• Chlorosis along with vein yellowing
mottling, vein banding and clearing,
vein enation, rosetting, leaf
distortion, flower abortion,
distortion, and stunting are the
characteristic symptoms [73].

• The best way is the prevention of the
disease.

• Selection of virus free seed should be
done from credible sources. This
includes Cuttings, bulls, rhizomes,
tubers, and seeds.

• Eradication of the diseased plant will
eliminate the inoculum from the
field.

• Insect vectors must be efficiently
managed though eradication of
weeds that harbor them and via
sowing of trap crops.

• Similarly, soil fumigation and
nematicides can be applied against
nematode-transmitted viruses to
control nematodes [74].

Phytophthora disease
Plagithmysus
nicotianae var.
nicotianae [24]

• Production of brownish to black
lesions [24].

• Chemical control includes the use of
metalaxyl or its near-identical twin
mefenoxam used in single or
multiple applications.

• The use of soil fumigants such as
chloropicrin may reduce pathogen
populations, and fumigant
nematicides such as 1,3-
dichloropropene reduce nematode
populations that enhance black
shank incidence and severity [75].
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Rust Kuehneola
malvicola [25]

• Initially, minute orange-brown
pustules typical of most rusts
develop on the underside of leaves.

• Upper leaf surface appear slightly
larger yellow-orange spots and do
not develop pustules.

Premature defoliation may occur [25].

• Appropriate chemicals may be tried
on prized plant specimens [76].

• Sanitation measures, including
removal of dead fallen foliage and
pruning infected flowering branches
following bloom, should provide
adequate control in many cases [25].

Diseases of M. citrifolia.

Disease and its
pathogen

Symptoms Management measures

Noni anthracnose
Colletotrichum
gleosporoides [27]

• Large expanding and diffusing leaf
spots with dark to tan centers with
irregular margins are observed.

• Expansion of individual concentric
lesion rings results in the “target
spot” appearance.

• Lesions coalesce to form large,
blighted areas on leaves and leaf
margins. Infected leaves may
abscise prematurely.

• Symptoms are severe within dense
noni canopies and/or on the lower
leaves; however, fruits and stems
are not susceptible to infection [53].

• Sanitation by removal of severely
diseased leaves of the plant and
destruction of fallen infected leaves
is recommended.

• Management of moisture and
humidity by ensuring good
drainage, deweeding, adequate
plant spacing, pruning, minimize
leaf wetness, and overhead
irrigation.

• Avoid mechanical spread of the
pathogen on hands and tools during
harvesting operations [53].

• Spraying of P. fluorescens, Bacillus
subtilis was found to be effective
[54].

• Most studies have evaluated the leaf
extracts of various plants to control
C. capsici. Leaf extracts of neem,
Datura, Ocimum, Polyalthia, Vinca
rosea were found fungitoxic against
C. capsici [55].

• Yeast strains isolated from
rhizosphere were found to be
antagonistic to C. capsici by
inhibiting the mycelia growth of C.
capsici to the extent of 40.6 to 43.1%
which interns found to control the
anthracnose to the tune of 60%
[56].

• There are several species of
Trichoderma, of which the major
ones are Trichoderma asperellum,T.
viridae,T. harzianum, and T.
longibrachiatum. Isolates of T.
longibrachiatum found to inhibit
the mycelia growth of
Colletotrichum capsici up to 66%
due to volatile compounds released
by Trichoderma [57].

• Use disease-free seeds.
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• Seed treatment with thiram 2 kg/ha
or zineb 2.5 kg/ha.

• Spraying of captan 0.2% with
sufficient interval.

• Essential oil of Nigella sativa is
shown to have antimicrobial
activity [51].

Wilt disease#
Fusarium oxysporum
Schl.f.sp.morindae [30]

• The leaves slowly wilt and die; they
usually do not turn yellow, the
leaves tend to stay green they begin
to darken and turn brown, or
blackish color and chlorosis occurs,
and the plant dies [10].The fungal
disease develops during hot weather
and is most destructive when soil
temperatures approach 80°F.

• Dry weather and low soil moisture
encourage this plant disease [77].

• Use Safer Yard & Garden Insect
Killer to control many garden
insects.

• Avoid application of excess
nitrogen fertilizers that may
increase susceptibility to the
disease.

• Deweeding using a weed flamer or
natural herbicide.

• Application of Mycostop (1–2 g/
100 sq. ft.), biological fungicide
that with sufficient watering
protect crops against wilt caused by
Fusarium.

• If the disease persists, removal of
the entire plant and solarization of
the soil before planting again is
essential [49, 77].

Black Flag disease [78]
(Presently recorded)
Phytophthora species,
Phytophthora morindae
[29]

• Severely diseased plants have
characteristic “black flags,” which
describes the blackened, wilted,
withered, or completely necrotic
leaves hanging from blackened
petioles and stems.

• Initially, infection of the leaves,
petioles, and stems may have
blackened streaks or stripes along
the veins.

• Later, entire stems and petioles may
collapse after being girdled by black
lesions.

• Fruit symptoms, common at the
stem end, consist of a progressive
soft rot with a water-soaked
appearance and chocolate-brown or
dark brown to black color.

• Advanced stages of fruit infections
result in dry, shriveled fruit
“mummies” that may have a fuzzy
or silvery surface [29].

• Disease can be controlled by
following integrated cultural and
preventive methods such as
pruning, sanitation, avoidance, and
an appropriate cropping system.

• Regular monitoring for black flag
disease must be carried out during
periods of extended rain.

• Pruning, removal, and destroying
symptomatic foliage and fruits will
reduce the pathogen inoculum
levels and disease incidence.

• Promoting good air circulation
within the noni plant canopy will
ensure rapid drying of leaves and
fruits.

• Reduction of relative humidity
within the noni canop, ensuring
adequate soil drainage and
controlling weeds around the noni
plants are recommended.

• Maintain good plant nutrition with
foliar sprays of fertilizers derived
from phosphorus acid, such as
Phosgard® [29].

Algal leaf spot [53]
Cephaleuros minimus

• Initial leaf spots are characterized
by a light brown color and
surrounded by a conspicuous,
diffuse, yellow halos.

• Sanitation and removal of severely
diseased leaves from the plant and
destruction of fallen-infected
leaves.
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• The effect of these symptoms may
be minor; the disease is not fatal but
some premature defoliation may
occur [53].

• Moisture and humidity
management ensuring good
drainage, controlling weeds,
adequate plant spacing, pruning,
minimizing leaf wetness, and
overhead irrigation.

• Growing noni in full sun is
recommended [53].

Noni shot hole [53]
Unidentified

• Initial spots are tiny, maroon-
colored specks on leaves and bracts
that develop into lesions (2–10 mm
diameter) with bleached or tan
centers and maroon margins, often
surrounded by or accompanied by
yellowing of leaf tissue around
lesions.

• As the lesions mature the centers
drop out, leaving the typical “shot
hole” appearance. Infected leaves
may abscise prematurely. However,
stems and fruits display no
symptoms [53].

• Sanitation and removal of severely
diseased leaves from the plant and
destruction of fallen infected leaves.

• Moisture and humidity
management ensuring good
drainage, controlling weeds,
adequate plant spacing, pruning,
minimizing leaf wetness and
overhead irrigation.

• Protective spray applications of
approved fungicides and avoiding
spreading of the pathogen on hands
and tools during harvesting
operations are recommended [53].

Noni stem canker
Unidentified [53]

• Initial characteristic symptom
observed is rot of stem at the
interface between woody and green
stem tissues.

• Stem may be girdled and collapsed,
leading to plant death.

• Stem lesions are irregular in shape
with roughened, dark borders and
an overall corky appearance [53].

• Pruning the diseased stem at least 1
inch below the stem canker is
recommended.

• For humidity management through
plant spacing and pruning, weed
control, good drainage is
recommended.

• Applications of protective or
therapeutic fungicides will help
mitigating the disease [53].

Noni stem blight
Sclerotium rolfsii, and
root-knot nematodes
[53]

• Foliar chlorosis, wilting, stem
girdling at or near soil line; internal
stem necrosis, stem rot, defoliation
leading to plant death [53].

• Avoid planting in low-lying areas
with poor drainage, undue plant
stresses.

• Avoid plant-parasitic nematodes,
injuring stems with weed-whackers.

• Do not pile rocks around the base of
noni plants, as they may injure the
stem [53].

Sooty mold Sooty mold
is caused by a
ubiquitous, airborne
fungus [53].

• Sooty mold consists of a black,
powdery growth, usually on the
upper surface of noni leaves.

• The black growth is not pathogenic
and exists as a thin layer [53].

• To control sooty mold, one must
control the sap-feeding insects
(scales, aphids) which infest the
noni plant.

• Sooty mold may in some cases be
washed off noni leaves with a strong
spray of soapy water [53].

Phytoplasma disease
Phytoplasmas
(mycoplasma-like
organisms or MLOs)
[31]

• Diseased plants usually express
various growth and flowering
abnormalities, together with
chlorosis, stunting, and sometimes
dieback symptoms [31].

• Controlling phytoplasma diseases
usually begins with controlling
insect vectors that starts with good
weed removal practices and
clearing brush that can host insect
vectors.
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• Removal of an infected plant is
necessary to contain the pathogen.

• Dry weather seems to increase
leafhopper activity, so it is
important to keep the plant
watered.

• Good cultural care and practices
will increase plant resistance and
spread of the disease [79].

Root rot disease
[80]
Fusarium proliferatum

• Initially, typical yellowing and root
rot symptoms are observed.

• Dark brown to black, discolored,
decaying or completely rotted roots
is observed [80].

Chemical/Biological Control
• Seed is treated with fungicide may

protect seedlings from root rot for a
short time.

Cultural Practices
• Rotating crops may help reduce the

severity of Fusarium root rot.
• Herbicide injury, foliar diseases,

hail damage, or drought may make
it more susceptible to root rot [81].

Diseases of M. pruriens.

Disease and its pathogen Symptoms Management measures

Leaf blight*# Colletotrichum
gleosporioides

• The symptoms on leaves began as
dark brown lesions surrounded
by chlorotic halos, and later
became larger, round or irregular
spots with gray to off-white
centers surrounded by dark
brown margins.

• Destroy all affected branches and
spray the plants with 0.5%
Bordeaux mixture or Mancozeb
0.25%.

Rust disease # Uromyces
mucunae [47, 48]

• Small, irregular black spots occur
on mature leaves covering the
lower surface.

• Yellow brown-coalesced pustules
at the center, severe infection
consisting of circular rings of
brown pustules at the periphery
and brown to black-coalesced
raised spots at the center.

• On stems, affected tissues
showed softening, necrosis, and
death of plants [47, 48].

Cultural method [46]
• Removal of weeds from bunds

and channels.
• Avoid application of excess

nitrogen.
• Apply N in three doses (50%

during basal, 25% during tillering
phase and 25% N in panicle
initiation stage).

Chemical Method [46]
• Application of Carbendazim

50WP @ 500 g/ha (or)
Tricyclozole 75 WP @ 500 g/ha
(or) Metominostrobin 20 SC @
500 ml/ha (or) Azoxystrobin 25
SC @ 500 ml/ha.

Biological control [46]
• Dipping seedling root, soil

application, and foliar spray with
with TNAU Pf 1liquid
formulation (500 ml for one
hectare seedlings) are
recommended [47, 48].
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Collar rot of seedling
Unidentified [82]

• Localized lesion at or about the
collet between the stem and the
root is observed.

• The lesions develop around the
stem eventually forming a
“collar” [82].

• Applications of 2 kg Trichorich (a
formulation of Trichoderma in
neem cake) and 2 kg Pseudomonas
fluorescens mixed with 500 kg
FYM to the root region is
recommended [82].

Velvet bean severe mosaic
virus disease. Velvet bean
severe mosaic virus
(VbSMV) [83]

• Naturally infected velvet bean
plants shows diffused yellow
spots on the young leaves, which
turn into severe mosaic and
yellowing symptoms in the older
leaves.

• Seeds from diseased plants
showed poor germination.

• The symptoms succession
included chlorosis of the primary
veins on the abaxial leaf surface,
extending gradually to the
secondary and tertiary veins to
form a network of dark green
veins [83].

• The use of insecticides for vector
control and resistant cultivars is
recommended [83].

Charcoal rot
Macrophomina phaseolina
[34, 84]

• Diseased plants are wilted and
dead pre-maturely with patches
similar to those of sudden death
syndrome (SDS).

• Discoloration in cortex tissues of
taproot and lower stems is typical
and when stems are split, piths of
diseased plants have brown stem
rot like browning in the lower
part of the stem.

• In some plants, however, no pith
browning can be found [34, 84].

• Crop rotation with small grain,
such as wheat or barley, helps to
reduce population levels of the
fungus.

• Excessive seeding rates should be
avoided so that plants do not
compete for moisture, which
increases disease risk during a dry
season [34, 84].

Diseases of O. sanctum.

Disease and its pathogen Symptom Management measures

Wilt disease # Fusarium
oxysporum [35]

• The affected plants had stunted
growth with wilting symptoms.

• Chlorosis of leaves with brown
spots and streaks on the stem,
vascular discoloration of roots,
severely twisted stems, and leaf
drop was observed [35].

• There is no remedy for Fusarium
wilt of basil. Destroy infected
plants and do not plant basil or
other mint plants in that area for
two to three years [35].

Powdery mildew disease #
Erysiphe biocellata [39]

• The white mycelia covered
leaves and stems are observed
on the upper surface of lower
leaves.

• These white patches soon joined
together to form larger white
greyish powdery coating
discernible on the severely
affected leaves.

• Spraying NSKE 5% or neem oil
3% twice at 10-day interval
from initial disease appearance,
eucalyptus leaf extract 10% at
initiation of the disease, and
10 days later and Carbendazim
500 g or wettable sulfur 1500 g/
ha is recommended [85].
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• Leaves finally show necrosis
resulting in withering, drying,
and defoliation [39].

Fungal Leaf Spots #
Colletotrichum gloeosporioides
and a complex of three fungal
pathogens: Alternaria spp.,
Cercospora spp., and
Colletotrichum spp. [86]

• These leaf spots show brown to
black in color, with yellow halo
around it.

• The spots are irregular in shape
and as the disease progressed,
the spots coalesced and the
entire leaves turned necrotic.

• They occur when the leaves stay
wet or damp for an extended
period [86].

• Removing all diseased foliage,
avoiding overhead watering,
treating the holy basil plant
weekly with a potassium
bicarbonate fungicide will help
prevent the fungal pathogen
from spreading.

• Some brands of potassium
bicarbonate fungicide
recommend mixing 2 teaspoons
of the product with 1 gallon of
water and applying the solution
thoroughly to the foliage with a
pump sprayer [86].

Bacterial Leaf Spot or Basil
Shoot Blight Pseudomonas
cichorii [87]

• Black or brown spots that
appear on the leaves and
streaking on the stems of the
plant [87].

• While there is no fix for
bacterial leaf spot, you can
minimize the damage by making
sure that your basil plants have
plenty of air circulation and
avoiding overhead watering is
recommended [87].

Downy Mildew [87]
Peronospora belbaharii

• Symptoms include yellow leaves
that have fuzzy, grey growth on
the undersides of the leaves
[87].

• In the United States, mono- and
dipotassium salts of
phosphorous acid provided the
best control, whereas moderate
disease suppression was
provided by mandipropamid,
cyazofamid, and fiuopicolide
[88].

• One of the most effective
measures for disease control is
via genetic manipulation of the
host, namely introgression of
resistant genes. The objectives
of this study were to expand on
what others have reported on
potential sources of resistance to
BDM in some species of Ocimum
[89, 90].

• Downy mildew is aggravated by
overly wet conditions, so
ensuring avoiding overhead
watering and ensuring the basil
plants have good drainage and
good air circulation is
recommended.

• Spraying with 0.3% wettable
sulfur is recommended [87].

Cercospora leaf spot
Cercospora ocimicola [36]

• Circular to irregular dark spots
on leaves with light centers is
observed [36].

• Avoid overhead irrigation and
splashing plants with water,
instead water plants from the
base and apply a layer of mulch
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around the plants to reduce
water splash, removal and
destroying any symptomatic
leaves; minor infections can be
controlled by spraying weekly
with a fungicide containing
potassium bicarbonate [36].

Root rot Rhizoctonia solani,
Pythium spp. [36]

• Failure of seeds to germinate,
germinated seedlings collapses
brown, shriveled area at base of
stem, roots brown, and water-
soaked.

• Disease promoted by high
humidity and poor air
circulation [36].

• Complete control of root rot
caused by infection of
Rhophitulus solani in Ocimum sp.
was achieved with seed
treatment of tolclofos-methyl
(50SC) at 3 g kg�1. Soil
solarization and drenching of
dazomet (98G) at 40 g active
ingredient per m2 around plants
reduced incidence of root rot
from 70.6% to 4.1% [91].

• Root rot can be controlled by
drenching the nursery beds with
a 0.1 per cent solution of
mercurial fungicide and
adopting phytosanitory
measures [36].

Viral disease Yellow mosaic
virus [92]

• Symptoms included leaf mosaic
or mottling, yellowing, ring
spots, stunting, and distortion of
leaves, flowers, and fruits are
observed [92].

• Seeds are to be treated with
insecticides like carbosulfon at
30gm or monocrotophos at 5 ml
per one kg seed before sowing.

• Follow crop rotation and
maintain soil health
management. Grow suitable
region wise resistant varieties.
Use seeds collected from
disease-free plants.

• Infected plants should be
removed and destroyed.

• Control of white fly by spraying
insecticides viz., dimethoate
0.03 per cent or monocrotophos
1.6 per cent or metasystox (0.1
per cent) or triazophos 1.25 ml/l
at the initial stage of disease
proves effective.

• Foliar sprays of methyl demeton
2 ml/l also control the vector
spread [93].

Leaf blight
Alternaria sp. [37]

• Early blight is first observed on
the plants as small, black lesions
mostly on the older foliage.

• Spots enlarge, and by the time
they are one-fourth inch in
diameter or larger, concentric
rings in a bull’s eye pattern can
be seen in the center of the
diseased area.

• L. lactis subsp. lactis LABW4 can
be used as a prospective agent to
control leaf blight disease of
Ocimum plant and to increase its
medicinal properties [37].
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• Tissue surrounding the spots
may turn yellow.

• The fungus also infects the fruit,
generally through the calyx or
stem attachment.

• Lesions attain considerable size,
usually involving nearly the
entire fruit; concentric rings are
also present on the fruit [37].

Gray mold Botrytis cinerea [38] • Infected organs produce profuse
off-white to gray mycelia
covered with dark conidia
disseminated in wind currents
or by rain splashing from plant
to plant.

• The disease then progresses,
killing all leaves and secondary
buds leading to the death of the
entire plant.

• B. cinerea may also develop on
the packed bunches during
shipment to market, resulting in
rot of the entire package [38].

• Cultural methods, particularly
reduction of relative humidity
and leaf wetness, and reduce
black spot and gray mold
incidence.

• Thiram reduces gray mold
incidence, which also controls
black spot.

• A formulation based on
Trichoderma harzianum, which
is active against gray mold, soon
will be registered, possibly for
basil [38].

Diseases of P. longum.

Disease and its
pathogen

Symptoms Management measures

Anthracnose #
Colletotrichum
boninense

• Initially, the lush green color of
healthy leaves gradually changed to
pale yellow.

• These symptomatic leaves primarily
showed brown concentric ring
shaped spots, which later developed
yellow halo around it.

• Subsequently in the later stages, the
leaves wilt and abscise.

• Spraying Bordeaux mixture 1% or
carbendazim + mancozeb 0.1% is
recommended.

• Regulation of shade and adoption
of integrated nutrition
management practices in the
plantation is recommended.

• Spraying P. fluorescens (FP 7) at 3-
week interval [63].

Leaf spot
Botryodiplodia
theobromae
[Lasiodiplodia
theobromae] [42]

• Oval, round to irregular or angular,
necrotic, surrounded with the
concentric rings.

• Later, these spots increase in size and
coalesce covering larger leaf area
with dark brown margin and yellow
halo [42].

• Collection and removal of fallen
leaves.

• Spraying with Carbendazim 0.1%
and Mancozeb 0.25% [42].

Rot Fusarium
pallidoroseum [42]

• Occur in patches
• on the Leaves—turn yellow and then

dry up slowly
• Entire plant shows complete drying

of the foliage
• Whitish mold growth is observed

[42].

• Field sanitation by destruction of
infected plant debris.

• Soil drenching—COC—0.25% and
Pre planting treatment of bulbs
with benomyl 15% + mancozeb
60% is recommended.

• Local Bellary, Poona Red Globe,
Patna Red, White Large—resistant
varieties are recommended [42].
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Cercospora leaf spot
Cercospora piperata
[43, 94]

• Round or irregular greyish spots
• Dark brown or blackish borders

appear on older leaves [43, 94].

• Remove and destroy the infected
plant residues.

• Spray Mancozeb or Copper
oxychloride at 2 kg/ha at the
intimation of the disease.

• Two to three sprays may be given
at 15-day interval [43, 94].

Diseases of Tabernaemonta divaricata.

Disease and its
pathogen

Symptoms Management measures

Anthracnose Leaf
blight disease*#
Colletotrichum
gloeosporioides

• Primarily, blight start as minute,
round, light brown spots, and the
spots grow and acquire a round to
irregular shape and some spots
coalesce.

• Fully developed spots were water
soaked, dark brown to blackish,
scattered all over the leaf lamina.

• The spots were equally visible on
lower and upper leaf surfaces.

• Grey-brown spots made up of
concentric markings appear on the
leaves and can join together to create
large dead patches.

• Spraying biocontrol agents like
Trichoderma virens chemical
fungicides like Benomyl 0.1% (or)
Mancozeb 0.2% (or) Carbendazim
0.1% is recommended [52].

Wilt disease*#
Fusarium oxysporum

• Fusarium sp. clogs the vascular
tissues in roots and stem restricting
water flow causing the foliage to wilt
and turn yellow.

• Chlorosis often appear later in the
growing season and are first noticed
on the lower (older) leaves.

• As the disease progresses, the
younger leaves will also be affected
and the plant eventually dies.

• Use Safer Yard & Garden Insect
Killer to control many garden
insects.

• Avoid application of excess nitrogen
fertilizers that may increase
susceptibility to the disease.

• Deweeding using a weed flamer or
natural herbicide.

• Application of Mycostop (1–2 g/ 100
sq. ft.), biological fungicide that with
sufficient watering protect crops
against wilt caused by Fusarium.

• If the disease persists, removal of the
entire plant and solarization of the
soil before planting again is essential
[49].

Leaf blight disease
Phytophthora
citrophthora [44]

• Brown or black spots and patches
may be either ragged or circular,
with a water soaked or yellow-edged
appearance [95].

• Use disease-free planting material.
• Removal of infected leaves when the

plant is dry.
• Leaves that collect around the base

of the plant should be raked up and
disposed.

• Overhead irrigation must be
avoided.

• Treatment of the seed with benomyl
+ thiram 1 g each per kg of seed is
recommended [95].
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Disease and its
pathogen

Symptoms Management measures

Wilt disease
Fusarium oxysporum f.
sp. tabernaemontanae
[45]

• Fusarium sp. clogs the vascular
tissues in roots and stem restricting
water flow causing the foliage to wilt
and turn yellow.

• Chlorosis often appears later in the
growing season and is first noticed
on the lower (older) leaves.

• As the disease progresses, the
younger leaves will also be affected
and the plant eventually dies.

• Use Safer Yard & Garden Insect
Killer to control many garden
insects.

• Avoid application of excess nitrogen
fertilizers that may increase
susceptibility to the disease.

• Deweeding using a weed flamer or
natural herbicide.

• Application of Mycostop (1–2 g/ 100
sq. ft.), biological fungicide that with
sufficient watering protect crops
against wilt caused by Fusarium.

• If the disease persists, removal of the
entire plant and solarization of the
soil before planting again is essential
[49].

Viral infection Plant
Virus [96]

• Disrupts the cell’s functionality,
outward signs of a viral infection
result in a plant disease with
symptoms such as abnormal or
stunted growth, damaged fruit,
discolorations, or spots [96].

• Keep vectors such as aphids,
leafhoppers, and thrips under
control.

• Viruses can also be introduced by
infected pollen or through plant
openings (as when pruning).

• New plants should be checked, as
well as tools and existing plants.

• Use of certified seed that is deemed
disease-free is recommended [96].

Viral disease
Tobacco mild green
mosaic virus [97]

• Symptoms on naturally infected T.
divaricata are highly varied and
include chlorotic ringspots, chlorotic
banding, vein clearing, oak-leaf
patterns, and mosaic on the younger
leaves.

• During the late winter, after the cold
season, the yellow spots usually
become necrotic and, as the
surrounding tissue expands, the
leaves become buckled and
distorted.

• The necrotic zones, in severely
affected fully expanded leaves,
disintegrate, leaving “shot holes”
from which small or large areas of
necrotic tissue have fallen out

• Severely affected leaves wither,
leaving the plant naked [97].

• Keep vectors such as aphids,
leafhoppers, and thrips under
control.

• Viruses can also be introduced by
infected pollen or through plant
openings (as when pruning).

• New plants should be checked, as
well as tools and existing plants.

• Use of certified seed that is deemed
disease-free is recommended
[96, 97].

Rust disease Uredo
manilensis [98]

• Leaf lesions began as chlorotic flecks
that expanded into necrotic spots
with orange-to-reddish brown, sub
epidermal uredinia.

• Brown telia developed on the abaxial
side of leaves [45].

• Select rust-resistant plant varieties
when available.

• Removal and destruction of infected
leaves and fallen debris are
recommended.

• Drip irrigation and soaker hoses can
be used to help keep leaves dry.

• Use a slow-release, organic fertilizer
on crops and avoid excess nitrogen.
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pathogen

Symptoms Management measures

• Apply copper sprays or sulfur
powders to prevent infection of
susceptible plants. For best results,
apply early or at first sign of disease.

• Effectively treat fungal diseases with
SERENADE Garden®.

• Containing sulfur and pyrethrins.
• Removal of weeds to improve air

circulation is recommended.
• Use a thick layer of mulch or organic

compost to cover the soil after you
have raked and cleaned it well.

• Burn or bag-infected plants after the
growing season and do not compost
[99].

3. Conclusion

The review and our study on the diseases of medicinal plants cultivated in
Karnataka endorsed the fact that the medicinal plants are not free from diseases.
Among the medicinal plants cultivated in Karnataka maximum of 12 diseases are
reported inH. rosa-sinensis followed by 10 diseases each inM. citrifolia and O. sanctum,
7 diseases each in A. vasica and T. divaricate/T. coronaria, 5 diseases each in
C. borivilianum and M. pruriens, 4 diseases in P. longum, and 3 diseases each in
A. calamus and G. sylvestre. It includes 12 diseases that were recorded for the first time
in Karnataka and 5 diseases recorded for the first time on the respective host plant.
Since medicinal plants are for human consumption and animal welfare the usage of
chemical pesticides for the management of diseases should be strictly avoided. The
option of the extraction and purification of the secondary metabolites produced by the
fungal antagonists for their biocontrol activities against fungal diseases to be explored.
The genes conferring to antagonistic effect toward the pathogen could be genetically
engineered into medicinal plants thereby producing resistant varieties or transgenic
plants that are resistant to diseases. The biocontrol agent T. virens can be scaled-up for
talc-based formulations and mass production of fungal bio pesticides for controlling
fungal diseases of medicinal plants. All such efforts will pave way to produce medic-
inal plants in a more sustainable eco-friendly way and will prove to be beneficial not
only to the producers but also to the consumers.
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Chapter 6

Complementary and Alternative 
Medicine in COVID-19 Infection, 
an Old Weapon against a New 
Enemy
Sally Elnawasany

Abstract

COVID-19 is a running story with an unexpected end. Despite the large effort to 
provide effective treatment and prophylaxis, many people are still getting infected. 
This may be explained by the continuous virus mutations, and hence, the attenuation 
of the vaccine’s efficacy. Therefore, long-life boosting of the body’s immunity is a 
hopeful way against SARS-CoV-2 infection. Medicinal plants and other complemen-
tary and alternative remedies were used effectively in treating numerous mankind’s 
health problems. Recently, a lot of studies have confirmed the effect of natural 
products, cupping therapy, and acupuncture against SARS-CoV-2. The aim of this 
chapter is to remind ourselves of the natural pharmacy that God gave us, by shedding 
the light on the importance of some herbs and traditional remedies in the manage-
ment of SARS-CoV-2 infection.

Keywords: SARS-CoV-2, medicinal plants, cupping therapy, acupuncture, 
complementary and alternative medicine

1. Introduction

Coronavirus disease 2019 (COVID-19) was reported by the World Health 
Organization (WHO) as a pandemic in 2020 [1]. The spread of the infection is still 
ongoing in spite of the hard trials to provide potent drugs and vaccines [2]. There is a 
growing concern about the importance of complementary and alternative medicine 
(CAM) in treating many infectious diseases [3, 4]. The effect of CAM on the improve-
ment of the symptoms and outcome of SARS-CoV-2 infection was highlighted in 
multiple reviews [5–8].

2. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has aroused 
the attention of the world since 2019 [9]. It is the third severe epidemic of 
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beta-coronavirus (β-CoV) after the severe acute respiratory syndrome (SARS) and 
the middle east respiratory syndrome (MERS) [10]. SARS-CoV-2 is an enveloped, 
positive single-stranded RNA virus [11]. Its genome consists mainly of open read-
ing frames (ORF). ORF1ab represents 67% of the viral genome which encodes the 
synthesis of polyproteins (nonstructural proteins) in the infected cell (1a, 1ab). The 
viral structural proteins are synthesized from the last 33% ORFs [12–14]. SARS-
CoV-2 has four structure proteins: spike (S) glycoprotein, envelope glycoprotein (E), 
membrane glycoprotein (M), and nucleocapsid protein (N) [15–17]. The pathogenesis 
of SARS-CoV-2 starts by binding the spike protein (S) with angiotensin-converting 
enzyme 2, (ACE2). Then synthesis of different viral structural, nonstructural, and 
extra proteins take place in the infected cells. This is associated with inhibition of the 
host innate immunity at the early phase of the infection. Then the virus acts against 
adaptive immunity and spreads in the whole body with subsequent acute and chronic 
complications. Autoinflammation, immunosuppression, and hyperimmune response 
may occur [18]. The virulence of SARS-CoV-2 is mediated by the downregulation of 
pattern recognition receptors (PRRs), which triggers the anti-viral innate immunity 
mainly interferons (IFNs) release [18, 19]. In addition, the virus stimulates poly-
clonal activation and apoptosis of lymphocytes leading to pathological activation of 
macrophages, and immunosuppression [20]. The rapid replication rate of the RNA 
genome increases the incidence of mutations due to replication errors mediated by 
RNA polymerase or reverse transcriptase [21, 22]. Mutations in S-protein significantly 
alter viral pathogenesis [23]. This may impair the immune response to vaccines [24]. 
Treatment of SARS-CoV-2 has two pathways: the first is to overcome the viral infec-
tion either by blocking cell binding, replication, or direct viral effect on tissues. The 
second pathway is to counteract the overwhelming viral-induced immune response 
[25]. For blocking viral entry, many agents coexist, such as umifenovir [26, 27], 
soluble recombinant hACE2, and specific monoclonal antibodies [28, 29]. Several 
drugs were tried to inhibit viral replication, such as remdesivir [30] favipiravir [31], 
ribavirin, lopinavir, and ritonavir [32]. For immune modulation, a lot of drugs were 
introduced, such as dexamethasone [33], tocilizumab, interleukin-6 (IL-6) receptor-
specific antibody [34, 35], Eculizumab, a complement 5 inhibitor [36], INF [37, 38], 
baricitinib, protein kinases inhibitors [39], and imatinib the Abl tyrosine kinase 
inhibitor (ATKI) [40]. Multiple COVID-19 vaccines have been developed and others 
are undergoing clinical validation. Despite improving disease morbidity, the vac-
cines failed to prevent SARS-CoV-2 infection [41, 42]. The drop in anti-SARS-CoV-2 
neutralizing antibodies level explains the postvaccination reinfection [43]. Currently, 
there is no curative anti-SARS-CoV-2 treatment.

3. Complementary and alternative medicine in COVID-19 infection

3.1 Medicinal plants

3.1.1 Boswellia serrata (B. serrata)

B. serrata is an ancient traditional plant that was used in the treatment of cough, 
asthma, and other inflammatory lung conditions. B. serrata and its abundant active 
ingredients downregulate pro-inflammatory cytokines, 5-lipoxygenase, and leukotri-
ene [44, 45]. Boswellic acids and B. serrata extract inhibited human leukocyte elastase 
(HLE), the claimed agent of the pathogenesis of cystic fibrosis, chronic bronchitis, 
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and emphysema [46–49]. Moreover, alpha-keto-beta-boswellic acids (AKBA) 
 stimulated the production of anti-inflammatory LOX-isoform-selective modulators 
and inhibited 5-lipoxygenase [50]. B. serrata can help in pulmonary fibrosis, which 
is a common complication of SARS-CoV-2 infection [51]. It antagonized the effect of 
bleomycin-induced injury by reducing collagen accumulation and airway dysfunction 
in rats [52]. The anti-asthmatic potential of B. serrata was investigated in many studies 
[53–55]. Furthermore, boswellic acid and AKBA induced anti-platelet aggregation 
effect, anti-profibrotic mechanisms, and hastened vascular remodeling by the TGFβ1/
Smad3 pathway [56, 57]. Immune modulation is a promising property of boswellic 
acids [58], which is an important element in SARS-CoV-2 treatment. In small doses, 
boswellic acids enhanced lymphocyte proliferation, while higher doses had a blocking 
action. Similarly, at the level of the humoral response, primary antibody titers were 
decreased at big doses of boswellic acids, but lower doses elevated secondary antibody 
titers. Boswellic acids stimulate the phagocytosis of macrophages, as well [47, 59–61]. 
The anti-viral property of B. serrata was strongly emphasized against many viruses. 
It inhibited wild-type and a clinical isolate of HSV-1 via downregulation of nuclear 
factor-κB (NF-κB) [62]. In another study, the total Boswellia extract exerted a more 
potent anti-herpes activity than other compounds [63]. HIV, HCV, and influenza [64]. 
In a computational study on B. serrata bioactive ligands (compounds) against SARS-
CoV-2 Mpro protein. Among the examined compounds, euphane, ursane, α-amyrin, 
phytosterols, and 2,3-dihydroxyurs-12-en-28-oic acid were found to have the ability of 
Mpro inhibition [65]. A clinical trial investigated the effect of combined glycyrrhizin 
(GR) capsule (60 mg) and boswellic acids (BA) (200 mg) versus placebo twice daily 
for 14 days in 50 patients with moderate SARS-CoV-2 or COVID-19 variants hospital-
ized. The group of GR + BA showed a significant shorter cure time, amelioration of 
clinical condition, and decrease in CRB compared to the placebo group [66].

3.1.2 Pomegranate (Punica granatum L.)

It is an old fruit that is cultivated in many parts of the world. Its pharmacologi-
cal activities are mediated mainly by phenolic compounds [67]. Anti-viral action is 
demonstrated against many viruses [25, 68, 69]. The immune modulation activity 
of pomegranate was illustrated in several studies. It inhibited phorbol-12-myristate 
13-acetate plus calcium ionophore A23187 (PMACI) induced inflammatory gene 
expression and the release of interleukin (IL)-6 and IL-8 in the myeloid precursor cell 
line KU812 cells [70]. Pomegranate extract attenuated the activation of NF-κB/p65 in 
human chondrocyte by counteracting the IL-1β-mediated phosphorylation of IKKβ, 
expression of IKKβ mRNA, and degradation of IκBα [71]. In another in vitro study, 
pomegranate flower (PFE) ethanol extracts reduced IL-6, IL-1β, and TNF-α produc-
tion in lipo-poly saccharides (LPS)-induced RAW264.7 macrophages [72]. Baricitinib 
is a janus kinase (JAK) inhibitor and is a numb-associated kinase (NAK) inhibitor that 
inhibits AP2-associated protein kinase-1 (AAK1), this protein enhances endocytosis 
of the virus [73, 74]. Pomegranate possessed a janus kinase inhibitory action. These 
findings encourage the use of pomegranate in SARS-CoV-2 treatment [75, 76]. The 
anti-SARS-CoV-2 activity of pomegranate was demonstrated by a computational 
study where ellagic acid, gallic acid and mainly punicalagin, punicalin interacted with 
SARS-CoV-2 spike glycoprotein, angiotensin-converting enzyme 2, furin and trans-
membrane serine protease2 [77]. Pomegranate peel extract interfered with the binding 
between SARS-CoV-2 spike glycoprotein and ACE2 receptor and showed a possible 
anti-replication action by inhibition of the virus 3-chymotrypsin-like cysteine protease 
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(3CLPro) [78]. Moreover, anti-replication potential was demonstrated in tannins, which 
are pomegranate compounds via binding (3CLPro) catalytic site in a virtual study [79]. 
Triterpenoids, other pomegranate compounds blocked the spike protein binding site of 
SARS-CoV-2 [80]. Pomegranate was investigated with other herbs in 184 patients with 
SARS-CoV-2 infection plus standard care for 7 days. There was a significant reduction 
in hospital duration and improvement of clinical symptoms in comparison to 174 
patients in the standard-care group [81].

3.1.3 Curcumin (Curcuma longa)

C. longa is known as turmeric, which is a common spice that was traditionally 
used to treat many health disorders. Curcumin, a secondary metabolite has a potent 
antioxidative, anti-inflammatory [82], and anti-viral activities [83, 84]. Which is 
mediated by its effect on multiple molecular targets and signaling pathways of apop-
tosis and inflammation. It inhibits viral replication by interfering with NF-κB, PI3K/
Akt signaling, post-transcriptional, and post-translational modifications. Moreover, 
it blocks viral attachment [85–88]. In silico docking study, curcumin interacted with 
SARS-CoV-2 protease, spike glycoprotein-RBD, and PD-ACE2, receptors that are vital 
in virus infection [89]. Curcumin also showed attenuation ability to SARS-CoV-2 
protease (Mpro) in another study [90]. Stimulation of innate immunity, and hence, 
IFN production at the early stage of SARS-CoV-2 infection was investigated to reduce 
the fatality rate of the diseases [91, 92]. Immune modulation activity of curcumin was 
demonstrated in PEDV model of coronavirus where viral reproduction was hin-
dered after treatment with cationic carbon dots based on curcumin. This effect was 
mediated by the activation of the innate immunity with subsequent production of 
interferon-stimulating genes (ISGs) and cytokines (IL-8 and IL-6) [93]. In addition 
to the anti-viral action of curcumin, its anti-inflammatory and anti-fibrotic potentials 
provide some help in pulmonary damage. It reduced the expression of IFN-γ, MCP-1, 
IL-6, and IL-2, which are involved in lung inflammation and fibrosis [94]. Curcumin 
decreased collagen in experimental models of pulmonary fibrosis, as well [95]. 
Furthermore, curcumin reduced pulmonary edema in hypoxic rats via attenuation of 
NF-кB activity and stabilizing hypoxia-inducible factor 1-alpha (HIF1-α) [96]. Many 
clinical trials have investigated the possible efficacy of curcumin on SARS-CoV-2 
patients. Two studies used nanocurcumin 40 mg in a dose of 2 soft gels twice daily 
for 2 weeks in mild to moderate patients compared with the placebo group. Curcumin 
improved the clinical symptoms with a significant lowering of CRP level, elevation 
of lymphocyte count [97], and shortened the hospital duration [98]. In addition, 
nanocurcumin significantly reduced IL-6, IL-1β gene expression when it was given to 
20 patients with SARS-CoV-2 in comparison to 20 patients in the placebo group [99]. 
Nanocurcumin 80 mg in a dose of 2 soft gels twice daily was introduced to 40 patients 
with mild and severe SARS-CoV-2 for 21 days versus placebo. Curcumin decreased the 
count of Th17 cells and the level of IL-17, IL-21, IL-23, and GM-CSF [100]. In another 
study, there was an increase in Treg cells count, expression levels of FoxP3, IL-10, 
IL-35, TGF-β, and cytokines serum level in the Nanocurcumin-treated group com-
pared to the placebo [101]. Treg cells maintain the balance between inflammatory and 
regulatory responses. Dysfunction of Treg cells and related cytokines leads to hyper-
inflammation in SARS-CoV-2 patients [102, 103]. A combination of piperine (2.5 mg) 
and curcumin (252 mg) was introduced to 70 mild to severe SARS-CoV-2 patients 
twice daily in comparison with probiotics given group for two weeks. Rapid cure, less 
deaths, and short hospital stays were achieved by curcumin therapy [104].
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3.1.4 Glycyrrhizin (Glycyrrhiza glabra)

Glycyrrhizin is an active constituent isolated from G. glabra L. (Fabaceae), 
(licorice) root, a common medicinal plant that grows in Mediterranean areas 
[105]. It has abundant phytochemicals, flavonoids, and triterpenoids [106]. The 
anti-viral action of licorice is mediated mostly by two triterpenoids, glycyrrhizin, 
and 18β-glycyrrhetinic acid [105, 107]. Glycyrrhizin exhibited an anti-viral effect 
against RNA and DNA viruses by acting on casein kinase II, protein kinase II and 
transcription factors [108–110]. Interestingly, glycyrrhizin and licorice extract have 
the ability to block SARS-CoV-2 and cell entry [111, 112]. Moreover, it has the ability 
to decrease the expression of type 2 transmembrane serine proteases (TMPRSS2), 
and hence, interfere with the virus entry and stimulate mineralocorticoid receptor 
(MR), by decreasing ACE2 expression [113]. In addition, glycyrrhizin interferes 
with receptor-binding domain (RBD) of SARS-COV2 and ACE2 [114]. Glycyrrhizic 
acid (GA) nanoparticles inhibited murine coronavirus MHV-A59 replication and 
attenuated pro-inflammatory cytokine release caused by MHV-A59 or the N protein 
of SARS-CoV-2 [115]. Regarding immunomodulation activity, glycyrrhizin upregu-
lated lymphocytic proliferation in viral infection [116] which may help to manage 
SARS-CoV-2 associated lymphopenia. Licorice extract in a dose-dependent manner, 
induced an immune modulation of cell-mediated and humeral responses [117]. The 
antioxidative and anti-inflammatory potentials of licorice can protect against acute 
lung injury by inhibition of NF-κB and can increase the expression of peroxisome 
proliferator-activated receptor gamma (PPAR-γ), which decreases the inflamma-
tory response [118]. Glycyrrhetinic acid derivative, diammonium glycyrrhizinate 
combined with vitamin C improved the clinical symptoms in severe suspected 
COVID-19 patients [119]. A clinical trial recorded amelioration of clinical state 
in SARS-CoV-2 patients who received glycyrrhizin and boswellic acids combined 
therapy [66].

3.1.5 Nigella sativa (N. sativa)

N. sativa is known as black cumin seed, black seed, Habbatul Barakah [120]. Since 
ancient times, It was widely used in traditional medicine for the treatment of asthma, 
common cold, headache, nasal congestion, and rheumatic diseases [121]. The Holy 
Bible mentioned it as “Curative black seed.” Prophet Muhammad (PBUH) said that 
“In the black cumin, there is a cure for every disease except death.” [122–124]. Among 
several pharmacological effects, antioxidant, anti-inflammatory, anti-viral, antico-
agulant, and immunomodulatory properties make N. sativa an appropriate therapeu-
tic agent in SARS-CoV-2 management [123, 125, 126]. In vitro and molecular docking 
studies reported the anti-SARS-CoV-2 potential of many N. sativa compounds; thy-
mohydroquinone and dithymoquinone [127, 128], nigellidine α-hederin [129] thymol 
and thymoquinone [130]. The immunomodulatory importance of N. sativa to over-
come cytokine storm was highlighted in a docking study where nigellidine showed 
affinity to TNFR1, IL1R, and TNFR2 [131]. In a multicenter, placebo-controlled, 
randomized clinical trial honey (1 gm/Kg/day), and N. sativa seeds (80 mg/Kg/day) 
were administrated to moderate or severe SARS-CoV-2 patients versus placebo group 
for 13 days along with standard care. N. sativa and honey-treated patients showed 
significant symptoms alleviation, rapid viral clearance and a decrease in mortality 
compared to placebo [132]. In another clinical trial, N. sativa oil was administered in 
a dose of 500 mg twice daily for 10 days to 86 patients compared to 87 patients as a 



Medicinal Plants

114

control. A significant higher percentage of recovered patients and shorter recovery 
time were observed in N. sativa treated group [133].

3.1.6 Thyme (Thymus Vulgaris)

Thymus vulgaris was commonly used for its flavoring and medicinal advantages 
for centuries [134]. Thyme contains variable flavonoids and phenolic antioxidants, 
such as zeaxanthin, lutein, pigenin, naringenin, luteolin, and thymonin. The anti-
oxidant property of thyme is mainly attributed to thymol, a phenolic component 
[135]. Through its anti-viral potential, thyme attenuated the cytopathic effect of the 
influenza virus in a dose-dependent manner [136]. Thymol showed the ability of 
viral spike protein inhibition in a computational study [137]. Moreover, carvacrol, 
a monoterpenoid phenol of thyme oil blocked the attachment of SARS-CoV-2 spike 
(S) glycoprotein to the cell and inhibited the viral protease [138]. Furthermore, the 
essential oil of thyme improved the clinical symptoms and caused a significant rise in 
lymphocyte count and calcium level along with a lowering of neutrophil count and 
blood urea nitrogen (BUN) in SARS-COV-2 patients [139].

3.1.7 Ginger (the rhizome of Zingiber officinale)

Ginger has been widely used for thousand years due to its numerous benefits. It 
was recorded in Chinese, Roman and Arabic medical literature [140]. It is mentioned 
in Holy Quran as one of Heaven’s drinks [141]. Ginger contains many active ingredi-
ents, terpene and phenolic are mainly responsible for its pharmacological activities 
[142, 143]. Ginger has anti-inflammatory, antioxidative, immunomodulatory, antimi-
crobial, anti-fungal, anticancer, hepatoprotective, antidiabetic, cardiovascular protec-
tive, respiratory protective, anti-obesity, anti-nausea, and anti-emetic activities [144]. 
Ginger also exhibits a direct anti-viral potential [145–147]. A molecular docking study 
defined the inhibitory effect of 8-gingerol, 10-gingerol, 6-gingerol, and another class 
of the ginger’s ingredients on SARS-CoV-2-related papain-like protease (PLpro) such 
protease is vital for viral survival and replication [148–150]. In addition, 6-gingerol 
showed interaction with some SARS-CoV-2 proteins which are crucial for replication, 
such as protease, SARS-CoV3C-like molecule, and cathepsin K [151] 6-gingerol binds 
with S protein as well [152]. Another docking study reported the affinity of gingerol, 
geraniol, shogaol, zingiberene, zingiberenol, and zingerone to the SARS-CoV-2 MPro 
[153]. A clinical study demonstrated that consumption of Echinacea tablet with 
Zingiber officinalis improved the clinical symptoms in COVID-19 outpatients. There 
was an alleviation of cough, dyspnea, and muscle pain without recorded side effects 
[154]. Consumption of ginger with other herbs improved the disease outcomes in 
COVID-19 patients [155–157].

3.1.8 Saussurea costus (S. costus)

S. costus, is a perennial, aromatic plant that is native to the Himalayan region 
[158]. For centuries, S. costus was applied in folk medicine to treat numerous health 
disorders, mainly lung problems [159]. It is mentioned in Islamic literature. Prophet 
Muhammad (PBUH) said that “Treat with the Indian incense, for it has healing 
for seven diseases; it is to be sniffed by one having throat trouble and to be put into 
one side of the mouth of one suffering from pleurisy.” [124] S. costus has a lot of 
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ingredients the most effective are terpenes, anthraquinones, alkaloids, flavonoids, 
costunolide, and dehydrocostus lactone [160]. These compounds have a variety of 
pharmacological effects: antifungal activity anthelmintic, antidiabetic, antitumor, 
antimicrobial, immunostimulant, antiulcer, anti-inflammatory, and antihepatotoxic 
[161–167]. Moreover, the anti-viral activity recommended the use of S. costus to 
treat many viruses [160]. Silico with a molecular docking study reported that dehi-
drocostus lactone showed better binding potential with SARS-CoV-2 S protein than 
other compounds of S.costus [168]. An animal experiment showed that S. costus with 
N. sativa and honey induced a significant elevation of Th2, Th17 along with a rise in 
humoral immunity markers (TGF-β, sIgA,, IL-4, B-def, and IgG) in rat treated group 
versus placebo [169].

3.2 Cupping therapy

Cupping therapy (Al-Hijamah) is an ancient part of CAM that was widely 
practiced in the world and mentioned in every culture [170, 171]. It is mentioned 
in the book of medicine of Sahih Al-Bukhari where Prophet Muhammad (PBUH) 
stated that “If there is any healing in your medicines, then it is in cupping, a gulp of 
honey or branding with fire (cauterization), (one of three) according to that suits 
the ailment, but I do not like to be (cauterized) branded with fire.” [124] Cupping 
therapy is a procedure where cups are placed on the skin and induce suction, hence, 
a negative pressure is created. This allows toxic substances to get out of the body 
[172]. There are a lot of types of cupping therapy, dry and wet cupping are the two 
main types [173]. Dry cupping is done without skin laceration, however, in wet 
cupping, the skin is scarified, so that blood is drawn into the cup [174]. Cupping 
therapy acts via many mechanisms, it elevates the level of endogenous opioids in the 
brain, hence, improves pain control with subsequent comfort and relaxation [175]. 
Other mechanism is to improve blood circulation and clear the blood from toxins 
substances [176]. This mechanism is mediated by the enhancement of microcircula-
tion, angiogenesis, and capillary endothelial cell repair [172, 177]. Muscle relaxation 
and parasympathetic activity due to blood loss and vasodilation is other mechanisms 
[178]. A lot of studies reported the possible preventive and therapeutic advantages 
of cupping therapy in variable diseases, such as lung disorders, type 2 diabetes 
mellitus, autoimmune diseases, cardiac diseases, and chronic fatigue syndrome 
[179–183]. Cupping therapy is highly recommended in patients with COVID-19 
infection for health improvement and to boost the sensation of well-being [184]. The 
Immunomodulation effect was recorded in 30 patients with rheumatoid arthritis 
when cupping therapy was combined with conventional therapy versus 20 patients 
who received conventional treatment only. NK-cell was significantly increased while 
soluble interleukin-2 receptor (SIL-2R) insignificantly lowered after combined treat-
ment [181]. In a randomized controlled trial, cupping therapy increased the arterial 
O2 saturation when applied to smokers and enhanced breathing after 12 hours of 
application [185]. Cupping therapy and acupuncture helped in ameliorating the 
clinical severity in a case of COVID pneumonia and relieved the complications of 
respiratory disorders [186]. In a clinical study, warm cupping of the posterior thorax 
was applied with conventional treatments for 7 days in 8 patients who suffered from 
COVID-19 with acute respiratory destress syndrome (ARDS). Improvement of the 
symptoms severity scores was reported in all patients who were discharged without 
the need for mechanical ventilation [187].
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3.3 Acupuncture

Acupuncture is a type of traditional Chinese medicine. It is commonly used in the 
treatment of respiratory diseases [188, 189]. Acupuncture is supposed to be an effec-
tive agent in treating the breathlessness of chronic obstructive pulmonary diseases 
(COPD) [190]. This encourages its utility to improve dyspnea and enhance the quality 
of life in COVID-19 patients [191]. Headache is a common symptom of COVID-19 
infection. Acupuncture is widely used in pain and headache treatment [192, 193]. In 
China, it was added to COVID-19 patients’ routine regimens [194]. Acupuncture-
induced analgesia through opioid peptides and  dopamine receptors. Where 
acupuncture activates dopamine and β-endorphin, which in turn downregulates 
cytokine production via type 1 dopamine receptors, so inhibit systemic inflammation 
[195–198]. This effect may help in the cytokine storm of COVID-19 infection. Despite 
having good potential for COVID-19 treatment, there is not enough high-quality 
evidence to support acupuncture [199].

4. Conclusion

Based on the previous studies, complementary and alternative remedies are 
needed to potentiate the effect of standard therapy and prophylaxis in COVID-19 
patients. This will alleviate the symptoms, boost immunity and induce the sensation 
of well-being, especially in patients who are not eligible for the vaccines.
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Chapter 7

Annona muricata (Graviola): 
Nutraceutical in COVID-19
Lysiane Marèse Atcham Amougou

Abstract

Plants that possess therapeutic characteristics have been used in medicine from 
the beginning of time. Indigenous medicine has been practiced as a preventative 
approach in tropical areas to combat general infections, including viral infections. 
The family of Annonaceae species of plants, broadly distributed in these areas, is 
dedicated to one such plant-based medication. Annona muricata realistically is among 
the most well-known of these. A novel coronavirus (2019-nCoV) was typically 
identified as the reliable source of a viral pneumonia outbreak in January 2020 in 
Wuhan, China. Traditional medicine is reasonably believed to represent a possible 
opportunity in the successful fight against COVID-19. The Cameroonian response 
strategy has been properly implemented in outstanding community services without 
much practical efficiency on transmission rates. The reason for this is that people 
did not follow the government’s prescriptions. As a direct result, local people would 
knowingly employ self-prescribed herbal medications to aggressively combat the 
COVID-19 spread. Local health officials should take action and recognize the value of 
species diversity mostly in the fight against the COVID 19 pandemic, making it avail-
able to the concerned public with the support of scientific and ethno pharmacological 
local institutions. The potential therapeutic usage of Annona muricata as an antiviral 
agent to powerfully aid in the possible fight against COVID 19 has been carefully 
investigated in this paper.

Keywords: Annona muricata, soursop fruit, health benefits, traditional uses, COVID 19

1. Introduction

The products of African traditional medicine have been used as the main sources 
of healthcare for the majority of the population despite the integration of con-
ventional medicine in our healthcare system according to the West Africa Health 
Organization.

Traditional medicine is crucial for primary health care and in this chapter, we will 
focus on a particular plant specimen which has a therapeutic potential in the fight 
against the COVID 19 pandemic due to its phytochemicals constituents.

One such plant with an extensive use in herbal medicine is Annona muricata.
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Annona muricata is a tropical medicinal plant which is recognized for its utility in 
many diseases such as malaria and cancer. These plants are natural sources of anti-
inflammatory, and anti-cancer agents.

It belongs to the annonaceae family and also known as guanabana, soursop and 
graviola.

The management of various health conditions in west Africa such as food borne 
disease, malaria worm infections, bacterial infections, has been supported by herbal 
medicine for ages since people have limited access to modern medicine in developing 
countries. These plants are widely distributed worldwide especially in west Africa and 
have helped people into the preservation of health for decades.

In Cameroon, central African region, there is a rich biodiversity with almost 9000 
plant species, some of which are commonly used to treat microbial infections and 
some other diseases as malaria, diabetes, and parasitic infections.

Annona plant species are widely studied for their biological activities including 
anti-tumor, anti-parasitic, and anti-microbial properties.

In this chapter, we are going to describe the botany, local distribution, the phyto-
chemicals, and finally the potential uses of Annona muricata in the current COVID 19 
pandemic.

2.  Origin and geographical distribution of African medicinal plants 
namely A. muricata

Annonaceae plant species are native to south tropical America and south  
Mexico [1].

Its center of geographic diversity is in the north of South America and it is 
distributed in different tropical regions of the world (Love and Paull, 2011).

Soursop is used in food, beverages, and other preparations [2].
The most of African annonaceae are observed mostly in lowland or mountainous 

rain forests in Africa and Madagascar. However, a limited diversity of plants has 
adjusted to slightly more arid conditions and can be found in thickets or savanna 
vegetation [3].

Africa is a botanical continent which corresponds to its geographic distribution.
Although its origin is unknown, Annona muricata is believed to be native to 

tropical America, especially the West Indies. It was one of very first fruit trees 
to be introduced to the East after Columbus’ expedition to America; Spaniards 
introduced it to the Philippines early on, and it today develops in nearly any 
tropical country. Before World War II, this species was introduced to the most of 
the Pacific Islands. In tropical America and west Africa, it is widely planted and 
naturalized [4].

The morphological characteristics of these plant species are depicted in  
Figures 1–3.

Its geographic distribution is well documented on the agroforestry species 
database.

Annona muricata is native from Antigua and Barbuda, Argentina, Bahamas, 
Barbados, Bolivia, Brazil, Chile, Colombia, Cuba, Dominica, Dominican Republic, 
Ecuador, French Guiana, Grenada, Guadeloupe, Guatemala, Guyana, Haiti, 
Honduras, Jamaica, Martinique, Mexico, Montserrat, Netherlands Antilles, 
Nicaragua, Panama, Paraguay, Peru, Puerto Rico, Sri Lanka, St Kitts and Nevis, 
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St Lucia, St Vincent and the Grenadines, Surinam, Trinidad and Tobago, Uruguay, 
Venezuela, Virgin Islands (US), Zanzibar [5].

There are some places where tree species have not been not planted but yet intro-
duced as exotic Fruit species like Benin, Cambodia, China, Cote d’Ivoire, Eritrea, 
Ethiopia, Ghana, Guinea, India, Indonesia, Laos, Liberia, Mauritania, Nigeria, Papua 
New Guinea, Philippines, Reunion, Senegal, Sierra Leone, Tanzania, Thailand, Togo, 
Uganda, US, Vietnam.

Below is a map showing countries where these plant species have been planted. 
(Figure 4).

Figure 1. 
Soursop tree and leaves (own image).
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2.1 Botanical description

Annona muricata is a lowland tropical, fruit-bearing tree of the annonaceae 
family found in African, South American, and Southeast Asian rainforests. A. 
muricata, as well known as soursop, guanabana, or Brazilian pawpaw, has large, 
glossy, dark green leaves but also edible, green heart-shaped fruits [6, 7]. The 
leathery skin of the fruits is made of a soft, curved spines, and each fruit may con-
tain 55–170 black seeds distributed in a creamy white flesh with a clearly different 
aroma and flavor [8].

Coria-Téllez et al., have reported 212 bioactive compounds in A. muricata extracts 
[8]. Reports in the literature indicate that 74 of these bioactive compounds exhibit a 
variety of anticancer effects in preclinical cell culture and animal model systems.

The genus name “annona” is from the Latin word “anon”, meaning “yearly produce”, 
referring to the fruit production habits of the various species in this genus [9].

Figure 2. 
Soursop fruit skin (own image).
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2.2 Chemical constituents

There are 212 bioactive chemicals found in A. muricata, per the studies. 
Acetogenins are the most common chemicals, followed by alkaloids, phenols, and 
other active ingredients. The leaves and seeds are the most frequently investigated 
plant parts, probably because they are the most often used.

More than 200 bioactive compounds have been isolated from A. muricata, 
including six types of acetogenins, various alkaloids (mostly isoquinolines, 

Figure 3. 
Soursop fruit white pulp and seeds (own image).
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aporphines, and protoberberines, notably reticuline and coreximine), phenols 
(e.g., quercetin and gallic acids), and other compounds, including sesquite rpene 
derivatives. At least 50 pharmacological studies have already been conducted, with 
two-thirds in vitro and one-third in vivo studies involving mice models. Coria-Tellez 
et al., 2017 have recently published extensive studies of the above.

There are six prominent phytochemicals which have been isolated from  
A. muricata plant species as alkaloid, annonaceous acetogenin, megastigmane, 
flavonol triglycoside, phenolic, cyclopeptide.

Annonaceous acetogenins are one class of phytochemicals exclusive to the 
annonacae plant species [10].

2.3 Medicinal uses

A number of medicinal uses have been reported across the globe ranging from the 
use of leaves, bark, roots, fruits to seeds of A. muricata [11].

The most widely used preparation in traditional medicine is the decoction of bark, 
root, seed or leaf but applications are varied. In a number of tropical sub-Saharan 
countries such as Uganda, all parts are used to treat malaria, stomachache, parasitic 
infections, diabetes [12], and cancer [13].

The use of graviola leaves extract can cure malaria in tropical countries like 
Cameroon, Togo, and Vietnam [14–16]. In Ghana, A. muricata and some other 
plants are decocted into a mixture and used in bath for pregnant mothers prior to 
birth [17].

In west Africa, Annona muricata is mostly used as food as fruit because of its anti-
oxidant properties which have been evaluated in fresh or frozen pulp, juice, and fresh 
or dried leaves [12].

Lately, the medicinal uses of A. muricata leaves included treatments for 
hypertension [11–19], diabetes and cancer.

Figure 4. 
Geographical distribution of A. muricata [1].  native,  introduced. Note:  South American native plant 
species,  west, central Africa, and south Asia introduced plant species.
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According to Linn Churchill et al., (1980) Annona muricata Fruit and fruit juice 
are taken for worms and parasites, to cool fevers, to increase mother’s milk after 
childbirth, as an astringent for diarrhea and dysentery. The crushed seeds are used 
against internal and external parasites, head lice. The bark, leaves, and roots are 
considered as sedative, ulcer treatment, hypotensive, and nervine, and a tea is made 
for various disorders towards those effects.

Coria-Téllez et al., (2018) explained that in fruits and roots of annona murricata 
contains acetogenins proved to have anticarcinogenic effect.

Acetogenins have been reported to show significant antiviral activities against 
herpes simplex virus-I (HSV-I) (Padma et al., 1998), herpes simplex virus-II (HSV-II) 
(Betancur-Galvis et al., 1999), human papillomavirus (HPV) (Donne et al., 2017), 
hepatitis C virus (HCV) (Apriyanto et al., 2018), dengue virus type 2 (DENV-2), 
human immunodeficiency virus-I (HIV-I) (van de Venter et al., 2014; [12]).

3. Plant based drug for the management of COVID 19: reality or hope?

At the end of 2019, a novel coronavirus was identified as the cause of a cluster of 
pneumonia cases in Wuhan, a city in the Hubei Province of China. It rapidly spread, 
resulting in a global pandemic. The disease is designated COVID-19, which stands for 
coronavirus disease 2019 [20].

Corona disease caused by the acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a major threat to global health.

Disinfection is one of the trending public health measure implemented in 
community settings to help in reducing the transmission of the disease by the 
elimination of the viral agent.

The long term use of these disinfectants can cause skin damage or  
hypersensitivity [21].

According to A. Taghizadehghalehjoughi et al., graviola has a strong protective 
effect on PH changes damage induction. Therefore, we recommend the use of graviola 
after hand disinfections.

In Cameroon, the first case was reported on the 06th March 2020, a traveler who 
arrived there on the 24th February 2020 from France [22].

The socio-economic and health situations of indigenous people allow them with 
no alternative to the less expensive readily available traditional concoctions [23].

Cameroon is located in central Africa with a population of over 25 million of 
young people with a median age of 18.7 years and 41.25% of the population being 
between zero and 14 years old [24].

In Cameroon, access to health care services is challenging. One out of every 1000 
patients is able to see a specialist and 3 out of 20 patients are able to buy prescribed 
drugs in hospitals [25].

According to E. Fongnzossie Fedoung et al., since the first case was reported in 
our country, several herbal recipes have been popularized in social media, as alleged 
solutions to manage COVID 19. According to a recent release from the Cameroon 
Radio and Television Corporation, the Archbishop of Douala, His grace Samuel 
Kleda, has made public an attempt at treating symptoms of COVID-19 with an 
herbal remedy, free of charge and the Ministry of Public Health is showing com-
mitment to support the process of development and homologation of this treatment 
(CRTV, 2020).
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Nowadays, the COVID 19 care in Cameroon relies mostly on vaccination and 
trending public health interventions like wearing a mask in public spaces, the use of 
hand sanitizers and/or social distancing.

During the pandemic, people were afraid to attend health facilities to get tested for 
COVID 19 and isolated in specialized treatment centers, also personnel was not well 
prepared to handle this type of public health emergency.

Confirmed cases were admitted to various hospitals for treatment regimens 
that included oral chloroquine, azithromycin, immune system support vita-
mins such as vit C and zinc, and other treatment options for moderate to severe 
conditions.

Most people experienced mild form of COVID 19 and were admitted in a treat-
ment center in Yaoundé according to Fouda Mbarga et al., [22].

The Ministry of Health encourages people to get the full COVID 19 vaccine, but 
people prefer to get herbal medicine from the informal sector.

According to World Health Organization (WHO) coronavirus dashboard, 
from January 3, 2020 to February 21, 2022, in Cameroon, there have been 118,933 
confirmed cases of COVID-19 with 1918 deaths, reported to the organization. As of 
February 15, 2022, a total of 1,024,333 vaccine doses have been administered [26]. 
Since the start of the global pandemic, the number of confirmed cases and deaths has 
increased, according to this situation report.

4.  Annona muricata as an antiviral agent for the management of 
SARS-CoV-2?

According to WHO, the current management of COVID 19 at home of patients 
or confirmed cases consists mainly of antipyretics for fever and headache, as well as 
good diet and hydration [27].

Cameroon is among the highest species diversity in Africa, yet herbal medicines is 
not yet completely acknowledged by the country’s healthcare system, and herbal drug 
development is limited despite numerous ethnopharmacological surveys on various 
African plant species.

According to Matshidiso Moeti, the WHO regional director for Africa, 
interest in African traditional medicine is growing as a potential treatment for 
COVID 19 [28].

Malagasy is the only African country to already have succeeded in producing a 
potential cure for COVID 19.

Madagascar is the only African country to have previously succeeded in develop-
ing a COVID 19 treatment.

Researchers from Madagascar’s Malagasy Institute for Applied Research recently 
developed COVID Organics, a novel coronavirus antidote (IMRA). According to the 
country’s president, Rajoelina, it has anti-coronavirus potential [29].

There was no specific antiviral agent or vaccine ready for healthy people at the 
beginning of the epidemic.

Nowadays, there are many antiviral agents for the treatment of COVID 19 includ-
ing such hydroxychloroquine (HCQ ), chloroquine (CQ ), and ivermectine (IVM) that 
are not yet approved by the FDA and are not recommended for use in the treatment of 
COVID 19 [30].

Graviola’s bioactive compounds give it a potential antiviral agent, however it’s not 
optimal.
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5. Conclusions

Graviola is not only a medicinal plant but also a food supplement that has been 
used for decades by indigenous people to face health challenges.

Cameroon is a country with a large biodiversity but has not integrate herbal 
medicine in the public health system.

The Institute of Medical Research and Medicinal Plants Study of Cameroon should 
investigate Annona muricata’s potential antiviral effect further in order to support the 
state response strategy in the current global pandemic.
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Chapter 8

Carissa spinarum L.: A Case Study 
in Ethnobotany and Bioprospecting 
Research
Ciara Smyth and Helen Sheridan

Abstract

This study explores ethnobiological and bioprospecting research through the 
lens of Carissa spinarum L., using it as a case study to examine wider trends in such 
research. Hunn’s Phasing in Ethnobiology is used as a framework, analysing the 
extensive research of a species used in healing, diet and other domains. Most reported 
studies are illustrative of Phase I Ethnobiological research based on the lack of basic 
context, emic or ecological detail, or a sense of collaboration with participants or 
across disciplines. Elements of Phases II, III and IV are evident in some studies 
highlighting ethnographic context, ecological issues or indigenous knowledge and 
rights. The extractive character of Phase I research, usually used for bioprospecting 
purposes, decontextualises plant use and may contribute to the historically poor 
results from ethno-directed bioprospecting. The widespread marginalisation of the 
social sciences in bioprospecting research can invalidate the whole research project 
and in turn ethnomedical plant use itself. A species such as Carissa spinarum L., 
emerging from Phase I research, can become a mere collection of its phytochemical 
parts, invalidated if those parts do not meet scientific measures of value. The col-
laborative character of Phase IV and V Ethnobiology would reward with more ethical 
and effective research with healing plants.

Keywords: Hunn phases of ethnobiology, ethnopharmacology, traditional medicine, 
medicinal plants, bioprospecting, emic, research ethics

1. Introduction

In August 2010, Reverend Ambilikile Mwasupile, a retired pastor in the Loliondo 
area of northern Tanzania began to treat people for a range of chronic ailments 
including diabetes, cancer, epilepsy, herpes, HIV/AIDS, liver disorders and asthma. 
A report on the phenomenon by Malebo and Mbwambo [1] describes how he was 
instructed in dreams to use a decoction of the root of the Mugariga tree to heal people 
with chronic illnesses. He would pray over the root before preparing the decoction, 
and pray again before personally administering it to the patient using Babu’s own 
“miraculous cup” known as kikombe cha Babu [2]. He was, for a brief period, a media 
sensation throughout East Africa and was known as Babu wa Loliondo providing what 
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was known as the “miracle cure”. People travelled long distances by road and helicop-
ter in order to get the once-off treatment. The flocks of people making their way to 
the remote village caused great disruption locally (Figure 1). The Loliondo cure was 
reported in local, national and international media including in the BBC [3] and the 
New York Times [4].

After initial scepticism, the Tanzanian government, local health officials and the 
national research hospital endorsed Babu wa Loliondo [2]. Popularity waned after 10 
months, at least in part because the pastor called for a break due to the chaos caused 
locally. It was also reported that some elderly people died as they waited in queues for 
days [4] and that some HIV positive patients died, having stopped their anti-retrovi-
ral treatment subsequent to treatment with Mugariga [2]. Vähäkangas [2] describes 
how Babu wa Loliondo was, during that brief time, able to bridge the gap for people in 
the region between the scientific, traditional and Christian worldviews and between 
physical and spiritual healing.

Mugariga was identified as Carissa spinarum L. (C. spinarum), a plant known among 
several local ethnic groups as having healing properties [1]. In fact, prior to this, KEMRI 
(Kenya Medical Research Institute) was already investigating C. spinarum for its anti-
viral properties and in 2014 produced Zedupex™ containing C. spinarum [5]. Interest 
in the Loliondo “miracle cure” has re-emerged recently in relation to COVID-19. It was 
reported in the media that KEMRI was investigating Zedupex™ for efficacy against 
SARS-CoV-2 [6, 7].

C. spinarum, a member of the Apocynaceae family, is a complex and varied species 
that is widely distributed geographically throughout Sub-Saharan Africa, Australia, 
and parts of Asia [8]. This research will show that it has a large body of associated 
ethnobiological data, spanning its geographical range, dating from 1886 through to 
the present. This study aims to analyse this data through the lens of changes in ethno-
biological research since its inception as a discipline, in the late nineteenth century, to 
the present.

Ethnobiology as a discipline is defined by the Society of Ethnobiology [9] as “the 
scientific study of dynamic relationships among peoples, biota, and environments” 

Figure 1. 
Queues of traffic as people make their way to Loliondo (photo with permission from Jonathan Kalan).
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with ethnobotany a major subdiscipline of ethnobiology. Ethnobiology is concerned 
with the material and symbolic aspects of interactions between humans and their 
environments, having multidisciplinary foundations and outlooks. It has undergone 
many changes since its academic beginnings in the late 1800s. Hunn describes four 
phases in the development of ethnobiology, although the characteristics of each phase 
are not limited to the defined time periods (see Table 1) [10]. Hunn’s Phase I, charac-
teristic of the later nineteenth century to the 1950s, is primarily descriptive presenting 
lists of plant species and their medicinal and other uses [11]. Phase II, dating from the 
1950s to the 1970s, examined the role of cognition in human relationships with their 
environments researching folk classification, linguistics and symbolic aspects, rep-
resenting the perspective of the person whose culture is being studied. It is described 
as the emic phase [12]. Phase III developed from the 1970s through to the 1990s 
examining indigenous knowledge and the broader ecological context which resulted 
in the formation of the ISE Code of Ethics [13]. Phase IV from the 1990s onwards is 
characterised by the rise to prominence of concerns around the rights of local commu-
nities, specifically: the exploitation of indigenous knowledge and intellectual property 
rights of indigenous knowledge holders. The indigenous voice is heard in this phase 
as a research collaborator rather than as a participant. A developing Phase V involves 
deeper networking and collaborative work between researchers across geographies and 
disciplines to address pressing issues of ecological and cultural crises [11]. D’Ambrosio 
identifies the same broad phasing as illustrated in Table 1 [12]. In Phase IV, he identi-
fies both biocultural and ethical components in the focus and conduct of research.

Ethnobiology has, thus, historically had a significant focus on ethnomedicine 
(EM). The main emphasis within EM research from its inception has been on finding 
new drug leads in what Reyes-García [14] called the “romance of ethnopharmacol-
ogy” as a route to this end. The interest in mining medicinal plants for economic 
purposes dates back to the colonial period [15]. This search for new drugs has resulted 
in the prominence of Phase I-type research in Hunn’s classification where medicinal 
species and their therapeutic uses are documented [11, 16].

C. spinarum is a species with a wealth of associated biocultural knowledge 
including practical and ritual uses across its range, with its use in health and healing 

Time period Hunn Phases Character of era—D’Ambrosio Some Academic Fields

Late 19th C–1940s I Ethnography
Cultural Anthropology
Uses of biota

Ethnography
Economic Botany

1950s–1970s II Cognitive and emic classification
Secondary metabolites

Ethnoscience
Linguistics
Ethnopharmacology
Phytochemistry

1970s–1991 III Ethnoecology
Ethnopharmacology

Ecology and conservation
Traditional Ecological Knowledge
Bioprospecting

1992–present IV Indigenous Ethnobiology
Bioculture
Ethics
Reflexivity

Indigenous rights
Biocultural Diversity
Research Ethics
Global Change

Table 1. 
Elements of history of ethnobiology (adapted from D’Ambrosio 2014).
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being the most widely reported in the literature. Despite its widespread usage, it 
is not well-known outside the oral and folk traditions of Africa, South Asia and 
Australia as evidenced by a Google search. Using the Google Trends search func-
tion, as used in an analysis of global and regional interest of Açai berries [17], there 
is a low level of interest in C. spinarum relative to other medicinal species of global 
and regional importance such as Azadirachta indica A. Juss, Withania somnifera (L.) 
Dunal, Argemone mexicana L., and Echinacea purpurea (L.) Moench. Written records 
began during the colonial era and there has been recent media interest in its medical 
potential in East Africa [1]. There is limited recorded usage in the ancient texts of 
Traditional Chinese Medicine (TCM) and Ayurvedic and Siddha medicines although 
a similar species, C. carandas L., is listed in Ayurvedic databases [18]. The focus on 
healing properties may be a function of the studies that have been conducted where 
the emphasis is often on ethnomedicine (EM) and the ultimate potential for bio-
prospecting. Broad ethnobotanical studies and anthropological research would help 
to situate this healing focus in the context of the wider value of biodiversity as integral 
to existence in communities of the Global South [19].

Previous articles reviewing C. spinarum have examined the phytochemistry and 
pharmacology of the species with limited attention to the wider ethnobiology of this 
species [20–26]. The scope of this chapter is to:

• analyse the available indigenous knowledge regarding the cultural role of C. 
spinarum across the multiple reported domains with an in-depth analysis of the 
ethnomedical domain

• analyse the presentation of emic or insider’s perspectives on the role of C. spina-
rum and other species in the study communities

• analyse the data through the framework of Hunn’s phases of ethnobiology, using C. 
spinarum as a case study of wider trends in ethnobiology research of medicinal species

• question whether this analysis informs future research on C. spinarum and other 
species with substantial associated biocultural knowledge?

2. Botany of Carissa spinarum L.

2.1 Description and distribution

The species Carissa spinarum L. (C. spinarum) (Apocynaceae) grows as a thorny 
highly branched evergreen shrub or small tree of up to 6 m tall with evergreen leaves 
and masses of fragrant white flowers tinged with pink/purple. Fruits are green, then 
red ripening to purplish black and are edible when ripe (see Figure 2) [27].

C. spinarum is among the most widely distributed of all Apocynaceae species [28]. 
It occupies a wide range of habitats from wet or dry forest, to thickets and savannahs, 
at altitudes of 0–2450 m though it is not found in very wet climates or in equatorial 
rainforests [28]. Its wide ecological tolerance is reflected in the geographic distribu-
tion of botanical and ethnobotanical samples. C. spinarum is found in 74 countries 
and territories across 3 continents: Australia, throughout Sub-Saharan Africa and 
the Indian Ocean islands, the Arabian Peninsula; and in countries of South, East and 
Southeast Asia (see Figure 3) [8].
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2.2 Botanical nomenclature and synonymy

C. spinarum is the currently accepted name of the species. It is listed in World Flora 
Online [29] as having 98 synonymic botanical names. The genus Carissa is described as 
having significant inter- and intra-species variation [30] and this, along with its wide 
geographic distribution, may contribute to its numerous botanical synonyms. The key 
synonyms that appear in the ethnobotanical literature are C. spinarum L. (accepted 
name), C. edulis (Forssk. Vahl.) (Sub-Saharan Africa), C. opaca Stapf ex Haines 
(India and Pakistan), C. congesta Wight (India), C. xylopicron Thouars (Mauritius) 
and C. lanceolata R.Br. (Australia). As a heterogeneous species, there are disagree-
ments around plant identification, naming and synonymy with the added problem 
of misspellings. The complexities in the naming of C. spinarum carry through in all 
subsequent study findings as described in best-practice documents [31–33].

Figure 2. 
C. spinarum L., by SAplants, CC BY-SA 4.0 via Wikimedia Commons.

Figure 3. 
C. spinarum L. in GBIF Secretariat (2019). GBIF Backbone Taxonomy. Checklist dataset https://doi.
org/10.15468/39omei accessed via GBIF.org on 2020-10-11.
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3. Ethnobiology of C. spinarum

This section will analyse the available indigenous knowledge regarding the 
cultural role of C. spinarum across the multiple reported domains. It begins with 
the ethnobiological distribution and nomenclature of the species. It then examines 
how the relationship of people and plants has been explored through qualitative and 
quantitative means. Specific cultural domains of use are then examined, with a par-
ticular focus on ethnomedical—human and animal—use as the most common domain 
(80%). Inclusion in human and animal diet is the second most common domain of 
use reported (9%). It is also valued as an insect and snake repellent, for firewood 
and charcoal making, for fencing and live hedging and as a timber. The examination 
of broad ethnobotanical usage across multiple domains is most commonly found in 
research from Ethiopia and Australia. The body of data is then analysed with respect 
to the historical phases of ethnobiological research.

3.1 Ethnobiological distribution and nomenclature of C. spinarum L.

C. spinarum has a wide ethnobiological distribution. Overall, a total of 284 docu-
ments were reviewed for this study including medical and other ethnobotanical uses. 
There are ethnobotanical reports from 35 countries across 3 continents as illustrated in 
the map in Figure 4. This is less than the botanical distributions and could indicate that 
it is not considered a useful species in the remaining 29 countries, that such research has 
not been conducted or that the knowledge has been lost. For the purposes of our analy-
sis, the geographical regions have been divided as follows: Eastern Africa (Kenya,  
Tanzania, Rwanda, Uganda, Ethiopia); Southern Africa (Angola, Botswana, Mauritius, 
Madagascar, Malawi, Mayotte, South Africa, Zimbabwe); Central Africa (Chad, “Congo 
Belge” and “Ruanda-Urundi”, DRC, Burundi); West Africa (Benin, Côte d’Ivoire, 
‘French West Africa’, Ghana, Guinea, Mali, Nigeria, Senegal, Togo); Northern Africa 
(Sudan); Arabian Peninsula (Saudi Arabia); Eastern Asia (China); Southeast Asia 

Figure 4. 
Distribution of ethnobotanical reports on C. spinarum (courtesy of Robbie Kelleher).
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(‘Indo-China’ i.e., Vietnam) and South Asia (India, Pakistan). The proportional 
geographical distribution of these studies is illustrated in the chart in Figure 5 show-
ing that most of the research has occurred in Kenya, Ethiopia and India with Uganda, 
Pakistan, South Africa, Tanzania and Australia being proportionally in a second tier 
of the data. The Kew Medicinal Plant Names Service [34] lists 162 common names. 
In this study, the most common vernacular names found are Agam (and variations—
Ethiopia), Muyonza (and variations—Kenya), Legetetwo (and variations—Kenya), 
Lamuriei (and variations—East Africa), Olamuriaki (and variations—East Africa); 
Bois drone (Mauritius), Konkerberry (and variations—Australia), Currant bush (and 
variations—Australia), Gara-asur (India), Karamarda (and variations—India) and 
Karaunda (and variations—India and Pakistan).

3.2 Some emic perspectives on the ethnobiology of C. spinarum

Anthropology has historically been an integral part of ethnobotanical investiga-
tions dating to the colonial era. The emic approach in anthropology came to the fore 
in the 1960s whereby the researcher attempted to experience and interpret the culture 
from the insider’s perspective. In ethnobiological research, techniques to gain the 
insider perspective are used in order to understand and interpret the relationship of 
people and plants. In ethnomedical research, this can take the form of understand-
ing local illness aetiologies, concepts of health and healing, the meaning of different 
elements of the healing process and the meaning attached to different plants and 
habitats. In Hunn’s four phases, the emic aspect becomes significant in Phase II from 
the 1950’s through to the 1970’s though Frazão-Moreira illustrates clearly the ongoing 
centrality of ethnographic research in ethnobiology [35]. An anthropological perspec-
tive in ethnobotanical and ethnomedical studies has been considered vital for decades 
[31, 32, 36, 37]. This view can give valuable context for the medicinal use of plants 
and can help direct further study and practice in many fields such as health care 
provision, sustainable plant use, environmental protection and bioprospecting. There 

Figure 5. 
Documents % per country (>6 = 80% total) citing ethnobotanical use of C. spinarum.
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is very little of the insider’s understanding available in this analysis on C. spinarum. 
Of all primary ethnomedical studies involving C. spinarum, 75% have no contextual 
information at all including no information on local morbidity, mortality or avail-
ability of biomedical healthcare. Some 25% of studies, provide some emic informa-
tion with short descriptions of selected aspects of local traditional medicine such as 
causation and diagnosis, specific illness understandings and descriptions, knowledge 
distribution and transmission, information on the place of plants in healing and 
biomedical health context [38–53]. However, a view on how this species has a role in 
health and healing in some communities is presented in research from Australia and 
Eastern Africa.

3.2.1 Australia: “Boonyja Bardag Gorna—All trees are good for something”

The phrase “Boonyja Bardag Gorna—All trees are good for something” is the title 
of the book authored by Esther and Sandy Paddy and Moya Smith [54] and is an 
illustration of the centrality of biocultural knowledge to life for the authors. Attempts 
to record that knowledge are ongoing in parts of Australia.

There are elements of Aboriginal biocultural knowledge that makes Australian 
ethnobiological research different to that conducted in other cultural contexts. These 
elements relate to the historical context and cultural norms relating to biocultural 
knowledge, knowledge transmission and plant usage. C. spinarum is a widely distrib-
uted species in northern Australia [55]. However, there is relatively little ethnobotani-
cal data in comparison to the high level of botanical sampling. This might be explained 
by the fact that significant ethnobiological research in the area is relatively recent, 
being concentrated in the past 35 years with the greater part of that local ecologi-
cal knowledge already lost (Glenn Wightmann, Ethnobiologist, Northern Territory 
Government pers. comm 2020). Most of the research analysed in relation to Australian 
Aboriginal ethnobiology is not published in online academic journals but is mostly in 
the form of Botanical Bulletins. The research is collaborative with community mem-
bers as primary authors and is published for the purposes of transmission of biocul-
tural knowledge, a cultural requirement for Aboriginal Elders [56]. Research with 
the Wik peoples in Queensland, has illustrated how ethnobotanical research methods 
need to be culturally appropriate [57]. They stated that for Aboriginal Communities 
with whom they have conducted research, widely used ethnobotanical methods such 
as those described by Cotton [58] and Martin [37] are not appropriate in this environ-
ment. Factors contributing to this include: categories of public and secret biocultural 
knowledge, inappropriate questions and inappropriate questioning. Researchers need 
to be aware that only selected people may speak on behalf of “country” by law. In this 
analysis of the ethnobotany of C. spinarum, the reality of public and secret knowledge 
is described by several authors [56, 59–62]. These studies highlight the fact there is a 
vast amount of knowledge of Aboriginal medicines including gendered knowledge, 
which is secret, culturally sensitive and cannot be shared in publications.

In a large study of Australian Aboriginal medicinal plant usage, Latz [63] found 
that, in contrast to western medicines, fewer than 10% are taken internally and that 
about 70% are used as a wash or an ointment. The use of fumes from heated plant 
parts is also common in Australia especially for children in a process known as “smok-
ing” [63–65]. These general findings are reflected in the research on C. spinarum in 
Australia. The most common routes of administration are fumigation and external 
application. Latz stated that most important species have several uses. Connelly and 
Wallis [64] added that there is knowledge of all of the different elements of a plant 
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and how they may each be used in different ways. In these Australian studies,  
C. spinarum is used medicinally and ritually but is also included in diet, as an insect 
repellent, for carving and for firewood. This multifunctionality of plant species is 
reflected across the global range of C. spinarum. The possibility of multifunctional-
ity of species recorded in ethnobotanical research may be important to bear in 
mind when asking why a particular species may be chosen by local people. It’s very 
multifunctionality may be a central reason for its choice as a medicinal species. While 
emic description of Australian aboriginal EM is provided in some documents, as 
elsewhere, detailed anthropological information in relation to C. spinarum in par-
ticular is limited. McDonald [66], in an anthropological study in the East Kimberley 
region researching concepts of health and illness, described the “smoking” process: 
Aboriginal peoples “smoke” the bodies of children and adults with medicinal plants 
in order to clear the body of “rubbish”—debris that can clog the flow of birlirr, 
the body’s life-force. In the study community, C. spinarum is an excellent smoking 
medicine [60, 66]. Aromatic leaves are believed to be strong medicinally as the smoke 
can be felt entering the body through the senses and the skin:

You can feel the jiluwa working, feel the blood flowing [during a smoking treatment]. 
I was heavy before, just like sin. I’m fresh and light now. We can feel the medicine 
going into us. Feel cold coming through the body. When we take gardiya tablets, we 
don’t feel anything. Gija woman, [66] p. 90. [Note: Jiluwa are body channels, gardiya 
tablets are whitefella medicine or pharmaceuticals. Coldness is a healthy state].

For Aboriginal peoples, bush medicine is considered to have been in the ground 
from ngarrangkarni—the Dreaming time, placed there by the ancestors [66]. This 
elicits trust in users of bush medicine. C. spinarum is included in some Dreaming 
stories and thus is part of Aboriginal cosmology, which links plants, animals, humans, 
and places, past and present [67]. The inclusion of this and other aspects of the social 
and natural environment in these stories indicate a cultural importance that extends 
beyond the utilitarian realm.

The loss of biocultural knowledge is a well-established phenomenon in the ethno-
botanical literature in general [68, 69]. Latz [63] and Wightmann (2020 pers. com-
mun.) described the loss of many aspects of traditional Aboriginal knowledge due to 
changes in the way of life and the influx of new diseases. Other authors describe how 
many of the plant species and the practices involving them are still in use by many 
adults as “domestic” medicine and need to be documented [61]. The value of the 
publication of the Dalabon biocultural knowledge from North Australia was asserted 
in [56]. Given that traditional modes of transmission of knowledge relating to native 
species from elders to the next generation are being interrupted through the lack of 
access to sacred sites and ceremonial practices, some elders feel that the transmission 
of knowledge through publication is a way of fulfilling their duty.

3.2.2 Buda (Evil Eye) in Ethiopia

Spirit-Related Illness, usually Buda (Evil Eye) is commonly reported to be treated 
with C. spinarum in Ethiopian studies. Treatment often involves C. spinarum in 
combination with other species in the form of fumigation. Literature shows that 
there is a wide geographical and historical spread of Evil Eye. It is referenced in 
Classical Greek literature, the Bible, Islamic literature and is reported among some 
Asian peoples and in most European, African and American countries [70]. However, 
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there is no description of the presentation of Buda or other spirit-related illness in 
any of the Ethiopian documents on C. spinarum. In other Ethiopian research with 
a sociological rather than ethnobiological focus, Buda has been studied. The ability 
to inflict Evil Eye/Buda is described as being innate and that the identity of people 
who can inflict Buda is secretly known within a community [71]. Abbink [72] wrote 
that the Amhara people of Ethiopia believe Buda to be held by people outside of the 
Amhara group, perhaps landless or with no permanent home or people of certain 
professions such as blacksmiths or potters. They have a hereditary, malevolent power 
which is used, perhaps involuntarily, to cause harm. He wrote that the victims of Buda 
become weakened with a sense of being drawn to their death. Buda is described as 
causing many animal and human health problems as well as damage to property and 
is commonly treated by ritual [71–74]. Jacobsson [75] wrote that it can cause any kind 
of illness including neuroses and psychosomatic illness, though it often manifests as 
gastrointestinal disorders. Jacobsson argues that there is no clear distinction between 
physical and mental disorders, and consequently there is none between associated 
healing methods. Thus, physical and spiritual means may be used as part of the 
healing process. The treatment with medicinal plants can have ritual and physical 
components, and the burning of C. spinarum in the treatment of Buda disorders could 
be interpreted in this light. The most common method of preparation of C. spinarum 
for treatment of Buda is the administration of root smoke by fumigation (for example 
see [51]). In a few cases, the root is mixed in water alone and inhaled or taken orally or 
the root may be tied around the neck as protection [76–78]. Ritual and physical effects 
may combine in the use of C. spinarum to treat Buda. In an examination of ritual plant 
use in Benin and Gabon from a biomedical (BM) (conventional medicine) perspec-
tive, Quiroz et al [79] illustrated that ritual use does not imply a lack of pharmacologi-
cal activity. Pharmacological activity of the smoke of C. spinarum may augment the 
socio-cultural healing benefits of the ritual components of healing.

The example of spirit-related illnesses illustrates that an understanding of the 
context of healing, can help to situate the use of plants in the healing process and to 
interpret it from a cross cultural perspective.

3.2.3 Kenya: Pokot and Luo health-seeking behaviour

There are two anthropological studies from Kenya, whereby the context of  
C. spinarum use is provided through in-depth emic information in relation to health 
and illness in the study areas. These studies are conducted with the Pokot people in 
north western Kenya [80] and the Luo of Western Kenya [81] with some emic infor-
mation from some other studies [41, 82–90].

The 1982 study of Pokot health-seeking behaviour illustrated the dynamic nature 
of this behaviour in the context of the availability of traditional and BM forms of 
health care [80]. The Pokot understanding of illness causation is detailed as having 
naturalistic/biological, interpersonal and/or spiritual basis. Treatment and preven-
tion can involve addressing each of these planes of causation with the treatment for 
biological cause being more specific to the symptomatology and treatments for inter-
personal and spiritual cause being more diffuse. Some ailments such as infertility and 
mental illness are considered to have an interpersonal or spiritual basis while others 
such as malaria are thought to have a more naturalistic causation. Treatments usually 
involve administration of medicinal plants, ritual and instructions on foods to eat or 
avoid. The use of purgatives and emetics by the Pokot in the study area to prevent and 
treat illness is understood in the context of illnesses residing in the gut. The process is 
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thought to “clean up the system”. The treatment for malaria, for instance, may involve 
the use of pharmaceuticals complemented by the subsequent use of purgatives and 
emetics to ensure the complete expulsion of the illness. The use of emetics and laxa-
tives was likewise discussed elsewhere in the context of Pokot ethnobotany [89] and 
among the Luo [81].

Ethnobotanical research with Luo mothers was conducted with reference to the 
authors’ earlier extensive anthropological research with the Luo of western Kenya [81]. 
It is an instance of rich emic understandings presented in this analysis of C. spinarum. 
As with the Australian example above, there is an amount of secret knowledge among 
the Luo mothers, especially in the treatment of more complex ailments resulting in 
lacunae in the recorded knowledge. Their research found that gastrointestinal illnesses 
are the most commonly treated with medicinal plants while fever and headache are 
rarely treated using plant medicines despite the high prevalence of malaria in the study 
area. The authors attribute this to the availability of pharmaceuticals in local shops to 
treat these symptoms. The extent of secret knowledge and the availability of effective 
pharmaceuticals could result in an overall skewing of the ethnobotanical findings 
towards gastrointestinal use. Illness itself is considered to be a constant element of 
life and plant remedies are used, not to eliminate illness but rather to find a balance 
in a constant process. In the case of helminth infections, worms are considered to live 
permanently in the gut and it is important to maintain worms in a healthy equilibrium 
in the gut for the health of the individual. Treatment of other illnesses, such as diar-
rhoea, require the illness to be removed from the body with purgatives. This concept 
of healing also finds the BM healing by suppression of illness to be unhealthy such that 
sometimes the use of BM is prohibited in the pursuit of health:

Luo medicine makes the illness come out; injections push it back inside. If you inject, 
it moves through the body and you swell and may die. (Luo mother [81] p. 44).

Many illnesses including diarrhoea may be thought to be caused by Yamo, an 
overarching illness concept that can manifest in many ways but is treated through 
eliminating it from the body. The constant presence of illness in the body, even 
when it is healthy, requires that a child be constantly treated to make illness 
emerge from the body and as such keep the forces of Yamo and other forces of 
illness at bay:

‘a (young) child ought to be ill regularly’ (nyathi onego otuore) lest it would die, once 
the illness (i.e., Yamo) finally ‘comes out’. (Luo saying, [81] p. 44).

In their research with Luo mothers, the authors report the use of C. spinarum 
(Ochuoga) in the treatment of diarrhoea and Ang’iew (a childhood febrile illness with 
rash) [81]. While no individual species is singled out as culturally important, the 
presentation of in-depth emic understandings of health and illness described in brief 
here gives valuable context to the listing of 91 medicinal species. From a BM perspec-
tive such as researching health-seeking behaviour or bioprospecting, it is important 
to understand the socio-cultural understandings of health and illness as a backdrop 
to the choice of treatments. The use of C. spinarum as a purgative to treat malaria, for 
instance, does not imply that it is ineffective as an anti-malarial but the knowledge 
could modify the perspective of the bioprospecting ethnopharmacologists. For BM 
healthcare workers, the knowledge of local purgative and emetic practices is impor-
tant in providing care to the communities served.
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3.3 Ethnobotanical uses—C. spinarum in human and animal medicine

Ethnomedical (EM) analysis of C. spinarum took into consideration the following 
basic elements: plant parts used, methods of preparation, route of administration 
and ailments treated using C. spinarum, followed by analysis of the use of different 
plant parts for different ailments. Plant harvesting details were searched but were 
only reported on in three studies out of a total of 284 documents and 513 use reports 
(URs) analysed. Each of these aspects of EM plant use bears a relationship to the 
phytochemistry, bioactivity and toxicity of plant extracts which then have a bearing 
on the outcomes of ethno-directed bioprospecting studies. The global geographical 
variation in usage of C. spinarum and the ethnoveterinary use of C. spinarum were 
also examined.

The geographical distribution of the ethnobotanical data is illustrated in Figure 6. 
The key areas reporting the EM use of C. spinarum are Eastern Africa (mainly Kenya 
and Ethiopia) and South Asia (mainly India and Pakistan). C. spinarum is also used 
across the rest of Sub-Saharan Africa, Northern Africa and the Arabian Peninsula, 
East and South East Asia and Australia.

3.3.1 C. spinarum in human ethnomedicine: plant parts used

A summary of C. spinarum plant part used in medicinal preparations for human 
use across all regions is seen in Figure 7. It illustrates that, for C. spinarum, the pri-
mary plant part used is the root followed by leaf, fruit, rootbark, stem and bark while 
9% of reports do not state what plant part is used (N/S).

The data was analysed across 5 key geographical regions: Eastern Africa, Western 
Africa, Southern Africa, South Asia and Australia. The summary of key plant parts used 
is illustrated in Figure 8 and shows that, at regional level, the root is still the most com-
monly used plant part. However, in Eastern Africa, the predominance is more marked 
where the root and rootbark together account for three quarters of all URs. Fruit and 
leaf use are minimal by comparison. In Western Africa, the root and rootbark together 
account for most usage with leaf, fruit and stem used infrequently. In Southern Africa 
the root accounts for over half of usage with stem and other parts lower. In South Asia, 

Figure 6. 
Geographical distribution of human EM Use Reports (URs) for C. spinarum.
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root use is less dominant and followed by leaf and fruit. In Australia, the different plant 
parts are more evenly divided between root, stem and leaf. In most areas a proportion 
do not state what plant part is used, particularly so in Southern Africa.

More broadly in EM research, there are a number of reasons hypothesised for dif-
ferences in the choice of plant and plant part such as availability and related cultural 
norms, the presence of bioactive metabolites, organoleptic qualities, appearance, time 
of year and location of a species.

Figure 8. 
C. spinarum and variation in plant part usage across global regions (UR > 3, 85% of all URs; N/S = not stated; 
chart areas approximately reflect relative nos. of URs).

Figure 7. 
C. spinarum for human use: plant parts used in the preparation of EM.
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A study of the most commonly used plant parts in East Africa stated that with 
trees and shrubs, the bark and root are more commonly used [91]. A study in a 
semi-arid region of Kenya found that most medicinal plants are trees and shrubs, and 
their bark and roots are the most commonly used parts [89]. Research in the Caatinga 
(semi-arid) region in North-eastern Brazil found that the species and plant parts that 
are available throughout the year are the most important medicinal species. Stem-
bark was the most commonly used plant part [92]. The authors reported that herba-
ceous plants and leaves, which are only available for a few months of the year, are less 
commonly used in the same study. The authors examined tannin concentration in 
two medicinal species, assuming tannins to be responsible for much of the medicinal 
activity though they acknowledge that this may not be wholly correct. They found 
that both leaf and stem-bark contained significant quantities of tannins although the 
stem-bark is the part used medicinally. They postulated that the community develops 
a stronger relationship with the perennial woody plant parts regardless of the fact that 
the leaf may be as effective as the stem.

Organoleptic qualities of taste, smell, colour and texture are reported to be 
important to decision making around medicinal plants as described by Etkin [36] 
and are linked to explanatory models of illness. A study in Peru illustrated how 
sensation is at the centre of medicinal plant selection connecting culture and 
the environment [93]. A study in Brazil found that taste and smell are associated 
with therapeutic indications [94]. Studies in Mexico indicated a similar connec-
tion between taste, smell and therapeutic indication where, for instance, bitter 
and aromatic plants are valued in the treatment of gastrointestinal disorders [95]. 
Bitterness is a characteristic of aphrodisiac tonics in West Africa and the Caribbean 
[96]. Among the Pokot people in Kenya, bitter medicines were considered to be more 
effective at treating all illness [80]. Sensory attributes of plants were, likewise, seen, 
as an important indicator of healing power among the Suiei Dorobo of Northern 
Kenya [85]. The “doctrine of signatures” may be a contributor to the choice of plant 
or plant part such that, for instance, a root with a red extract may be considered to be 
useful in blood disorders [36, 97].

The choice of plant part in EM may be directly related to the presence of bioac-
tive ingredients in different plant parts, an assumption often made in ethnodirected 
bioprospecting studies [98]. Secondary metabolites may benefit plants through 
action as pollinator attractants, as simple feeding repellents or as toxicants to prevent 
herbivory [99]. Voeks [99] states that this phenomenon, referencing a study on the 
presence of alkaloids, is more pronounced in low-latitude countries and is more likely 
in herbs and shrubs. Further studies in the Caatinga of Brazil reported that, in such 
semi-arid areas, plants invest more heavily in secondary metabolites based on pheno-
lic compounds (such as tannins) providing quantitative defences against herbivory 
[98]. In comparison, in humid forest regions, plants are more likely to produce quali-
tative defences in the form of highly bioactive compounds such as alkaloids. Another 
consideration is that phenotypic plasticity is known to occur within a species across 
different habitats in response to different environmental stressors [98]. Plant defences 
are determined by the availability of resources such as light, water and nutrients in 
an ecosystem. The lack of resources such as water and nutrients in semi-arid habitats 
may result in a “metabolic specialisation” in quantitative defences such as phenolics 
[98]. The authors add that woody species growing in semi-arid areas could have lower 
concentrations of bioactive ingredients in the leaf than in perennial plant parts due to 
the short growth-period of the leaf, thus favouring the perennial parts as medicinal 
ingredients.
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How do these general hypotheses and findings in relation to the choice of plant 
parts in EM relate to C. spinarum? While C. spinarum has a wide ecological tolerance, 
it can be seen from the map of ethnobotanical usage in Figure 4 that many of the 
areas in which C. spinarum is used are semi-arid. This lends credence to the use of the 
perennial parts of this shrub, as these are available throughout the year. Organoleptic 
qualities may be a factor with choice of C. spinarum root. It is somewhat bitter in 
taste which, as described above, may lead to its being considered medicinal [89, 100, 
101]. The root has an oily, volatile sap with a pleasant smell which lends itself to use 
as a rub for chest and muscle conditions and as an inhalant. C. spinarum is a member 
of the Apocynaceae family, a family which is known to produce toxic and medicinal 
metabolites such as the Vinca alkaloids. The choice of plant part may be related to the 
avoidance of toxic components in other plant parts. A review of the ethnobotany of 
Apocynaceae species in Kenya (25 in all), found that the root is the most commonly 
used plant part for medicinal use (63%) [102]. In contrast, a review of some medici-
nally important Apocynaceae species found that there is no particular preponder-
ance of root use [103]. Rather, EM use in different species was found to be generally 
distributed across plant parts. This correlates with the finding in India and Pakistan 
where the plant part usage of C. spinarum is much more evenly distributed across 
plant parts than in Eastern Africa. This difference could point to factors such as avail-
ability of plant material, cultural norms around medicinal preparations or ecological 
differences across its range leading to different secondary metabolite patterns.

3.3.2 C. spinarum in human ethnomedicine: methods of preparation

The predominant methods of preparation of C. spinarum globally are summarised 
in Figure 9. In the data as a whole, where a method is given, it may be simply written 
as a single word such as decoction, infusion, paste, juice or raw. There is relatively 
little detailed description of the preparation of C. spinarum in the studies analysed. In 
the reviewed studies, over one third do not to include a method of preparation. The 
preparation of medicinal products by decoction i.e., boiling of the plant part in water 
for a length of time, is by far the most common method reported followed by use of 
the untreated plant, burning for smoke, cold water mixture, infusion, powder, juice, 
decoction with soup and mixing with alcohol (4 citations).

Figure 9. 
Methods of preparation of human EM containing C. spinarum (UR > 4) (“Decoction, powder” where unclear 
which method used per ailment).
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Methods of preparation vary across the geographical range represented in Figure 10. 
A significant proportion in each geographical area, except Australia, does not state the 
method of preparation. In South Asia, Eastern Africa and West Africa, decoction is the 
most common method used. In Southern Africa, infusion is the most popular method 
of preparation. In Australian studies the most common method is burning followed 
by decoction and untreated. Burning as a method of preparation globally is relatively 
high. When we examine the data in relation to burning, it is apparent that this is greatest 
in Australia and in Ethiopia with the emic context described above in Section 3.2. In 
Australia, burning is used in the main as a treatment to protect children by “smoking” 
while in Ethiopia, the primary illness category where burning is used is Buda (Evil Eye) 
(see Sections 3.2.1 and 3.2.2).

3.3.3 C. spinarum in human ethnomedicine: methods of preparation x key plant parts

It is useful to take a closer view of the methods of preparation that are used for 
each plant part. The chart in Figure 11 presents an overview of the most common 
methods of preparation for each plant part. The chart shows that the fruit is most 
often used raw; the bark is most often prepared by infusion; the leaf, root and root-
bark are each most commonly prepared by decoction and the stem by burning.

Where fruit is treated, the minimal treatment is illustrated as follows:

Fruits are crushed, dried, pounded into powder and sprayed on wound ([104] p. 6 
Ethiopia).

Figure 10. 
Regional variation in method of preparation of C. spinarum expressed as % URs per region (UR > 2). Methods 
with low occurrence are excluded.
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and of leaf:

Leaves are crushed, squeezed and liquid taken (orally) with coffee (to treat febrile 
illness) ([104] p. 6 Ethiopia).

Simple decoctions are prepared as follows:

Among the Mitakoodi, it [root] is scraped and soaked in water and then boiled. The 
resultant liquid is drunk as a tea to treat aches and pains and used as an eyewash 
([64], p. 14, Australia).

Leaves are boiled in water and liquor is used to treat jaundice [105] Pakistan.
Some additional ingredients may be added as part of the treatment prescribed:

Rootbark is crushed and mixed with black pepper and given (for typhoid fever). 
[106] India.
Fresh root of C. spinarum pounded mixed with cold water. One cup of tella [beer] is 
used as a drink for three days [to treat gonorrhoea] [49] Ethiopia

The method of preparation of medicinal plants can have a significant influence 
on the extraction of active constituents. This can be seen in Chinese Herbal Medicine 
(CHM) whereby a variety of processing methods may be used to improve efficacy 

Figure 11. 
Salient methods of preparation for each plant part (top 3, excludes combinations; 54% of total URs) (BK = Bark; 
ST = Stem; RTB = Rootbark).
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and/or to reduce toxic effects [107]. In a study on the preparation of CHM, a variety 
of extraction methods is described whereby special preparation instructions relate 
to different physical, chemical and pharmacological activities of active compounds 
[108]. The authors describe the preparation of the two-herb formula, Danggui Buxue 
Tang (DBT), illustrating the variability in yields of marker compounds with dura-
tion of boiling, the drug/solvent ratio, the number of extractions and co-extraction 
vs. individual extraction of each plant. In relation to C. spinarum preparation in the 
studies analysed, the level of detail seen in CHM research is not provided. However, 
the example of DBT illustrates the importance of accurate data recording in EM 
studies. The use of decoction or maceration for root preparation, as described with 
C. spinarum, can be seen to aid extraction of active compounds in harder plant materi-
als such as roots, bark and stem [109]. It may also have a role in reducing the toxicity of 
phytochemicals or plant extracts given that C. spinarum belongs to the Apocynaceae 
family, known to produce toxic metabolites. In bioprospecting, detail on EM prepara-
tion can be a crucial guide for ethnopharmacologists in their investigations [108]. 
Detailed ethnographic descriptions on preparation give a clearer view of the elements 
of the healing process as a whole which has relevance across other research foci such as 
cultural record, health care provision and sustainable plant use [32].

3.3.4 C. spinarum in human ethnomedicine: route of administration

The most commonly used route of administration globally for C. spinarum is the 
oral route as seen in Figure 12 with external application, fumigation and inhalation 
being the most commonly used routes otherwise. However, the route is not specified 
at all in 40% of URs. In Table 2, the primary methods of preparation and route of 
administration for each plant part are listed. The table illustrates that the root and 
rootbark are most commonly prepared by decoction and administered orally. The 
fruit usually undergoes no preparation and is administered orally. The stem is burned 
and used as a fumigant or inhalant. The leaf is most commonly burned as an inhalant 
and boiled as a decoction.

It can be seen from Figure 13 that the predominance of the oral route is common 
to all geographical zones apart from Australia where it is more common to apply 
externally and to fumigate. The oral route of administration is common in EM as it is in 
BM [110, 111]. This may be explained by factors such as safety, convenience, cost and 

Figure 12. 
Top 5 routes of administration of C. spinarum globally.
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Plant part Preparation Route URs

Root Decoction Oral 70

Root Burn Fumigate/inhale 21

Root Mix with water Oral 18

Root Infusion Oral 17

Fruit Raw Oral 15

Root Decoction Applied 9

Stem Burn Fumigate/inhale 9

Root Mix with water Applied 8

Root Raw Applied 8

Leaf Burn Inhale 8

Bark Infusion Oral 7

Leaf Decoction Oral 7

Root Mix with alcohol Oral 6

Root Powder Oral 6

Leaf Raw Oral 5

Root Raw Inhale 4

Leaf Raw Applied 3

Root Powder Applied 3

Root Raw Oral 3

Rootbark Decoction Oral 3

Rootbark Decoction with soup Oral 3

Leaf Decoction Applied 2

Leaf Raw Inhale 2

Table 2. 
Most common route x preparation x plant part in C. spinarum used in EM.

Figure 13. 
Key routes of administration of C. spinarum in different geographical regions (URs > 9).
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acceptability [111, 112]. Route of administration may also be related to the ailments 
treated. C. spinarum is commonly used to treat gastrointestinal ailments and oral 
administration would thus be logical. In addition, some theories of health and illness in 
the study areas necessitate the oral route of administration where emesis or purgation 
is required. In some cases, a mixture of routes is used for one treatment. In the follow-
ing example oral and topical routes are combined for the treatment of syphilis:

Infusion (of root) drunk in malwa, sitz bath ([113] Uganda; malwa is local beer 
made from Eleusine coracana).

In Tanzania, oral and topical use are combined for the treatment of unspecified 
chest conditions:

Root crushed and scraped and pulp is applied as a poultice for chest complaints. Root 
extract drunk at same time. Tanzania [114].

In Uganda for the treatment of epilepsy, the root is used internally and externally 
as follows:

Powder drunk, bathed, smeared to body. Uganda [113].

In a study in Uganda, where eight different species used to treat epilepsy, most 
are applied in some manner rather than taken orally [113]. This includes smearing, 
bathing, instilling into eye or nostril, fumigating, inhaling or licking. Use of non-oral 
routes could be a reflection of the practical difficulty of administering orally if a 
person is having a seizure, or may be a reflection of a ritual component of treatment 
of a complex illness, or both [79]. The choice of route could be related to the bioac-
tive metabolites present. It is asserted by Le [111] that some phytochemicals such as 
alkaloids may be more active orally whereas terpenoids may be well absorbed through 
external or nasal administration.

3.3.5 Human ailments treated using C. spinarum

This section will first outline the form of classification used for this analysis on 
human ailments treated. The data is then analysed in relation to medicinal usage 
of C. spinarum. The WHO-ICPC system (International Classification of Primary 
Care) of illness classification was developed for the BM primary care setting as a 
patient-centred model of classification [115]. The ICPC template is promoted by some 
researchers to classify certain EM studies as they often lack precise BM diagnoses 
[32, 116]. This analysis of C. spinarum uses a modified ICPC classification system for 
cross-cultural comparison of EM usage. This is a bi-axial system of Body Systems and 
Ailment Categories. Modifications of the ICPC system are made to both axes to reflect 
salience in the C. spinarum data of particular body systems and ailments. A summary 
of the overall classification system is presented in Table 3a and b.

Some Body Systems listed in Table 3a are self-explanatory such as digestive, 
musculoskeletal etc. The General and Unspecified grouping is often used where the 
ailment relates to the whole body such as Malaria or other infectious diseases/symp-
toms. The C. spinarum-data-specific classifications of Spirit-Related and Ill-Defined 
are created to reflect their prevalence in the data, with the former including Evil Eye, 
bewitchment, sorcery and evil spirits. The classification of Ill-Defined is created to 
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reflect ambiguity or lack of descriptions of illness e.g., “Cold-sick” where it is not 
clear what this means from the text [117]. Genito-urinary (GU) ailments are fre-
quently cited in EM systems as reflected in many global studies [118] and in African 
C. spinarum related studies [91, 119–124]. The ICPC Body System classifications of 
women’s health, andrology and urology are modified in this analysis of C. spinarum 
such that the Genito-Urinary ailments are grouped under four Body System classifica-
tions: Women’s Health, Genital (not gender specific), Urology (not gender specific) 
and Andrology. Women’s Health includes the ICPC “Female Genital” and “Pregnancy, 
Childbearing, Family Planning and Female Reproductive System”; Genital includes 
ailments which are not gender specific and this mainly refers to Sexually Transmitted 
Infections (STIs); Urology refers mainly to urinary tract infections and Andrology 
refers mainly to virility. The ICPC modification is made so that the true prevalence 
of women’s’ health issues can be evaluated rather than splitting the data into smaller 
categories. The original ICPC Ailment Categories of Infection, Injury, Symptom/
Complaint, Neoplasm and Other are retained while some symptoms, diagnoses and 
injuries are added as Ailment Categories to aid the analysis. These occur frequently in 
the data and would otherwise be subsumed under a broad generic Category such as 

(a)

ICPC body system (plus) ICPC body system (plus)

Blood, blood forming & immune Psychological

Cardiovascular Respiratory

Digestive Skin

Endocrine/metabolic & nutrition Spirit-related

Eye GU system sub-classification:

General and unspecified Andrology

Ill-defined Genital (gender not specified)

Musculoskeletal Women’s Health

Neurological Urology (gender not specified)

(b)

ICPC ailment categories (selected) Added ailment categories

Infection Cough

Injury Constipation

Neoplasm Diarrhoea

Symptom/complaint Evil Eye

Other/misc. Fever

Added ailment categories Jaundice

Pain

Abdominal pain Seizure

Asthma Snakebite

Table 3. 
Modified bi-axial ICPC classification for C. spinarum: (a) body systems and (b) selected ailment categories 
(GU = Genito-urinary).
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Symptom/Complaint (Table 3b). The added Ailment Categories are Abdominal Pain, 
Asthma, Cough, Diarrhoea, Evil Eye, Fever, Jaundice, Pain, Seizure and Snakebite. 
Examples of the bi-axial classification include: amoebiasis classified as Digestion 
(Body System) and Infection (Ailment Category); gonorrhoea classified as Genital 
and Infection; post-partum haemorrhage classified as Women’s Health and Symptom/
Complaint. This is a means of analytical cross-referencing of the data.

The key Ailment Categories treated with C. spinarum are Infection, Pain, Evil Eye, 
Abdominal Pain, Fever, Diarrhoea and Symptom/Complaint, with a more complete 
list of 15 Categories presented in Table 4. These Key Ailment Categories are cross-
referenced with the key ailments within those Categories. It illustrates that while.

Ailment category and ailment URs

Infection 94

Malaria 24

Genital Infection 22

Worms/other parasites 14

Infectious disease other 11

Gastrointestinal infection 10

Upper respiratory infection 7

Pain 47

Teeth/gum symptom/complaint 15

Headache 14

Joint symptom/complaint 12

Pain general/multiple sites 6

Evil eye 27

Abdominal pain 26

Fever 22

Diarrhoea 21

Symptom/complaint 20

Impotence/sexual function—male 7

Digestive symptom/complaint other 7

Lymph gland(s) enlarged/painful 6

Constipation 17

Ill-defined 14

Jaundice 10

Cough 13

Snakebite 13

Injuries 11

Asthma 8

Table 4. 
Key ailment categories with key ailments treated using C. spinarum (ailment category UR > 5; ailment UR > 4) 
(61% of URs).
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Infection is the most common Category treated, Evil Eye is the most common 
specific Ailment treated followed by Abdominal pain, Malaria, Fever and Genital 
Infection.

C. spinarum is used across multiple Body Systems with the Digestive system 
predominant (Table 5). The other key Systems treated are General/Unspecified, 
Spirit-Related and Genital. The breakdown of key ailments treated within the Body 
Systems is illustrated showing that in the Digestive System, the key ailments treated 
are Abdominal pain, Diarrhoea and Constipation. The main ailments of the General/
Unspecified Body System are Malaria and Fever. Spirit-related illnesses are Evil Eye 
for the most part. STIs are the most common ailment treated in the Genital System, 
joint symptoms in the Musculoskeletal System, cough in the Respiratory System, 
headache in the Neurological System and snakebite is the most common ailment 
treated affecting the Skin.

Body system (plus) and ailment URs

Digestive 116

Abdominal pain epigastric 26

Diarrhoea 24

Constipation 17

Teeth/gum symptom/complaint 15

Worms/other parasites 14

Gastrointestinal infection 10

Jaundice 10

General and unspecified 58

Malaria 24

Fever 22

Infectious disease other 12

Spirit-related 32

Evil Eye 32

Genital (gender not specified) 22

Genital Infection 22

Musculoskeletal 14

Joint symptom/complaint 14

Respiratory 13

Cough 13

Neurological 14

Headache 14

Skin 24

Snake bite 13

Laceration/cut 11

Table 5. 
Main body system with key ailments treated with C. spinarum (UR > 9; 54% of total URs).
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The four dominant geographical zones with EM data for the use of C. spinarum 
in humans are Eastern Africa and South Asia—having the most data—and Southern 
Africa and Australia. The top 4 ailments in each of these four regions are listed in 
Table 6, which illustrates a diversity in ailments treated across the regions. Spirit-
related illness is the most reported ailment, mainly from Ethiopia. Eastern and 
Southern Africa both list Abdominal Pain and Genital Infection among the most 
commonly treated ailments. Southern Africa and South Asia both register Fever, 
Constipation and Diarrhoea among the top 4 ailments treated. Southern Africa 
and Australia alone list respiratory symptoms among the top individual ailments 
treated. The treatment of malaria is high in Eastern Africa relative to South Asia 
corresponding to current and historical relative incidence of malaria [125, 126]. The 
relatively low level of treatment of fever with C. spinarum in Eastern Africa could 

Top 4 ailments in highest use global regions URs

Australia 17

Upper respiratory infection 3

Teeth/gum symptom 3

Ill-defined 3

Breast/lactation symptom 2

Health maintenance/prevention 2

Eye symptom 2

Respiratory symptom 2

Eastern Africa 85

Spirit-related 30

Malaria 20

Genital infection 19

Abdominal pain epigastric 16

South Asia 43

Fever 16

Constipation 10

Jaundice 9

Diarrhoea 8

Southern Africa 19

Diarrhoea 5

Abdominal pain epigastric 4

Worms/other parasites 3

Cough 3

Genital infection 3

Fever 3

Constipation 3

Table 6. 
Key ailments in each of the top 4 global regions (31% of URs).



169

Carissa spinarum L.: A Case Study in Ethnobotany and Bioprospecting Research
DOI: http://dx.doi.org/10.5772/intechopen.104665

reflect the choice of alternative treatments such as other plant species or phar-
maceuticals as suggested in Section 3.2.3 or the overdiagnosis of fever as malaria, 
a recognised phenomenon [127]. Jaundice and hepatic complaints are mainly 
reported in South Asia. Given the prevalence in Sub-Saharan Africa of malaria 
and other contributors to liver ailments such as hepatitis, typhoid fever, dengue 
and leptospirosis this is unusual [128]. Possible explanations may be that jaundice 
may not be common in study areas other than South Asia, it may not be treated as 
a symptom per se in those regions or C. spinarum may not be a chosen treatment 
outside of South Asia.

Examining the Body Systems classifications illustrates more inter-regional simi-
larity in the top 5 Systems treated (Table 7). The Digestive and Respiratory Systems 
are commonly treated in each region. The Digestive System is the most commonly 
treated System in all regions except Australia though to varying degrees. Likewise, 

Region and body system URs % Total regional URs

Australia 18 50% (total 36)

Respiratory 6 17%

Skin 4 11%

General and unspecified 4 11%

Digestive 4 11%

Eastern Africa 154 56% (total UR 274)

Digestive 52 19%

General and unspecified 50 19%

Spirit related 30 12%

Neurological 22 8%

Respiratory 21 8%

South Asia 97 72% (total UR 135)

Digestive 48 36%

General and unspecified 24 17%

Skin 14 10%

Respiratory 11 8%

Cardiovascular 9 6%

Southern Africa 41 60% (total UR 68)

Digestive 19 28%

General and unspecified 9 13%

Skin 6 9%

Respiratory 6 9%

Neurological 4 6%

Genital 4 6%

Total 347 513

Table 7. 
Top 5 ICPC body systems treated by CS across 4 geographical zones (68% of total URs).
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the General and Unspecified Body System is commonly treated in each region, mainly 
accounted for by malaria in Eastern Africa and fever in South Asia.

The Skin has a high relative importance in all zones except Eastern Africa. The 
Musculoskeletal System is a key System treated with C. spinarum in Eastern Africa 
whereas the Cardiovascular System is commonly treated in South Asia. In Australia, 
the Body Systems treated are comparable to the other regions. Study aims and objec-
tives contribute to variability in reports of ailments treated across different regions.

The Body Systems and Ailments treated by C. spinarum may be a true reflection 
of disease prevalence in the study areas. However, in the main there is no reporting of 
morbidity and mortality data in the ethnobotanical research analysed which makes 
it difficult to interpret the research results. Some studies have a particular disease 
focus such as malaria, respiratory disorders, HIV/AIDS, parasitic disease and others. 
However, the majority of EM information included is from general studies without 
focusing on a particular ailment. The most common specific research focus is malaria-
related from Eastern Africa [82, 83, 129–136]. This could account for the relatively 
high ranking of malaria in this analysis. A study with the Luo community in Kenya 
found that abdominal complaints are most commonly treated with traditional medi-
cine in the study area. The authors relate this to the availability of pharmaceuticals for 
the treatment of other common ailments [81]. An alternative explanation is presented 
in early research with the Kamba people in Kenya. The author found an organ hier-
archy whereby the abdominal and reproductive symptoms were the most important 
[137]. This hierarchy may be relevant more broadly throughout the Eastern Africa 
region and could contribute to the prevalence of digestive disorders and treatment 
of genitourinary ailments with C. spinarum. The prevalence of treatment of genito-
urinary conditions is a common finding in EM studies and may be related as much to 
cultural treatment norms as to disease prevalence [118]. Its absence from Australian 
studies may relate to “secret business” not suitable for discussion with a researcher [57].

3.3.6 C. spinarum in ethnoveterinary medicine (EVM)

Plant species used for human EM are commonly used for animal healthcare as 
well, a subject explored in a study of traditional veterinary knowledge in the Algerian 
steppe [138]. The authors suggested that human use may stem from the observation 
of animal self-treatment, a behaviour known as zoopharmacognosy. In the case of C. 
spinarum, this may be an element in therapeutic choice. Animals are known to browse 
on the leaves of C. spinarum and it is used in EVM for the treatment of helminthoses 
and other digestive disorders in animals as in humans. In this analysis of C. spinarum, 
there are 39 documents citing its use in EVM. The geographical spread of documents 
includes Sub-Saharan Africa—mainly Ethiopia and Kenya and South Asia—mainly 
India and Pakistan.

The plant part used follows that for human use and is predominantly the root, 
followed by the bark, leaf, fruit and leaf in Figure 14a. Comparing the plant parts used 
in South Asia to Eastern Africa, Figure 14b indicates that while the root predominates 
in both regions, there is greater variation in Eastern Africa. Here, the root accounts for 
almost half of URs but the bark is also used a good deal. This contrasts with human use 
where in Eastern Africa, the root/rootbark far outstrips other plant parts used. This 
may imply that, in Eastern Africa, the root is considered to be less toxic to humans than 
other plant parts given the likelihood that greater care is taken with human than animal 
treatments. In EVM in South Asia, the root accounts for two-thirds of URs and the leaf 
is used in a minority of cases. This is at variance with the plant parts used for human 
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treatment in South Asia where there is a more even spread between root, leaf and fruit. 
This could be explained by a number of factors such as the narrower range of diseases 
treated in EVM, cultural norms, perceived toxicity or acceptability. Similar to human 
EM of C. spinarum, globally the route of administration of EVM is predominantly oral 
(Figure 14c). However, the external route is more common than oral in South Asia 
whereas in Eastern Africa, the oral route predominates (Figure 14d). This may be due 

Figure 14. 
EVM of CS: (a) key plant parts used globally; (b) key parts used in Eastern Africa and South Asia; (c) key 
routes of administration; (d) key routes in Eastern Africa and South Asia; (e) key methods of preparation; (f) 
key methods in Eastern Africa and South Asia.
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to the predominance of skin diseases in animal ailments treated in South Asian studies 
(see below). In Ethiopia, Tanzania and India it is applied in a similar way to treat worm-
infested wounds in cattle whereby the root is ground and applied directly to the wounds 
[139–141]. The general methods of preparation are much more varied for EVM use. The 
method is divided more evenly across decoction, cold water extract and raw prepara-
tion (Figure 14e) though in South Asia the plant is more likely to be used in a raw state 
relative to the variety of preparations seen in Eastern Africa (Figure 14f).

Figure 15. 
EVM of CS: (a) key ailments treated globally; (b) key body systems treated in Eastern Africa and South Asia.
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In examining the presenting ailments, they can be seen to be primarily related to 
infection (see Figure 15a) with some infections affecting the skin such as ringworm 
(fungal), lice, ticks, scabies and maggot infested wounds (ectoparasites—all insect 
related), digestive system (endoparasites—helminthosis), respiratory system in pleu-
ropneumonia (bacterial) or more systemic infections such as theileriosis (endopara-
sites—protozoa), heartwater, anaplasmosis and salmonellosis (all bacterial), foot and 
mouth disease, chicken pox, rinderpest and lumpy skin disease (all viral). In a few 
of the studies, the research teams included members with BM veterinary knowledge 
and this explains the extent of BM diagnoses provided. Several studies from Eastern 
Africa have BM veterinary expertise on the research teams which set them apart from 
the human EM studies where it is rare to have BM diagnoses available [49, 142–149].

The majority of EVM ailments treated using C. spinarum are infections affecting 
the Skin, Digestive system and whole-body System. There is a marked difference 
in the classifications treated in Eastern Africa relative to South Asia. In the former, 
Skin infections, Digestive system and Systemic Infectious diseases are the most 
commonly treated Body System whereas in South Asia, Skin far outweighs any other 
System treated (Figure 15b). This is quite different to the BM systems treated with 
C. spinarum in human EM in South Asia (Table 7) where the digestive system is the 
predominant system treated. Other EVM research in South Asia shows that many 
body systems are commonly treated [150], which may indicate that C. spinarum is 
particularly effective in treating skin infections.

3.4 C. spinarum: structured ethnobotanical methods and cultural importance

The relationship between people and plants can be examined through qualitative 
and quantitative means. The results of qualitative research are described in Section 
3.2. Structured quantitative methods provide an additional means of examining plant 
use in study communities [32].

The use of statistical methods in ethnopharmacological research dates back to the 
1970s [151, 152]. A number of quantitative measures are employed that have been 
developed and modified over the years [153–155]. The most basic unit to measure is 
the Use Report (UR). Other measures used are Informant Consensus Factor (ICF), 
Fidelity level (FL) Relative Importance (RI) and Use Value (UV). The value ranges 
for these measures vary by study and method of calculation, making it difficult to 
compare studies [32].

3.4.1 Relative importance of C. spinarum: primary use reports (URs)

Given the number of primary studies that are reviewed here, there is relatively 
little statistical detail on the ethnobotanical use of C. spinarum. While there is com-
monly accurate detail on the number of participants in the studies, few studies provide 
accurate detail on URs for individual use categories as recommended in best practice 
documents [31, 32]. Of the Primary studies reviewed, three quarters stated the overall 
number of participants. Where the number of participants is stated, this could be 
given as a single number or as a combination of categories of participant: e.g., Focus 
Group plus Key Informant. One quarter of reviewed studies report the number of URs 
(number of participants reporting any use of a species) with one third of these being 
aggregated URs rather than UR per single use category or ailment. One fifth of stud-
ies present the primary data as the number of URs per use category. Thus, in 80% of 
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primary studies, including recent ones, there is no indication of relative specific usage 
of any species. In overviewing the importance of C. spinarum where possible from UR 
data, it is of low to medium importance in most studies when compared to the use of 
other more frequently used species. This finding corresponds with a common finding 
in EM research whereby there are only a few species that are known by a large number 
of participants and many species that are known by just one or two participants [156]. 
The studies that indicate high importance of C. spinarum using the measure of URs 
include studies from Kenya, Sudan, Ethiopia, Angola, South Africa and Pakistan [43, 
49, 157–163]. There are very few Asian studies presenting information on URs and 
most Australian studies involve participant-authors rather than large-scale surveys. 
Thus, the better assessments of value measured by UR are from African studies.

3.4.2 Relative importance of C. spinarum: statistical calculations

Primary research that includes statistical calculations on the relative importance 
of C. spinarum comes from Africa and Asia. Overall, where such research includes 
C. spinarum in its evaluations of importance, it is found to have a low-moderate 
relative importance. In parts of Uganda and Ethiopia, C. spinarum has a high rela-
tive importance as an edible species [164, 165]. In Zimbabwe, it has low relative 
importance for the treatment of schistosomiasis [166]. It is used in the treatment of 
Non-Communicable Diseases in a study conducted in Rodrigues Island where it has 
a low-moderate fidelity level for the treatment of diabetes mellitus [167]. In a study 
of species versatility in Saudi Arabia, C. spinarum has a low relative importance in 
the study area [120]. C. spinarum is used to treat malaria in a study in Pakistan but 
has low importance relative to the well-known Azadirachta indica A. Juss. (Neem 
tree) [168]. A study from southern India found that C. spinarum has a low UV and is 
reported for the treatment of cough alone [169].

The majority of studies that include C. spinarum have no measure of the cultural 
importance, contrary to current best practice recommendations [31, 32]. Where 
cultural importance is measured in Ethiopian studies, it is found in the main to have 
a relatively high importance over a broad range of ethnobotanical uses. In other 
areas, where reported, C. spinarum is of moderate or low cultural importance. Some 
early documents and the Australian studies included in this analysis contain no 
statistical information. The ethnobotanical information is often detailed but may 
involve very few participants. This would not be considered adequate according to 
current best practice guidelines but these studies are a valuable addition to ethnobo-
tanical literature [80, 86, 89, 117, 170].

3.4.3 Relative importance of C. spinarum in Ethiopia: participatory ranking

Anthropological participatory Ranking exercises have been developed as central 
tools in ethnobotanical research [37, 58]. They are a feature of several Ethiopian 
studies examined for usage of C. spinarum and are a semi-quantitative method of 
measuring the relative frequency of use of species. Ranking exercises create a more 
in-depth examination of species use in the study area and follow from more general 
earlier explorations with participants, which can select out key species to include 
in comparison exercises. Inclusion in a ranking exercise for specific or general util-
ity of itself indicates a high relative importance among participants. Participatory 
exercises involve the selection of a small number of key participants, 5–10 people, 
and a selected number of key plant species, usually 5–7 species, identified during the 
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research as having importance for broad or narrow purposes. The exercises examine 
a range of ethnobotanical uses through one of a number of methods: direct matrix 
ranking (DMR), pairwise ranking, preference ranking or simply by number of uses.

A total of 25 Ethiopian ethnobotanical participatory ranking studies were identi-
fied including C. spinarum among the ethnobotanically known species of the area and 
16 of these included C. spinarum in ranking exercises. There was a total of 170 species 
included in these exercises. It is evident that C. spinarum has a high relative impor-
tance in the study areas given its selection from a large pool of species.

3.4.4 Participatory general ethnobotanical rankings of C. spinarum in Ethiopia

Several Ethiopian studies examined the non-medical ethnobotanical importance 
of species using participatory ranking exercises. The range of ethnobotanical cat-
egories of importance in ranking exercises included medicine, firewood, furniture, 
construction, fencing, charcoal, forage, fodder and food.

There are 16 studies listed in Table 8 that included C. spinarum in their ethnobo-
tanical species list, with 7 exercises from these studies listing C. spinarum as having 
significant general ethnobotanical importance. The study areas exhibiting above the 
median ethnobotanical relative importance for C. spinarum are distributed through-
out the country. This analysis indicates a high relative importance for C. spinarum, 
which is also evident in the statistical ranking analyses such as UV and RFC in the 
previous section.

Rank CS (total #) (1 is best) Study authors

4 (8) Amenu [49]

2 (6) Amsalu, Bezie [172]

N/R Araya, Abera [104]

N/R Ashagre, Asfaw [165]

5 (6) Jima and Megersa [173]

5 (11) Kebebew and Leta [174]

1 (7) Kebebew [175]

N/R Kefalew, Asfaw [176]

N/R (uses) Kidane [171]

11(46) Kidane [171]

N/R Lulekal, Kelbessa [43]

N/R Lulekal, Asfaw [177]

N/R Megersa, Asfaw [178]

N/R Mekonen, Giday [179]

1 (6) Meragiaw, Asfaw [180]

N/R Tefera and Kim [181]

N/R Teklay, Abera [182]

Table 8. 
Ethiopian rankings of C. spinarum use through participatory ranking for general ethnobotanical use (N/R = Not 
ranked) (all DMR except [171] species with >2 uses).
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Ranking exercise Ranking method CS rank (total #) 1 best Study

General EM Preference N/R [184]

Gonorrhoea Pairwise 1 (6)

Malaria Preference N/R

Gonorrhoea Preference 1 (5) [49]

Evil Eye Pairwise 2 (6)

General EM DMR 2 (6)

Snakebite Preference N/R [104]

Malaria Preference N/R [185]

Cough Pairwise N/R [186]

Stomach ache Pairwise N/R [187]

Wound Preference N/R

Stop bleeding Preference N/R [188]

Stomach ache Preference 4 (5) [173]

General EM DMR 1 (5)

General EM DMR 3 (11) [174]

Diarrhoea Preference N/R [175]

General EM DMR 2 (7)

Gonorrhoea Pairwise 1 (5)

Blackleg Preference N/R [176]

Ascariasis Preference N/R [189]

Gonorrhoea Preference N/R [43]

General EM URs 2 (10)

Atopic eczema Preference N/R [177]

Diarrhoea in livestock Preference N/R [190]

Blackleg in cattle Pairwise N/R [178]

General EM DMR N/R

General EM DMR N/R [179]

Febrile illness Preference N/R [180]

Stomach ache Preference N/R

General EM DMR 1 (6)

Mich Preference N/R [183]

Cancer in humans and livestock Preference N/R [181]

Stomach ache Preference N/R

Wounds in livestock Preference N/R

Abdominal pain Preference N/R [182]

General EM DMR N/R

General EM Preference N/R [191]

Table 9. 
Ethiopian EM participatory ranking exercises in study locations listing CS. Mich is described as a febrile illness 
with headache and sore lips [183].
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3.4.5 Ethnomedical participatory rankings of C. spinarum in Ethiopia

Several ranking studies specifically examine EM importance both for broad 
utility and for particular medical purposes. An overview of these rankings is shown 
in Table 9 and consists of 22 studies with a total of 37 ranking exercises. C. spinarum 
(CS) appears in 11 exercises using a variety of ranking methods: Preference Ranking, 
Pair-wise ranking and Direct Matrix Ranking (DMR). In most exercises that include 
C. spinarum, it is ranked above the median value. The study areas where it exhibits 
importance in the general EM category are distributed throughout the central regions 
of Ethiopia, north to south along the Rift Valley. The most common medical ranking 
exercises other than the general ranking are for gastrointestinal complaints and gonor-
rhoea. C. spinarum is ranked as the best for treating gonorrhoea in three studies, it is 
ranked in one gastrointestinal ranking exercise and in rankings for malaria and febrile 
illness, C. spinarum is not ranked [49, 173, 175, 180, 184, 185]. From these participatory 
exercises, C. spinarum appears to be highly ranked for the treatment of gonorrhoea 
and not for other specific ailments. It ranks high in several areas for general ethno-
medical use.

3.4.6  C. spinarum: a comparison of cultural value based on statistical measures vs. 
participatory ranking exercises in Ethiopia

Interpretation of cultural importance by participatory ranking exercises and UR 
yields, sometimes, conflicting information. Ethnomedical participatory ranking 
exercises found that C. spinarum did not rank high in the treatment of gastrointestinal 
complaints. This is in contrast to the finding in Table 7 whereby, in the ICPC clas-
sification, the Digestive system is the most treated Body System with C. spinarum in 
Eastern Africa. In Ethiopia specifically, it is second to Spirit-related illness in being the 
most commonly treated Body System. This indicates a potential discrepancy between 
the two forms of analysis. However, in ranking for treatment of gonorrhoea, C. spi-
narum is ranked best in three out of four exercises. This corresponds with that found 
in Tables 4 and 6 which indicate its importance in treating genital infection globally 
and in Eastern Africa. That C. spinarum is not ranked in exercises for the treatment 
of malaria and for febrile illness is at odds with the findings in Tables 4 and 6, where 
malaria and fever are among the ailments most commonly treated with C. spinarum 
globally and in Eastern Africa. There are other sources of variability between statisti-
cal and participatory research. In participatory rankings, as in all research, there 
is a randomness to the choice of participant and all participants have necessarily a 
different knowledge base. There is also variability in the choice of species to include 
in the ranking exercises and it is not clarified how particular species are selected for 
analysis. The choice of a particular ranking subject is a function of the study design 
and researcher priorities and may not reflect the key ailments treated with traditional 
medicine in the study areas. This could lead to another layer of bias in the results.

The potential variability of outcomes, depending on research methods and study 
design should be borne in mind in any interpretation of the results or implementation 
of the research outcomes.

3.5 Phases in C. spinarum research

The framework of Hunn’s phases of ethnobiology is applied to the ethnobiological 
documents analysed relating to C. spinarum research following a method employed in 
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a study of Southeast Asian ethnobiology [11]. There were 219 primary ethnobiological 
research documents analysed. Of these, 85% are EM only, while the remainder relate 
to mainly to diet and general ethnobotany. Within these studies, in whatever phase 
they are classified, there is a general lack of detail on the practicalities of medicinal 
plant use. There is almost total silence on plant harvesting. In 9% of cases, there is no 
information on the plant part used. In over one third of cases, there is no method of 
preparation given and where a method is given, rarely is close detail provided. The 
route of administration is not given in 40% of cases. The lack of such basic detail on 
plant use devalues the research overall, whatever the research agenda, whether for 
cultural record, bioprospecting or other purposes. Added to these immediate aspects 
of medicinal plant use are the omissions on the fabric of local life. Culture is central to 
healing and plant use. However, cultural elements of EM are omitted in the majority 
of studies such as the meanings associated with plants, disease concepts, therapeutic 
indications, or what “healing” actually means in the local context as distinct from BM 
understandings of being healed [192]. Other aspects that are rarely addressed include, 
for instance, local healthcare provision, morbidity and mortality, environment and 
economy, which, among other things, contribute to healthcare choices and to the 
relationship of people with plants.

The majority of the studies that include C. spinarum fall into the Phase I classifica-
tion, representing two thirds of the total and are, in the main, bioprospecting studies. 
They are largely descriptive in nature, containing lists of species and their uses, with 
sparse detail on how they are used, as described above. There is an implication built 
into this rudimentary data collection, that the “how” and “why” of ethnomedicine 
has little to do with science. In the bioscience laboratory, studies based on EM cata-
logues of species generally use organic solvents to extract single or multiple metabo-
lites and test these extracts or compounds in in-vitro systems, none of which bears any 
resemblance to the use of traditional medicines in the field. In an unpublished review 
by these authors of 125 documents examined for phytochemistry and pharmacology 
of C. spinarum, nine (7%) test the pharmacology of aqueous plant extracts and six 
(5%) identify phytochemicals from aqueous or distilled extracts (data available on 
request1). This indicates the disjuncture between traditional medical practice and pre-
clinical ethnopharmacological studies. There are some studies in the current analysis 
that have characteristics of each of Phases II to V even where they still contain cata-
logues of species and their uses. Those with some descriptions of local understandings 
of illness and healing are ascribed Phase II character. Descriptions such as of disease 
and causation of TB in a Ugandan community, liver dysfunction in a community in 
Togo or the meanings associated with plant names in a South African community 
add to the reader’s understanding of EM in those communities [46, 47, 53]. Studies 
with some Phase II character represent a quarter of the total, with five studies having 
more detail. For instance, research with Luo mothers, already discussed in Section 
3.2.3, situates the treatments of digestive disorders, worms and the use of pharmaceu-
ticals in the study community. Two studies with the Marakwet of Kenya, from 1978 
and 2014, give good descriptions of disease perceptions in the study communities. 
Studies with the Maasai and Samburu in Kenya, give good background descriptions 
of health in the communities and relationship to environment which allows a deeper 
understanding of plant usage. Each of these more detailed studies offer an emic 
perspective which better situates how people use plants for life [41, 81, 86, 87, 193].  

1 This data is part of a PhD dissertation by the first author which includes the phytochemistry and pharma-
cology of Carissa spinarum L.
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Those using participatory ranking as described in Section 3.4.5 have Phase III char-
acter and represent 11% of the total. They give a sense of how plants form an integral 
part of life. The participatory studies allow researchers to understand how people 
think about plants in their immediate environment and how particular species may 
have cultural value across multiple practical and symbolic domains. Studies con-
ducted in collaboration and co-authorship with community members have elements 
of Phase IV character such as several Australian publications as described in Section 
3.2.1 and two Africa-based studies which mentioned benefit-sharing arrangements 
[41, 50, 54, 56, 59, 62, 194]. These represent 0.5% of the total. The Convention 
on Biodiversity (CBD) and related issues such as conservation, sustainable use of 
resources, prior informed consent and equitable benefit sharing relate to later phases 
in ethnobiology from the 1970s and Phase III onwards. They are rarely discussed in 
any of the documents. Consent in any form is reported in 40% of studies though there 
is no description of the process in any instance. Ethics is referred to where ethical 
approval of the research has been granted in 16% of studies though the process is not 
discussed nor the ethical issues examined. The International Society of Ethnobiology 
(ISE) code of ethics is referred to in six studies (3%) which may imply a greater atten-
tion to ethical standards in the research process. Research permits are cited in 15% of 
studies though the process is not elaborated upon. Intellectual property rights (IPRs) 
or benefit sharing arrangements are mentioned in eight studies (4%) [59, 62, 132, 157, 
194–197]. Half of all studies have no mention of consent, ethics, permits, IPR or other 
research ethics related issues.

4. Discussion on ethnobiology of C. spinarum

C. spinarum (Apocynaceae) is a species that is varied and widely distributed across 
the globe covering many diverse habitats. There is a volume of ethnobiological knowl-
edge recorded in many of the regions where it is found, particularly in Eastern Africa 
and South Asia. Across most of its range it is found to be part of the local culture, 
being valued in ritual, health and healing, diet and a range of other applications.

The predominant role of C. spinarum, in the studies examined in this analysis, is in 
healing and diet, reflecting the research focus in the analysed studies. All parts of the 
plant are eaten though eating of ripe berries is most commonly reported. The most com-
mon EM use of C. spinarum in humans across all geographical areas is in the treatment 
of digestive system, while other body systems such as respiratory and skin are repre-
sented to a lesser extent. An analysis of geographic variation reveals a different picture. 
In Eastern Africa, malaria, STIs and spirit-related illness such as Evil Eye, are the most 
commonly treated while in South Asia, fever and digestive complaints predominate. 
Though the particulars of treatment vary across geographical regions, the dominant 
documented pattern is that the root is prepared by decoction and administered orally. 
The exception to this is in Australia where use of C. spinarum matches trends in local 
EM practices more broadly and is mainly administered by fumigation or application.

Ethnobiology is a wide and varied discipline with research agendas covering 
the natural and social sciences including such diverse subjects as indigenous rights, 
migration, biocultural diversity, health, research ethics and reflexivity [12]. When 
conducting research on medicinal species, the research focus could involve, for 
instance, cultural record, health care provision, sustainable plant use, environmental 
protection or bioprospecting. The ongoing preponderance of Phase I research, lack-
ing cultural contextualisation and theoretical focus, is continually critiqued within 
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ethnobiology and ethnopharmacology [32, 36, 198]. This holds true whatever the 
research focus.

The phenomenon is reflected here in the studies containing C. spinarum with the 
majority falling into the Phase I category. Two-thirds of studies analysed are Phase 
I, lacking even minimal information on the context of plant use or examination of 
therapeutic indications. They also lack detail on the many aspects of plant remedy 
preparation and administration. As Phase I research usually represents a bioprospect-
ing agenda, the findings show significant lacunae in the information available on 
C. spinarum for guiding further scientific study. One quarter of studies have Phase 
II character with some emic detail, providing cultural context to EM practices. The 
studies ascribed to Phase III involves participatory research and accounts for 11% of 
studies while 0.5% of studies have Phase IV or V character.

Phase I may be dominant in this analysis due to the nature of this analysis itself. 
Searching for an individual species may be biased towards cataloguing studies. C. 
spinarum is a medicinal and dietary species and this fact may self-select for Phase I 
studies with decontextualised catalogues of species and their therapeutic and dietary 
indications favoured in bioprospecting studies. Another reason for the lack of later 
phases in this analysis of the ethnobiology of C. spinarum could be the nature of 
ethnobiological research itself. In ethnobiology in general, there has been a shift 
recognised in Hunn’s Phases towards an ecology and action-focused research agenda 
and away from its roots in anthropology [199]. These research agendas do not neces-
sarily require the naming of particular species, which may explain the relative absence 
of later ethnobiological phases in this species analysis.

The absence of ethnographic content in this analysis places this body of C. spinarum 
data largely in the Phase I category. The emic perspective, limited in this research, is vital 
to an improved understanding of plant use and is an essential component of all ethnobio-
logical research, whatever the phase. Frazão-Moreira illustrates the ongoing centrality of 
ethnographic research in ethnobiology [35]. However, in ethnopharmacological research, 
the socio-cultural focus has been in decline over the past three decades [200]. The relative 
lack of ethnographic content in ethno-directed bioprospecting has been criticised by 
numerous authors. Etkin’s early critique of ethnopharmacology as generating lists of spe-
cies that extract them from their cultural contexts has been reiterated more recently [14, 
36]. In the bioprospecting process, the subsequent extraction of active metabolites can 
then diminish indigenous knowledge, even where it is validated by laboratory science [14]. 
In either case, indigenous use of medicinal species is reduced to its chemical components 
in what has been called its “molecularisation”, disregarding the wider cultural contexts 
of use and perceptions of efficacy [15, 16]. With regard to medicinal uses, there has been 
criticism of the poor description and development of therapeutic indications leading to 
biased data and poor outcomes [16]. Weiskopf illustrated that there is an assumption that 
traditional ecological knowledge can be “plugged” in to “academic ecological knowledge” 
unchanged and that there is an assumed category and explanatory overlap between both 
as is the case, he argues, in the validation process in medical bioprospecting [201]. Taking 
the current analysis of C. spinarum, a local diagnosis of malaria is assumed in some studies 
to equate to the BM category malaria or “typhoid” to typhoid [202]. The use of an emetic 
or a laxative might be assumed to be used for the same purposes as an emetic or laxative 
in BM which may not be the case [89]. Category overlap thus cannot be assumed but must 
be underpinned by qualitative research exploring cognition among local participants. A 
hierarchy of convergence was prevalent in early ethnobiology research on folk classifica-
tion between local and scientific categories whereby ethnotaxa that fit into the scientific 
categories were given priority and ethnotaxa that did not converge were marginalised 
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[199]. Such ethnotaxa could be names of plants, birds or of therapeutic indications in EM. 
One can interpret the analysis of Buda (Evil Eye) in Ethiopian studies in Section 3.2.2 in 
light of hierarchies of convergence. While it is included as a therapeutic indication, there 
is no examination of this ethnotaxon in any of the Ethiopian studies analysed here. The 
local importance of this category is clear, but why is it not explored? Is it thought to be 
self-explanatory as other therapeutic indications are? Is it being marginalised as described 
above, a desire to ignore that which did not fit? Is there a lack of anthropological expertise 
in a natural science focused research team? Is it beyond the scope of the research agenda? 
Is it due to secrecy among research participants as described in Australian research? 
Whatever the reason, the lack of exploration of Buda in these EM studies is a missed 
opportunity to document local understandings of health and healing and perhaps illumi-
nate the wider use of C. spinarum and other species.

The detailed ethnography needed for a substantial emic perspective in ethnophar-
macological research requires collaboration between the natural and social sciences. 
There are documented barriers to such collaboration which can militate against 
conducting ethnobiological research beyond Phase I. These include inadequate fund-
ing and time and a range of academic issues.

All ethnobiology research touches on material and symbolic aspects of interactions 
between humans and their environments and as such requires a multidisciplinary 
approach to research, but this is not common in practice [12, 14, 203, 204]. In the 
current analysis, some explicitly ethnobotanical studies have multidisciplinary teams 
however with some exceptions [81, 89], the team members belong to a natural science 
discipline [134, 205, 206]. D’Ambrosio [12] attributed this to the normal association 
of ethnobiology research with either anthropology or biology departments with few 
dedicated ethnobiology schools. He argued that the ethnobiology researcher, rather, 
takes the disciplinary approach of their primary discipline with either a natural science 
or a social science/humanities perspective, carrying through their disciplinary ori-
gins in their research questions. The natural sciences perspective is largely objective, 
quantitative and etic in its approach, while a social scientific outlook is more often 
subjective, qualitative and emic. The natural sciences perspective predominating in 
the Phase I character of C. spinarum studies analysed [12]. Significant roadblocks exist 
to cross-disciplinary collaboration including in ethnobiology. These barriers revolve 
around the interrelated aspects of status, funding, time and complexity. An analysis 
of research collaborations between social and natural sciences found that collaborative 
research has a lower academic status than natural sciences research [207]. Funding 
across disciplines is difficult as funding streams generally follow single disciplines 
[12, 208]. Added to this, it is argued that social science research is chronically under-
funded [209]. Within ethnopharmacology, there is a demonstrable lack of funding for 
ethnographically directed research compared with that for laboratory-based screen-
ing for bioactive metabolites [210]. Where social science and humanities research is 
conducted in collaboration with natural sciences, the latter tends to be the dominant 
partner in such research. The social science element may be tagged on with no true 
commitment of time and funding necessary for the incorporation of the social science 
discipline into the project [209, 211]. Similarly, the time required for communica-
tion across disciplines, for creating relationships and mutual understandings among 
research team members and for integrating research findings is rarely considered in 
project timelines [209]. Frequently the social science elements of collaborative research 
are more difficult to translate into action rather than the faster, more reductive natural 
sciences research [209]. These limits on time and funding can hamper ethno-directed 
studies and result in poor outcomes in ethnopharmacological research [16].
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Collaboration with study communities is a central feature of progressive ethnobio-
logical research, with community voices heard rather than interpreted by academics 
[181]. However, in this analysis, there is near-total anonymity of the research par-
ticipants themselves. This is the norm in earlier phases of ethnobiological research as 
described in recent works [15, 212]. The collaborative approach suffers from some of 
the same barriers as cross-disciplinary collaborations including skills, funding, time 
constraints and academic norms. The marginalisation of social sciences in interdisci-
plinary collaborative research means that the social science skills needed for in-depth 
community collaboration may not be available. Likewise, the time and associated 
funding requirements may be lacking making it more difficult to establish the neces-
sary relationships of trust. Academically, research design varies whereby the social 
sciences often have a flexible approach to research design [213]. Where ethnobiology 
studies originate in natural sciences departments, academic structures may not permit 
this fluidity nor the processual approach needed in collaborative work. Collaboration 
and co-authorship are integral to Phase IV and V research and is considered to be 
essential to the future of ethnobiology [198]. If ethno-directed bioprospecting is to 
be conducted within an ethical and collaborative framework, then these barriers need 
to be addressed. All of these elements - disciplinary silos, funding, status and time-
militate against the collaboration with communities and across disciplines necessary 
for high quality ethnobiological research that can capture the interpenetrative nature 
of the relationships of humans and their environments in an ethical manner.

Research design and methods used in ethnobiology may produce results which 
do not properly represent the relationships of people and plants. Shortcomings in 
quantitative studies, in choice of participants and questionnaire design, in use of 
common ethnobotanical methods and the interview itself, may each contribute to 
an ethnobiology that is not representative of the local voice. Quantitative analysis in 
ethnobiology has become a common component of ethnobiological research especially 
since the 1990’s [214]. It can be a component of a progressive ethnobiology when 
used judiciously. However, its inclusion has also been critiqued by several authors. 
The indiscriminate use of statistical methods without a basis in theory or hypothesis 
is challenged, proposing a better fit of method with the research question [215]. The 
variability in the use and interpretation of statistics produces research that cannot be 
compared or synthesised across studies and geographies [32, 214]. In this analysis, the 
wide variation in sample sizes, the difference in formulae and terms used, different 
interpretations of use categories make comparisons and syntheses of data difficult 
or inaccurate. The varying application of statistical measures has led to the recom-
mendation that primary data (URs) are reported to allow for comparison between 
studies and meta-analysis [32]. In health and medicine directed ethnobiology, there 
are pitfalls with statistical methods. The equation of the most popular species with the 
“best” could be misapplied since popularity may have more to do with ease of access 
or symbolic value than efficacy in BM terms [16]. The format of many ethnobiological 
studies which result in catalogues of plant knowledge does not necessarily translate 
into real-world plant use such that what is known is not necessarily what is used [204].

It has been argued at a more fundamental level, that study design including choice of 
participants and questionnaire design lead to more variability in results than the choices 
around statistical indices or the grouping of use categories [216]. Sampling bias may 
emerge when indigenous knowledge is not homogenously distributed across a commu-
nity or region [217]. The recording and classification of ethnobotanical knowledge may 
focus mainly on practical utility of species and can ignore other elements of importance 
to local communities. Elements that may not be categories of interest in study protocols, 
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such as the sacred or aesthetic, may be relevant to community members [218]. Common 
ethnobotanical methods may not be culturally appropriate in Australian aboriginal 
research and this necessitates the development of alternative culturally sensitive study 
designs [37, 57, 58]. The use of tools such as free-listing were found to produce variable 
outcomes, even within a single participant (in separate interviews), or relating to age 
or the presence of a third party at the interview [219]. Similarly, a Bolivian study found 
that even subtle changes in the use of methods of free-listing and semi-structured inter-
views can produce markedly different results [220]. The core method of the interview 
itself is a challenged process when the recorded portion, the verbal, is only a fraction 
of the whole communication. The interviewer changes the outcome of the interaction 
through their very presence and the questions they ask, bringing their own etic category 
biases and resulting in an inaccurate representation of indigenous knowledge [221].

As the discipline of Ethnobiology has progressed, the ethics of research has become 
increasingly central to its conduct. Vandebroek [204] has argued that the normal 
method of documenting traditional medicinal knowledge and subsequent laboratory 
research on pharmacological activities has limited if any health benefits for study com-
munities. There are clear ethical implications to such research. There are increasing 
calls to develop action-focused research protocols, which ask questions that directly 
address public health problems and make ethnobiological research more relevant to 
study communities [14, 204]. Vandebroek [204] refers to ethnobiological research 
in Mali whereby research results were directly returned to the study community 
through a refinement of local knowledge on an anti-malarial traditional medicine and 
only secondarily directed towards the development of a phytopharmaceutical [222]. 
The area of researching traditional knowledge and genetic resources raises ethical 
issues including of intellectual property rights, benefit sharing and protection of 
biodiversity. However, in the C. spinarum documents, there is little stated attention to 
ethics. Where ethics is mentioned, it is usually perfunctory. It is true that the lack of 
discussion of ethics does not mean that the research was conducted unethically. Some 
journals may require evidence of ethical research conduct as a condition of publication 
such as the Journal of Ethnopharmacology, even though ethical issues are not discussed 
in the research paper as such. This may not be the case for all journals. Where ethical 
issues are discussed as in Australian research such as [61], there is a greater sense of the 
ethical conduct of the research. Likewise, benefit sharing and IPRs may be a compo-
nent of some research permits. However, the mention or discussion of them within 
the research paper such as in those listed in Section 3.5 raises the reader’s awareness of 
these essential aspects of ethical research which has a value in itself.

5. Conclusions

This analysis using C. spinarum as a case study of a medicinal species illustrates 
that it has been identified in ethnodirected bioprospecting studies and other forms of 
ethnobiological research across three continents. Most of the research is categorised as 
Phase I in Hunn’s classification of ethnobiology with little contextual or ethnographic 
content. Where emic perspectives on the use of this species are reported, it is seen 
to profoundly alter the perspective of the reader on the use of this and other species 
within the study community. However, even a minimal “thin description” is lacking in 
most of the ethnobotanical research, where lists of EM species may be recorded with-
out information on the plant part used, or on the preparation or administration of the 
plant remedy. The omission of such essential data can invalidate the documentation 
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of ethnobotanical data whatever the purpose, whether cultural record, health care 
provision, sustainable plant use, environmental protection or bioprospecting.

There is more to be learned about this species and the many other species of broad 
biocultural value through the design and funding of research which allows local mean-
ings and values to emerge. A more nuanced understanding of its meaning for indigenous 
people and local communities may be illuminated through study designs that incorporate 
a blending of qualitative and quantitative research methodologies as proposed in best 
practice documents in ethnobiology and in ethnopharmacology. A partnership approach 
with local communities can make for more ethical as well as more fruitful research. Allied 
to this, is the aim of trans-disciplinarity in ethnobiological research. Such a research 
process could reveal local ways of knowing biodiversity and environment beyond the cat-
egories of utility commonly captured in natural science-directed ethnobotanical research.

The evidence of the current analysis of the ethnobotany of C. spinarum illustrates 
that such an approach is essential to ethical, sustainable, and effective ethnobiologi-
cal research of this and other culturally valued species. A move beyond the current 
obstacles to collaborative research is needed to examine in meaningful and effective 
ways how people interact with plants and the wider environment in response to health 
challenges with dynamism and creativity.
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Chapter 9

Ethnomedicinal Appraisal of
Traditionally Used Wild Edible
Plants of District Bagh, Azad
Jammu & Kashmir, Pakistan
Sadia Shabbir and Muhammad Shoaib Amjad

Abstract

The present study was aim to document the traditional knowledge about medicinal
uses of wild edible plants in District Bagh Azad Kashmir. Ethnomedicinal data was
gathered from 80 informants using open ended and semi structured interview, field
observation and group discussion. A total of 51 wild edible plant species mentioned by
informants’ as medicinal belonging to 42 botanical genera and 32 botanical families
with Legumenaceae (6 spp.) and Rosaceae (5 spp.) being most frequently used. Herbs
(45.09%) were most commonly used for prepration of herbal recipies. The preferably
used plant part for herbal preparation are leaves (64.7%). The plant species with
highest relative frequency of citation are Morus nigra (0.9) and Melia azedarach (0.9).
The highest UV values was recorded for M. nigra (1) and Berberis lycium (1). The
highest RI value was calculated for Urginea indica (90). Berberis lycium had 100%
fidelity level. Wild edible plants species are under high anthropogenic pressure and
need immediate conservation through community base management, public aware-
ness and germplasm collection. There is dire need for reappraisal of traditionally
knowledge on wild edible plants which not only conserve this traditional heritage but
may also contribute in future drug discovery.

Keywords: wild edible plants, Bagh, UV, RFC, ICF

1. Introduction

Humans have quite complex relationship with plants extending far back from the
beging of human civilization on the earth. Plants are intially used for food, medicine
and shelter. However various other uses ared discover by human beging with the
passage of time and the dependence of human being on plant incresaed many fold,
and in this manner support various other aspects of human proseperity and walfare
[1, 2]. Ethnobotany paly key role in understaning the past and present dynamic
interrelationship between socioculture system and phytodiversity [3]. The term
Ethonotany was first coined by John W. Harsberge in 1896 [4]. However Ford (1978)
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developed the ethnobotanical discipline which descirbed the collection, identifcation
and uses of plants by the people [5]. In borader aspect, ethnobotany referes to the
discipline which use various anthropolgical approaches to understand the knowledge
systems. During the current era, the ethnobotany emerge as mutidisplinay subject
which focus on people plant relationship not only by collection and documentation of
plants and their potential uses but also invovle economy, anthorpology, botany, phar-
macology, public heatlh and vaious other fields. Thus people palnt interaction is quite
broader aspect encompassing religious, social, artistic, commerical and symbolic
relationship.

Ethnobotanical survey play pivotal role in highlighing the important plant species
of the particular area. These species may be quite significant in pharmaceutical,
farming, medicine and nuraceutical industry. The documentation of tradiational
knowledge provide the basis for development of various modern drugs. It has been
estimated that about 25% of modern medicine are plant based and majority of
allopatheic medicine are synthetic analogue to the natural compound isolated
from various plant species [6]. About 70–80% population of developing countries
still depend upon herbal remedies for curing various ailments. This may due their
cost effectivness, less side effect, cultural acceptibility and lack of modern health
facilites. Herbal remedies are even extensivly used in various developed countries
e.g. 40–50% population in Germany, 30–50% in China, 42% in the USA, 49% in
France and 48% in Australia used plant based medicine as supplementary health
care [7–9].

Wild plants species grows in natural or semi natural ecosystem spontaneously
and exist independently without any human intervention. In contrast cultivated or
domesticated plants have grown under human intervention, such as collection or
breeding, and rely on management for their continuing survival. Wild edibel plant
are gathered throughout the world using tradiational practice from different habitats
such as forests, wetlands cultivateable fields and roadside. Since ancient times, wild
plants have played a pivotal role in survival and livlehood of number of ethnic
communities across the world by providing medicine, food, colors, shelter, poisons,
textiles and also used in cultruarl and religious cermonies [10]. They are preffered by
the people because of their aromatic and fresh taste, growing in pollutant free
envirnoment, rich mineral nutrients, strong vitality and number of health and medic-
inal benefits [11].

According to estimate there are about 20,000 wild plant species across the
world [12, 13]. In the past, more than 7000 wild edible plant species have been used
by the humans [14]. Out of total, only 3000 speccies have been ued as agricultural
crop and 150 species are commercially cultivated. However 90% of our food is
obtained from only 20 species [12, 15, 16]. The usage of wild edible plant as food occur
both in the time of food shortage and surplus and this usage has not completely
disappeared even in the agricultural socities where people primarly depends upon
crop plant [17, 18]. Throughout the contemporary world, about 200 million people
full fill their food and livilehood requirments from frorest [12]. Previous reports
also documented the theraputic potential and nturional value of wild edible plants
[15, 16, 19].

The wild edible plants (WEPs) are an integral component of biodiversity and there
in situ conservation offers various sociocultural, economic and agriculture benefits
[10, 20]. The role of wild edible plants in folk tradiations is quite significant. However
the most relevant and consistent reason for better management of wild edible plants
are there use as food and medicine. Therefore, the ethnobotanical research is
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important in identifying new source for food and providing raw material for drug
discovery. The presence of high amount of various micrnonutrients, minerals and
vitamin increase the nutritional quality of wild edible as compared to domesticated
varieties and hence prefered by ethnic communities [21]. Some areas of the world
have particular diversity of plants and animals [15, 16]. District Bagh, is one of such
area located in western Himalayan region of Azad Jammu & Kashmir. The area
harbored number of wild edible plants, which are use by local in variety of ways.
Large numbers of wild edible plants are widely distributed throughout the District and
consumed in various ways. Nutritionally, most of these plants are highly important
because of presence of fiber contents, minerals and vitamins. Root, nut, tubers, fruit
and bark are commonly consumed parts, which were analyzed for carbohydrate,
protein, fats and minerals.

Previous epidemiological reports confirmed that diet have key role in curing
various chronic ailments. This evidence suggest that change in behavior of diet such as
high consumption of grains, fruits and vegetable is a practical strategy in minimizing
or controlling the incidence of various chronic ailments. High consumption of wild
fruits and vegetables have strong link with low risk of cancer, cardiovascular and
inflammatory diseases, Alzheimer’s disease, diabetes, Aging, cataracts. The connec-
tion between food and health is becoming highly significant as people now demand
tasty, healthy and natural functional foods which grow in uncontaminated environ-
ment. In different regions of the world the knowledge about such wild edible plants as
medicine and food is disappearing. This is because it mainly transferred orally and
vertically from generation to generation as a part of traditional knowledge. Hence it is
very crucial to document the data about popular uses of such plants before this
knowledge become extinct. Therefore, current study is design to (a) document
ethnomedicinal knowledge about wild edible plants (b) quantitatively analyze the
data by using various indices such as frequency of citation, use value, informant
consent factor, relative importance and fidelity level.

2. Material and methods

2.1 Study area

District Bagh is one of the diversity rich area lies in western Himalayan region of
Azad Kashmir. Its geographical coordinates are between latitude 33°530–4°070 N and
longitude 73°300 to 74° E. The altitude of the area varies between 600 and 3300 m. The
total land area is 770 m2 and total population is 0.397 illion. Map of the study area is
given in Figure 1. The climate of the area is of Mediterranean type with annual
precipitation of 1500 mm. January is coldest month with average minimum tempera-
ture fall below �2°C and June is warmest month where average maximum tempera-
ture remains close to 40°C.

The local inhabitant of the area belongs to diverse ethnic group mainly Maldial,
Abbasi, Khawa, Rajpoot, Gujar and Sadaat. The whole population is Muslim. Com-
monly spoken languages include Hinko, Pahari, Kashmiri and Gojri. The vegetation of
the area varies from subtropical to temperate type comprises a wide variety herbs,
shrubs, trees and climbers. The people residing at higher altitude have poor socioeco-
nomic condition and have a long abundant and tradition practices of eating wild
plants. Due very limited access to modern health facilities, they still use these plants to

205

Ethnomedicinal Appraisal of Traditionally Used Wild Edible Plants of District Bagh, Azad…
DOI: http://dx.doi.org/10.5772/intechopen.104492



cure various ailments. However, knowledge about medicinal and other use of plants
are mainly confine to elder peoples and health Practionaire (hakims).

2.2 Ethnobotanical data collection

Ethnomedicinal data about wild edible plants was obtained from 80 informants (35
males; females) open ended and semi structured interviews, field observation and
group discussion. The consent was verbally obtained from the participant before
starting interview. Ethical codes of American society of Ethnobiology was followed
strictly during survey. Ethical permission to conduct survey was obtained from ethical
committee of university, while legal permission was obtained from members of
municipality. Complete information about wild edible plants such as local name,
medicinal usage, part used in herbal recipie, cooking recipe, mode of consumption,
disease treated were carefully recorded.

2.3 Plant collection and identification

Field survey was conducted during March 2020 to February 2021. The wild
edible plants specimens were collected in triplicate during different season
throughout year. The specimens were properly dried, pressed and pasted on herbar-
ium sheets. By using flora of Pakistan (https://http://www.efloras.org) the specimens
were identified. APG IV (2016) system was adopted for taxonomical verification of
families while the correct botanical nomenclature was given by using The Plant List
(2013). The identified specimens were further confirmed at Pakistan Agriculture and

Figure 1.
Map of study area.
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Research Council (PARC), Islamabad. The finally idenetified speciemen were sub-
mitted finally in herbarium of Botany Department of Women University.

2.4 Quantitative ethnobotanical indices

The collected ethno medicinal data of wild edible plants was quantitatively
analyzed by using following indices:

2.4.1 Relative frequency of citation (RFC)

The local significance of particular plant species as cited by the informants was
determined by using relative Frequency of Citation. It was figured out after
Vijayakumar et al. [22] by given formula:

RFC ¼ FC=N (1)

whereas, FC is informant who reported specific wild edible plant species and N is
total informants. Its value range between 0 and 1.0 when no informant cited use of
species as useful and 1 when all the infsormant cited the species as useful.

2.4.2 Use value index

The relative importance of particular specie in region is reflected by use value
(UV) and determined by following Vijayakumar et al. [22] by given formula:

UV ¼
P

Ui
N

(2)

Where, UV are use reports cited by each informant for given wild edible plant
species and N are total informants.

2.4.3 Relative importance

It was figured out after Khan et al. [23] by given formula:

RI ¼ Rel PHþ Rel BSð Þ � 100=2 (3)

Rel PH ¼ PH of a given plant
maximum PH of all reported species

(4)

Where PH is the pharmacological attribute of the selected plant, Rel PH = relative
pharmacological attributes of a given plant.

Rel BS ¼ BS of a given plant
maximum BS of all reported species

(5)

Where BS is body systems healed by given species and Rel BS is relative body
systems healed by that species.
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2.4.4 Informant consensus factor (ICF)

The consensus among the informants about usage of wild edible plants for treating
different disease categories will check by using ICF. It was determined after Heinrich
et al. [24] using given formula:

ICF ¼ Nur�Nt
Nur� 1ð Þ (6)

Where, Nur is use reports in given diseases category, Nt are species numbers used
for curing various diseases of that category.

2.4.5 Fidelity level (FL)

It reflect weigtage of particular plant species by informants to heal given ailment
and was figured out after Alexiades and Sheldon [25] using given formula

FL% ¼ Np=N � 100: (7)

Where Np are informants citing use of specific wild plant species for a particular
ailment and N are the total informants mentioning uses for a particular wild plant
species for all disease category.

3. Results and discussion

3.1 Demography and knowledge variation

A total of 80 informants (35 males; 45 females) were selected to gathered
knowledge about usage of wild edible plants from District Bagh. The informants
were divided into four groups i.e. gender, age, education and profession (Table 1).
The informants were first classified on the base of gender. Women informants
were more in number as compared to men because the interviewee was female and
women do not hesitate to share information with her. Besides, the women had high
traditional knowledge (average cited species 3.90; average cited uses 5.15) about
usage of wild edible plants as compared to male (average cited species 4.56; average
cited uses 6.73) This may because the women generally mange the indoor and
domestic activities while the males mostly engage in earning and field works. The
other reason may be strongly connected network among the women and greater
knowledge sharing with high number of central individual. These findings are
strongly supported by Kayani et al., Aziz et al., Shaheen et al., Farooq et al. and
Amjad et al.

Age was second criteria used for classification of informants. Base on age the
informants were categorized into three categories i. e. 20–40, 41–60 and 60–80. The
older age people (between 60 and 80) had more knowledge (average cited species
11.32; average cited uses 12.91) about wild edible followed by elder (average cited
species 8.16; average cited uses 7.31) and younger (average cited species 3.44; average
cited uses 3.67). The older age people had vast experience of practicing wild plants.
While the younger had limited interest in learning and practicing traditional
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knowledge due to change in lifestyle and modernization. Similar trend were also
observed by Qaseem et al. in Kotli, Shaheen et al. in Pearl valley and Umair et al. [26]
in Hafizabad.

The third significant factor was education. Educated peoples had less knowledge
about wild edible plants as compared to educated people. This is due to frequent
utilization and direct attachment of uneducated informants with wild edible plants
species. Beside they mostly contact with traditional healers during illness. The modern
education and culture mostly detach the people from nature. Likewise, the traditional
health practitioner (hakim) had more knowledge about wild plants because they
remain in touch with them. They have strong academic knowledge about usage of
herbs for curing various ailments. Previous reports from other areas of Pakistan and
other world also report similar findings.

3.2 Taxonomic diversity of wild edible plants

A total of 51 wild edible plant species distributed among 42 genera and 32 families
were documented from District Bagh. Maximum plant species were herbs (24 spp.;
45.09%) followed by shrubs (14 spp.; 27.45%) trees (12 spp.; 23.52%) and climber

Variables Informants category Numbers Percentage ANSCI ANUCI

Gender Male 35 43.75 3.90 5.15

Female 45 56.25 4.56 6.73

Total 80

Age class 20–40 21 26.25 3.44 3.67

41–60 46 57.5 8.16 7.31

60–80 13 16.25 11.32 12.91

Education Illiterate 26 32.5 7.46 5.35

Elementary education 19 23.75 10.56 9.67

Secondary education 16 20 6.33 7.23

Bachelors degree 11 13.75 5.34 3.42

Higher education 8 10 3.94 2.37

Profession Traditional health practionaires 9 11.25 20.48 13.98

House wives 23 28.75 5.95 7.56

Teachers 12 15 4.22 4.95

Farmers 3 3.75 5.25 4.75

Mid wives 10 12.5 8.15 8.67

Herders 5 6.25 5.95 7.10

Doctor 1 1.25 3.34 4.15

Student 6 7.5 2.30 2.77

Others 11 13.75 4.58 3.45

Key: ANSCI, average species cited by each informant; ANUCI, average N use cited by each informant.

Table 1.
Demographic characteristic of informants.
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(2 spp.; 3.92%) (Figure 2). The dominance of herbaceous flora is due to location of
study area in dense forest at higher altitude where there is high rainfall and moisture
content.

Legumenaceae is a dominant family in the area having 6 species followed by
Rosaceae (5 spp.) and Moraceae (4 spp.) (Figure 3). The dominance of these
families in the study area might because the habitat and environmental conditions of
the area are favorable for the member of these families. The local inhabitants of the
area had great familiarity to the member of these families. The presence of high
amount of active ingredients in its members might be another reason for their
dominance. Previous reports from other areas of Pakistan and world support our
findings [7, 27, 28].

3.2.1 Plants parts used

Local inhabitant of study area used various plants part to prepare different herbal
recipes. Leaves were most frequently used plant part (64.7%) for herbal preparation
followed by whole plants (5.88%) root (9.8), fruit (27.4), seed (19.6), flowers (7.8) bark
(11.7%) bulb (3.92%) bark gal (1.96%)and petals (1.96%) as shown in (Figure 4). The
high efficacy of leaves in phytotherapy might be due to presence of extractable crude
drugs, phytochemicals and many other mixtures. This studies conducted with different
regions of Pakistan Bano et al. and Ahmad et al.

Figure 2.
Life form distribution of wild edible plants.
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3.2.2 Mode of consumption

Wild edible plants were consumed in different ways by local inhbatiant to cure
various ailments. Maximum species (species; 41.1%) were used in cooked form,
followed by raw (15 species; 29.4), extract (6 species; 11.7%), soup (6 species; 11.7%)

Figure 3.
Top ranked families of wild edible plant species.

Figure 4.
Plant used in prepation of herbal recipes.
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paste (4 species; 7.8%), powder (1 species; 1.9%) chewed (1 species; 1.9%) and poulite
(1 species; 1.9) as shown in (Figure 5). Our findings are supported by previous
documentation [7, 29–31]). Cooking and eating raw snakes are common practice in
food anthropoglogy as descibed in various previous reports. The specific parts of wild
edible plants are diectly cooked as a vegetable by mixing with water, soup and milk
friuts are eat in raw form. Paste and poulite are apply on skin for various diseases
treatment like scabies, skin worms.

3.2.3 Quantitative etnobotanical indices

3.2.3.1 Use value (UV)

The relative importance of plant species associated with the use of particular species
reported by the informants is reflected by use value. The use value of document species
ranges from 0.1 to 1. The maximumUV values was reported for Berberis lycium Royle (1)
andMorus nigra (1). Other species with high use value areMelia azedarach (0.9), Ficus
palmata (0.9) and Dryopertis racemose (0.8) (Table 2). The high usage of the reported
species indicates a strong association and dependence of local communities on sur-
rounding flora, specifically for the treatment of various diseases [32]. Moreover, the
plant species which are used excessively are assumed to be biologically more active;
therefore, these should be subjected to phytochemical and pharmacological screening to
increase sustainable utilization and conservation of plant resources [33].

3.2.3.2 Relative importance (RI)

Relative importance reflect diversity of particular species for curing various ail-
ments in area. The relative importance of the documented species ranges between
12.14 and 90.00. The highest RI value was calculated for Urginea indica (90.00)
followed by Elaeagnus umbellata (77.86), Pimpinella diversifolia (73.57) and Oxalis
corniculata (68.57) [34] (Table 2). The speies having high relative importance are
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Figure 5.
Mode of consumption of wild edible plant species.
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Sr. no. Botanical name/Voucher number UI UV FC RFC PH BS Rel PH Rel BS RI

1. Berberis lycium 80 1 68 0.9 4 3 0.4 0.43 21.43

2. Ficus carica 60 0.75 50 0.6 1 2 0.1 0.29 14.29

3. Olea ferruginea 52 0.65 32 0.4 7 3 0.7 0.43 21.43

4. Oxalis corniculata 44 0.55 22 0.2 6 4 0.6 0.57 28.57

5. Phyllanthus emblica 32 0.4 20 0.2 2 3 0.2 0.43 21.43

6. Pimpinella diversifolia 64 0.8 54 0.6 3 3 0.3 0.43 21.43

7. Pistacia chinensis 12 0.15 6 0.1 7 2 0.7 0.29 14.29

8. Rosa abietina 36 0.45 28 0.3 2 1 0.2 0.14 7.14

9. Rumex hastatus 56 0.7 16 0.2 3 2 0.3 0.29 14.29

10. Solanum americanum 40 0.5 20 0.2 2 5 0.2 0.71 35.71

11. Zanthoxylum armatum 60 0.75 44 0.5 2 3 0.2 0.43 21.43

12. Ziziphus nummularia 20 0.25 34 0.4 5 2 0.5 0.29 14.29

13. Ziziphus oxyphylla 30 0.35 56 0.7 2 3 0.2 0.43 21.43

14. Rumex dentatus 30 0.35 70 0.8 1 2 0.1 0.29 14.29

15. Taraxacum officinale F.H.Wigg./SS-15 34 0.43 60 0.7 1 5 0.1 0.71 35.71

16. Dryopertis racemose 71 0.88 67 0.8 5 2 0.5 0.29 14.29

17. Lathyrus aphaca 66 0.82 50 0.6 1 5 0.1 0.71 35.71

18. Portulaca quadrifida 46 0.58 23 0.2 4 2 0.4 0.29 14.29

19. Trigonella gracilis 22 0.28 45 0.5 2 4 0.2 0.57 28.57

20. Vicia faba 42 0.53 54 0.6 2 4 0.2 0.57 28.57

21. Pinus roxburghi 68 0.85 67 0.8 10 3 1 0.43 21.43

22. Punica granatum 26 0.33 54 0.6 6 4 0.6 0.57 28.57

23. Melia azedarach 75 0.94 77 0.9 4 6 0.4 0.86 42.86

24. Morus alba 66 0.83 53 0.6 3 7 0.3 1.00 50.00

25. Morus nigra 80 1 78 0.9 4 5 0.4 0.71 35.71

26. Ficus palmata 79 0.99 64 0.8 2 6 0.2 0.86 42.86

27. Urginea indica 74 0.93 56 0.7 6 3 0.6 0.43 21.43

28. Rubus fruticocus 56 0.7 45 0.5 8 2 0.8 0.29 14.29

29. Artemisia maritima 48 0.6 58 0.7 2 2 0.2 0.29 14.29

30. Allium sativum 63 0.79 46 0.5 5 1 0.5 0.14 7.14

31. Rosa rubiginosa 61 0.76 58 0.7 3 3 0.3 0.43 21.43

32. Asystasia gangetica T.Anderson/SS-32 79 0.99 21 0.2 11 1 1.1 0.14 7.14

33. Elaeagnus umbellata 72 0.9 48 0.6 4 2 0.4 0.29 14.29

34. Robinia pseudoacacia 65 0.81 33 0.4 5 3 0.5 0.43 21.43

35. Amaranthus caudatus 50 0.63 25 0.3 8 2 0.8 0.29 14.29

36. Amaranthus viridis 45 0.56 20 0.2 5 1 0.5 0.14 7.14

37. Urtica dioica 49 0.61 54 0.6 3 3 0.3 0.43 21.43

38. Quercus incana 33 0.41 49 0.6 2 2 0.2 0.29 14.29
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used in excess by the native and have strong pharmacological potential [2] and their
significance increases when used for curing number of ailments [35].

3.2.4 Informant consensus factor

The consensus of informants on wild edible plants to cure various diseases was
determined by using ICF. To develop this consensus, all the treated aliments are
categorized into 10 diseases groups. The value of ICF varied between 0.4 and 0.94.
(Figure 6). The highest value of ICF (0.94) is digestive system and liver disease
categoreis. The most frequently used plants for this category are Berberis lycium,
Dryopertis racemose, Ziziphus oxyphylla, Melia azedarach, Ficus palmata, Allium
sativum, Zanthoxylum alatum, Medicago polymorpha, Ziziphus sativa, Prunus domestica,
Taraxacum officinale, Rubus fruticocus, Amarantus caudatus, Elaeagnus umbellata,
Morus nigra. Previous reports from other study area also reflect high ICF for this
disease category [2, 36–38]. The prevalance of diestive system disorder might be due
to unavilabilty o clean drinking water and poor hygenic condition in the area. The
secound highest ICF value was recorded for skin diseases.

3.2.5 Fidelity level

The fidelity level of wild edible plants species for curing different ailments in the
study area varies between 30 and 100%. The fidelity level of only Berberis lycium was
found 100 FL% which was used for the treatment of various diseases like diabetes,
jaundice, diarrhea and stomach treatment. It was followed by Rubus fruticocus (83.3%)
used to cure sore thorat, Ziziphus oxyphylla (83.3%) used to cure Jaundice and Rumex
dentatus (80%) used to cure jaundice. Other species with high FL value are Urginea

Sr. no. Botanical name/Voucher number UI UV FC RFC PH BS Rel PH Rel BS RI

39. Diospyros lotus 53 0.66 28 0.3 4 4 0.4 0.57 28.57

40. Zanthoxylum alatum 23 0.29 70 0.8 5 3 0.5 0.43 21.43

41. Nasturtium officinale 36 0.45 30 0.3 4 5 0.4 0.71 35.71

42. Canabis sativa 67 0.84 56 0.7 4 1 0.4 0.14 7.14

43. Justicia adhatoda 12 0.15 14 0.1 8 3 0.8 0.43 21.43

44. Capsella bursa-pastoris Medik./SS-44 27 0.34 36 0.4 6 2 0.6 0.29 14.29

45. Melilotus albus 39 0.49 21 0.4 6 1 0.6 0.14 7.14

46. Veronica arvensis 40 0.5 13 0.1 2 3 0.2 0.43 21.43

47. Vicia sativa 21 0.26 19 0.2 2 2 0.2 0.29 14.29

48. Medicago polymorpha 37 0.46 20 0.2 1 1 0.1 0.14 7.14

49. Duchesnea indica 26 0.33 60 0.7 1 6 0.1 0.86 42.86

50. Ziziphus sativa 13 0.16 50 0.6 3 2 0.3 0.29 14.29

51. Prunus domestica 37 0.46 34 0.4 1 3 0.1 0.43 21.43

Key: UV, use value; Ui, the number of uses that account for each species through every number of informants; FC,
frequency of citation; RFC, relative frequency of citation; PH, relative number of pharmacological properties attributed to
a single plant, BS, Number of body systems treated by a single species; Rel, relative number; RI, relative importance.

Table 2.
Quantitative ethnomedicinal data of wild edible plants.
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indica (76.7%), Artemisia maritima (76.5%), Ziziphus nummularia (76.0%), Rosa
abietina (75%) and Trigonella gracilis (75%) (Figure 7). These spp. are mostly use to
cure the digestive respiratory skin diseases like cold, dyscentery, diarrhea, fever and
ulcer. Some other reserachers also recoded high fidelity level of these species in their

Disease categories
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Figure 6.
Diseases categories treated by wild edible plant species in District Bagh. Key: RST, respiratory system diseases; EED, eye
and ear diseases; MTD, mouth throat diseases; D, diabetes; DSLD, digestive system and liver diseases; MJD, muscular
and joint diseases; SD, skin diseases; URSD, urinary and reproductive system diseases; CSD, circulatory system diseases;
F, fever; C, cancer; HP, hair problems; BLSD, blood and lymphatic system diseases; A, antidote; O, others.

Figure 7.
Top ranked species with high fidelity level of wild edible plants.
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investigated area [39]. These results reflect the dominance of particular disease in the
investigated area, which are cured by using medicinal plant species with high fidelity
level [7, 40]. The species with high FL are highly used in the investigated area as
compared to the species with low FL value. The species having low FL values are not
most important by the native of the study area [36]. The species with high FL value
should be subject to further phytochemical and pharmacological investigation to
validate the traditional knowledge.

4. Conclusion

The present study revealed that the rural communities of District Baghs still use
wild edible plants for medicne, food and other purposes. But this indigenous knowl-
edge on plant usage is disappearing rapidly due to moderanization, which should be
conserved before it extinct. Ther use pattren of wild edible plants mainly infulenced
by socio ecnomic factor instead of climatic factors. Study of the results showed that in
the study area, most of the wild edible plants are used by poor families during difficult
and normal time. However ther is rapid decline in use of several species which may
lead to the extinction of this tradiational knowledge. The citation and use reports of
wild vegetables verified that cultural heritage and cultural worth regarding collection
of wild edible palnts is analogue because most of cited species are same. The majority
of the plants were employed to treat digestive system and liver disorders, skin
diseasess and respiratory tract diseases. The plant species with high RFC, UV, RI and
FL should be subjecte to further pharmacological and phytochemical studies to verify
this tradiational knowledge which can be used in future for novel drugh development.
The current study also revlead that wild edible plants species are under high
anthorpogenic pressure and need immidate conservation thorugh community base
management, public awaness and germplasm collection. Besides, The conribution of
ethnic communities for diversification of medicine and food sources should be recog-
nize at the national and international level. There is dire need for reappraisal of
tradiational knowledge on wilde edible palnts which not only conserve this
tradiational heritage but may also contribute in furture drug discovery.
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Appendix

Pictures of wild edible plants reported from study area.

Berberis lycium Ficus carica Olea ferruginea Oxalis corniculata

Phyllanthus emblica
Pimpinella diversifolia

Pistacia chinensis Rosa abietina

Rumex hastatus Solanum americanum Zanthoxylum armatum Ziziphus nummularia

Ziziphus oxyphylla

Rumex dentatus

Taraxacum officinale Dryopertis racemose
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Lathyrus aphaca Portulaca quadrifida Trigonella gracilis Vicia faba

pinus roxburghi
Punica granatum Melia azedarach Morus alba

Morus nigra
Ficus palmata

Urginea indica Rubus fruticocus

Artemisia maritima Allium sativum Rosa rubiginosa Asystasia gangetica

Elaeagnus umbellata Robinia pseudoacacia Amaranthus caudatus Amaranthus viridis
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Urtica dioica

Quercus incana Diospyros lotus Zanthoxylum alatum

Nasturtium officinale Canabis sativa Justicia adhatoda
Capsella bursa-pastoris

Melilotus albus Veronica arvensis Vicia sativa Medicago polymorpha

Duchesnea indica Ziziphus sativa Prunus domestica
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Ethnomedicinal uses of wild edible plants of District Bagh.

Sr
no.

Botanical
name/
voucher
number

Vernacular
name

Family Habitat Part
used

Mode of
consumption

Mode of
administration

Diseases
treatment

1. Berberis
lycium Royle/
SS-01

Sumbal Berberdaceae Shrub Root Extract Internal Jaundice

Bark Powder Diabetes, stomach
disorder

Leaves Raw Diarrhea

2. Ficus carica
L./SS-02

Jangli ingeer Moraceae Tree Leaves Cooked External Throat

3. Olea
ferruginea
Wall.ex
Aitch/SS-03

Kao Oleaceae Tree Seed Extract Internal Toothache,
Stomach disorder,
diarrhea, heart
diseases, High
cholesterol, high
blood pressure

4. Oxalis
corniculata
L./SS-04

Khatti booti Oxalidaceae Herb Leaves Cooked Internal Influenza, fever

Seed Cooked Internal urinary tract
infection, wash to
rid children
hookworms

Bark Paste External Insect bites

5. Phyllanthus
emblica L./
SS-05

Amala Phyllanthaceae Tree Seed Extract External Hair care, skin care

6. Pimpinella
diversifolia
DC./SS-06

Sonf Apiaceae Herb Seed Soup Internal Respiratory tract
diseases, urinary
tract infection,
kidney stone

7. Pistacia
chinensis
Bunge/SS-07

Karkatshringi Anacardiaceae Tree Fruit Soup Internal Cough, asthma,
dysentery, liver,
disorders, snake
bite

8. Rosa abietina
Gren. ex H.
Christ/SS-08

Jangli gulab Rosaceae Shrub Leaf Extract Internal Blood purifier,
wound healing

9. Rumex
hastatus D.
Don/SS-09

Chukhare Polygonaceae Shrub Fruit Soup Internal Asthma, cough

Root Fever

10. Solanum
americanum
Mill./SS10

Kachmach Solanaceae Herb Whole
plant

Paste External Scabies, skin
worms

11. Zanthoxylum
armatum
DC./SS-11

Timber Rutaceae Shrub Leaves Paste Internal Asthma

Seed External Toothaches

12. Ziziphus
nummularia
(Burm.f.)
Wight &
Arn./SS-12

Karken ber Rhamnaceae Shrub Leaves Soup Internal Cold, dysentery

Seed Diarrhea, Fever

Bark Ulcer

13. Ziziphus
oxyphylla
Edgew./SS-
13

Phitni Rhamnaceae Shrub Fruit Raw Internal Diabetes, jaundice
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Sr
no.

Botanical
name/
voucher
number

Vernacular
name

Family Habitat Part
used

Mode of
consumption

Mode of
administration

Diseases
treatment

14. Rumex
dentatus L./
SS-14

Jungli palak,
Hula

Polygonaceae Herb Fruit,
Root

Cooked External Skin diseases

15. Taraxacum
officinale (L.)
Weber ex F.
H.Wigg./SS-
15

Haund Asteraceae Herb Leaves Cooked Internal Diabetes

16. Dryopertis
racemose/SS-
16

Kunji Dryopteridaceae Herb Leaves Cooked Internal Diarrhea,
headache, heart
diseases,
respiratory
disorder, uterus
disorders

17. Lathyrus
aphaca L./
SS-17

Jungli matter Leguminosae Climber Seed Cooked Internal Toothache

18. Portulaca
quadrifida
L./SS-18

— Portulacaceae Herb Whole
plant

Extract Internal Diuretic, fever,
urinary disorders,
dysentery

19. Trigonella
gracilis
Benth./SS-19

Not Known Leguminosae Herb Leaves Cooked Internal diabetes,
decreasing blood,
cholesterol.

20. Vicia faba L./
SS-20

Faba bean Leguminosae Tree Flowers Cooked Internal &
External

Diuretic, removal
of wards

21. pinus
roxburghi/
SS-21

Cheer Pinaceace Tree Fruit Poultice External TB

Resin Wound healing

22. Punica
granatum
L./SS-22

Daru Lythraceae Shrub Fruit Raw Internal Sore throats,
coughs, urinary
infection, digestive
disorders

External Skin disorder

23. Melia
azedarach
L./SS-23

Darkh Meliaceae Tree Fruit Soup Internal Malarial fever,
purify blood,
diabetes

Raw Gas trouble

24. Morus alba
L./SS-24

Shatoot Moraceae Tree Fruit Raw Internal Dizziness, liver,
kidney disorder

25. Morus nigra
L./SS-25

Khaa shattot Moraceae Tree Fruit Raw Internal Cough, bronchitis

Leaves Diuretic, Asthma

26. Ficus
palmata
Forssk./SS-
26

Pagwara Moraceae Tree Fruits Cooked Internal Constipation

Leaves Latex External Warts

27. Urginea
indica
(Roxb.)
Kunth/SS-27

Jungli piazz Asparagaceae Herb Whole
plant

Cooked Internal Diuretic, cough,
asthma

28. Rubus
fruticocus/SS-
28

Pahunay/
black berry

Rosaceae Herb Fruit Raw Internal Anticancer,
dysentery,
diarrhea, whopping
cough, toothache,
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Sr
no.

Botanical
name/
voucher
number

Vernacular
name

Family Habitat Part
used

Mode of
consumption

Mode of
administration

Diseases
treatment

sore throat, mouth
ulcer, mouthwash

29. Artemisia
maritima
L./SS-29

Chahu Compositae Herb Leaves Chewed External Toothache

Cooked Internal Flavoring

30 Allium
sativum
L./SS-30

Jungli lashun Amaryllidaceae Herb Whole
plant

Cooked Internal Diabetes, fever,
intestinal worms,
dysentery, high
blood pressure

31. Rosa
rubiginosa/
SS-31

Chal Rosaceae Shrub Flowers Cooked Internal Headaches,
dizziness, blood
purifier

32. Asystasia
gangetica (L.)
T.Anderson/
SS-32

Aheer Acanthaceae Climber Fruit Extract Internal Hypertension,
asthma, fever,
epilepsy, stomach,
heart pain, urethral
discharge, nose
bleeding, dry
cough, irritated
throat, chest
infection

33. Elaeagnus
umbellata
Thunb./SS-
33

Kankoli Elaeagnaceae Shrub Seed Raw Internal Respiratory
diseases, cough,
pulmonary
infection

34. Robinia
pseudoacacia
L./SS-34

Kiker Leguminosae Tree Fruit Raw Internal Calms stomach,
burns, eye aliment

35. Amaranthus
caudatus
Linn./SS-35

Rata ganayar Amaranthaceae Herb Leaves Cooked Internal Eyes diseases,
diuretic, diabetes,
Malaria, ulcer,

Seed Diarrhea, swelling
of the mouth, high
cholesterol

36. Amaranthus
viridis
L./SS-36

Chetta
ganayar

Amaranthaceae Herb Leaves Cooked Internal Ulcer, Throats,
headaches, tumors

Paste External Warts

37. Urtica dioica
L./SS-37

Kengi Urticaceae Herb Leaves Cooked Internal Diabetes, urinary,
tract infection,

Seed Kidney stone

38. Quercus
incana
Bartram/SS-
38

Reeyun Fagaceae Tree Leaves Raw Internal Diuretic

Seed Diarrhea

39. Diospyros
lotus L./SS-39

Kala amlook Ebenaceae Tree Fruit Raw Internal Fever, diarrhea,
constipation,
dysentery

40. Zanthoxylum
alatum/
SS-40

Timber Rutaceacae Shrub Fruit Raw Internal Asthma, bronchitis,
indigestion,
diarrhea, cholera

41. Nasturtium
officinale R.
Br./SS-41

Tara mera Brassicaceae Herb Whole
plant

Cooked Internal Urinary, tract
infection, cough,
bronchitis,
muscular pain
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Sr
no.

Botanical
name/
voucher
number

Vernacular
name

Family Habitat Part
used

Mode of
consumption

Mode of
administration

Diseases
treatment

42. Canabis
sativa/SS-42

Bang Cannabaceae Herb Leaves Extract Internal Control nausea,
vomiting, Cancer,
muscles spasms

43. Justicia
adhatoda
L./SS-43

Bhikar Acanthaceae Herb Leaves Cooked Internal Bronchitis, asthma,
TB, control
bleeding from
gums

Flowers Cough, diarrhea,
dysentery, chest
infection

44. Capsella
bursa-
pastoris (L.)
Medik./SS-
44

Berg e bansa,
bakar

Brassicaceae Herb Whole
plant

Cooked Internal Nose bleeding,
menstrual cycle,
headache, heart
problems,
Diarrhea, urinary
problems

45. Melilotus
albus
Medik./SS-
45

Sag Leguminosae Herb Leaves — Internal Inflammation joint
pain, fever, cold,
diuretic, wound
healing

46. Veronica
arvensis
L./SS-46

Honey colve Plantaginaceae Herb Leaves Cooked Internal Skin infection,
blood purifier

47. Vicia sativa
L./SS-47

— Leguminosae Herb Leaves Cooked Internal Kidney pain, eye
infection

48. Medicago
polymorpha
L./SS-48

Jungli phali Fabaceae Shrub Leaves& Raw Internal Dysentery

Fruit

49. Duchesnea
indica
(Jacks.)
Focke/SS-49

Sinjii Rosaceae Herb Leaves Cooked External Skin problems

50. Ziziphus
sativa/SS-50

Budi meva Rhamnaceae Herb Fruit Raw Internal Skin problems,
liver disease, ulcer,
weight loss

51. Prunus
domestica
L./SS-51

Barr Rosaceae Shrub Fruit Raw Internal Constipation
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Chapter 10

Phytochemicals from Solanaceae 
Family and Their Anticancer 
Properties
Sangilimuthu Alagar Yadav and Feba Sara Koshi

Abstract

Cancer is one of the most dreadful disease conditions all over the world. With 
the side effects and cost of conventional treatment, there is a demand for new 
therapies to prevent cancer. Research studies proved many plant products possess 
anticancer properties. Currently, a few plant-based drugs are used to treat it. The 
phytochemicals are investigated by in vitro and in vivo to assess their mechanism 
of action against cancer. This chapter is an overview of anticancer compounds 
extracted from plants of Solanaceae family with the potentials results. Many 
research has confirmed the anticancer efficiency of the biomolecules, such as 
solanine, solamargine, tomatidine, Withanolides, scopoletin, capsaicin found in 
Solanaceae, and their mode of action, such as cell cycle arrest, inhibiting signaling 
pathways, autophagy, suppression of enzymes in various human cancer cell lines 
of breast, pancreas, colorectal, liver, and cervical and also in animal models. This 
chapter seeks to provide an outline of key examples of anticancer activity of phyto-
chemicals from the Solanaceae family, which offers a track for the development of 
novel medicines for cancer treatment as a single drug or in combinational drug. This 
chapter helps to identify the novel bioactive molecule for cancer treatment as lead 
molecule with less side effects in future.

Keywords: cancer, solanaceae, flavonoids, saponins, terpenes, anticancer properties, 
solanine, solamargine, tomatidine, withanolides apoptosis, cell cycle arrest

1. Introduction

Plants have been used for the treatment of diseases for centuries ago. Ancient 
manuscripts of different civilizations show evidence of using herbs as medicine. 
Now, this system is used in Unani, Ayurveda, and Siddha medicines also. According 
to WHO, 21,000 plant species have the potential to use as medicinal plants [1]. The 
plant is used as a whole or parts as medicine. The plant contains various chemicals 
called phytochemicals or phytonutrients, which are primary metabolites or secondary 
metabolites. These metabolites protect the plants from the attack of microbes, such 
as bacteria, fungi, and viruses. These chemicals are rich in fruits, vegetables, grains, 
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and other plants. The intake of these plants decreases the risk of developing cancer, 
diabetes, and heart diseases. These chemicals may act as antioxidants or nutrient 
protectors [2].

Cancer, the abnormal growth of cells that can invade the nearby cells and even 
spread to other organs called metastasis, which can occur in any part of the body 
results due to various causes and factor is one of the most dreadful conditions in 
the world. Common cancer reported are breast, lung, colon, rectum, etc. Among 
those mentioned types high-mortality rate reported was because of lung cancer. The 
number of people affected is male [3]. The common treatment methods are radia-
tion therapy, chemotherapy, and surgery. These treatments are quite expensive and 
also possess many side effects. These side effects can be reduced by using plant or 
plant-based drugs. Scientists prove that several plants and their components have 
the potential to fight against cancer and mechanism of action include cessation 
of the cell cycle, regulation of the transcription process, induction of autophagy, 
downregulation of proteins in biochemical pathways, and rupturing of the mem-
brane. Also, it was reported that some chemicals are effective against more than one 
type of cancer [4].

There are different classes of phytochemicals derived anticancer drugs available 
on market. The drugs were used as tinctures, tea, powders, decoctions, etc. In vitro 
studies also prove that many plants in different parts of the world possess anticancer 
properties. Studies should be continued about the in vivo experimentation and clinical 
trials to integrate traditional medicine into modern treatment for the patients.

One among the family which possesses anticancer properties is the Solanaceae 
family. It is an angiosperm with 102 genera and more than 3000–4000 species of 
plants. Glycoalkaloids from Solanum species, such as solanine, solasonine, and 
solanidine, isolated from Withania somnifera L. have an anticancer property by 
arresting the cell cycle. David O Nwke et al. reviewed that Physapubescin B, a 
withanolide remoted from Physalis pubescens L. is used in the treatment of colorectal 
cancer. Extracts from Datura metel L. also show cell arrest in various studies [5]. 
The detailed evaluation of the mode of action of these chemicals in the Solanaceae 
members against cancer growth and multiplication opens a pathway for the future 
treatment of cancer.

2. Solanaceae family

Solanaceae family belongs to the order Solanales of angiosperms. Generally, they 
are called as potato family. This group is also called as nightshade family because of 
the poisonous alkaloids present in some members of the family. Most of the plants 
are economically important because of their food, ornamental or medicinal values. 
Some of the plants in this family are potato, tomato, all peppers, eggplant, etc. It 
also contains deadly toxic plants. These family members are found throughout the 
world but are widely distributed in the tropical regions of South America. Members 
of this family show different morphological and ecological characteristics [6]. Some 
of the medicinal plants are Atropa, Hyosymus, Withania, Nicotiana, and Capsicum. 
Petunia, Datura, and Schizanthus are used as ornamental plants [7] (Table 1), 
(Figure 1).

Afroz et al. reported, “Bioactive secondary metabolites reported from the mem-
bers of the Solanaceae include AMPs, alkaloids, flavonoids, glycosides, lactones, 
lignans, steroids, simple phenols, sugars, and terpenoids” [7].
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3. Phytochemicals

Phytochemicals or phytonutrients are produced by plants. These chemicals are 
the basic principle for the nutritive as well as pharmacological action of plants. These 
chemicals also provide a defense mechanism to the plants against plant pathogens. 

Genus name Plant name Uses

Solanum Solanum nigrum L. Used for dysentery, stomach complaints, antitumorigenic, and 
antioxidant.

Solanum americanum L. used for the treatment of rheumatic pains, eye diseases, heart 
pain

Solanum melongena L. lower blood cholesterol level, used in the treatment of internal 
bleeding, piles, and toothache

Solanum surattense Burm. F. Used against cough, sore throat, etc.

Solanum lycopersicum L. To prevent prostate cancer, breast cancer, and skin diseases

Atropa Atropa acuminate Royle Used as diuretics

Atropa belladonna L. Used in traditional medicine

Capsicum Capsicum annum L. Lowering blood pressure and Cholesterol.

Caspsicum frutescens L. Treatment of cancer

Datura Datura stramonium L.
Datura metel L.

antispasmodic and antiasthmatic diabetes, cancer, and viral 
infections

Withania Withania somnifera L. Used as a tranquilizer, Cancer treatment

Withanaia coagulans L. Is used to treat nervous prostration, sleeplessness, infertility, 
multiple sclerosis, etc.

Hyoscyamus Hyoscyamus niger L.
Hyoscyamus pusillus L.

Cerebral and spinal sedative
Used as anesthetics

Nicotiana Nicotiana tobacum L. antispasmodics, diuretics, antioxidant activity along with other 
pharmacological effects

Physalis Physalissubglabrata Mack 
& Bush

Used as a hallucinogen, used as a remedy for abscesses, coughs, 
fevers, and sore throats.

Scopolia Scopolia carniolica Jacq. Used as antispasmodic

Table 1. 
Important plants of the Solanaceae family and their uses [8].

Figure 1. 
Some members of the Solanaceae family plants: 1. Capsicum frutescens .L. 2. Solanum nigrum L. 3. Solanum 
lycopersicum L. 4. Solanum melongena L.
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The main pathogens belong to the class of bacteria, fungi, protozoa, and viruses [9]. 
The common vegetables and fruits, such as broccoli, berries, carrot, tomato, garlic, 
seeds, and onion, contain these chemicals in large quantities which increase the 
immune capacity of the body.

There are two types of metabolites in all living organisms including plants. They 
are primary metabolites, such as sugar, amino acids, nucleotides, and lipids, which are 
essential for their functioning. Plants also produce certain molecules which are not used 
directly in their life process such chemicals are called secondary metabolites synthesized 
by biochemical pathways, such as alkaloids, flavonoids, glycosides, phenolics, and 
terpenoids discovered with various properties, such as induction of flowering, protection 
from pathogens, protection from the external environment, attractant or repellant for 
pollination, antimicrobial, antioxidant, anti-inflammatory, and antitumor activity. These 
chemicals and their product are used in herbal medicine and modern medicines [10–12].

3.1 Types of phytochemicals in the Solanaceae family

The phytochemicals are classified on the basis of their biosynthetic origin, structure, 
and solubility properties. The different types of phytochemicals are alkaloids, glyco-
sides, flavonoids, saponins, terpenes, steroids, etc. [13]. The Solanaceae family is rich in 
phytochemicals showing their effectiveness as medicinal plants (Table 2). The review 
studies show that most of these common plants in the selective family show anticancer 
properties (Figure 2) which can enlighten the treatment of cancer in the near future.

Genus name Plant name Phytochemical Class

Solanum Solanum. nigrum 
L.

Solasonine, Solamargine, Solanigroside 
P
Solamargine

Steroidal glycoalkaloids

Solanum anguivi 
Lam

Anguivioside A,B,C Saponins

Solanum incanum 
L.

Solamargine, Methylprotodioscin
Indioside D

Steroidal glycoalkaloids

Solanum 
lycopersicum L.

Lycopene. Diosgenin Carotenoid
Saponins

Atropa Atropa acuminata 
Royle

Atropine Alkaloids

Atropa 
belladonna L.

Atropine, Apoatropine
Scopolamine
Kaempferol 3,7-diglycosides

Alkaloids
Alkaloids
Alkaloids
Flavonoids

Capsicum Capsicum annum 
L.

Caffeic acid, capsinoids
Canusesnol
kaempferol-3-O-glucoside

Phenolics sesquiterpenoids 
flavonols

Capsicum 
frutescens L.

Capsaicin capsaicinoids

Datura Datura 
stramonium L.
Datura metal L.

Apoatropine
Tropine tropate
Withanolides,

Nitrogen-containing 
polyhydroxylated heterocyclic 
compounds
steroidal lactones
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The use of phytochemicals in pharmaceutical and agrochemical industries is an 
ongoing process that requires continuous and elaborate study.

4. Alkaloids in Solanaceae

Alkaloids are cyclic nitrogenous secondary metabolites seen in many plants. 
They are synthesized during the biochemical synthesis of proteins and nucleic acid. 
These alkaloids have wide applications as drugs, narcotics, or poisons. Jerzykiewicz 
et al. reported, “Chenopodiaceae, Lauraceae, Magnoliaceae, Berberidaceae, 
Menispermaceae, Ranunculaceae, Papaveraceae, Fumariaceae, Papilionaceae, Rutaceae, 
Apocynaceae, Loganiaceae, Rubiaceae, Boraginaceae, Convolvulaceae, Solanaceae, and 
Campanulaceae are some of the families that rich in alkaloids which protect the plant 
from insects, pest and also give disease resistant capacity to plants” [18]. This property 
of alkaloids in Solanaceae can be utilized for anticancer medicine production.

Genus name Plant name Phytochemical Class

Withania Withania 
somnifera L.

Withanolides, Withaferin A,, 
Physagulin D, Withanoside IV

Steroids
steroidal lactone
Glycoside
Glycoside

Withania 
coagulans L.

Withanolides Steroidal lactone

Hyoscyamus Hyoscyamus 
niger L.

Hyoscyamine, Apo atropine, 
hyoscine, skimmianine, scopolamine, 
belladonines

Alkaloids

Nicotiana Nicotiana 
tobacum L.

Nicotine Alkaloid

Table 2. 
List of some phytochemicals and their classes in the Solanaceae family [14–17].

Figure 2. 
Plants of Solanaceae family and their phytochemicals against cancer.
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Alkaloids are classified into different categories based the on nature of the 
precursor molecule for its biosynthesis, chemical structure, biological effect, and 
heterocyclic or non-heterocyclic types [19]. The biological effects of alkaloids 
include hallucinogens, antimalarial, tranquilizer, anticancer, CNS stimulant, 
insecticidal, antiviral, antihypertension, antimicrobial, antirheumatics, anti-
inflammatory, antioxidant, and diuretics. The alkaloids are used in the drug 
industry because they are the precursor for medicines for cardiovascular disease, 
menopause, etc.

In vitro and in vivo synthesis and production of alkaloids from the Solanaceae fam-
ily were studied and showed successful results. In different members of Solanaceae 
alkaloid, the composition is between 0.01 and 3% [20]. “Tropane, indole, pyridine, 
pyrrolidine, steroidal, and glycoalkaloids” are mostly seen as classes of alkaloids of 
the above-mentioned group of the plant [21] (Table 3).

Alkaloid Type of Alkaloid Source Biological Action

Atropine Tropane Atropa belladonna L. Para sympatholytic, 
Anticholinergic.

Hyoscyamine Tropane Brugmansia candida Pers

Scopolamine Tropane Hyoscyanus niger L. Antidepressant and Antinausea

Daturametelindoles 
A-D (1–4)

Indole Alkaloids Datura metel L. Anticancer Effect

Anabasine Pyridine
Alkaloids

Nicotiana tabacum L. Insecticide

Nicotine Pyridine
Alkaloids

N. tabacum L. Insecticidal

Chaconine Glycoalkaloid Solanum tuberosum L. Fungicidal

Solanidane; 
Solanidine

Steroidal Alkaloid S. tuberosum L. Anticancer

Solamargine Glycoalkaloid Solanum palinacanthum 
Dunal
Solanum lycocarpum L.
Solanum melongena L.

anticancer

Solamarine Glycoalkaloid Solanum dulcamara L. Antibacterial

Solanine Saponins Solanum nigrum L., S. 
tuberosum L.

Antifungal

Solanopubamine Steroidal alkaloid Solanum schimperianum 
Hochst.

Anticancer

Solasodine glycoalkaloid Solanum leucocarpum L.
Solanum trilobatum L.

Antibacterial

Solasonine glycoalkaloid S. lycocarpum L.
Solanum asperum Rich

substrate for the production of 
important steroids

Tomatidine steroid glycosides Solanum arboretum Humb. 
& Bonpl.
Solanum aculeastrum 
Dunal

Anticancerous

Table 3. 
List of some of the alkaloids and its source [22–24].
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The review studies show that tomatidine, solanopubamine, solamargine, solani-
dane; solanidine, daturametelindoles A-D (1–4) chemicals show anticancer activity 
in in vitro conditions by activation of caspase-3 and regulation of cell cycle to induce 
apoptosis. The detailed mechanism of action of these chemicals and their clinical 
trials will be an asset for developments in cancer medicine.

5. Flavonoids in Solanaceae

Flavonoids have several potential effects in plants system such as attracting 
pollination, seed germination, aromatic flavors in defense mechanisms, stress toler-
ance, UV photoprotection, inducing root nodulation, and controlling transport of 
plant hormones [25–27]. Panche et al. reviewed that flavonoids have pharmaceutical, 
medicine, and cosmetic applications.

The different polyphenolic and glycosidic compounds had been reported from 
various members of the Solanaceae family (Table 4). Scopoletin (7-hydroxy-6-me-
thoxycoumarin), a coumarin, was isolated from Solanum lyratum Thunb. showed 
hepatoprotective activity [28]. One of the most common flavonols in Solanum nigrum 
L. is Quercetin showed antiproliferation effect in different types of cancer models by 
apoptosis by inducing DNA methylation [29].

The flavonoids, such as apigenin, kaempferol, quercetin, and anthocyanin are 
some of the chemicals isolated from the respective family that possesses antiprolifera-
tion effects against cancer cell lines [30].

6. Saponins in the Solanaceae family

More than 100 plant families, a few starfishes, and sea cucumber reported 
the presence of saponins. Dicot families, such as Leguminosae, Araliaceae, and 
Caryophyllaceae, are sources of triterpenoid saponins. Steroidal saponins are found 
in families, such as Agavaceae, Alliaceae, Asparagaceae, Dioscoreaceae, Liliaceae, 
Amaryllidaceae, Bromeliaceae, Palmae, and Scrophulariaceae. Solanaceae families 

Sl Flavonoids Plant Source Biological Action

1 Luteolin Solanum schimperianum Hochst.
Capsicum annum L.

Anticancer

2 Apigenin Solanum lycoparpum L. Antioxidant,antibacterial, cytotoxic

3 Kaempferol Solanum lycoparpum L. Anticancer

4 Quercetin Solanum nigrum L. Anticancer

5 Tangeretin Physalis angulate L.
Physalis micranta L.

Antioxidant, anti-inflamotory,antitumour

6 Mycicetin Solanum agrarium Sendtn Antispasmodic effect

7 Scopoletin Solanum lyratium Thunb Hepatoprotective activity

8 Anthocyanidins Solanum scabrum Mill

9 Anthocyanin Solanum. Tuberosum L. Inhibition of cell proliferation

Table 4. 
List of flavonoid from Solanaceae [27–30].
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contain steroidal glycoalkaloids [31]. Some of the biological activities of saponins are 
anti- cancer activity, reducing cholesterol levels, decreasing blood glucose, anti-
inflammatory potentials, antibacterial, antifungal and antiviral activity [32, 33].

Figueiredo et al. isolated steroidal saponins from the roots of Solanum sisym-
briifolium Lam. (Solanaceae)which showed a response against dengue virus and 
yellow fever virus [34]. Chlorogenone, (5α,25S)-Spirostan-3,6-dione are isolated 
from Solanum torvum Sw. Nuatigenosido isolated from S. sisymbriifolium Lam. root 
shows an antihypertensive effect. The antifungal property was exhibited by leaves of 
Solanum chrysotrichum Schltdl [35].

7. Terpenes in the Solanaceae family

Terpenes are used in herbal medicines because of their biological activities. Some 
of the activities include antiplasmodial, especially antimalarial, anticancer, antidia-
betic, anti-inflammatory, antioxidant, etc. Curcumin is one of the terpenes used in 
folk medicine Terpenes are used as flavors and fragrances in food and cosmetics [36].

Diterpene phytol was isolated from Solanum schimperianum, and Betulinic acid 
was isolated from Solanum buddleifolium. 3β-Hydroxysolavetivone from the root of 
S. abutiloides showed antifungal activities. Solavetivone and Lubimin also showed 
antifungal activities isolated from S. abutiloides.

8. Anticancer effects of Solanaceae family and their mechanism

The common conventional treatment of cancer causes side effects and drug 
resistance in patients, so many plant species were attempted as anticancer drugs. 
α-chaconine a derivative of solanidine shows an antimetastatic effect individually also 
in combination with gallic acid by caspase-dependent apoptosis Reddivari et al. [37]. 
Solanine a glycoalkaloid present in Solanum tuberosum L. showed chemoprotective 
and chemotherapeutic effects. It also inhibited the proliferation of human pancreatic 
carcinoma cell lines, human melanoma cell lines, and human prostate cancer cells 
by apoptosis [38]. Solanidine a steroidal alkaloid from S. tuberosum L. and Solanum 
americanuum Mill. showed inhibition of cancer cells under laboratory conditions and 
also from the chemically derived compound of the same by the inhibition of DNA syn-
thesis [39]. Tomatidine A steroid glycoside from Solanum arboretum Humb., Solanum 
aculeastrum Dunal. exhibited the suppression of cell invasion by inhibition of ERK and 
Akt signaling pathways in in vitro studies [40]. Tomatine spirosolane-type glycoalka-
loids present in Solanum cathayanum Wu, Lycopersicon esculentum L. showed positive 
results against prostate cancer in mice when mixed with common drug for cancer by 
the induction of apoptosis mediated by P13K/Akt pro-signaling pathway [41].

Solamargine glycoalkaloid present in Solanum palinacanthum, Solanum lycocar-
pum, Solanum melongena reduced cell—viability by arresting cell cycle at the G2/M 
phase. Solasodine was evaluated by many workers for the induction of apoptosis [42]. 
Steroidal alkaloid soladulcidine, Beta-solamarine, and solanopubamine also show 
anticancer activity. Capsaicin, from Capsicum frutescens L., has anticancer effects on 
human cell lines of different origins [43]. The mechanism of action of the compound 
is apoptosis, cell-cycle arrest, and transcription factor regulation. Withanolides 
isolated from D. metel L. leaf extract inhibit tumor cell proliferation against human 
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colorectal carcinoma [44]. Nicotine an alkaloid from Nicotiana tabacuum L. 
inhibits cancer cells by regulation of tumor necrosis factor [45]. Anthocyanins 
from S. tuberosum L. were found to cause inhibition of cell multiplication and 
apoptosis in different cancer cell models [30]. Degalactotigonin was isolated 
from S. nigrum L. showed cytotoxic effect for human tumor cell lines for pan-
creatic cancer cells induces apoptosis and cell cycle arrest by inhibiting signaling 
pathway [46].

Saponins from Solanum trilobatum L. leaf extract showed anticancer effect and 
initiation of apoptosis in human larynx cancer cell lines [47]. Saponins Torvosides 
M, Yamoscin, Indioside H, Borassoside E, Indioside I, and Dioscin isolated from S. 
torvum, Solanum violaceum, and Solanum indicum showed anticancer property [48]. 
Sesquiterpenoids from S. lyratum, named solajiangxin D and solajiangxins E, and 
2-hydroxysolajiangxin E were isolated and were found to show significant cytotoxic-
ity against three human cancer lines [49]. It has been reported that W. somnifera 
L. inhibits DMBA-induced carcinogenesis in mice [50]. Cycloeucalenone,24-oxo-
31-norcycloartanone isolated from Solanum cernuum, Lyratol D, Solajiangxin B, 
Blumenol A, Dehydrovomifoliol from S. lyratum. Flavonoids rutin, Tiliroside from 
Solanum anguvi, Solanum elaeagnifolium exhibit anticancer activity. Solanum betaceum 
contains flavonoids, such as keracyanin, pelargonidin 3-rutinoside, tulipanin, delph-
inidin 3-O-α-L-rhamnosyl-(1–6)-β-D-glucoside-3′-O-β-D-glucoside show anticancer 
properties [35]. The ethanol extract from ripe fruits of S. nigrum L. showed antican-
cer activity by inhibiting the proliferation of human MCF-7 breast cancer cells and 
inducing cell death by apoptosis [51].

The above-mentioned plants exhibit anticancer mechanisms by cell cycle arrest: 
The cell cycle contains several proteins at the checkpoint. Cancer cells overcome 
this checkpoint leads to the multiplication of cells. So inducing cell cycle arrest 
can be an alternative method in the treatment of cancer. Various researches show 
that this is possible by phytochemicals. The phytochemicals, such as solanine, 
solanidine, solamargine, and α-chaconine, result in cell cycle arrest at the S phase 
of the cell cycle and thereby induce apoptosis based on various concentrations [52] 
(Figure 3).

Studies prove that these chemicals have anticancer properties against differ-
ent types of cancer, such as breast cancer, colon cancer, cervical cancer, and liver 
cancer.

Figure 3. 
Mechanism of cell cycle inhibition by phytochemicals of Solanaceae [50, 52].
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Another mechanism involved in anticancer therapy is the regulation of transcrip-
tion by inhibiting oncogenic transcription factors. Withaferin isolated from Withania 
sominifera shows antitumor activity by regulating transcription factors [5].

Physapubescin B and physapubenolide isolated from Physalis pubescens exhibit 
anticancer mechanisms by autophagy (Figure 4) and apoptosis in colorectal cancer 
cell lines [53].

Other mechanisms include the suppression of metabolic enzymes. Some plant 
molecules can cause apoptosis by breaking the mitochondrial membrane. Defensin 
isolated from Nicotiana alata induces necrotic-like cell death in a number of tumor 
cells [5]. The summary of the anticancer potential of selected plants that are economi-
cally useful to humans of the Solanaceae family with the mechanism of their action 
against different cancer cell lines which is reviewed in this literature from previous 
works by eminent workers is given in the table (Table 5).

The effective study of the mechanism of phytochemicals in the Solanaceae family 
will open a new approach to the treatment of cancer.

Plant Source Phytochemical Model Mechanism of Action

Solanum tuberosum L. Solanine Human pancreatic cancer cell 
lines, human melanoma cell 
lines, human prostate cancer 
cells

Apoptosis

S. tuberosum L.
Solanum americanuum L.

Solanidine Human lung adenocarcinoma 
cell line (A549)
A549 CAM xenograft BALB/c 
mouse model

Inhibition of DNA synthesis

Solanum arboretum 
Humb.
Solanum aculeastrum 
Dunal.

Tomatidine Human fibrosarcoma cells, 
human lung adenocarcinoma 
cell A549

Suppression of cell invasion 
by inhibition of ERK and Akt 
signaling pathways

Figure 4. 
Anticancer mechanism of physapubenolide [53].
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Many of these are commercially interesting because of their use as flavors and 
fragrances in foods and cosmetics.

Many of these are commercially interesting because of their use as flavors and 
fragrances in foods and cosmetics.

9. Conclusion

Cancer is one of the major public health problems across the world. The pandemic 
condition of the current world results in the delay of diagnosis and treatment that 
may lead to increased complications in the treatment of cancer. Phytochemicals from 
Solanaceae exhibit anticancer activity against various type of cancer.

Plant Source Phytochemical Model Mechanism of Action

Solanum cathayanum 
C.Y.Wu.
Lycopersicum esculentum 
L.

Tomatine Prostate cancer in mice Induction of apoptosis 
mediated by P13K/Akt pro-
signaling pathway

Solanum palinacanthum 
Dunal
Solanum lycocarpum Hil
Solanum melongena L.

Solamargine Human liver cancer cell lines, 
i.e., HepG2 and Huh-7 cells
Human neuroblastoma cell line 
(SH-SY5Y)

By arresting the cell cycle at 
the G2/M phase

Solanum incanum L. Solasodine Human colorectal cancer cells Suppression of the AKT/
glycogen synthase kinase-
3β/β-catenin pathway

Capsicum frutescens L. Capsaicin Human cell lines of different 
origins

Apoptosis, cell-cycle 
arrest, transcription factor 
regulation

Datura metel L. Withanolides Human colorectal carcinoma Inhibit tumor cell 
proliferation

Nicotiana tabacuum L. Nicotine Human airway epithelial cells. By regulation of tumor 
necrosis factor

S. tuberosum L. Anthocyanins Different cancer cell models Inhibition of cell 
multiplication and apoptosis

Solanum nigrum L. Degalactotigonin Human Pancreatic cancer cell 
lines

Induces apoptosis and cell 
cycle arrest by inhibiting the 
signaling pathway

Solanum trilobatum L. Saponins Human larynx cancer cell lines Initiation of apoptosis

Withania sominifera L. Withaferin Chicken myeloid cell lines 
(HD11-C3-GFP1 Myb reporter 
cell line)
Human Myeloid leukemia cell 
line (HL60)
Quail Japanese fibrosarcoma 
(QT6)
Mouse preadipocyte cell line 
(3T3-L1)

By regulating transcription 
factors

Physalis pubescens L. Physapubescin 
B and 
physapubenolide

Colorectal cancer cell lines. Autophagy and apoptosis

Table 5. 
Mechanism of action of phytochemicals in Solanaceae on different models of cell lines [30, 35, 40–54].
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Chapter 11

Diversity of Natural Bioactive
Compound in Plant Origin
Murshida Mollik and Hamidul Islam

Abstract

Recent studies have claimed that people are now greatly relying on synthetic drug
without considering any side effect; however, all the synthetic drugs have been for-
mulated commercially by following the invention of an authentic source of crude
drug; hence, people are still directly or indirectly dependent on natural source of
medicine. Recently, I have completed a research work on black pepper (Piper nigrum),
and piperine (in a crystal form) was isolated as a mother bioactive compound from
black pepper through a plenty of in vitro investigations. After that, I have
experimented some in vitro analysis to evaluate the antioxidant power of that pure
compound, and it was found that the crystal compound has strong antioxidant power.
After doing some theoretical analysis, it has been identified that piperine may exist in
other medicinal plants also, and many plants belonging to the same species can able to
show multiple types of biological activities, which actually reflected the diversity of
bioactive compounds in nature. People can benefit from different types of bioactive
compounds, such as piperine, if we biosysthesize and use them commercially.

Keywords: bioactive compound, crystal compound, commercial purpose, diversity,
in vitro test, piperine

1. Introduction

Medicinal plants or herbal medicine has been utilized to prevent and cure diseases
since the ancient period of time, and it has played a significant role in drug discovery
[1, 2]. The earlier evidences had been declared that the existing medicinal plants were
consumed from 60,000 year ago. Recently, a 5000-year-old Sumerian clay slab was
invented by utilization of medicinal plants for the manufacture of drug [3]; moreover,
the current study is showing that more than 50% of marketed drugs have been derived
from medicinal plants [4, 5].

The safety, efficacy, and quality of this active constituents greatly rely on the
source, cross-contamination, and simultaneously the formulation procedure of fin-
ished products. The popularity of medicinal plants had been raised from fifteenth to
seventeenth century, and the descriptions of herbal medicine had started to be avail-
able in various languages. In the eighteenth century, a scheme for classifying plant
species had been initiated by Linnaeus [6].

Primarily, the medicinal plants were used in casual pharmaceutical preparations
such as macerations, infusions, and decoctions; however, in between sixteenth and
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eighteenth centuries, the compounded drug was on demand. The early nineteenth
century was a crucial point in the development of knowledge about the consumption
of medicinal plants and the drug discovery, substantiation, and screening of alkaloids
from the poppy as well as quinine, ipecacuanha, pomegranate also under trial. Scien-
tific pharmacy was initiated followed by the isolation of glycosides from other medic-
inal plants, and the upgradation of chemical methodologies to isolate tannins,
saponins, hormones, and vitamins was started [7, 8].

In the late nineteenth and early twentieth centuries, a steady fall in the therapeutic
use of herbal medicines has been noticed. Many authors have claimed that drugs
obtained from the medicinal plants may be possessed shortcomings due to degradative
action of different types of enzymes. In the early twentieth century, stabilization
method for the preparation and utilization of fresh medicinal plants had been proposed.
After that, several steps has been taken to cultivate medicinal plants [9] as they have
offered more authentic natural sources of active pharmacological ingredients [10].

1.1 Blessings of medicinal plants

Recently, due to the prominent side effects of updated synthetic drugs and esca-
lating contraindications about their consumptions, a great attempt has been made to
enhance the utilization of diverse medicinal plants [11]. Medicinal plants have played
a vital and integral role in healthcare system from the earliest period of time, and some
diverse types of instances of this blessing are described below [12].

Analgesic:
Opioids (morphine) can bind with cerebral opioid receptor and can modify the

pain sensation by exerting receptor-mediated function and eventually will show anal-
gesic effect [13, 14] and exert their analgesic effect. All the cannabis and cannabinoids
had been consumed to relieve pain [15].

Anticancer:
Medicinal-plant-derived constituents such as vinblastine, vincristine from alka-

loids Vinca rosea demonstrate anticancer activity [16].
Antihypertensive:
A plenty of medicinal plants were suggested by the ancient communities for the

management of hypertension that may introduce a new area of research on the
antihypertensive activity, [17, 18] such as reserpine from Rauwolfia serpentine.

Antidiabetic:
Medicinal plants such as Acacia arabica, Eucalyptus globulus may improve insulin

secretion from pancreatic beta cell, thereby capable of exhibiting antidiabetic
property [19].

Besides this overall pharmacological coverage, medicinal plants may have thou-
sands of phytoconstituents, for instances, compound atropine from Atropa belladonna
exhibits antispasmodic activity, ephidrine from Ephedra vulgaris might have
bronchodialating effect.

Our present study is to represent the blessings of medicinal plants, which are
readily available in our nature. I have already discussed a little bit about diversity of
bioactive compounds in the above section, and it actually clarifies that nature may
conserve every type of remedy related to the pathological state of human body.
Actually, most of marketed drugs were being explored with the help of the concept of
biodiversity of medicinal plants. As disease state does not consider any class of people
such as rich, poor, middle-class, allergic people (to synthetic drug), suburb, or any
city belonging people, so we should have developed our dependency on bioactive
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constituents containing medicinal plants, which will be economically affordable
rather than synthetic drug. My research work was related to identifying the medicinal
plant having great biological activity, which will be very cheap in source and obvi-
ously included to our daily food supplement. I have chosen black pepper (BP) (Piper
nigrum) shown in Figure 1 as my research topic where my prime concern was to
identify bioactive compound (antioxidant activity containing) and correlate the bio-
diversity of that compound in nature.

1.2 Black pepper

1.2.1 Scientific name: Piper nigrum Linn

1.2.2 Etymology of black pepper

The etymological background of black pepper was so complex, some believe that
the word pepper has come from old English pipor, Latin pipor, and Sanskrit pippali
for “long pepper.” Besides this, people were using the word pepper to indicate the
unrelated new word chili pepper (genous capsicum) during sixteenth century [21].

1.2.3 History of black pepper

Black peppercorns were explored stuffed in the nostril of Ramesses II, placed there
as a part of the mummification rituals shortly after his death in 1213 BOE [22].
Someone has perceived that the black pepper was used in ancient Egypt, and it arrived
in the Nile from south Asia. Black pepper is mainly popular in south Asia, southeast
India, and is native to Kerala, a southwestern coast of India [23, 24].

Figure 1.
Black pepper (Piper nigrum) [20].
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1.2.4 Production and trade of black pepper (BP)

Ethiopia was the world’s largest manufacturer and exporter of BP in 2019
producing 374,413 tonnes or 34 % of the world’s total according to Figure 2. The rest
of the major producers were Vietnam, Brazil, Indonesia, India, China, and Malaysia.
Internationally pepper production has varied annually, which is dependent on the
crop management, disease, and environmental impact [26, 27].

1.2.5 Perspective regarding antioxidant

I have tried my level best to isolate pure compound from black pepper and inves-
tigated a lot to identify antioxidant activity of that pure compound through a variety
of in vitro evaluation processes.

The main target of any type of antioxidant or reductant is unpaired electron
containing free radicals. Free radicals are a group of unstable chemicals, which can
readily bind with biological components to be stable by gaining electrons resulting in
destructive damage of cellular materials [28].

Typically, free radicals are formed inside the human body as a result of casual
metabolic process, which can be both beneficial and harmful for human physiology;
however, uncontrolled level of free radical production may initiate different types of
diseases [29].

Antioxidant serves a prominent role in guarding our body from disease by neu-
tralizing the series of oxidative stress produced by ROS [30]. During my research, my
thought was to explore the free radical scavenging activity of sample and measure the
extend of antioxidant power of that plant material as recent investigations have
revealed that the plant-derived antioxidants with free-radical scavenging properties
may have great therapeutic significance in diseases mediated by the free radicals such
as neurodegenerative disease, autoimmune disorder, inflammatory disorder, cancer,
and so on. To get relieved from these diseases, a variety of synthetic drugs are
available in the market; however, these drugs may have some unavoidable side effects
also. If people can put more concern on plant-based antioxidants, they will definitely
get expected pharmacological effect with less or no side effects [31].

Figure 2.
Graphical representation of black pepper production, 2019 [25].
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2. Experimental methodology with explaining physicochemical nature of
that crystal compound

2.1 Extraction process

The extraction process has been completed based on the method described by
Alam et al. [32]. About 500 g of sun and shade dried black pepper has been converted
into powdered material by using a blender. Powdered black pepper was then trans-
ferred into an opaque bottle, and it has been filled with 1.5 L of methanol as a mother
solvent for this experiment. The plant materials were kept in the bottle for 7 days with
occasional shaking for better extraction (it can be called crude black pepper extract).
The extracts of black pepper have been filtered through a fresh cotton plug and finally
with Whatman No.1 filter papers. The filtrates found from the extraction process had
been sent into the rotary evaporator (Bibby Sterlin Ltd, UK) to get a concentrated
mass of sample under reduced pressure at 50 °C.

2.2 Fractionation (in between liquid-liquid solvent) process

The obtained concentrated mass of black pepper had been partitioned in between
liquid solvent as described in Figure 3, where ultimately, a crystal seed fraction has
been found.

2.3 Recrystallization process

Recrystallization is a process through which we can easily eradicate our desired
compound from a mixture of undesired one by forming crystal of that compound in a
favorable solvent, and simply it could be designated as an efficient method of purifi-
cation [33]. As we have found a crystal seed fraction from black pepper, so we have
utilized this recrystallization technique mentioned in Figure 4 to purify crystal.

The flow diagram we have mentioned above had been followed to purify our
crystal seed. The crystal seed was washed with KOH to remove resin-like compound
or isomer of the crystal seed, and it was then filtered through filter paper for prelim-
inary purification. Now it has been treated with petroleum ether for recrystallization
and warmed up the combination to dissolve it at 50 °C. After that, the mixture was
cooled to form crystal. The crystal is filtered for final purification.

Figure 3.
Overall fractionation process of crude extract of black pepper in between liquid-liquid solvent.
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2.4 Thin-layer chromatography (TLC)

It is the most convenient way to eradicate individual constituents from a mixture
of compounds by using stationary phase and mobile phase, and the formation of a
single spot actually indicates the presence of pure compound [34].

The spotted TLC paper was placed into the TLC chamber in such a way that the
spot can stay just above the surface of the solvent system. After running of the solvent
through a specified limit, then the operation was discontinued, and the TLC paper is
dried in air. By treating with specified vanillin-sulfuric acid spray reagent, the paper
was observed under UV light of different wavelengths to locate spots, so that can
easily explore different types of medicinal constituents [35]. The paper was inserted
into an iodine chamber to confirm about the spot is formed, and at last, I identified
only single spot for the obtained crystal, which was examined under UV light and
iodine chamber (Figure 5).

2.5 Calculating the Rf value of crystal

In TLC study, the retention factor has been utilized to screen and analyze the
phytocompounds. The Rf value is a ratio of the distance moved by the compound and

Figure 4.
Recrystallization technique for crystal seed produced from chloroform fraction.

Figure 5.
TLC of crystal compound (CC) after spraying vanillin-sulfuric acid spray reagent.
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the distance moved by the solvent. The obtained Rf value for crystal compound was
found as 0.43.

2.6 Visual identification crystal

The crystal was light brown in color, and visually it was a needle-like structure,
which has been shown in Figure 6.

2.7 Solubility of crystal compound

After doing a plethora of experiments, it has been found, as seen Table 1 that the
crystal compound was readily soluble in chloroform and likely insoluble in water.

2.8 Melting point

The melting point of that crystal was near 127°C.

Figure 6.
Isolated crystal compound found in black pepper.

Solvent name Solubility

Water 42 mg/L (likely insoluble)

Alcohol (ethanol) 1.5 gm/14.4 ml

Di-ethyl-ether 1 gm/35 ml

Chloroform 1 gm/1.5 ml

Table 1.
Solubility of crystal compound found through experimental method.
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2.9 Boiling point

The crystal was so sensitive to increased level of heat, and it had been totally
destructed during checking boiling point. So, the crystal material does not have any
fixed boiling point.

2.10 Phytochemical contents

Alkaloid test for crystal (found from chloroform fraction of crude black pepper
extract) had shown strong positive result according to Table 2, which clarifies that the
crystal may have alkaloid compounds [36–38].

After comparing the physicochemical properties of crystal compound with stan-
dard one [39], it could be predicted that the crystal may be piperine.

3. In-vitro free radical scavenging assay with results interpretation

3.1 DPPH radical scavenging activity of different fractions of plant materials

Free radical scavenging ability of different fractions of sample had been evaluated
by DPPH radical scavenging assay according to Blois and Desmarchelier et al. [40, 41].
The hydrogen atom donating capability of the plant extractives was estimated by
identifying the color change of samples with 2,2-diphenyl-1-picrylhydrazyl (DPPH).
DPPH exhibits made violet/purple color in samples having antioxidant property, and
it was then faded into yellowish color. 2.4 ml of DPPH solution was mixed with 1.6 ml
of sample solution at different concentration. The reaction mixture has been vortexed
and left it for 30 min in a dark place at room temperature. The absorbance was taken
for individual fractions at different concentration via spectrophotometer at 517 nm.
Butylated hydroxy toluene had been used as standard. The percentage of DPPH
radical scavenging activity was calculated by the following equation:

%DPPH radical scavenging activity ¼ A0� A1ð Þ=A0f g � 100

where A0 represents the absorbance of the control, and A1 represents the
absorbance of the sample materials. Then % of inhibition has been plotted against

Phytochemical test Crystal compound (found from chloroform extract of black pepper)

Alkaloids +++

Glycosides �
Tannins ++

Steroids �
Saponins �
Carbohydrates +

Terpenoids +

Table 2.
Phytochemical contents explored in crystal (found from chloroform fraction of crude black pepper extract).
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concentration, and the IC50 was calculated graphically. The same experiment was
repeated for three times with every fraction at each concentration.

3.1.1 Data interpretation of DPPH radical scavenging assay

According to Table 3, it could be easily assumed that the crystal compound may
have a great antioxidant power as the data for that compound had shown a nearly
similar value of standard catechin. The IC50 value was so small, which was an
indication for strong free radical scavenger.

3.2 Hydroxyl radical scavenging activity of different fraction of plant materials

Hydroxyl radical scavenging activity of samples has been evaluated according to
the method of Halliwell et al. [42]. Hydroxyl radical has been generated by the Fe3+

-ascorbate-EDTA-H2O2 system, which is known as Fenton reaction. The overall
reaction mixture was a combination of phosphate buffer solution, FeCl3, EDTA,
2-deoxy-d-ribose, and sample extracts at different concentration. After that, it was
placed into water bath at 36°C, and the reaction was initiated after addition of ascorbic
acid and H2O2. The reaction had started, and it was sent for incubation at 36°C for
maximum 1 hour, simultaneously thiobarbituric acid and HCl were added. The solu-
tion was heated for around 15 min at 100 °C followed by immediate cooling with
water. The absorbance was taken at 532 nm, and it will reflect the free radical scav-
enging capability of samples by inhibiting the oxidation process in 2-deoxy-d-ribose in
the presence of hydroxyl radical, and the ability was evaluated by using the following
formula

Name of sample Concentration (μg=ml) % of scavenging (Mean�S.D) IC50 (μg/ml)

Catechin (Standard) 0.78 19.09 �0.01 3.2

1.56 27.58�0.021

3.125 45.46�0.015

6.25 69.55�0.031

12.5 87.86 �.02

25 94.39 �0:0058

50 94.39�0:0058

100 94.39�0:0058

Crystal compound (Pure) 1.56 27.67�2.006 4.1

3.125 34.27 �0.657

6.25 63.26 �2.75

12.5 75.58�0.811

25 85.30�1.109

50 88.55 �1.017

100 89.30�0.630

Table 3.
DPPH radical scavenging data analysis for standard catechin and crystal compound.
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Percentage of hydroxyl radical scavenging activity ¼ A0� A1� A2ð � � 100=A0½ �

where A0 represents the absorbance of control without any sample. A1 represents
the absorbance after incorporating the sample and 2-deoxy-D-ribose. A2 represents
the absorbance of the sample without adding 2-deoxy-d-ribose. IC50 was investigated
graphically after plotting percentage of inhibition against concentration into the
graph, and the test had been repeated for three times for individual concentration of
samples.

3.2.1 Data interpretation of hydroxyl radical scavenging assay

The outcome of this assay was also close to standard one according to Table 4,
where the IC50 for standard catechin was 31.77 (μg/ml), and for crystal, it was 35.01
(μg/ml).

3.3 Superoxide radical scavenging capability

This experiment had been completed based on the method mentioned in [43].
Superoxide radical scavenging assay actually estimated the scavenging efficiency of
sample by reducing the nitro blue tetrazolium (NBT) by providing electron. The
reaction mixture or solution was a combination of nonenzymatic phenazine
methosulfate (PMS), nicotinamide adenine dinucleotide (NADH), phosphate buffer,
and samples with various concentrations, and it was then incubated for 5 min at room
temperature. The PMS-NADH system created free radical in the solution mixture. In
the presence of sample solutions, the NBT was reduced into purple formazan. The
overall activity has been evaluated by taking absorbance via spectrophotometer at
562 nm. All the tests had been operated for three times for better accuracy and blank
has been determined to calculate the amount of formazan that has been produced, and
quercetin has been taken as a standard for this experiment.

Name of sample Concentration (μg=ml) % of scavenging (Mean�S.D) IC50 (μg/ml)

Catechin (Standard compound) 25 49:10�0.032 31.77

50 55:14�0.14

75 58:38�0.87

100 68.44�1:21

125 73.51 �1.01

150 80.69 �1.09

Crystal compound (Pure) 25 47:98� 0:45 35.01

50 54:90� 1:22

75 57:11� 1:11

100 66:80�1.51

125 72:79� 0:53

150 78:95� 0:29

Table 4.
Hydroxyl radical scavenging data analysis for standard catechin and crystal compound.
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3.3.1 Data interpretation of superoxide radical scavenging assay

According to Table 5, the IC50 value for catechin was 26.79 (μg/ml), and
crystal compound was 29.04 (μg/ml), which was satisfactory result for this
in vitro test.

3.4 Graphical presentation of cumulative data obtained from in vitro antioxidant
assay

From the above graph, it can easily assumed that the crystal compound may have
great antioxidant activity. We know that lower the value of IC50 actually enhances the
probability of having better antioxidant power of sample. When performing DPPH
free radical scavenging activity, the sample had shown a very low value (4.1 μg=mlÞ of
IC50 close to standard catechin (3.2 μg=ml), which ultimately provided a confirmation
about the antioxidant capability of plant material.

Like DPPH test, the hydroxyl free radical scavenging assay and superoxide
radical scavenging assay also convey messages regarding the free radical scavenging
power and oxidant neutralizing potency of plant materials or samples. The IC50 value
for hydroxyl radical scavenging assay of crystal compound was found as 35.01 μg=mlð ),
which was near the value of standard catechin of 31.77 μg=mlð Þ; similarly the IC50 value
was found as 29.04 and 26.79 for crystal compound and standard catechin, respectively,
during super oxide radical scavenging assay (Figure 7).

3.5 Reducing power capacity assessment of crystal compound isolated from black
pepper

The reducing power of plant material and standard material had been evaluated
through the method of Oyaizu (1986) [44]. During this assay, the color of sample has

Name of sample Concentration (μg=ml) % of scavenging (Mean�S.D) IC50 (μg/ml)

Catechin (Standard compound) 1.25 17:01�0.91 26.79

2.50 19:25�0.53

5.00 24:27 � 1:91

10 28.06 �0:19

15 35.22 �0:66

20 41.44 �0:46

Crystal compound (Pure) 1.25 15:29� 0:29 29.04

2.50 19:01� 0:53

5.00 23:34� 0:26

10 26:51� 1:03

15 33:93� 1:13

20 39:32� 0:85

Table 5.
Superoxide radical scavenging data analysis for standard catechin and crystal compound.
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altered to various shades of green and blue color based on the reducing capacity of the
samples. The antioxidant compound actually served as reductant, and it induces
reduction of the ferriccyanide to the ferrous form by releasing an electron. The overall
reaction has been examined by monitoring the appearance of Perl’s Prussian blue at
700 nm.

Fe3þ � ferricyanide þ e ! Fe2þ � ferrouscyanide

Reducing power was investigated using the method developed by Oyaizu (1986).
2.5 ml of phosphate buffer (200Mm, pH 6.6) and 2.5 ml 1% potassium ferricyanide
had been incorporated into 2.5 ml of sample (crystal compound). The mixture was
transferred into a water bath for maximum 20 min at 50°C followed by rapid cooling
after warm-up. After that, 2.5 ml of 10% trichloro acetic acid was added, and it has
centrifuged at 3000 rpm for 10 min. From the supernatant, 5 ml had been collected
and being dispersed it into 5 ml of distilled water and 1 ml of ferric chloride, and
absorbance has been taken, which reflects that higher the absorbance value, stronger
the reducing capability. According to Table 6, the absorbance of crystal has
increased with increasing concentration, which was close to similar with standard
ascorbic acid.

3.5.1 Graphically presenting the data obtained from the reducing power assessment

It has been identified that the reducing power assay of crystal compound was
slightly discriminable with standard ascorbic acid at low concentration; however, the
difference between plant material and standard has diminished with escalating
concentration with giving high absorbance value as shown in Figure 8.

Figure 7.
Graphical representation for in vitro data analysis (DPPH radical scavenging test, hydroxyl radical scavenging
test, superoxide radical scavenging test) regarding crystal compound found in black pepper and standard catechin.
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4. Discussions

4.1 Discussions regarding in vitro test

So, the overall in vitro antioxidant assay could be concluded that the obtained
crystal compound (may be piperine) may have strong antioxidant power. By com-
paring with standard compound (catechin, ascorbic acid), the prediction could be
extended that the black pepper is a great source of antioxidant compound with
specifying the crystal constituent (may be piperine) as a prominent free radical
scavenger.

Figure 8.
Graphical representation of in vitro data analysis (reducing power capacity assessment) regarding standard
ascorbic acid and crystal compound isolated from black pepper.

Name of sample Concentration (μg=ml) Absorbance Mean�S.D

Ascorbic acid (Standard compound) 5 1.326 �0.116

10 2.119�0.116

20 2.455�0.116

40 2.5973 �0.116

80 2.756�0.1160

Crystal compound (Pure) 5 0.526 �0.045

10 0.842�0.127

20 1.326�0.116

40 2.119�0.1160

80 2.59 �0.106

Table 6.
Reducing power capacity assessment data analysis for standard ascorbic acid and crystal compound.

259

Diversity of Natural Bioactive Compound in Plant Origin
DOI: http://dx.doi.org/10.5772/intechopen.104702



4.2 Discussions regarding biodiversity of black pepper

The diversity of plant-derived medicinal constituents assists in a plenty of ways to
enrich our research for instances in drug design and development. My current
research was focused on merely to explore the free radical scavenger; however, my
theoretical research through existing research article has claimed that piperine (crystal
material) may exist in a lot of medicinal plants such as Piper longum, Piper officinarum
rather than Piper nigrum (black pepper) also [45, 46].

Besides the antioxidant capability of piperine, the existing research has mentioned
that it has a cluster of pharmacological implications also, which actually introduce the
biodiversity of the piperine found in black pepper.

Li S, Wang C et al., 2007 show that piperine could be effective against
corticosterone-mediated depression.
Taqvi SI, Shah AJ et al., 2008 have identified antihypertensive effect of piperine.
Bang JS, oh da H et al., 2009 have observed that piperine found in black pepper
may exhibit both antiarthritic and anti-inflammatory activity.
Manoharan S, Balakrishnan S et al., 2009 have found that probably the piperine of
piper nigrum has anticancer activity.
Parganiha R, Verma S et al., 2011 invented that Piper nigrum may have in vitro
antiasthmatic activity.
Hussain A, Naz S et al., 2011 found that piperine may enhance saliva and
pancreatic enzyme secretion, thereby accelerating the digestion process by
reducing gastric emptying time.
Kumar KP, Vanaja M et al., 2014 have explored that the leaf and stem of piper
nigrum might possess antibacterial coverage against plant microorganisms.

4.3 Discussions regarding biodiversity of Piperaceae family or piper species

I have already mentioned that black pepper (Piper nigrum) is included in
piperaceae family; simultaneously a lot of medicinal plants are also included in same
family possessing diverse type of biological activity. The biodiversity of medicinal
compound is a blessing for us due to the presence of a variety of bioactive constitu-
ents, which makes individual plants able to show different type of implications against
several types of diseases or pathological conditions, and some of these are explained
below.

Piper longum L. utilized as an antidote to snake bite, scorpion stings. Besides this, it
can be applied in chronic bronchitis, cough, and cold [47].
Piper betle L. has a lot of implications such as in cuts, boils, scabies, mouth odor,
cough remedy, bronchitis, and nosebleed [48].
Piper aduncum L. may have utilization in stomach aches, vaginitis, influenza,
rheumatism, cough, fever, and general infections [49].
Piper aborescens Roxb. could be used in rheumatism, cytotoxic activity, and
antiplatelet aggregation [50].
Piper capense L.F. might have application in renal disorder, gonorrhoea, syphilis,
abdominal pain, enteritis, and asthma [51].
Piper ovatum Vahl possesses anti-inflammatory and analgesic activity [52].
Piper retrofractum Vahl can be consumed as digestive aid, stimulant, carminative,
and in intestinal disorders, postpartum treatment (women) [53].
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Piper tuberculatum Jacq. had been used as antidiuretic, analgesic, sedative, and
antidote for snake bites [54].

5. Conclusions

Nowadays, we are suffering from several types of physiological abnormalities due
to environmental impact or changes in lifestyle, which ultimately develop a lot of
diseases that lead to acute or chronic effect on health. Now we are really blessed as
nature has provided a plethora of medicinal plants in our surroundings, and we just
need to identify them with their perfect implication. My overall research work was
based on one type of plant with identifying bioactive compound with its pharmaco-
logical application; moreover, I have tried my best to explain how diversity of bioac-
tive compound varies from one medicinal plant to another.

From the above analysis, it is clear that same type of plant may be applicable in
different types of diseases, which is called biodiversity of medicinal plant. The inven-
tion of every type of synthetic drugs directly or indirectly relieson natural sources as
the basis of production of synthetic drug comes from medicinal plants. With increas-
ing diseases, the demand of synthetic drug has also proliferated, which may be life-
threatening for humans as formulated drugs can cause damage of vital organs with
frequent consumption. To diminish the side effects or dependency on synthetic drugs,
we should raise awareness as early as possible.

Our future plan could be implemented by cultivating medicinal plants commer-
cially and procuring the identified bioactive compound with maintaining all the pre-
cautions and after that it will be possible to mitigate the demand on synthetic drug.
This is the ultimate way to get beneficial effect from medicinal plants and the adverse
effect of marketed drug might be avoided.
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Abstract

Calotropis procera (Aiton) Dryand (Asclepiadaceae) is very well-known latex wild 
plant, it is covered in tropical Asia and Africa, traditionally as well as medicinally the 
plant has been used for insecticidal, antimalarial, antiviral, antimicrobial, analgesic, 
antifertility, antitumor, antihyperglycemic, hepatoprotective, anti-inflammatory, 
antidiarrhoeal, anticonvulsant, oestrogenic, antidiabetic and anthelmintic activ-
ity. For this reason, the main theme of research work was carried out on detailed 
pharmacognistical studies for quality control and standardization and this study 
provides the basis for the herbal remedy and provide physiological information 
about plant species. This research is helpful to identify and estimate the purity of the 
drug and can also be used to screen for adulteration and gives a drug quality. This 
comprehensive research work is for identification, collection, authentication and it 
is easy to identify the adulterants. Detailed macroscopical, T.S, L.S, Powder micros-
copy, Physicochemical parameters, Extractive values, Fluorescence, Preliminary 
Phytochemical studies were performed as per the standard. It is a very important 
research work and the author had has been established the evaluation standards for a 
medicinal plant. This evaluation is for the authentication of a fruit plant of Calotropis 
procera and the fruit physiology is useful for both qualitative and quantitative estima-
tion of the medicinal herbal drugs.

Keywords: Calotropis procera fruit, pharmacognostical standardization, quality control

1. Introduction

Calotropis procera (Aiton) Dryand has a powerful insecticidal, antimalarial, antivi-
ral, antimicrobial, analgesic, antifertility, antitumor, antihyperglycemic, hepatoprotec-
tive, anti-inflammatory, antidiarrhoeal, anticonvulsant, oestrogenic, antidiabetic and 
anthelmintic activity. Actually where ever observe, the plant is available on road sides 
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[1]. C. procera is a flowering plant and it belongs to Asclepiadaceae family. The C. procera 
is native to Africa, Arabian Peninsula, Western Asia, the Indian Subcontinent and 
Indo-China. The plant is a most powerful latex plant, and it attracts insects. In this plant 
plenty of medicinally useful secondary metabolites are present, those are cardenolides, 
terpenoids and anthocyanins, for this reason, collected fresh fruit and coarse powder 
for detailed anatomy of T.S, L.S RLS, LRS, powder microscopy, Extractive, Fluorescence 
and Preliminary Phytochemical studies. Therefore, present work was carried out to 
study the Pharmacognostical studies on the fruit of Calotropis procera (Aiton) Dryand.

2. Methods

2.1 Material and methods for pharmacognostical studies

2.1.1 Collection of plant materials for authentication and for anatomical studies

The collected fruit of Calotropis procera from Titupathi, at the area of nalla 
malai forest, India. C. procera collected in the month of December, 2018. The C. 
procera fruit was authenticated by Prof. K. Madhavachetty, Department of botany, 
Srivenkateswara University, Andhra Pradesh, India. The given voucher for specimen 
number is 1221, deposited at College of Pharmaceutical Sciences, Andhra University.

2.1.2 Collection of specimens

The collected plant species are too healthy for the proposed study, specimens of organs 
are cutted and soaked into 70% of 90 ml ethyl alcohol, 5 ml of Formalin and 5 ml of acetic 
acid [2]. The organs of specimens are dehydrated with graded series of tertiary butyl 
alcohol as per the guidelines given by sass, 1940. Specimens of infiltration were carried by 
the addition of 58–60°C paraffin wax until TBA solution attained super saturation.

2.1.3 Morphological features

These plant species grow in all types of soil, collected fresh fruit from 2.8 mts 
height of the plant early in the morning at 6 am from red loamy soil land. The fruit is 
10 cm long and 6 cm width outer and inner layer are green in color and in every fruit 
contains a plenty of brown-colored seeds more over every seed length is 5.5 to 6.0 mm 
length and 3.7 mm width many of white silky hairs are present and each silky hair 
length is 40 to 50 mm in long. Fruit color of the Calotropis procera is green in color, 
strong pungent odor, taste is characteristic/bitter and gummy in nature. Soluble in 
benzene, ethyl acetate, ethanol, methanol and hydroalcoholic.

2.1.4 Sectioning

The specimens of paraffin-embedded were sectioned with the help of a rotary 
microtome, the thickness of each section was 10–12 μm [3]. As per the standard 
method the obtained sections were stained in to toluidine blue [4] because tolu-
idine blue is a polychromatic stain. The obtained strains are good because some 
phytochemical reactions were obtained. The obtained dye changed pink color to 
mucilage blue for the protein bodies, other sections are stained with safranin, fast 
green and iodine [5].
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For studying the stomatal number, the pattern of venation and distribution of 
trichomes, sections of paradermal (sections taken parallel to the surface of leaf) as 
well as clearing of the leaf with 5% sodium hydroxide or epidermal peeling by par-
tial maceration employing Jeffrey, s maceration fluid [5] were prepared. Glycerine 
mounted temporary preparations were made for macerated /cleared materials. 
Different parts of powdered materials were cleared with NaOH and mounted  
in glycerine medium after staining. Measurement of different cell components  
was studied.

2.1.5 Photomicrographs

Different magnifications of photographs are taken with the help of Nikon 
labphoto 2 microscopic unit, bright fields were used for normal observation. The 
polarized light was used for the identification of Different kinds of tissues, crys-
tals, stone cells, starch grains, fibers, lignified and non-lignified cells. Since these 
obtained structures have fair finger print property, under polarized light they appear 
bright against the dark background. Magnifications of the figures are indicated by 
the scale –bars. Descriptive terms of the anatomical features are given in the standard 
anatomy books [6].

2.1.6 Instrumentation and technique

The obtained extracts and powder had examined under UV-light (254 nm, 354 
nm) [7, 8]. The total ash value, Determination of Acid Insoluble Ash, Determination 
of Alcohol Soluble Extractive value, and Determination of Water-Soluble Extractive 
values in the obtained samples were performed, and in Loss on drying measured the 
amount of water and volatile oils, Swelling index, Foaming index were performed 
according to the standard procedure, for Extractive values, 2gms of an air-dried 
coarse powder of drug macerated with 40 ml of solvents (Hexane, Ethyl acetate, 
Chloroform, Acetone, Methanol and Distilled water) in a glass stoppered conical 
flask with frequent shaking for 6 hrs and then allowed to stand for 2 days, then 
filtered carefully, taking care against loss of solvent. The filtrate was evaporated in 
a silica crucible to dryness in the water bath and then dried 105° for 6 hrs, cooled in 
a desiccator for 30 min and weighed without delay [9]. Fluorescence Analysis of the 
drug was observed in UV light using various extracts of the drug. The drug powder 
was treated separately with different solutions [10, 11] and for Preliminary phyto-
chemical studies. The prepared extracts were tested for the different types of chemi-
cal constituents present by known qualitative tests. The following tests were carried 
out on the extracts to detect various phytoconstituents present in them [12–14] were 
performed according to the official methods described in the Indian pharmaco-
peia (1996) and WHO guidelines on quality control methods -for medicinal plant 
materials.

3. Results and discussion

3.1 Anatomy of the fruit

The fruit of Calotropis procera is a double follicle that develops from bicarpel-
lery apocarpous ovules. The mature fruit has fused stigma namely pentagonal 
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stigma and the ovaries are free from each other. Later the stigma breaks and the 
two carpels become free from each other. The ovules develop into cylindrical, 
elongated fruits called follicles. The follicles are thick, soft and cylindrical.  
The ovules are many and attached to marginal placentum. When the follicles 
become fully matured they dehisce longitudinally along with the marginal layer of 
placental tissue.

3.2 Structure of the carpel

The carpel consists of the outer epicarp, middle mesocarp and inner  
endocarp (Figure 1a). The epicarp consists of an epidermal layer and inner thick 
compact parenchymatous tissue in which fairly prominent vascular strands are 
located (Figures 2a and 3a). The inner pericarp is also thick with small circular,  
thin-walled compact.

Parenchymatous tissue (Figures 2b and 3b) in the inner pericarp, the laticiferous 
canals are seen spreading in all directions. The middle part of the pericarp has wide 
air chambers and thin reticulate layers of parenchyma cells (Figures 3a, b) at certain 
places, thick horizontal layers of cells occur in between the outer and inner pericarp. 

Figure 1. 
(a) T.S. of a carpel with numerous ovules on marginal placentation; and (b) T.S. of carpel with ovule enlarged. 
IEP: inner epicarp; Ne: nectary; OEC: outer epicarp; Ov: ovary; Ovl: ovule; and Pl: plancenta.
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This horizontal plate of cells possesses small scattered vascular strands. In the outer 
pericarp also, there are numerous small vascular strands dispersed profusely in the 
parenchymatous ground tissue (Figure 4a, b).

3.3 Ovules and seeds

The ovules occur in marginal placentation a thick massive placental tissue occurs 
along one side of the carpel. On this elongated cylindrical placental tissue occurs, 
numerous club-shaped ovules (Figures 1b, 5, and 6a).

The ovules are broad along the outer part and narrow towards the inner part 
(Figure 5). On the outer part of the carpel, there are numerous, curved elliptical, 
darkly stained appendages which are the nectarines (Figures 5 and 6a, b).

3.4 Powder microscopy

In the powder preparation, fragments of tissues of the pericarp, seed coat and cell 
inclusions are seen. The inner surface of the pericarp consists of elongated, rectangu-
lar, thin-walled cells (Figure 7a). These cells have straight cell walls. The cells are par-
allel to each other forming a dense mat (Figure 7a). The outer surface of the pericarp 

Figure 2. 
(a) T.S. of pericarp: outer part; and (b) T.S. of pericarp: inner part. Ec: epicarp; IPe: inner pericarp; Ope: outer 
pericarp; and Me: mesocarp.
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Figure 3. 
(a) T.S. of pericarp outer part showing vascular elements; and (b) T.S. of pericarp inner part. IZ: inner zone; OZ: 
outer zone; Pe: pericarp; and Vs: Vascular strand.

Figure 4. 
(a and b) T.S. of pericarp with scattered vascular strands. Pe: pericarp; Se: segment of fruit wall; and Vs: 
vascular strand.



275

Detailed Pharmacognostical Standardization Studies on Calotrophis Procera (Aiton) Dryand…
DOI: http://dx.doi.org/10.5772/intechopen.104549

Figure 5. 
T.S. of carpel enclosing a bundle of ovules in marginal placentation.Ne: nectary; ovl: ovule; Pl: placenta.

Figure 6. 
(a) T.S. of carpel enclosing the ovules with peripheral nectarines; and (b) Nectaries enlarged. Ne: nectary; Ovl-
ovule; and Pe: pericarp.
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consists of wide polygonal cells with thick, straight anticlinal walls. Stomata are also 
frequently seen on the outer epicarp. The stomata have narrow stomatal aperture and 
elliptical guard cells. The stomata appear to be paracytic type (Figure 7b).

Broken pieces of seed coats are frequently seen in the powder. The abundance of 
epidermal trichomes of non-gladular type are seen on the seed coat. The trichomes 
are thick at the base and become narrowly pointed at the tip. The cell walls of the 
trichome are thick and lignified and the cell lumen is narrow and canal like  
(Figure 8a, b). The trichomes are 130 μm long and 15 μm thick.

The epidermal cells of the seed coat are angular, polygonal and compact  
(Figure 8a and 9b). Laticiferous canals are commonly present in the pericarp of 
the fruit. The laticiferous are long, canal-like, non-septate and unbranched. They 
contain dense white latex secreted from the laticifer (Figure 9a). The seeds have 
dense accumulation of different sizes of oil bodies. They appear white spherical 
bodies floating in water (Figure 10a). Prominent spherical or elliptical starch 

Figure 7. 
(a) A piece of inner pericarp showing elongated compact parallel parenchyma cells; and (b) Surface view 
of the outer pericarp where the cells are polygonal with thick straight anticlinal walls and stomata. Aw: anti 
clinal wall; Ec: epidermal wall; Sc: subsidiary cell; and St: stomata.



277

Detailed Pharmacognostical Standardization Studies on Calotrophis Procera (Aiton) Dryand…
DOI: http://dx.doi.org/10.5772/intechopen.104549

grains are common in the powder. When stained with IKI, the starch grains appear 
black or dark blue (Figure 10b). The seeds of Calotropis are flat, obovate and thin. 
One end of the seed is narrow and pointed. This pointed end of the seed bears 
a tuft of thin, white, soft trichomes. This tuft of trichomes is called coma. The 
trichomes of coma are also seen in the powder. These trichomes have thick walls 
and wide lumen. They are unicellular and unbranched. The trichomes are 30 μm 
thick (Figure 10c).

Figure 8. 
(a) A broken piece of seed coat showing polygonal epidermal cells and non-glandular epidermal trichomes; 
and (b) Clusters of non-glandular trichomes seen in powder. Ec: epidermal cells; and NGT: non-gladular 
trichomes.
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The ash is mainly for the identification of carbonates, silicates, phosphates, 
sodium, potassium, calcium and magnesium without an organic matter. The obtained 
total ash value (11.4%), Water soluble ash (7.5), Acid insoluble ash (1.8), Foaming 
Index (<100), Swelling Index (52%), Loss on Drying (16.7%) And the extractive val-
ues are mainly for the estimation of primary and secondary metabolites in Petroleum 
ether (5.65%), it might be terpenoids, sterols, lipids and waxes and apart from 
Ethyl acetate extract (2.25%), Acetone extract (3.17%), Methanolic extract (4.53%) 
contains tepenoids, phenols, and glycoside containing components may be present. 
Distilled Water (10.11%) and Hydro-alcohol (6.05%) contains polyphenols, tannins 
and alkaloids present (Tables 1–3).

For herbal drugs, florescence analysis is very primary tool for the determination 
of constituents, this florescence analysis provides an informative data on nature of 
constituents [12]. The chemical reagents were used for the powdered drug analysis and 

Figure 9. 
(a) A piece of pericarp tissue with unicellular, unbranched laticiferous canal; and (b) Seed coat fragment 
showing thick-walled epidermal cells. Ec: epidermal cells; and LtF: laticifer.
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observations are available in visible light and UV lights of Short and long wave lengths 
(Table 4).

The preliminary phytochemical screening on Calotropis procera was done by using 
hexane, n-butanol, ethanol, acetone, ethyl acetate, methanol and hydro alcoholic 

Figure 10. 
Oil globules of different sizes found in the powder; (b) Starch grains stained with potassium iodide; and (c) 
Trichomes from coma of the seed. OB: oil bodies; SG: starch grains; and Tr: trichomes.

Parameters Fruit

Color Green

Shape Been

Size length10cm

Odor Characteristic

Powdered drug study

Color Green

Odor Characteristic

Taste Strong Bitter

Filter paper test

Table 1. 
Morphological characters of Calotropis procera fruit.
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Parameter Percentage (%)

Total Ash 11.4

Water soluble ash 7.5

Acid insoluble ash 1.8

Foaming index <100

Swelling index 52

Loss on drying 16.7

Table 2. 
Results for physicochemical parameters.

Solvents Percentage (%)

Petroleum ether 5.65

Ethyl acetate 2.25

Acetone 3.17

Methanol 4.53

Distilled water 9.11

Hydro-alcohol 6.05

± Calculated as SEM of three reading.

Table 3. 
Results of extractive values.

Chemical treatment Day light Fluorescence UV longer (365 nm) UVShort (254 nm)

Drug powder Peanut Brownish green Green Dark green Green

Hexane Yellow Yellowish green Green Green

Ethyl acetate Yellowish green Greenish yellow Reddish green Light reddish green

Methanol Yellowish green Yellow yellow light green

Water Brown Dark brown Light green Green

Drug powder+1 N NaOH 
in methanol

Yellowish green Yellowish green yellow Light green

Drug powder+1 N NaOH 
in water

Brownish green Brownish green green light green

5% NaOH Light Yellowish Yellowish Yellowish Yellowish

10% NaOH Yellowish Yellowish Yellowish Yellowish

Powder+1 N Hcl solution Dark brown brownish Light green Colorless

Powder+50% HNO3 Yellow Reddish yellow Dark green Light green

Powder+50%H2SO4 Light green Reddish yellow Light green Light green

Powder+50% HCl Dark brown brownish Light green Colorless

5% FeCl3 Greenish peanut Brownish green Darkish yellowish red green yellowish red green

Powder + picric acid Orange yellowish green Yellowish green Darkish yellowish red green yellowish red green

Powder +Dil. NH4 Dark green Greenish 
peanut

Greenish peanut Greenish peanut

Powder + acetic acid Dark yellowish green yellowish green Dark green Light green

Table 4. 
Fluorescence analysis on Calotrophis procera fruit.



281

Detailed Pharmacognostical Standardization Studies on Calotrophis Procera (Aiton) Dryand…
DOI: http://dx.doi.org/10.5772/intechopen.104549

Ph
yt

oc
he

m
ic

al
 an

al
ys

is
H

ex
an

e
N

- B
ut

an
ol

Et
hy

la
ce

ta
te

Et
ha

no
l

A
ce

to
ne

M
et

ha
no

l i
c

H
yd

ro
al

co
h 

ol
ic

1.
 A

lk
al

oi
ds

 
(a

) M
ay

er
’s 

te
st

−
−

+
+

+
++

+

 
(b

) H
ag

er
’s 

te
st

−
−

+
−

−
++

++

 
(c

) D
ra

ge
nd

ro
ff

’s 
te

st
−

−
++

−
−

++
++

2.
C

ar
bo

hy
dr

at
es

 
(a

) M
ol

isc
h’s

 te
st

+
+

++
++

++
++

++

 
(b

) F
eh

lin
g’s

 te
st

+
++

+
+

+
+

+

 
(c

) B
ar

fo
ed

’s 
te

st
+

++
++

++
++

++
++

 
(d

) B
en

ed
ic

t’s
 te

st
+

+
+

+
+

++
++

3.
 G

ly
co

sid
es

 
(a

) B
or

nt
ra

ge
r’s

 te
st

+
++

++
+

++
++

++

 
(b

) L
eg

al
’s 

te
st

+
+

++
++

++
++

++

 
(c

) K
el

le
r-

K
ili

an
i t

es
t

+
+

++
++

++
++

++

4.
 P

he
no

ls 
an

d 
Ta

nn
in

s

 
(a

) F
er

ric
 ch

lo
rid

e t
es

t
+

++
++

++
++

+
++

 
(b

) G
el

at
in

 te
st

−
++

++
++

++
+

++

 
(c

) L
ea

d 
ac

et
at

e t
es

t
+

++
++

++
++

+
++

5.
 F

la
vo

no
id

s

 
(a

) A
lk

al
in

e r
ea

ge
nt

 te
st

−
+

+
+

+
+

+

 
(b

) S
ch

in
od

a t
es

t
−

++
++

++
++

++
++

 
(c

) Z
n 

+ 
H

Cl
 te

st
+

++
++

++
++

++
++

6.
 T

es
t f

or
 fi

xe
d 

oi
ls

 
(a

) S
po

t t
es

t
++

++
++

++
++

++
++



Medicinal Plants

282

Ph
yt

oc
he

m
ic

al
 an

al
ys

is
H

ex
an

e
N

- B
ut

an
ol

Et
hy

la
ce

ta
te

Et
ha

no
l

A
ce

to
ne

M
et

ha
no

l i
c

H
yd

ro
al

co
h 

ol
ic

7. 
Sa

po
ni

ns

 
(b

) F
oa

m
 te

st
++

+
++

++
++

++
++

8.
 P

ro
te

in
s a

nd
 A

m
in

oa
ci

ds
+

+
++

++
++

++
++

 
(a

) M
ill

on
’s 

te
st

+
+

+
+

+
+

+

 
(b

) B
iu

re
tte

s t
es

t
+

+
+

+
+

+

 
(c

) N
in

hy
dr

in
 te

st
+

+
+

+
+

+
+

9.
 T

er
pe

no
id

s/
 P

hy
to

st
er

ol
s

 
(a

) L
ib

er
m

an
n-

Bu
rc

ha
rd

 te
st

++
++

++
++

+
+

+

10
. T

es
t f

or
 tr

ite
rp

en
oi

ds

 
(a

) S
al

ko
w

sk
i t

es
t

++
++

++
++

+
+

+

11
. G

um
 a

nd
 M

uc
ila

ge
s

 
(a

) A
lc

oh
ol

ic
 p

re
ci

pi
ta

tio
n 

te
st

++
++

++
++

++
++

+

12
. T

es
t f

or
 li

gn
in

+
++

++
++

++
++

+

 
(a

) L
ig

ni
n 

te
st

+
++

++
++

++
++

+

 
(b

) L
ab

at
 te

st
+

++
++

++
++

++
+

“−
” i

nd
ica

te
s a

bs
en

t; 
“+

” i
nd

ica
te

s p
re

se
nc

e;
 a

nd
 “+

+”
 in

di
ca

te
s m

or
e i

nt
en

se.

Ta
bl

e 
5.

 
Pr

eli
m

in
ar

y 
ph

yt
oc

he
m

ica
l t

es
ts 

fo
r i

de
nt

ifi
ca

tio
n 

of
 th

e c
la

ss 
of

 p
ri

m
ar

y a
nd

 se
co

nd
ar

y 
co

m
po

ne
nt

s i
n 

th
e e

xt
ra

ct
 o

f C
. p

ro
ce

ra
 fr

ui
t.



283

Detailed Pharmacognostical Standardization Studies on Calotrophis Procera (Aiton) Dryand…
DOI: http://dx.doi.org/10.5772/intechopen.104549

extracts. N-butanol, ethyl acetate and acetone extracts gave positive tests for alkaloids, 
carbohydrates, proteins, glycosides and terpenoids. Hexane extract showed only for 
terpenoids. Hydro alcoholic extract showed the presence of Alkaloids, Carbohydrates, 
Tannins, and Glycosides. Methanolic extract showed the presence of Alkaloids, 
Carbohydrates, Phenols, Tannins, Flavonoids, Proteins and Glycosides (Table 5).

4. Conclusion

This plant species is available in overall tropical and subtropical countries, stan-
dardization of crude drug work is the primary reference to do further step. Herbal 
Drugs are useful for different ailments in different countries. Pharmacognostical, 
Preliminary Phytochemical evaluation studies provide us a basis to establish the qual-
ity protocols of any medicinal herbs. In the Introduction part, we described about the 
species of plant, macroscopical, microscopical, preliminary phytochemical, ash val-
ues, extractive values, fluorescence analysis are the main tools to identify the purity, 
presence and absence of certain chemical groups in a herbal drug. Pharmacognostic 
studies are mainly useful for quality of a herbal drugs [15]. Breakthroughs and 
Innovations of Calotropis procera is mainly useful for insecticidal, antimalarial antivi-
ral, antimicrobial, analgesic, antifertility, antitumor, antihyperglycemic, hepatopro-
tective, anti-inflammatory, antidiarrhoeal, anticonvulsant, oestrogenic, antidiabetic 
and anthelmintic activity etc. reported. In Andhra Pradesh state in India no pharma-
cognostic research work was established. So, this work is a primary and important for 
further studies. Calotropis procera is helpful for establishing the correct identification 
of a plant and the plant will be main tool for standardization, characterization and 
identification of Calotropis procera fruit. The plant is also helpful for the other research 
studies.
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Chapter 13

Effect in Human Gene Regulation 
of Food-Derived Plant miRNAs
Daniel Sanchez Romo, Benito Pereyra Alferez 
and Jorge Hugo Garcia Garcia

Abstract

MicroRNAs (miRNAs) are a class of non-protein-coding RNA molecules with the 
ability to regulate gene expression at the posttranscriptional level, abundant in plants 
and animals, showing a high level of similarity due to their mechanism of biogenesis 
and action; this led to the discovery of cross-kingdom interactions mediated by 
exogenous miRNAs, which has been one of the most important scientific advances in 
recent years. Because plant-derived miRNAs after ingestion can be resistant to diverse 
conditions such as crossing the gastrointestinal tract in mammals, entering the body 
fluid and regulating the expression of endogenous mRNAs. Suggesting that food-
derived plant miRNAs may control genes in humans through cross-kingdom regula-
tion. More importantly, plant miRNAs may be a new class of molecules with utility in 
future epigenetic regulatory therapy applications in a wide range of diseases, demon-
strating a new and highly specific strategy for the regulation of gene expression.

Keywords: MicroRNA, cross-kingdom, mRNA, human, gene regulation

1. Introduction

In recent years, non-protein-coding RNA transcripts have been associated to regu-
latory functions in plants and animals, particularly micro RNAs (miRNAs), a class of 
endogenous single-stranded molecules of ~22 nucleotides, transcribed by polymerase 
II from MIR genes, involved in negative regulatory activities at the posttranscriptional 
level in plants and mammals [1–3]. The sophisticated mechanism used by miRNAs 
for the regulation of their targets is based on perfect or near-perfect complementarity 
binding of miRNAs at the ORF, 5’UTR and 3’UTR sites of mRNA, resulting in repres-
sion of translation or degradation of the messenger [4]. Since the identification of the 
first miRNA in Caenorhabditis elegans [5], until now according to the miRBase version 
22.1 database (http://www.mirbase.org, accessed April 2021), a total of 38,589 hairpin 
precursors (pre-miRNAs) from 217 organisms have been recorded. In plants some 
crucial functions of miRNAs have been established such as response to developmental 
signals, auxin responsive factors (ARFs), pathogen infection, cell division, metabo-
lism, etc. [6, 7]. In human, these small transcripts have been found to endogenously 
participate in some diseases such as diabetes, cancer, heart disease, tumors, athero-
sclerosis, or biomarkers in early stages of particular diseases [8, 9]. Recently, several 
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studies have shown that plant miRNAs can enter the gastrointestinal tract through 
food in humans, be identified in various tissues and circulatory system, perceiving 
genes in humans as potential regulatory targets [10]. Because exogenous miRNAs 
and endogenous miRNAs have no distinguishing characteristics from each other, 
therefore, it will be recognized as an endogenous miRNA [11]. The cross-kingdom 
regulation by miRNAs has developed a series of investigations because it is important 
to determine the effects of miRNAs from plants on gene expression in humans when 
they enter the human body through food [11–13].

This chapter will provide a brief overview of the evidence about the impact of 
exogenous miRNAs and their direct influence on various biological processes in 
human, a cross-kingdom approach.

2. Biogenesis and mechanisms of miRNAs

miRNAs are single-stranded strands of approximately (18–24) base pairs evolu-
tionarily conserved in diverse species [14], they are transcribed by RNA polymerase 
II (pol II) giving rise to a miRNA-primary, which possesses a stem-loop structure 
[3]. The first step occurs in the nucleus and is carried out by cleavage by the RNase 
III enzyme Drosha and the double-stranded RNA-binding protein (dsRNA) DGCR8, 
generating a product of approximately 60 nt called pre-miRNA that contains an 
overhang of 2–3 nt [15]. It is subsequently exported to the cytoplasm by the pre-
miRNA/Exportin5/Ran-GTP complex, in the cytoplasm GTP is hydrolyzed to GDP 
inducing the release of the pre-miRNA [16], then processed by the Dicer RNaseIII 
protein producing an RNA duplex of approximately 22 nt [17]. The double strand 
is incorporated into the RNA-induced silencing complex (RISC), a protein nuclease 
complex, an Argonaute protein (Ago2), and a double-stranded RNA-binding protein, 
upon incorporation one strand of the duplex is degraded and the other remains as a 
mature miRNA, with the faculty to regulate the expression of a target mRNA [17, 18]. 
While, in plants, the pri-miRNA synthesized by pol II in the nucleus is processed by 
an enzyme of the RNase III family DICER-LIKE1 (DCL1), resulting in an miRNA/
miRNA duplex chain. To stabilize and protect from degradation these duplexes are 
2′-O-methylated at the 3′-ends by a Hua Enhancer 1 (HEN1) methyltransferase [19]. 
Finally, one strand of the duplex is incorporated into AGO1 in the cytoplasm to form 
the RISC complex [20]. One of the determining mechanisms in the interaction of 
miRNA and its target mRNA is the seed region (nt 2–8, [21]). The seed region appears 
to be the most important site for miRNA recognition of its target [22]. In addition to 
taking advantage of its utility to predict regulatory targets, in relation to the charac-
teristics in the mRNA sites necessary for the effective recognition of the miRNA [23].

3. Endogenous function by plant and animal miRNAS

In recent years, a series of research studies have provided important advances in 
plant molecular biology by discovering that plants can regulate the expression of some 
target genes [11, 24, 25]. The first example was discovered in the nematode C. elegans 
by studying the lin-4 gene in 1993, which transcribes for a small RNA complementary 
to some segments of the 3’untranslated region of an mRNA encoding the LIN-14 
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protein, required for passage to the late larval stage [26]. However, up until 2000, it 
was reported that these small transcripts, due to their size, had gone unnoticed. But 
they were the perpetrators of gene silencing. Over time it has been evidenced that 
animals and plants produce a large amount of miRNAs [27]. In plants miRNAs gener-
ally participate in the process of growth, disease resistance, morphogenesis, leaf and 
fruit size, development of healthy plant characteristics, and the process of flowering 
regulation [6]. Some miRNA targets have been found to be involved in processes such 
as metabolism, transport, cell signaling, stress response [28]. In humans, it is estimated 
that approximately 60% of all protein-coding genes are miRNA targets, which could 
practically affect most physiological processes in the body [29]. The miRNAs are, there-
fore, important regulatory molecules of gene expression in different processes, such 
as neuronal development, differentiation, proliferation, and cell survival [2]. There is 
evidence that miRNAs offer potential targets for the diagnosis, prognosis, and treat-
ment of a wide variety of diseases [21]. More importantly, miRNA profiles, especially in 
serum, plasma, and urine, have been reported to be closely related to various diseases 
and disease states, including cancer, diabetes, inflammation, infections, and tissue 
injury [8, 14, 30].

4. Resistance and stability of plant miRNAs to harsh conditions

In 2017, Luo et al. [31] revealed the abundance of miRNAs in Zea mays (maize), 
obtaining 18 highly represented miRNAs, fresh maize samples were subjected to 
different treatments (elevated temperature and pressure, starch dextrinization, and 
protein denaturation), observing that all miRNAs resisted the treatments with only 
decrease in their concentrations. Subsequently, the resistance of miRNAs from maize 
was analyzed in pigs, due to their attractive biomedical model and organ size similar 
to humans, they were fed for 7 days with fresh maize-based diet, and evaluated the 
presence of the 18 previously selected miRNAs, finding 16 in tissue and serum. They 
verified the crossing of the gastrointestinal barrier of synthetic miRNAs and evalu-
ated by bioinformatic analysis the possible regulation of pig genes by miRNAs from 
maize, obtaining as a result that MIR164a-5p has CSPG4, OTX1, and PLAGL2 genes 
as a potential target, with a reduction in the gene activity compared with control. This 
suggests the likelihood that exogenous miRNAs regulate gene expression in endog-
enous mRNAs in a similar way to mammalian miRNAs.

4.1 Mechanisms of transport and absorption

Exogenous miRNAs are selectively packaged into small microvesicles (MVs). MVs 
are a mixture of microparticles, exosomes, and other vesicular structures found in 
human plasma [12]. They are shed from epithelial cells under normal or pathologi-
cal conditions and can enter the circulatory system to be transported. They contain 
receptors and ligands on the surfaces of the cells of origin, giving them the ability 
to interact with target cells and mediate intercellular communication. Exogenous 
miRNAs take advantage of this ability to regulate host cell gene expression. MVs serve 
as stable signaling molecules, they protect exogenous miRNAs against serum RNAases 
and facilitate their transport to target genes [12, 32–34]. They are classified accord-
ing to their origin, size, and formulation mechanism: exosomes, microvesicles, and 
apoptotic bodies [35].
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5.  Regulation in human given by exogenous miRNAs from plant 
cross-kingdoms

5.1 MIR168a of plants first evidence of cross-kingdom regulation

The paradigm that miRNAs originated exclusively for endogenous assimilation 
was changed in 2012 by Zhang et al. [12], when the first evidence of cross-kingdom 
interactions was demonstrated by sequencing serum from men and women in China 
and finding present human and other animal miRNAs from dietary plant miRNAs, 
identifying MIR168a from Oriza sativa (rice), analyzed through bioinformatics, find-
ing as a regulatory target the gene encoding for the low-density lipoprotein receptor 
adapter protein 1 (LDLRAP1). Confirming their various hypotheses on the regulation 
of the LDLRAP1 gene, predicted target of exogenous MIR168a, through an in vivo 
assay where serum and tissues were collected from mice previously fed with rice and 
in vitro transfecting HepG2 cells with MIR168a MVs, finding a decrease in the levels 
of the protein in vitro and in vivo, thus interfering with the cholesterol transport 
mechanism.

5.2  Stability and survival of plant miRNAs to the gastrointestinal tract in 
mammals

In a second approach to cross-kingdom approach, as far as was known, there was 
no major evidence demonstrating the survival of exogenous miRNAs to the gastro-
intestinal (GI) system, blood, or organs in mammals. Plant-derived MIR172 was 
detected in a range of 2–72 hours and remained stable in organs, tissues, feces, and 
blood in mice after being fed total RNA from Brassica oleracea in amounts between 
10 and 50 μg, administered orally, suggesting the survival of exogenous miRNAs to 
the GI system, organs, and blood in mammals [36]. Subsequently, in another study 
in humans [10], 16 miRNAs from plants were evaluated and detected after ingestion 
(ath-MIR156a, ath-MIR157a, ath-MIR162a, ath-MIR167a, ath-MIR168a, ath-MIR172a, 
ath-MIR172a, ath-MIR390a, osa-MIR528, ppt-MIR894, ath-MIR166a, ath-MIR158a, 
ath-MIR159a, ath-MIR160a, ath-MIR163a, ath-MIR169a, ath-MIR824). The concen-
trations of plant miRNAs were measured by qRT-PCR, in nine volunteers adminis-
tered orally with 2.5 L of watermelon juice and 2.5 kg total mixture of other fruits, 
finding the presence of exogenous miRNAs (MIR156a, MIR157a, MIR162a, MIR167a, 
MIR168a, MIR172a, MIR390a, MIR528, MIR894, and MIR166a) in serum for up to 
9 hours, demonstrating that a variety of exogenous plant miRNAs can be found in 
human plasma following ingestion.

5.3 Antiviral activity of miR2911 from plants

According to the authors Zhou et al. [37], the repercussions, given by exogenous 
miRNAs from plants, together with the mechanisms involved in absorption and 
transfer “remain largely unknown”. In their study they sequenced the plant honey-
suckle (HS, Lonicera japonica) used for thousands of years to treat influenza infection 
and were able to obtain a total of 148 miRNAs in their reads. Additionally, the plant 
was subjected to a decoction process, finding only the MIR2911 stable after treat-
ment, remaining in high concentrations (0.2 g HS/ml), was 0.06 pmol/ml suggesting 
its stability due to its sequence and high GC content. Subsequently, mice administered 
with the 500 μl decoction product of the plant reached a peak in the concentrations 
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of MIR2911 in plasma and lung 6 h post-administration and a decrease to a basal 
level after 12 h. A series of potential target genes for MIR2911 of different viruses 
such as H1N1, H3N2, H5N1, and H7N9 were found through bioinformatic analysis. In 
cell lines infected with H1N1 and transfected with synthetic MIR2911, they achieved 
a significant decrease in viral count due to the fact that the target genes, PB2 and 
NS1, are essential for its replication. The in vivo study demonstrated that miR2911 
inhibited the replication of several IAV (influenza A viruses) including H1N1, H5N1, 
and H7N9, decreasing mortality in mice, being the first evidence of a natural product 
that directly targets and suppresses IAV. In addition, the authors in 2020 conducted 
an emerging investigation of MIR2911, now against the SARS-CoV-2 virus, the cause 
of COVID-19, severe acute respiratory syndrome, which spread rapidly around the 
world, causing an unprecedented pandemic. Among the results, the researchers 
were able to inhibit viral replication in vitro, using exosomes from serum of donors 
who consumed the plant decoction and exosomes of synthetic MIR2911, showing a 
very high antiviral activity of plant MIR2911 on SARS-CoV-2 virus replication, since 
bioinformatics results showed at least 179 putative binding sites for the miRNA on the 
SARS-CoV-2 genome, with 28 binding sites subsequently confirmed, indicating that 
the plant miRNA could inhibit the translation of almost all SARS-CoV-2 proteins [38].

5.4 Potential role of plant miRNAs in breast cancer

According to the potential function of plant miRNAs, the authors sought to clarify 
the influence of exogenous molecules on tissues outside the GI tract. By sequencing 
serum and tumor tissue samples from stage II and III breast cancer patients, plant 
miR159 was detected up to six times more frequently than plant miRNAs. The results 
showed a higher abundance of miRNA in healthy patients than in breast cancer (BC) 
patients and patients with metastasis. Therefore, it was proposed that miR159 might 
influence breast cancer progression. By transfecting cells containing miR159 isolated 
from patient serum, they had the ability to reduce proliferation in BC cells. To identify 
miR159 target genes they used three independent methods: computational prediction, 
RNA-induced silencing, and sequencing. All three methods identified three potential 
target genes: transcription factor 7 (TCF7), nuclear receptor coactivator 6 (NCOA6), 
and engrailed homeobox 2 (EN2). Of which the TCF7 gene belongs to a family of tran-
scription factors of the Wnt signaling pathway, which is overexpressed in breast cancer. 
Finally, the authors report that mice fed with MIR159 showed a significant reduction 
of TCF7 and MYC expression in their tumors with decreased tumor cell proliferation, 
reduced tumor growth, and increased apoptosis, providing important information on 
kingdom interactions for the prevention and treatment of various human diseases [39].

5.5 Plant MIR167e-5p suppresses intestinal cell proliferation

A recent study has found plant-derived MIR167e-5p to regulate enterocyte 
proliferation in vitro in cancer cell lines. Plant MIR167e-5p decreased cell prolifera-
tion following treatment with 20 pmol of MIR167e-5p over a 72 h period. The tests 
included viability assays determined by MTT at different times. In this study, a 
bioinformatic program was employed to identify plant miRNA targets due to their 
involvement in auxin response factor processes in plants, resulting in a conserved 
putative site in β-catenin gene in human, key in the Wnt/ β-catenin pathway related 
to cell proliferation, differentiation, and maintenance. Demonstrating that the plant 
MIR167e-5p could decrease protein levels and inhibit cell proliferation [40].
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6. Future approaches and applications of miRNAs

Identifying gene targets in human in a timely manner using plant miRNAs offers 
a reliable, effective, and economical way to determine the possible effects of interac-
tions given by exogenous molecules, regardless of their origin, in human mRNA, 
studies have focused on providing information of importance for future projects 
or research, as in 2017, Kumar et al. [41] presented a cross-kingdom bioinformatics 
analysis, showing the importance of some plant miRNAs, coming from the plant 
Camptotheca acuminata commonly known as Happy Tree, with anticancer attribu-
tions, showing in their results, a strong association with several cancer pathways in 
human, and a possible important role in the regulation of complex disease networks 
for humans. Similarly, another plant Ocimum bascilicum, used for its therapeutic 
properties, underwent a bioinformatics analysis, by Patel et al. in 2019 [42], finding a 
close relationship of plant miRNAs with various genes involved in signaling pathways, 
various functional processes, and several organs in human. Not only have predictive 
studies been performed in plants that are used for their medicinal properties, there 
are also analyses where foods of daily consumption have shown interesting results 
as in the year 2020, the authors Rakhmetullina et al. [43] searched for target genes 
in human for 227 miRNAs of the Oryza sativa (rice) plant, finding 942 possible 
genes, which represent 5.4% of the total number of human genes studied, being this 
of major importance, due to the fact that four miRNAs present (osa-miR2102-5p, 
osa-miR5075-3p, osa-miR2097-5p, and osa-miR2919) were associated with a greater 
number of target genes, and since miRNAs can reach some tissues, and the circula-
tory system through ingestion, some targets were related to some biological processes 
involved in the development of cardiovascular and neurodegenerative diseases, the 
authors emphasize the importance of continuing to study them. Likewise, in 2022, 
Sánchez-Romo et al. [44] determined through bioinformatics analysis the possible 
mRNA targets in humans, resulting in 787 different genes for 84 miRNAs of the plant 
Triticum aestivum (wheat), showing some genes involved in cancer processes, risk of 
dementia and schizophrenia. In addition, functional enrichment analysis highlighted 
some pathways such as the Fanconi anemia pathway, circadian rhythm, and the dopa-
minergic synapse pathway, related to attention deficit hyperactivity disorder ADHD.

7. Conclusion

The impact of endogenous and exogenous miRNAs that directly influence vari-
ous biological processes is an important current topic, as it opens the horizons of 
understanding gene regulation in organisms. Considering that plants and humans 
are different species, plant miRNAs and their interactions have been actively studied, 
which has contributed to the knowledge of the mechanisms of coevolution between 
plant miRNAs and human mRNAs. The information gathered in these articles could 
facilitate the approach and could open a number of opportunities for the development 
of new studies and therapies for various diseases based on miRNAs, as well as exten-
sive molecular validation of predictions.
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Abstract

According to the WHO report approximately 450 million people suffer from 
mental and behavioural disorder. Depression is one of the most common neurodegen-
erative disorders which arise due to the imbalance of neurotransmitters release at the 
synaptic cleft. A large number of synthetic drugs are being used as standard treatment 
for depression, they have many adverse effects that a limit the therapeutic treatment. 
Traditionally herbs are used for the treatment of depression which may offer advan-
tage in terms of safety and tolerability, possibly by improvement in patient compliance. 
Herbal drugs are more commonly used because these have small amount of chemicals, 
these produced less side effects than standard drugs. Overall, this chapter presented 
an overview of the research that has been done on the many herbs, Mechanism of 
action involving monoamine reuptake, neuroreceptor binding and channel transporter 
function, and neural communication or HPA modulation. Several pharmaceutical 
companies are working on “triple” reuptake inhibitors that stop all three monoamines 
from being reabsorbed. Studies into the interplay of monoamine systems with other 
neurotransmitters (e.g., CRF, neurokinins, glutamate, and GABA etc.) will aid in the 
development of realistic, integrated neurochemical models of depression.

Keywords: depression, neurotransmitter, monoamine reuptake inhibitors,  
selective 5-hydroxytryptamine reuptake inhibitors and Achyranthes aspera

1. Introduction

Depression is a weakening disease and it is mostly affecting modern society. The 
world health organization forecasts that in 2022 depression will become the major 
common cause of loss of interest in the working in the entire world. Thus the research 
of depression is one of the most important way through which we can obtain new 
treatment of depression and improve the developed drugs which can work better for 
depressive individuals. It will also assist to develop and create new approaches that 
will be used for better treatment of depression. Chemical transmission is the major 
tool through which nerves communicate with each other. Now it is well known that 
the presynaptic and postsynaptic events are responsible for the plasticity and learning 
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within the Central nervous system. Chemical transmission requires different types of 
steps including synthesis of the neurotransmitters, their storage in secretary vesicles, 
and their release into the synaptic cleft between presynaptic and postsynaptic cleft. 
The initial step of the synthesis of neurotransmitters is the facilitated transport 
of amino acids from blood to the brain, in the brain precursors are converted into 
neurotransmitters enzymatically. These are stored in the synaptic vesicles, and finally 
released into the synaptic cleft via calcium dependent process. The release rate of 
neurotransmitters determined the rate of firing of neurons which means that the drug 
alter the firing rate of neurons. This modification of neurons carried out the altera-
tion of release of neurotransmitters. After this released neurotransmitters bind with 
somatodendritic auto receptors. Thus binding of neurotransmitter to auto-receptors is 
responsible for reducing the synthesis of neurotransmitters or additional release from 
the presynapse. The synaptic results of neurotransmitter are ceased via binding with 
specific receptors and reuptake into the pre-synapse. Neurotransmitters metabolized 
by monoamine oxidase enzymes in the presynapse [1].

2. Plant profile

Achyranthes aspera (family-Amarantheceae) is commonly known as Latjira in 
Hindi. The plant is used for the treatment of dysentery, fever and diabetes [2]. A. 
aspera is available as weed in whole India, Asia and many other parts of the world 
such as Mexico, Central America and Africa [3]. It is described as bitter, pungent, 
purgative, heating, laxative, stomachic, carminative and digestive and is also used 
for the treatment of bronchitis, heart disease, piles, itching abdominal problems, 
ascites, rheumatism, abdominal enlargement, rabies and also for enlarged cervical 
gland. It is use as folk medicine. It is also known as medicinal herb in different types 
of system of medicine in India. It is known by different names such as Chirchita 
(Hindi), Apamarg (Sanskirt), Aghedi (Gujrati), Apang (Bengali), Nayurivi (Tamil), 
Kalalat (Malayalam) [4]. This plant grows on road sides. It is also found as field 
boundaries and waste places as a weed throughout India up to an altitude of 2100 m 
and in South Andaman Islands [5]. The leaves extract of A. aspera having antifertil-
ity effect [6]. Methanolic extract of A. aspera shows wide varieties of pharmaco-
logical activities however, little is known about its anti-depressant activity. Most 
of the researches are not found its antidepressant activity by using open field test 
and forced swimming test, so the aim of present study to assess the anti-depressant 
activity of A. aspera extract against physically induced depression in rats, using 
open field test and forced swimming test apparatus [5]. A. aspera (Chirchita) 
belong to the family Amaranthaceae. Two different varieties of A. aspera are men-
tioned in Ayurvedic and Chinese medicines, 1st is red and 2nd is white [2].

Common name of A. aspera: [7].
Arabian: Atkumah, Na’eem, No’eem, Mahout, Wazer (Yemen).
Ayurvedic: Apamarg, Chirchita, Shikhari, Shaihkharika.
Bengali: Apang.
English: Prickly chaff flower, Hawai chaff flower, Devil’s horse whip.
French: Achyranth a feuillers rudes, collant, Gendarme.
Gujrati: Safad Aghedo, Anghadi, Andhedi, Agado.
Hindi: Latjira, Chirchita, Lamchichra, Sonpur, Onga.
Indonesia: Jarong.
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The methanolic extract of A. aspera showed the anxiolytic activity due the pres-
ence of its phytoconstitents viz. alkaloid, steroid and triterpenes. It could be used 
for the management of anxiety disorders because it is economically therapeutic 
agent [8]. Seed extract of A. aspera give the hypolipidemic activity which might be 
attributed to its phyto-constituents like saponin and flavonoids. Thus it showed the 
protective effect against HFF [9]. Leaves and stem parts of the A. aspera were con-
verted into powder form and extracted with distilled water, which extract exhibited 
antimicrobial activities because of its many photochemical constituents including 
flavonoids and alkaloids [10]. The root extract of A. aspera has anticancer activity 
against different human cancer cell lines due the presence of its chemical constituents 
like alkaloid, flavonoids, phenolics and terpenoids [11]. The methanolic extract of it 
possess antiviral (antiherpes) activity because of its pure compound oleanolic acid. 
The OA of A. aspera showed the protective effect against both HSV-1 and HSV-2. 
Result showed that OA or methanolic extract of Acyrantes aspera act on the early stage 
of HSV replication [12]. It was also reported that its phytoconstituent (non- alkaloid 
fraction) significantly inhibits Epstein–Barr-virus which is a member of Herpesviride 
family [13]. The ethanolic extract of A. aspera seeds showed significant anti arthritic 
activity at various concentrations ranging from 10 to 1000 μg/ml [14]. The brewer’s 
yeast induced pyrexia in rats used for the investigation of antipyretic activity of A. 
aspera extract. Regulation of body temperature requires a balance between production 
and loss of heat. The hypothalamus acts as a regulator for the set point at which body 
temperature is maintained [15]. The antiulcer activity of A. aspera demonstrated that 
the methanolic extract of A. aspera protects rats against ulcer by using pyloric ligation 
method. From the result it has been clear that the methanolic extract of A. aspera at 
a dose of 300 mg/kg shows maximum ulcer protection as compared to control group 
[16]. A. aspera contain different chemical constituents such as alkaloids, flavonoids, 
saponins, steroids and terpenoids. Its water soluble alkaloid achyranthine isolated 
via extraction possess anti-inflammatory activity [17]. The result showed that the 
ethanolic extract of A. aspera having antifertility activity. It also possesses the anti-
zygotic, blastocytotoxic and antiovulatory activities [18]. Antiarthritic activity of 
A. aspera has been carried out by using most popular method, known as inhibition 
of protein denaturation. The ethanolic extract of A. aspera seeds showed significant 
anti-arthritic activity of various concentrations ranging from 10 to 1000 μg/ml [14]. 
Alkaloids of leaves of A. aspera plant determined with the help of thin layer chroma-
tography. In this method silica gel aluminum used as stationary phase while chloro-
form used as mobile phase for the determination of alkaloids in the leaves of A. aspera. 
Measurement of alkaloid in the alkaloid fraction extract of leaves of A. aspera carried 
out using high-performance liquid chromatography. Alkaloids of A. aspera extract 
used for the treatment of different disorders such as in-vivo study of it demonstrated 
that the alkaloid of A. aspera cause apoptosis and healing in breast cancer cells in mice 
induced by benzopyrene. A. aspera consist of 13 different types of chemical constitu-
ents while alkaloids are major constituents of it. 53.36% alkaloids are present in  
the A. aspera [19].

3. Description and Distribution

A. aspera is a medicinal plant. It is found throughout India as an annual herb. 
It is also found in Asia and many parts of world such as Mexico, Central America 
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and Africa. A. aspera consist of many antioxidants like alkaloids, terpenoids and 
saponins, which have various pharmacological properties. Different types of 
chemical constituents have been isolated from this plant by various techniques. 
All pharmacological properties and chemical constituents are used for the treat-
ment of various human diseases. A. aspera globally available as a medicinal weed 
in Baluchistan, Ceylon, Tropical Asia, Africa, Australia and America. It is also 
present Shiv Bari and Himachal Pradesh. In India it is found in field boundaries 
and also present at the road sides. The plant grows to a height of 0.2 to 2.0 m. root 
is cylindrical, 0.1–1.0 cm in thickness. Root is yellowish- brown in color, which is 
of two types secondary and tertiary. Stem is square in shape and yellowish-brown 
in color. Leaves are simple, slightly acuminate, petiolate and ovate. Leaves contain 
anomocytic type of stomata on the lower epidermis. Flower is 8–30 cm long and 
3–7 mm wide. It is bisexual greenish-white. It consists of 5 perianth segment, 5 
stamens, short filament, 7 gynoecium bicarpellary, syncarpous, ovary superior, 
single ovule, style and single stigma. It is found in two different color red and white 
flower. Seeds are round at the base, which are brown in color [7]. The whole plant 
and seeds of A. aspera consist of an alkaline substance known as potash [20]. It is 
common herbal drug in Ayurvedic, Unani-Tibbi, Siddha, Allopathic, Homeopathic, 
Naturopathic and Home remedies [21]. It is useful for the treatment of cough, renal 
dropsy, fistula, scrofula, skin rash, nasal, infection, chronic malaria, impotence, 
fever, asthma, piles and snake bites [22].

4. Chemical constituents

A. asperaconsist of different types of phytochemicals such as alkaloids, 
tannins, cardiac glycosides, steroids, flavonoids, terpenoids, reducing sugar 
and saponins. Saponins include ecdysterone, 20-hydroxy-ecdysone [23]. It 
consists of alkaloids such as three bisdesmosidic saponins (I-III), 20-hydroxy-
ecdysone, quercetin 3-O-β-d-galactoside [24]. It possesses triterpenoids, 
which are β-d-glukopyranosyl-13-β-[O-α-l-rhamnopyranosyl-(1 → 3)-O-β-d-
glucopyrauronosyloxy] machaerinate [25]. It is also a good source of ketones, 
including 36, 37-dihydroxyhenpentacontan-4-one, triacontanol, 36,47-dihy-
droxyhenpentacontan-4-one [26, 27]. Pentatriacontane, 6-penta-tri-acontanone, 
Hexa-triacontane, tritriacontane, these are found in the stem of A. aspera [27]. 
Leaves and stem leaves consist of different types of chemical constituents such as 
20-hydroxy ecdysone, quercetin-3-O-β-d-galactoside, P-benzoquinone, hydroqui-
none, spathulenol, nerol, asarone and eugenol [28, 29]. Seeds of A. asperacontains 
a number of d-glucoronic acid, β-d-galactopyranosyl ester of d-glucoronic acid, 
oleanolic acid, amino acid, hentriacontane, 10-tricosanone, 10-octacosanone 
and 4-tritriacontanone [30]. It is also consist of various type of cyclicchain 
aliphatic fatty acids, fatty acid composition (lauric, myristi, palmitia, stearic, 
arachidic, behenic, oleic and linoleic acid) and oleonolic acid glycosides [α-l-
rhamnopyranosyl-(1 → 4)-(β-d-glucopyranosyluronic acid)-(1 → 3)-oleonolic 
acid, α-l-rhamnopyranosyl-(1 → 4)-(β-d-glucopyranosyluronic acid)-(1 → 3)-ole-
onic acid-28-O-β-d-glucopyranoside [31, 32].

Acyranthine a water soluble alkaloid present in the A. aspera is responsible for 
various type of pharmacological activities like dilation of blood vessels, lowering 
of the blood pressure, depression of heart and increase the rate and amplitude of 
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respiration. It is also consisting of another water soluble alkaloid known betain. 
Betain is isolated from the whole plant [33].
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5. Medicinal uses

A. aspera shows a wide spectrum of pharmacological activities such as bitter, pun-
gent, heating, laxative, stomachic, carminatives and improve appetite as well as use-
ful in vomiting and heart disease. It is also used in various types of disease like pile, 
itching, abdominal pains, dyspepsia, dysentery and blood disease [34]. It is widely 
used for the treatment of many disorders, which are asthmatic cough, snakebite, 
hydrophobia, urinary calculi, rabies, influenza and gonorrhea. Its dried leaf powder 
mixed with honey is useful for the treatment of early stage of asthma [35]. Naayuruvi 
kuzhi thailum has been identified that Acyrantes aspera as the primary constituent 
comes under the Siddha system, which is used in the management of asthma [36]. 
Traditionally, this plant is used in the treatment of asthma and cough [37]. The root of 
A. aspera is used in whooping cough, tonsillitis [38, 39].

6. Pharmacological activities

The literature survey has shown that following pharmacological action of A. aspera.

6.1 Anti-parkinsonism activity

Parkinson disease is arising due to the degradation of dopamine- carrying neurons 
in the substantia nigra. The neuronal death occurs in PD is due to the damage of free 
radicals and lewy’s bodies formation [40]. Levodopa is used as the first line drug for 
the treatment of Parkinson disease [41]. Powder of the whole plant of A. aspera is 
extracted by using hydro-alcoholic solvent and its get evaporated to a concentrate by 
rotary evaporator at 40°C [42]. 24 rats were divided into four groups (n = 6). Hydro-
alcoholic extract at a dose of 200 and 400 mg/kg was administered to the rats before 
30 minutes of haloperidol treatment for 20 days. In a study of anti-parkinsonism activ-
ity, the ant-parkinsonism effect of hydro alcoholic extract of A. aspera on haloperidol 
which is administered at a dose of 2 mg/kg via intraperitoneal route induced catatonia 
in rats. In haloperidol treated rats the motor coordination was studied by using rotarod 
test and hang test. The increase degree of catalepsy in haloperidol treated group was 
measured after 60 and 90 minutes of administration. The result has shown score of 
catalepsy was significantly decreased after 60 minutes with the test drug HA at a dose 
of 200 and 400 mg/kg. It is also demonstrated that group exhibited maximum reduc-
tion in the catalepsy, which is treated with 400 mg/kg. The results of rotarod test show 
that the retention time was reduced in the haloperidol treated group. The retention 
time significantly improved in HA treated group. Among these groups, maximum 
retention time was noted in the 400 mg/kg treated group [43].

6.2 Anxiolytic activity

Anxiolytic activity of A. asperais due to the presence of its phytochemical con-
stituents such as alkaloids, steroids and triterpenes. Benzodiazepines are the first 
line drug for the treatment of anxiety but these have lots of side effects like sedation, 
muscle relaxation, anterograde amnesia and physical dependence [44]. Methanolic 
extract of A. aspera was administered to the different groups (100, 300 and 600 mg/
kg) by using different apparatus, hole board, open field, elevated plus maze and light 
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dark test. Animals were treated with methanolic extract at a dose of 100, 300 and 
600 mg/kg, p.o. shows significant and dose dependent increase in the number and 
duration of head poking as compared to control group. In open field test, animals 
treated with methanolic extract of A. asperaat a dose of 100, 300 and 600 mg/kg, 
p.o. in this test there was significant (p < 0.01) increase in rearing. The number of 
squares traveled by the animals also significantly (p < 0.01) increased when animals 
treated orally with methanolic extract of A. aspera at 300 and 600 mg/kg. Thus result 
was indicating a dose dependent anxiolytic activity of the plant extract. There was 
also significant (p < 0.01) increase the number of entries and time spent in the open 
arm of elevated plus maze of methanolic extract treated group at 100 to 600 mg/kg. 
Diazepam used as a standard drug. In the close arm of elevated plus maze, number of 
entries and time spent significantly (p < 0.01) decrease as compared to control group. 
The group of animal administered 600 mg/kg of methanolic extract of A. aspera was 
demonstrated higher number of entries and time spent in open arm than the standard 
drug. In the light and dark test, animals treated with methanolic extract of A. aspera 
at 300 and 600 mg/kg dose indicated significantly (p < 0.01) increase the time spent 
in lighted box, number of crossings and transfer latency. In the dark box significantly 
(p < 0.01) decrease the time spent [8].

6.3 Hypolipidemic activity

Alcoholic extract of the entire plant of A. aspera demonstrated hypoglycemic 
activity. Rats were divided into four groups each containing six animals. Consumption 
of fructose is responsible to increase body weight as a result of decreased insulin 
level in the blood. It is also responsible to decreased leptin production followed by an 
increase in the circulating nonesterified fatty acids, which decrease insulin sensitivity 
due to increasing the intramyocellular lipid content [45]. In the present study it was 
found that the HFF significantly increased TGL [46]. Saponins constituents of A. 
aspera extract are reported to increase the lipoprotein lipase which is responsible for 
the removal of circulating free fatty acids that results decrease the total cholesterol 
[47]. It is also reported saponins are effective as HMG-CoA reductase inhibitors 
[48]. It has reported that 100 mg/kg of A. aspera administered to the rats significant 
(p < 0.001) decrease in the level of VLDL and LDL with an increase in the levels of 
HDL were observed [9].

6.4 Antiulcer activity

Gastric ulcer is a pathological condition caused due to the imbalance between 
aggressive factors, such as gastric acid, pepsin, stimulation of vagus nerves, secre-
tion of gastrin and increase in the number of parietal cells and protective factors like 
bicarbonate ion, mucus productivity, mucus secretion and prostaglandins. Literature 
survey has shown that its chemical constituents like flavonoids and triterpenoids are 
responsible for antiulcer activity [49]. The root part of A. aspera was extracted with 
methanol. Ulcer was induced by pylorus ligation method. Ranitidine is used as the 
standard drug for the comparison of methanolic extract of A. aspera. 300 mg/kg dose 
of MEAA showed 91.89% antiulcer activity. From the result it has clear that 300 mg/
kg dose of MEAA shows maximum antiulcer activity than the control group. The 
lower dose of MEAA does not show antiulcer activity but at higher dose it shows ulcer 
protection activity [16].
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6.5 Diuretic activity

Diuretics are the drugs which are used to increase the rate of urine flow. These 
are used to adjust the balance of body fluid [50]. It is reported that it consists 
of alkaloids, flavonoids, saponins, steroids and terpenoids [17]. The aqueous 
and alcoholic extract of leaves of A. aspera showed good diuretic activity. In this 
study it has clear that urine volume, cation and anion excretion was found to be 
increased, Na+/K+ ratio of 2.04 and 2.18 were obtained for aqueous and alcoholic 
extract respectively while the normal value for Na+/K+ ratio is reported to be 
2.05–2.83 [51].

6.6 Antidiabetic activity

Diabetes is one of the most common disorders. About 30 million people  
suffer from diabetes in the world. It is occurring due the imbalance secretion of 
glucose and insulin. Insulin is used for maintaining blood glucose level. It is  
characterized by high blood glucose level, weight loss, extreme thirst and weak-
ness. Alloxan administered to the animals for inducing diabetes. Alloxan  
administered to the animals for 30 days continuously. Animals were treated with 
ethanolic extract of A. aspera the blood glucose level was found to be increased  
by 123% and 128% on the 15th and 16th day of exposure respectively. After com-
pletion of exposure period the blood cholesterol level decrease was found to be  
5.5% [52].

6.7 Antifertility activity

Protective effect of ethanolic extract of A. aspera against fertility is now being 
investigated including antizygotic activity, blastocytotoxic activity and abortifa-
cient activity. The results showed the extract of A. aspera having antifertility and 
antiestrogenic effect in female rats. Administration of ethanolic extract of A. aspera 
to the animals at a dose of 200 mg/kg and 400 mg/kg significantly decrease in the 
duration of estrous & metesterous phase. Treated the animals with ethanolic extract 
of it at a dose of 200 and 400 mg/kg reduced the weight of ovaries than the control 
group [18].

6.8 Anti-inflammatory activity

The leaves of A. asperaare used for the treatment of dermatoligical disor-
der [53]. It was investigated that alcoholic extract of A. asperahas potential 
anti-inflammatory effect in Wistar rats at different doses such as 50, 100 and 
200 mg/kg. Anti-inflammatory effect of A. aspera extract carried out by using 
carrageenan-induced paw edema (acute inflammatory model) and cotton pellet 
granuloma test (chronic inflammatory model). All the doses of alcoholic extract of 
A. aspera tested in carrageenan-induced paw edema caused a significant (p < 0.05) 
and decreased paw edema 32–40.5 compared to control group. In cotton pellet 
granuloma model, the concentration of A. aspera (50, 100 and 200 mg/kg) caused 
a significant (p < 0.05) and marked inhibition 34.6% of granuloma weight as 
compared to control group [54].
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6.9 Antipyretic activity

In a study of anti-pyretic activity of crude extract of A. aspera was carried 
out by brewer’s yeast-induced pyrexia in rats. Initially rectal temperatures were 
recorded. Administration of the yeast at a dose 10 mg/kg to the rats produced 
significant increase in rectal temperature 24 hours after yeast injection [55]. The 
methanolic extract of leaves of A. aspera consist of alkaloids, steroids, proteins, 
flavonoids, saponins, mucilage, carbohydrates and tannins. The methanolic extract 
was administered orally to different groups at a dose of 100 and 200 mg/kg by 
intra-peritoneal route. 0.3 ml of normal saline was administered to the control 
group. Paracetamol (150 mg/kg) used as a standard drug. The methanolic extract 
of A. aspera demonstrated significant (p < 0.01) antipyretic activity. The dose at 
a 200 mg/kg extract has shown a good antipyretic activity (p < 0.01) with all the 
doses used when compared to the control group [15].

6.10 Anthelmintic activity

Helminthiasis is one of the most popular disease and one of the most serious 
diseases [56]. Stem powder of A. aspera extracted with methanol and water. It was 
extracted by using maceration process. Its chemical constituents such as saponins A, 
saponins B, terpenoids and volatile oils showed anthelmintic activity. Albendazole 
used as a standard drug for the comparison of anthelmintic activity of A. aspera. 
Extract of it’s used at different concentration (2.5, 5, 10 and 20 mg/ml) for testing 
anthelmintic activity which based on the determination of time of paralysis and time 
of death of the worms. All the methanolic extracts of A. aspera showed the better 
protection against the helminthiasis [57].

6.11 Antibacterial activity

Phytochemical components of A. aspera like flavonoids and alkaloids showed the 
antibacterial activity [58]. It is used for the treatment of urinary tract infections [59]. 
Five bacterial species used as a testing organism including Pseudomonas aeruginosa, 
Proteus mirabillus and Enterococcus faecalis. The leaf and stem of the A. aspera was 
extracted with organic solvent. 5 mg/ml concentration of the extract used as a testing 
agent and their activity measured by the determination of zone of inhibition as 
produced by antibiotic sensitivity method on Mueller-Hinton agar [10].

6.12 Antifungal activity

The antifungal activity of A. aspera was obtained by using aqueous & etha-
nolic extract of root of its. Clotrimazole (1% w/w) used as standard drug for the 
comparison of A. aspera extract. The study is carried out to determine the anti-
fungal activity of the A. aspera root extract by agar well diffusion method [60]. 
Antifungal activity was obtained through the sabouraud dextrose agar medium 
against culture of Trichophyton rubrum. The microorganism containing culture 
was inoculated and these inoculated plates were maintained for 2 hours at room 
temperature to allow diffusion of the solution into the medium. These petridishes 
incubated 25° ± 1 for 7 days [61]. Antifungal activity determined through the 
inhibition of diameters of zone surrounding each of the walls. The result has 
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shown that the zone of inhibition of ethanolic extract is 23 mm and zone of inhibi-
tion of aqueous extract is 19 mm taking 10 mg/ml of extract. Ethanolic extract of 
Achyranthesaspera shows good antifungal activity against Trychophyton rubrum 
than the aqueous extract [62].

6.13 Antiviral activity

Different types of compounds obtained from plant origin have been shown to 
exhibit antiviral activity against some virus including herpes simplex virus those 
chemical constituents which are having antiviral activity includes alkaloids, flavo-
noids, tannins, terpenes, saponins, quinines, polysaccharides, steroidal glycoside 
proanthocyanidin and proteins [63]. Herpes simplex virus is of two types HSV-1 
and HSV-2. Acyclovir has been used for the treatment of viral disease since 1970 
[64]. Other types of antiviral drugs used such as ganciclovir, foscarnet and cidofovir 
that target herpes-virus DNA polymerases [65]. In the study it was evaluate that the 
methanolic extract of A. asperahaving antiviral activity. Its constituent oleanolic 
acid also possessed antiherpes activity. The methanolioc extract of A. asperawas 
found to be weak anti-herpes activity (EC50 64.4 μg/ml for HSV-1 and EC50 72.8 μg/
ml for HSV-2). On the other hand, oleanolic acid possessed potent anti-herpes virus 
activity against both HSV-1 (EC50 6.8 μg/ml) and HSV-2 (EC50 7.8 μg/ml) [12].

6.14 Other activities

Study shows the hydro-ethanolic, n-hexane and chloroform extracts of root of 
 A. aspera were found to be effective for sperm immobilization, sperm validity and 
nuclear chromatin decondensation [66]. It has been demonstrated that the ethanolic 
extract of root of A. asperaplant exhibits post coital antifertility effect in female albino 
rats. According to their experimental study, the ethanolic extract of A. aspera at a dose 
200 mg/kg showed 83.3% anti-implantation effect [67]. The methanolic extract of 
leaves of A. aspera is responsible for cancer chemo protective action. It is consisting of 
different chemical constituents, including alkaloid, non-alkaloid and saponins. It is 
demonstrated that the methanolic extract of A. aspera allow nephroprotective activ-
ity against lead acetate induced nephrotoxicity in male albino rats [68]. The research 
showed that ethanolic extract of A. aspera produce broncho-protective effect against 
toluene diisocyanate induced occupational asthma in wistar rats. In this the total and 
differential leucocytes count was carried out in blood and bronchoalveolar fluid. 
It is revealed that A. aspera treated rats did not show any airway abnormality [69]. 
Acyranthine, it is water soluble constituent of Acyrantes aspera which decreased blood 
pressure and heart rate. It is also responsible dilation of blood vessels and increased 
the rate and amplitude of respiration in dogs and frogs. The contractile effect of 
acyranthine alkaloid was found to be at 0.5 mg/ml on frog rectus abdominal muscle 
was less than that of acetylcholine (0.1 mg/ml) [33]. It is exhibited that the petroleum 
ether extract of A. asperaat a dose 200 mg/kg shows protective effect against allergic 
reaction in both milk induced leukocytosis and milk induced eosinophilia in mice. The 
antiallergic activity of A. aspera was found to be due to the presence of steroids such as 
β-sitosterol, ecdysone and ecdysterone [70]. It is demonstrated that the ethanolic and 
aqueous extracts of A. aspera used for wound healing activity. The wound healing activ-
ity was carried out by using two experimental wound models, first is excision wound 
model and second is incision wound model [71]. It has been demonstrated that stem 
extract of A. aspera shows anti-plasmodial effect [72].
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7. Synthetic drugs

7.1 History of antidepressants

In the late 1940s two scientist Hafliger & Schindler were synthesized a series of 
more than 40 iminodibenzyl derivatives which are possibly used as antihistamine, 
sedatives, analgesics and anti-parkinsonism drugs. Out of this imipramine was found 
to be a dibenzazepine compound, which is different from the phenothiazines because 
of replacement of the sulfur with an ethylene bridge to produce a seven membered 
central ring analogous to the benzepine antipsychotic agents [73]. During clinical 
investigation of these phenothiazenes analogs, Kuhn was found to be imipramine 
relatively ineffective for the treatment of psychosis but it had a remarkable effect 
for the treatment of depression [74]. Tricyclic antidepressants showed quinidine 
like effect on cardiac conduction that can be harmful at overdose and these are used 
limited for the heart patients. This is the main reason that TCAs only limited used 
to the patient at any given time. The research of chemically related compound to 
imipramine was found to be multiple analogs that are common in clinical use in the 
United States. There were also yielded diabenzazepines, imipramine and its second-
ary metabolite desipramine, as well as its 3-chloro derivative cloimipramine, ami-
triptyline and its N-demethylated metabolite nortriptyline, doxepin (dibenzoxepine) 
and protriptyline. Dibenzazepines are similar to the phenothiazines chemically. The 
ethylene group of middle of imipramine is responsible for the dissimilar stereochemi-
cal properties and prevents conjugation among the rings. Secondary metabolite 
(desipramine) of imipramine is similar to imipramine as an antidepressant while it is 
also showing some dissimilarity from imipramine. It might be possible that desipra-
mine responsible for therapeutic responses to imipramine but it is no more effective 
or rapidly acting than imipramine [75].

7.2 Monoamine oxidase inhibitors

Among the all clinically introduced drugs, monoamine oxidase inhibitors were 
found to be first drugs for the treatment of depression while these are replaced by 
tricyclic and other types of antidepressant drugs because these having more efficacies 
and less side effects than the monoamine oxidase inhibitors. Phenelzine, tranylcypro-
mine and iproniazide are the example of monoamine oxidase inhibitors. That drug 
irreversibly inhibits the MAO-A and MAO-B enzymes [76].

7.3 Selective 5-hydroxytryptamine reuptake inhibitors

These drugs also called as selective serotonin reuptake inhibitors or SSRIs, including 
flouxetine, fluvoxamine, paroxetine, citalopram and sertraline. SSRIs are most com-
monly prescribed for the treatment of depression. These are showing selectivity for the 
5-HT not for noradrenaline uptake. SSRIs produced less anticholinergic side effects than 
the tricyclic antidepressant drugs. They are equally effective as MAOIs and TCAs for 
treating the depression but in case of severe depression, less effective than TCAs [76].

7.4 Sites of action of antidepressant drugs

Diagram is showing noradrenergic (top) and serotonergic (bottom) nerve termi-
nals. Sevsral types of drugs such as SSRIs, SNRIs and TCAs increase the availability 
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of noradrenergic or serotonergic neurotransmitters at synaptic cleft by blocking the 
transporter of norepinephrine and serotonin neurotransmitter at presynaptic termi-
nals. MAOIs used for the inhibition of catabolism of norepinephrine and serotonin. 
Some antidepressant drugs like trazodone has direct effects on serotonergic receptors. 
Antidepressant drugs are used for the treatment of chronic depression, desensitizes 
presynaptic autoreceptors and heteroreceptors. These are responsible for producing 
long lasting changes in monoaminergic neurotransmission. Effect of antidepressant 
drug on postsynaptic receptors, including modulation of GPCR signaling and activa-
tion of protein kinase & ion channel (See Figure 1) [75].

8. Conclusion

Different types of psychiatric problems, particularly sadness, depression and 
anxiety are afflicting an increasing number of people. These mental diseases not only 
have a negative impact on people’s daily lives, but they also place a significant finan-
cial burden on society. The psychopharmacology of herbs has gotten a lot of attention 
in recent decades. Finally, it may be concluded that, Achyrantes aspera extract exert a 
protective effect against physically induced depression. It has been also proved that 
herbal drugs show lesser adverse effects as compared to synthetic drugs that’s why 
Achyranthes aspera may be used for the treatment of depression as an herbal remedy.

Figure 1. 
Modulation of GPCR signaling and activation of protein kinase & ion channel.
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Abstract

The consumption of diets rich in antioxidants may minimize the chances of 
developing debilitating diseases such as cardiovascular, diabetic, inflammatory, 
neoplastic, and cognitive disorders. The Fabaceae or pea family is the third most 
species-rich plant family on Earth and includes more than 19,000 species in over 
700 genera. Many species of Fabaceae are ingredients of staple diets and medicinal 
substances. This may be attributable to the presumably high content of antioxidants 
in these plants, particularly phenolic compounds. The Republic of Suriname (South 
America) harbors over 400 species of Fabaceae in more than 100 genera and has a 
rich ethnopharmacological tradition that also involves a number of Fabaceae species. 
In this chapter, we evaluated the literature to determine whether the traditional use 
of eight of the medicinally most commonly employed Surinamese species of Fabaceae 
may be associated with their phenolic content and antioxidant activity. Our results 
suggest that this may hold true for Caesalpinia pulcherrima, Cajanus cajan, Clitoria 
ternatea, Desmodium adscendens, Lablab purpureus, and Tamarindus indica but not 
for Copaifera guyanensis and Dipteryx odorata, the bioactivities of which mainly seem 
to be determined by terpenoids and coumarins, respectively, without an apparent 
involvement of antioxidant effects.

Keywords: Suriname, Fabaceae, traditional medicine, pharmacological activity, 
phytochemical composition, phenolic content, antioxidant activity
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1. Introduction

Reactive oxygen species (ROS) are chemically unstable oxygen-containing  
molecules such as superoxide anions and hydroxyl radicals that are able to readily 
react with and inflict damage to cellular constituents such as nucleic acids, proteins, 
and lipids [1–3]. ROS are continuously formed in the body during metabolic reactions 
involving oxygen such as the mitochondrial electron transport chain, in activated 
white blood cells in order to eliminate bacteria and other invaders, and as products 
of various intracellular enzymatic reactions such as those catalyzed by nitric oxide 
synthase and xanthine oxidase, which yield nitric oxide radicals and superoxide 
radicals, respectively [1–3]. ROS are also produced following exposure of the body to 
various noxious agents ranging from car exhaust and cigarette smoke to γ-radiation 
and certain medical drugs [1–3].

ROS play important roles in the cells of the body, for instance, as elements of 
intracellular signaling pathways for several normal physiological functions including 
those associated with the regulation of immunity, cell differentiation, and longevity 
[4–6]. However, a buildup of these species may cause oxidative stress, cell and tissue 
injury, and cell death [4–6] and is probably at the basis of several ailments such as 
heart conditions, Alzheimer’s disease, and cancer, as well as premature aging and 
cerebrovascular accidents [7–11]. For this reason, the body has a variety of innate 
antioxidant defense mechanisms to its disposal to mitigate potential damage by ROS, 
including enzymatic antioxidant systems (for instance, superoxide dismutase, cata-
lase, and glutathione peroxidase) and non-enzymatic systems (for instance, bilirubin, 
glutathione, and certain vitamins) [12]. In addition to these innate defense systems, 
exogenous antioxidants provided through the diet and/or nutritional supplements 
may help protect the body from oxidative stress [13]. Thus, the consumption of com-
pounds rich in antioxidants may decrease the risk of developing the abovementioned 
diseases [14–16].

An important class of plant-derived antioxidants is represented by phenolic 
compounds, secondary plant metabolites made up of one or more aromatic ring(s) 
coupled to one or more hydroxyl group(s) [17]. Phenolic compounds help protect 
plants from pathogens, animal and insect attack, as well as ultraviolet radiation; 
provide plants their characteristic colors; and contribute to the organoleptic proper-
ties of plants [18]. There are tens of thousands of plant phenolic compounds including 
the main dietary constituents flavonoids, phenolic acids, and tannins, in addition to 
coumarins, naphthoquinones, stilbenes, anthraquinones, and lignans [13, 17]. Their 
mitigating effect on oxidative stress has been attributed to their ability to eliminate 
potentially harmful oxidizing free radical species by acting as reducing agents, 
hydrogen donors, quenchers of singlet oxygen, or chelators of metal ions that catalyze 
oxidation reactions [13, 17].

The pea family Fabaceae is a large family of flowering plants that include vari-
ous economically important plants such as the soybean Glycine max (L.) Merr., the 
cowpea Vigna unguiculata (L.) Walp.), and the peanut Arachis hypogaea L. [19, 20]. 
The Fabaceae family also includes many species that represent important sources 
of a wide variety of ethnobotanical medicines against a myriad of diseases (see, for 
instance, references [20, 21]). This may be attributable to their relatively high con-
tents of various pharmacologically active constituents including phenolic compounds 
with antioxidant properties [22, 23]. In addition, the Fabaceae is considered a plant 
family that hyperaccumulates selenium, a key constituent of selenoproteins such as 
the antioxidant enzyme glutathione peroxidase [24].
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The Republic of Suriname (South America) has a land area of roughly 
165,000 km2, about 80% of which consists of sparsely inhabited, dense, pristine, and 
highly biodiverse tropical rain forest [25]. Conversely, about 80% of the country’s 
population of just over 600,000 lives in the relatively narrow northern coastal zone 
of the country [26]. Mostly because of the variety of habitats and the humid tropi-
cal temperature, the biodiversity in Suriname is high, encompassing roughly 5100 
different plant species [27]. As in other parts of the world, the Fabaceae plant family 
represents a substantial part of Suriname’s plant diversity, with estimations of over 
400 different species in more than 100 genera from the northern coast all the way 
up to the expansive forested mountain ranges [28]. The Fabaceae are also ingredients 
of a large variety of traditional medicines in Suriname. So far, it is not clear whether 
this is because of their remarkably high phenolic content and antioxidant activity. In 
this chapter, we have addressed this topic by assessing whether the traditional uses 
and pharmacological activities of eight medicinally commonly employed Fabaceae in 
Surinamese traditional medicine may be associated with their phenolic content and 
antioxidant activity.

2. ROS and oxidative stress

ROS can be defined as oxygen-containing reactive species and include oxygen-free 
radicals with unpaired electrons such as superoxide, hydroxyl, peroxyl, and alkoxyl 
radicals, as well as non-radical species such as hydrogen peroxide, peroxynitrite, 
hypochlorous acid, and ozone [1–3]. Reactive nitrogen species (RNS) such as nitric 
oxide, peroxynitrite, and nitrogen dioxide radical, as well as reactive chlorine species 
(RCS) such as hypochlorous acid, are also classified as ROS [1–3]. As mentioned in 
the preceding section, ROS are able to readily react with and cause damage to biomol-
ecules including proteins, lipids, and nucleic acids, leading to cell and tissue injury 
[4–6]. The high reactivity of ROS derives from the presence of a single unpaired 
electron in their outer orbit formed as a result of incomplete reduction of the oxygen 
metabolites [4–6].

ROS can be generated from either endogenous or exogenous sources. Endogenous 
sources of ROS are cellular organelles where oxygen metabolism is high, such as 
mitochondria, phagocytic cells, endoplasmic reticulum, and peroxisomes [12]. For 
instance, during oxidative phosphorylation in the mitochondria, the electron trans-
port chain produces electrons for the reduction of molecular oxygen into superoxides. 
The superoxides are transformed into the much less reactive hydrogen peroxide by 
superoxide dismutase. However, when hydrogen peroxide interacts with ions of 
transition metals such as Fe2+ and Cu2+, the most reactive ROS, hydroxyl radicals are 
formed through Fenton’s reaction [29]. And phagocytized bacteria, bits of necrotic 
tissue, other harmful cells, and foreign particles are destroyed by macrophages and 
neutrophils by the so-called respiratory burst (or oxidative burst), involving the rapid 
release of superoxides and hydrogen peroxide following the supply of electrons by 
NADPH [30].

Other important endogenous (enzymatic) sources of ROS are the cytochrome 
P450 superfamily of enzymes that produce ROS during the detoxification and excre-
tion of xenobiotics [31], cyclooxygenase and lipoxygenase that generate ROS from 
arachidonic acid [32], and xanthine oxidoreductase that produces superoxide anions 
during the breakdown of purines to uric acid [33]. And as mentioned before, in the 
Fenton and Haber-Weiss reactions, molecular oxygen is reduced to form superoxide 



Medicinal Plants

318

anions, which dismutates to form hydrogen peroxide that can react with traces of 
iron or copper to form more highly reactive hydroxyl ions and subsequently hydroxyl 
radicals [34].

Exogenous sources of ROS are γ-radiation and UV radiation; air pollutants such 
as car exhaust, cigarette smoke, and industrial contaminants; peroxides, aldehydes, 
oxidized fatty acids, and transition metals in foods; a large variety of xenobiotics 
including toxins, pesticides, and herbicides; as well as various medical drugs such as 
narcotics, anesthetizing gases, and antineoplastic agents [1–3]. Gamma radiation, 
for instance, interacts with water molecules to form water radical cations and free 
electrons, which react with other water molecules to form highly active hydroxyl 
radicals, superoxides, and organic radicals. These ROS are then converted into organic 
hydroperoxides and hydrogen peroxide, which subsequently react with Fe2+ and Cu2+ 
ions, generating even more ROS, eventually resulting in massive damage to cellular 
biomolecules such as DNA, proteins, and lipids [35].

Iron and copper, along with cadmium, nickel, arsenic, and lead, not only gener-
ate ROS by Fenton or Haber-Weiss type reactions, but also by direct reactions with 
cellular constituents, producing, for example, thiol-type radicals [36]. For instance, 
arsenic induces the production of peroxides, superoxides, and nitric oxide and 
inhibits antioxidant enzymes such as glutathione-transferase, glutathione-peroxidase, 
and glutathione-reductase by binding to the sulfhydryl group [37]. And lead triggers 
lipid peroxidation and increases glutathione peroxidase concentration in brain tissue 
[38]. The free radicals generated from these reactions can affect DNA, with substitu-
tions of some DNA bases such as guanine with cytosine, guanine with thymine, and 
cytosine with thymine [39].

An example of a medical drug that generates ROS is the antitumor antibiotic 
doxorubicin, both the antineoplastic activity and the cardiomyopathy of which are 
probably based on its reduction to a semiquinone-derivative that can autoxidize in the 
presence of oxygen and then produces superoxide anions following electron donation 
by oxidases such as mitochondrial NADPH and nitric oxide synthases [40].

3. Defenses against oxidative stress

At non-cytotoxic levels, ROS and their secondary electrophilic species perform 
important functions in the human body, among others, by acting as redox signaling 
messengers required for the normal physiological functioning of cells [41]. In general, 
ROS are messengers in the transduction of certain metabolic and environmental cues, 
which affect diverse signaling pathways, culminating in the activation of transcrip-
tion factors and other proteins, determining cell fate [5]. A well-described example is 
redox signaling involving the oxidation of cysteine residues of proteins by hydrogen 
peroxide, and converting a thiolate anion in cysteine (Cys-S-) into the sulfenic form 
(Cys-SOH), causing the protein to undergo allosteric changes that alter its function 
[42]. The sulfenic form can be reduced to thiolate anions by the disulfide reductases 
thioredoxin and glutaredoxin, to return the protein function to its original state [43]. 
Comparable reversible ROS-operated mechanisms are involved in the regulation of 
several key signal transduction pathways such as the PI3K-AKT and RAS-MEK-ERK 
pathways involved in the promotion of cell proliferation, nutrient uptake, and cell 
survival [44, 45].

Whether ROS cause oxidative stress and cellular damage is determined by the net 
result of their production and elimination by antioxidant defenses. Thus, oxidative 
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stress is a consequence of “a disturbance in the prooxidant to antioxidant balance in 
favor of the former, leading to potential damage” [3]. The antioxidant defenses pre-
vent the formation of ROS or interrupt their propagation, eliminate ROS by scaveng-
ing them, slow down redox reactions by removing free-radical intermediates, inhibit 
oxidation reactions by being oxidized themselves, and repair the oxidized molecules 
[46]. These mechanisms can be distinguished into innate defense systems and exog-
enous antioxidants provided through the diet and/or nutritional supplements.

3.1 Innate antioxidant defenses

The innate antioxidant defenses of the body comprise enzymatic and non-enzymatic 
systems. The main enzymatic antioxidant systems are superoxide dismutase, catalase, 
and glutathione peroxidase. The metalloprotein superoxide dismutase catalyzes the 
dismutation of superoxides, that is, the formation of one molecule of oxygen and one 
molecule of hydrogen peroxide from two superoxides [47, 48]. Hydrogen peroxide can 
subsequently be converted into highly reactive hydroxyl radicals in the presence of tran-
sition metal ions such as Fe2+ or Cu2+ in the Fenton reaction, propagating the damage 
inflicted to cellular DNA, proteins, and lipids [47, 48]. Superoxide dismutase prevents 
this process through its three isoforms, cytosolic copper/zinc-superoxide dismutase 
(Cu/Zn-SOD, SOD1), mitochondrial manganese superoxide dismutase (Mn-SOD, 
SOD2), and extracellular copper/zinc-superoxide dismutase (Cu/Zn-EC-SOD, SOD3) 
[47, 48]. The isoforms are located in distinct cellular compartments and/or have differ-
ent metal components, but all three convert and neutralize superoxides as mentioned 
above [47, 48].

Catalase acts as a catalyst for the conversion of hydrogen peroxide into oxygen 
and water. It mitigates the effect of intracellular hydrogen peroxide [49]. Glutathione 
peroxidases are a family of at least eight oxidoreductases that contain seleno-cysteine in 
the active site [50, 51]. These enzymes catalyze the reduction of organic hydroperoxides 
into alcohol and water groups using reduced glutathione as a co-substrate [50, 51]. They 
can also catalyze the reduction of hydrogen peroxide to water and oxygen by oxidation 
of reduced glutathione to its disulfide [50, 51]. Oxidized glutathione can be reduced to 
glutathione by the enzyme glutathione reductase by using NADPH as a reducing sub-
strate [50, 51]. In this way, glutathione peroxidase protects cells from oxidative damage 
and helps detoxify hydrogen peroxide [50, 51].

Non-enzymatic endogenous antioxidant mechanisms are, among others, bilirubin 
and albumin. Bilirubin is produced from the enzymatic degradation of hemoglobin 
and other heme proteins to first yield biliverdin, and then bilirubin following reduc-
tion of biliverdin by the enzyme biliverdin reductase [52]. Bilirubin prevents lipid 
oxidation by removing peroxyl radicals whereby it is oxidized itself to biliverdin, after 
which it is rapidly reduced by biliverdin reductase to bilirubin [52]. And serum albu-
min represents an abundant circulating antioxidant defense system [53]. It is able to 
bind transition metals such as copper and iron, preventing the formation of hydroxyl 
radicals via the Fenton reaction after their interaction with hydrogen peroxide, 
directly scavenge hydroxyl radicals, and bind and transport bilirubin, which then acts 
as an inhibitor of lipid peroxidation [53].

3.2 Exogenous defenses: dietary nutrients

Exogenous antioxidants are mainly derived from dietary sources and include, 
among others, a variety of phenolic compounds, essential minerals, vitamins, small 
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peptides, and certain fatty acids [13]. Their health-promoting and preventive effects 
against diseases associated with oxidative stress are now well established [7–11]. The 
most common phenolic compounds in the diet are phenolic acids and various sub-
classes of flavonoids, which together account for on average 60 and 30%, respectively, 
of the total dietary intake of phenolic compounds [54].

Phenolic compounds are able to act as antioxidants in multiple ways, among 
others, because of their redox properties, which enable them to adsorb and neutral-
ize free radicals, quench singlet and triplet oxygen, or decompose peroxides [55, 56]. 
These processes are accomplished by hydrogen atom transfer, transfer of a single 
electron, sequential proton loss electron transfer, or chelation of transition metals 
[55, 56]. In addition, phenolic compounds are able to act synergistically with other 
antioxidants such as ascorbic acid, β-carotene, and α-tocopherol [57] and are presum-
ably also involved in the regulation of intracellular glutathione levels [58].

Other dietary constituents with antioxidant properties are certain essential miner-
als, vitamins, small peptides, and fatty acids. Copper, iron, manganese, zinc, and 
selenium are indirectly involved in the body’s antioxidant defenses by enhancing the 
activities of antioxidant enzyme. For instance, selenium is a cofactor of glutathione 
transferase and other selenoproteins [59]. It has notable antioxidant activity [60] and 
may be beneficial in chronic conditions such as cancer [61], heart disease [62], and 
cognitive disorders [63]. And copper, zinc, and manganese are cofactors of superox-
ide dismutase [64].

Antioxidant vitamins such as ascorbic acid are able to quench ROS by donating 
electrons to them; α-tocopherol inhibits ROS generation, preventing lipid peroxida-
tion of cellular membranes; thiamin is a cofactor of NADPH that is required for 
the production of glutathione reductase and the activity of catalase; and the retinol 
precursor β-carotene reacts with peroxyl, hydroxyl, and superoxide radicals [65, 66]. 
The common dietary small peptide glutathione is able to directly scavenge ROS [67]. 
And polyunsaturated fatty acids in, for instance, fish oil, are able to eliminate ROS 
and inhibit cellular processes that generate ROS, decreasing the risk of cardiovascular 
diseases by reducing triacylglycerol production in the plasma [68].

4. Fabaceae

4.1 Taxonomy

The pea family Fabaceae, also known as Leguminosae, is the third largest family 
of flowering plants after the Orchidaceae (orchid family) and the Asteraceae (aster 
family), representing about 7% of the global number of flowering plant species [69]. 
The Fabaceae consists of more than 700 genera and about 20,000 species of annual, 
biennial, or perennial trees, shrubs, herbaceous plants, vines, and lianas, which are 
encountered in all ecosystems throughout the world except Antarctica and the high 
Arctic [69, 70]. Most woody trees are found in tropical regions, while the herbaceous 
plants and shrubs are predominant outside the tropics [70]. Fabaceae members are 
readily recognizable by their fruits known as legumes or pods, which split open as 
they dry, releasing the seeds, and by their compound, stipulated leaves [71].

The leaves of many species (such as those of the common vetch Vicia sativa L.) 
have glands that produce nectar (extrafloral nectaries) through which they attract 
ants, which protect them from attacks by herbivores [72]. In other species (such as 
some in the genus Acacia), the stipules (outgrowths on both sides of the base of the 
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leafstalk) are modified to tiny chambers called domatia, which accommodate “body 
guard” ants [73]. Many Fabaceae (such as species of groundnut in the genus Apios) 
also host symbiotic bacteria in their roots—called rhizobia—which convert atmo-
spheric nitrogen into a form that they can use for their metabolism (such as nitrate 
or ammonia) in a process referred to as nitrogen fixation [74]. The flowers of most 
species are conspicuous and colorful to attract pollinator insects [71]. The ovary itself 
matures into a legume or pod that encloses the seeds [71].

The Fabaceae includes six subfamilies [75], namely the Faboideae (or 
Papilionoideae), Caesalpinioideae, Detarioideae, Cercidoideae, Dialioideae, and 
Duparquetioideae [75]. The largest subfamily is that of the cosmopolitan Faboideae 
that harbors 503 genera and about 14,000 species including species of milkvetch in 
the genus Astragalus, species of lupin in the genus Lupinus, and species of pea in the 
genus Pisum [75]. The pantropical subfamily Caesalpinioideae includes about 4400 
species in 148 genera such as the peacock flower Caesalpinia pulcherrima (L.) Sw., the 
candle bush Senna alata (L.) Roxb., the shy plant Mimosa pudica L., and the soap pod 
Senegalia tenuifolia (L.) Britton & Rose [75].

The subfamilies Detarioideae and Cercidoideae are mainly tropical and include 84 
genera and about 760 species, and 12 genera and about 335 species, respectively [75]. 
Well-known examples in the Detarioideae are the ornamental pride of Burma Amherstia 
nobilis Wall and the tamarind Tamarindus indica L. that bears edible fruit. Renowned 
species in the Cercidoideae are well-appreciated ornamentals such as the pom pom 
orchid tree Bauhinia divaricata L. and the Judas tree Cercis siliquastrum L. [75]. The 85 
species in 17 genera of the subfamily Dialioideae are widespread throughout the tropics 
[75]. A well-known example is the western African velvet tamarind Dialium cochinchi-
nense Pierre, the velvety black pods of which contain a vitamin-rich acidic pulp that is 
chewed to relieve thirst or macerated in water to produce a beverage [75]. The subfamily 
Duparquetioideae is the smallest, consisting of one genus and one species, the liana 
Duparquetia orchidacea Baill that is native to western and central Africa [75].

The five largest genera of the Fabaceae family are Astragalus (milkvetches, sub-
family Faboideae; over 3000 species), Acacia (acacias, subfamily Caesalpinioideae; 
over 1000 species), Indigofera (true indigos, subfamily Faboideae; around 700 spe-
cies), Crotalaria (rattlepods, subfamily Faboideae; around 700 species), and Mimosa 
(sensitive plants or touch-me-nots, subfamily Caesalpinioideae; around 400 species), 
which constitute about a quarter of all legume species [75].

4.2 Economic value

Together with cereals, some vegetables and fruits, roots and tubers, oil-bearing 
crops, and sugar crops, various Fabaceae have been a staple food for humans for mil-
lennia, and their use and subsequent domestication and cultivation have been critical 
to the development of human civilization settlements [76, 77]. There are records 
dating the use of several species and varieties of beans in Asia, the Americas, and 
Europe to about 6000 BC, when they were becoming an essential staple as a source 
of protein (see, for instance, references [78, 79]). Contributing to the importance of 
the Fabaceae to human civilization were their extraordinary diversity and abundance 
and the broad variety of other uses they can be put to, ranging from ornamentals to 
medicines [69, 70]. In fact, species of Fabaceae are still among the economically and 
culturally most important plants in the world, providing foods, natural fertilizers, 
and forage; medicines; ornamentals; as well as materials for the pharmaceutical, 
cosmetic, and textile industries (see, for instance, reference [80]).
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Examples of Fabaceae that are food crops of global importance are G. max (soy-
bean), Phaseolus (beans), Pisum sativum (pea), Cicer arietinum (chickpeas), Medicago 
sativa (alfalfa), A. hypogaea (peanut), Ceratonia siliqua (carob), and Glycyrrhiza glabra 
(liquorice) [81]. Notably, the Fabaceae plant family is the second most important 
economic producer of crop plants after the Poaceae, the rice family [80]. Furthermore, 
the ability of Fabaceae to fix atmospheric nitrogen makes them very suitable as natural 
fertilizers to replenish soil that has been depleted of nitrogen [82]. A few species used 
for this purpose are leadtrees (Leucaena spp.) and riverhemps (Sesbania spp.) [82]. The 
additional nitrogen they receive increases their protein content, making some of them 
(such as the alfalfa M. sativa L. as well as clovers (Trifolium spp.), vetches (Vicia spp.), 
and peanut-like species (Arachis spp.) suitable as fodder for livestock [83].

Examples of Fabaceae with therapeutic properties are gum Arabic from the gum 
acacia Senegalia senegal (L.) Britton that has antitussive and anti-inflammatory 
properties [84] and tragacanth from Astragalus gummifer Labill that can be used as a 
demulcent in burn wounds [85]. Other species of Fabaceae are used for the produc-
tion of vegetable oils for cooking. Well-known examples are the oils extracted from 
the soya bean G. max [86] and the peanut A. hypogaea [87].

Still other Fabaceae members are industrially farmed to produce dyes. Examples 
are the logwood Haematoxylon campechianum L., the heartwood of which produces 
red and purple dyes such as the histological stain hematoxylin [88], and the true 
indigo Indigofera tinctoria L., the leaves of which give the blue dye indigotin [89]. 
Furthermore, the roots of species in the genus Derris such as D. elliptica found in 
Southeast Asia and the southwest Pacific islands are a source of the strong insecticide 
rotenone [90]. And well-known ornamentals are the cockspur coral tree Erythrina 
crista-galli L., the national tree of Argentina, and the national flower of Argentina 
and Uruguay [91], and the Chinese wisteria Wisteria sinensis (Sims) DC that is a much 
appreciated ornamental vine [92].

4.3 Phenolic compounds and antioxidant activity

In addition to the applications mentioned above, many species of Fabaceae are 
traditionally used for medicinal or invigorating purposes (as mentioned in Section 6 
of this chapter). The pharmacological activities have been associated with the abun-
dant presence in the plants of certain bioactive ingredients—particularly phenolic 
compounds such as phenolic acids, (iso)flavonoids, and anthocyanins—with relatively 
high antioxidant activity [93–96]. In fact, the phenolic compounds in many species of 
Fabaceae—mostly isoflavones such as genistein and daidzein—are involved in a variety 
of physiological and metabolic processes that are relevant to human health [97]. The 
seeds are often not only highly nutritious, but also contain the majority of the pheno-
lics [97–102]. Several of the phenolics elicited high antioxidant potential, displaying 
the ability to scavenge free radicals, and the ability to interact with proteins [97, 98], 
as well as a diversity of pharmacological activities including, among others, anti-
inflammatory, vasodilatory, analgesic, antimicrobial, anti-allergenic, cardioprotective, 
anti-atherogenic, anticarcinogenic, and immunomodulating activities [97, 98].

However, as mentioned before, the Fabaceae comprise almost 20,000 species, and 
much of the information on the antioxidant activity and phenolic content extrapo-
lated to the entire plant family is based on investigations with a relative handful of 
species (see, for instance, references [22, 23, 103–106]). Nevertheless, despite variable 
antioxidant activities among species, these studies have suggested a good correlation 
between total phenolic content and antioxidant activity [22, 23, 103–106].
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The Fabaceae also constitute the greatest number of selenium-hyperaccumulating 
species, that is, plants that accumulate selenium in their cells at concentrations in 
excess of 1000 mg per kg dry weight [107]. Many selenium hyperaccumulators in this 
family belong to the genus Astragalus (milkvetches, subfamily Faboideae), the largest 
Fabaceae genus with over 3000 species of herbs and small shrubs [108]. The members 
of the much smaller genus Neptunia (subfamily Caesalpinioideae) also hyperaccumu-
late selenium [109].

5. The Republic of Suriname

5.1 Generalities

The Republic of Suriname is located on the northeast coast of South America, 
bordering the Atlantic Ocean and surrounded by French Guiana, Brazil, and Guyana 
(Figure 1). Roughly 80% of the approximately 600,000 inhabitants live in the capital 
city of Paramaribo and other urbanized areas in the northern coastal zone of the 
country (Figure 1). The remaining 20% resides in the rural-coastal areas and the 
southern-rural interior, which comprises approximately 90% of the country’s land 
surface and largely consists of sparsely inhabited savanna and undisturbed, dense 
tropical rainforest with a very high animal and plant biodiversity [25, 26] (Figure 1).

Suriname’s most important economic means of support are crude oil drilling, 
gold mining, agriculture, fisheries, forestry, and ecotourism [110]. These activities 

Figure 1. 
Map of the Republic of Suriname. Circle in top left: suriname’s location in South America.
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substantially contributed to the gross domestic product in 2020 of about USD 3 billion 
[111], positioning Suriname on the World Bank’s list of upper-middle-income econo-
mies [112]. Suriname’s population is among the most varied in the world, comprising 
Amerindians (the original inhabitants of the country) as well as descendants from 
enslaved Africans, indentured laborers from Asia, and European settlers, as well as 
immigrants from various Latin American and Caribbean countries [113]. All ethnic 
groups have preserved much of their original culture and identity, still practicing the 
religion they were raised with, speaking the language from their country of origin, 
maintaining their specific perceptions of health and disease, and adhering to their 
ethnopharmacological traditions [114, 115].

As a result, the use of various forms of traditional medicine is deeply rooted in the 
country, despite the broad availability of affordable modern health care [114, 115]. This 
inclination, together with the easy access to raw plant material from Suriname’s rich 
biodiversity, probably accounts for the frequent use of traditional herbal medications in 
the country, either alone or in conjunction with prescription medicines [114, 115]. As in 
many other regions throughout the world, parts from Fabaceae members are often used 
for preparing the traditional medicines. The botanical knowledge to identify useful and 
edible plants has probably been obtained from ancient knowledge from the country of 
origin, by exchanging information with other cultures, by observing other peoples and 
animals, and by trial and error [114, 115].

5.2 Fabaceae in Suriname

The Fabaceae plant family is the most common family in tropical rainforests and 
dry forests of the Americas and Africa [116]. This plant family is also abundantly 
present in Suriname, and all growth forms—from dwarf shrubs and broadleaf ever-
green trees to lianas and plants with bulbs or rhizomes—can be encountered between 
the northern coastal plain and the heavily forested and mountainous interior of the 
country. The exact number of genera and species in Suriname is not known, but 
according to the Checklist of the Venezuelan Guiana, there were 1032 species and 146 
genera in the Guiana Shield in the year 2007 [28]. These figures are well in accordance 
with those from the National Herbarium of Suriname, which has 146 Fabaceae genera 
and 531 species from the Guiana Shield in its repository, 132 genera and 429 species of 
which have been collected in Suriname [28]. Thus, the Fabaceae species in Suriname 
can be estimated to constitute roughly 10% of the total number of approximately 
5100 vascular plants in the country.

Like in many other parts of the world, several of the Surinamese Fabaceae spe-
cies are used for a diversity of medicinal purposes. These species of Fabaceae have 
extensively been dealt with in several comprehensive publications on medicinal plants 
used in Suriname [117–125], and their total amounted to about 60 of the roughly 800 
medicinal plant species. Thirty-nine of the medicinal Fabaceae species (about 65%) 
belong to the subfamily Faboideae, 16 (about 25%) to the Caesalpinioideae, 4 (about 
7%) to the Detarioideae, and only 1 (about 2%) to the Cercidoideae. This distribution 
is more or less in accordance with that of the Fabaceae subfamilies throughout the 
world [75].

So far, scientific data to support the health claims of the Surinamese medicinal 
species of Fabaceae are scant. It is also not certain whether these claims may be based 
on the relatively high content of phytochemicals with antioxidant activity of these 
plants that, as mentioned above, seems to be one of the hallmarks of this plant family. 
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For this reason, we consulted the literature for evidence implicating the phenolic 
antioxidants in the plants in their traditional claims of beneficial health effects as 
well as their pharmacological activities. Fabaceae members that are mainly used for 
religious and ritual and spiritual purposes (such as the rosary pea or kokriki Abrus 
precatorius L., the bushillo shimbillo or yaraní Zygia inaequalis (Humb. & Bonpl. ex 
Willd.) Pittier, and the shining rattlepod or ogri-aypesi Crotalaria micans Link. [van 
Andel and Ruysschaert, 2011]) have been left out of our selection. From the remain-
ing plants, eight that have been most frequently mentioned as sources of traditional 
medicines in the abovementioned publications [117–125] are in detail addressed 
hereunder (see also Table 1).

Plant species Traditional uses Pharmacological activities Antioxidant phenolic compounds

Caesalpinia 
pulcherrima 
(L.) Sw. 
(peacock 
flower; 
krerekrere)

Oral complaints; 
gynecological, obstetric, 
and genitourinary 
conditions; colds and 
fevers; gastrointestinal 
disorders

Antimicrobial, analgesic, 
anti-inflammatory, 
cytotoxic, antioxidant 
activities

Yes; flavonoids

Cajanus cajan 
(L.) Millsp. 
(pigeon pea; 
loangopesi)

Oral complaints; skin 
problems; inflamed eyes; 
antiparasitic; analgesic; 
diabetes mellitus; labor 
induction; anti-emetic; 
gastrointestinal 
disorders

Anti-inflammatory, 
antioxidant activities

Yes; flavonoids

Clitoria 
ternatea L. 
(butterfly 
pea; kembang 
telang)

Aphrodisiac; 
inflamed eyes; 
memory-enhancing 
and improving of 
cognitive functions; 
sedative, anxiolytic, and 
antidepressant

Antimicrobial, antipyretic, 
analgesic, anti-
inflammatory, analgesic, 
antidiabetic, antioxidant 
activities

Yes; flavonoids

Copaifera 
guyanensis 
Desf. (copaiba; 
hoepelhout)

Oral complaints; skin 
problems; respiratory 
ailments; wound 
healing-stimulatory; 
inflammations; 
microbial infections; 
parasitic infections; 
genitourinary 
conditions; 
gastrointestinal 
disorders; diabetes 
mellitus, hypertension

Antimicrobial, 
antiparasitic, anti-
inflammatory, wound 
healing-stimulatory, 
antioxidant activities

No; terpenoids

Desmodium 
adscendens 
(Sw.) DC. 
(glue sticks; 
konkruman)

Respiratory ailments; 
fever; rheumatism; 
inflammation; 
epilepsy; genitourinary 
conditions; 
gastrointestinal 
disorders; diabetes 
mellitus; hypertension

Anti-asthmatic, 
anti-anaphylactic, 
antihypertensive, 
antioxidant activities

Yes; flavonoids, anthocyanins, 
tannins
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6.  Health effects of some Surinamese Fabaceae and relationship with 
phenolic antioxidants

6.1 Caesalpinia pulcherrima (L.) Sw

The peacock flower or krerekrere C. pulcherrima (L.) Sw. (Figure 2) is an 
evergreen shrub that grows to 3 m tall and likely originates from Mexico and the 
Caribbean, but can now be encountered in all tropical and subtropical parts of the 
Americas. Its beautiful inflorescence in yellow, red, and orange has made it a generally 
valued ornamental plant and the national flower of the Caribbean island of Barbados. 
The mature seeds contain cyanide and are poisonous, but the immature seeds are 
edible after roasting [126]. As the taste seems reminiscent of that of peanuts, another 
Surinamese vernacular for C. pulcherrima is “jodenpinda,” meaning “the peanut of the 
Jews,” in reference to the colonial masters from Jewish ancestry on whose plantations 
the enslaved Africans had come to know the plant [127].

Preparations from various parts of C. pulcherrima are used as a mouthwash 
for teeth and gums; as an emmenagogue, to accelerate childbirth, and as a strong 
abortifacient; for treating colds and fevers; against gastrointestinal complaints such 
as diarrhea, constipation, and gall bladder problems; and to remedy urinary tract 
problems such as kidney stones [128, 129]. In Suriname, C. pulcherrima is used for the 
same purposes [118, 120, 125] but also for good fortune and to honor Mama Aisa, an 
important deity in Afro-Surinamese Winti religion [130].

Phytochemical investigations have revealed the presence of various bioactive constitu-
ents in C. pulcherrima including a variety of flavonoid compounds along with glycosides, 

Plant species Traditional uses Pharmacological activities Antioxidant phenolic compounds

Dipteryx 
odorata 
(Aubl.) Willd. 
(tonka bean; 
tonkaboon)

Hair care; colds, 
fever, respiratory 
ailments; analgesic; 
gastrointestinal 
disorders; genitourinary 
conditions; parasitic 
infections; aphrodisiac

Antimicrobial, antiviral, 
anticoagulant, anticancer, 
anti-inflammatory 
activities

Yes; coumarin analogues, but no 
apparent antioxidant activities

Lablab 
purpureus 
(L.) Sweet 
(hyacinth 
bean; 
kulibontyi)

Alcohol intoxication; 
aphrodisiac; fungal skin 
infections; hypertension; 
high cholesterol; 
diabetes mellitus

Anti-inflammatory, 
analgesic, antidiabetic, 
antimicrobial, 
antihypertensive, 
anticancer, antioxidant 
activities

Yes; flavonoids

Tamarindus 
indica L. 
(tamarind; 
tamarinde)

Gastrointestinal 
disorders; skin 
problems; wound 
healing-stimulatory; 
microbial infections; 
parasitic infections, 
inflammations; 
hypertension; 
genitourinary conditions

Anti-inflammatory, 
analgesic, antimicrobial, 
antiviral, antihypertensive, 
antidiabetic, anticancer, 
antioxidant activities

Yes; phenolic compounds like tannins 
as well as selenium, ascorbic acid, and 
ß-carotene

Table 1. 
Antioxidant compounds of eight Fabaceae members from Suriname and association with pharmacological 
activity.
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alkaloids, terpenoids, and sterols [131–133]. Some of these compounds have been associ-
ated with pharmacological activities such as antimicrobial, analgesic, anti-inflammatory, 
and cytotoxic activities, supporting some of the traditional uses of the plant [132–134].

Preparations from several parts of C. pulcherrima also exhibited substantial anti-
oxidant activity [134–136]. Studies with this plant and other species of Caesalpinia 
have suggested that this activity may be associated with, among others, anti-inflam-
matory activity [135, 136], the inhibition of prostaglandin biosynthesis [135], the 
inhibition of nitric oxide production [136, 137], and/or the stimulation of superoxide 
dismutase and catalase activity [137]. These activities might be attributed to the 
phenolic compounds in the plant [136, 138, 139], supporting a role of these substances 
and their antioxidant activities in its apparent health-promoting effects.

6.2 Cajanus cajan (L.) Millsp.

The pigeon pea or loangopesi C. cajan (L.) Millsp. (Figure 3) is an erect, woody 
shrub that grows to a height of about 4 meters and that is native to the Old World 
[140]. It is not known in the wild but has been cultivated for centuries in tropical and 
subtropical regions of the world for its edible, protein-rich seeds, its medicinal proper-
ties, as well as its usefulness as fuel, a green manure, and for soil stabilization [140]. 
This plant is believed to have reached the New World including Suriname by means 
of the Trans-Atlantic slave trade at the end of the seventeenth century [141]. It grows 
relatively fast, is rather resilient, easily adapts to different soil and climatic conditions, 
and is drought-resistant [142], which makes it of utmost importance for food security 
in areas where rainfall is not reliable and droughts are likely to occur [143]. Not 
surprisingly, C. cajan has become part of the daily staple meals of millions of people 
throughout the world [140].

Humans have also used C. cajan since long medicinally, among others, for oral 
hygiene and treating oral complaints such as gingivitis and stomatitis, and ulcers 
and inflammations in the oral cavity, skin problems, as well as various chronic 
diseases such as diabetes mellitus [144–146]. In Suriname, the fresh leaf is squeezed 
into inflamed eyes [117] and incorporated into an infusion to facilitate childbirth 
[117] and to stop severe vomiting [118]. The potential therapeutic efficacy of these 

Figure 2. 
Flower of the peacock flower or krerekrere Caesalpinia pulcherrima (L.) Sw. (from: https://images.app.goo.gl/
bqSv1gehtAQT11uk8).
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traditional remedies is partially supported by the results from pharmacological stud-
ies showing remarkable anti-inflammatory activity of preparations from several parts 
C cajan in both cell culture and animal models [147–150].

These observations have been attributed to the prevention of lipid peroxidation, 
the stimulation of endogenous antioxidant enzyme activities, and/or a decrease in 
the production of inflammatory cytokines [148–150]. The phytochemicals that have 
been held responsible for these activities were flavonoids [148–150], which was in 
accordance with the high phenolic content of C. cajun that included a diversity of fla-
vonoids, tannins, coumarins, and stilbenes [147, 151]. Notably, flavonoid and phenolic 
contents of the plant samples correlated well with their individual antioxidant activity 
[149, 152]. Based on these data, C. cajan has been proposed as a candidate for skin care 
research and development [151].

6.3 Clitoria ternatea L.

The butterfly pea Clitoria ternatea L. is a perennial herbaceous climber that is 
native to tropical equatorial Asia, but can now also be found in Africa, Australia, and 
the Americas including Suriname. The genus name “Clitoria” has been derived from 
the presumed resemblance of the strikingly blue flowers with light yellow mark-
ings to the shape of human female genitals (Figure 4). This is also captured in the 
Indonesian/Malay vernacular of the plant “kembang telang,” “kembang” meaning 
“blossoming,” “swollen,” or “extended,” and “telang” meaning “blue-colored flower.” 
The blue color of the flower is caused by its high content of ternatins, polyacylated 
derivatives of the anthocyanin delphinidin 3,3′, 5′-triglucoside [153]. It is used in 
south-eastern Asia as a natural coloring for rice dishes, desserts, hot and cold bever-
ages, and textiles for making clothing. The attractive flower also makes the plant a 
well-appreciated ornamental in many parts of the world. Other notable chemical 
components in C. ternatea are cyclotides, exceptionally stable macrocyclic peptides 
present in all tissues of this plant [154]. These compounds are the bioactive molecules 
in a commercial eco-friendly insecticide developed from this plant [155].

Figure 3. 
Seedpods of the pigeon pea or loangopesi Cajanus cajan (L.) Millsp. (from: https://images.app.goo.gl/
k6pETr1KXfuioSte8).
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In traditional Chinese medicine, C. ternatea is used to increase female libido 
[156]. And in Indian Ayurveda, preparations from the plant are believed to enhance 
memory, improve cognitive function, control or prevent seizures, relieve stress, 
prevent or treat anxiety and depression, and exert calming and sedative effects [157]. 
These effects might be associated with the modulation of serotonin and acetylcho-
line metabolism in the brain [158]. In Suriname, C. ternatea is mainly used by the 
Javanese, who pour the diluted sap from the macerated leaf into inflamed eyes [118].

A variety of preclinical studies have shown that extracts from C. ternatea display 
a wide range of pharmacological activities including antimicrobial, antipyretic, anti-
inflammatory, analgesic, diuretic, local anesthetic, antidiabetic, insecticidal, blood 
platelet aggregation-inhibiting, and vascular smooth muscle-relaxing properties 
[157, 159]. Many of these activities have been attributed to the presence of flavonols 
(in the form of flavonol glycosides) and anthocyanins in the plant [159]. These 
compounds could elicit some of the abovementioned pharmacological activities 
through their well-documented antioxidant effects [160, 161] or by contributing to 
the pharmacological activities of other bioactive compounds in the plant [159].

For instance, the anthocyanin delphinidin 3-sambubioside (from the dried calices 
of the roselle Hibiscus sabdariffa L.; Malvaceae) elicited anti-inflammatory activity in 
both cell and animal models [162], the synthetic cyclotide [T20K]kalata B1 delayed 
disease progression and diminished symptoms in a mouse model of multiple sclerosis 
[163], and the pentacyclic triterpenoid taraxerol isolated and purified from extracts 
of the transformed root somaclones of C. ternatea displayed encouraging anticancer 
properties [164]. Interestingly, the antioxidant properties of C. ternatea have com-
mercially been utilized by including extracts from the flower in antiaging cosmetic 
products [165].

6.4 Copaifera guyanensis Desf.

The copaiba or hoepelhoutboom Copaifera guyanensis Desf. is an evergreen tree 
with a thick trunk that grows to about 25 m tall and that is indigenous to the swamps 
and rainforests of northern South America including Suriname (Figure 5). C. guya-
nensis is much in demand for the oleoresin in the grayish-brown bark of the trunk. 

Figure 4. 
Flower of the butterfly pea or kembang telang Clitoria ternatea L. (from: https://images.app.goo.gl/
dtytS8JnGZBEzhPg9).
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The oleoresin is a transparent, yellow to light brown liquid consisting of a nonvolatile 
fraction and a volatile essential oil with a scent that has been described as woody, 
sweet, and balsamic [166, 167]. The oleoresin is harvested by drilling a hole in the 
trunk of the tree and collecting it with the help of a polyvinyl chloride pipe, after 
which the borehole is plugged in order for the tree to sufficiently recover to retap it a 
year later. The oleoresin is used in small amounts as a food additive and as a flavoring 
agent in foods and beverages and has officially been approved in the USA for these 
purposes (see, for instance, [168]). It is also an ingredient of perfumes, varnishes, 
and lacquers and used as a substitute for diesel oil [169–171]. Given the latter applica-
tion, C. guyanenesis is also called “diesel tree.” The flexible but tough heartwood has 
been used for preparing hoops to tightly press the staves of barrels against each other, 
achieving watertight containers to store sugar. Hence, the Surinamese vernacular 
“hoepelhout,” literally meaning “wood for constructing hoops” [125].

C. guyanansis oleoresin (as well as that of other Copaifera species) has a very long 
history of medicinal use. In fact, the Amazonian Indigenous peoples have known the 
healing properties of the oleoresins for centuries from their observation that injured 
animals rubbed themselves on the tree’s trunk to heal their wounds [169, 172]. This 
led to the use of the oleoresin against, among others, microbial infections and inflam-
mations and as a disinfectant, styptic, and wound-healing stimulatory substance 
[166, 173]. Other indications of C. guyanensis oleoresin are a sore throat, tonsillitis, 
bronchitis, and tuberculosis; cystitis, kidney and bladder infections, vaginal discharge, 
and gonorrhea; stomach ulcers; as well as a variety of skin problems including insect 
bites, eczema, blisters, sores, and psoriasis [167, 169, 174]. C. guyanansis oleoresin has 
essentially the same traditional uses in Suriname, where, in addition, a tea from the 
bark is drunk against diabetes mellitus, hypertension, malaria, and jaundice [125].

The principle pharmacologically active ingredients in the volatile essential oil 
of C. guyanensis oleoresin are sesquiterpenes, most notably β-caryophyllene, while 
the nonvolatile fraction mainly consists of acid diterpenes such as copalic acid 
and kaurenoic acid [166, 173]. Particularly β-caryophyllene displayed substantial 
antiseptic, anti-inflammatory, and antimicrobial effects including activity against 
Staphylococcus aureus [166, 167, 175], a common cause of skin infections. For these 

Figure 5. 
Seedpods of the copaiba or hoepelhout Copaifera guyanensis Desf. (from: https://images.app.goo.gl/
G6iLQWMFEEfyPR8D8).
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reasons, the cosmetic industry extensively uses Copaifera oleoresins in anti-acne 
creams, formulations for treating stretch marks and scars, as well as shampoos, 
capillary lotions, soaps, and bathing foams [176]. β-Caryophyllene also selectively 
binds to the cannabinoid receptor 2 [177], which makes it an interesting candidate 
to relieve pain and inflammation [176, 178]. The diterpenes from Copaifera oleores-
ins reportedly elicited in vitro antibacterial, anti-inflammatory, antileishmanial, 
antitrypanosomal, and wound-healing stimulatory activities [179]. These findings 
substantiate some of the traditional uses of C. guyanenesis, but so far there are no 
convincing data on the usefulness of Copaifera oleoresins in the clinic (see, for 
instance, reference [178]).

There are also reports on antioxidant activity of Copaifera species. For instance, 
the oleoresin from C. langsdorffii Desf. elicited notable antilipoperoxidation, antioxi-
dant, and anti-inflammatory activity in an experimental model of random skin flaps 
on rat dorsums [180]. In addition, the essential oil from C. officinalis L. seed reduced 
lipid oxidation, showing promise as a natural antioxidant to increase the shelf life 
of meat products [168]. This effect has tentatively been attributed to the phenolic 
compounds identified in the essential oil [168]. Phenolic compounds—particularly 
flavonoids—have also been detected in the fruit and leaf of several Copaifera species 
[181, 182]. However, at this moment, there is no hard evidence to associate phenolic 
compounds and their potential antioxidant activities with the traditional uses and 
pharmacological activities of Copaifera species.

6.5 Desmodium adscendens (Sw.) DC

The glue sticks D. adscendens (Sw.) DC is a creeping or ascending herbaceous peren-
nial herb or low shrub that can grow up to 1 meter in height. It probably originates from 
Africa, but is now widespread in tropical areas of Asia, South and Central America, and 
the Caribbean. The presence of many small hooked hairs on the seedpods (Figure 6) 
makes them cling to clothing, body parts, as well as the feathers and coats of pollinat-
ing animals, ensuring a wide dispersal of the plant. Hence, the vernacular “glue stick” 
in English and “konkruman” (“informer”) in Suriname: the sticky pods attaching to 

Figure 6. 
Seedpods of the glue sticks or konkruman Desmodium adscendens (Sw.) DC. (from: https://images.app.goo.gl/
CoBQwXQrRHUgXq4e9).
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clothing betray the unapproved presence of the bearer “in the field,” that is, away from 
home [183]. The plant is also believed to attract and hold fortune and prosperity while 
at the same time capturing and removing bad luck and disease [125].

Leaf, stem, and root of D. adscendens (as well as parts of the closely related species 
Desmodium barbatum (L.) Benth. and Desmodium incanum (Sw.) DC) have probably 
been used for thousands of years by native peoples of the Americas for a variety of 
health issues, including asthma and allergies; muscle cramp and back pain, rheu-
matism; venereal diseases, vaginal infections, and ovarian inflammation; epilepsy; 
hypertension; and diabetes mellitus [184, 185]. In Suriname, preparations from D. 
adscendens leaf, stem, and root are taken to relieve abdominal pain, fever, and painful 
urination associated with venereal diseases and as a remedy against diabetes mellitus 
and hypertension [124].

D. adscendens is rich in phenolic compounds including flavonoids, anthocyanins, 
and tannins, as well as reducing sugars, alkaloids, (soya)saponins, triterpenes, and 
amines [185, 186]. The meaningful pharmacological activities displayed by some of 
these compounds—such as anti-asthmatic and anti-anaphylactic activity [187, 188] and 
antihypertensive activity [183]—may support some of the traditional uses of the plant.

There are also reports associating the appreciable content of phenolic compounds 
with its antioxidant activity and some of its pharmacological effects. For instance, 
astragalin, the 3-O-glucoside of the flavonoid kaempferol, displayed antioxidant, 
anti-inflammatory, and anti-atopic dermatitis activity and attenuated lipopoly-
saccharide-induced inflammatory responses by suppressing the NF-кB signaling 
pathway [189]. Astragalin also elicited antibacterial activity [190], which may explain 
the abovementioned traditional uses of the plant for treating infections, venereal 
diseases, and wounds [124, 184, 185]. Moreover, leaf and whole-plant extracts from 
D. adscendens displayed ROS scavenging activity and antioxidant properties in vitro 
[186]. These preparations also protected an LLC-PK1 pig kidney epithelial cell line 
from glucose-induced oxidative stress [191] and hepatocytes from carbon-tetrachlo-
ride-induced injury and hepatitis C virus infection [192]. These observations support 
the possibility that the antioxidant properties and the phenolic compounds of D. 
adscendens may be associated with its potential therapeutic value.

6.6 Dipteryx odorata (Aubl.) Willd

The tonka bean or tonkaboon D. odorata (Aubl.) Willd. (Figure 7) is a large semi-
deciduous tree with a small, rounded crown that generally grows up to 30 m tall and 
that is native to Central America and northern South America. The tree is sometimes 
cultivated but is mostly harvested from the wild for its seed that is rich in coumarin 
[193]. The tonka beans are black and wrinkled, and have a smooth, brown interior, 
and their high content of coumarin and several of its derivatives such as umbelliferone 
(7-hydroxycoumarin) give them a strong sweet and spicy fragrance that is reminiscent 
of vanilla and almond [193]. For this reason, coumarin is abundantly used in the per-
fume industry as a fragrance and in desserts and stews as a substitute for vanilla [194]. 
However, at large infused doses, coumarin may cause liver damage, hemorrhages, 
and paralysis of the heart [195]. It is therefore controlled as a food additive by many 
governments [194] and has even been banned in the USA [196]. Anticoagulant pre-
scription drugs such as warfarin are based on 4-hydroxycoumarin that was initially 
isolated from D. odorata seed, but coumarin itself does not have anticoagulant proper-
ties [197]. Other non-medical applications of coumarins are their use as agrochemicals, 
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materials for food processing, optical brighteners, and dispersed fluorescent and laser 
dyes (see, for instance, references [198, 199]).

Despite the safety concerns, the seed and various other parts of D. odorata are 
traditionally used, among others, to fortify the scalp and improve hair growth; as a 
remedy for colds, fever, coughing, asthma, and tuberculosis; for treating stomach 
pain and diarrhea; against dysentery and schistosomiasis; as an emmenagogue, and as 
an aphrodisiac [200, 201]. In Suriname, D. odorata seed is mainly used as an ingredi-
ent of products to treat hair loss, dandruff, and an itching scalp; against colds; and to 
command luck [125, 202].

Some of the traditional uses of D. odorata are supported by the results from studies 
with various coumarin analogues—from the seed as well as other parts of the plant—
showing a wide range of pharmacological activities such as antimicrobial, antitu-
berculosis, antiviral, anticoagulant, anticancer, anti-inflammatory, and antioxidant 
activities [194, 203]. In addition to coumarin, D. odorata seed contains various other 
bioactive flavonoids, particularly isoflavones [204], particularly in the endocarp [205] 
as well as some of its other parts [206, 207]. These compounds are known to elicit 
potent antioxidant activity [208] and are, similarly to coumarins, phenylpropanoid-
derived natural products. However, so far, their presence in D. odorata has neither 
been associated with antioxidant activity nor with the traditional and pharmacologi-
cal activities of preparations from the plant.

6.7 Lablab purpureus (L.) Sweet

The hyacinth bean L. purpureus (L.) Sweet (Figure 8) is an annual or short-lived 
perennial vine of approximately 6 m high that is presumably native to Africa and 
has been introduced in south-eastern Asia where it has been cultivated as early as 
2500 BC [209]. Since then, it has been carried to many tropical and subtropical parts 
of the world including Suriname, where it has been brought by Hindustani inden-
tured laborers around the end of the nineteenth century [124]. Hence, its Surinamese 
vernacular “kulibontyi,” literarily meaning “the bean of the coolies,” the epithet used 
for Hindustanis in that period. L. purpureus is commercially cultivated as an edible 

Figure 7. 
Flowering tonka bean or tonkaboon Dipteryx odorata (Aubl.) Willd. (from: https://images.app.goo.gl/
Yy9nodcJhZr5mwvG9).
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plant, as forage for livestock, and as an ornamental. The seed is poisonous due to its 
high content of toxic cyanogenic glucosides and trypsine and must thoroughly be 
cooked to destroy the toxin before consumption [210].

Preparations from various parts of the plant are used for a wide range of medicinal 
applications, ranging from remedies for alcohol intoxication and insufficient libido 
to medications for hypertension, high cholesterol, and diabetes mellitus [211, 212]. In 
Suriname, this plant is mainly used by Hindustanis, who apply the macerated leaves as 
a poultice against the fungal skin infections pityriasis versicolor and ringworm [124]. 
Pharmacological studies have shown, among others, anti-inflammatory, analgesic, 
antidiabetic, antimicrobial, antihypertensive, and anticancer activities [213, 214]. 
These activities may be associated, at least in part, with the presence in the plant of a 
variety of pharmacologically active constituents including phenolic compounds such 
as the flavonoids isoflavone, kievitone, and genistein [212, 215, 216]. In studies with 
other plants, some of these compounds reportedly decreased the production and the 
release of arachidonic acid, the expression of cyclooxygenase-1, cyclooxygenase-2, 
and 15-lipooxygenase, as well as the production of downstream-situated inflamma-
tory mediators such as nitric oxide and prostaglandin E2, eliciting anti-inflammatory 
activities [217–220]. Whether the phenolic compounds in L. purpureus also elicit 
these activities is not certain. But should that be the case, they can account for the 
traditional uses of the plant as well as the interest of the pharmaceutical industry to 
develop them to medicinal foods, nutraceuticals, and pharmaceuticals [211, 221].

6.8 Tamarindus indica L.

The tamarind or tamarinde T. indica is a long-living fruiting tree with a dense, 
spreading crown that can reach a height of 30 m. It is probably indigenous to tropical 
Africa where it grows in the wild. The tree has been cultivated for centuries in the 
tropics and subtropics as an ornamental plant, for its edible seedpods (Figure 9), 
and for its many medicinal uses. It has presumably been introduced in Suriname by 
enslaved Africans in the seventeenth century in order to fight diseases such as fever, 

Figure 8. 
Seedpods of the hyacinth bean or kulibontji Lablab purpureus (L.) sweet (from: https://images.app.goo.gl/
EpBr6jHWi2s63vEHA).
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diarrhea, and worm infections on the slave ships [141]. T. indica produces pods with 
a hard, brown shell that contain about 10 seeds surrounded by a sour pulp that is rich 
in tartaric acid, acetic acid, and citric acid and is used in cooking, to flavor foods, in 
refreshing drinks, and as a key ingredient of Worcestershire sauce.

Preparations from T. indica leaf, seed, fruit, stem bark, and root are extensively 
used in folk medicine, among others, for treating abdominal complaints, to stimulate 
wound healing, to treat microbial and parasitic infections, against various skin dis-
eases, to fight various inflammatory ailments, and as a remedy for hypertension and 
diabetes mellitus [222, 223]. In Suriname, T. indica preparations are used for the same 
conditions but also against menstrual pain and excessive vaginal discharge [117, 121]. 
Some of the traditional uses are supported by the results from pharmacological stud-
ies showing anti-inflammatory, analgesic, antimicrobial, antiviral, antihypertensive, 
antidiabetic, and anticancer activities in several laboratory models (see, for instance, 
references [224–226]).

Some of these activities may be attributable to the presence in the plant of phar-
macologically active ingredients with notable antioxidant properties such as phenolic 
compounds [224–227] including tannins [227, 228], as well as selenium [229], and 
ascorbic acid and ß-carotene [228]. The antioxidant activity of T. indica preparations 
has been associated with, among others, their antidiabetic, hypolipemic, and anti-
hypertensive effects in laboratory animals [230–232]. Thus, several of the traditional 
uses and pharmacological activities of T. indica may be partially associated with the 
presence in the plant of phenolic compounds with antioxidant activity.

7. Concluding remarks

Parts from species in the Fabacaeae plant family are among the most commonly 
used ingredients in Surinamese traditional medical practices and are employed for a 
wide diversity of medical indications. In this chapter, we have determined whether 
the abundant medicinal use of these plants may be associated with their phenolic 

Figure 9. 
Seedpods of the tamarind or tamarinde Tamarindus indica L. (from: https://images.app.goo.gl/
FJZ5FyY8UrNma1QUA).
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content and antioxidant activity. This was based on the association of the Fabaceae 
family with these properties [93–102], even though phenolic antioxidants have 
been found in a relative handful of the roughly 20,000 plant species in this family 
that have scientifically been evaluated [93–102]. The plants assessed in the current 
chapter were C. pulcherrima, C. cajan, C. ternatea, C. guyanensis, D. adscendens, D. 
odorata, L. purpureus, and T. indica (Table 1). For six of these plants—C pulcherrima, 
C cajan, C. ternatea, D. adscendens, L. purpureus, and T. indica—the traditional uses 
and pharmacological activities could be attributed, at least in part, to their phenolic 
compounds (more specifically, their flavonoids) and the notable antioxidant activi-
ties of these substances (Table 1). However, the traditional uses and pharmacological 
activities of C. guyanensis mainly seemed to be determined by terpenoids which did 
not elicit antioxidant activity (Table 1). And those of D. odorata mainly seemed to 
involve coumarins, which, although classified as phenolic compounds, did not seem 
to act via antioxidant activity (Table 1). This argues against the characterization of 
the Fabaceae as “a plant family of antioxidant phenolic compounds” [93–102] and 
underscores the necessity to further explore this group of plants for other classes of 
phytochemicals and other so far unknown but potentially useful pharmacological 
activities.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

The use of green extraction techniques for extracting phytoconstituents from 
natural sources minimizes the amount of solvents needed and the amount of waste 
generated during the extraction process. Traditional extraction processes gener-
ate a lot of solvent waste, which causes a lot of environmental and health issues. 
Furthermore, by employing automated modern processes, exposure to solvents and 
vapor is reduced. Green extraction is based on the analytical procedures that employ 
less energy, allow the use of different solvents and sustainable natural products, 
and provide a safe and superior extract/product. According to a life cycle analysis 
of waste created in Active Pharmaceutical Ingredient (API) manufacturing plants, 
solvent-related waste accounts for 80% of the waste. In case other pharmaceutical 
companies generate equal amounts of solvent waste, addressing solvent selection, 
use, recovery, and disposal will go a long way toward tackling the issue. Solvent 
considerations will feature regularly in the case histories of the drug development 
process. Natural extracts comprise phytoconstituents such as proteins, lipids and 
oils, dietary fibres, carbohydrates, antioxidants, essential oils and fragrances, and 
colours, and can be found in wide variety of plant materials. In this chapter, we will 
discuss principles, techniques, and solvents used for green extraction techniques of 
phytoconstituents.

Keywords: green extraction, phytoconstituents, pharmaceuticals, solvents

1. Introduction

Medicinal plants are getting more demand because of their distinctive features 
as an abundant source of curative phytochemicals that may be used to develop 
new medications. Approximately 20% of all known plants have been employed 
in pharmacological investigations, positively improving the healthcare system by 
treating cancer and other ailments [1]. Many of these medicinal plants are good 
sources of phytochemicals like polyphenols, carotenoids, flavonoids, anthocyanins, 
and vitamins that possess antioxidant activities. Today, medicinal plants are finding 
diverse use in society from medicine to cosmetics, nutraceuticals, herbal drinks, 
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herbal foods, and other articles in their daily uses. Plant phytoconstituents are created 
as secondary metabolites, which are produced through a variety of biological routes in 
secondary metabolism. The choice of solvents for extracting phytoconstituents from 
plants is critical. A suitable solvent has an appropriate extraction capacity as well as 
the ability to maintain the chemical structure of the desired molecules stable [2].

Green technologies are increasingly being employed in practically every scien-
tific sector to promote ecologically acceptable activities that do little or no harm 
to humans. Ionic liquids, aqueous biphasic systems, and pressurized hot water 
have all become attractive research topics in recent years [3]. Traditional tech-
niques of extracting phytoconstituents require the use of more powerful and toxic 
solvents (nonenvironmentally friendly), as well as more energy. Each method’s 
extraction time varies, ranging from minutes to 7 days in the case of maceration 
[4]. Another problem is that none of the current plant processing methods meets 
all the economical, safety, and scalability requirements. Other concerns include 
security hazards, solvent toxicity, and the existence of solvent remnants in the 
extracts. The high cost of feedstock, the high cost of extracting desirable bioac-
tive compounds, their comparatively low yield, and the resulting substantial 
concentration of residual waste biomass are the major roadblocks to commercially 
viable phytochemical production [5]. In many process sectors, microwave-assisted 
extractions like ultrasound-assisted extraction, pulsed electric field extraction, 
and molecular distillation have been reported. Green chemistry, as ecological and 
economic chemistry, could be one of the solutions to humanity’s future [6]. The 
entire process of green extraction of phytoconstituents from natural sources  is 
concluded in the  Figure 1.

Figure 1. 
Extraction of crude drugs using green solvent, green extraction process, and purification techniques.
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2. Green extraction

A vast diversity of plants, animals, and microorganisms can produce a wide spec-
trum of chemical compounds with amazing health-care properties in nature. Science 
is steadily changing our world by finding the possibilities of natural products [7]. 
Natural product extraction has been practised since civilization. Extraction methods 
are used in the perfume, cosmetics, pharmaceutical, food, and chemicals sectors. 
Recent extraction technique advancements have mostly focused on creating solutions 
that employ lower solvents [8].

Soxhlet extraction, maceration, and hydro distillation (HD) are examples of 
traditional/conventional extraction processes. The choice of specific solvents has a 
considerable impact on any extraction rate. The polarity of the target biochemical 
is the most significant factor to consider, and when choosing a solvent, the solvent’s 
molecular affinity for the solute, as well as its environmental friendliness, toxicity, 
and economic efficiency, must all be considered. Simple, safe, repeatable, low-cost, 
and adaptable to a variety of applications are all desirable characteristics in an extrac-
tion procedure. High-temperature extraction (e.g., Soxhlet technique, HD) has been 
shown to cause changes in the composition due to phytoconstituent degradation [9].

To circumvent the constraints of classic extraction procedures, green extraction 
techniques can be employed to extract phytoconstituents from plants. The majority of 
these include less harmful chemical synthesis, nontoxic chemicals, safe solvent aides, 
energy efficiency patterns, use of sustainable feedstock, fewer derivatives, catalysis, 
design to avoid deterioration, and time scheduling for pollution avoidance, hazardous 
air pollutants, and naturally safer chemistry for safety programs. The development of 
effective and selective technologies for extracting and isolating bioactive phytocon-
stituent is crucial. This article aims to provide a detailed overview of green solvents 
employed, as well as the methods for extracting and isolating natural compounds 
form natural sources. Green solvents can help to improve old procedures significantly, 
especially when incorporated with new and novel methodologies. Hydrolysis of 
cellulose from biomass with supercritical water and the extraction of hydrophobic 
compounds using supercritical CO2 are few examples of green extraction process.

3. Solvent selection for green extraction

Solvents, their vapors, and mists have a variety of health impacts. Many contain 
narcotic properties, causing lethargy, dizziness, carcinogens, etc. Solvents irritate the 
eyes and respiratory system, as well as causing skin problems. High doses can cause 
unconsciousness and death in certain people. Petroleum-based solvents, which are mostly 
sourced from fossil fuels, are commonly utilized in various stages of the analytical process 
[10]. Solution preparation, extraction, and enrichment of phytoconstituents, washing of 
extracts, solvent exchange, sample preservation, dilution, cleaning of glassware, liquid 
desorption, derivatization, analytical separation, and detection are all activities that 
involve solvents in phytochemistry. A suitable solvent has an appropriate extraction capac-
ity as well as the ability to maintain the chemical structure of the desired molecules stable.

3.1 Water

Water is one such “green” solvent that can have its properties changed by changing 
the temperature. Water’s polarity allows it to be employed as an extraction solvent 
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for both natural and inorganic substances that are aqueous soluble, like proteins, 
carbohydrates, and organic acids. Water is an important green solvent for the extrac-
tion of phytoconstituents. It has no harmful health or environmental consequences 
[11]. Furthermore, it is the safest and cheapest solvent. The technology used has an 
impact on the extractability of biologically active chemicals. Water is used as the only 
extractant in several ways, including decoction, infusion, and hydro distillation. 
Water as a solvent can be used in a variety of traditional and modern procedures. 
Extraction with pressurized hot water is one of the most promising new green 
extraction techniques and procedures, especially in a dynamic mode [11]. Water, 
on the other hand, has several drawbacks in terms of the less solubility of nonpolar 
molecules and energy required to enrich products. This difficulty can be overcome in 
part by employing supercritical water or a mixture of alcohol and water.

When using hydro distillation, high temperatures and long distillation times might 
cause volatiles to change and be lost. Supercritical water extraction (SWE) was shown 
to have a quicker extraction time, cheaper costs, and higher purity than hydro distil-
lation. In terms of oxygenated components, SWE’s products yielded higher valuable 
essential oil. To boost extraction yields, microwave-assisted extraction with water as a 
solvent has been proposed.

3.2 Alcohol

Alcohols like methanol, ethanol, and isopropyl alcohol have similar solvent 
properties such as solvent strengths, dielectrics, critical points, and hydrogen donat-
ing abilities. However, due to its nontoxic nature, ethanol has ascended to the top [12]. 
Alkanes (heptane, hexane) and simple alcohols (methanol, ethanol) are healthier for 
the environment than dioxane, acetonitrile, acids, formaldehyde, and tetrahydrofu-
ran [13]. The main disadvantage of alcohol is that they are flammable and some of 
them are toxic (i.e., methanol). In addition, extended exposure to their vapors can 
also lead to health problems.

3.3 Supercritical carbon dioxide (CO2)

CO2 as a liquid or supercritical solvent possesses multiple features of an admirable 
green solvent. They are incombustible, nonpoisonous, nonenvironmentally harmful, 
plentiful, inexpensive, easy to produce, simple to eliminate from a product, do not 
add to smog, and do not contribute to global warming [14]. Purified CO2 is produced, 
pressurized, and cooled to a liquid state at 20 psi and −20°C before being stored or 
transported in insulated bulk containers for use in a variety of liquid and supercritical 
CO2 processes. The viscosity of CO2 is extremely low, and supercritical CO2 has negli-
gible surface tension [15]. The strong diffusivity, along with the low viscosity, causes 
significant improvements in the condensed phases. Supercritical fluid extraction 
of a crude drug is achieved by passing supercritical CO2 over a column packed drug 
material. Until the substrate is depleted, supercritical CO2 travels over the column of 
packed material and dissolves soluble components. The loaded solvent is then trans-
ported through a separator, where the soluble components precipitate as pressure and 
temperature are reduced. The CO2 is recirculated once it has been condensed. It is 
employed in the removal of caffeine from coffee and tea, the removing fatty material 
from cacao, the production of hops extracts, sesame seed oil, and pesticide extraction 
from rice. Under high pressure, SC CO2 is used to extract triglycerides and volatile 
compounds. Volatile, triglyceride and phenolic chemicals etc. are extricated at high 
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pressure (300–400 bars) with EtOH. Add water or alcohols like ethanol or iso-propyl-
alcohol to the SC-CO2 extraction has already been used to modify the polarity [16].

3.4 Deep eutectic solvents (DES)

DES is formed when the melting point of a mixture of substances is much lower 
than the melting points of the two constituents. A hydrogen bond donor (HBD) and a 
hydrogen bond acceptor (HBA) are required to build a DES system, and when mixed 
in the right proportions, they generate a novel “mesh” of hydrogen-bond-intercon-
nected molecules with remarkable physicochemical features [17]. Their extraordinary 
physicochemical features (like ionic liquids) combined with remarkable green prop-
erties, low cost, and ease of handling are piquing researchers’ attention in a variety 
of sectors. The eutectic composition of DESs is formed by heating and stirring two 
or more solid starting components to generate a transparent, viscous homogenous 
liquid. Other techniques involve grinding (combining and powdering solid compo-
nents till clear liquid forms), evaporation (dissolving all starting elements in water 
and then removing the water via evaporation at reduced pressure), and freeze-drying 
(dissolving all starting components in water and then draining the water via evapora-
tion at reduced pressure).

Among them, heating and stirring below the melting points of the individual 
constituents is possibly the most acceptable method [18]. Because DESs are nonflam-
mable and nonvolatile, they are easier to store. They are also biodegradable, unlike 
standard organic solvents. Furthermore, DES manufacture is cost-effective, simple 
to run, and requires no modification, making their use on a broad scale possible. 
DESs can be made by mixing molecules derived from natural sources (e.g., glycerol 
and glucose), which makes them environmentally friendly. Within the HBD section, 
polymerized deep eutectic solvents (PDEs) are a novel category of DESs that can be 
polymerized [17].

The high viscosity of DES is a key disadvantage that can limit their usage as extrac-
tion solvents since it prevents the solvent from penetrating the extraction matrix. 
Although increasing the temperature of the extraction process helps reduce viscosity, 
this is not always the best solution because it consumes energy, and some heat-
sensitive phytochemicals may not withstand the higher temperature. The addition 
of a co-solvent to the extraction medium is a straightforward technique to remedy 
this problem. Most of the time, this co-solvent is water, which keeps the process 
green; nevertheless, organic solvents like methanol have also been utilized. Alkaloids, 
phenolic acids, flavonoids, and saponins are all extracted using DES [19].

The DES is called natural deep eutectic solvents (NADES) when amino acids, 
organic acids, sugars etc. are used to make DES [20]. Due to the natural nature of 
its ingredients, NADESs are deemed environmentally beneficial and “readily biode-
gradable,” and the resulting extracts can use in food, pharmaceutical, and cosmetics 
preparations. Because of their great stability and solubilization properties, NADES is 
ideal candidates to replace traditional solvents. NADESs combinations have efficiently 
extracted bioactive compounds including flavonoids, phenolic acids, alkaloids, natural 
pigments, sugars, peptides, and volatile components from natural matrices [21].

3.5 Ionic liquids (IL)

ILs were a type of organic salt that consisted of an organic cation (e.g., imidazo-
lium, pyrrolidinium, pyrrolidinium tetra alkyl ammonium, pyrrolidinium tetra alkyl 
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phosphonium) and an inorganic or organic anion (e.g., tetrafluoroborate, hexafluo-
rophosphate, and bromide) that form of liquid below 100°C [22]. Because of their 
distinctive and construction dependent features, like low nucleophilicity, mixability 
with water or organic solvents, and good extractability, ILs have been frequently 
used [23]. A variety of organic and inorganic substances are perhaps enriched and 
separated using IL-based methods. As a result, they have been frequently used in food 
safety, drug testing, environmental monitoring, biological analysis, and other areas. 
The ability of ILs could be tailor-made for the extraction of alkaloids, flavonoids, 
terpenoids, phenylpropanoids, quinones, and other phytoconstituents from plants. A 
vast number of research organizations have also created IL-based silica and polymers 
that can improve the extraction/separation of target chemicals.

3.6 Aqueous enzymatic extraction (AEE)

Extraction is an important step in the isolation of bioactive chemicals from plant 
matter. However, because of the existence of complex cell wall polysaccharides 
including cellulose, hemicellulose, lignin, pectin alginate, and carrageenan, the 
extraction yield of bioactive chemicals is poor. Researchers are now considering 
modern methods of extracting these compounds because of the low specific grav-
ity of bioactive compounds, the low productivity of the solvents used to extract 
these compounds, high energy, high durability, solvent residue in the extracts, and 
the decline in the quality of the final product, as well as environmental concerns [23]. 
The use of enzymes to extract bioactive chemicals from plants could be a viable 
substitute for traditional solvent extraction methods. Enzymes are excellent catalyz-
ers for extracting, modifying, or synthesizing complex bioactive substances from 
nature. The natural ability of enzymes to accelerate reactions with perfect particular-
ity, regiospecificity, and the ability to employ under gentle processing conditions in 
an aqueous medium facilitate enzyme-based extraction [24]. The use of enzymes for 
sugar extraction is a new topic that needs further research. To improve extraction 
processes, custom enzymes must be developed, either by biodiversity screening, 
genetic engineering perspective, or a mix of the two. From plant sources, enzyme-
aided extraction can be utilized to obtain lipophilic, polyphenolic, and hydrophilic 
chemicals [25]. Factors including high enzyme production and downstream process-
ing costs, extended incubation times, and an extra stage (de-emulsification) in the 
process are still preventing aqueous enzyme extraction from becoming commercially 
viable. Commercial enzyme production has been accelerated, and enzyme synthesis 
has now become more affordable. The downstream processing expenses could be 
reduced by using appropriate technology rather than the traditional technique [26].

3.7 Limonene

The predominant element of essential oils derived from citrus fruit peels is 
d-limonene, which belongs to the terpene family. Since its cleaner and degreaser 
properties were discovered and considered, d-limonene has sparked a surge of 
interest. In this sense, this chemical has been classified as a viable alternative to 
halogenated carbon hydrates or traditional degreasing chemicals commonly used 
in industry and households. Several authors have attempted to create a commercial 
application for d-limonene. Sustainable chemistry has generated a lot of study into 
the processing of renewable fuels due to the demand for environment-friendly 
techniques and products [27].
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Because d-limonene has a higher boiling point (175°C) than n-hexane (69°C), it 
uses more energy to recover the solvent by evaporation. To minimize the difficulty 
of solvent recovery caused by high d-limonene’s boiling point, a technique based on 
steam or hydro-distillation employing Clevenger can be used. Distilled water was 
added to the extracted oil and d-limonene mixture after Soxhlet extraction with 
d-limonene. D-limonene and extracted oil were separated using a Clevenger device 
and azeotropic water distillation at less than 100°C [28]. It is a valuable and practical 
method for determining the lipids and oils in olive seeds. Waste minimization, rapid 
operation, and energy saving are all possible with Soxhlet microwave-integrated 
with limonene and microwave Clevenger distillation [29]. Limonene has a dielectric 
constant that is very similar to that of hexane and has been used to extract rice bran 
oil, oil from olive leftovers, carotenoids from tomatoes or algae and, more recently, 
algal lipids from wet algae [30].

3.8 Solvent-free extraction

Solvent-free extraction of a variety of important natural products (essential oils, 
fragrances, edible oils, antioxidants, and other organic compounds) eliminates the 
price and threats correlated with large amounts of solvent. It minimizes the amount 
of wastewater after extraction and uses a fraction of the energy that a traditional 
solvent-solid extraction process does.

In 2008, Chemat et al. developed the MHG method, which uses in situ dielectric 
heating on plant cell water to stretch the structure and cause membrane and wall 
ruptures. As a result, plant matter is used to gather primary and secondary metabo-
lites, as well as the water in the cells. The behavior described is known as hydro 
diffusion. Gravity then drops the diffused components into a container. A continuous 
condensation system is maintained using a perforated Pyrex disc. MHG has been used 
to extract pigments, aroma components, and antioxidants from a variety of natural 
sources on a lab and commercial scale [21].

4. Pre-treatment techniques

Crude drugs can be extracted in fresh or dried form. Grinding and drying 
of plant materials are examples of pre-preparation. This has an impact on the 
preservation of phytochemicals in final extracts. Air drying takes anywhere from 
3 to 7 days. To optimize extraction operations and save energy, mechanical dis-
ruption pre-treatments can be employed alone or in combination. Bead milling, 
high-pressure homogenization, and hydrodynamic cavitation are all methods for 
mechanical disruption. The extraction of lipids has been demonstrated to be aided 
using a bead mill. Powdered samples, on the other hand, have a more homogenized 
and smaller particle size, developing in substantial surface contact with extraction 
solvents [31].

Nanotechnologies, including microwave, ultrasound, and pulse electric field, 
were found to improve operation efficacy as a pre-treatment before drying. After size 
reduction and before extraction, microwave pre-treatments upgraded the extraction 
of polyphenols, sugars, and other compounds. Pre-treatments with a pulsed electric 
field (PEF) improved extraction efficiencies in terms of yield and extract standard. 
PEF pre-treatment of rapeseed, apple, and sugar beet fruit extracts before mechani-
cal expression resulted in higher yields [26]. Oven-drying is one more pre-extraction 
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method that uses heat energy to eliminate moisture from substances. This procedure 
for preparing a sample is regarded as particular easiest and most rapid thermal 
processing method available for phytochemicals.

Costly drugs can be dried by freeze-drying. In freeze-drying before use, the 
sample is frozen at −80°C to −20°C to lyophilize any liquid (e.g., solvent, moisture) in 
the body samples. The mouth of the test tube or other container holding the sample is 
wrapped in needle-poked-parafilm to avoid sample loss during the operation. Freeze-
drying resulted in a greater phenolic content compared to air-drying because most 
phytochemicals are preserved. This strategy is used to keep phytoconstituents safe. 
Freeze-drying, on the other hand, is a difficult process. Microwave drying is more 
expensive than traditional air drying. As a result, only fragile, heat-sensitive goods 
and high-quality materials are permitted [32].

5. Green technologies for extraction

The main goal of green extraction procedures is to obtain a rapid extraction, 
increased efficient energy usage, higher mass and heat transfer, smaller apparatus, 
and fewer processing stages [3]. Several novel alternatives to traditional techniques 
for obtaining target compounds from a variety of crude drugs have been proposed, 
such as ultrasound-assisted extraction (UAE), subcritical and supercritical fluid 
extraction (SFE), microwave-assisted extraction (MAE), and accelerated solvent 
extraction (ASE) [33]. These extraction methods, which are alternatives to tradi-
tional procedures, have piqued the curiosity of academics, who see future applica-
tions for recovering bioactive molecules from plants in less time using green solvents. 
Most of these new methods have already shown promise in extracting high-value 
chemicals, particularly natural antioxidants, from various sources such as plants or 
food processing by-products [34].

5.1 Expression

It is a physical technique in which pressure is employed to extract the oil or 
juice from a material. A tincture press was used to do this. When essential oils are 
temperature sensitive, this approach is used. It’s used to extract essential oils from 
citrus peels like lemons and oranges. Squeezing any plant material at high pressures 
to extract oils or other liquids is known as expression. In remote rural locations, 
hand-operated presses or crushes are used, while in industrial hubs, massive 
mechanical presses are used. However, the products obtained are impure and fre-
quently contain impurities such as water, mucoid particles, and cell tissues, making 
them murky, and pressing the volatile oil in plants completely is difficult. As a 
result, the crushed residue is frequently steam distilled to remove all volatile oils. 
Black soybean oil, for example, is frequently extracted using the low-temperature 
pressing process [31].

5.2 Effleurage (extraction with cold fat)

Enfleurage is the method of extracting aroma from flowers by absorbing it 
through contact with cold lipids. This method is used for fragrant flowers like jasmine 
and tuberose, which retain their unique aroma even after being plucked. To prevent 
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fat odors from entering, fats should be saturated and odorless. It’s best to use refined 
lard or beef suet. On both sides of a glass plate mounted on a rectangular hardwood 
frame or chassis, fat is thinly deposited. On a fat-coated chassis, fresh aromatic flow-
ers are delicately stacked. Enfleurage produces far more floral oil than other processes.

5.3 Ultrasound extraction

Ultrasound extractions can now be finished in minutes with high reliability, 
reducing solvent consumption, clarifying control and work-up, improving final 
product purity, removing wastewater after treatment, and consuming only a 
fragment of the fossil energy required for a traditional extraction method [35]. 
USAE (ultrasound-assisted extraction) has been used to extract polyphenols from 
vegetable tissues, protein, sugar, and starch from cereals and legumes, oil, and 
flavor components. Extraction efficiency and rate are improved by sonication. It 
lowers the required temperature, saves solvents, and promotes the solubilization of 
the desired chemicals. Solubility is enhanced by a significant increase in the very 
temperature [36].

To extract phytochemicals from plants, both the cell wall and the cell membrane 
must be broken. Because of this, ultrasounds are used in ultrasound-assisted extrac-
tion for cell disintegration. Ultrasounds are sound waves that are above the human 
hearing range, with frequencies ranging from 20 kHz to a few gigahertz. Plant materi-
als and liquids absorb the energy emitted by ultrasonic waves and convert it to heat. 
The frequency, intensity, and duration of ultrasonic therapy affect the amount of heat 
created in plant materials [37]. This heat energy debases proteins, destroys plant cells, 
and causes therapeutic substances to be released from plant cells. In most cases, the 
highest extraction rate is attained in the initial few minutes, which is also the most 
profitable time [38].

5.4 Super critical fluid extraction (SCFE)

The extraction of thermally labile chemicals is possible because of carbon diox-
ide’s low critical temperature (304.1 K). It can replicate a variety of organic solvents 
by adjusting the density of SCF carbon dioxide. Because of its variable solvating 
strength, this feature allows for selective extraction, purification, and fractionation 
techniques. SCF carbon dioxide media provide the prime possibility for fractionation 
of reaction products and solvent separation, which can be performed by simply 
depressurizing the media. This is because SCF quickly penetrates and leaves solid 
matrices, compared to the use of organic solvents with a higher viscosity [39]. It has 
a broad variety of applications, including the extraction of common spices such as 
black pepper, celery seed, cumin, cinnamon, clove bud, and nutmeg. Extraction of 
Natural Colors: Paprika Pigments, etc. Dry Ginger, Saw Palmetto, Rosemary, and 
other botanicals are used to extract active ingredients. Forskolin, Turmerones—from 
Turmeric, Oscimum sanctum, Neem Leaf, and other plants; Cholesterol and other 
lipids are extracted from dried egg yolks. Hops are extracted to use in the beverage 
sector. Precipitation of Human Immunoglobulin G (IgG), viral deactivation, and 
other biochemical components. The main disadvantage of supercritical carbon diox-
ide extraction is the high cost of the device. Because supercritical carbon dioxide is 
nonpolar, polar co-solvents of 5% and 10% ethanol were added to change the polarity 
and improve solubility.
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5.5 Microwave-assisted extraction

Nontraditional ways are more prominent when it comes to improving the quality 
and quantity of desired items. By directly linking microwave energy with the bulk 
reaction mixture, microwave irradiation creates efficient internal heating. The mag-
nitude of energy transfer is determined by the molecules’ dielectric characteristics. 
Radiation absorption and heating can be quite selective in this approach (Hoz et al.). 
The reduction in operating time and solvent use are two major benefits of microwave 
treatments. However, during microwave processing, acceleration in chemical reac-
tions of target substances such as epimerization, oxidation, and polarization should 
be considered with dielectric heating.

Microwave-assisted extraction without solvents is a long-term technology for 
extracting and separating chemicals from natural plant resources. Microwave heating 
is directed at the moisture content of new material. Under microwave irradiation, 
plant cell water and charged molecules are stimulated; this internal alteration causes 
a significant amount of pressure to be imposed on plant cell walls, resulting in cell 
swelling. Due to the rupturing of plant cells, this swelling causes an increase in the 
mass transfer of solutes. As a result, phytochemical leaching from the plant cellular 
matrix into the extractant is facilitated during MAE [40]. The best extraction condi-
tions were a microwave power of 150 W for 90 min. Concerning the efficiency and 
yield of essential oils, solvent-free microwave extraction was superior. As a result, 
increased rates of adsorption, diffusion, and separation of phytochemicals from the 
plant matrix into the extracting solvent are more likely [41].

An MAE can be performed using two different types of equipment. The apparatus 
runs at atmospheric pressure in the open mode, which is often coupled with a reflux-
ing mechanism. Domestic microwaves are frequently modified to accommodate 
this model. The closed mode, on the other hand, allows for high-pressure operation. 
Pumping inert gas into the extraction chamber increases the pressure. During the 
heating of the extraction mixture, however, vapor pressure may generate a degree 
of pressure. Since these molecules were stable at microwave heating settings of up to 
100°C for 20 min, this approach was confined to small-molecule phenolic compounds 
like phenolic acids (gallic acid and ellagic acid), quercetin, isoflavones, and trans-
resveratrol. Due to compound oxidation, more MAE cycles (e.g., from 2 10 s to 3 10 s) 
resulted in a considerable reduction in phenolic and flavanone yields. Because tannins 
and anthocyanins are prone to temperature degradation, they may not be suitable for 
MAE [32].

Microwave-assisted hydro distillation (MAHD) is like standard hydro distillation, 
with the exception that the solvent is heated using microwaves. The solvent (typi-
cally water) and plant parts are placed inside a microwave oven (normally running at 
2.45 GHz), and different output powers and reaction periods can be used to improve 
the extraction process. Again, using microwaves for the heating process speeds up 
the extraction of chemicals, requiring shorter timeframes to generate comparable 
amounts of extracts. Furthermore, the chemical makeup of extracts obtained by 
standard hydro distillation and MAHD is not comparable.

5.6 Pulsed electric field (PEF) extraction

In batch mode, the electric field strength (EFS) ranges from 100 to 300 V/
cm, while in continuous mode, the EFS ranges from 20 to 80 kV/cm. An external 
electrical force is used in electro-permeabilization or electroporation to increase 
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the permeability of cell membranes. The cell membrane is perforated by the 
formation of hydrophilic holes, which result in the opening of protein channels. 
When high-voltage electrical pulses are applied across the electrodes, the sample 
experiences a force per unit charge termed the electric field. The plant material is 
removed once the membrane loses its structural functioning [41]. Anthocyanin, 
carotenoids, lycopene, lutein, polyphenols, alkaloids, lactase, protein, polysac-
charides, fat, oil, and other bioactive compounds are extracted using PEF. PEF-
assisted extraction provides more bioactive component extracts, uses less energy, 
and takes less time to process, according to the study, resulting in the optimal 
process parameters [42].

6. Purification of phytoconstituents

The extracts, which contain numerous phytoconstituents, must be separated and 
purified further to obtain the fraction or pure phytoconstituents. The techniques 
utilized for isolation and purification from the extract are determined by the physical 
and chemical properties of the component to be separated. The physical approaches 
employed for this goal are as follows.

6.1 Fractional crystallization

The point of supersaturation in the solvent in which phytopharmaceuticals are sol-
uble causes them to crystallize. The processes involved in the crystallization of phy-
toconstituents are slow concentration, slow evaporation, and chilling. Crystallization 
is an ideal purification procedure. It is operationally easy, very inexpensive, and may 
be done in quantities ranging from a few micrograms to hundreds of kilograms. The 
results are normally highly pure (unlike the mixes that can sometimes be obtained 
with distillation). Using chromatography to purify that much material is a nightmare. 
Another key point to remember about crystallization is that X-ray crystallography can 
be used to discover the structure of unknown molecules. With very few exceptions, 
X-ray crystallography is the gold standard for structure determination: if you can get 
a substance to crystallize, you can determine its structure. The only issue is that not all 
compounds crystallize, and finding circumstances that can preferentially recrystallize 
one chemical can take a long time [43].

6.2 Fractional distillation

This is a process of purifying phytoconstituents from a mixture. It’s commonly 
used to separate hydrocarbons like crude oil, citral, and eucalyptol. Purification is 
accomplished by comparing the boiling points of the different substances. When 
heat is applied, the fractional distillation equipment is built in such a way that each 
chemical evaporates and separates at its boiling point. As a result, each fractionated 
chemical will condense and be collected separately via numerous syphons coupled to 
fractional distillation apparatus [44].

The fractional distillation method is based on differences in compound volatil-
ity and is affected by physicochemical properties of the components, as well as the 
pressure and temperature of the distillation process. The mass and energy transition 
between the fluid and vapor stages of the mixture has an impact on separation effi-
ciency. Most terpenes are thermally unstable, dissolving, or oxidizing when exposed 
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to high temperatures, light, or oxygen. As a result, the distillation technique is typi-
cally used at vacuum pressures to lower the vaporization temperature of the volatile 
mixture. Due to the boiling temperature reduction, the vacuum also slows processes 
such as thermal deterioration in temperature-sensitive chemicals. In the chemical 
industry, vacuum fractional distillation is used to separate compounds with extremely 
high boiling points that would need a lot of energy to separate under atmospheric 
pressure [45].

6.3 Fractional liberation

Fractional liberation separates some components from a mixture. The weakest 
base in the free salt is liberated first when an aqueous solution of alkaloid salts is 
treated with aliquots of alkali, followed by base liberation in ascending order of basic-
ity. After each addition, shake the mixture with an organic solvent to get a fraction-
ated sequence of bases. Organic acids that are soluble in water-immiscible solvents 
take a similar route. It is feasible to fractionally liberate acids in this case by adding 
mineral acids to a mixture of acid salts.

6.4 Chromatography

6.4.1 Column chromatography

Chromatography on a column separates and purifies phytochemicals on a labora-
tory and industrial scale without the use of complicated technology. The “eluent” is 
the liquid employed as the mobile phase, and the stationary phase is usually a solid or 
a liquid. The sample solution is supplied to a porous stationary phase, and the mobile 
phase is delivered at a greater pressure via the column, causing separation depending 
on the solute’s affinity for the stationary phase. The development of HPLC (High-
Performance Liquid Chromatography) was aided by the need for a higher degree of 
separation and faster analysis, which was met by refining the stationary phase pack-
ing material to a size of 3–10 m and eluent delivery via a high-pressure pump. Despite 
its extensive and time-consuming nature, commercial use of column chromatography 
is comparable to that of other techniques. The advantages of column chromatography 
include efficient sample handling regardless of the number or nature of the samples, 
the availability of a wide range of adsorbents, the selection and recyclization of a large 
solvent system, improved purity of the product, and minimal space requirements. 
Column chromatography has a few disadvantages, including the use of a large amount 
of mobile phase, compared to other techniques it is a complicated technique, time 
consumption, the requirement for an expert, and a greater cost of identifying the 
separated product.

6.4.2 Vacuum liquid chromatography (VLC)

The fundamental disadvantage of column chromatography is that it is a time-con-
suming technique; however, vacuum liquid chromatography can solve this problem. 
In vacuum chromatography, rather than using pressure, vacuum is employed to 
improve the flow rate and hence speed up the fractionation process. The stationary 
phase is usually 40–60 mesh particle size silica or reversed-phase silica, and the crude 
extracts are separated by gradient elution. TLC is a typical method for examining 
eluted fractions [43].
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6.4.3 Simulated moving bed chromatography (SMB)

In the pharmaceutical sector, simulated moving bed (SMB) technology is an 
economical and eco-friendly process for purifying crude extracts and fractions [46]. 
It has a higher purity and yield than other techniques. A traditional Simulated Moving 
Bed system has 4–24 columns divided into four zones. In general, a four-column SMB 
should be sufficient for testing and optimizing purification conditions. Purification 
of sugars, proteins, monoclonal antibodies, separation of organic solvents, optical 
isomers, charged molecules, and desalting are all common applications. For the 
separation of crude medicines, the SMB technique utilizes extremely less solvent. The 
SMB technique is simple to adapt to a continuous process and can be integrated with 
other equipment such as evaporation. SMB, on the other hand, necessitates meticu-
lous process control and is less adaptable than traditional elution chromatography.

6.5 Capillary electrophoresis (CE)

CE provides several advantages, including a smaller sample, high efficiency leads 
to shorter analysis time, cheap, environmental friendliness, reduced solvent usage, 
and a powerful tool appropriate for drug discovery [47]. CE is a new method for 
analyzing different phytochemical groups. Variations in mass to charge ratios are 
used to separate phytochemicals in capillary electrophoresis. Because borate can 
form compounds with the flavonoid nucleus’ ortho dihydroxyl groups and the sugar’s 
vicinal cis-dihydroxyl groups, borate buffers with a pH of 8–11 and a concentration of 
25–200 mM are generally used [48].

Capillary zone electrophoresis (CZE) is the most basic characteristic, and 
it’s been utilized to isolate a variety of target molecules, especially polyphenolic 
compounds like epicatechin, catechin, quercetin, gentistic acid, caffeic acid, gallic 
acid, trans-resveratrol, myricetin, and rutin from wine and grape samples. A CZE 
technique was also used to isolate antioxidants in Ginkgo leaf extracts. For the sepa-
ration of anthocyanins in wine, a new CZE approach was developed recently [49]. 
Food analysis, environmental monitoring, clinical diagnostics, and pharmaceutical 
analysis have mostly used capillary electrophoresis. Since it allows the use of chiral-
ity selectors with limited aqueous solubility, nonaqueous capillary electrophoresis 
can be utilized to separate enantiomeric drugs. Furthermore, the low dielectric 
constant of organic solvents can let chiral counter-ions that have less selectivity in 
aqueous environments form ion pairs and therefore increase their selectivity. CE-MS 
is one of many multidimensional techniques used in the pharmaceutical and bio-
technology industries, particularly for drug development. Because high resolution 
and structural and/or molecular weight information of an analyte may be collected 
along with using a mass spectrometer as a detector for CE splitting, could be useful. 
CE has various advantages (for example, high speed, efficiency, and low price); yet, 
combining CE with MS produces several problems. CE solvents, for example, are 
not accepted by MS.

6.6 Molecular imprinted technology

Molecular imprinting knowledge has been a prominent isolation method in the last 
years because of its distinctive qualities, such as high selectiveness, economical, and 
ease of preparation. Many correlative cavities with the memory of the template mol-
ecules’ size, shape, and functional groups are produced when the template molecules 
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are removed from the molecular imprinted polymer (MIP). As a result, the template 
molecule and its analogues will be able to recognize the MIP and adsorb it selectively. 
MIPs have been extensively used in the isolation of phytoconstituents and as sorbents 
for solid-phase extraction of herbal materials to enrich phytoconstituent components. 
MIP was made with methyl methacrylate as the monomer, solanesol as the template 
molecule, and ethylene glycol as the crosslinker by a suspension polymerization 
method. This technique is used for the purification of enriching in water extract of 
Panax notoginseng, solanesol from tobacco leaves, thermo-responsive magnetic MIP is 
used to isolate curcuminoids, curcumin, dimethoxy curcumin, and bisdemethoxycur-
cumin, from the TCM Curcumae Longa Rhizoma [50].

7. Conclusion

Plant materials go through several processes to acquire the necessary secondary 
metabolites and/or extract, including drying, extraction, separation, and purifica-
tion. To produce better eco-friendly processes, the current investigation of the 
use of green solvents in the field of extraction needs more awareness for a greater 
perception of different factors such as innate solvent properties (polarity, viscosity, 
solubility, and pH), external factors (temperature, time, and solid-liquid ratio), and 
cytotoxicity. However, more study is needed on green or smart solvents that have high 
specificity for phytochemical compounds, as well as improved stability, recovery, and 
reduced operational costs. Until now, the framework has only been used to evaluate 
organic solvents. To expand the currently established techniques to new solvents, 
more study is required. This entails looking into novel waste-solvent treatment 
technologies as well as alternative solvent production techniques. Will the eventual 
transfer of DES/NADES-based extraction technologies to industrial sectors need 
further investments? Would their use result in a shorter lifespan for the extractors 
and the analytical tools required for their identification and quantification in the long 
run? All the questions are still open, and there are a lot of options for answers in the 
future.
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Chapter 17

Pharmacological, Biopesticide,  
and Post-Harvest Loss Management 
Application of Jimsonweed  
(Datura stramonium)
Melaku Tafese Awulachew

Abstract

Datura stramonium is one of the most intriguing, in part because of its well-known 
therapeutic and psychoactive properties in the treatment of many diseases. Datura 
species have been found to exhibit a variety of biological activity. Insecticide, fun-
gicide, antioxidant, antibacterial, hypoglycemic, and immune response boosting 
properties have been linked to the genus’ species. These effects are linked to the exis-
tence of secondary metabolites such as terpenoids, flavonoids, with anolides, tannins, 
phenolic compounds, and tropane alkaloids, which are the most prevalent atropine 
and scopolamine in the genus Datura. Ingestion of Jimson weed produces the toxi-
drome of anticholinergic intoxication. Understanding and recognizing the classic signs 
and symptoms of anticholinergic intoxication can help clinicians evaluate persons 
presenting with Jimson weed poisoning. Moreover, this review is to identify the most 
important phytochemical substances extracted from the Jimsonweed and to character-
ize their biological activity for health effect and biopesticide application. Biopesticides 
are less harmful than chemical pesticides because they do not leave harmful residues, 
generally target one specific pest or a small number of related pests rather than broad 
spectrum chemical pesticides that affect other beneficial insects, birds, mammals, or 
non-target species, are effective in smaller quantities, decompose quickly and do not 
cause environmental problems, and are often cheaper. In conclusion, Datura stramo-
nium, beside its medicinal value, can applicable for biopesticide application and for 
postharvest loss control of insects such as weevil.

Keywords: Datura stramonium, phytochemical components, pharmacological potential, 
biopesticide, weevil

1. Introduction

By 2050, the world’s population is predicted to reach over 10 billion people; more 
than half of this increase will occur in Africa, resulting in an additional 1.3 billion people 
on the continent. As a result, more people will need to be nourished in the next decades, 
and more food and vaccines will be required around the world than previously. The 
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phytochemical and ethnopharmacological properties of the Jimson plant have always 
piqued people’s curiosity [1]. The genus has 14 species of annual herbs and perennial 
shrubs ranging in height from 1 to 1.5 meters, with straight stems, thorny fruits, foul-
smelling leaves, and highly scented trumpet-shaped flowers that bloom at the stem 
forks [2]. Datura plants thrive in nitrogen-rich soils and soils that have been disturbed 
by human activity, such as agricultural soils, roadsides, and animal pens [3]. Steroids, 
phenolic compounds, fatty acids, with anolides, and lactones are the most common 
components; however, the genus is best recognized for producing tropane-type alka-
loids [4]. Therefore, this chapter aims to identify the main phytochemical components 
isolated from the Jimson weed (Datura stramonium) and describe their activity against 
biopesticides and medicinal effect, with an emphasis on the relevant literature.

2. Overview of Jimson weed

Jimson weed is a wild-growing herb that contains belladonna alkaloids. There have 
recently been reports of teens intentionally ingesting Jimson marijuana for hallucino-
genic purposes. These individuals present to the emergency department with physical 
indications of atropine intoxication, mental problems, and hallucinations. A positive 
history, if available, and detection of anticholinergic symptoms are required for diag-
nosis. It is crucial to distinguish between lysergic acid diethylamide consumption and 
schizophrenia. Both central and peripheral signs of Jimson weed intoxication can be 
reversed by physostigmine, an anticholinergic drug. Ingestion of Datura stramonium 
is fairly common and can lead to intoxication and to anticholinergic manifestations 
that are potentially dangerous (Figure 1).

3.  Phytochemical components and pharmacological potential of Jimson 
weed

The phenolic compounds (metabolites) present are linked to the biological 
functions assigned to the genus Datura. Plants create these chemicals in both their 
primary and secondary metabolism [5]. Plants’ primary metabolites play a direct role 
in their growth, development, and reproduction, whereas secondary metabolites play 

Figure 1. 
Datura stramonium. a: Datura plant (leaves and flowers); b: D. stramonium Plant (leaves and fruit).
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an ecological role [6]. Different classes of phenolic compounds, such as terpenoids, 
flavonoids [7], steroids [8, 9], lectins [10, 11], glycosides, fatty acids, saponins [12], 
tannins [13], phenolic compounds [14], withanolides [15], and various volatile 
terpenes [16, 17], have been identified in Datura species.

3.1 Phenolic compounds

In methanolic and hydroalcoholic extracts, the existence of distinct classes of 
phenolic compounds in the genus Datura has been demonstrated. Flavonoids, tan-
nins, and glycosidic phenolic substances are found in D. metel and D. stramonium [12].

In diverse solvent fractions such as ethyl acetate, butanol, hexane, chloroform, and 
methanol, Hossain et al. [14] investigated the existence of phenolic compounds in D. 
metel. Gallic acid, vanilic acid, quercetin, and ferulic acid were identified as the primary 
phenolic components in the methanolic extracts of D. metel roots and leaves [18].

On the other hand, LC-ESI-MS/MS analysis of the methanolic extract of D. innoxia 
aerial organs revealed the presence of 20 distinct phenolic compounds, with (−)-epi-
catechin, (+)-catechin, hyperoside, and p-coumaric acid being the most abundant 
metabolites detected [19].

3.1.1 Withanolides

Withanolides are steroidal lactones that have been identified from various 
Solanaceae genera [20]. Biological actions such as anti-inflammatory, antioxidant, 
anticancer, insecticide, antifood, and immunosuppressive characteristics have been 
found for these substances [20]. Within the genus Datura (daturalactones), various 
withanolides have been identified and described, distinguishing themselves by having 
an epoxy in the lactone ring [21]. Five with anolides were discovered in the aerial por-
tions (flowers, leaves, and stems) of D. quercifolia Kunth that have modest cytotoxic 
and prooxidant effects, as well as acetylcholinesterase inhibitory activity [22].

D. metel leaves have yielded a number of previously unknown withanolides, two of 
which exhibit anti-inflammatory properties [23]. In addition, 13 others with anolides 
were isolated from D. metel flowers and showed immunosuppressive properties 
against splenocyte proliferation in mice, as well as activity in vitro against human 
gastric adenocarcinoma cell proliferation (SGC-7901), human hepatoma (HepG2), 
and human breast cancer cell proliferation (HepG2) (MCF-7) [24].

3.1.2 Terpenes

Datura produces volatile substances that protect plants from herbivore harm by 
having varying quantities and types of glandular and non-glandular trichomes [25]. 
D. wrightii contains 17 volatile chemicals, the majority of which are sesquiterpenes 
(Figure 2), such as limonene, linalool, (E)-3,8-dimethyl-1,4,7-nonatriene (DMNT), 
and (E)—ocymene, with (E)—caryophyllene being the most common [25].

3.1.3 Lectins

D. stramonium and other Solanaceae have been found to contain lectins, a category 
of carbohydrate-specific binding proteins [26]. The biological role of lectins is contro-
versial, albeit due to their toxicity in both mammals and insects, a defensive role for 
plants has been hypothesized [27].
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The chitin-binding lectin D. stramonium agglutinin (DSA) has been isolated and 
purified from D. stramonium seeds [28]. In diabetic patients, the use of D. stramo-
nium agglutinin in lectin microarrays has been used to identify kidney diseases. The 
amount of nacetyl-D-glucosamine (GlcNAc) coupled to (−1,4)-linked N-acetyl-D-
glucosamine identified by lectin D. stramonium agglutinin (DSA) was significantly 
higher in individuals with diabetic nephropathy, according to the results of lectin 
microarrays [29].

3.1.4 Alkaloids

Datura has a diverse phytochemical makeup of tropane-type alkaloids, which are 
the plant’s most potent chemicals [30, 31].

Tropane alkaloids, in particular, are a collection of roughly 200 alkaloids with a 
tropane ring (N-methyl-8-azabicyclo in their chemical structure, with L-ornithine as 
the major precursor) [32]. Atropine (hyoscyamine) and scopolamine (hyoscine) are 
the most prevalent alkaloids in the genus Datura [33].

The alkaloid fraction of D. ceratocaula revealed 36 compounds with a distinctive 
mass fragmentation spectrum, with atropine being the most abundant alkaloid in 
seed and scopolamine being the most abundant alkaloid in flowers [34]. Atropine and 
scopolamine were found in similar abundances in D. ferox, with 0.32 g of scopolamine 
per 100 g of dry plant material [35].

Scopolamine and atropine were the major alkaloids, with quantities changing 
based on the region of the plant [36]. The most abundant alkaloids in D. quercifolia are 
tropinone, tropine, pseudotropine, atropine, and scopolamine [37].

In the species D. stramonium, at least 67 tropane alkaloids (Table 1) have been 
found in various sections of the plant. Tropine, 3-tigloyloxy-6-propionyloxy-7-hy-
droxytropane, and 3,6-ditigloyloxy-7-hydroxytropane [38] have been identified as 
the most prevalent, alongside atropine and scopolamine. Okwu and Igara [39], on the 
other hand, discovered one steroidal alkaloid in D. metel that had antibacterial activity.

3.2 The biological functions of the Datura

3.2.1 Insecticide action

Different writers have looked at the insecticidal and repellant properties of 
Datura species. In contact and spray application experiments, leaf extracts of D. 
metel (acetone, water, and petroleum ether) have been shown to exhibit insecticidal 
and insect repellent activity against a variety of insect species. In organic extracts of 

Figure 2. 
Structure of some isolated volatile compounds (terpenes) in the genus Datura in response to insect damage.
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D. metel, EC50 values of 12,000 ppm for grasshoppers and 11,600 ppm for red ants 
were found [31]. In the case of D. stramonium, pesticide activity has been assessed in 
non-polar extracts in adult individuals and larvae of various insects, both by contact 
and by food [27].

The larvicidal efficacy of D. stramonium aqueous root extract was tested on two 
mosquito species and found to be between 50 and 100 percent larval mortality at 100 
percent concentration of the extracts 24 hours after treatment [40]. Different quanti-
ties of an aqueous extract of D. stramonium leaves and seeds were shown to be effec-
tive against flea beetles, a common maize pest [41].

The toxic effect of acetone extracts from Datura inoxia was evaluated against 
Tribolium castaneum, Trogoderma granarium, and Sitophilus granarius, where the plant 
extracts were observed in addition to the inhibition of enzymes acetylcholinesterase, 
carboxylesterase, acid phosphatases, and alkaline phosphatases (ALP) in toxicity test 
survivors [41].

3.2.2 Herbicidal

In aqueous and methanolic extracts, D. metel has shown possible herbicidal 
efficacy against “noxious weed parthenium,” with the root showing superior effects 
to the stems, with both extracts reducing weed germination as well as stem develop-
ment in individuals of a few weeks [1]. Similarly, germination inhibition was seen 
in methanolic and hexane root extracts of D. metel when it was tested for herbicide 
action against Phalaris minor.

Sakadzo et al. [42] found that an aqueous extract of D. stramonium inhibited root 
development, plumule length, and dry matter amount in Amaranthus hybridus and 
Tegetes minuta, with herbicidal effects both pre- and post-emergence.

Alkaloid Specie Organ

Scopolamine All Roots, leaves, flowers, and 
seeds

Atropine All Roots, leaves, flowers, and 
seeds

3-Tigloyloxy-6,7-dihydroxytropane Datura stramonium Roots

Apoatropine Datura stramonium Roots, leaves, flowers, and 
seeds

3-Tigloyloxy-6-hydroxytropane Datura stramonium Roots

Hyoscyamine Datura quercifolia Roots, leaves, flowers, and 
seeds

3α-Tigloyloxy-6-isovaleroyloxy-7-hydroxytropane Datura stramonium Roots

3,6-Ditigloyloxy-7-hydroxytropane Datura stramonium Roots

Scopolamine Datura stramonium Roots, leaves, flowers, and 
seeds

Tropine All Roots, leaves, flowers, and 
seeds

3-acetoxynortropane Datura quercifolia Roots

Table 1. 
Most abundant tropane alkaloids identified in the genus Datura [33, 37, 38].
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3.2.3 Acaricide activity

The methanolic extracts of D. stramonium leaves and seeds showed acaricidal 
effects, with 98 percent mortality of adult Tetranychus urticae Koch (spider mites) in 
the leaf extract and 25 percent mortality in the seed extract, with a direct relationship 
between concentration and mortality rate for the leaf extracts but not for the seed 
extracts [7].

In adult mite immersion trials, an ethanolic extract from Datura stramonium leaves 
caused 20% mortality against Rhipicephalus microplus (Asian blue tick) [43]. In vitro 
experiments showed that the methanolic extract of D. stramonium inhibited the 
oviposition of Rhipicephalus (Boophilus) microplus by 77% [44].

3.2.4 Antifungal activity

Three members of the genus, D. discolor, D. metel, and D. stramonium, were tested 
for antifungal activity. Ethanolic and methanolic extracts from D. discolor stems 
and leaves were combined with culture medium to prevent the growth of Aspergillus 
flavus, Aspergillus niger, Penicillium chrysogenum, Penicillium expansum, Fusarium 
moniliforme, and Fusarium poae [12].

Rhizoctonia solani was inhibited by aqueous and methanolic extracts of D. metel 
leaves. D. metel’s methanolic extract was up to 35 percent more toxic than the other 15 
species investigated, preventing mycelial growth and being used in agriculture (her-
bicide, acaricide, insecticide) and medicine (antibacterial, cytotoxic, or antioxidant) 
production of sclerotium [15].

Furthermore, extracts of all parts of D. metel in various solvents (hexane, chloro-
form, acetone, and methanol) showed antifungal activity against three Aspergillus 
species: A. fumigatus, A. niger, and A. flavus, with the chloroform fraction having the 
lowest inhibitory concentration (MIC) of 625.0 g/mL [45].

The growth inhibition of five fungal species: A. flavus, A. niger, Alternaria solani, 
Fusarium solani, and Helianthus sporium used to assess the antifungal efficacy of 
methanol extracts from the leaves, seeds, stems, and roots of D. inoxia [46].

The antifungal activity of D. stramonium extracts on Candida albicans was stronger 
in aqueous extracts (74 percent), while methanol and chloroform extracts had good 
inhibitory activities (69 percent and 65 percent, respectively) [47].

3.2.5 Antibacterial activity

D. stramonium leaf and fruit extracts with different polarity solvents were tested 
against five pathogenic bacteria, with the extracted methanol and chloroform frac-
tions from both leaves and fruits showing growth suppression of all tested microor-
ganisms at various doses. All isolated fractions from the fruits efficiently inhibited the 
growth of Pseudomonas aeruginosa and Klebsiella pneumonia. The chloroform extract 
of leaves showed the greatest growth inhibition (77%) against K. pneumonia [47].

Using the paper disk diffusion method and ampicillin as a positive control, anti-
biotic activity of methanolic extracts (80%) of Datura inoxia against Bacillus subtilis, 
Staphylococcus aureus, and Escherichia coli was determined. Except for E. coli (2.5 g/
mL), the results showed action against all bacteria at the greatest concentration of the 
extracts [48].

In the paper disk diffusion method, however, methanolic, ethanolic, and aqueous 
extracts of D. stramonium showed antibacterial activity against gram-positive and 
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gram-negative bacteria. With a minimum inhibitory concentration of 25% w/v, etha-
nolic extract of leaves inhibited the growth of bacteria in P. aeruginosa, K. pneumoniae, 
and E. coli [49]. At 2.5, 1.25, and 0.75 mg/mL, the methanolic leaf extract showed 
antibacterial activity against gram-positive bacteria such as Staphylococcus haemolyti-
cus, S. aureus, Shigella dysenteriae, and Bacillus cereus, as well as gram-negative bacteria 
such as P. aeruginosa, K. pneumoniae, and E. coli [13].

3.2.6 Antioxidant activity

Aqueous extracts of D. metel stems, roots, and leaves had antioxidant activity 
ranging from 23.8 to 49.3% [50]. D. stramonium methanolic extract had IC50 values 
of 35.3, 10.5, and 49.36 g/mL for radical DPPH, superoxide, and radical cation ABTS, 
respectively [51]. In comparison with D. metel, the antioxidant capacity and con-
centration of phenolic compounds and flavonoids, as well as the higher antioxidant 
capacity (221.25 1.06 mg EPA/g), were tested in D. innoxia, which had significantly 
higher values in all assays [52]. The presence of the maximum number of phenolic 
components, including flavonoids and tannins, in D. metel leaf methanol extract 
exhibited the highest antioxidant capacity in a DPPH purification test against other 
solvents and plant parts [53].

3.2.7 Hypoglycemic activity

The hypoglycemic action of D. metel seeds was investigated by adding pulver-
ized seeds to the food of rats with induced diabetes, which resulted in a considerable 
decrease in blood glucose levels after 8 hours [54]. Although a hydromethanolic 
extract of D. stramonium root was tested in diabetic mice and found to have no 
substantial hypoglycemic effect, the extract considerably lowered blood glucose levels 
in diabetic by orally loaded mice at relatively large doses (100, 200, and 400 mg/kg) 
[55]. The antihyperglycemic effects of D. inoxia methanolic leaf extract were seen in 
-glucosidase, −amylase, lipase, and urease [56].

3.2.8 Cytotoxic activity

The ethyl acetate portion of the ethanolic extract of D. metel flowers was tested 
against cancer cell lines and found to be cytotoxic against the A549 (tongue), BGC-823 
(gastric), and K562 (leukemia) cell lines [57]. Similarly, methanolic extracts of Datura 
stramonium seed were found to be cytotoxic to MCF7 (breast cancer) cells, with a 
cytotoxicity of 66.84 percent at 599 μg/mL [51]. These findings were similar to those 
reported by Gupta et al. [58], who investigated the cytotoxic effects of methanolic 
extracts of D. stramonium leaves on A549 and MCF7 cells, finding considerable immune 
stimulation [59]. The methanolic leaf extract of D. innoxia revealed a possible cytotoxic 
impact on MCF-7 human breast cancer cell lines, with an IC50 of 93.73 g/mL [59].

Rhinoxia B, a phytosterol isolated from D. inoxia leaf extracts, was found to have 
antiproliferative activity against human colon adenocarcinoma cells, HCT 15, with an 
IC50 of 4 M [58].

3.2.9 Other activities

Datura has anticholinergic (mydriatic, antispasmodic), anesthetic, analgesic, 
sedative-hypnotic, anti-parkinsonian, and aphrodisiac qualities due to the presence of 
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tropane alkaloids. Tropane alkaloids’ actions are linked to a competitive antagonist of 
muscarinic receptors. Some tropane alkaloids and derivatives, on the other hand, have 
exhibited differing affinities to the nicotinic acetylcholine receptor, albeit to a lesser 
amount, and are in some cases partial agonists [60]. Tropane alkaloids’ nervous system 
effects are also linked to the action of monoaminergic neurotransmitters, as tropane 
alkaloids exhibit varying degrees of affinity for monoaminergic transporters [61].

4. Discussion

4.1 Jimson plant in Ethiopia

Ethiopia is primarily found in the tropical and subtropical regions of the world. 
As a result, the climatic conditions are favorable for the growth of the Jimson plant, 
and around 35–45 percent of Ethiopia’s climate is suited for the Jimson plantation. In 
Ethiopia, Jimson plant has been seen in a number of locations. Oromia, Gambella, 
Somalia, Southern Nations, Nationalities and Peoples, Sidama, and Amhara [28] are 
just a few of the locations where it can be found.

4.1.1 Biopesticide based on atropine

In 1850, a Belgian chemist named Jean Servial Stas was the first to successfully 
isolate an alkaloid poison, extracting nicotine from the tissues of the murdered 
Gustave Fougnie with a mixture of acetic acid and ethyl alcohol. To keep pests away 
from plants and crops, Jimson seed is used as a pesticide. This method is effective 
against insecticide-resistant pests while causing no harm to beneficial insects. Jimson 
oil and seed extracts, which are used to make pesticides, are known to have germicidal 
and antibacterial capabilities, making them useful for protecting plants from various 
pests. One of the most significant differences between Jimson-based insecticides and 
their synthetic counterparts is that they do not leave any residue on the plants. Jimson 
insecticides are frequently employed in agriculture because they serve an important 
role in pest management. There has been a noticeable movement worldwide from 
synthetic pesticides to non-synthetic pesticides, owing to widespread understanding 
of the synthetic pesticides’ adverse effects not just on plants and soil, as well as other 
living organisms.

Because atropine has multiple modes of action, insect species are unlikely to 
develop resistance to it based on just one. Most synthetic pesticides, on the other 
hand, target the insect’s nervous system, and resistance to one chemical leads to 
resistance to all others that use the same response pathway. Atropine has long been 
thought to be an environmentally beneficial insect pest management strategy for 
plant protection.

4.1.2 The effect of atropine on pest growth regulation

The ability of Jimson products to control insect proliferation is a fascinating 
feature. The insect larva feeds and sheds its old skin as it grows. Ecdysis, or molting, 
is the process of shedding old skin and is controlled by an enzyme called ecdysones. 
The action of ecdysones is reduced when Jimson components, particularly atropine, 
enter the body of the larva, causing the larva to fail to molt, remain in the larval stage, 
and eventually perish. The larva will only perish after entering the pupal stage if the 
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atropine concentration is not high enough. If the concentration is any lower, the adult 
that emerges from the pupa will be completely deformed and sterile [62].

4.1.3 Feeding prevention’s atropine effect

An insect larva will seek to feed on a leaf if it is sitting on it. The maxillary glands 
are responsible for this particular eating trigger. As a result, peristalsis in the alimen-
tary canal is accelerated, and the larva becomes hungry and begins feeding on the 
leaf ’s surface. Because atropine antagonizes the muscarine-like activities of acetylcho-
line and other choline esters, if the leaf is treated with a Jimson product, it will act as 
an antimuscarinic agent. The insect does not feed on the atropine-treated surface as a 
result of this perception. Its swallowing ability is also impaired [63].

4.1.4 Atropine has an anti-oviposition action

Another way atropine keeps pests at bay is by stopping females from laying eggs. 
When seeds in storage are covered with atropine or crude Jimson oil, this ability is 
known as oviposition prevention, and it comes in useful. The insects will no longer 
feed on them after this treatment. Further damage to the grains will be prevented, 
and the female will be unable to lay eggs throughout her life cycle’s egg-laying period.

4.2 Anticholinergic poisoning from Jimson weed

4.2.1 Poisoning symptoms and signs

Symptoms begin to appear shortly after consumption [64]. The dryness of the 
mouth is the initial symptom, followed by a strong need to drink. The pupils then dilate, 
resulting in hazy vision. The skin appears flushed and heated. The face, neck, and chest 
may be affected by an atropine rash, which is more common in youngsters. Swallowing, 
talking, and peeing may be challenging for the patient. Tachycardia and palpations 
become more noticeable. Fever is common in children and can reach dangerously at high 
levels. Various behavioral and mental symptoms are reported depending on the amount 
of stramonium consumed. The patient is anxious, restless, and bewildered. His exuber-
ance and hyperactivity may make him prone to muscle weakness and incoordination. 
Memory and orientation are disrupted, visual hallucinations are widespread, and mania 
and delirium are possible side effects. Coma and convulsions have been seen at larger 
doses, and cardiac and respiratory collapse can lead to death [64]. The psychosis usually 
passes in 12 hours, whereas the clinical abnormalities pass in 24 to 26 hours. The condi-
tion, on the other hand, can last up to 48 hours [64].

4.2.2 Diagnosis

A positive history of Jimson marijuana consumption is unquestionably beneficial 
in determining the diagnosis. In the absence of such information, the diagnosis 
is based on the recognition of paralysis of organs innervated by parasympathetic 
nerves, as well as strange mental symptoms. Intoxication with stramine must be 
distinguished from intoxication with lysergic acid diethylamide (LSD) and schizo-
phrenia. Dilated pupils, tachycardia, and fever are all physical manifestations of 
Jimson marijuana and LSD [32]. However, the latter does not usually have a dry 
mouth or a flushed appearance. Goose pimples also emerge with LSD toxicity due to 



Medicinal Plants

384

the sympathomimetic action. Another historically reported diagnostic method is to 
identify atropine in the patient’s urine by placing a drop of urine in the eye of a cat 
and observing pupillary dilatation [32].

4.2.3 Treatment

Even if it has been several hours following intake, induced emesis is indicated. If 
the patient refuses to cooperate, an Ewald tube should be used to perform a stomach 
lavage to remove any leftover Jimson weed contents. The belladonna alkaloids cause 
decreased gastrointestinal motility and can stay in the stomach for long periods of 
time, despite their normally quick absorption. To bind unabsorbed material, roughly 
5 mg of activated charcoal should be given via the tube once the gastric lavage has 
become clear. The patient is subsequently administered a cathartic, such as magne-
sium sulfate, to increase intestinal transit time and decrease absorption. To keep the 
agitated patient from hurting himself or others, physical restraints may be required. 
The stimulation will be kept to a minimum in a quiet, gloomy atmosphere.

Any fever should be treated with the appropriate antipyretics. When toxicity 
is present, hospitalization is recommended. Physostigmine inhibits the enzyme 
acetylcholinesterase as an anticholinesterase drug, allowing acetylcholine to accu-
mulate at the neuroreceptor site. Physostigmine crosses into the CNS and reverses 
hallucinations and mental symptoms because of its tertiary amine structure [65]. If 
the diagnosis is correct, both central and peripheral effects should be reversed within 
minutes of injection if the diagnosis is correct. Neostigmine and pyridostigmine 
bromides are also anticholinesterase drugs, but they do not penetrate the CNS since 
they are quaternary amines.

4.3 Pharmacological activities (medicinal significance of Datura stramonium)

The World Health Organization estimates that four billion people, or about 80% of 
the world’s population, already use herbal medicine for some component of primary 
health care. Plants produce a large number of secondary metabolites, which are a 
major source of many pharmacological medications [66]. D. stramonium is an effec-
tive cure for a variety of human illnesses, including ulcers, wounds, inflammation, 
rheumatism and gout, sciatica, bruising and swellings, fever, asthma, bronchitis, and 
toothache, according to Ayurvedic medicine. D. stramonium is used in a variety of folk 
medicine therapies [67]. Seeds with palm oil were used externally for insect bites and 
stings, and the juice of the leaves in heated milk was used to expel intestinal worms, 
especially cestodes When Datura stramonium leaves are combined with mustard oil, 
they can be used to treat skin problems. The juice of flower petals is used to treat 
earaches, and the seeds are used to treat coughs, fevers, and asthma. Seeds are smoked 
because of their narcotic properties [68]. Datura leaves, coupled with Cannabis sativa 
leaves and Neopicrorhizascrofulariflora stems, are mashed with water and applied to 
alleviate headaches in Western Nepal. Datura seeds are pulverized with rice grains and 
consumed orally for indigestion treatment. Fresh leaves are warmed and frequently 
placed on an injured body part before retiring to bed in portions of Central Nepal for 
the purported analgesic effect. Seeds are used as a tonic and febrifuge in India. Native 
Americans have utilized Datura seeds as a euphoric stimulant for many years when 
the leaves of Datura stramonium are mixed with mustard oil. It has been utilized as a 
medicinal agent in the United Kingdom since the 1800s [69].
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4.3.1 Anticancer properties

At a therapeutic dose of 0.05 to 0.1 g, D. stramonium was found to have anticancer 
properties against human epidermal carcinoma of the nasopharynx. However, while 
utilizing Datura as an anticancer treatment, caution should be exercised because seri-
ous anticholinergic effects can develop [70].

4.3.2 Women’s infertility

Datura flowers are an effective treatment for female infertility. The dried powder 
of Datura flowers is administered with honey 10 days after menstruation in a dosage 
of 120 mg. It is administered over a period of 5 to 7 days. This treatment is successful 
in cases of infertility caused by unknown factors [71].

4.3.3 Poisoning with organophosphates

Datura stramonium, which contains atropine and other anticholinergic chemicals, 
is an effective treatment for OP’s central cholinergic symptoms. Following a severe 
organophosphate poisoning, Bania et al. [72] observed that DS seed extracts were 
beneficial. DS seeds were boiled in water to generate a 2 mg/mL atropine solution, 
which was then given to male rats as a single intraperitoneal injection 5 minutes 
before the subcutaneous administration of 25 mg/kg dichlorvos. In a rat model of 
severe organophosphate poisoning, pretreatment with Datura seed extract greatly 
enhanced survival.

4.3.4 Anti-asthmatic effects

D. stramonium includes a number of alkaloids with anticholinergic and broncho-
dilating properties, including atropine and scopolamine. Atropine and scopolamine 
expand bronchial smooth muscle and alleviate asthmatic episodes by inhibiting 
muscarinic receptors (especially the M2 receptors) on airway smooth muscle and 
submucosal gland cells. According to Charpin et al. [73], cigarette is an efficient 
bronchodilator in asthmatic patients with minor airway blockage when D. stramonium 
is used as an antiasthmatic.

When a mother uses D. stramonium for asthma, the fetus is exposed to it, which 
causes a continuous release of acetylcholine and desensitization of nicotinic recep-
tors, which can lead to lasting damage to the fetus [74].

4.3.5 Analgesic effects

The hot plate and formalin tests were used to assess the analgesic impact of alco-
holic Datura seed in acute and chronic pain. When the extracts were given intraperi-
toneally to the rats, they relieved pain in a dose-dependent manner, with ED50s of 25 
and 50 mg/kg in hot plate and formalin tests, respectively [75].

4.3.6 Antiepileptic activity

Rats were continuously administered one of three herbal treatments, S. lateriflora, 
G. sempervirens, and D. stramonium, through water supply for 30 days, 1 week after 
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status epilepticus was induced by a single injection of lithium (3 mEq/kg) and pilo-
carpine (30 g/kg), according to Peredery and Persinger [76]. During the treatment 
period and an additional 30 days when just tap water was administered, the number 
of spontaneous seizures per day was recorded for each rat during a 15-minute observa-
tion time. During therapy, rats given a dilute solution of the three herbal fluid extracts 
had no seizures. When the therapy was discontinued, the rats experienced a similar 
number of spontaneous seizures as the controls.

4.3.7 Antimicrobial effect

The bactericidal activity of methanol extracts of the aerial portion of DS against 
gram-positive bacteria was dosage dependent [48]. Sharma et al. [77] claimed that 
DS was highly efficient as a vibriocidal against Vibreo cholerae and Vibreo para-
haemolyticus strains. The MIC value of acetone extracts of DS was in the range of 
2.5–15 mg/mL, making them effective as broad spectrum vibriocidal agents.

4.3.8 Antifungal effect

The fungicidal properties of acetone extracts reveal the potential of D. stramo-
nium seeds as a natural source of antifungal agent, according to Mdee et al. [78]. DS 
extracts have MICs ranging from 1.25 to 2.50 mg/mL.

4.3.9 Insecticidal effect

The odor of the Datura plant functions as a repellant for a variety of insects and 
pests. Under laboratory conditions, Kurnal et al. [79] found that ethanol extracts of 
D. stramonium leaf and seed have substantial acaricidal, repellant, and oviposition 
deterrent effect against adult two-spotted spider mites (Tetranychusurticae). After 
48 hours, leaf and seed extracts at concentrations of 167.25 and 145.75 g/L (applied 
using a Petri leaf disc-spray tower method) killed 98 percent and 25 percent of spider 
mite adults, respectively. These findings imply that D. stramonium may be useful in 
the treatment of two-spotted spider mites.

4.3.10 Dosage

D. stramonium is generally administrated at a dose of 60–185 mg powder for leaf 
and 60–120 mg powder for seed [80].

5. Conclusion

Datura species are among the oldest plants used in traditional medicine, accord-
ing to legend. Because of its psychoactive properties, it has been a source of major 
cultural traditions. The impacts of Jimson plants have been examined in numerous 
general biological activities, such as pesticide, fungicide, and antibacterial, among 
others, based on this cultural knowledge. Plants are utilized for a variety of purposes, 
including food, shelter, fiber, tan, gum, oil, and latex. They are high in minerals, 
antioxidants, vitamins, carbs, and proteins, and as a result, they have an immu-
nomodulatory effect. Datura stramonium is a wild plant with a variety of medical 
and pharmacological qualities that have been used to treat cancer, rheumatism, ear 
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discomfort, headaches, wounds, burns, stress, depression, insomnia, asthma, boils, 
and inflammation, according to this review. Pharmaceutical firms make Datura 
stramonium as herbal or botanical medications for a variety of ailments; however, 
it is not utilized in its native form due to its fatal effect. Furthermore, research into 
plant components has led to research into more critical biological activities such 
as cancer cell cytotoxicity. The relevance of studying secondary metabolites of the 
genus Datura has resulted in significant biological discoveries. However, new research 
continues to uncover new metabolites with potential biological activity in a variety of 
systems, establishing the genus as a valuable source of chemicals with novel pharma-
ceutical applications. This ability of Jimson products to control insect proliferation is 
a fascinating feature. The insect larva feeds and sheds its old skin as it grows. Overall, 
besides its medicinal value, Jimson weed can applicable for biopesticide application 
and for post-harvest loss control such as weevil.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 18

Rose Hip as a Nutraceutical
Ditte Christina Lustrup and Kaj Winther

Abstract

From ancient times, rose hip has been used as food source and as part of herbal  
remedies. Modern research has confirmed that rose hip, especially when containing seeds 
and shells, reduces pain and improves daily activity in animal models and in patients with 
osteoarthritis. The effect size on pain is comparable to that observed with nonsteroidal 
anti-inflammatory agents and superior to that obtained with paracetamol. For example, 
treatment with a subspecies of Rosa canina (Lito) resulted in 50% reduction in intake 
of pain killers. There are also strong indications that conditions such as rheumatoid 
arthritis, aging skin, and wrinkles benefit from treatment with rose hip. Cardiovascular 
diseases, especially where hyperlipidemia plays a major role, can be treated with rose hip, 
since a modest reduction of blood cholesterol levels as well as kidney and liver protec-
tion has been reported with the treatment. Variation in efficacy and amount of active 
ingredients in the different species, as well as with different ways of production, should 
be recognized. Rose hip can be collected from nature. It takes 5–7 Rosa canina berries to 
produce the daily dose of 5 gram of mixed shell-seed powder.

Keywords: Rosa canina, rose hip, seeds, shells, anti-inflammatory, antioxidant, 
vitamin C, collagen

1. Introduction

Rose hip is the pseudo-fruit of the wild rose (genus Rosa L.), the ancestor of the 
cultivated rose that is one of the most important flowers of the floricultural industry 
[1]. The genus Rosa includes over 100 different species that are found in many parts 
of the world, including North and South America, Europe, Asia, the Middle East 
[2], as well as in some parts of Africa [3, 4]. While most species originate from Asia, 
some are native to Europe, northwest Africa, and North America [5]. Wild roses are 
widespread in nature and are generally hardy plants capable of growing in many 
different environments. Some species flourish close to the sea, growing in sandy soil, 
while others are more common in the lowlands, inland, or in mountain regions [2, 6]. 
Their fruits can be harvested from late summer to early spring, depending on the 
specific type, climate, geographical location, and weather. The appearance, size, and 
taste of rose hips vary from species to species. While some are small such as medium-
sized blueberries, others such as the fruits of Rosa rugosa can be as big as a large-sized 
strawberry, weighing up to 30 grams [author’s own experience]. Often, the fruits are 
orange red in color. However, there are also yellow-green varieties, such as the fruits 
from Rosa roxburghii, or dark purple to almost black fruits from Rosa pimpinellifolia. 
Shape-wise, they vary from oval to flat or round to regular round fruits (Figure 1).
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2. Rose hip in food and folk medicine

Throughout history, the fruits of the wild roses have been gathered and  
consumed as food by many different cultures worldwide, especially in the colder 
regions [2, 3, 6–12]. For example, in North America, rose hips were an important 
food source during starvation in the winter, where many fruits and berries were no 
longer available. Specifically, the indigenous people of Canada consumed the raw 
fruits, as well as boiled them to make tea. Further up north in Alaska, the Inuits 
mixed rose hip fruits with water, seal oil, and a sweetener to make a pudding [7]. 
In Europe, many countries with a long history of using rose hips include Portugal, 
where rose hips were consumed raw as snacks [9]; Turkey, as tea [10]; Hungary, 
where people made rose hip wine or dried and ground the fruits and used them as 
substitute for wheat flour during famine [11]; Russia, where fresh rose hips were 

Figure 1. 
Rosa rugosa berries. One flower is seen in the right lower corner.
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added directly to pies, dessert fillings, compote, and brandy, or used roasted fruits of 
Rosa canina as substitutes for coffee [3]. Indeed, according to findings from old Swiss 
pile buildings, the rose hip fruits were gathered along with other wild foods and used 
in the younger stone age by people in Switzerland (3710–3677 BC) [8]. In China, 
some types of rose hips were important ingredients of fermented beverages [12].

Though modern agricultural and health practices have reduced the need for 
harvesting wild food in large parts of the world, rose hips still play a role in many food 
cultures. In several European countries, rose hips collected from natural sources are 
commonly consumed in the form of tea, jam, drinks, wine, and jelly [13]. In Sweden, 
“Nypon Soppa,” a traditional Swedish rose hip soup, has been popular for centuries, 
and in Poland, people use rose hips as filling in their traditional cake “paczki,” a 
doughnut cake with fruit jam filling. In Turkey, the fruits can be found in juice [14] 
and food products such as rose hip marmalade and syrup [2]. In Portugal, they are 
used as children’s snacks [9]. Rose hips are also some of the most gathered fruits in 
Russia, where they are consumed as tea and as ingredients in bread [3].

Besides their culinary use in food products, rose hips can be found as an ingre-
dient in different health supplements [15]. Rose hips from different Rosa species 
have been widely used in traditional folk medicine. The native Americans in North 
America used rose hips from Rosa pratincola for eye- and stomach problems [16], and 
in China, fruits from Rosa roxburghii have been eaten for their detoxifying and heat-
clearing effects [12]. In Europe, the fruits from R. canina and other species have been 
commonly consumed to strengthen the immune system and thereby prevent or treat 
the common cold, flu, and minor infectious disease [10, 17]. In Turkey, a rose hip 
decoction was used as remedy against diabetes [18] and bronchitis [19], while dried 
rose hips are used in the treatment of diseases in the liver, bladder, and kidneys in 
Poland [6]. In Romania and Italy, people have used the fruits from R. canina against 
diarrhea [20], and in Spain, the fruits have been consumed as an astringent and 
antianemic [21]. In the Middle East, rose hips have been utilized as diuretic [10, 17] 
and as a remedy against high blood pressure and kidney stones [17]. Apart from the 
abovementioned applications, rose hips have also been consumed to treat constipa-
tion [10]; chronic pain and ulcers [6]; fever and bloody cough [17]; menstrual pain 
and discomfort [10, 17]; dyspnea [22]; as well as for several anti-inflammatory 
diseases [23], including rheumatism [22].

Currently, standardized and cultivated rose hips form the basis of an herbal rem-
edy, which consists mainly of powdered dried fruits from Rosa canina that is widely 
sold and consumed to reduce pain associated with arthritis [6]. Rose hips are also used 
in cosmetics [15] and skin care products. Although this chapter focuses on the fruits 
of the Rosa species, it is worth mentioning here that other parts of the plants such as 
the roots, petals, and flowers have also been used in traditional medicine [17].

3. The biology of the Rosa species

The best characterized species of the Rosa genus are Rosa canina L. and 
Rosa rugosa Thunb. Whereas the fruits from R. canina have been mostly used 
in traditional medicine, the R. rugosa variety is better known for its larger and 
well-tasting rose hips. Both species are currently used in the production of food 
products [15, 24], and in some countries, including Denmark, they are grown on 
an industrial scale [25].
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3.1 Rosa rugosa Thunb

Rosa rugosa is a small shrub forming dense thickets. It has large white or pink flowers 
(8–10 cm across) and yields slightly flat round orange fruits, which are some of the 
largest among rose hips [25]. R. Rugosa is also known as Rugosa rose or Japanese rose 
[6], Beach rose, or Wrinkled rose, deriving the latter name from its distinctive wrin-
kled leaves. The species originated in Asia, where roots have been used in traditional 
medicine for many years [24]. It was first introduced to Europe in 1796 as an orna-
mental plant [26]. However, after 1845, it became a garden escape in many areas, such 
that it can now be found growing wild in 16 countries including Denmark, Norway, 
Sweden, Belgium, Austria, the European part of Russia, Germany, and Poland [26].  
R. rugosa hips can be harvested from late July to early December.

R. rugosa is a strong and hardy plant, capable of living under harsh conditions, 
including along coastal areas. It easily out-matches other species and its dense shrubs 
can rapidly spread over larger areas, with the exclusion of many local species. For 
this reason, R. rugosa is considered an invasive species in many European countries. 
In Denmark, the plant is currently being removed in some areas by the local environ-
mental agencies. However, as indicated by Skrypnik et al, it might be worth consider-
ing the rich nutritional content and potential health benefits of this species when 
discussing whether it should be removed from the environment or not [27].

3.2 Rosa canina L.

Rosa canina, also known as the dog rose or dog brier, is a large shrub capable of 
growing up to 2.7 meter (9 feet) in height [28]. R. canina has been used as a medicinal 
plant since ancient times, where it was first described by Pliny the Elder (23–79 BC), 
who observed it being used as an antidote against dog bites among French tribes. 
Hence its name, Rosa canina [23]. R. canina is native to Asia and to Europe where it 
is the most common of the Rosa species [28, 29]. It also grows in the wild in North 

Figure 2. 
Ripe berries from Rosa canina L just after harvesting.
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America [29], Africa, Australia, and New Zealand, where it has been naturalized [28]. 
In addition to growing inland, the species can be found in mountain regions [22]. In 
contrast to R. rugosa, the fruits from R. canina are significantly smaller, deeper red in 
color, and oval-shaped. For more information about the biology of R. canina, see the 
review by Winther et al. (Figure 2) [23].

The flowers of R. canina start blooming from early summer until the end of 
the season. As such, rose hips from R. canina can be harvested from fall until early 
March, which is quite exceptional considering that most other fruits and berries 
are not available during the winter. Refer Figure 3 for R. canina rose hips still on 
rose bushes in the winter. This could explain why the fruits are so appreciated in the 
colder northern regions of the earth.

4. Nutritional content of rose hips

Rose hips are known to contain high amounts of nutrients and bioactive substances 
that positively impact health. The fruits are particularly rich in vitamins, especially vita-
min C, A, and E, as well as carotenoids (including beta-carotene and lycopene), essential 

Figure 3. 
Rosa canina L in snow. Most berries and fruits from other bushes and trees have fallen during this period and are 
rotting long before Christmas. In February you can still find intact rose hips. Something must preserve them.
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fatty acids [30], polyphenols (including flavonoids, proanthocyanidins, catechins), 
triterpene acid, galactolipid [27], and antioxidants. They also have a noticeable content 
of dietary fiber compared with other fruits [31]. Regarding the content of bioactive 
compounds in rose hip seeds, refer the review by Winther et al. [23].

The content of nutrients and bioactive compounds can vary significantly depend-
ing on the species [2], ripening state, and environmental factors such as location and 
growth conditions [27]. Therefore, all rose hips are not equal in terms of their nutri-
tional and bioactive contents. In this chapter, the focus will be on the fruits from R. 
canina and R. rugosa, with emphasis on some of the substances that these two species 
are particularly rich in, such as, vitamin C, specific carotenoids, and antioxidants.

4.1 Vitamin C

Rose hips are some of the richest sources of vitamin C among fruits and veg-
etables. The water-soluble vitamin is a vital micronutrient, and longer periods of 
deficiency results in scurvy, a deadly disease that earlier cost the lives of millions of 
people around the world [32]. The amount of vitamin C needed to prevent scurvy is 
small (10 mg/day) [33], and the disease is rare in today’s societies. However, during 
times of food crisis or war, when most of the cultivated fruits and vegetables are 
scarce, access to vitamin-C-rich food, such as rose hips, could play an important role 
in the prevention of scurvy. For example, during World War II, this was the case in 
the United Kingdom, where blockages on the sea traffic made it difficult to import 
citrus fruits from the warmer colonies, rose hips became the country’s main sources 
of vitamin C. For this reason, the British government encouraged people to gather and 
consume rose hips growing in the wild, to avoid an outbreak of scurvy [34].

In the human body, vitamin C influences many different physiological func-
tions, acting as an important antioxidant and a cofactor in the biosynthesis of 
neurotransmitters, carnitine, and collagen [35]. The vitamin is also essential to the 
immune system, where it is found in high concentrations in the leukocytes, the 
body’s immune cells. When these cells are activated by ongoing infections, the local 
quantity of vitamin C raises many folds. In neutrophils, vitamin C is thought to act 
as an antioxidant, protecting the immune cells from self-destruction by the reactive 
oxygen species (ROS) they produce in their fight against foreign pathogens, such as 
viruses or bacteria [33]. Furthermore, a clinical trial showed that supplementation 
with dietary vitamin C, given in the form of kiwi fruits, could enhance the function 
of the neutrophils, by stimulating their movement toward the site of infection [36]. 
In line with this finding, another study indicated that when patients with impaired 
immune systems, who were experiencing recurring infections, were given adequate 
amounts of vitamin C in their diet, their infections ceased [37]. Vitamin C also 
impacts other aspects of our health such as our cognitive functions [38], mood and 
energy, and common symptoms of low vitamin C intake includes irritability, fatigue, 
and decreased antioxidant capacity [35].

The daily recommendation for vitamin C varies greatly from country to country, 
with 40 mg/day in India and the United Kingdom, to 110 mg/day in Germany and 
France [39]. However, some authors argue that the body needs 200 mg/day to sustain 
good health [33, 40]. The vitamin C content in rose hips differs among Rosa species 
(Table 1) [48]. Furthermore, the vitamin content varies also with other factors such as 
growth location [27, 41] and the ripening state of the fruits [27, 30]. Generally, fruits 
from R. rugosa generally contain high amounts of vitamin C, from 600–1090 mg/100 g 
dried fruits [25, 31, 42, 43]. In R. canina the vitamin content varies significantly, from 



401

Rose Hip as a Nutraceutical
DOI: http://dx.doi.org/10.5772/intechopen.105392

274 to 2700 mg/100 g [41, 44, 45]. By contrast, in the few studies, where the content of 
vitamin C was compared in both strains, R. canina was found to contain significantly 
lower levels of the vitamin, as compared with the levels in R. rugosa [6, 27, 30].

4.2 Carotenoids

Rose hips from R. rugosa and R. canina are rich in carotenoids, including beta-
carotene and lycopene—plant color pigments that give fruits and vegetables their 
characteristic orange and red color [15]. Both carotenoids have well-known antioxi-
dant effects [35], with lycopene being the most potent antioxidant among carotenoids 
[49]. Moreover, beta-carotene is a precursor for the biosynthesis of vitamin A, a fat-
soluble antioxidant that is vital for our sight and skin. The vitamin is also essential for 
the immune system, such that one of the signs of vitamin A deficiency is an impaired 
resistance to infections [35]. While beta-carotene is the most abundant carotenoid 
in fruits and vegetables, lycopene-rich foods are fewer in number [50, 51]. Lycopene 
has recently gained a lot of attention in the field of health science, and a growing 
number of studies have linked the intake of this carotenoid with a decreased risk of 
cardiovascular disease [49, 52]. A meta-analysis from 2017 supports this indication 
of carotenoids by concluding that an increased intake of lycopene-rich food, includ-
ing tomato products, could have a positive effect on blood pressure and endothelial 
function [53].

The content of beta-carotene and lycopene varies significantly in rose hips from 
both R. canina and R. rugosa. The fruits from R. rugosa have been shown to contain circa 
11,4 mg/100 g of total beta-carotene [31], which is one of the highest contents among 
fruits and vegetables, ranking higher than carrots (9,7 mg/100 g). The beta-carotene 

Food Vitamin C in mg/100 g

Kakadu-plum, raw 2300–3150

Rose hip, Canina, raw 274–2700

Acerola, raw 1677

Rose hip, Rugosa, raw 600–1090

Blackberries, raw 181

Red pepper, raw 179

Kale, raw 169

Sea buckthorn, raw 131

Lemon peel 129

Broccoli, raw/boiled 111/40

Strawberry, raw 67

Kiwi, raw 63

Orange, raw 54

Lemon, raw 49

Potato, raw/boiled 26/8

Sources: [31, 41–47].

Table 1. 
Vitamin C content in selected berries, fruits and vegetables.
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content in R. canina fruits varied in one study from 1,2 to 2,9 mg/100 g (measured as 
(all-E)-beta-carotene) [54], which is significantly lower. However, in a comparative 
study with both species, the amount of beta-carotene (measured as (all E)-beta-
carotene) was higher in R. canina fruits; 4.2 mg/100 g, compared with R. rugosa fruits; 
3.2 mg/100 g [15].

It should also be noted that in the comparative study with both R. rugosa and  
R. canina, their content of (all-E)-lycopene ranged from 7.4 to 7.9 mg/100 g [15], 
which is higher than other well-known lycopene rich foods such as tomatoes (0.7–
4.2 mg/100 g), pink guava (5.2–5.5 mg/100 g), and like that in watermelon (2.3–
7.2 mg/100 g) [51]. In another study, fruits from R. canina had a significantly higher 
content of (all-E)-lycopene and total lycopene, ranging from 9 to 22.9 mg/100 g and 
12.9–35 mg/100 g [54]. The amount of lycopene is known to vary significantly in 
fruits and vegetables. Factors that affect the content include ripeness of the fruits, 
quality of the soil, and weather temperature [51].

4.3 Antioxidants

Rose hips are an exceptional source of antioxidants. In a study where over 3100 
foods from around the world were tested, rose hip from R. canina was one of the foods 
with the highest antioxidant content among berries, fruits, and vegetables (Figure 4) 
[55]. In another study where rose hips from different species were compared, the fruits 
from R. rugosa had a slightly lower antioxidant content than fruits from R. canina [29].

Dietary antioxidants protect the cells and tissue against free radicals and radical 
oxygen species (ROS). ROS are a group of highly reactive chemicals containing oxy-
gen that are produced either exogenously or endogenously, during normal biological 
functions such as immune response, cell differentiation, growth, and proliferation. 
Overactivity of ROS has been associated with a wide variety of human disorders, such 
as chronic inflammation, age-related diseases, and cancers.

Figure 4. 
Antioxidant content of different foods and drinks (mmol/100 g). The content of antioxidants is measured by the 
FRAP-method. Sources: [55, 56].
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An example of this is seen in the bloodstream where vitamin C, along with other anti-
oxidants, protects LDL-cholesterol, thus preventing the fatty acid molecule from getting 
stuck the arteries, in an event that can ultimately lead to arteriosclerosis [57]. ROS are 
constantly produced in the body, creating a demand for a steady supply of antioxidants 
from the diet to keep the reactive species in check. An imbalance of ROS and antioxi-
dants, which results in an excess of the ROS, can lead to oxidative stress, a condition akin 
to overactivity of ROS [35] and therefore, any of the human disorders [49]. Some of the 
main antioxidants found in rose hips from the two species include vitamin C, E, and A, 
beta-carotene, lycopene, and flavonoids. Figure 4 shows the antioxidant content in R. 
canina fruits and other selected foods measured by the FRAP-method (Ferric Reducing 
Ability of Plasma), one of several ways of measuring the antioxidant content in foods.

5. Rose hip as a medicinal plant

As mentioned previously, rose hips are used worldwide as folk medicine and 
sometimes also as food. In this section, the focus is on the medicinal properties of the 
fruits. Prescription medicine that is purchased from a drug store often has documented 
dose dependency, indicating that the more you take of the remedy, the more impact 
there will be on the body. An interesting question is—can such dose dependency be 
shown for an herbal remedy like rose hip? It should also be stated that whatever is 
indicated for rose hip as regards the effect on different diseases, is only relevant for 
the subspecies being considered or tested, as such effects may not be relevant for other 
rose hip subspecies. Furthermore, the active ingredients in the shells of the rose hips 
are very different from that within the seeds (Figure 5) [23]. A product consisting of 
shells alone can therefore have very different content regarding the amount of differ-
ent active ingredients when compared with a product consisting of seeds alone or the 
combination seeds and shells—not to speak about preparations made from the leaves 
or roots of rose hip [23]. The content of active ingredients, besides what is related to 
differences within species and subspecies [15, 58], is also dependent of where the plant 
is grown—on the soil, number of hours with sun and altitude [41] as earlier stated.

The best method for demonstrating the medicinal properties of drugs is the 
randomized, double-blinded, placebo-controlled study. Unfortunately, established 
pharmaceutical companies are rarely interested in herbal remedies. Therefore, much 
of the research on the different species of rose hip has been performed only in animal 
models or in in vitro systems. Due to the huge variations in rose hip species and sub-
species, as regards their content of active ingredients, the version of rose hip species/
subspecies tested and sometimes also the manufacturing process will be stated. So far, 
the temperature at which the rose hips are dried during the manufacturing process 
of the herbs has been found to be very important [23]. This insight was first made by 
a Danish farmer, Erik Hansen, who recognized that he often lost his farm animals 
(e.g., cattle or horses), when their body temperature went above 42°C for a few hours. 
Upon coupling this observation with the knowledge that some of his friends also 
died when their body temperature went beyond 42°C even for short periods, Erik 
Hansen postulated that likewise, maintaining the rose hips to temperatures above 
40°C for hours during the drying process would also be detrimental for the bioactive 
components in the fruits that have beneficial health effects. Hence, he invented and 
standardized a new method for storing rose hip for the winter season. In this process, 
the rose hips are never heated to more than 40°C. Moreover, the seeds and shells are 
separated and dried separately before milling, resulting in a rose hip powder, which 
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still contains all that was in the fruit on the day of harvest, except for the well-known 
itching hairs, which are removed. Eating the powder containing seeds and shells is 
therefore like eating a rose hip fruit picked from a bush. Refer Figure 6 for the dried 
seeds and shells before and after the milling process. This methodology is in sharp 
contrast to rose hip products from Chile (a major exporter of rose hip worldwide), 
where the seeds are often removed from the fruits, before drying them at high 
temperatures resulting in powders, which are more brownish in color [23]. Only very 
few rose hip preparations have been tested in well-designed clinical trials. But there 
are many different preparations available in the health stores. However, the content 
of active ingredients is very dependent on how the powder (if powder) was produced 
and if an extraction, then how was the extraction methodology, for that particular 
product. In addition, one should consider whether the preparations include shells or 
seeds only or a combination of seeds and shells.

5.1 Can administration of rose hips improve the immune system?

As previously indicated, there are numerous claims in folk medicine worldwide, 
that rose hip improves the functions of the human immune system. Not surprisingly 
therefore, the anti-inflammatory effects of Rosa canina, subspecies Lito, (referred 
to in some studies as Hyben Vital), which contains both seeds and shells dried at low 
temperatures, have been shown to have anti-inflammatory properties when tested 
in humans. It was also documented that the preparation contained a compound 
capable of inhibiting the chemotaxis of neutrophil leucocytes in vitro and in lower-
ing the levels of the anti-inflammatory marker, C-reactive protein (CRP), in human 
volunteers treated with rose hip at high doses for a month [59]. Likewise, in a study 
on volunteers with osteoarthritis and treated with the same rose hip powder at low 
dose (5 gram daily) for 3 months, CRP was significantly reduced when comparing the 

Figure 5. 
One rose hip fruit with seeds exposed.



405

Rose Hip as a Nutraceutical
DOI: http://dx.doi.org/10.5772/intechopen.105392

rose hip–treated group with placebo [60]. A significant reduction in the inflammatory 
marker—erythrocyte sedimentation rate (ESR) was also observed in the test group of 
a placebo-controlled study, where 5 gram of the same R. canina species was adminis-
tered to rheumatoid patients for 6 months [61]. It is interesting to note that in these 
two studies, administration of a preparation composed of only the shells of rose hip 
did not cause significant changes in CRP levels [62, 63].

Another interesting query was: will rose hip treatment influence the likelihood 
of catching a flu or the common cold during the winter season? This was investi-
gated in a clinical study, where rose hip shells (2 grams dispensed in liquid form) of 
the Lito subspecies or placebo were administered daily to 120 middleclass volun-
teers from the autumn season, for a total of 6 months. After 2 months of treatment, 
there was a statistically significant reduction in the number of volunteers catching 
a cold in the actively treated group when compared with placebo. In addition, the 
different symptoms related to colds were significantly reduced as the result of rose 
hip treatment. There was no statistically significant change in the likelihood of 
getting the flu. The levels of the inflammatory marker, CRP, were also not affected 
in this study [63].

It would be interesting if more studies were available on the effects of rose hip 
treatment on the immune system, especially as regards the studies involving rose 
hip preparations consisting of both seeds and shells. Preliminary results currently 
available suggest that the anti-inflammatory properties of rose hip formulations 
containing both seeds and shells may be stronger than preparations with shells alone. 
It is interesting to note that the number of colds was also influenced by elderberry, 
which has much in common with rose hip regarding bioactive ingredients [64].

5.2  Can rose hip treatment impact cardiovascular disease, hyperlipidemia,  
or glucose metabolism?

Hyperlipidemia and disturbances of glucose metabolism can predispose to cardio-
vascular disease, which is still a main killer worldwide [65]. A rose hip preparation 

Figure 6. 
Seeds and shells from rose hip dried at low temperature and then milled.
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based solely on powdered rose hip shells from Chile, administered for 6 weeks, at a 
daily dose of 40 gram in apple juice, citric acid, and sugar was tested in a randomized, 
placebo-controlled study.

In the actively treated group, there was a statistically significant 3.4% reduction 
in systolic blood pressure, while total cholesterol and LDL cholesterol fell by 4.9 
and 6.0%, respectively [66]. There was no change in glucose tolerance or markers of 
inflammation between the treatment and placebo groups. Testing a pure shell liquid 
product from subspecies Rosa canina Lito [60] in a far lower dose (2 gram daily) for 
6 months revealed a 4% drop in total cholesterol, when comparing groups. Blood 
pressure tended to decline because of active treatment. In accordance with these 
findings, a statistically significant reduction in total cholesterol of 8% and a statisti-
cally significant improvement in HDL cholesterol of 2% were observed in two other 
randomized placebo-controlled clinical trials, while testing a combined shell-seed 
rose hip powder, of the subspecies Lito, for 3 and 6 months, respectively [60, 67]. 
The dosage tested was 5 gram of dry rose hip powder daily. Rose hip powder (species 
and shell/seed content not defined) was shown to exert antiatherosclerotic effects by 
reducing atherosclerotic plaque formation in mice [68]. At present, there are no stud-
ies available focusing on plaque formation in humans. We were not able to find any 
indication of an impact on glucose metabolism from any subspecies of rose hip—not 
even when rose hip was tested in the high dose of 40 g of shells [66] or 40 grams of 
seeds daily (personal communication, Kaj Winther). For that reason, we assume that 
rose hip does not affect blood glucose levels.

In conclusion: It seems that rose hip can modify lipid metabolism. This can possibly 
be related to the shells as shell-only powders [62, 66] as well as combined shell/seed 
powders [60, 67] were able to improve the lipid profile. Such declines were not observed 
when testing a seed only product in high concentration (personal communication, Kaj 
Winther). Seeds from rose hip contain high amounts of polyunsaturated fatty acids, 
among them omega-3 and omega-6. Omega 3 and omega 6 acids [69] possibly sup-
ported by certain antioxidants may explain why rose hip powders containing also seeds 
[59–61] show more anti-inflammatory property than shells-only products [62, 63, 66]. 
It has not been possible to find any indications of an impact from any version of rose hip 
on glucose metabolism in humans although a few animal studies look promising.

5.3 Effect of rose hip on obesity

During the last decades, obesity rates have exploded among the young and the 
elderly, so that we have a worldwide epidemic. The mass movements of people from 
the rural areas into cities have caused great changes in lifestyles and diets. So many 
people now sit in front of their computers, as compared with carrying out physical 
work. These changes in lifestyle and the accompanying diseases confer great costs to 
the society. To control the obesity epidemic, there is a now a great focus on diets and 
food supplements. Seeds from rose hip contain high amounts of tiliroside, not present 
in the shells [23]. In a study performed on mice, Niomiya et al [70] found that extract 
of the seeds of Rosa canina that was rich in tiliroside, as well as pure tiliroside isolated 
from Rosa canina, significantly reduced body weight and visceral fat gain after a treat-
ment period of 14 days or less. In the same period, a reduction in plasma triglyceride 
and fatty acids was also observed. Not surprisingly, these desirable alterations were 
ascribed to tiliroside. Later the same group of researchers designed a randomized, 
placebo-controlled and double-blinded study on humans in which they showed 
that rose hip seed extract containing tiliroside given daily for 3 months resulted in a 
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significant reduction in abdominal visceral fat, body weight, and body mass index 
[71]. It was therefore concluded by the authors that rose hip seeds can be useful for 
the treatment of obesity in humans.

5.4 Effect of rose hip on osteoporosis

Loss of bone strength or osteoporosis has improved during the last century, possibly 
due to a combination of changes in our diet and our general reduction in physical 
activity. Osteoporosis is a serious threat to the public health system as loss of bone 
strength can lead to bone fractures and disabilities and in the elderly loss of height, 
due to loss of strength of thoracic and lumbar vertebrae. Such loss of height can limit 
important body functions and thereby quality of life. Bone formation is regulated 
by osteoblasts, which improves bone formation and osteoclasts, which facilitates 
destruction of calcified tissue (break down of bone structure). ROS (reactive oxygen 
species) are produced by osteoclasts, and ROS improves the destruction of collagen 
strands, which are important in bone remodeling [72, 73]. An increase in oxidants can 
also activate proteolytic enzymes such as elastases and metal proteinases resulting in 
a further damage of bone extracellular matrix [71]. Therefore, supplementation with 
antioxidants can support the restauration of bone mineral density (BMD). In a rat 
model, blueberries, rich in antioxidants, were shown to reduce the loss of BMD espe-
cially in the tibial and femoral area [71]. Extracts of different versions of rose hip have 
a phytochemical profile close to that of blueberry and have been suggested to play a 
role in preventing bone loss [74]. Indeed, rose hip was rated in the top three regarding 
antioxidant concentration when testing berries worldwide. And rose hip was rated 
at least three times more potent than blueberry (Figure 4) [74, 75]. In addition, rose 
hip also contains abundant amounts of vitamin C [23] (only one berry, Cockatoo 
Plum well known in Australia, is superior to rose hip regarding vitamin C content), 
as detailed in Table 1. Vitamin C (ascorbic acid) is an important player in regulating 
osteoblast differentiation and is important for secreting procollagen and stable col-
lagen, which is needed for the growth of connective tissue and bone tissue [76].

Another argument for a positive role for rose hip treatment in osteoporosis is that 
the fruits contain a high number of polyphenols [77, 78], which are known to reduce 
bone loss resulting from oxidative stress [79]. A clinical study on humans showed that 
a subspecies of Rosa canina (Lito) was able to improve wrinkles of the skin [80], and it 
was further documented in human cartilage cells from the knee that the same rose hip 
subspecies supported the formation of collagen [81].

In summary: Rose hip is a very strong antioxidant, and there are indications that 
antioxidants can improve BMD in animal models. Rose hip can also improve bone 
quality from the impact of its rich sources of vitamin C, which improves the forma-
tion of collagen. Terpenes, abundant in rose hip, have also been proven to reduce bone 
loss, and rose hip (Lito) was also shown, in human knee cells, to inhibit the formation 
of MMP-1 (a metalloproteinase) known to impact bone loss. So even we still need a 
well-designed and large-scale clinical trial to document the impact of rose hip on bone 
density in humans—there are many indications that rose hip can support bone quality.

5.5 Effect of rose hip on arthrosis and rheumatoid arthritis

One of the larger limitations of quality of life in the elderly is osteoarthritis, which 
is present in more than 60% of people above 50 years of age. Osteoarthritis is often 
recognized in the hip, knee, spine, or hand and can reduce quality of life from simply 
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the pain, which occurs from joints where the cartilage is disrupted and also from the 
inflammation, which can follow the destruction of cartilage.

Limitations in joint movements and pain can reduce the amount of physical activ-
ity and in the long run lead to a decline in muscular mass. It becomes more difficult 
to climb a staircase, ride a bicycle, or to enter a car. This can result in a reduction in 
social activities and finally a more limited lifestyle [79]. Treatment of osteoarthritis 
is initially often simply to try and cure symptoms such as pain. First choice of pain 
cure can be painkillers such as paracetamol and/or nonsteroidal anti-inflammatory 
agents (NSAIDs). Later on, synthetic opioids (Tramadol) may follow [82]. However, 
such medication does not repair the reason for pain (cartilage which is destructed). 
Painkillers only treat symptoms—and on the side—they have side effects such as 
gastrointestinal bleeding, heart problems, and liver damage [83–87]. Literally, what 
health professionals are often doing is that they place a bucket on the loft, to catch 
the water dripping from the destroyed roof instead of repairing the hole in the roof 
by placing a new roof tile. So, any herbal remedy, which reduces pain and even better 
also supports the restauration of cartilage, is of high interest in osteoarthritis.

Rheumatoid arthritis is a chronic, inflammatory, and autoimmune disease affect-
ing the joints and also shortening life. Most common symptoms are pain, swollen 
joints, stiffness of joints, and loss of function. The initial treatment is usually disease-
modifying antirheumatic drugs (DMARDs) often supported with pain killers such 
as paracetamol or nonsteroidal anti-inflammatory drugs (NSAIDs), which as earlier 
described have side effects. So, any herbal remedy, which can reduce pain and even 
better support repairment of the body, is of value also in rheumatoid arthritis.

Osteoarthritis is the disease in which rose hip (Rosa canina) has been tested the most, 
as we were able to find a total of six randomized, placebo-controlled, double-blinded 
clinical studies performed in humans. Five of these studies tested a powdered version of 
Rosa canina subspecies Lito, containing seeds as well as shells dried at very low tempera-
ture [23]. The background for this methodology was, as earlier discussed, that heating to 
more than about normal body temperature might destroy active ingredients in seeds and 
shells. These five studies focused on osteoarthritis of the hip, knee, and hand. The sixth 
study was focusing on osteoarthritis of the knee and was based on a product consisting 
of powdered shells only originating from Chile without any seeds added. The tem-
perature during the preparation procedure was not given, but presumably it was high 
as most products from Chile are heavily heated [23]. Finally, there was a meta-analysis 
based on the shell and seed version of rose hip. There were two studies on rheumatoid 
arthritis, both placebo-controlled and based on the seed and shell version of rose hip.

If not stated, the treatment period was invariably 3 month and the dosage 5 gram 
daily of powdered rose hip containing seeds and shells served in capsules.

When focusing on osteoarthritis using the combined seed and shell powder, there was 
a significant reduction in reported pain and stiffness in all five studies [60, 67, 88–90]. 
In addition, there was also an improvement in general well-being and daily activity such 
as climbing a staircase, visiting the toilet, or entering a car. The improvement in daily 
activity was possibly the result of less pain and less stiffness in joints [60, 67, 88–90]. 
It is interesting to note that in four of the five studies, one study [60] was presented 
as a dose finding study, indicating dose dependency, there was a significant reduction 
in the consumption of rescue medication such as paracetamol, tramadol, or NSAIDs 
[67, 88–90]. This is of some interest as the volunteers in all studies were told not to change 
the consumption of rescue medication—even though they did so.

See details in Figure 7.
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When testing the shells only powder (2.225 gram daily), there were no impacts 
on what patients reported on symptoms such as pain, stiffness, daily activity, or 
quality of life and neither on the consumption of rescue medication. However, some 
improvements in knee function could be detected when using gait analyzing in a 
motor function laboratory [63].

A meta-analysis indicated that the Lito rose hip subspecies significantly reduced 
pain in osteoarthritis and that the effect size was better than what was observed for 
paracetamol [91] and comparable to what was seen for NSAIDs [92, 93]. Details are 
shown in Figure 8.

One of the two studies on rheumatoid arthritis only lasted for 1 month, and results 
were not conclusive [94]. The other study lasted for 6 month, and after 3 month there 
was a statistically significant improvement in daily activity scores, which was main-
tained also after 6 months of treatment. After 6 months, there was a further statisti-
cally significant improvement in patients as well as doctor’s evaluation of disease 
severity and in quality of life using SF questionnaires [61].

In summary: There are strong indications that the combination of seeds and shells 
from subspecies of Rosa canina exerts a reduction in pain and an improvement in daily 

Figure 7. 
Delta change in the consumption of 500 mg paracetamol tablets. The delta change is the delta value of the first 
fourteen days minus that of the last 14 days of a three-month treatment period.
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function in osteoarthritis and that the same remedy can be of some benefit to suffer-
ers of rheumatoid arthritis [61, 91]. Other subspecies including subspecies from Rosa 
rugosa can have similar effects; this however remains to be established. From the pres-
ent evidence it seems clear that both shells and seeds are needed as a study on shells-
only did not show any impact on the pain and discomfort reported by patients [63].

However, the biochemical background for the beneficial effects of Rosa canina 
still remains to be fully elucidated. It was encouraging to note that C-reactive protein 
(CRP) fell in two studies on osteoarthritis [59, 60]. In a study on rheumatoid arthritis, 
there was a significant reduction in sedimentation rate, an inflammatory marker 
[61]. Again, no such changes in inflammatory markers were seen testing shells-only 
powders [62, 63]. From the insight we have today, it seems that a certain molecule, 
a galactolipid named GOPO, which acts as an anti-inflammatory agent, is impor-
tant [95]. The high amount of natural vitamin C, present in Rosa canina, and easily 
absorbed [96] can play an important role for restoring collagen. Also, linoleic and 
alpha-linolenic acids, which contribute to the COX-1 and COX-2 inhibitory effects 
observed in rose hip together with triterpene acids, can add some clarification [97, 98]. 
And finally, the reduction in the synthesis of MMP-1 responsible for the breakdown of 
collagen can play an important role [81].

5.6 Rose hip for managing renal disturbances

The kidneys can be damaged in diseases such as diabetes and hyperten-
sion. In addition, the formation of stones in the kidneys gives rise to painful and 

Figure 8. 
Effect size of Rosa canina (Lito) right panel, to that of NSAIDs (mid panel) and that of paracetamol 
(left panel). It should be recognized that the Effect Size of rose hip is close to three times higher than that of 
paracetamol.
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dysfunctional condition. Acute kidney injury is defined as a disorder with disruption 
of kidney function leading to renal failure. Two major reasons for acute kidney injury 
are inflammation and oxidative stress. A correlation between a reduction in oxidative 
stress and a reduction in renal failure was observed in a study where rats with induced 
acute kidney injury were fed Rosa canina [99]. Similar results involving ameliorating 
renal failure were also observed in another group of rats treated with Rosa laevigata 
[100], as well as in rats suffering diabetes [101, 102].

Prevention strategies for avoiding calcium oxalate nephrolithiasis (kidney stones) 
are important and on demand. Rosa canina extracts have been tested and shown to 
reduce the number of calcium oxalate calculi and prevent nephrolithiasis in treated 
rats [103]. On the other hand, human studies for the effects of rose hip treatment 
on kidney dysfunction are lacking. However, it was encouraging to note that serum 
creatinine, a marker of kidney function, significantly improved in a human study 
with Rosa canina Lito [59].

5.7 Rose hip in liver protection

As we earlier stated from our search on folk medicines, rose hip has been 
claimed to act as a detoxifier. So, are there any indications that rose hip can support 
the liver? Hepatic injury (liver toxicity) is often characterized by lipid peroxidation, 
the production of free radicals, and a reduction in antioxidant enzyme activity. 
Among blood analyses, which can describe to what extend the liver is injured, there 
are serum alanine transaminase (ALT) and serum aspartate transaminase (AST). 
Due to our lifestyle, which for many include overeating, consumption of high 
amounts of alcohol and for some people also sometimes the consumption of differ-
ent versions of medicine—foods and food supplies, which can protect the liver, has 
drawn increasing attention. In a study on rats where liver injury was induced, Rosa 
canina restored the abovementioned marker enzymes as well as histopathological 
alteration caused by the injury. The authors of the paper found a reduction in ALT 
and AST as the result of treatment and suggested that Rosa canina may exert its 
liver restoring capacity from its content of antioxidants and phenolic compounds 
[104]. In another study on diabetic rats testing the impact of Rosa rugosa on accu-
mulation of fat in the liver, there was also a reduction in ALT and AST as the result 
of treatment together with a reduction in fat accumulation in the liver [105]. In 
a study on humans, consuming 45 gram daily of powdered Rosa canina from the 
subspecies Lito containing seeds and shells, given for 1 month, did not affect ALT 
[59]. However, treating 40 g daily of pure seed powder from the same subspecies 
for a full 3-month period resulted in a statistically significant drop in ALT (personal 
communication, K. Winther). This may indicate that also compounds related to 
rose hip seeds can be important when discussing the protection of the liver, and 
possibly 1 month of treatment is too short a timeframe when testing the impact of 
an herbal remedy on liver protection in humans.

In conclusion: From the literature available, it seems like different families of rose 
hip can be of interest when developing a treatment or a diet, which exerts some liver 
protection.

5.8 Rose hip for treating skin disorders and aging

Chronic inflammatory skin disorders (dermatitis) are common in humans of all ages, 
and we all get facial wrinkle as we get older than 50 years of age. Anti-inflammatory 



Medicinal Plants

412

remedies can reduce the numbers and depth of wrinkles. The two main factors that 
determine aging of the skin are a) aging associated with time and b) aging resulting 
from exposure to UV, also known as “photo aging.” The combination of these two 
factors results in loss of functionality of the skin as a barrier against “the outer world.” 
Therefore, dryness, wrinkles, and spots (melanomas) occur. Consequently, protecting 
the aging skin with anti-inflammatory agents and antioxidants is very important [106].

An extraction of the root of Rosa multiflora was recently reported to improve 
dermatitis in an animal model via COX-2 inhibition. Rosa multiflora root extract 
that is rich in tannins was also shown to be antiallergic by lowering the number of 
eosinophil leucocytes in another animal model [107, 108]. Interestingly, quercetin 
isolated from Rosa canina was found to lower the melanin content in mouse mela-
noma cells, while oral administration of rose hip reduced skin pigmentation in 
guinea pigs [109, 110].

One human study demonstrates that a Rosa canina subspecies can influence skin 
wrinkles, the moisture of the skin, as well as skin elasticity [80]. The study was 
double-blinded and randomized, lasted 8 weeks, and included 34 volunteers. The 
effects of Rosa canina Lito were compared with a well-known antiwrinkle remedy, 
Astaxanthin. After 8 weeks of treatment, there was a significant reduction in the 
depth of crow feet wrinkles as the result of oral rose hip treatment. Similarly, skin 
moisture and skin elasticity were also significantly improved. The impact was 
comparable with that of Astaxanthin, which is a strong antioxidant containing the 
carotenoid pigment. Carotenoid pigment is also found in the rose hip preparation 
used [23], which is a strong antioxidant too, and rich in several xanthins and able 
to inhibit the synthesis of MMP-1, an enzyme responsible for the breakdown of 
collagen [81]. Such strong antioxidant may help to protect collagen and elastin 
from free radicals formed by UV-induced oxidation, which is responsible for skin 
aging [109, 110]. It is indeed interesting to note that the actual version of rose hip 
has been documented to improve collagen [81] and symptoms of osteoarthritis 
[67, 89–91]. In osteoarthritis as well for the skin, collagen plays a very central role. 
Another aspect of rose hip impact on the skin is GOPO and its anti-inflammatory 
property [59, 97]. GOPO was shown to inhibit the chemotaxis of neutrophils and 
the production of interleukins [59]. Inflammation is a key factor of particular 
interest as UV radiation is known to result in cell destruction and inflammation. 
Anti-inflammatory agents therefore have their place as a treatment. It should also 
be remembered that rose hip seeds and oil from these seeds are used to restore 
burn injury and restore scars in South America. As earlier stated, seeds from rose 
hip are also rich in poly unsaturated fatty acids (PUFA), among them linoleic acid 
and alpha linolenic acid [99], both major constituents of the barrier function of the 
epidermis [111, 112].

When human erythrocytes are stored in a blood bank, they can normally be stored 
for up to 5 weeks before the hemoglobin starts to leak out through the erythrocyte 
membranes as an indicator that the membranes are now disintegrating (getting 
older). Eighteen healthy volunteers were given 45 gram daily of rose hip powder (Lito) 
containing seeds and shells for 4 weeks and compared with a group of controls. It was 
shown that the leak of hemoglobin from red cells, in these volunteers, when stored in a 
blood bank, was significantly reduced because of treatment with rose hip [80]. Details 
are shown in Figure 9. This was evident after 14 days of treatment and remained 
for the entire treatment period. This indicates that cell membranes from human 
erythrocytes, when stored in a blood bank, survive longer before they disintegrate if 
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volunteers have been treated rose hip the latest month before blood sampling. There is 
improved longevity of the red cell membranes as the result of rose hip treatment.

In summary: rose hip can influence wrinkles, moisture, and elasticity of the skin, 
as well as add to the longevity of red blood cells stored in a blood bank. The mecha-
nism behind these properties is believed to be dependent on the antioxidant activity, 
as seen in the ability of rose hip to suppress the activity of matrix metalloproteinase 1 
(MMP-1) that is involved in the breakdown of extracellular matrix and in particular, 
tissue remodeling. The result of MMP-1 suppression is also supportive to collagen. 
Anti-inflammatory capacity and certain fatty acids that are present in the seeds and 
shells are also thought to play an important role here.

5.9 Rose hip and diseases related to the gastrointestinal tract

Antiulcerogenic activity from “folk remedies” has often been reported, and in this 
connection, Rose canina L is also mentioned [113]. An antiulcerogenic effect from 
Rosa canina extracts was discovered in a rat model. It was later shown that Rosa canina 
can prevent gastric mucosa erosion and the associated hemorrhagic ulcer formation 
[114]. Extracts from the leaf of Rosa canina were also reported to have significant 
antidiarrheal activity, as well as significantly reduce the intestinal transit time in 
another animal study [115]. In a clinical trial on humans suffering either Morbus 
Crohn or Ulcerative colitis, it was documented that the combined seed and shell pow-
der from Rosa canina (Lito) significantly lowered symptoms from Morbus Crohn but 
not symptoms from Ulcerative colitis [116]. One reason for that phenomenon can be 
that the rose hip version used in the experiment could inhibit neutrophil chemotaxis 
[59]. Excessive neutrophil activity is involved in the pathogenesis of Morbus Crohn.

In conclusion: Rose hip is interesting when focusing on the gastrointestinal tract, 
especially by impacting the gastro microbiome. However, more clinical studies in 
humans need to be available before making any conclusions.

Figure 9. 
Hemoglobin is leaking out through the erythrocyte membrane as the result of disintegration over time (aging) of 
the membrane. If human volunteers are treated Rosa canina this leak of hemoglobin is lowered indicating that 
membranes are now more resistant to disintegration.
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5.10 Antiproliferative effects of rose hip

The involvement of ROS and free radicals in the pathogenesis of certain human 
diseases also including aging and cancer is increasingly recognized [117], and there 
are an increasing number of papers in which Rosa canina L has been tested on differ-
ent cell lines in the laboratory. Such studies include colon, lung, and prostate cell lines 
in which cell proliferation and apoptosis have been reported [118, 119]. However, we 
were not able to find any clinical studies performed in humans that specifically focus 
on the impact of any rose hip species including Rosa canina on the survival rate among 
humans suffering from cancer. And as we do not want to create false hopes in people 
experiencing such a serious disease, our statement is: That from the present knowl-
edge and insight it is too early to discuss the possible impact rose hip treatment might 
have on proliferative disorders in humans.

6. Conclusion

Rose hip is a very fascinating medicinal plant, which deserves much attention. 
It can grow on very poor soil, and it is a source of very potent antioxidant and anti-
inflammatory agents. It is also a rich source of vitamins—especially vitamin C. 
Several clinical studies have established that rose hip is very effective for the treat-
ment of osteoarthritis in humans and also in some animal models. Very important, 
dose dependency, one of the cornerstones when evaluating prescription medicine, 
has been documented for a subspecies of rose hip [60]. There are also indications that 
conditions such as rheumatoid arthritis, cardiovascular disease, and skin diseases 
including wrinkles can benefit from rose hip treatment. However, there are many 
different Rosa species that produce rose hips with varying contents of active com-
pounds. Only careful comparative evaluation will establish which species are most 
promising. Currently, it seems like a certain subspecies of Rosa canina Lito is very 
promising. There is still a tremendous amount of research to be done before we have 
a clearer pattern. But for sure, rose hip is a medicinal plant with a long and fascinat-
ing history. When discussing anti-inflammatory diets and anti-inflammatory plants 
especially it is interesting to note that in osteoarthritis a subspecies of Rosa canina was 
able to reduce the consumption of rescue medication by up to 50%. This means that 
we can eat in a different way and possibly, spare governmental health expenditure for 
medicine. It has been very interesting to be part of this research.
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Chapter 19

Mulberry as a Valuable Resource 
for Food and Pharmaceutical 
Industries: A Review
Ritwik Acharya, Trisha Bagchi and Debnirmalya Gangopadhyay

Abstract

Mulberry is a fast growing hardy perennial woody plant belonging to the genus 
Morus of the family Moraceae. There are more than 60 species of the genus Morus 
found in the subtropical, tropical and temperate regions of Asia, Africa and North 
America. Cultivation of mulberry is highly economical since the leaf produced by 
mulberry is extensively used for feeding the silkworm, Bombyx mori for silk produc-
tion. Mulberry possessing valuable nutritional and phytochemical constituents can 
serve as highly nutritious food for human with high therapeutic values. Mulberry 
fruit is rich in carbohydrate, protein and dietary fiber and an important foodstuff 
for the preparation of several value added items like jams, jellies, wines and syrups. 
Mulberry leaf has been identified as an excellent resource for the development of pro-
tein rich food products with natural antioxidant. Extracts of leaf, stem, twig, root and 
bark of mulberry are reported to have potential antimicrobial, anti-inflammatory, 
antioxidant, anti-hyperglycaemic, anticancer and anti-tyrosinase inhibition activity. 
Though mulberry is grown commercially in many countries for sericulture, its poten-
tial to be utilized as food for human consumption is not well recognized. The paper 
reviews the importance of mulberry as a valuable resource for various food, cosmetic, 
beverage and pharmaceutical industries.

Keywords: food, mulberry, nutritional constituents, Phytomedicine, value addition

1. Introduction

Mulberry (Genus: Morus; Family: Moraceae) is an economical and widespread 
woody plant. In the Asian countries mulberry is widely cultivated for its leaf to 
feed the monophagous silkworm (Bombyx mori L.). The silkworm (B. mori L.) only 
naturally feed on mulberry leaf which makes mulberry the most vital component of 
sericulture industry that provides employment to a large number of people of India, 
China, Bangladesh, Pakistan, and many other Asian countries [1]. Other than sericul-
ture it has an enormous economic value leads to its several unique and special fea-
tures. Each single parts of mulberry plant can be used for various purposes. In India it 
is popularly known as ‘Kalpa Vriksha’ for its multipurpose utilities [2].
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Main elements that determine the nutritional quality of any edible plant products 
are the qualitative and quantitative presence of protein, carbohydrate, dietary fiber and 
types of vitamin present inside the product; mulberry plant can be highly rated in this 
context [2]. Mulberry fruits in fresh condition contain carbohydrate which is present 
either in the form of simple sugars or in the form of starch, soluble and insoluble fibers. 
They are low in calorie value and high in water content. Iron, vitamin C, decent amount 
of potassium, vitamin E and K are predominantly found present in the fruits. They are 
also rich in plant compounds, like anthocyanins, that contribute to their color and posi-
tive health effects. Fruits can also improve the blood sugar level, can lower the amount 
of blood cholesterol, and can help in preventing fatty liver disease. Fruits are also found 
effective in decreasing the oxidative stress which can reduce the risk of cancer. Leaves 
of mulberry are also excellent food stuffs as they show nearly the same properties as the 
fruit. Recent findings mentioned that mulberry leaves contain high amount of bioactive 
compounds which mainly includes alkaloids, flavonoids, γ-aminobutyric acid (GABA) 
and phenolic acids [3]. These compounds are effectively involved with antioxidation 
property [4, 5], as it lowers glycemia [6, 7] minimizes hypertension [8], prevents ath-
erosclerosis, [9] and also shows anti-inflammation property [10]. Bioactive compounds 
like 1-deoxynojirimycin (DNJ), found in mulberry, seems to be a powerful inhibitor 
of α-glycosidase and has also shown potential therapeutic capacity for minimizing 
many diseases, particularly type II diabetes [11, 12]. Recent investigations also explored 
the very interesting tyrosinase inhibition activity of mulberry. In this regards, white 
mulberry (Morus alba), black mulberry (Morus nigra) and red mulberry (Morus rubra) 
are the most accepted worldwide species of the genus Morus [2].

Unani, Ayurveda, and Chinese systems of medicine traditionally recognize almost 
all mulberry varieties for their several pharmacological properties. M. nigra fruits are 
considered as one of the most important components having anti-cancerous proper-
ties and popularly known as ‘Tuti Aswad or Toot Aswad’ in Unani literature [13]. 
Traditional medicine practitioners consider mulberry as one of the most efficient 

Figure 1. 
Overview of importance of mulberry in food and pharmaceutical industry.
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plant in the treatment of blood pressure, dental diseases, constipation, helminthic 
complications, diabetes, hypertension, anemia and arthritic pain [2].

Valuable constituents in mulberry plant; mainly the fruits and leaves categorizes it 
as a plant which can perfectly be placed in the category of a functional food that not 
only useful to human health but also having proper basic nutritional function [14]. 
The Ministry of Health of China in 1985, declared M. alba as the first medicinally 
significant edible fruit [15]. Both leaves and fruits of M. alba are also considered as 
food and drugs along with its primary considerations [16].

The population of Earth been never before as huge as it is today [17]. Rise of nutri-
ent deficiencies is also tied with this population growth has become a serious global 
crisis, predominantly in the areas where the diet lacks variety. Cheap, easily avail-
able, nutritious and pharmaceutically influential plant resources are seems to be the 
solution of this global crisis. In this context the current review attempts to provide an 
insight into the potential of mulberry as a valuable resource for food and pharmaceu-
tical industries. An overview of importance of mulberry in food and pharmaceutical 
industry is shown in Figure 1.

2. Geographical distribution of mulberry

Worldwide appreciable availability of any biological resource is extremely 
important from its exploitation point of view especially for the food and pharma-
ceutical industries. Presently, Mulberry is distributed in all regions between 500N 
Lat. and 100S Lat., and from sea level to 4000 m altitudes [18, 19], including Asia, 
Europe, North and South America, and Africa (Figure 2). American continent has 
four mulberry species (M. insignis, M. celtidifolia, M. corylifolia, and M.mexicana). 
In India, four mulberry species are reported; among them M. alba and M. indica are 
domesticated whereas M. serrata and M. laevigata grow wildly in the Himalayan ter-
ritory [1]. China has 24 species but only four species has been spotted for its massive 
exploitation in sericulture (M. alba, M. multicaulis, M.atropurpurea, and M. mizuho). 

Figure 2. 
Geographical distribution of mulberry along with zone wise available species.
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Only M. alba, M. bombycis, and M. latifoila are in use in Japan though presence of 
19 species has been recorded there. In Africa, presence of M. mesozygia has been 
reported from humid, sub-humid, and semi-arid areas [20].

3. Botanical description of mulberry plant

Before any sort of investigations of a plant it is extremely urgent to go through 
its overall botanical details. Mulberry is a perennial, fast growing, woody, decidu-
ous, deep and wide rooted plant [21]. Generally the height of Mulberry plant is 
approximately 5-6 feet from the ground level [22]. Stem of mulberry is cylindri-
cal in shape with milky sap and fissured bark [23]. Mulberry leaves are generally 
5-7.5 cm long and 6-10 cm wide, but they vary widely in their size and shape. Leaves 
are mostly deeply lobed or having serrate margins; leaf apex is mostly acute with 
cordate or truncate base. Basal nerves are generally 3; near the margins lateral 
nerves are forked. Flowers are yellowish green in color with chromosome number 
2n = 28. There are differentiations between female and male spikes shape and size 
in mulberry. Male spikes (catkins) are cylindrical and broad where as female spikes 
(catkins) are ovoid and stalked, and female spikes (catkins) shorter than male spikes 
(catkins). Mulberry fruits are arranged longitudinally around the central axis in 
cluster of small fruits similar with blackberry or loganberries. Mulberry fruits are 
white to pinkish white in color and during the time of ripening it becomes purple or 
black in color. Fruits contain many drupes which are enclosed in a fleshy perianth, 
upto 5 cm long, sub-globose or ovoid in shape. Ovary of mulberry is unicellular with 
presence of a bifid stigma [2].

4. Mulberry as a potential food resource

Increasing consumer demand has been one of the driving forces in exploration of 
new natural food resources, keeping in mind that the food product must satisfy both 
basic dietary requirements and health benefits. In this respect it is evident that mul-
berry fruits are already famous throughout the world for their mouth-watering taste 
that makes it suitable to consume either in fresh or as an ingredient in value-added 
products and for culinary uses (Table 1). It is gradually becoming popular to the 
consumers not only because of their taste but also due to its high nutritional impor-
tance along with low calorie value. Opportunity of exploiting other parts of mulberry 
as processed food resource is also very high. This has led to increased demand of 
mulberry also in the food processing industries.

Mulberry fruits can be directly used for the preparation of jam and soft drinks 
[33]. Fresh fruits of mulberry are highly rated for human health because it contains 
vitamins, amino acids, and different minerals such as Zn, Ca, Mn, and Fe along with 
pectin and fibrin. Mulberry leaf is used for making tea, dhokla, pakoda and many 
other delicious different foodstuffs [34]. Mulberry is already a popular vegetable, 
along with the presence of high level of sugar makes mulberry an ideal resource for 
the food industry. It can be used for making breads, cakes, fruit drink pulp, fruit 
wine, fruit sauce, fruit powder and also chocolate. Fresh or dried or frozen forms 
of mulberry fruits can be utilized to produce different kinds of tonic, wine, syrups, 
amaretto. Mulberry seeds also can be used to produce oil. Unripe and immature mul-
berry fruits can be used for chutney preparation [35]. Famous Turkish food ‘Kome’ 
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and ‘Pestil’ is prepared by mixing walnut, honey and flour with mulberry [36, 37]. 
Mulberry juice kept under a cold storage at a particular temperature for six months 
to one year has proven effective for healthy skin and in prevention of throat infection 
[38]. Mulberry paste popularly known as ‘sangshengao’ used to make tea in China 
and it also found effective in improving liver and kidney function, vision and hear-
ing. Use of dehydrated mulberry fruit as a sweetening agent in black tea is extremely 
popular among the Iranian people. In some specified regions of China young leaves 
of mulberry is in use as vegetables [2]. Mulberry fruit powder can be consumed as 
an anti-aging substance as it protects the cell from the aging effect. It also stabilizes 
cholesterol level and increases the carbohydrate absorption capacity of the human 
digestive system. Over-ripened mulberry fruits are used to produced Mulberry wine, 
this also known as a ‘lady’s drink’ in Europe. Anthocyanin obtained from of M. rubra 
used for yogurt coloration having no difference with strawberry brand yogurt [28]. 
M. alba extract can be used to produce pastry along with Buckwheat flour, buckwheat 
hulls, chokeberry and inulin [25]. Shelf life of minced meat can be increased with the 
help of methanolic extraction of mulberry plant [27]. M. alba fruits can also be used 
to prepare spiced squash and appetizers [24].

Food items Uses Reference

Squash Fruits of M. alba used for the preparation of spiced squash and 
appetizer.

Hamid and Thakur, 2017 
[24].

Pastry Buckwheat flour, hulls, inulin and chokeberry along with M. 
alba extraction used for the production of pastry which is rich 
in fiber and low in calorie.

Komolka et al., 2016 [25].

Chocolate From dried M. nigra fruit obtained anthocyanins can be used 
in chocolate preparation.

Gultekin-Ozguven et al., 
2016 [26].

Pasta Extraction of M. nigra having hypoglycaemic effect, it reduces 
the glycemic index is vastly used to produce pasta.

Yazdankhah et al., 2019 
[27].

Minced 
meat

Shelf life of minced meat increased by methanolic extraction 
of mulberry leaves.

Yazdankhah et al., 2019 
[27].

Yogurt Anthocyanins of M. rudra acts as a coloring agent of 
strawberry flavored yogurt.

Byamukama et al., 2014 
[28].

Probiotics For the isolation and culture of lactic acid forming bacteria M. 
alba silage is very important. These bacteria can stabilize the 
gastrointestinal tract microbial flora.

Jan et al., 2021 [2].

Fruit jam Mixed fruit jam prepared based on ratios of 70:30 rosella and 
mulberry fruit extract.

Wongchalat and 
Chatthongpisut., 2016 
[29].

Cup cake The concentrated amount of M. alba paste used to prepared 
cupcakes.

Jan et al., 2021 [2]

Syrup For the preparation of syrup M. alba fruit used and it can be 
stored for 6 months under refrigerated condition.

Thakur et al., 2017 [30].

Vinegar M. alba is exploited to prepare vinegar. Karaagac et al., 2016 [31].

Alcholic 
beverage

Fruit of M. alba used to produce alcoholic beverage and also 
used as a raw material to brew fruit wine.

Daris-Martin et al., 2003 
[32].

Table 1. 
Uses of mulberry in preparation of food items, beverages and as preservative.
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5. Pharmaceutical and therapeutic importance of mulberry

Mulberry having exclusive therapeutic properties that are primarily due to their 
indigenous chemicals along with their anti-oxidant, anti-diabetic, anti-hypertensive, 
anti-cancer, hepatoprotective properties, and many more. Most important and 
relevant pharmaceutical ability of mulberry to improve human health and well-being 
is discussed in this section (Table 2).

5.1 Anti-cancer activity

Across the globe different forms of cancer is the most fatal disease. Many types of 
medicines are available in the market for the treatment of cancer but the number of 
successful and safe drug is very few. Anthocyanins extracted from the M. alba fruit 
shows an invasion in human lung metastatic A549 carcinoma cells. Flavonoids iso-
lated from the leaves of this plant acts as a cancer inhibiting profile agent [22]. From 
root bark of mulberry Albanol A (Mulberrofuran G) can be extracted which induce 
potent cytotoxicity in HL60 (Human Leucamia Cell line) by inhibiting topoisomerase 
II activity [14, 39]. M. alba leaf extract shows anti- proliferative lectin induced cell 
death by apoptosis in human breast cancer (MCF-7) and colon cancer (HCT-15) 
by inducing DNA fragmentation and morphological changes. Flavanone glycosides 
present in the root bark of M. alba having anti-proliferation activity against human 
ovarian cancer in H0-8910 cells [2].

5.2 Anti-hyperlepidemia

Obesity develops due to unusual fat deposition which is a risk for the human 
health. It is one of the serious problems across the globe because it can increase the 
chance of cardiac failure, cancer, diabetes and many other diseases. Daily consump-
tion of M. alba fruit found effective in lowering the total cholesterol (TC) and lipo-
protein levels in blood of both young and senior citizens. M. alba leaves extract which 
is DNJ rich if taken before meals can help to reduced the lipoproteins and triglycerides 
[2]. The root bark of M. alba plays an important role as inhibitor of the LDL (Low 
density lipo_protein) anthrogenic alternation and also act as a hypo-chlesterolemic 
element [22].

5.3 Anti-diabetic

Diabetes mellitus is characterized by high glucose levels (Blood sugar) which 
is a type of metabolic disorder. Insulin secretion, or insulin action or both can be 
defective in response to the high blood sugar (glucose) levels in this disease. Type 
2 diabetes have two features- low gradic chronic inflammatory and the insulin 
resistance. Cardiovascular diseases and many other multi organ disorders can 
be developed by type 2 diabetes. Leaves of M. alba helps to decrease the blood 
glucose level and also prevents potential histo-pathological alterations in pancreas 
and kidneys which is observed in brown rats, in a recent experiment [14]. Soluble 
extract of M. alba fruit found effective in decreasing fasting blood glucose (FBG) 
and glycosylated serum protein (GSP) in STZ induced diabetic mice. In STZ 
induced diabetic rats M. alba stem bark also helps in the alternation of glutathione 
and insulin levels [2, 16, 40].
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Pharmaceuticals 
importance of mulberry

Specis Parts 
used

Major findings Ref.

Anti-oxidant M. alba
M. nigra

Twigs, 
Bark
Fruit
Leaves
Stem

• Twigs, bark consists morin, maclurin 
that is important for inflammatory 
responses, and nervous system 
functioning.

• Scavenging activities against super 
oxide and anion radicals.

• Shows strongest protective effect on 
H2O2-induced injury.

• Moracin extracted from leaves it shows 
anti-oxidant activities.

• Stem extract shows anti-oxidant 
activity that increase superoxide and 
NO scavenging activity.

Kadam et al., 2019 
[14], Wang et al., 
2014 [16], Jan et al., 
2021 [2].

Anti- Cancer M. alba Fruit
Root bark
Leaves

• Fruits containing anthocyanin shows 
an invasion against human lung 
metastatic.

• Albanol A that isolated from root bark 
that induced potent cytotoxicity in 
Human Leucamia cell line

• Anti-proliferation activity against 
human ovarian cancer.

• Anti-proliferative lectin induced cell 
death in human breast cancer.

• Flavonoids present in leaves that acts 
as a cancer inhibiting profile agent.

Khalid et al., 2021 
[22], Kadam et 
al., 2019 [14], 
Naowaratwattana 
et al., 2010 [39]

Anti-hyperlepidemia M. alba Fruit
Leaves
Root bark

• It can help to decrease cholesterol and 
lipoprotein.

• DNJ extraction from leave help to 
reduce lipoproteins and triglycerides 
serum level.

• Inhibit the LDL anthrogenic alternation.

Khalid et al., 2021 
[22].

Anti- Diabetic M. alba Leaves
Fruits
Stem bark

• Help to decrease blood glucose levels 
observed in brown rat.

• Help to decrease fasting blood glucose 
(FBG) and glycosylated serum protein 
in diabetic mice.

• Alternation of glutathione and insulin 
levels in STZ induced diabetic rats.

Kadam et al., 2019 
[14],
Wang et al., 2017 
[16]
Alanazi et al., 2017 
[40]

Anti-Inflammatory M. alba Leaves
Stem
Fruit
Root

• Reduce the production of cytokine and 
pro-inflammatory mediators.

• Inhibit NO production shows anti-
inflammatory effect.

• Presence of anthocyanins that can 
inhibit pro-inflammatory effect of 
cytokine in mice.

• Inhibit histamine release and act as a 
natural source of anti-histamine and 
anti-allergic agent.

Park et al., 2013 
[10]
Jan et al., 2021 [2].
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5.4 Anti- inflammatory

In some particular tissues presence of some microorganisms like bacteria, 
viruses, and fungi and their circulation in blood can cause complex vascular 
biological problems known as inflammation. If within a certain time period it is not 
diagnosed properly then it can cause severe health complications and also can cause 
some acute chronic diseases such as- cardiovascular disease, cancer and rheumatoid 
arthritis. Leaf extract of M. alba helps to reduce production of cytokine and pro-
inflammatory mediators by nuclear factor- κB (NF-κB) activation suppression [10]. 
Twigs and root bark of mulberry consists maclurin, morin, resveratrol and isoquer-
citrin and the fruits of mulberry contains other essential fatty acids like palmitic, 
linoleic and oleic acids which are also important for inflammatory responses [14]. 
Stem extract of M. alba can inhibit NO production by suppressing both Inos mRNA 
and protein which shows an inflammatory effect. Anthocyanin present in the fruits 
of M. nigra shows an anti-inflammatory effect by inhibiting pro-inflammatory 
cytokine which is experimentally proven in mice. Root extract of M. alba is poten-
tial anti-histamine and anti-allergic natural drug resource as it successfully inhibits 
the histamine release and systemic allergic reaction [2].

Pharmaceuticals 
importance of mulberry

Specis Parts 
used

Major findings Ref.

Anti-microbial M. 
mesozygia
M. alba
M. nigra

Bark
Stem bark
Fruit

• Used for the micro-organisms associ-
ated infections.

• Antimicrobial activity against 
Enterococcus faecalis, E. coli, S. aureus.

• Prevent growth of S. mutans.

Kuete et al., 2009 
[41], Fukai et al., 
2005 [42], Thabti 
et al., 2014 [43], 
Budiman et al., 
2017 [44].

Neurodegenerative action M. alba Fruit • Protect against oxidative stress-
induced apoptosis.

• Fruit containing rutin, anthocyanin 
have impact on Parkinson’s disease

Kim et al., 2010 
[45].

Hepatoprotective M. 
mesozygia
M. indica

Twigs • Glycoprotein protects against CC14 
induced liver damage.

• In experimental rats it help to decrease 
the activity of gastric mucosal injury.

Kadam et al., 2019 
[14].

Activity against Skin 
disease

M. alba Leaf • Help in the inhibition of mammalian 
tyrosinase, melanin synthesis effects.

• It also contain carotenoids that can 
help to decrease age spot, blemishes 
effect on skin.

Chang et al., 2011 
[46].
Kadam et al., 2019 
[14].

Cardiovascular activity M. alba Root bark • Helps to reduce blood pressure, 
cholesterol level.

• Morusinol present in the root 
bark helps to prevent collagen and 
arachidonic acid.

• Reveratrol, a flavonoid acts as a 
vasodilator.

Doi et al., 2000 
[47].
Kadam et al., 2019 
[14].

Table 2. 
Pharmaceutical importance of mulberry.
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5.5 Anti-oxidant

Different parts of mulberry consists variety of phytochemicals that have the 
potential of anti-oxidant properties. Moracin available in mulberry fruits help to 
prevent oxidative stress [14]. Fruit extract of M. alba showed radical-scavenging 
activities against anion radicals and superoxide that increases the level of antioxidants 
[16]. Moracin which can also be extracted from the leaves of M. alba shows better 
antioxidant activity better than other anti-oxidants like resveratrol. Stem of M. alba 
increase NO scavenging and superoxide activity. Fruits of M. nigra show the strongest 
protective effect against H2O2-induced oxidative injury in PC12 cells [2].

5.6 Anti-microbial

Anti-microbial property of mulberry is also well known. The bark of M. mesozygia 
used for the treatment of micro-organism associated infections [41]. Flavonoids 
isolated from M. alba shows positive response in the treatment of antiviral and 
antifungal diseases [14]. Hydro-methanolic stem bark extract of M. alba shows anti-
microbial activity against Enterococcus faecalis, Escherichia coli, Staphylococcus aureus 
and Salmonella typhimurium [42–44]. Similarly, ethanolic extract of M. nigra prevent 
the growth of Staphylococcus epidermidis, and Propionibacterium acnes. Fruits of M. 
alba contain the anti-bacterial compound Morin which strongly inhibits Streptococcus 
mutans. The juice of M. nigra contain anti-microbial properties against Bacillus 
spizizenii and Pseudomonas aeruginosa. Vinegar produced from M. alba shows poten-
tial antimicrobial action against Erwinia carotovora, Streptococcus pyogenes, Bacillus 
cereus and anti-fungal activities against Candida albicans [2].

5.7 Neurodegenerative actions

For treating cognitive disorders and different types of neuronal dysfunction medic-
inal plants play an important role and mulberry is one of the most prominent among 
them. Polyphenolics, alkaloids found in M. alba can improve cognitive function and 
delay in neural-degeneration [45]. Mulberry fruits’ lycophilised ethanolic extract can 
protect against oxidative stress-induced apoptosis in neural cells by the enhancement 
of the antioxidant enzymes production. In mulberry fruit rutin, quercetin anthocya-
nins are found present which have an impact on Parkinson’s disease (PD) by interfer-
ing MPTP-induced dopaminergic neuronal damage and bradykinesia [2, 45].

5.8 Hepatoprotective

A few bioactive compounds obtained from the twigs of M. mesozygia esspecially 
shows the hepatoprotective activities. From M. indica a glycoprotein (MIL) is purified 
which protects against CC14 induced liver damage. In CC14 treated mice MIL found 
decreasing the activity of Lactate dehydrogenase (LDH), thiobarbituric acid-reactive 
substances (TBARS), and alanine aminotransferase (ALT). M. alba extract found 
effective in decreasing the activity gastric mucosal injury in rats [14].

5.9 Activity against skin problem due to anti-tyrosinase property

Use of tyrosinase inhibitors is getting huge importance in the cosmetic industry 
due to their skin-whitening effects. Tyrosinase can be used as a whitening agent as it 
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is a copper-containing primary regulatory multifunctional enzyme that is responsible 
for the biosynthesis of melanin and determines the color of the skin. Deposition of 
excessive melanin causes numerous dermatological disorders, such as melasma and 
age spots [48]. Twigs and roots of mulberry can be utilized as natural agents to react 
against the tyrosinase activity in cosmetics [49]. In a recent experiment, M. alba fruit 
ethanolic extract has been utilized to formulate an emulsion-based cream to observe 
its clinical effect on skin melanin, moisture content and erythema for eight weeks. 
The formulated cream shown significant decrease in melanin content without causing 
any sort of skin irritation [50]. Betulinic acid (C30H48O3) which has been successfully 
isolated from M. alba (hexane extract of stem and root bark) can be utilized as a 
whitening agent owing to its tyrosinase inhibitory activity [51]. Ethanolic extract of 
M. nigra shows excellent tyrosinase inhibition activity and also can be exploited for 
the formulation of peel-off mask and for acne treatment [44, 45]. Mulberries can 
help to reduce skin problems such as spots and blemishes appears with age and also 
provides healthier and shiny appearance to skin and hair. From the above discussion, 
it is clear that mulberry exhibits remarkable tyrosinase inhibition activity, hence can 
be included as a necessary component of cosmetic products and de-pigmentation 
agents for the treatment of disorders like hyper-pigmentation.

5.10 Cardiovascular activity

M. alba mostly used in eastern countries to treat cardiovascular diseases. Chinese 
people also use M. alba for decreasing blood pressure which can lead to cardiovascu-
lar disorder. It also helps to reduce serum cholesterol, hypertension and also prevents 
artherosclerosis [47]. From the root bark of M. alba morusinol is extracted which 
prevents collagen and arachidonic acid which induces TXB2 formation in cultured 
platelets known as the main causative agent of congestive cardiac failure. Mulberries 
contain Reveratrol, which is a very important flavonoid is found to increase the 
formation of Nitric oxide (NO) that acts as a vasodilator. Richness of flavanoids and 
vitamin C makes mulberry also ideal for treating other cold, flu-like problems [14].

6. Conclusion

Best way to find out the solution of hunger and pharmaceutical demand is the dis-
covery and exploitation of new biological resources. Products from natural resources 
are now being re-emphasized to encounter these issues. Connection between the 
health and diet is very clear and consumers are now-a-days very much concern about 
their health. The solution of rural hunger and helping them to come out of the nutri-
tional deficiency is not only a matter of deep concern. Investigating these connections 
has drawn the attention of the scientists in exploration of biological functional foods 
and pharmaceuticals, which can dominate the global nutrition market. The current 
review attempts to point out the potentiality of mulberry species in different areas 
and it is clear that mulberry is a versatile plant from both food and pharmaceutical 
aspects with huge possibilities. Mulberry is a jewel of food industry. Being low in 
calories, this plant can be exploited in the preparation of hypo-caloric foodstuffs and 
also can be added as a new ingredient to enhance the functional properties of differ-
ent popular foods. Products like jam, jelly, wine, vinegar, tea, syrup, squash and many 
more are successfully formulated from mulberry that aids industrialists for further 
effective utilization of its fruits, leaves and other plant parts. Mulberry is also among 
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the major ingredients in many traditional formulations sold worldwide. In addition to 
its exceptional usage in the food industry, recent studies have revealed that Morus spe-
cies and their bioactive phytochemicals are having important biomedical activities, 
including anti-diabetic, antioxidants, anti-obesity, hypo-lipidemic, antihypertensive, 
and anti-atherosclerosis, etc. Tyrosinase inhibition activity of mulberry is comparable 
with kojic acid that makes it a wonderful ingredient in cosmetics. Different isolated 
chemical compounds like maclurin and morin, oxyresveratrol from different parts of 
M. alba shows potential tyrosinase inhibition activity. There are still some unidenti-
fied biological novel compounds present in mulberry that require proper exploration. 
Proper investigation, exploration and exploitation of mulberry in both food and 
pharmaceutical industry having the potentiality of creating a history.

7. Recommendations

Sericulture is mainly known as a women friendly enterprise, because of the high 
percentage of involvement of rural women which is about 53.45% of the total employ-
ment generated in silk industry. Though broad involvement of rural women are sig-
nificantly high in the silk industry, but the involvement of tribal people is still scanty 
[52] which should be considered for extension for financial support and development 
of small scale industries, mainly in the developing countries. It is the most impor-
tant fact that the main concentration of the sericulture industry moves around the 
silkworm feeding, cocoon generation and silk rearing. The proper exploitation of the 
mulberry in terms of food product and pharmacologically potent substance is still far 
from the goal. Lack of proper infrastructure for cocoon production and reeling often 
becomes a barrier for the cultivation of mulberry plant, because B. mori moth can 
only feed upon the fresh and juicy mulberry leaves [53]. Rural people will be able to 
overcome these constrains if they will be properly trained about the other economic 
importance of mulberry.

In this context, it is highly recommendable that proper training, campaigning, 
infrastructure and market development along with broad research and development 
projects on proper scientific exploitation of mulberry other than feeding the silk-
worm is absolutely essential and urgent.
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Abstract

Ginkgo biloba is generally considered as safe herbal extract in clinical application. 
Ginkgo Folium is a living fossil plant, which has been used in record by over few thou-
sands of years. The extract of G. biloba, has been used extensively for the treatment 
of diseases related to the central nervous system and psychiatric disorders. Recently, 
different lines of evidence indicated that G. biloba exhibited anti-cancer effects. The 
potential therapeutic effect may due to antioxidant, anti-angiogenic and gene regula-
tory actions. In addition, Ginkgo Folium was studied in pharmacodynamic interac-
tions induced by herb-drug interactions. These studies indicated that G. biloba usually 
exhibits synergistic effect. The extracts derived from G. biloba exhibits promising 
anticancer effect, including flavonoids, ginkgolide, and phenolic acids etc. This chap-
ter will discuss the anticancer effect and mechanism of extracts derived from various 
parts of G. biloba, the possible usage as an adjuvant therapy in cancer treatment, and 
the development of G. biloba as potential novel anticancer drugs.

Keywords: Ginkgo biloba, cancer, natural products, herbal extract

1. Introduction

Almost everyone talks about cancer discoloration, and no matter what kind of 
cancer it is, it can be life-threatening. But fortunately, cancer can also be treated, in 
addition to mastering the rhythm of life, you can also choose Chinese herbal medi-
cine to strengthen the immunity and enhance the ability to anti-cancer. The active 
gradients from several plants have anticancer effect, such as Elemene, vincristine 
and ginsenosides [1–6]. Elemene, isolated from the volatile oil of traditional Chinese 
medicine Curcuma wenyujin, has broad-spectrum anticancer activities and mild side 
effects. Vincristine is derived from periwinkle, which is used for the treatment of 
acute lymphoblastic leukemia, breast cancer. Ginsenosides is extracted from ginseng. 
Ginseng has been regarded as a famous traditional Chinese medicine since ancient 
times. After treatment with ginsenosides, ginsenosides inhibited cancer cell prolifera-
tion, invasion, and migration in several cancers, such as breast, brain, liver, gastric, 
and lung cancer [5].

In recent years, more and more studies have shown that G. biloba also has anti-
tumor effects. G. biloba appeared on earth more than 200 million years ago and is 
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the only living species in the order Ginkgoales [7–9]. Once G. biloba was growing 
everywhere on earth, but it became nearly extinct during the last ice age, and only 
survived in Asia. G. biloba has been used as a medicinal plant for a long time. It was 
firstly recorded in “Shennong Ben Cao Jing, but the medicinal value of ginkgo leaves 
recorded from the Song Dynasty. The medical use of G. biloba was first recorded in 
“Ben Cao Gang Mu” by Li Shizhen in Ming Dynasty [10]. G. biloba leaves are fan-
shaped, flat, and have an indentation in the middle, giving birth to a species name 
“Biloba,” a Latin word meaning bi-lobed [11]. Male flower pollens are carried by the 
wind to the female tree, which produces ovules that fertilize and grow into seeds. 
G. biloba takes 15 to 20 years to produce fruits, which have a rancid, nasty odor. 
However, the seeds contain certain mild toxic chemicals [12–14]. G. biloba has been a 
beloved plant in Asian countries as an ornamental tree in the gardens and as a medici-
nal plant, particularly in China, Korea, and Japan [15, 16].

Scientists from Japan and Germany made pioneering and important contribu-
tions to research and development. The development history of G. biloba fully 
embodies the determination of innovation and has become a model for the research 
and development of traditional Chinese medicine and botanic medicine. In 1929, 
the Japanese first isolated a flavonoid from G. biloba leaves [17]. In the 1960s, Dr. 
Schwab firstly extracted the active ingredients (ginkgo flavone and terpenoid 
lactone) from Chinese G. biloba leaves, which were processed into tablets. These 
active ingredients quickly became the first world’s plant medicine, which were listed 
as the third generation of G. biloba leaves preparation. In 1972, Dr. Willmar Schwabe 
Company developed EGb761, a patent extract of G. biloba leaves. EGb761 contains 
24% flavonoids and 6% terpenoids, which is widely used today [18]. From the 1920s 
to the 1930s, Chinese herbal medicine research upsurge, medical scholars began to 
analyze the chemical components of G. biloba, pharmacodynamics and toxicology 
research, with G. biloba tablet, known as the first generation of preparation. In the 
1970s, Germany, France and other European countries carried out in-depth research 
on G. biloba leaves. Flavonoids and lactones extracted G. biloba have therapeutic 
effects on cardiovascular and cerebrovascular diseases [19]. In the 1990s, Professor 
Xie Delong, director of Shanghai Institute of Traditional Chinese Medicine, discov-
ered a safer and more effective combination than the German ginkgo leaf invention 
patent, and innovated the process to raise the clear effective component of the 
extract to more than 50%, which was listed as the fifth generation of ginkgo leaf 
preparation.

At present, flavonoids (quercetin, kaempferol, isorhamnetin, lignin, etc.) and 
terpenoids (ginkgolide A, Ginkgolide B, ginkgolide C, ginkgolide J, etc.) have been 
found to be active pharmacological components in G. biloba [20]. It is recorded in 
Chinese Pharmacopoeia that G. biloba has the effects on promoting blood circulation 
and removing stasis, clearing collaterals and relieving pain, strengthening lungs and 
relieving asthma, removing turbidity and lowering lipids, and is used to treat blood 
stasis and blocking collaterals, chest paralysis and heartache, stroke hemiplegia, 
lung deficiency, cough and asthma, hyperlipidemia and other diseases [21–23]. In 
recent years, studies have also found that the pharmacological effect of G. biloba lies 
in the synergistic effect of various components, rather than a component to play a 
determined role. Studies have shown that G. biloba extract plays a significant role in 
the treatment of Alzheimer’s disease, neurodegenerative diseases, brain dysfunction, 
eye diseases, cardiovascular diseases and other diseases. Moreover, recent studies 
have shown that extract from different part of G. biloba may also be useful in treating 
cancer [24].
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2. Anticancer effect of extracts derived from various parts of G. biloba

Plants have provided a rich source of therapeutic agents and bases for synthetic 
drugs. G. biloba is dioecious. Male ginkgo biloba release pollen in spring to fertil-
ize the female ginkgo biloba, which produces a large amount of ginkgo drup-like 
seeds in fall [25]. The seeds of G. biloba have been used for the treatment of cancer 
thousands of years ago in China [26], which is first mentioned in herbals in the Yuan 
dynasty. Mature ginkgo seeds covered with a fleshy thick outer layer, which named 
as exocarps, or seed coat, sarcotesta in some research papers. Seed mainly consists of 
mesosperm, membranous endopleura and kernel. The mesosperm is hard and white 
shell. The innermost layer of the seed is membranous endopleura, which is red and 
consists of 1–2 layers of parenchymal cells. The kernal of G. biloba is fleshy and pale 
yellowish-green, consisting of endosperm and embryo, which is an edible part of the 
seed. The leaves of G. biloba (Ginkgo folium) are fan-shaped, which are unique among 
seed plants.

Studies reported that extract or active ingredient from different parts of G. biloba, 
including seeds, exocarps, kernel and flowers exert anticancer effect. In recent years, 
the anticancer effect of Ginkgo folium was extensively reported. We summarized the 
current reports on the anticancer effect and potential mechanism of the extracts from 
the different parts of G. biloba.

2.1 The anticancer effect of G. biloba seeds

G. biloba seeds have been used in traditional Chinese medicine for centuries. 
The seeds have orange flesh shell, which are toxic as raw forms. The annual global 
yield of seeds is over 14 kt, more than 90% of which is produced in China [27]. As a 
traditional Chinese medicinal material, the ginkgo seeds have been used for clinical 
diseases such as asthma, coughs, cancers and etc. G. biloba seeds formed by the devel-
opment of a fertilized ovule, contains an embryo and nutrient reserves that enable 
a new plant to grow. Only a few researches on the anticancer effects of G. biloba 
seeds extract. G. biloba seeds extracts positively induce cytochrome P450 (CYP) 1B1 
expression, inhibiting the proliferation of breast cancer cells [28]. In this vitro study, 
polysaccharide derived from G. biloba seeds was isolated by ethanol fractionation, 
which decrease the percentages of G2-M cells, inhibiting the hepatoma cells prolifera-
tion. In addition, G. biloba seeds polysaccharides also make microvilli thinner and 
form apoptosis bodies on and around the spherical cells to promote apoptosis in hepa-
toma cells. While the hepatoma cells without G. biloba seeds polysaccharide treatment 
were of shuttle shape and small proportion of cells was of spherical shape [29].

2.2 The anticancer effect of G. biloba exocarps extract

G. biloba exocarp is the outermost layer of seeds, which was also called seed coat 
or sarcotesta in some studies. Exocarp was previously regarded as a waste material. It 
smells of rancid butter, causesing air pollution. Phenolic acid in exocarp can contami-
nate soil and poison fish and shrimp [30, 31]. Exocarp is rich in nutrients: the percent 
of polysaccharide is 10% and ginkgolic acids is more than 4%. Recently, constituents 
extracted from the exocarp shows antitumor effect [32].

The extracts prepare from the exocarps of G. biloba (GBEE) enhanced the ratio 
of Bax/Bcl-2. Meantime, the translocation of Bax/Bcl-2 to mitochondria was also 
increased accompanied by the release of cytochrome C. Consequently, the protein 
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expression of cleaved-caspase-3, Fas, FasL, p-p38, and the mRNA levels of Fas were 
all increased, finally inducing apoptosis in lewis lung carcinoma cells (LLC). In 
vivo study further demonstrated the anticancer effect of GBEE on LLC [33]. GBEE 
increased the activation of acidic vacuole, the content of Atg5 protein and the ratio 
of LC3-II/LC3-I protein by AMPK induced inactivation on mTOR/p70S6k, which 
promoted the formation of autophagosomes in LCC, finally it induced autophagic cell 
death in LCC [34].

Despite of the directly effect on inducing cancer cell death, GBEE can also 
suppress the processes of angiogenesis and metastasis. It was reported that GBEE 
inhibited tumor metastasis in LLC mice model, characterized by the suppression 
on CD34 and microvessel density (MVD). This anti-metastasis effect might be due 
to the inhibition on angiogenesis, which mediated by downregulation on Wnt/β-
catenin- vascular endothelial growth factor (VEGF) signaling pathway, including the 
inhibition on Wnt3a, β-catenin, VEGF, VEGF2 and p-AKT/AKT [35]. The suppres-
sion of GBEE on CD34 and MVD was also found in B16 melanoma. Meanwhile, 
GBEE attenuated the mRNA and protein levels of VEGF, hypoxia inducible factor-1α 
(HIF-1α), vascular endothelial growth factor receptor 2 (VEGFR2), p-PI3K and 
p-Akt. Finally, it exerted antiangiogenesis by inhibiting PI3K/Akt/HIF-1α/VEGF 
signaling pathways [36]. G. biloba exocarp extracts also have anti-metastasis effect in 
skin cancer via perturbing the expression of p-PI3K, p-Akt, NF-κB, and MMP-9 [37].

The polysaccharides isolated from G. biloba exocarp (GBEP) had therapeutic 
effect on cancer patients [33, 38, 39]. For instance, the area of tumors in patients with 
GBEP capsules were significantly reduced. Meanwhile, the ultrastructural of tumor 
cells in these patients observed by transmissional electron microscope revealed that 
abundant heterochromatins were observed in nuclei, swollen mitochondria and 
dilated rough endoplasmic reticulum were observed in cytosol, indicating apoptosis 
was triggered by GBEP [40]. The anticancer effect of GBEP was demonstrated in 
tumor bearing mice [39]. The mechanism involved in the anticancer effect of GBEP 
was illustrated in gastric cancer. GBEP downregulated the expression of c-myc and 
bcl-2, upregulated the level of c-fos genes, which inhibited proliferation and induced 
apoptosis on gastric cancer [40].

Botanical constituents extracted from the exocarp of G. biloba promoted ROS gen-
eration, which inducing G0/G1 phase arrest, apoptosis and autophagy in colon cancer 
cells. RT-qPCR analysis showed that Ginkgolic acid (GA) decreased Cyclin D1, CDK2, 
CDK4, and Cyclin E1 mRNA levels. The study also found that decreased p-mTOR, 
pp70s6k and p-pras40 protein levels induced by GA were reversed by NAC pretreat-
ment [41]. GA extracted from the G. biloba exocarp promoted the activation of AMPK, 
decreased the level of acetyl-CoA carboxylase (ACC) and fatty acid synthase (FASN) 
involved in lipogenesis. Finally, it plays a positive role in inhibiting pancreatic cancer 
cells proliferation, migration and invasion. The study examined the effects of GA on the 
viability of pancreatic cancer cell by MTT assay, found that GA can inhibit the growth of 
pancreatic cancer cells. Wound-scratch assay and scratch assay showed that GA inhib-
ited the migration and invasion capacities of pancreatic cancer cells in vitro [42]. GA 
activated caspase-3, decreased the expression of Bcl-2 protein and increased the expres-
sion of Bax protein, finally causing apoptosis in laryngeal cancer cells [43]. GA also had 
positive anticancer effects in gastric cancer cells and liver cancer [44, 45]. After treat-
ment with GA, the morphology of liver cancer cell was shrinkage and formed nuclear 
fragmentation, activating caspases-3 and promoting Bax expression. Finally, it induced 
apoptosis in liver cancer cells [45]. GA perturbed the proliferation of human cervical 
cancer cells and enhanced immune function on immunocompromised S180. But the 



445

Ginkgo biloba: A Potential Anti-Cancer Agent
DOI: http://dx.doi.org/10.5772/intechopen.104788

correlation of GA promoting S180 immune function needs to be further studied [46]. A 
vitro experiment verified that with the increase of GA concentration on cancer cells, GA 
inhibited the growth of cancer cells but the toxic effect on normal cells also increases. 
The anti-tumor effect of GA needs to be further proved by animal experiments [47].

2.3 The anticancer effect of G. biloba kernel extract

G. biloba kernels called Baiguo in China are the main edible part of the seed, which 
consist of endosperm and embryo [48]. Ginkgo kernel is consumed as a delicious food 
in China, Japan and Korea after grilled or boiled [49]. Ginkgo kernels contain 60–70% 
starch, 10–20% protein, 2–4% lipids, 0.8–1.2% pectin, and about 6% sucrose [50, 51]. 
Raw or cooked the ginkgo kernel has been shown to cause allergic reactions or death 
[52]. The medicinal value of ginkgo kernel was overlooked. A few studies shed light to 
the anticancer effect of kernel. The medicinal value of ginkgo kernel was overlooked. 
A few studies shed light to the anticancer effect of kernel [53]. However, the role of 
total G. biloba kernel extract on anticancer was reported recently. A study firstly 
reported that G. biloba kernel extracts exhibited cytotoxic effects in colon cancer and 
melanoma, characterized by inhibiting cancer cells proliferation and vitality [54]. 
Melanoma cells are more sensitive to kernel extracts. Meantime, the cytotoxic effect 
was not found in normal cell line McCoy-Plovdive. However, the anticancer effect of 
kernel extract needs to be observed in other cancer types, and the molecular mecha-
nism remains to be observed in detail in future.

2.4 The anticancer effect of G. biloba flowers extract

G. biloba is an ancient dioecious gymnosperm, which apply to worldwide for 
landscaping and medical usage. The male flowers with catkin blossom from late March 
to the middle of April for only three to seven days, varying in different areas of China 
[55]. The chemical constituents and bioactivities of the flowers contain high contents 
of nutritional and medicinally relevant components, such as amino acids, vitamins, 
unsaturated fatty acids, flavonoids, and lactones [56]. The extracts of ginkgo flowers 
can exhibit anticancer effects. Some phytochemical studies of G. biloba flowers enrich 
the diversity of Ginkgo chemical constituents and broaden its application in phyto-
therapy. The bioflavonoids from G. biloba male flowers promoted cell cycle arrest in the 
G2/M phase, inhibiting the proliferation of cervical cancer cells [57]. A study showed 
that biflavonoids bilobetin and isoginkgetin isolated from G. biloba flowers exhibited 
cytotoxic activities on cervical cancer, pancreatic cancer, lung cancer, Lymphoma, and 
ovarian cancer. The most sensitive cancer cell to these two compounds is cervical cancer. 
Furthermore, the morphological changes, apoptosis and cell cycle arrest were observed 
in cervical cancer cell. After treated with bilobetin and isoginkgetin, nuclear condensa-
tion together with the decrease on the ratio of Bcl2/BAX and the increase on cleaved-
caspase 3, apoptosis rates were observed, indicating that apoptosis was triggered with 
these two compounds. In addition, cell cycle arrest via promoting G2/M phase arrest 
was also found in cervical cancer cell treated with bilobetin and isoginkgetin [55].

2.5 The anticancer effect of Ginkgo Folium extract

The anticancer effect of Ginkgo Folium was studied extensively in recent years. 
The tumor inhibition effect of Ginkgo Folium was demonstrated in mouse S180 
mouse sarcoma, which might be due to the elevation on free radical scavenger 
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enzymes [58]. The main reported death way induced by Ginkgo Folium is caspase 
dependent apoptosis that was observed in several cancer types, including cervical 
cancer [59], colon cancer [60], gastric cancer [61], melanoma [62]. The mechanism 
responsible for Ginkgo Folium induced apoptosis is the disruption on the balance 
of antiapoptotic protein Bcl-2 and proapoptotic protein BAX, characterized by the 
decrease on Bcl-2 and the increase on BAX.

Despite of apoptosis, Ginkgo Folium can also arrest cell cycle and inhibit cancer 
cell migration and invasion. The cell cycle arrest induced by Ginkgo Folium was due to 
the suppression on G0/G1 phase in gastric cancer [61, 63]. The suppression on cancer 
cell migration and invasion were observed in several cancer types through multiple 
ways. First, upregulation on E-cadherin via lincRNA-p21 mediated suppression on 
E-cadherin degradation in colon cancer [64]. Second, downregulation on ERK/NF-kB 
signaling in gastric cancer [65]. Third, inhibition on heat-shock protein 27 (HSP27) 
mediated by AKT and p38 MAPK pathways in NSCLC [66].

The extracts of Ginkgo Folium can combine with herbal formulation to exhibit 
synergistic effect on anticancer. For instance, it was reported that a new formulation 
consisted of Ginkgo Follium and an herbal mixture Yu Ping Feng San can sensitize 
cisplatin resistant lung cancer cells through WT1/MVP mediated stabilization on 
mTOR/AKT pathway [67]. There are few clinical studies on anticancer effect of 
Ginkgo. Considering Ginkgo Folium extract has the standard commercial product 
EGb761, thus, it will be alliable to conduct clinical research with EGb761 to observe 
whether Ginkgo could serve as an adjuvant therapy on anticancer.

3. Conclusions

G. biloba has been used to treat age-related disorders and improve blood circula-
tion. Recently, the extract from ginkgo exocarp, seed, kernel, flowers and Folium 
showed anticancer effect in various cancer types. The reported researches are mainly 
focus on the in vitro and in in vivo studies. Clinical studies are need to be further con-
ducted to verify their anticancer effect. Furthermore, the detailed mechanism and the 
active ingredient responsible for the anticancer effect are still need to be elucidated.
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Chapter 21

Plant Medicine and Infectious 
Disease
David Zorngo

Abstract

Our planet since development has experienced a greater perspective of growth. 
Constituting millions of species exhibiting different kinds of relationships producing 
both correlational and mutual growth, sums up to the widespread evolutional changes 
we see today. Mankind as a separate entity within the avalanche of species plays a 
greater share of the role and thus contributes greatly to the growth and existence of 
this planet. After having to battle with intraspecies ‘fight and survive’ relation within 
his colony conditioning him into psychological, social, and emotional, problems; he 
unquestionably relates with other species in an interspecies relationship. Though this 
interspecies relationship does not produce only negative outcomes and raises positive 
outcomes as well, a great deal of it is a threat to mankind’s survival and growth. One 
interspecies relationship that mankind experiences mutual benefits is that with plants 
and with species such as those of some virus, bacterial, protozoans, etc., he experi-
ences a parasitic relationship with a lot of negative outcomes. The chapter “Plant and 
Infectious Diseases,” explore the relationship between man and plants that heals him 
and his relationship with other kinds of species that renders him into illness. It talks 
about how plants can help us remedy infectious diseases.

Keywords: plants and infectious diseases, plants metabolites, plant medicine, 
phytomedicine, viral infections, protozoa infections, fungi infections, bacterial 
infections

1. Introduction

Plants are nature’s source of food. Aside from the enormous benefits we derived 
from plants including shelter and protection, plants are the center of what heals 
us. Medicinal plants have been with us since the time of our ancestors. Earlier men 
utilized plants preparations to remedy diseases. They employed archaic means 
together with instincts, beliefs, observation, taste, and experience to categorized 
plants as remedies and poisons [1]. Today, the role of medicinal plants as remedies has 
extended beyond the ways of ancient men. The role of medicinal plants as remedies 
now hinges extensively on the chemistry of the plant. Based on scientific research, 
plants are now screened and tested [2]. Phytochemist talks of two groups of com-
pounds in plants. These are the primary plant metabolites and secondary plant metab-
olites. The primary plant metabolites perform basic life functions and the secondary 
plant metabolites classify compounds that are important in other aspects such as the 
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ability to destroy or prevent the growth of certain causative agents of diseases [3–5]. 
The goal of scientists in the field of medicinal plants is to find which plant compound 
has potency against which causative agents of diseases. Many compounds have proven 
efficacy in treating many diseases. Some of these compounds serve as stepping 
stones in the synthesis of synthetic and variants of semi-synthetic compounds. These 
plants’ compounds are with potencies and by screening and testing scientifically their 
remedies are safe and potent. With recent issues arising from synthetic compounds on 
the human body both short term and long term, medicinal plants deserve the atten-
tion and the urgency of the public as well as scientist. There is no time in history the 
demands for medicinal plants protection and usage should concern everyone than 
today. The outbreak of Covid’19 in Wuhan, China, since 2019, has claimed many 
lives and still claiming lives at the time of this writing. This is not the first of its kind. 
Infectious diseases keep claiming lives yearly across the globe. With research provid-
ing promising evidence of medicinal plants’ potencies against many agents of infec-
tious diseases, the world has no reason not to protect plants. Infectious diseases are 
grouped by the classes of their causative agent which are viral agents, bacterial agents, 
fungal agents, protozoa agents, helminth, and prions (agents devoid of any nucleic 
acid) [6–9]. Some plants have proven efficacy against all these agents [10]. With all 
these broad future expectations of medicinal plants, there are hundreds of medicinal 
plants on their way to extinction as a result of destructive human activities. This is the 
era the world should come together to support plants.

2. Plants, man, and infectious diseases

Man and plants as well as infectious agents have existed dating to time immemora-
ble. The relationship between man, plants, and agents causing infectious diseases has 
not changed to this day. Plants provide us with shelter, nourishment, etc. Infectious 
diseases caused us infections. When we are infected by any of the infectious agents 
which you will read on later, we feel sick and experience abnormality in functions and 
sometimes structure.

Infectious agents have their route of entry or attachment to our body where 
they cause physiological changes. Some of these changes exhibit clinically on our 
skin, hands and nails, oropharynx, head and neck, eyes, neurons, heart and lungs, 
abdomen, musculoskeletal, and genitalia and rectum. Infections present with signs 
and symptoms some of which are unique to certain infectious agents. Signs include 
generalized erythema, splinter hemorrhages, finger clubbing, Janeway lesions, vas-
culitis, dental caries, candidiasis, tonsillar enlargement, lymphadenopathy, red eyes, 
neck stiffness, delirium, tachycardia, pericardial rub, ascites, joint swelling, discharge 
from the genitals, etc. [11]. When a man is infected with infectious diseases, the same 
plants that shelter man, and provide him with nutrients, etc. can again help man to 
battle infectious diseases.

2.1 Plants and our life (plants as pillar of life)

Imagine you woke up one day to the realization that every plant has died. Now, 
create a mental picture of this incident. What will the world look like—a world 
without plants? There will be no food. There will be no shelter. There will be no clean 
air. There will be a bad water cycle. And soon there will be no animals as well as other 
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organisms. Plants support essentially every life. Together with animals, other organ-
isms, and the abiotic aspect of the ecosystem almost every life is impacted.

Plants are all the organisms belonging to the kingdom Plantae. They are eukary-
otes capable of using water, carbon dioxide, and the energy from the sun to produce 
chemical energy which is stored and, in the process, releases oxygen into the atmo-
sphere which animals and other aerobic organisms depend on for survival. The 
chemical energy, an end product of photosynthesis, is taken up by animals in the form 
of food and released through cellular respiration to support life.

Let us step back and analyze well the importance of plants to life. Within the 
ecology, there exists a sequence of matter and energy transfer from organism to 
organism. Every organism requires matter and energy for carrying out life processes. 
These basic requirements have to be transferred from one organism to another 
hinging on some extent of conservation. This means of matter and energy transfer 
between organisms is termed the food chain. The food chain is nothing more than 
feeding relationships between species in a biotic community. These feeding relation-
ships start at the base with a producer, then the primary consumer, the secondary 
consumer, tertiary consumer, and so on. This trend implies that the producer has 
to find a way to offer the ‘first’ matter and energy needed to start the transfer and 
that is what they do well. The producers make their food which is in turn taken up 
by the primary consumer. The primary consumers are also in turn taken up by the 
secondary consumer which in turn are also taken up by the tertiary consumers and 
so on. The primary producers, the most important aspect of the food chain, are most 
often plants (and other autotrophs organisms—algae, cyanobacteria, and chemoau-
totrophs). Every organism involves in the food chain and food webs (several interre-
lated food chains) to retrieved energy to carry out its vital process which would have 
been a fantasy without the producers like plants.

What more? Plants are one of the agents in the oxygen cycle. Plants manufacture 
the majority of the air we breathe through photosynthesis (the same process through 
which they give us food.). The human body has water (H2O) being the majority com-
ponent that is formed from hydrogen and oxygen (the oxygen we get from plants is 
part of this oxygen). Aside from plants giving as essential oxygen needed for life, they 
purified the atmosphere by removing chemicals dangerous to life. The carbon dioxide 
we breathe out is exchanged for fresh oxygen. At no time in history has there been 
a rise in the Industrial Revolution than our time. The high demand of the Industrial 
Revolution presents its mayhem to man and the environment as the result of burning 
fossil fuel releasing dangerous chemicals into the environment. Despite the frequent 
burning of fossil fuel and the destruction of vegetation both on land and sea, we still 
enjoy the relatively stable level of atmospheric oxygen. What can we attribute this to 
other than the plants that we are still sharing the environment with?

Moreover, plants serve as the habitat for thousands of organisms. In, on, and 
under plants are thousands of animals that all contribute one way or the other to the 
existence of the ecosystem. Walk through any forest and you will be amazed at the 
diversity of life that the forest harbors. Tree kangaroo, giant panda, monkeys, rabbits, 
foxes, raccoons, squirrels, chipmunks, badgers, moose, bear, bobcats, deer, antelope, 
lynx, jaguars, elephants are to mentioned but few of wildlife that would have been 
homeless without the forest. Within the human settlements, plants provide shades 
moderating temperature, protecting the lands and settlements from wind and water 
destructions. Again, ornamental plants are employed in almost all human settlements 
for beautification purposes. Even after cutting plants and destroying their lives they 
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still give us logs from which many products including paper, furniture, houses, and 
more goodies that make our lives comfortable are retrieved [12].

2.2 Plants as medicine

Aside from all the enormous benefits of plants to mankind, plants remain the 
center of what heals us. Readers may be surprised to know many conventional drugs 
are from plants (e.g. Table 1). Aspirin, a nonsteroidal anti-inflammatory drug 
(NSAID) used in inflammation and as an analgesic was from Willow; Digoxin, a 
cardiac stimulant used in congestive heart failure and cardiac arrhythmia were from 
Digitalis; quinine from Cinchona, morphine from Papaver, and artemisinin from 
Artemisia. Across the world especially in Third World countries plant medicine has 
been integrated into the Primary Health care delivery system. People in Asia, Africa, 
and Latin America depend to a greater proportion on phytomedicine in the treatment 
of illness partly caused by the great vast of plant species in their part of the world. No 
apology should be made for placing plants at the center of man’s source of healing.

The use of plants for the treatments of diseases predates the records of human 
history. History has it that plants were the source of remedies of Pythagoras, Galen, 
and Hippocrates. The earliest human ancestors discovered the healing potency of 
plants through factors such as instinct, taste, observation, and experience. By relying 
on trial-and-error, medicinal plants were differentiated from poisonous plants. 
However, in many cases, the when and how these medicines were first used was lost 
in pre-history. Pieces of knowledge of medicinal plants, harmful plants, and their 
mode of usage were passed from generation to generation through oral transmission. 
Later, writing replaced the oral transmission mode of conveying knowledge from 
generation to generation (e.g., the Egyptians Ebers Papyrus). These written pieces of 
knowledge became the great wealth of knowledge upon which further development 
and discoveries were made.

Though the ancients men depended on trial and error with the first patients 
as an experiment in screening their plant medicinal preparations, plants are now 
screened depending on the modern scientific methods of investigation which 
comprises of a team of botanists (a scientist specialized in the study of plants), 
phytochemists (a scientist specialized in the branch of organic chemistry dealing 
with the chemistry of plants), pharmacologists (a scientist trained in the sciences of 
drugs) and clinicians (a practitioner of medicine whose work focus more on clinical 
work other than laboratory experiments).

The potency of plants as medicines depends on their phytochemical constituents. 
Phytochemist focuses on these compounds which have been divided into Primary 
Metabolites and Secondary Metabolites. Primary metabolites which include amino 
acids, lipids, carbohydrates, proteins, and vitamins play physiological roles such as 
growth, development respiration, storage, and reproduction. Secondary metabolites 
are organic compounds produced by plants through metabolic pathways derived from 
the primary metabolite’s pathway. These metabolites (secondary metabolites) are not 
directly involved in the basic life processes of the organism but they are essential in 
other activities. The identification of secondary metabolites opened the gateway for 
the use of plants as medicine. These compounds are shown to have biological activi-
ties. The secondary plant metabolites are grouped into Alkaloids, Saponins, *Lipids, 
Phenolics, Terpenes, and *Carbohydrates.

Alkaloids are nitrogenous compounds (at least a nitrogen atom that usually 
forms part of a heterocyclic ring structure with marked physiological actions in 
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Popular medicinal plants as a source of modern medicine or bioactive compounds

Bioactive compounds Medical uses Origin

Acetyldigoxin Cardiotonic Digitalis lanata

Aescin Antiinflamatory Adonis vernalis

Ajmalicine Treatment for circulatory 
disorders

Rauvolfia sepentina

Allantoin Wound treatment Matricaria recutita, Symphytum 
Officinale, etc.

Anabesine Muscle relaxant Anabasis sphylla

Anisodamine Anticholinergic Anisodus tanguticus

Anisodine Anticholinergic Anisodus tanguticus

Atropine Anticholinergic Atropine belladonna

Bergenin Antitussive Ardisia japonica

Betulinic acid Anticancerous Betula alba

Caffeine Central Nervous System 
stimulant

Camellia sinensis

Camphor Rubecient Cinnamomum camphora

Cocaine Anaesthetic Erythroxylum coca

Codeine Antitussive Papaver somniferum

Colchicine Anticancer Colchicum autumnale

Curcumin Choleretic Curcuma longa

Deserpidine Tranquilizer Rauvolfia canescens

L-Dopa Anti-parkinsonism Mucana species

Digitalin Cardiotonic Digitalis purpurea

Digitoxin Cardiotonic Digitalis purpurea

Digoxin Cardiotonic Digitalis purpurea

Gossypol Male contraceptive Gossypium species

Hyoscyamine Anticholinergic Hyoscyamus niger

Menthol Rubefacient Mentha species

Methyl salicylate Rubefacient Gaultheria procumbens

Morphine Analgesic Papaver somniferum

Nicotine Insecticide Nicotiana tabacum

Noscapine Antitussive Papaver somniferum

Picrotoxin Analeptic Anamirta cocculus

Podophyllotoxin Anticancer Podophyllum peltatum

Quinine Antimalarial Cinchona ledgeriana

Reserpine Antihypertensive Rauvofia serpentina

Salicin Analgesic Salix alba

Scopolamine Sedative Datura metel

Tetrahydrocannabinol (THC) Antiemetic Cannabis sativa

Theobromine Vasodilator Theobroma cacao

Thymol Antifungal Thymus vulgaris
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man and animals). Alkaloids are widely distributed in the Kingdom Plantae espe-
cially in angiosperms (higher plants). Alkaloids are rarely found in lower plants. 
Commonly known plant families in Angiosperm with alkaloids include Papaveraceae, 
Apocynaceae, Rubiaceae, Berberidaceae, Solanaceae, Convolvulaceae, Ranunculaceae, 
etc. Example of alkaloids includes Caffeine (central nervous system agent with effects 
on respiratory and cardiovascular systems.), Vinblastine (an antineoplastic drug from 
Catharanthus Roseus), Nicotine (ganglionic cholinergic receptor agonist), etc.

Saponins are secondary metabolites that contain a high percentage of glycosides 
(saponin) which can produce stable frothing aqueous solution. Saponins are harmful 
by their ability to cause hemolysis when injected into the blood but are harmless when 
taken by mouth. Saponins are proven to possess pharmacological activities including 
analgesic, antineoplastic, etc.

Lipids are a heterogeneous group of compounds with long-chain fatty acids and 
glycerol and higher monohydric alcohols. Lipids include fixed oils, fats, waxes, 
lecithins, phosphatides, etc.; which are relatively insoluble in water but dissolve in 
organic solvents. Lipids are primary plants metabolites but have been known to  
possess pharmacological activities.

Phenols probably constitute the largest group of plant secondary metabolites. The 
phytochemistry of phenols reveals the possession of at least one or more groups of 
phenol. Phenolic classes of pharmaceutical interest include simple phenolic com-
pounds, tannins, anthraquinones, and their glycosides, coumarins and their glyco-
sides, naphthoquinones, flavone, and related flavonoid glycosides, anthocyanidins 
and anthocyanins, and lignans and lignin. Phenols have pharmacological properties 
including antioxidants, anti-inflammatory, etc.

Terpenes are secondary plants metabolites derived from 5-carbon isoprene units. 
The number of the isoprene units is the basis for terpenes classification. Prefixes such 
as Hemi, Mono, Sesqui, etc., are used before terpenes to represent the number of iso-
prene units which in this case are 1, 2, and 3 isoprene units respectively. Hemiterpenes 
represent a terpene with 1 isoprene unit and so on.

Carbohydrates just like lipids are primary metabolites but form part of a major-
ity of secondary metabolites through glycoxidation linkage. Carbohydrates such as 
mucilage are used as demulcents employed in ulcer management and inflammatory 
digestive disorders [14].

2.3 Plants medicine and infectious diseases

At the dawn of civilization, dating back to hundreds of years, snake venom was 
drunk intending to confer immunity to snake bites. At a similar time, it was found 
that smearing cowpox on torn skin induces the body to fight against smallpox. 
Forwarding to 1796, Edward Jenner who is popularly known as the founder of vaccin-
ology in the West was successful in his attempt in the discovery of a solution that will 

Popular medicinal plants as a source of modern medicine or bioactive compounds

Bioactive compounds Medical uses Origin

Vinblastine Anticancer Catharanthus roseus

Yohimbine Aphrodisiac Pausinystalia yohimbe

Table 1. 
Medicinal plants as a source of modern medicine [13].
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later impact civilization till this day by inoculating a 13-year-old-boy with vaccinia 
virus (cowpox) and demonstrated immunity to smallpox leading to the discovery 
of the smallpox vaccine three years later. After this concept underwent medical and 
technological changes the years ahead, the concept of vaccine and vaccination has 
been employed across almost every corner of the world and enormous benefits reaped 
as well.

Despite medical and technological advancement in vaccinology leading to the 
availability and use of effective vaccines and antibiotics, the concept of infectious 
diseases still presents a great canker to humanity. To this day that vaccine can be 
produced in the shortest possible time made possible by the advancement of scientific 
knowledge leading to research costing millions of dollars, infectious diseases remain 
an essential problem to the world. Covid’19 outbreak since 2019 has claimed millions 
of lives across the world daring the elderly and the weak with low immunity as a result 
of old age, chronic diseases, immunosuppressive drugs, malnutrition, etc., to survive 
its blow. According to Robbins and Cotran’s book, “Pathologic Basis of Disease,” Eight 
Edition, more than 10 million people die each year of infectious diseases [15].

Infectious disease is an impairment of health or a condition of abnormal function-
ing caused by microorganisms mainly through a specific kind of contact. They can 
be caught through contact with infected people, infected environments, infected 
animals, or insect bites. An example includes acquired immunodeficiency syndrome 
(AIDS), Viral hepatitis, Syphilis, Lyme Disease, Common Cold, Giardiasis, Malaria, 
Influenza, Measles, Pneumonia, Salmonella infections, Tuberculosis, Whooping 
cough (pertussis), Rubella, Shingles, Onchocerciasis, Candidiasis, Aspergillosis, 
Clostridial Infections, etc. Agents responsible for infectious diseases include viruses, 
bacterial, prions, fungi, helminths, protozoa, etc.

The incessant evidence of the antimicrobial resistance and side effects of syn-
thetic drugs which have been the mainstay of remedying infectious diseases should 
straighten the line that was once burnt and bring the attention of the global popula-
tion to the importance of medicinal plants and traditional therapeutic system in 
remedying infectious diseases.

An attempt to use natural products (plant medicines) to remedy infectious 
diseases swings on two pivots. The first is to consider factors related to the patients. 
These factors which must be considered relating to the patients include the patient’s 
previous health histories, susceptibility to infections, chronic diseases, ability to toler-
ate drug by mouth, age, sex (if female, whether with a child or pregnant). The second 
factor to consider is that relating to the type of infections and the causal organism.

What follows describes the infectious agents responsible for infectious diseases 
and further recommends plants medicines for their remedy or which has shown 
efficacy against such specific infectious agents.

2.3.1 Viruses

Viruses are submicroscopic obligate intracellular infectious agents, which by defi-
nition consist of genetic code, either DNA or RNA, enclosed by a protein coat that is 
sometimes encased in a lipid membrane. Viruses cannot replicate on their own. They, 
therefore, depend on the host cell’s complex metabolic and biosynthetic machinery for 
their replication. Viruses as infectious agents can infect animals, plants, and micro-
organisms such as bacteria and archaea. Viruses exist outside their host as virions 
(also used to describe a fully assembled infectious virus), an inert independent viral 
particle; nucleic acid, and capsid (and a lipid envelop in some cases). Viruses such as 
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polio and tobacco mosaic virus can even be crystallized. With an infection, the main 
function of the virion is to deliver the genetic component (DNA or RNA genome) 
into the host cell so that the genome can be transcribed and translated by the host 
cell. Viruses are known to be the most numerous types of biological entities. There are 
millions of species of virus existing with only a few given a detailed description.

Viruses are grouped based on their nucleic acid genome (DNA or RNA and not both), 
the shape of their capsid (helical or icosahedral), the presence or absence of a lipid 
envelop, their mode of replication, the preferred cell type for replication (atropism), or 
the type of pathology.

Viruses are responsible for a great share of human infections including AIDS, Corona 
Virus Infection, Chicken Pox, Common Cold, Dengue fever, Lassa fever, Herpes zoster, 
Herpes simplex, measles, SARS, Rabies, Smallpox, Viral meningitis, Viral pneumonia, 
Viral gastroenteritis, Yellow fever, Cytomegalovirus infection, Ebola hemorrhagic  
fever, etc. Some viruses are responsible for transient illnesses such as colds and influenza 
while others are hard to be eradicated from the body. Many viruses have a propensity 
to cause latent infections by expressing their genome into viral protein. The majority 
of these viruses belong to the Herpesviridae family: Epstein-Barr virus, Varicella-Zoster 
Virus, etc. Hepatitis B virus is known in several cases to persist in the host cell for a 
longer duration of time causing latent illnesses which can be reactivated later. The 
human papillomavirus induced benign warts and cervical carcinoma. The same clinical 
manifestation can be depicted by different species of virus and the same virus can depict 
different clinical manifestations depending on factors such as host immune status and 
age. Viruses can spread through touch, saliva, and through the air, sexual contact, insects 
(known as vectors), and through sharing of contaminated items [16].

2.3.2 Plant medicines for viral infectious

Viral infection presents a lot of challenges in the health industry. When a living 
cell is invaded by viruses, they hijack the cell’s internal machinery to produce more 
of their kind in the process destroying a lot of host cells. Viral infections remain an 
area of medicine for which specific treatments are lacking. In immunocompetent 
individuals, some viral infections resolve spontaneously on their own. For most viral 
infections such as those associated with the common cold, treatment involves symp-
toms relief and not targeting the viral agents per se. Antiviral agents are agents that 
target the viral agent preventing their replication in the host cell. These agents include 
plants. Alchornea cordifolia is used in Ghana as an antiviral agent [17]. Clausena anisata 
contains carbazole alkaloids that inhibit Epstein-Barr virus early antigen in Ragi 
cells [18]. Bridelia ferruginea contains the flavonoids quercetin, quercitrin, and rutin 
that have demonstrated antiviral effects against coxsackie, Herpes simplex, measles, 
parainfluenza, and polioviruses [19]. Scoporia dulcis contain scopadulcic acid C which 
potentiates antiviral effect [20]. Extract of Momordica charantia has demonstrated 
antiviral activity against Herpes simplex virus type 1 and the proteins alpha and beta-
momorcharin have been reported to inhibit HIV in vitro. Other antiviral agents include 
Argemone Mexicana (leave and stem), Aloe vera, Allium sativum, Acacia nilotica, etc.

2.3.3 Bacteria

Bacteria are free-living organisms that are found almost everywhere on Earth. 
Bacteria are prokaryotes, meaning they have a cell wall mostly bound by peptidogly-
can, a polymer of glycan and peptides, but lack a distinct nucleus and other organelles 
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due to the absence of internal membranes which distinguish them from eukaryotes. 
Bacteria are classified based on shape, Gram staining, and need for oxygen. There are 
three basic shapes. The spherical bacteria are spherical and known as the cocci, the 
rod-shaped bacteria are known as bacilli (others curved known as the vibrio) and the 
spiral-shaped bacteria are known as the spirilla. Under gram staining, bacteria can be 
either classified as gram-positive or gram-negative based on the bacterial cell wall’s 
ability to retain the crystal violet dye during solvent treatment. The gram-positive 
bacteria retain the dye because of their single thick cell wall and appear purple-brown 
under the microscope and the gram-negative bacteria do not take up the dye because 
they have a thin cell wall squash in between two phospholipid bilayer membranes and 
appear red under the microscope. Bacteria that require oxygen for survival are aerobic 
bacteria and those that can survive where there is no oxygen are the anaerobic bacte-
ria. Unlike viruses, some bacteria can survive and replicate outside their host. Not all 
bacteria are harmful. Some bacteria are used in industrial and medicinal processes. 
Bacteria help in the fixation of nitrogen into the soil from the atmosphere and are 
vital to the planet’s ecosystem. The human body serves as a home for many species of 
bacteria in a symbiotic relationship. However, several species of bacteria have broken 
this symbiotic relationship and are pathogenically responsible for many infectious 
diseases including anthrax, cholera, bacterial meningitis, brucellosis, diphtheria, 
gonorrhea, Lyme disease, leptospirosis, Pneumococcal pneumonia, syphilis, tetanus, 
trachoma, tuberculosis, typhoid fever, Q fever, Pertussis, shigellosis, Rocky Mountain 
Spotted Fever, salmonellosis, tularemia, nocardiosis, campylobacteriosis, etc. [21–23].

2.3.4 Plant medicines for bacterial infections

History has it that antibiotics were limited to substances produced by microorgan-
isms. In 1877 Louis Pasteur discovered that injecting Bacillus anthracis in animals 
protected them from developing anthrax. Years after Pasteur’s discovery, Fleming 
observed that a colony of Penicillium notatum contaminant on Petri dish inhibited 
bacteria which lead to the discovery of penicillin. The trend continues leading to 
the discovery of other compounds. Long before this array of discoveries, nature has 
already instituted compounds in plants with antibacterial properties waiting to be 
discovered. Plants’ source of antibiotics includes lichen, a thallophytic plant of the 
division Lichenes that occur as crusty patches or bushy growths on tree trunks, walls, 
roots, or bare grounds. Lichenes contain usnic acid or vulpinic acid that is known 
to possessed bacteriostatic properties. Plants belonging to the Order Coniferae have 
also demonstrated antibacterial activities; essential oils in Juniperus and Pinus 
spp. possess antibacterial activity. A sulfur-containing amino acid in garlic (alliin) 
has antibacterial activities. Aloe vera gel and ginger have antibacterial properties. 
Sesquiterpene ketones in dicotyledons such as hops (humulene and lupulene) and 
myrrh (furanodiene-6-one and methoxyfuranoguaia-9-ene-8-one; protoanemonine, 
in Anemone pulsatilla and many Ranunculaceae; sulfur-containing compounds in the 
Cruciferae; plumbagin in Drosera have all demonstrated antibacterial activities [24].

2.3.5 Fungi

Fungi are all the known species of organism belonging to the kingdom Fungi. 
Fungi include yeast, molds, smuts, mushrooms, and toadstools. Fungi are dis-
tinct from green plants. Fungi are eukaryotic organisms and possess thick chitin 
in their cell walls which separates them from other eukaryotic organisms and 
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ergosterol-containing cell membranes. Fungi can be found almost everywhere on 
earth. They are with both harmful and beneficial effects. Their characteristics are 
intermediate between algae and protozoa. They share with plants some characteristics 
which include possession of cell walls, liquid-filled intracellular vacuoles, microscopi-
cally visible streaming of cytoplasm, and they lack motility. Just like bacteria, fungi 
aid the return of scarce materials to the soil by decomposing animals and plants. 
Fungi exhibit mycorrhizae association with plants (a symbiotic relationship between 
the mycelium of a fungus and the roots of a vascular plant) in which they provide 
plants with some nutrients and water for growth and taking nutrients as well from 
the plant. Medicines such as penicillin (an antibiotic) were produced from the fungus 
Penicillium notatum. Fungi are also used in the agricultural industry for controlling 
insect pests on crops. Most species of fungi live in the soil where they can obtain 
their nutrients, and on living organisms including plants and animals. Fungi again 
are saprophytic organisms and feed on dead organic matter. Fungi just like animals 
are heterotrophic organisms (they lack chlorophyll) and depend on the absorption 
of dissolved organic molecules typically by secreting digestive enzymes into their 
setting. Despite the enormously beneficial effects of fungi, some fungi are responsible 
for a wide range of infectious diseases infecting both animals and plants. Fungi are 
responsible for infectious diseases classified into superficial, cutaneous, subcutane-
ous, systemic, and opportunistic infections. Superficial diseases involve the skin, 
hair, and nails. Some fungi invade the subcutaneous while others invade deep tissues 
destroying internal organs in the immunocompromised host. Opportunistic fungi are 
generally harmless in their normal environment but become harmful in an immu-
nocompromised host. Infectious diseases caused by fungi include tinea, candidiasis, 
coccidioidomycosis, aspergillosis, blastomycosis, histoplasmosis, etc. [25].

2.3.6 Plant medicines for fungal infections.

Diterpenes in Taxodiaceae genera under the Coniferae order are known, antifun-
gal agents. Leaves and pericarp of J. regia extract pharmacologically demonstrated to 
be antifungal. Pterocarpus erinaceus aqueous and methanolic bark extracts showed in 
vitro antifungal properties [26]. A 10-year human study has shown that the extract 
of Senna alata is an effective antifungal agent for the treatment of Pityriasis versicolor 
[27]. Vernonia amygdalina contains sesquiterpene lactones, vernolide, and vernodalol 
which have demonstrated antifungal activities [28]. Acacia nilotica extracts of the root 
bark and fruits are reported to have antifungal properties particularly against yeasts 
and Candida albicans [29]. Many plants demonstrated antifungal properties and the 
list is still counting.

2.3.7 Parasitic worms

Unlike the infectious agents discuss so far, parasitic worms also known as hel-
minths are macro-parasites meaning they can be seen with the naked eye. They are 
highly differentiated multicellular organisms with complex life cycles. In some hosts 
(definitive hosts) they exhibit sexual reproduction and exhibit asexual reproduction 
in other hosts (intermediary host or vector). Helminths include the three groups of 
parasitic worms; nematodes or roundworms, trematodes or flukes, and cestodes or 
tapeworms. Nematodes are unsegmented worms with elongated rounded bodies 
pointed at both ends; mostly free-living but some are parasitic. Trematodes have 
external suckers usually for attaching to a host. Cestodes are ribbon-like flatworms. 
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While in the infected host, parasitic worms receive nourishment and protection while 
depriving their host of nutrients. Helminths are transmitted through water, food, 
soil, and vectors. An infected host can harbor the adult worm, immature stages, or 
their larval forms. Adult worms in their host produce eggs that can pass out through 
the stools of their host. Parasitic worms’ infection severity depends on the number of 
parasites harboring in the host. Diseases can also be due to the inflammatory reaction 
to their eggs and larvae. Helminths are responsible for symptoms such as diarrhea, 
loss of appetite, fatigue, stomachache, anemia, skin rashes, fever, swellings, weak-
ness, and weight loss [30].

2.3.8 Plant medicines for parasitic worm infections

The leaf extracts of Adansonia digitata exhibited anthelminthic activities [31]. 
Sorghum bicolor is considered anthelminthic in India. Ocimum gratissimum extracts 
have shown promising anthelminthic properties by their ability to inhibit glutathione 
S-transferases from parasitic nematodes [32]. Momordica charantia extract also has 
anthelminthic activity [33]. Balanites aegyptiaca also showed anthelminthic properties 
[34]. Plants are continuously screened and the list keeps on counting.

2.3.9 Protozoa

Protozoa are a group of one-celled eukaryotes minutes organisms either free-living 
or dependent on the host for support. Protozoa are non-photosynthetic and like 
animals depend on other matter for nutrients. Protozoa are more related to animals 
sharing common characteristics which include motility, lack of cell wall, etc. Their 
locomotive structures include the cilia (hairlike projections from the surface of their 
cell), flagella (a lash-like appendage that extends from the cell surface.). Some proto-
zoa such as the amoeba moved by forming pseudopodia, a temporal outgrowth that is 
filled with cytoplasm flowing from the body of the cell. The parasitic protozoa form 
part of the major causes of infectious diseases ranging from asymptomatic to life-
threatening, depending on factors such as the nature of the pathogen and the immune 
status of the host organism. Parasitic protozoa can be classified based on whether 
they are responsible for systemic or local infections. Systemic protozoal infections 
include malaria, sleeping sickness, babesiosis, Chagas’ disease, toxoplasmosis, and 
leishmaniasis. Protozoa such as Entamoeba histolytica, Giardia lamblia are responsible 
for intestinal parasitic infections. Intestinal protozoa infectious are transmitted usu-
ally by the fecal-oral route through direct contact with the infected agents by ingest-
ing contaminated food or water [35, 36].

2.3.10 Plant medicines for protozoa infections

The efficacy of plants as a remedy for protozoal infections is remarkable. In the 
clinical world, plants have been the source of the clinically used antimalarial drugs; 
quinine from Cinchona spp. and artemisinin from Artemisia annua with the former 
being the blueprint for the generation of varieties of synthetic antimalarial agents. 
Plants agents that have been found to kill or inhibit protozoa infections happen to 
plants containing phytochemicals such as alkaloids and terpenes. There is a lot of 
scientific evidence backing the use of alkaloids and terpenes in the treatment of 
protozoal infections but that does not necessarily mean all plants with alkaloids or 
terpenes can be used for such purposes. This is because some of those agents might 
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have the efficacy to kill or inhibit the agents but might be harmful in man and should 
not be considered. Plants with efficacy against protozoa infections include Cryptolepis 
sanguinolenta, Holarrhena pubescens, Alstonia boonei (Apocynaceae), Artemisia annua. 
Cryptolepis sanguinolenta contained the alkaloid cryptolepine used in the treatment of 
malaria [37]. The plant has also shown potency in the treatment of amoebiasis [38]. 
Holarrhena pubescens contain conessine which has shown potency in the treatment of 
amoebic dysentery. Alstonia contains alkaloids such as villastonine which have shown 
an in vitro antiplasmodial activity. Artemisia annua contained sesquiterpene lactone 
artemisinin which has shown activity against malarial. Other plants used in proto-
zoal infections include Cinchona pubescens, Aloe vera, Phyllanthus niruri, Rauwolfia 
vomitoria, etc.

3. Threats to plant’s life

It would not be doing enough still if our daily mission was to survive a plant life. 
Though that statement would not be more than fantasy when compared to what we 
see today, it would have survived mankind himself and his environment and created a 
livelihood in all his sector but would not still match all the benefits that he reaps from 
plants. I should say there are more bodies and resources towards the conservation of 
animal life than there are to survive plants life. Animals are important. They give us 
pet, food, leather, etc., and forms part of our society and they deserve the efforts to 
survive and protect them, but, are not plants that give us the ability to live to see our 
pets, eat meats, and use leather deserves much more attention? We do not need years 
of research (though they are available) to tell us hundreds of plants species are on the 
verge of extinction across the globe. Just a few years back, native African plants such 
as the khaya senegalensis were not easy to spot and now, it takes the journey of kilo-
meters into a deep forest zone to spot one or two such plants. And this is happening 
across all the corners of the globe. If greater urgency and resources are not directed to 
curb the trend, it will happen earlier than expected—many species of plants will be 
finally extinct.

In this era where there is a rise in scientific interest in research assaying plants’ 
phytochemicals and their potencies, it would not be long for plants to help us remedy 
diseases that synthetic products have failed to cure. This is happening and is not a 
fantasy. HIV-inhibitors named inophyllums have been isolated from Calophyllum 
inophyllum. Ferula sumbol has been found to contain coumarins that have shown 
anti-HIV activity [39]. But if these plants are extinct before they get to the laboratory, 
what is the hope of the world?

To talk of man involvements as threats to plants’ lives, we can consider two 
separate concepts. One is his physical activities and two, his inactions. His activities 
include timber exploitations, agriculture, mining, industrialization, urbanization, 
etc. His inactions are his lack of concern towards the threats to plants’ lives.

Man’s conscious and unconscious activities threatened the lives of plants and many 
plants species are battling extinction as a result of such activities. Our desire for timber 
products instead of other variants is killing plants other than whetting our appetites. 
Mining, agriculture, and other activities are all gearing towards that path. All these 
activities result in habitat loss. The homes of these plants are converted into agricul-
tural lands and places for livestock grazing. Industrial production and urbanization 
are rendering the natural habitats incapable of supporting plants life. Plants that were 
previously doing well in these habitats are killed in so doing reducing biodiversity.
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Man’s inaction that endangers plants lives on the other hand is the things he 
needed to do to immunized his physical activities that throw real danger on the 
plant’s life that he is not doing. We are sending plants to extinction by choosing to 
do nothing. The logging of trees would not be so destructive as far as we replaced 
them. We could plant trees to replace those we cut. We could employ reafforestation 
to immunize deforestation. On an individual level, we could decide to plant trees 
in our environment as a means of providing shades, beautifying our environment, 
and in the process, preserving plant life. You could inform someone today of the 
importance of protecting plants’ lives and helping spread the good news. Each and 
everyone can choose to do nothing or choose to do something. Whatever we choose 
to do, the process would not be easy. Choosing to protect plants’ lives is hard. Doing 
nothing and watching nature fades away is hard. I am asking you today to choose 
your hard!

3.1 Recommendations

The journey to protecting plants’ lives is everyone’s job since everyone is affected 
positively by the presence of plants. Environmental protection agencies, govern-
mental and non-governmental agencies, individuals, and the whole populace should 
awake and rethink all the practices that endanger plants species. New bodies aimed 
at preserving vegetations should be created and already existing ones should be 
strengthened. Governments, as well as individual philanthropists, should donate 
towards these bodies making sure they are well equipped to function. Sectors such as 
the farming sectors that are found of practices that endanger plants’ lives should be 
monitored and those found guilty sanctioned. Frequent campaigned towards plants 
plantation should be encouraged as well as mass education on the benefits of protect-
ing the vegetations.

Human resources are the center of all the types of resources in the sense that 
nothing will be meaningful and minimum rewards can be reaped from every resource 
without trained human resources to channel their course. Aside from preventing 
plants from extinction, experts should be trained to work and research on plants. 
Scientists already in the field should be well motivated and channels should be  
created for others to enter the field.

With the availability of plants and scientists to work on them, plants medicine will 
propel medicine to a horizon we never anticipated.

4. Conclusions

The above concepts are not claiming all there is to medicinal plants and infectious 
diseases but it is enough to straighten the logs that were bent years ago. Medicinal 
plants worked magic for the ancient men and survived them and their generation. If 
care, enough urgency, and resources are directed towards the preservation of plants, 
medicinal plants will change the perspective of medicine and impacts generations 
to come. If we stay adamant and watched as many species of plants suffer extinc-
tions, the world will lose this greater facet of nature and there will be no room to 
contain the mayhem. Diseases are with us. The world might record new outbreaks of 
infectious diseases, but with strategic plans that do not exclude interventions geared 
towards the wellbeing of medicinal plants, any kind of infectious disease can be 
easily controlled.
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Chapter 22

Natural Does Not Mean Safe
Onyenmechi Johnson Afonne and Emeka Chinedu Ifediba

Abstract

Medicinal plants are rich sources of natural products, the principal constituents 
in herbal medicines, utilized for the treatment and prevention of diseases. High 
consumer expectations for health care, in the face of soaring cost of conventional 
pharmaceuticals, have popularized herbal medicines in different regions of the world. 
The consumption of these botanicals and their products has recently gained much 
impetus with the assumption that since these active principles in them are natural, 
they are, therefore, safe. Assertive as this idea could be, scrutinizing the perspectives 
on which it is premised is critical in minimizing probable risk on human health. Most 
plant parts are repositories of natural toxins, phytosteroids, and bioaccumulated toxi-
cants, all of which are driven by natural processes. Besides intrinsic toxicity possessed 
by phytotoxins, some innocuous chemicals in medicinal plants can be biotransformed 
to toxic components. Some chemicals in medicinal plants that are of safety concerns 
include the endocrine-disrupting chemicals such as phytoestrogens, bisphenol A, and 
phthalates, among others. The persistent, bioaccumulative, and toxic metals have also 
been identified in medicinal plants. Some of these chemicals have been found to cause 
metabolic derangement and carcinogenicity. It is, therefore, imperative that linking 
natural products to safety should rather be empirical.

Keywords: natural, safe, phytotoxin, phytoestrogen, dioxin, toxic metals

1. Introduction

Herbal medicines are the mainstay of complementary or alternative medicine in 
most developing and some developed countries [1–3]. The use of herbal medicine in 
history and in different cultures was premised on the discovery of medicinal plants 
by trial and error, serendipity, or by the observatory science of zoopharmacognosis 
[4, 5]. Plants have been used as drug by the primitive man and are presently in high 
demand with increasing acceptability globally. Currently, the demand for plant-
derived products has increased across the world with the Middle East, Latin America, 
Africa, and Asia accounting for greater than 85% of the populations predominantly 
relying on herbal medicine for their health care needs [1]. Medicinal plants are a 
variety of plants with medicinal properties in some or all of its parts. Parts that have 
prominently contributed to these properties include the seeds, root, leaf, fruit, skin, 
and flowers [6, 7]. The rich contents of phytochemicals in medicinal plants have 
provided the basis for their use in herbal medicines. The World Health Organization 
(WHO) had defined herbal medicines to include herbs, herbal materials, herbal 
preparations, and finished herbal products that contain, as active ingredients, parts 
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of plants, other plant materials, or combinations thereof [8]. The production of plant 
secondary metabolites (PSMs) is a common phenomenon in the plant kingdom. These 
chemicals include a wide range of compounds, such as alkaloids, saponin, flavonoids, 
anthroquinones, terpenoids, coumarins, lignans, polysaccharides, polypeptides, and 
proteins [9]. Plant secondary metabolites are known to possess diverse physiological 
roles. They act as signaling compounds to attract pollinators or seed dispersers and 
defense against threats such as microbes, insects, predators, and abiotic (radiation, 
temperature, and drought) stress [9–12]. The presence and diversity of these com-
pounds in plant materials are inducible by natural selection (or processes) and new 
breeding methods that accentuate these protective/adaptive mechanisms [13]. Most 
of these products found in medicinal plants surely provide a diverse chemical space 
for drug discovery and management of many health conditions [14, 15]. The search 
for these products is attracting interest globally especially from Asia, Africa, or Latin 
America [16].

The curious expression that PSMs are natural products underpins the belief 
that as “natural” products, medicinal plants are “safe” or “safer” than conventional 
medicines. Indeed, some PSMs in medicinal plants are intrinsically toxic [17, 18] or 
are activated by enzyme systems in humans to toxic compounds [19]. There are also 
certain classes of PSMs with endocrine-disrupting capabilities [20–22]. This perspec-
tive that links natural to safety underscores core health issues in the use of herbal 
medicines. First, adverse effects resulting from the consumption of herbal medicines 
are usually not reported since consumers generally regard them as safe and, therefore, 
would not attribute symptoms to their use [23]. Second, the increased toxicity of con-
ventional drugs when taken concomitantly with these “safe” products can also ensue. 
The abuse of these natural products is also inevitable, posing an incremental risk of 
toxicity since consumers usually care less about the quantity (dose) and frequency of 
herb intake. Besides PSMs, “natural processes,” such as adsorption and absorption, 
introduce environmental toxic substances into plant systems, thereby expanding the 
profile in the chemical composition of plant species. Environmental changes and pol-
lution effects are major determinants in this regard and are critical in the definition of 
“nature” and “natural” and the safety attributed to their products. A subset of these 
xenobiotics is carcinogenic and can also cause metabolic derangement in humans on 
exposure beyond certain threshold. Regulation governing the production and sale 
of herbal medicines vary from one country to the other under regulatory categories, 
such as health foods, dietary supplements, natural health products, and functional 
foods [8]. These categorizations do not suggest safety in anyway but an approach for 
control and marketing. Therefore, leveraging on the nominal representation of the 
word “natural” in defining safety is not only ambiguous but also deceptive. Empirical 
data have shown that natural does not always mean safe in the premise of utility of 
medicinal plants for therapeutic consequences.

2. Naturalness of herb constituents

The concept of natural is contested by different perspectives cutting across dif-
ferent fields of learning. However, nature may be considered under different possible 
definitions: pristine ecology and life processes [24]. The definition of nature as pristine 
ecology is questionable given the successive cataclysmic evolution that gradually 
disequilibrated the ecology of the primitive man. Natural as life processes governed by 
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the laws of science (physics, chemistry, and biology) will provide a better platform for 
this discourse. Therefore, in the light of herbal medicines, the word “natural” suggests 
essentially that the product is comprised of ingredients produced by nature processes 
and not the work of man or interference from man. Excitingly, processes suggest 
activities and reactions that can be conditioned by the environment. The environ-
mental conditions in which a plant grows influence its phytochemical composition 
and distribution [11, 13]. Second, anthropogenic activities contaminate air and land 
in addition to agricultural practices (irrigation, fertilization, and pest control), all of 
which can induce stress to the subsisting plant organisms [12]. The environment and its 
activities describe nature and could represent natural in this manner since it facilitates 
life processes. These processes, however, reflect an ecosystem situation and exposure 
that is far from that of a pristine environment. Safety of constituents of biological 
organisms, plants inclusive, in such environment should be considered with caution.

3. Safety of herbal constituents

3.1 Natural plant toxins (phytotoxin)

Phytotoxins are toxic plant secondary metabolites employed for defense by the 
plant kingdom and are also similar to anthropogenic micropollutants in terms of 
persistence and toxicity [25]. The distribution of these natural products is diverse 
but present in most plant families used for medicinal purposes [19, 26]. They also 
differ in biological function and toxicities. Common classes of phytotoxins include 
the alkaloids, cynogenic glycosides, saponins, furocouramins, lectins, solanines, and 
chaconine [9]. Sources of some of these chemicals from plant species, such as Atropa 
belladonna, Datura spp., Digitalis spp., Papaver somniferum, and Strophantus gratus, 
are well documented [17, 27]. Apparently, no correlation exists between toxicity and 
chemical diversity [28], but these toxins might contribute to mixture toxicities and 
have the potential to overtake anthropogenic chemicals in their overall risk because of 
constant and ubiquitous production in plants. Since the presence and diversity of these 
compounds in plant materials are inducible by natural selection [13], medicinal plants 
with high local abundance often induced by human activity might be of great concern. 
Phytotoxins cause a variety of adverse effects and pose a serious health threat to man 
[25] ranging from acute poisoning to long-term health consequences. They medi-
ate their biological activities through mechanisms such as covalent modification of 
proteins and DNA bases (e.g., furanocoumarins), nonlinam-covalent modification of 
proteins, and interaction with biomolecules [27]. The common adverse health effects 
of these phytotoxins in man had previously been reviewed [18, 29] (Table 1). Besides 
phytotoxins with intrinsic toxicity, the metabolic activation of certain inert classes of 
natural plant products can unmask potential toxicities. Most of these potential herbal 
toxins are mainly found in chemical classes, such as the pyrrolizidine alkaloids, furano-
terpenoids, anthraquinones, bisbenzylisoquinolines, alkenylbenzenes, flavonoids, and 
alkaloids. Their activation is mainly mediated by hepatic cytochrome P450 and in few 
cases by intestinal bacteria leading to the generation of toxic and reactive metabolites 
capable of binding to cellular macromolecules/reduction systems with a consequent 
formation of intermediate complexes and resultant toxicities. A comprehensive review 
of the activation, mechanisms, and subsequent toxicity of these pretoxic compounds 
has recently been undertaken by Wang et al. [19] and summarized in Table 2.
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3.2 Phytosteroids

Another class of specialized secondary plant metabolites, which can affect human 
health, is the phytosteroids. These compounds can potentially bind to steroid recep-
tors in animals/humans and, thus, trigger or repress downstream receptor-mediated 
signaling events [22]. Phytosteroids, usually diverse in structures from endogenous 
steroid, can act as agonists, antagonists, or agents with both agonist/antagonist 
activities for steroid receptors [30, 31]. Some of these phytosteroids are the culprit 
of receptor promiscuity and may also interfere with steroid metabolizing enzymes, 
gifting this class of compounds a complex modulatory ability on the endocrine and 
reproductive systems [22]. A prominent subclass of phytosteroids is termed phytoes-
trogen because of their similarity to the female hormone, estrogen. These estrogen-
like substances are the basis for the use of some plants for medicinal purposes [32] 
and include such classes as isoflavones (e.g., genistein, diadzein, glycitein, and 
biochanin), lignans (e.g., sesamin, enterodiol, and enterolactone), coumestans  
(e.g., coumestrol, plicadin, and wedelolactone), and certain classes of phytoalexins 
(e.g., medicarpin) (Figure 1) [33]. Phytoestrogens have been isolated and identi-
fied in herbal medicines [34, 35] for the relief of menopausal symptoms and the 
prevention of osteoporosis and heart diseases [36]. Apparently, they also improve 
serum triglycerides, total cholesterol, low-density lipoprotein, apolipoproteins A-1 

Class Common sources Common toxicity Mechanism Sources

Xanthin 
alkaloids

Buneriaceae, 
Rubiaceae, Theacea

Stimulate heart rate, 
force of contraction, and 
cardiac arrhythmias at 
high concentration

Inhibits cAMP 
phosphodiesterase 
and adenosine 
receptors

[9, 29]

Furocoumarins Leguminosae, 
Rutaceae, Apiaceae, 
Moraceae

Phytophotodermatitis DNA alkylation [9, 27]

Lectin proteins Leguminosae Interferences with 
digestion and absorption 
of nutrients

Bind to cell surface [9, 27]

Cyanogenic 
glycosides

Leguminosae, 
Gramineneae, 
Rosaceae

Diarrhea, convulsion, 
death in severe case of 
large acute exposure

HCN produced 
poisons 
mitochondrial 
respiratory chain

[27, 29]

Solanine and 
chaconine

Solanaceae Hallucinations, 
hypothermia, fever

Reversible inhibition 
of cholinesterase

[9, 29]

Sesquiterpen 
lactones

Asteraceae, 
Convolvulaceae, 
Rutaceae, 
Umbelliferae

May be genetoxic DNA oxidation [27, 29]

Saponins Araliaceae, 
Fabaceae, 
Plantaginaceae, 
Scrophulariaceae, 
Solanaceae

Diarrhea, excessive 
salivation

Complex 
membrane, 
cholesterol

[27, 29]

HCN, hydrocyanic acid; cAMP, cyclic adenosine monophosphate.

Table 1. 
Some phytotoxins and common adverse effects.
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and B, and cell adhesion molecules [37]. Despite these benefits, animal data had also 
revealed that phytoestrogens have a wide range of adverse molecular, cellular, behav-
ioral, developmental, and reproductive effects at doses and plasma concentrations 
comparable to that in humans [20, 36, 38, 39]. Based on the estrogenic potential of 
phytoestrogen, exposure can disturb normal sexual differentiation in fetus and cause 
menstrual disturbances in females or low sperm counts in males. Owing to the poten-
tial interactions between phytoestrogens and the thyroid gland, it is possible that the 
thyroid function of hypothyroid individuals consuming high levels of phytoestro-
gen- or goitrogen-rich foodstuffs and supplements may be adversely affected [22]. 
Exposure to phytoestrogens may have a modest adverse effect on carotid intima media 
thickness (CIMT) progression particularly in postmenopausal women at an increased 
risk of developing atherosclerosis [37]. The harmful effects of phytoestrogens is a 
subject of scientific contestation; however, these effects depend on the exposure 
(type, amount consumed, and bioavailability), ethnicity, hormonal status (age and 
sex and physiological condition), and health status of the consumer [33]. Besides the 
phytoestrogens, ligands for receptors of hormones, such as progesterone, thyroid, 
and gluccocorticoids (Figure 2), have also been identified in botanicals [21, 22, 40]. 
Effects from phytoprogestins (e.g., apigenin), phytoandrogens (e.g., drupanol), and 
phytocorticoids (e.g., ginsenoside) in medicinal plants are also gaining attention.  
The promiscuity of these plant-sourced ligands for steroid receptors have been 

Class Common source Toxic metabolites Induced toxicity Mechanism

Pyrrolizidine alkaloids Boraginaceae, 
Crotalaria

Pyrrolic esters, necine 
and necic acids

Hepatotoxicity, 
pulmonary 
toxicity

DNA/protein 
adduct 
formation

Furan derivatives Dioscorea 
bulbifera, 
Ceratocystis 
fimbriata Ellis

cis-Enedial, enedial 
intermidiates, 
methofuran

Hepatotoxicity, 
pulmonary 
toxicity

DNA/protein 
adduct 
formation

Anthraquinones Polygoni multiflori Quinone intermediates 
lucidin

Hepatotoxicity GSH depletion

Epoxy diterpenoids Tripterygium 
wilfordii

Hepatotoxicity, 
neurotoxicity

GSH/NAC 
depletion

Bisbenzylisoquinoline Stephania 
tetrandra, 
Menispermum 
dauricum, 
Berberis 
amurensis

Quinone methide, 
intermediate, 3-epoxy-3-
methylindoline, reactive 
iminium

Pulmonary 
toxicity

GSH depletion

Alkenylbenzenes Cinnamomum 
verum, Myristica 
fragrans, sweet 
basil and sweet 
fennel

1′-Hydroxymyristicin 
1′-sulfooxyestragole

Carcinogenicity DNA adduct 
formation

Flavonoids Quercus Linn, 
Genus citrus, 
Quercus dentate

Quinone and quinine, 
methides, isorhamnetin, 
4′-OH-tangeretin

Cytotoxicity Cell cycle arrest

DNA, deoxyribonucleic acid; GSH, glutathione; NAC, N-acetyl cysteine.
Source: Wang et al. [19].

Table 2. 
Potential toxic compounds activated by metabolic systems.
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Figure 2. 
Other examples of phytosteroids. Source: Dean et al. [22].

Figure 1. 
Structural classes of phytoestrogens. Source: Domínguez-López et al. [33].
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reported [22, 41] and have the potential to precipitate side effects leading to cardio-
vascular disease, stroke, water retention, and weight gain.

3.3 Bioaccumulated toxicants

The abuse of the natural ecosystem by a massive use of materials and energy to 
meet the demands of the world’s growing population has led to a continuous and sig-
nificant contamination of water, soil, and air. Industrial and agricultural activities are 
hugely responsible for the release of millions of tons of chemicals known as persistent, 
bioaccumulative, and toxic (PBT) into the environment. The interactional forces 
driving the relationship between the three environmental compartments (water, soil, 
and air) determine the fate of these pollutants, which undoubtedly have become part 
of nature. Medicinal plants grown in contaminated areas are usually susceptible to 
concentrating PBT chemicals. Dioxin, dioxin-like polychlorinated biphenyls (PCBs), 
some indicator PCBs [42, 43], metals [44–46], and phthalates [47–49], among others, 
are common environmental pollutants that can accumulate in plants in substantial and 
health-threatening quantities. Exposure to dioxins and dioxin-like substances has been 
associated with an avalanche of toxic effects during developmental stages, immuno-
toxicity, and adverse changes in thyroid and steroid hormones and also in reproduc-
tive functions [43]. Toxic metals found in botanicals may pose low health risk in one 
dose of herbal preparations [50] but can have a significant contribution to total body 
heavy metal burden [51, 52]. Major threats to human health from heavy metals are 
commonly associated with exposure to lead, cadmium, mercury, and arsenic [53] and 
have been linked to indicators such as decreased immunity, cardiac dysfunction, fetal 
malformation, and impaired psychosocial and neurological behavior [52]. Phthalates, 
globally used as plasticizers readily accumulate in medicinal plants [47, 48], have been 
found to be potent endocrine disruptors. In addition to endocrine-disrupting abilities, 
phthalates also possessed teratogenicity, carcinogenicity, and mutagenicity effects 
[54, 55]. Other toxicants with bioaccumulative capacities in medicinal plants abound. 
Some of these agents can bind covalently to enzymes and induce the production of 
reactive oxygen species (ROS), thus leading to negative health effects in humans [56].

4. Naturalness and herbal processing

The preparation of herbal medicines from medicinal plants requires processes 
such as boiling, roasting, squeezing, and soaking [7, 57]. This is believed to mitigate 
exaggerated pharmacological actions, alleviate side effects, modify energy proper-
ties, mask disagreeable odors, or prolong the shelf life of crude herbs [58]. Herbal 
processing has been leveraged most of the times as detoxifying processes important 
for those herbs that are known to contain toxic or undesirable chemical compo-
nents [59]. For example, steaming and frying may degrade heat-sensitive toxic, 
while fermentation and aging may result in enzymatic degradation of the toxic 
ingredients. Despite these positive implications of processing, such practices may 
also uncover a type of metabolite-deficiency-induced toxicity since the pharmaco-
logical potencies of herbal medicinal preparations had been touted as one sub-
served by synergistic interactions of disparate constituents in an extract [60, 61]. 
Adjuvants are also often added to enhance therapeutic effects or minimize drug 
toxicity, thereby broadening the spectrum of clinical application of the processed 
drugs. Commonly used adjuvants include vinegar, honey, wine, brine, ginger juice, 
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bran, and rice [58, 62]. For example, according to Li et al. [63] approximately 
19.4% adverse events, associated with traditional Chinese medicine use between 
1949 and 2008 in China, are reported to be ascribable to improper processing. 
It is believed that adjuvants participate in chemical or physical transformation 
that improves pharmacological effects, or alter the pharmacokinetic behavior, to 
provide an enhanced therapeutic effect or counteract drug toxicity [58]. Therefore, 
concoction, decoction, infusion, and homogenization, among others, are processes 
that can alter the natural constituents of medicinal plants and thereby introduce a 
twist in this concept of “natural.”

5. Discussion

The safety of medicinal plants has been enmeshed in scientific controversies. 
While the promoters of “natural is safe” paradigm persisted, different authors had 
previously justified why natural does not really mean safe in the context of phytother-
apy. Most contributions in this regard presented evidence-based toxicity bordering on 
inherent toxicity of plant constituents [64–66] and herbal–drug interactions [23, 60]. 
However, the present paper premised this safety concerns on a definition of natural as 
a process influenced by the immediate habitat of the plant. The impact of the environ-
ment and processing procedures are indeed critical players of nature that determine 
the safety of medicinal plants. However, the general consensus by all authors is that 
some popular medicinal plant materials contain harmful substances, which may be 
classified into phytotoxins, phytosteroids, and bioaccumulated toxicants.

6. Conclusion

The folkloric use of medicinal plants has been justified by their constituents of 
active principles. However, the safety attributable to these natural products is overes-
timated. There are harmful substances found in plant materials as a result of natural 
processes. Unfortunately, these processes are reflecting an ecosystem situation and 
exposure that is far from that of a pristine environment. However, these facts seem to 
be overshadowed by the views of the “naturalists” who understand nature as pristine, 
pure, and harmless. Exposure to these natural toxins through herbal preparations 
and its attendant risks to human health may surge higher under this assumption that 
if a compound is natural, it is automatically safe. Caution should, therefore, be taken 
in the use of medicinal plants for treatment of various health conditions against the 
backdrop of poor regulation of herbal medicines.

We recommend the scientific determination of the safety profile of medicinal 
plants before use in therapy. In addition, appropriate regulatory agencies should 
intensify the monitoring of these phytomedicines to ascertain that they meet set regu-
latory standards, as their being natural does not mean being safe.
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Chapter 23

Rapid Qualitative and Quantitative
HPLC/MS Analysis of an
Antioxidant Couple Consisted of
Glutathione and Ascorbic Acid in a
Pharmaceutical Product
Stanislav V. Yefimov

Abstract

Vitamin C and glutathione are mostly found together in pharmaceutical
products. These two components protect each other from oxidation by forming an
antioxidant couple and mutually reinforcing each other’s actions. This paper
describes a method for determining the activity of the antioxidant couple in
pharmaceutical products using HPLC/MS. An Agilent 6125 HPLC equipped with
MSD and DAD detectors was used. The first detector is for the detection of
glutathione, and the second is for the detection of ascorbic acid. The MS spectrum
of glutathione (Glut) was dominated by the signal m / z + = 308.2, which corresponds
to the Glut-H + cation. The MS spectrum of ascorbic acid (AA) was dominated by
signals m/z + = 177 and 375, which corresponds to the cations AK-H + and 2AK-Na +.
The use of HPLC with two detectors (MS and DAD) made it possible to simulta-
neously determine both components of the antioxidant couple in pharmaceutical
products without derivatization and any preliminary sample preparation. The
method meets the FDA criteria for accuracy, selectivity, robustness, and
reproducibility, and has a low detection limit of both components of the
antioxidant couple.

Keywords: antioxidant couple, glutathione, ascorbic acid; potency, HPLC/MS;
Validation

1. Introduction

In living cells, glutathione protects cells from oxidative damage and maintains
redox balance [1]. Vitamin C (ascorbic acid) is one of the powerful reducing agents, it
works as a neutralizer of oxidizing free radicals in a living cell [2]. Glutathione and
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vitamin C often coexist in pharmaceutical products. Both components enhance each
other’s actions and protect each other from oxidation. This combination is called the
antioxidant couple [3].

Determination of the activity of an antioxidant couple in pharmaceutical products
is carried out using modern instruments and specially developed methods. In this
work, we used HPLC/MS from Agilent [4].

When developing methods of analysis, it is customary to follow the recommenda-
tions of the International Conference on Harmonization (ICH), which contains the
necessary criteria for validating methods [5]. It is also important for developers to
achieve simplicity (fewer stages) and speed of analysis. Both factors affect its cost.

The complexity of the simultaneous analysis of glutathione and ascorbic acid is
that Glutathione (Figure 1) is relatively poorly visible to UV-VIS detectors. To make it
highly visible, chemists are forced to derivatize glutathione by adding a radical
containing a benzoic or furan ring through the sulfhydryl group.

Ellman’s reagent (5,5'-dithiobis (2-nitrobenzoic acid) [6, 7], O-phthalic aldehyde [8],
4-vinyl pyridine, 4-fluoro-7-sulfobenzofurazan ammonium salt, 4- (aminosulfonyl)-
7-fluorobenzofurazan and N- (9-acridinyl) maleimide [9] are used as derivatizing
agent. However, the glutathione molecule contains two carboxyl groups and can be
ionized at (ESI) and detected by MSD [10, 11], or by HPLC/ MS/MS [12] without
derivatization.

The ascorbic acid molecule (Figure 1) contains a furan ring and is well detected by
the UV-Vis detector. There are some literature data about methods for the determi-
nation of ascorbic acid and ascorbates by HPLC in fruits, blood serum, and pharma-
ceuticals [13–17].

Usually, the UV detector is used [13, 18–20], some authors prefer an electrochem-
ical detector [16]. The tandem of MS and UV-VIS detectors is a useful and effective
tool [14, 17, 21, 22].

As a mobile phase for HPLC/MS, methanol and acetonitrile volatile solutions are
most popular [14, 17, 21, 22]. The not volatile sodium dihydrogen orthophosphate
solutions may be used as a mobile phase for HPLC-UV [13, 16–19].

To simultaneously analyze several components in a pharmaceutical product,
chemists select the appropriate detector and suitable chromatography conditions. In
the case when the components differ in nature and their concentration is very differ-
ent, a good result has given the use of two detectors, each of which is focused on the
detection of its group of components. In the present study, we used two detectors, one
for glutathione and the other for ascorbic acid. This approach allowed us to obtain a
satisfactory result of the analysis with a tenfold difference in the concentration of the
components and to exclude derivatization.

Figure 1.
Structures of the molecules forming an antioxidant couple.
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The antioxidant couple analysis method presented in this article was developed for
the analysis of nasal spray and injection solution. The specificity, precision, reproduc-
ibility, reliability, and selectivity of the method have been validated. The recommen-
dations of the European Medicines Agency [5], as well as the FDA guidelines for the
validation of analytical procedures [23–25], were used.

2. Materials and methods

Chemicals. L-ascorbic acid analytical standard from Sigma-Aldrich; formic acid
98-100% analytical grade from Merck; glutathione from European Pharmacopoeia
Reference Standard, water HPLC grade purchased from Agilent. All the solvents used
were of HPLC grade. Branded pharmaceutical formulation, in form of nasal spray and
injection solution, was obtained from commercial sources and used as received, with-
out any further purification.

Samples. All the samples were from a freshly prepared product. The products were
tested: Glutathione injection solution, containing 20% of glutathione and 2% of ascorbic
acid and, glutathione nasal spray, containing 20% of Glutathione and 3.5% ascorbic acid.

The instruments. The Agilent instrument (Agilent Single Quadrupole LC/MS
instrument, 2019) includes the following components: quaternary pump 600 bar
maximal pressure; single quadrupole (SQ) mass selective detector (MSD) with
electrospray ionization (ESI), 150 V fragmentor, gas flow: 7 L/min, gas temperature
300°C, capillary 4000 V and nebulizer 15 psi; OpenLAB CDS Version 2.2. software.
Reversed-phase (RP) column Poroshell 120 EC-C18, 50 � 4.6 mm, particles size
2.7 μm, with guard precolumn. Isocratic elution was performed with mobile phase:
0.1% formic acid water solution and flow rate of 1.0 mL/min.

A qualitative analysis was made using MDS spectrum. Glutathione shows the
predominant signal of m/z+=308 which corresponds to the cation Glut-H+. Ascorbic
acid (AA) shows m/z+=177, 199, and 375 which corresponds to the AA-H+ cation, AA-
Na+ cation, and to the 2AA-Na+ cation respectively.

A quantitative analysis was made based on the standard calibration curve.
Preparation of standard stock solution. An accurately weighed of ascorbic acid

and glutathione was dissolved in water. The solution was filtered through a 0.45 μm
cellulose acetate membrane filter. The stock solution was stepwise diluted to make a
set of standard solutions.

System suitability was tested and validated according to the Centre for Drug
Evaluation and Research [24] and Agilent recommendations [25].

Calibration curve. Five standard concentration solutions were tested in the range
of glutathione concentrations from 0.1 g/l to 1.0 g/l and AA concentrations from
0.04 g/l to 2.1 g/l. Each point of the calibration curve was the mean of five measure-
ments. Slope (a), intercept (b), and correlation coefficient (r) were calculated by least
squares using OpenLAB CDS software. The range of concentrations for which the
correlation coefficient was equal to or greater than 0.999 was taken as the working
range [24]. For MSD, the type of calibration curve (linear or parabolic) was chosen so
that the correlation coefficient was maximum.

Accuracy was expressed as mean absolute recovery and percent relative standard
deviation (RSD), for AA and glutathione samples in five copies for each concentration.

The precision of the method was determined by comparing the measurement
results of five samples under the same experimental conditions. Intra- and inter-day
tests were carried out.
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Limits of detection (LOD) and quantification (LOQ). LOD is the minimum
measurable amount of a substance, LOQ is the minimum measurable amount with
acceptable linearity, accuracy, and precision. For a linear calibration curve, LOD is
calculated using the formula (1) [5] where (σ) is the standard deviation of the
response, and (a) is the slope of the line.

LOD ¼ 3:3 ∗ σ=a (1)

If the calibration curve is a parabola (y=ax2 +bx + c), then the LOD is the root of
the quadratic equation, which is calculated by the formula (2).

LOD ¼ �bþ SQRT b ∗ b� 4 ∗ a ∗ c� 3:3 ∗ σð Þð Þð Þ= 2 ∗ að Þ (2)

The standard deviation of the response (σ) is determined based on the calibration
curve as the residual standard deviation of the regression line [5]. The LOQ may be
estimated as 3 times LOD.

Repeatability was evaluated in the same tests as for the accuracy and recovery.
The measure of repeatability is RSD.

To assess the specificity of the method, samples of the pharmaceutical compound
and a standard solution of approximately the same concentration of the tested com-
ponents were compared in terms of tail coefficient, retention time, and the number of
theoretical plates. The difference was expressed in RSD.

The robustness of the method was evaluated by the effect of small changes in flow
rate, column temperature, and mobile phase composition on the measurement result.
The system suitability parameters (T and N) were determined, and the results were
compared with acceptable limits.

Statistical analysis. Each experimental point was the average of five measure-
ments. The results p < 0.05 were considered statistically significant. Data variation
was expressed as standard deviation (SD) and relative standard deviation. A regres-
sion analysis based on the Least Squares Method was used to construct a calibration
curve. The correlation coefficient (r) and the coefficient of determination (r2) were
calculated.

3. Results

System suitability. The solution of a standard sample with a volume of 1 μl was
injected five times. The relative standard deviation of the peak area, retention time,
the number of theoretical plates, and tail factor were determined and compared with
the acceptable limits (Table 1) according to the recommendations [26, 27].

The MS spectra and chromatograms are shown in Figures 2 and 3. As we can see in
Figure 2B, the ascorbic acid DAD signal is clearly visible, while the glutathione peak is
barely visible. The situation is the reverse of Figure 2A, the glutathione peak is high,
and the ascorbic acid peak is very small. As a result of electrospray ionization, gluta-
thione is converted into a single cation m/z+=308 (Figure 3A), and ascorbic acid into
several cations, including those with m/z+= 177 and 375 (Figure 3B).

Linearity, range, and limit of detection. The working range for glutathione was
from 0.2 to 1.0 μg, and for AA from 0.5 to 1.0 μg. The limit of detection was calculated
based on the standard deviation of the response (σ) and slope (a) according to Eq. (1)
for ascorbic acid, and Eq. (2) for glutathione. The results of the LOD calculation are
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Test parameters Mean S.D. % RSD Acceptable limit

AA Peak area (mAU�min) 1,023.90 18.95 1.9 RSD ≤2

Glut. Peak area (counts�min) 2,543,221.44 22,859.33 0.9 RSD ≤2

AA Retention time (min) 0.78 0.00 0.0 RSD ≤2

Glut. Retention time (min) 1.02 0.00 0.2 RSD ≤2

AA Theoretical plates (N) *30,128.50 4,273.05 1.6 >2,000

Glut. Theoretical plates (N) *47,000.00 4,242.64 9.0 >2,000

AA Tailing factor (T) *1.29 0.01 0.6 ≤2

Glut. Tailing factor (T) *1.60 0.01 0.4 ≤2

Ascorbic acid (AA) is detected by DAD and glutathione (Glut.) is detected by MSD.
Ascorbic acid standard solution 2.7 μg/μL, injection volume 0.1 μL. Values are presented as mean�S.D., n = 5, *p < 0.05
Glutathione standard solution 0.5 μg/μL, injection volume 1.0 μL. Values are presented as mean �S.D., n = 5, *p < 0.05.

Table 1.
System suitability.

Figure 2.
(a) Chromatogram detected by MSD, hight peak corresponds to glutathione. (b) Chromatogram detected by DAD
(272 and 380 nm), hight peak corresponds to ascorbic acid. Concentration of glutathione is 0.62 μg/μL,
concentration of ascorbic acid is 0.122 μg/μL; mobile phase is aqua solution of 0.1% formic acid.

Figure 3.
Extracted spectrum (m/z+ value) of glutathione (A) and ascorbic acid (B). Concentration of glutathione is
0.62 μg/μL, concentration of ascorbic acid is 0.122 μg/μL; mobile phase is aqua solution of 0.1% formic acid.
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shown in Table 2. Linear regression in the case of MSD does not have a good correla-
tion coefficient, so parabolic regression was used for MSD, it gives a satisfactory
correlation coefficient (r ≥ 0.999).

Accuracy/recovery and precision. The accuracy of the method was validated for
recovery at 3 different concentrations in five replicate tests. Recovery was determined
based on the calibration curve. The results are shown in Tables 3 and 4. Interday
analysis shows the stability of the AA and Glut samples during the day.

Selectivity analysis (Table 5). Two peaks of both components were compared,
one for the standard solution and the other for the drug. It has been shown that the
presence of other ingredients in the composition of the drug does not affect the
recovery of glutathione and ascorbic acid. In particular, the relative standard devia-
tion of recovery does not exceed 0.72%. Thus, the method is specific to the antioxidant
couple.

AA (μg) Mean Y
(n = 5)

Y
calc.

ΔY Glut. (μg) Mean Y
(n = 5)

Y calc. ΔY

0.0422 150 145 4.8 0.20 1,174,797 1,193,679 �18,882

0.0844 270 271 �1.0 0.33 1,984,510 1,869,527 114,983

0.1266 392 397 �4.8 0.50 2,543,221 2,596,191 �52,970

0.1688 516 523 �6.6 0.67 3,147,655 3,190,815 �43,160

0.211 656 648 7.6 1.00 4,005,954 3,985,687 20,268

y = ax + b
y = ax2 + bx + c

a 2981.04 a �2,370,063

b 19.4 b 6,334,085

c — c 21,664.53

r 0.9991 r 0.99905

Mean ΔY
(n = 5)

�1.2 Mean ΔY
(n = 5)

4,047.61

S.D. ΔY (n = 5) 6.31 S.D. ΔY (n = 5) 68,145.19

LOD (μg) 0.01 LOD (μg) 0.032

Ascorbic acid (AA) is detected by DAD and glutathione (Glut.) is detected by MSD. Calibration curves are in the table.
Standard errors of the calibration points are represented by the size of the circles (p < 0.05).
“x”—the content of AA or Glut. in the sample; “Y”—the peak area; “Y calc.”—the calculated peak area; “ΔY”—the
residues; “a”—the slope of the regression line; “b”—the intercept; “r”—the correlation coefficient; “S.D. ΔY”—the residual
standard deviation of the regression line (σ).

Table 2.
Linearity, range and LOD.
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To test for robustness, the flow rate, column temperature, and formic acid
concentration in the mobile phase were varied. The system suitability parameters
(T and N) were determined, they were within acceptable values for all changes in the
analysis conditions (Table 6). Thus, the method is robust.

4. Discussion

The use of two detectors (MSD and DAD) for the analysis of the antioxidant
couple is efficient and extends the range of HPLC analysis. In the tandem of detectors,

AA (μg) Mean recovery (μg) �SD RSD (%) Recovery (%)

1.335 1.316 0.077 6.0 *99

1.780 1.776 0.054 0.0 *100

2.670 2.677 0.092 0.0 *100

♥1.780 1.70 0.010 4.0 *96

Ascorbic acid (AA) is detected by DAD.
Recovery data presents an average value of five independent determinations (n = 5). ♥The bottom row corresponds to the
inter-day analysis. Samples were kept overnight in closed vials at 19°C. *p < 0.05

Table 3.
Glutathione. Accuracy, recovery, repeatability.

Glut. (μg) Mean recovery (μg) SD RSD (%) Recovery (%)

0.534 0.54 0.03 5.0 *101

0.84 0.88 0.02 3.0 *105

1.335 1.23 0.00 0.0 *92

♥0.84 0.84 0.03 4.0 *100

Glutathione (Glut.) is detected by MSD.
Recovery data presents an average value of five independent determinations (n = 5). ♥The bottom row corresponds to the
inter-day analysis. Samples were kept overnight in closed vials at 19°C. *p < 0.05.

Table 4.
Ascorbic acid. Accuracy, recovery, repeatability.

Active
component,
detector

Concentration of active
components (μg/μL)

Mean peak area.
(Standard) (n = 3)

Mean peak area
(Drug) (n = 3)

RSD
(%)

Glut. 0.200 1755849 1759024 0.13

AA 0.054 218 220 0.72

Ascorbic acid (AA) is detected by DAD and glutathione (Glut.) is detected by MSD.
Two peaks are compared: one for a standard solution, and the other for a dilute solution for injection containing the
following components: glutathione 0.2 g/L, ascorbic acid 0.054 g/L, disodium EDTA 0.001 g/L, NaOH 0.02 g/L, benzyl
alcohol 0.015 g/L.

Table 5.
Specificity.
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DAD comes first because it is a non-destructive detection method. MSD not only
provides information on the qualitative chemical composition of the sample but also
in certain situations allows us to determine the quantitative content of the component
(glutathione) that is not visible to DAD. The calibration curve for the MSD is not
linear, but parabolic, which probably reflects the mutual repulsion of like-charged
particles in the gas phase. The use of MSD for quantitative analysis requires further
study and justification.

5. Conclusion

The HPLC/MS method has been developed for the determination of the antioxi-
dant couple consisting of glutathione and ascorbic acid in pharmaceutical products.
The use of a tandem of DAD and MSD detectors is substantiated. The method has
been validated for accuracy, stability, and precision. The method has a low detection
limit. The presence of foreign components in samples including sodium hydroxide,
disodium EDTA, and benzyl alcohol does not impair the accuracy of the analysis. The
method provides a fast, sensitive, accurate, and reproducible means of determining
the antioxidant couple in pharmaceuticals. Preliminary special preparation of samples
is not required.

Conflict of interest
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Abbreviations

ACN acetonitrile
AA Ascorbic acid
DAD Diode Array Detector

Parameter Ascorbic acid (0.1 μg) Glutathione (0.5 μg)

T %RSD N %RSD T %RSD N %RSD

Flow rate 1.0 ml/min 1.24 1.5 30,709 1.8 1.59 1.6 44,504 1.9

Flow rate 1.05 ml/min 1.30 1.5 28,320 1.7 1.60 1.7 50,693 1.9

Temperature 22°C 1.24 1.5 30,709 1.8 1.59 1.6 44,504 1.9

Temperature 24°C 1.42 1.7 29,552 1.5 1.81 1.8 43,332 1.7

Mobile phase

Formic acid 0.10% 1.24 1.5 30,709 1.8 1.59 1.6 44,504 1.9

Formic acid 0.13% 1.21 1.4 30,889 1.6 1.56 1.5 44,651 1.8

Ascorbic acid is detected by DAD and glutathione Is detected by MSD.
T = Tailing factor (mean); N = Theoretical plates (mean); n = 5.

Table 6.
Robustness.
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ESI electrospray ionization
FDA Food and drug administration
Glut. Glutathione
ICH International Conference on Harmonization
LOD limit of detection
m/z mass per charge unit
MSD mass selective detector
MW Molecular weight
RP reversed-phase
SQ single quadrupole
UV-VIS Ultraviolet-Visible
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Chapter 24

Natural Drugs for Diabetes: Needs 
of Developing Country
Namrata Dwivedi, Suhel Mehandi, Skand Kumar Mishra  
and I.P. Tripathi

Abstract

Diabetes mellitus is a metabolic issue and genuine worldwide wellbeing annihilating 
issue. The plague ascends in the quantity of new pace of diabetes mellitus is perhaps 
the most disturbing statistic with respect to wellbeing association overall premise. 
Notwithstanding, customary information could be utilized to help present-day or 
ordinary diabetes medicines. Here, we distinguish therapeutic plants that have been 
utilized as medicines for diabetes dependent on Chitrakoot ethnobotanical informa-
tion. According to individuals’ viewpoint, it is demandable and OK to incorporate 
homegrown concentrates as a component of the clinical intercession that the home-
grown medication is viewed as normal and that the training might have been trailed by 
numerous ages. In this possibility, the utilization of therapeutic plant concentrates to 
treat a particular sickness was noticed for millennia. Therefore, Natural herbal phyto 
constitute a potentially important natural resource to provide inexpensive treatment 
of a disease commonly affecting the population of rural community as well as country. 
The plants used for diabetes treatment should be tested for pharmacological efficacy to 
help select the most useful for traditional medicines.

Keywords: diabetes, natural, medicinal plant, pharmaceutical

1. Introduction

Diabetes mellitus is a disease and it is primarily, characterized by lower level of 
glucose homeostasis ensuing from defects in secretion of insulin, insulin works resulting 
in impaired metabolism of glucose and other energy-yielding fuels such as lipids and 
proteins. Present time we faced large increases in the number of people suffering from 
anti-diabetic potential of medicinal plants more than 115 diabetes. The World Health 
Organization (WHO) assessed that around 30 million individuals experienced diabetes 
in 1985 and the number expanded to in excess of 171 million out of 2000. It is evaluated 
that the number will addition to north of 366 million by 2030 and that immense augmen-
tations will occur in non-modern countries, especially in those individuals developed 
some place in the scope of 45 and 64 years. Exploratory diabetes in animals has given 
noteworthy comprehension into the physiological and biochemical craziness of the dia-
betic state [1]. Different these aggravations have been depicted in hyperglycemic animals. 
Critical changes in construction and lipid digestion happen in diabetes. In these cases 
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the primary changes are plainly oxidative in nature and are related with advancement of 
vascular illness in diabetes. In diabetes, expanded lipid peroxidation is likewise con-
nected with hyperlipidemia. The liver, an insulin subordinate tissue that accepts a basic 
part in glucose and lipid homeostasis, is genuinely affected during diabetes. The liver 
and kidney partake in the take-up, oxidation and metabolic change of free unsaturated 
fats, association of cholesterol, phospholipids and greasy oils. During diabetes, a canny 
change in the obsession and piece of lipids occurs. Despite the staggering movement life 
that have been settled on in the arrangement and the leaders of diabetes, the contamina-
tion Type 2 DM and issues arises by sickness make hardships are extending unabated. 
Some time later in show contempt for the presence of known underground bug diabetic 
local medicine in the medication treatment from remedial plants is used with progress to 
treat this contamination. Various standard plant meds for diabetes are used all through 
the world [2]. In this manner, treatment with local fixes drugs influences getting β-cells 
and make balance out change in glucose levels. All things considered, there is not any 
more natural data on the specific strategies for action in the treatment of diabetes, yet by 
far most of the plants have been found to contain substances like glycosides, alkaloids, 
terpenoids, flavonoids, etc. that are regularly involved as having threatening to diabetic 
effects. The investigation for substitute fixes (from the plant domain) for diabetes mel-
litus will continue with from one side of the planet to the other as the affliction presents 
numerous challenges not solely to the specialist yet furthermore to the researcher [3].

2. Background

History of medicine returns essentially to the presence of human advancement. 
The momentum recognized present day prescription or allopathy has bit by bit made 
throughout the span of the years by coherent and observational undertakings of spe-
cialists regardless, the essential of its improvement stays laid out in standard medicine 
and medicines. Imbalance in medical care conveyance, especially connected with rea-
sonableness issue, and afterward even more especially in the non-industrial nations 
has turned into a question of extraordinary worry for world nation Traditional 
medication can be utilized as a contribution to “present day” drugs research, yet in 
addition as a wellspring of successful mediations by its own doing [4].

3. Health needs of developing world

The medical condition in the emerging nations however at first sight is by all 
accounts through their own effort requiring neighborhood remedy and surely from 
a thin likelihood that is along these lines, involves worldwide concern. The wellbeing 
inconveniences confronting the growing all around the world, on the off chance that 
left none acknowledge can push humankind on the opposite side the tipping point 
with critical phenomenal ramifications for all mankind, showing up and remissive 
none-neither creating nor created nations. Worldwide conflicts and illegal intimida-
tion make two glaring instances of the unfortunate results [5].

4. Standardization, research and development: current status

The abuse of manufactured drugs with debasements, bringing about higher unfa-
vorable medication response in further developed networks, has propelled humanity 
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to back to nature for more secure cures. Local things are viewed as safeguarded by 
patients since they are considered to be ordinary. Most medications preceding being 
supply to buyers go through hard evidence based clinical testing; this is not exactly 
legitimate for herbs [6]. The inspiration driving WHO rules is to portray principal 
measures for the evaluation of significant worth, prosperity and suitability of the 
prescriptions [7].

5. Insulin resistance in type 2 diabetes

Most critical thing we should sees one of the central irregularities type 2 diabetes 
is insulin opposition. Insulin obstruction has been displayed to be available in 
prediabetes and at this time of the average history of diabetes, insulin spread 
is experiential to be expanded, or then again if nothing else, hyperinsulinemia, to 
make up for the insulin hindrance. Obviously, insulin opposition is a key patho-
physiological part of type 2 diabetes and is determinedly associated with cardio-
vascular wagered factors and sped up atherosclerosis. Insulin is a key of diabetes 
it’s a watchman of glucose work as postal worker. Given the focal control of insulin 
protection from diabetes, most likely the best fair of treatment for subjects with 
type 2 diabetes is highlighted developing the insulin responsiveness in vivo. Caloric 
cutoff and redesignd genuine work are wonderful to additionally foster insulin 
responsiveness. Amazingly, upkeep of way of life intervention for patients is 
hazardous in the long run [8].

6. Mechanisms of botanical actions

Regardless the recorded utilization of botanicals to treat diabetes and its related 
signs, one of the essential issues for this area of study is the deficiency of unquestion-
able and obvious information on abundancy, and, surprisingly, more basically, a 
setback of information about distinct mechanism(s) of activity. These are tremen-
dous imperatives, and in gigantic part these cutoff points explain why there is huge 
doubt concerning the feasibility of local fixes in Western prescription. Regardless, 
there is creating confirmation around here, and accepting a home grown is displayed 
to well influence a given part, that will give the thinking to further and more convinc-
ing assessments on a particular regular [9].

There is no evidence to date that any of these proposed impacts are dependably 
noted with any natural upgrade eventually available. Finally, another proposed 
pathway by which botanicals could work is by direct rule of insulin action in 
periphery tissues like skeletal muscle and fat tissue. In such way, there is evi-
dence to help the home grown guideline of these cycles. Mechanism of insulin 
emanation.

7. Medicinal plants relevant to type 2 diabetes

A restricted rundown of chosen botanicals that are accounted for to adjust starch 
digestion is given in Table 1. Figure 1 showed that the mechanism of insulin secre-
tion. When glucose transport from GLUT 2 transporter [10]. A few botanicals showed 
against diabetic properties are given beneath.



Medicinal Plants

502

Sc
ie

nt
if

ic
 n

am
e (

co
m

m
on

 n
am

e)
K

in
gd

om
D

iv
is

io
n

C
la

ss
O

rd
er

Fa
m

ily
G

en
us

Sp
ec

ie
s

Ca
th

ar
an

th
us

 ro
se

us
 (S

ad
ab

ah
ar

)
Pl

an
ta

e
Tr

ac
he

op
hy

ta
M

ag
no

lio
ps

id
a

G
en

tia
na

le
s

A
po

cy
na

ce
ae

Ca
th

ar
an

th
us

ro
se

us

Te
be

rn
am

on
ta

na
 d

iv
er

ica
ta

 (C
ha

nd
ni

)
Pl

an
ta

e
Tr

ac
he

op
hy

ta
M

ag
no

lio
ps

id
a

G
en

tia
na

le
s

A
po

cy
na

ce
ae

Ta
be

rn
am

on
ta

na
di

ve
ri

ca
ta

Ca
sca

be
la

 th
ev

et
ia

 (K
an

er
)

Pl
an

ta
e

Tr
ac

he
op

hy
ta

M
ag

no
lio

ps
id

a
G

en
tia

na
le

s
A

po
cy

na
ce

ae
Ca

sca
be

la
th

ev
et

ia

M
om

or
di

ca
 ch

ar
an

tia
 (B

itt
er

 M
el

on
)

Pl
an

ta
e

Tr
ac

he
op

hy
ta

M
ag

no
lio

ps
id

a
cu

cu
rb

ita
le

s
Cu

cu
rb

ita
ce

ae
M

om
or

di
ca

ch
ar

an
tia

D
al

be
rg

ia
 si

sso
o (

Sh
ish

am
)

Pl
an

ta
e

M
ag

no
lio

ph
yt

a
M

ag
no

lio
ps

id
a

Fa
ba

le
s

Fa
ba

ce
ae

D
al

be
rg

ia
sis

so
o

G
ym

ne
m

a 
sy

lv
es

tre
 (G

ym
ne

m
a)

Pl
an

ta
e

Tr
ac

he
op

hy
ta

M
ag

no
lio

ps
id

a
G

en
tia

na
le

s
A

po
cy

na
ce

ae
G

ym
ne

m
a

sy
lv

es
tre

Pe
nn

ise
tu

m
 gl

au
cu

m
 (B

aj
ra

)
Pl

an
ta

e
M

ag
no

lio
ph

yt
a

M
on

oc
ot

yl
ed

on
s

Cy
pe

ra
le

s
Po

ac
ea

e
Pe

nn
ise

tu
m

gla
uc

um

Sa
ra

ca
 a

so
ca

 (A
sh

ok
)

Pl
an

ta
e

M
ag

no
lio

ph
yt

a
M

ag
no

lio
ps

id
a

Fa
ba

le
s

C
ae

sa
lp

in
ac

ea
e

Sa
ra

ca
as

oc
a

G
in

se
ng

 (P
an

ax
 sp

p.
)

Pl
an

ta
e

Tr
ac

he
op

hy
ta

M
ag

no
lio

ps
id

a
A

pi
al

es
A

ra
lia

ce
ae

Pa
na

x
gi

ns
en

g

Ci
nn

am
om

um
 ca

ssi
a 

(C
in

na
m

on
)

Pl
an

ta
e

Tr
ac

he
op

hy
ta

M
ag

no
lio

ps
id

a
La

ur
al

es
La

ur
ac

ea
e

Ci
nn

am
om

um
ca

ssi
a

A
lli

um
 sa

tiv
um

 (G
ar

lic
)

Pl
an

ta
e

Tr
ac

he
op

hy
ta

Li
lio

ps
id

a
Li

lia
le

s
Li

lia
ce

ae
A

lli
um

sa
tiv

um

G
in

kg
o b

ilo
ba

 (G
in

kg
o)

Pl
an

ta
e

G
in

kg
op

hy
ta

G
in

kg
oo

ps
id

a
G

in
kg

oa
le

s
G

in
kg

oa
ce

ae
G

in
kg

o
bi

lo
ba

A
lo

e v
er

a 
(A

lo
e)

Pl
an

ta
e

M
ag

no
lio

ph
yt

a
Li

lio
ps

id
a

G
in

kg
oa

le
s

A
lo

ac
ea

e
A

lo
e

ve
ra

Vi
tex

 n
eg

un
do

 (N
irg

un
di

)
Pl

an
ta

e
A

ng
io

sp
er

m
s

Eu
di

co
ts

La
m

ia
le

s
Ve

rb
en

ac
ea

e
Vi

tex
ne

gu
nd

o

La
nt

an
a 

ca
m

ar
a 

(G
an

dh
ai

li)
Pl

an
ta

e
A

ng
io

sp
er

m
s

Eu
di

co
ts

La
m

ia
le

s
Ve

rb
en

ac
ea

e
La

nt
an

a
ca

m
ar

a

O
cim

um
 te

nu
ifl

or
um

 (R
am

a t
ul

si)
Pl

an
ta

e
A

st
er

id
s

A
st

er
id

s
La

m
ia

le
s

La
m

ia
ce

ae
O

cim
um

te
nu

ifl
or

um

M
en

th
a 

pi
pe

ri
ta

 (P
ud

in
a)

Pl
an

ta
e

A
ng

io
sp

er
m

s
Eu

di
co

ts
La

m
ia

le
s

La
m

ia
ce

ae
M

en
th

a
pi

pe
ri

ta

A
ca

cia
 ca

ta
ch

ue
 (K

at
ht

ha
)

Pl
an

ta
e

M
ag

no
lio

ph
yt

a
M

ag
no

lio
ps

id
a

Fa
ba

le
s

Fa
ba

ce
ae

A
ca

cia
ca

ta
ch

ue

Ta
bl

e 
1.

 
Li

st 
of

 p
la

nt
s h

av
in

g m
ed

ic
in

al
 p

ro
pe

rt
ie

s.



503

DOI: http://dx.doi.org/10.5772/intechopen.104513
Natural Drugs for Diabetes: Needs of Developing Country

7.1 Catharanthus roseus (Sadabahar)

C. roseus is a significant therapeutic plant of family Apocynaceae. Otherwise called 
Madagascar periwinkle, it is a well known fancy plant found in nurseries and homes. 
It contains carbs, flavonoids, saponins, and in excess of 400 alkaloids which are 
utilized in drug, agrochemical, flavor and scent, food added substance and pesticides. 
Boss alkaloids present in the plants are vinblastin, vincrestine, vindesine, vindelin, 
tabersonine and so forth [11]. Vinblastin is a alkaloid extracted from leaf part of 
C. roseus used as a anticancerous drug.

7.2 Tebernamontana divericata (Chandni)

Tebernamontana divericata (Linn.) is an evergreen plant of family Apocynaceae. 
Various phytoconstituents like alkaloids, terpenoids, steroids, corrosive have been 
accounted for in the plant. Restoratively it is utilized to treat infection syphilis, gonor-
rhea, the runs and jungle fever. It has cell reinforcement, hostile to disease, against 
ulcer and pain relieving properties. It is likewise utilized as cerebrum, liver and spleen 
tonic. Alkaloid and terpenoids are the two classes of optional metabolites which are 
liable for physiochemical and pharmacological properties of living cells. Starting 
around 1974, 66 distinct alkaloids of T. divericata has been distinguished which have 
been organized in 11 fundamental classes-vincosan, corynanthean, vallesiachotaman, 

Figure 1. 
Mechanism of insulin secretion.
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strychnan, Aspidospermatan, plumeran, eburan, ibogan tacaman bis-indole and 
incidental. Besides, different free revolutionary rummaging proteins, for example, 
superoxide dismutase, catalase, ascorbate peroxidise, glutathione reductase and phe-
nolic peroxidase have likewise been portrayed from side of the road plants in India.

7.3 Cascabela thevetia L. (Kaner)

C. thevetia is a little evergreen plant or bush or little tree. It is a decorative plant 
and local to tropical America and broadly developed in numerous jungles and sub 
jungles. All pieces of the plant are viewed as exceptionally poisonous and have 
cardiovascular glycosides. However in certain investigations they showed antimicrobial 
exercises. Family Cascabela displays the presence of constituents like terpenoids, 
cardenolides, polysaccharides, glycosides and alkaloids. Despite their harmfulness, the 
plant is researched to have numerous remedial uses, in various parts. In India, seed oil 
is applied remotely to treat skin contaminations.

7.4 Momordica charantia (bitter melon)

Unpleasant melon is a conventional plant of Asian beginning that has been a well 
known organic proposed for treatment of diabetes and diabetes-related inconve-
niences. The instrument of activity is accepted to be optional to different bioactives, 
one of which, polypeptide-p, is accounted for to have a design like insulin as found in 
creatures, and in that capacity, is proposed to have glucose-bringing down impacts. In 
particular, severe melon organic product contains.

7.5 Dalbergia sissoo (Shisham)

D. sissoo (Fabaceae) is a medium to enormous tree of around 25 meters high with 
dim yellow trunk. It is a significant lumber tree, broadly disseminated in India, 
Pakistan, Afganistan, Persia, Iraq, Kenya and Tanzania.

7.6 Gymnema sylvestre (Gymnema)

G. sylvestre, known as gurmar, is local to Africa, Middle East, and India, and it has 
verifiable use in the treatment of diabetes and is ordinarily utilized [12]. The gymnema 
leaf or its concentrate is represented to be the most typically used availability of the 
plant. Potential antidiabetic compounds fuse oleanane triterpenoid saponins, damma-
rane saponins called gymnemosides, and a polypeptide called gurmarin. There are wide 
examinations in animal models. Particularly, the effect of G. sylvestre remove on starch 
absorption has been prescribed to be assistant to additional creating glucose take-up in 
periphery tissues and growing insulin release and β cell number in the pancreas.

7.7 Pennisetum glaucum (Bajra or pearl millet)

P. glaucum (Bajra or pearl millet) as a staple food in India and Africa is filled in 
parched and semi bone-dry areas. In India it is developed more than 12 million hectares 
(11% of absolute cereal creation in the country). It is a rich wellspring of starches, pro-
teins, nutrients and minirals5. As indicated by certain investigations, peripheral layer 
of millet grain contains high phenolic content, which are likewise present in unde-
veloped organisms and seed layer of grains6. Also, anti-carcinogenic properties 
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of the spice have been reported. Higher fiber substance of bajra help in decreasing 
weight and stoppage. It has an exceptionally rich amylase movement, multiple times 
higher than wheat. Reports likewise uncover that pearl millet has the least glycemic 
file that could be valuable in overseeing beginning of  diabetes. Items dependent on 
pearl millet can be produced for diabetic licenses. Presence of Omega-3 unsaturated 
fat in pearl millet makes it helpful in the anticipation of cardiovascular illnesses, 
diabetes, joint pain and particular sort of diseases.

7.8 Saraca asoca (Ashok)

Saraca asoca, is a significant conventional Indian therapeutic plant used to fix 
different ailments [13]. It is quite possibly the most amazing and sacrosanct trees and 
tracked down all over Indium. It is reported to contain glycosides, flavonoids, tannins, 
saponins. Different parts of the tree possess various phytochemicals which are known 
to cure a number of disorders. Leaves of S. asoca are known to contain carbohydrates, 
proteins, tannins and saponins and show antibacterial properties. Flowers are reported 
to treat diabetes, cancer, hemorrhagic dysentery, uterine disorders, bleeding piles. 
Bark and flowers are also known to exhibit antitumor activity. Dried bark of the plant 
is rich in tannin, sterol, catechol, organic calcium compounds, aluminum, strontium, 
iron, magnesium, phosphate, potassium, sodium and silica. It works as blood purifier, 
prevents skin allergies, improves skin complexion and prevents burning sensations.

7.9 Ginseng (Panax spp.)

Ginseng has been a very popular botanical that has been suggested to control diabetes. 
A review of controlled trials using ginseng extracts. The studies of ginseng (Panax spp.) 
for efficacy related to cardiovascular risk factors, including blood pressure, lipid profiles, 
and blood glucose. The overall analysis suggested that ginseng was noted to slightly 
decrease blood pressure compared with placebo (range: 0–4%), but they observed mixed 
results for an effect on lipids. Furthermore, they found several studies showing that gin-
seng lowers blood glucose, but overall they concluded that the results were inconsistent.

7.10 Cinnamomum cassia (Cinnamon)

Cinnamon has not only been used historically for the treatment of diabetes but is a 
supplement that is gaining in popularity, and many cinnamon products are currently 
available as dietary supplements. However, studies have suggested a positive effect 
in some settings. The intercession comprised of 1 g/day portion of cinnamon for 
90 days and appeared to be successful to altogether bring down precursor glycemia, 
as evaluated with HbA1c, in the treatment bunch comparative with the benchmark 
group. Different examinations additionally recommended valuable consequences for 
glucose and lipids, though different examinations neglected to uncover an impact on 
glycemia or lipids. Different impacts of cinnamon on cardiovascular gamble factors, 
for example, antihypertensive impacts have been proposed in preclinical and little 
clinical preliminaries assessing subjects with metabolic condition.

7.11 Allium sativum (Garlic)

Garlic is one of the seriously charming natural cures utilized all things considered. 
The scope of helpful impacts of garlic is extremely wide and has been generally 
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utilized as an antithrombotic, antihypertensive, cholesterol-bringing down, cell 
reinforcement, antimutagenic, and antimicrobial specialis. As would be normal for a 
home grown cure proposed to have such expansive impacts, there has been an enor-
mous measure of examination interest into its activities. Specifically, various preclini-
cal and clinical examinations report the hypotensive impact of garlic, which seems, by 
all accounts, to be more reliable in creature studies, rather than clinical investigations. 
The exact instrument of activity by which garlic brings down circulatory strain is 
not known. Similarly as with other home grown arrangements, the fluctuation in 
the clinical outcomes might originate from contrasts in garlic arrangements utilized 
for study or the particular substance of bioactives addressed in the readiness. Some 
bioactives have been accounted for to incorporate temperamental sulfur-containing 
compounds, polyphenols, flavonoids, anthocyanins, tannins, and others.

7.12 Ginkgo biloba (Ginkgo)

Ginkgo, a popular herbal remedy for centuries in China, has also become popular 
in Europe and America. One of the proposed indications has been to improve circula-
tion. The focus of several studies has been to evaluate ginkgo leaf extract and measure 
the modulation of calcium levels in the endothelium and vasodilation. Ginkgo was 
reported to have a hypotensive effect in preclinical studies. However, other studies have 
demonstrated that long term intake may not be useful. Clinical data have also suggested 
that ginkgo may lower blood pressure in healthy subjects over a treatment course of 
3 months and within a single treatment for temporary stress-induced hypertension. 
However, controversy exists as other clinical studies have failed to confirm an effect.

7.13 Aloe vera (Aloe)

A. vera has also been used in the medicinal treatment of diabetes in India and 
the other country Arabian peninsula. The gel, which is found in of the leaves, may 
contain glucomannan, a fiber whose present these are water-soluble that reportedly 
has hypoglycemic and insulin-sensitizing actions. Some Preclinical studies have 
reported inconsistent results. However, small-scale clinical research trials suggested 
an improvement in fasting glucose levels with the extract. In effect of herbals on 
glycemia.

7.14 Vitex negundo (Nirgundi)

V. negundo deserve from Verbenaceae is a hardy plant and also known as Nirgundi. 
All parts of this plant possess a wide range of phytochemical secondary metabolites 
which impart an unprecedented variety of use to the plant. This plant is credited 
with innumerable medicinal activities like analgesic, antiseptic, alterant, thermo-
genic, depurative, rejuvenating, ophthalmic, anti-gonorrhoeic, antipyretic, useful 
in bronchitis, asthma and enlargement of spleen. Its root are tonic, febrifuge, anti-
rheumatic, diuretic and are useful as a demulcent in dysentery, in cephalalgia, otalgia, 
calic, uropathy wound and ulcers.

7.15 Lantana camara (Gandhaili)

Lantana Camara is a poisonous weed otherwise called wild savvy and presently 
settled in numerous district of the world, including India. Leaves are bubbled and 
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applied for swellings and torment in the body, alkaloidal divisions lower pulse, speed 
up profound breath and animate gastrointestinal developments, Plant extricates dry 
spell open minded plant so great Candidates for xeriscaping, Used in society medica-
tion for the therapy of malignant growths, chicken pox, measles, asthma, ulcers, 
swellings, dermatitis, cancers, hypertension, bilious fevers, catarrhal contaminations, 
lockjaw, stiffness and intestinal sickness. A few examinations exhibit that concentrates 
from the leaves can be utilized to battle antimicrobial, fungicidal, insecticidal and 
nematicidal issues. Its capability to fill in as biocide has likewise been represented in a 
few explores.

7.16 Ocimum tenuiflorum (Rama Tulsi)

Ocimum sanctum Linn, a little spice seen all through India, have been suggested for the 
therapy of bronchitis, bronchial asthma, loose bowels, skin infections, joint inflammation, 
excruciating eye sicknesses, persistent fever, bug nibble and so forth. Medicinal properties 
of Ocimum are known for 1000 years to various civilizations of the world. Eugenol is 
available in the leaves of Ocimum, which are utilized as a home grown prescriptions. 
Eugenol is utilized as a flavor in the food business, has an assortment of natural action 
and can fill in as a biomarker. Removed rejuvenating ointments have additionally 
been displayed to contain naturally dynamic constituents, have insecticidal, nemati-
cidal and fungistatic movement due to presence of prevail medicinal oil comprises, 
for example, methyl chavicol and methyl cinnamate.

7.17 Mentha piperita (Pudina)

Mentha piperita L. is a characteristic crossover that has a few therapeutic proper-
ties otherwise called herbal Buena meaning great spice. Pudina is utilized as a tea, 
color, oil, or concentrate, and applied remotely as a rub or linimentIts development 
has monetary significance, because of its capacity to create and store natural oint-
ment, whose primary constituent is menthol, utilized in oral cleanliness items, drugs, 
beauty care products, and food sources. Menthol likewise has high antifungal and 
antibacterial possibilities, along these lines becoming one of the most requested 
substances by the fragrances and forces industry.

7.18 Acacia catachue (Kaththa)

Acacia catechu belongs to family Febaceae which is also called pea family or legume 
family due to presence of single chambered legume in all species of this family. A. 
catechu willd is a small to moderate sized plant widely distributed throughout Asia. It 
contains polyphenolic components, and seeds of this plant are good source of protein. 
Catechin present in this plant plays a vital role as anti-oxidant. In vivo Catechins are 
extensively and rapidly metabolized and impart to its anti-oxidant property. It is very 
famous for its astringent and tanning effect.

Khersal, a crystalline form of cutch sometimes found deposited in cavities of 
the wood is used medicinally for the treatment of coughs and sore throat. Catechins 
also have been used for treating fever, diarrhea, leucorrhoea, piles and erysipelas. 
The bark is said to be effective against dysentery, diarrhea and in healing of wounds. 
The seeds have been reported to have an antibacterial action. In East Africa, the 
powdered bark, mixed with sulphate of copper and egg yolk, is applied to cancerous 
growths.
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8. Conclusions

Many are presently accessible in business supplements and are advanced for 
general medical advantages or for anticipation and therapy of explicit infections. 
Accordingly, the public’s advantage in the likely advantage of organic enhancements 
on starch digestion is very high. There is lacking proof, in view of as of now acces-
sible information, to effectively suggest the utilization of a specific plant item to 
treat either high blood glucose or other related hazard factors.. Notwithstanding, 
there are dynamic examinations in numerous areas for which organic arrangements 
are steady, and characterized clinical investigations are as yet progressing. We want 
to anticipate the aftereffects of these painstakingly led examinations. The benefit 
of a plant extricate is that assuming botanicals are demonstrated to be powerful to 
further develop digestion and additionally hazard factors on a clinical level, these 
cures, as a general rule, are usually accessible and thusly might actually help the 
overall population with respect to stoutness and diabetes. Sadly, albeit the majority 
of the well known botanicals have a long history in people medication, there is a 
scarcity of conclusive clinical information, especially as it connects with reliably 
further developing starch digestion.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 25

Community Engagement: A  
Non-Formal Education Approach
Busisiwe G. Ndawonde

Abstract

Medicinal plant sellers primarily rely on trading medicinal plants at various 
medicinal plant markets as a source of income. Statistically, approximately 4000 
tons of medicinal plant material is estimated to be used for medicinal plant purposes 
yearly. At the same time, the country is having to lose important medicinal plant 
species such as Warburgia salutaris. Notably, rising rates of unemployment have, 
additionally, facilitated the harvesting of medicinal plants for selling purposes as 
an alternative source of livelihood across many communities. The researcher had 
to intervene with capacity building om sustainable harvesting of medicinal plants. 
This chapter presents the challenges of propagating medicinal plants and compares 
indigenous and scientific ways of propagating selected medicinal plant species.

Keywords: medicinal plants, livelihoods, indigenous, propagation, marketing

1. Introduction

The research began in 2010 as a Doctor of Education research project. For ethical 
considerations and to promote rural community SD, the researcher kept working and 
collaborating with medicinal plant merchants post data collection sharing with them 
information on medicinal plant multiplication and cultivation in their respective 
gardens. One of the motives for growing medicinal plants in home gardens, as will be 
confirmed in later sections, was to keep women from collecting plants in risky loca-
tions distant from their houses. Figure 1 illustrates such a perspective from which the 
need analysis was formulated before the engagement.

Figure 1 depicts how socioeconomic and sociocultural factors related to medicinal 
plant sustenance influence propagation of medicinal plants sustainably in supporting 
the livelihoods of medicinal plant sellers across generations.

The study invoked a participatory research approach, which has the empirical 
advantage of allowing participants to freely express their ideas about various methods 
of doing things at different stages of the study, including indigenous methods of 
propagation and the culture of medicinal plants. In the main, the study is essentially 
a cross-sectional analysis of the factors influencing medicinal plant sellers in rural 
communities of northern KwaZulu-Natal, with a specific focus on medicinal plant 
conservation.
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1.1 Problem statement

There is a belief that science is well taught, conceptualised and learnt in a formal 
setting [1]. In this way, place (classroom, lecture theatre or science laboratory) is 
viewed as enabling the conceptualisation of science. There is little recognition of 
home as a place for learning Life Sciences. As ([2], p. 548) puts it, ‘places are much 
more than just empty geographical spaces’ as they contain ‘spatialised, timed, sensed 
and embodied dimensions of nature.’ Accordingly, [2] calls for ‘place-based models 
of nature, culture and politics’, which are therefore sources ‘of facts, identities and 
behaviours’—incorporating ‘notions of culture, local ways of life and human physi-
cal and psychological health’. In advocating that science learning often takes place 
through formal education, to Dib ([3], p. 1), formal education is a place where ‘for 
the most part teachers pretend to teach; students pretend to learn; and institutions 
pretend to be really catering to the interests of students and that of the society’. He 
essentially disagrees with non-formal education in which two central elements guide 
the instructional process, namely (a) ‘centralisation of the process on the student, as 
to his/her previously identified needs and possibilities; and (b) the immediate useful-
ness of the education for the student’s personal and professional growth’ ([3], p. 2). 
Distinguishing between formal and non-formal learning,  [1] opine that the former is 
‘organised and guided by a formal curriculum, which leads to a formally recognised 
credential such as a high school completion diploma or a degree, and is often guided 
and recognised by the government at some level, while teachers are usually trained 
as professionals in some way’. Furthermore, he claims that, while the latter may be 
loosely organised, it ‘may or may not be guided by a formal curriculum’, and that it 
may be guided by either a qualified teacher or alternatively a more experienced leader.

The researcher opted not to walk away from the situation after observing the 
unsustainable harvesting of medicinal plants as this represented a need to help the 
sellers understand why and how their practices were impacting the ecosystem. It 
was determined that warning the sellers about the importance of harvesting plants 
prudently and considering future generations by taking remedial measures to prevent 
the extinction of many plants was important. Thus, the notion of sustainability was 

Figure 1. 
Factors affecting conservation of medicinal plants.
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established, which is simply defined as the smart use of resources and therefore 
medicinal plant species without negatively affecting the ability of future generations 
to benefit from the same [4]. In doing so, there was a need to consider the practices 
of medicinal plants for conserving medicinal plants, hence IKS and Natural Science 
ways of conserving the plants were integrated.

1.2 Theoretical framework

The theoretical framework of this paper constitutes formal, informal and non-
formal education drawing from the Third Space Theory by [5]. The term ‘third space’ 
dates back to the popular cultural work of Homi Bhabha, and it essentially refers to 
the spaces between colliding cultures, a liminal space ‘that gives rise to something dif-
ferent, something new and unrecognisable, a new area of meaning and representation 
negotiation’. In the context of this paper, home is regarded as the first space, while the 
community (church, print and visual media) is the second space and school is a third 
space. These were regarded as spaces where education of factors affecting growth of 
medicinal plants would be studied.

For instance, in its broadest sense, education ‘is any act or experience that has 
a formative effect on the mind, character or physical ability of an individual’ and 
represents ‘the entire range of experiences in life through which an individual 
learns something new via formal, informal and non-formal learning’ ([6], p. 75). 
‘Education, against this background’, is defined as ‘the deliberate intergenerational 
transmission of society’s acquired knowledge, values and abilities from one genera-
tion through institutions and instruction’ (formal, informal and non-formal) [6].

The idea of a home task was for the students to explore learning in a place they are 
familiar with, while offering a space for students to learn from their elders, siblings 
and one another. However, as a science teacher, I advocate that a formal classroom 
provides opportunities to explore science using scientific apparatus. This is supported 
by ([7], p. 15) in attesting that formal education is ‘organised, guided by a formal 
curriculum, leads to a formally recognised credential such as a high school comple-
tion diploma or a degree, and is often guided and recognised by government at some 
level [and] teachers are usually trained as professionals in some way’. I came to my 
realisation that it is through formal education to accumulate credits that can make one 
employable. In this context, I relate the role of space and a place as aspects of devel-
opmental zones  [8]. To me, scaffolding for learning science concepts should be both 
from parents (home) and society, and as a science teacher, I provide a framework to 
be followed by each part in building scientific literacy.

In a rather sarcastic tone, [3] posits that formal education is a place where ‘for the 
most part, teachers pretend to teach; students pretend to learn; and institutions pre-
tend to be really catering to the interests of students and of the society.’ He disagrees 
this with non-formal education where the instructional process is guided by two key 
features namely ‘(a) centralisation of the process on the student, as to his previously 
identified needs and possibilities; and (b) the immediate usefulness of the education 
for the student’s personal and professional growth’ [3].

Envisioning non-formal education further, ([6], p. 335) sees it as organised educa-
tion that take place ‘outside the formal education system’. In a similar vein, [6] also 
see non-formal education as ‘any organised systematic educational activity carried on 
outside the framework of the formal school system to provide a selected type of learn-
ing to particular sub-group in the population (adults, youth or children)’. Ceschin 
et al. [6] posit that non-formal education ‘may or may not be governed by a formal 
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curriculum’, even if it is led by a qualified teacher or a leader with formal experience; 
that no official credits are awarded in such learning. Further, ([6], p. 336) is of the 
view that in contrast to formal education, ‘non-formal education focuses on needs of 
special groups such as women or adults’. In the context of the research reported in this 
paper, using the example of medicinal plants propagation non-formal experiences 
from home were brought to a science classroom, which is a formal setting.

While ([9], p. 2306) sees non-formal education as ‘education that is driven by the 
objectives of the learners who often participate voluntarily’.

Latchem [8] adopts the UNESCO non-formal education definition, which states as 
follows:

‘Any organised and sustained educational activities that do not correspond exactly to 
the definition of formal education. Non-formal education may therefore take place 
both within and outside educational institutions, and cater to persons of all ages. 
Depending on country contexts, it may cover educational programmes to impart adult 
literacy, basic education for out-of-school children, life skills, work skills, and general 
culture. Non-formal education programmes do not necessarily follow the ‘ladder’ 
system, and may have different duration, and may or may not confer certification of 
the learning achieved’.

In terms of informal education, [6] claims that it ‘occurs when mentors take 
responsibility for instructing others in more incidental or spontaneous situations, 
such as guiding them in learning job skills or in community development activities, 
without sustained reference to a pre-established curriculum’.

The European Commission (described by ([10], p. 9) as the type of learning that 
‘come from ordinary life activities relating to work, family or leisure’), which essen-
tially supports the view of [3] on informal education. It is not structured (in terms of 
learning objectives, learning time or learning assistance) and does not usually result 
in certification. Informal learning can be purposeful, although most of the time it 
is unintentional (or ‘random’)’. However, as ([10], p. 11) opines, ‘there is increasing 
acknowledgement that learning takes place on a continuum and that the boundaries 
between different forms of education and learning are porous’ and that, therefore, 
the definitions of these terms should not ‘suggest a rigid separation between them’. As 
a result, these unclear lines make it difficult to discern between these three types of 
schooling. While formal and informal education are typically considered as two sides 
of the same coin, non-formal education can sometimes be found in both formal and 
informal settings. As a result, a clear differentiation between the three groups cannot 
be made on the basis of location, manner of facilitation or assessment. Grade R teach-
ing, for example, in South Africa, early childhood education takes place in a formal 
environment but is not formally assessed. It can be debated, in this regard, whether 
the education provided to grade R is formal, casual or non-formal in this scenario, 
especially because it follows a formal curriculum. In the current state of affairs, few 
would deny that learning occurs in Grade R. Apprenticeship in home-based care, on 
the other hand, can take place in any location, but it is examined and part of a certifi-
cation process.

Ref. [6] also alludes to the fourth type of learning, which he refers to as ‘self-
directed or collective informal learning’—whereby people ‘engage either individually 
or collectively without direct reliance on a teacher/mentor or an externally organised 
curriculum’. While realising that this is very important aspect of learning, this paper 
will not focus on this form of learning.
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One of the most distinguishing features of non-formal education is that it usually 
does not focus on the pursuit of learning outcomes that will only be relevant in the 
distant future. Non-formal education, according to [7], ‘is often considered more 
engaging, as learners’ interests are a driving force behind their participation.’ Thus, 
in the case of the research reported here. As [8] points out, the goal of non-formal 
education is ‘to deliver both skills and jobs for wage-earning and entrepreneurship, 
along with an opportunity to open the social and political arena for greater access 
without discrimination and prejudice.’

With regard to the importance of non-formal education, [10] explains that it could, 
inter alia, be used to ‘offer basic education, literacy and numeracy for those unable to 
gain entry to formal schooling and to provide post-literacy programmes for youths and 
adults’. Lortan [10] goes further and enunciates the other benefits as follows:

‘It is needed to educate individuals, groups and entire communities in health, 
nutrition, family planning, child care and HIV/AIDS management. It is needed to 
empower communities and encourage and support development, to develop new 
knowledge and skills in such areas as agriculture, fishing, forestry management, 
construction, local handicrafts and computing, to provide paraprofessional train-
ing, and to help initiate and support local enterprises. It is also sometimes needed to 
help promote peace and reconciliation, and to facilitate post-conflict reconstruction 
programmes. ([10], p. 2)’.

Non-formal education, in contrast to formal and informal education, consists of 
intentional instructional activities that take place outside of a formally organised 
educational context. Isaacs [11] agree that the distinctions between different types 
of schooling originate from the aim and circumstance in which they take place. 
As a result, these authors distinguish between formal, informal and non-formal 
education based on the context in which they are delivered. That is, formal educa-
tion takes place in a formal setting, while non-formal education takes place outside 
of the formal setting, though it is planned and organised to some extent. Informal 
education, on the other hand, is haphazard and occurs without prior planning or 
organization. Informal education often occurs in people’s homes, public spaces, 
social media, and other types of media such as newspapers, radio and television, as 
well as among peers. Furthermore, most informal education does not include any 
sort of assessment, whereas formal education takes place in formalised settings and 
includes formative and summative assessment, as is done in schools. To me, this 
raises the question of whether teaching, including evaluations, takes place in a loca-
tion (setting) or in space (opportunity). Agunbiade et al. [12] stated that making 
science interesting and accessible to students is a major goal of scientific education. 
Incorporating IK into science teaching and learning helps to achieve this goal by 
focusing on relevance and sensitivity to learners’ cultural backgrounds [4].

2. Research methods

The study used a combination of questionnaires, interviews and field observations, 
as well as survey and case study research designs. The intervention was mostly in the 
form of a workshop with a volunteer sub-sample of the survey’s initial population. The 
study used a case study for this chapter. In total, 56 medicinal plant vendors took part 
in the research. For the purposes of this chapter, the results focus on the 12 medicinal 
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plant sellers that were selected based on their willingness to participate further in 
engagement with medicinal plant propagation and cultivation.

The case study also provides the researcher with a deeper understanding of the 
dynamics of a situation [11]. In addition, the case study offers a unique example of 
real people in real-life situations [10]. Case studies look at what it is like to be in a 
particular situation, and hence they are generally descriptive in nature [10]. In this 
case, the study aims at gaining insights into how the medicinal plant sellers propagate 
medicinal plants using indigenous knowledge and medicinal plants from the science 
literature. The task followed the criteria in Table 1.

3. Results

One of the impediments highlighted by the respondents was the plants’ water 
requirements. Water scarcity was considered a serious issue that hampered and 
derailed the conservation of medicinal plants through cultivation. One of the group’s 
medicinal plant vendors particularly noted the difficulty of getting water for their 
plants, and their inability to cultivate them on river banks or dams for fear of them 
being stolen.

One of the respondents’ concern was about the plant’s water requirements. Water 
scarcity was a major issue that also hampered medicinal plant conservation through 
cultivation. One of the group’s medicinal plant sellers cited the difficulty to source 
water for their plants which was compounded by their inability to cultivate them on 
neither river banks nor dams on account of fearing plant theft.

The medicinal plant vendors mentioned resorted to, from their testimonies, 
buying water from time to time to irrigate their plants, which consequently leveraged 
and escalated the cost of plant management. In addition, this ultimately lowered the 
process their revenue generated from plant sales. Another interesting observation is 
that medicinal plant vendors are street vendors, which means they leave their homes 
for prolonged periods to sell medicinal plants on the streets. This means that someone 
else must care for the plants in their absence given the limited time that they can pos-
sibly devote towards the management of plants. Some of the sellers who constituted 
2% of the sample complained about their plants being stolen from their homesteads 
while they are out in the streets selling.

A sizeable number of medicinal plant sellers (31 per cent) reported sluggish 
growth rates as one of the challenges confronting their business in relation to medici-
nal plant cultivation, according to Table 2. The slow growth rates of some plants 
acted as a huge impediment to cultivation because they would have nothing to sell 
while waiting for the cultivated plants to grow. This is consistent with [13] who backs 
up the concern that some medicinal plant species are slow growers, taking between 
three and eight years to reach maturity.

Challenges

What are the challenges related to the cultivation of medicinal plants in your home gardens

Cultivation

How do you cultivate medicinal plant species

Table 1. 
Indigenous and scientific ways of propagating medicinal plants.



519

Community Engagement: A Non-Formal Education Approach
DOI: http://dx.doi.org/10.5772/intechopen.105044

One of the difficulties faced in the cultivation process relates to the attitude that 
is associated with the healing power of the medicinal plants. One possible explana-
tion for this is that cultivated plants are thought to be inferior to wild-collected 
specimens. This is due to the general belief that the ancestors have a crucial role to 
play in providing wisdom to traditional healers when it comes to selecting the right 
plant.

There is ample scientific evidence backing the hypothesis that cultivated medici-
nal plants are ineffective in treating ailments when compared to wild-collected 
medicinal plant species. The prevalence of secondary metabolites in medicinal plants 
is primarily a result of secondary metabolites that the plants require in their natural 
settings under stress and competition, and which may not be expressed under mono-
culture circumstances [14]. Fast-growing farmed medicinal plants have lower levels 
of active components, but wild populations can be older and have higher quantities of 
active chemicals due to their slower growth rates.

In Botswana, it was observed that cultivated material was undesirable in so far as 
it fell short of efficacy as material sourced from the wild. Plant activity, on the other 
hand, can be increased under controlled conditions [14], whereby the medicinal 
plant activity is stimulated by stressing the plants, causing them to convert their 
active metabolites into steroids [14]. Consequently, ecological determinants which 
may include slow germination and sluggish rates of growth, poor soil quality neces-
sary for desirable plant growth, and the concomitant labour required in the weeding 
and irrigating processes were pinpointed in this analysis as key impediments to the 
medicinal plant sellers.

Despite the challenges of medicinal plant cultivation, medicinal plant sellers 
should be encouraged to grow medicinal plants in their own yards [15]. This saves 
money for medicinal plant sellers as well as the intensive physical effort required 
when harvesting the plants in the wild.

During the focus group discussions, the participants were also probed in rela-
tion to the issues linked with the cultivation of medicinal plants, and some of them 
reported that they had commenced medicinal plant gardens. They also claimed to 
have traded their plants for the purposes of buying food and groceries in general, 
clothing and toys for their children with a white man, who essentially used the same 
plants as seedlings for propagation. That, nonetheless, was a challenge in and of 
itself.

Nature of the problem Percentage (%) of sellers

Poor soil quality 12

Sluggish growth 31

Irrigation and water challenges 17

Limited plant management time 14

Plants occasionally become weedy, e.g., Calamus spp. 2

Shortage of seedlings 6

Lack of access to land 4

Theft of plants 2

Limited healing power 12

Table 2. 
Problems related to cultivation from 56 observations.
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‘It takes time for the white man with whom we batter medicinal plant seedlings to 
come and buy our seedlings. However, when he comes we get these toys for our children 
and groceries for our familie’s.

From the discussions evidently, the research participants shared common concerns 
regardless of their locations. In particular, the storage of medical plants was listed as 
the biggest issue, the medicinal plants were confronted with in their medicinal plant 
selling business, yet storage primarily impacts the marketing of the business which 
consequently influences their profits and therefore revenues. This is because storage 
affects the volume of sales that these sellers make in their business.

Other obstacles cited by the respondents were water, hygiene and security. Asked 
about their motivation in the medicinal plant business amid the myriad of challenges, 
the participants emphasised how the existing and testing challenges had made them 
stronger and more resilient in their quest to make a profit. Some participants stated 
that they desperately needed to succeed in order to use their proceeds to pay tertiary 
fees for their children.

Finally, medicinal plant sellers were asked to initiate and suggest solutions that 
they believed would help alleviate some of the issues, and the following is what they 
came up with:

‘We require tanks to serve as water reservoirs, as well as sufficient infrastructure to 
serve as our marketplace’.

On the significance of training, another respondent commented,

‘Receiving training is making a big difference since we now understand that harvest-
ing all of the barks around the tree is incorrect. Although we are unhappy with the 
certificate fees, we are aware that certification reduces unlawful harvesting’.

It was evident from their comments that the medicinal plant selling business was 
vital to the sustainability and survival prospects of the communities. The government 
is also addressing some of the issues in the medicinal plant selling industry, such as 
capacity building in medicinal plant conservation. However, the government alone 
will not be able to overcome this obstacle.

Thus, to address the first empirical query about the challenges faced by medicinal 
plant sellers regarding storage, marketing and conservation of medicinal plant spe-
cies, it was discovered that conservation and marketing were not the only issues that 
affected the medicinal plant business; other issues that affected the medicinal plant 
business included crime, sanitation and water scarcity. This necessitates collaboration 
among different organizations, such as public and private partnerships collaborating 
with medicinal plant vendors to address the aforementioned difficulties.

4. Conclusion

Taking into account current developments in South Africa that favour IKS and the 
application of Science and Technology, this study sought to provide further evidence 
aimed at preserving and preventing the possible extinction of medicinal plant species 
whose survival chances have, of late, been at the mercy of medicinal plant sellers. The 
researcher formed collaborations with medicinal plant merchants in order to begin 
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measures to safeguard the medicinal plant selling business’s long-term viability. The 
medicinal plant merchants’ participation in medicinal plant cultivation projects was 
critical in ensuring that they understood their role in maintaining the resources that 
support their livelihoods. Overall from the results, it was evident that the medicinal 
plant selling business, like any other business, has unique problems that must be 
overcome in order for it to be a sustainable endeavour.
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the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
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Cultivation Practice of Chinese 
Medicinal Herbs
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Abstract

An innovative cultivation technique for Chinese medicinal herbs had been  
practiced in China, which led a new road for medicinal herbs production without 
input of chemical fertilizer and chemical pesticides. The organic practice was based 
on the principle of biodiversity for pest control. An example of Panax notoginseng 
(Burk.) F. H. Chen was chosen for explaining cultivation technology under forest. The 
key technologies for P. notoginseng cultivation under forest include forest land selec-
tion, land tillage, seedling breeding and transplanting, and on-farm organic man-
agement. These technologies can standardize herbs production in large-scale under 
forest, and the quality and safety of P. notoginseng can be effectively improved without 
applying chemical pesticides and chemical fertilizer in the production process.

Keywords: Chinese herbs, cultivation under forest, biodiversity for pest control, 
organic production

1. Introduction

For thousands of years, Chinese medicinal herbs were collected from forested 
mountains, which faded away with the demands of human healthy [1]. People have 
to choose artificial cultivation in the field and adopted high-yield method for its 
planting. However, high-yield method betrayed the characteristic of medicinal herb, 
which caused medical effectiveness and quality to decrease deeply [2]. We explore a 
new road for medicinal herb cultivation under forest without chemical fertilizer and 
pesticide. It is based on the principle of biodiversity for pest control.

2.  Background and cultivation technology of Chinese medicinal herbs 
under forest

2.1 The background of Chinese medicinal herbs

Chinese herbs are the important raw material for pharmaceutical production and 
the material basis for the inheritance and development of traditional Chinese medi-
cine (TCM) for thousands of years. It is also a strategic resource related to the national 
economy and people’s livelihood. As an important support of economic development 
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in many poor areas, it plays a positive role in increasing farmers’ income [3]. The 
clinical value of TCM has progressively been appreciated by the public at home and 
abroad, particularly the effect shown in the COVID-19 prevention and control, which 
has demonstrated its unique efficacy and role [4]. With the increasing global popula-
tion and the complication of disease types, the demand for Chinese herbal medicine 
continues to rise. It shows a vigorous development trend in the Chinese herbal 
medicine industry. Historically, the supply of Chinese herbal medicine commodity 
mainly depends on wild plant resources [1]. Nevertheless, with the soaring demand 
for medicinal herbs, natural medicinal herbs have been mined out, and artificial 
farmland cultivation has gradually been adopted. Since the 1950s, China has vigor-
ously developed the production of Chinese herbal medicine, from introduction and 
trial planting to commercial planting to base cultivation. The planting industry of 
Chinese herbs has experienced four periods: the germination period, the development 
period, the growth period, and the prosperity period [2]. However, some problems 
occurred with the gradual increase in the planting scale and yield of Chinese herbs 
that require urgent solutions.

First, the quality of Chinese herbs is unstable. At present, the circulation market 
of Chinese herbs is mixed with different varieties, including wild varieties, semi-wild 
varieties, wild cultivation, cultivated varieties, genuine land varieties, introduced 
varieties from different places, etc. [5]. The multichannel sources of TCM lead to its 
uneven internal quality, which not only increases quality security control difficulty of 
TCM, but also has a negative impact on the processing of TCM decoction pieces and 
TCM preparations [6]. The quality of Chinese herbs is affected by various objective 
elements.

Second, the problem of pesticide residues and excessive heavy metals is promi-
nent. As the market demand for TCM continues to increase, wild medicinal materials 
have been hollowed out, and its yield has been unable to meet the demand, so most 
of the medicinal materials have to be cultivated artificially. In the process of cultiva-
tion, the high-yield mode of crops was copied for Chinese herbs, and a large number 
of chemical fertilizers, expansion, and other chemicals were applied, resulting in 
high yield but low medicinal effective component. The quality of medicinal herbs 
declined, and the efficacy of Chinese herbs was generally doubted [7]. Moreover, in 
the large-scale agricultural production of traditional Chinese medicine, pest became 
severe, and farmers have to apply chemical pesticides in order to guarantee the 
output, but the lack of scientific management of the field use of pesticides leads to the 
existence of different degrees of pesticide residue in medicinal herbs [8]. Exogenous 
harmful residues of medicinal herbs mainly include pesticide residues, heavy metals, 
polycyclic aromatic hydrocarbons (PAHs), and others [9]. Unreasonable use of pes-
ticides leads to uneven quality of TCM decoction pieces and cannot guarantee their 
safety [10]. The quality problems of pesticide residues and excessive heavy metals 
restrict the international development of traditional medicine [11]. The 2020 edition 
of the Chinese Pharmacopeia has more stringent restrictions on pesticide usage; 
besides, the European Union, Japan, and South Korea impose severe restrictions on 
pesticide residues and heavy metals. The Chinese herbal medicine industry will face 
more serious challenges.

Third, the continuous cultivation disorder of Chinese herbs is serious, and most 
areas producing genuine medicinal herbs face the risk of having no land to grow [12]. 
With the increasing demand for Chinese medicine materials, the types and scale of 
artificial cultivation of that are increasing, but the problem of continuous cropping 
in cultivation is becoming increasingly prominent, which seriously affects the normal 
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growth and medicinal value and brings great trouble to the development of Chinese 
medicine [13]. Most of the TCM materials copy the agricultural high-yield mode; 
however, the reality is that crop varieties have adapted to the high-yield mode after 
thousands of years of genetic transformation, while the research and development 
of medicinal herbs are insufficient to support the high-yield mode. Therefore, the 
application of agricultural high-yield mode has caused major problems such as high 
yield but low quality, excessive pesticide residues, and continuous cropping obstacles 
in the production of Chinese herbs. About 70% of the root Chinese medicinal herbs 
are slow-growing perennial herbs that take many years to reach reproductive matu-
rity; these plants usually experience different degrees of replant obstacles [12, 14]. In 
addition, most medicinal herbs are not fertilizer-resistant, and soil eutrophication 
leads to serious obstacles to continuous cultivation. A crop of cultivated land cannot 
be replanted for several decades, which leads to the serious phenomenon of deforesta-
tion for planting Chinese herbs, and most authentic producing areas face the embar-
rassing situation of having no land to plant, which seriously restricts the sustainable 
development of the Chinese herbal medicine industry [15, 16].

Around these problems, agricultural scientists in China took the research on large 
varieties of Chinese herbs such as Panax notoginseng, Panax ginseng, and Dendrobium 
nobile as a breakthrough point to explore and form a rule that follows the natural 
growth and development of medicinal herbs, that is, to use under-forest resources 
to make medicinal materials return to wild forests, and establish the planting mode 
based on the efficacy of medicinal materials as the first principle, and gradually 
form a set of perfect theoretical and technical systems to solve the problem of quality 
decline of Chinese herbs from the source, which provides a strong technical guarantee 
for the healthy development of the Chinese herbal medicine industry. Theoretical 
basis of medicinal herbs under forest [17–23].

In the agroforestry system, agroforestry intercropping mode can not only signifi-
cantly improve the microclimate conditions under forests by reducing soil erosion 
and wind speed, but also improve soil fertility and crop yield [24]. This pattern can 
make full use of natural resources and improve the efficiency of land use. Currently, 
the agroforestry intercropping mode has been successful in walnut/mung bean [25], 
poplar/soybean [26], jujube/cotton [27], etc. Therefore, the agroforestry intercrop-
ping model provides an effective and scientific way to alleviate the shortage of land 
resources and realize sustainable utilization.

2.2 Cultivation technology of Chinese medicinal herbs under forest

A typical example for explaining planting technology is Panax notoginseng (Burk.) 
F. H. Chen cultivated under forest [28]. P. notoginseng belongs to Panax genus, the 
Araliaceae family. It is one of the most famous Chinese traditional medicinal herbs. 
It is a rare medicinal herb unique in China and has the functions of promoting blood 
circulation, dispersing blood stasis, reducing swelling, and relieving pain. As a medici-
nal herb, P. notoginseng has been used for hundreds of years. It was first recorded 
in Compendium of Materia Medica by Li Shizhen in the Ming Dynasty. The main 
components of P. notoginseng are polysaccharides and saponins and also contain a small 
amount of flavonoids and volatile oil, as well as trace metal elements and other sub-
stances, among which saponins are the main medicinal components. The cultivation 
of P. notoginseng requires very special environmental conditions, including altitude, 
climate, and soil. Yunnan Province and Guangxi Province are the main planting areas, 
among which Yunnan province accounts for more than 98% of the total planting 
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area in China [16]. Moreover, Yunnan Province is the authentic production area of P. 
notoginseng, and its yield and quality are better than other those in production areas.

Due to its high medicinal and economic value, P. notoginseng has attracted more 
and more attention. However, pesticides residues and heavy metals overuse, continu-
ous cultivation obstacles, and unstable quality, etc., threaten the development of 
Chinese medicines. Facing these problems, we had explored the roads under the lead 
of outstanding phytopathologist Zhu youyong from Yunnan Agricultural University. 
We have been engaged in the research and promotion of ecological cultivation of 
high-quality P. notoginseng for many years. The previous study of our group showed 
that Yunnan Pine and Simao Pine have a high canopy density, which is suitable for 
the shade-demand growth of P. notoginseng. The volatiles of pine trees have the effect 
of pest control. Organic matter formed by the degradation of pine needles is also 
beneficial to the healthy growth of P. notoginseng. In 2015, our group carried out the 
test for P. notoginseng cultivation under the forest of Simao Pine at the altitude of 
1500 m ~ 1900 m in the Zhutang Town of Lancang County in Yunnan Province. After 
2 years, this innovative cultivation mode achieved success. The technical standards 
for P. notoginseng cultivation under forest were established, and three local standards 
were issued on June 11, 2020, which promoted poverty reduction in China and was 
conducive to the rational use of forest resources.

The key technologies for P. notoginseng cultivation under forest include forest land 
selection, land tillage, seedling breeding and transplanting, and on-farm organic 
management. Using these key technologies can realize the standardization and large-
scale production for P. notoginseng planting under forest, and the quality and safety of 
P. notoginseng can be effectively improved without applying chemical pesticides and 
chemical fertilizer in the production process.

2.2.1 Forest land selection

When carrying out the under-forest organic planting for P. notoginseng, artificial 
forestlands and the tree species that have no negative effects on the growth of  
P. notoginseng such as Yunnan Pine, Simao Pine, Huashan pine, Chinese fir, etc., could 
be selected. The forest canopy density should be 0.7 ~ 0.9 for the growth of P. notogin-
seng, and forest land with slope ≤ 25° could be able to be used for planting because of 
ecological conservation and.

In addition, the suitable soil for P. notoginseng is sandy loam soil or loam soil, 
and the soil pollutant content should meet the requirements of national standard 
GB15618. Selected forest land should have not been planted with any crop for at least 
8 years so that it meets organic production.

2.2.2 Under-forest land tillage

1. Land preparation. Weeds and small shrubs under the forest should be moved 
and dead branches and leaves should be cleared. It is important that weeds and 
shrubs in non-planting areas should be retained as much as possible.

2. Plowing. The soil in the planting area was plowed 2 ~ 3 times with a depth of 
20 cm ~ 30 cm by manual or small rotary tillers.

3. Ridging. The ridge direction should be determined according to the natural  
terrain or tree arrangement: flat land should be ridged according to the direction 
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of forest tree planting. The slope land should be ridged along the contour line. 
The ridge surface is arranged in a circular arc, and the distance between the ridge 
and the tree root is greater than 20 cm. The ridge height is adjusted according 
to the slope. When the slope is greater than 20°, the ridge height is about 30 cm. 
When the slope is less than 20°, the ridge height is about 40 cm.

4. Setting up the drainage ditches. Drainage ditch is necessary in rainy season, and 
it is set up according to different slopes and terrain and leaves a drainage outlet 
every 15 m ~ 20 m length of the ridge. The drain outlet should be cleaned timely 
to prevent tree branches or soil accumulation from obstructing the drainage.

2.2.3 Seedling and transplanting under forest

The seedling preparation of P. notoginseng for under-forest cultivation includes two 
steps: seedling and transplanting.

1. Seedling. Seedling refers to sowing healthy P. notoginseng seeds on the ridge sur-
face under the forest and using the soil under the forest environment for seedling 
cultivation. Healthy and high plumpness of seeds should be selected for under-
forest seedling, and according to the relevant provisions of GB/T 19630, biologi-
cal sources that can inhibit the pathogen should be selected to treat the seeds. 
The sowing time is controlled from mid-November to January of the following 
year. The sowing method is single seed sowing on demand, with raw spacing not 
less than 5 cm and the sowing depth is 1.0 cm ~ 2.0 cm. The seeding was covered 
with fine soil with a thickness of 3 ~ 5 cm, the soil surface was then covered with 
pine needles with a thickness of 2 ~ 5 cm. Watering after sowing to ensure that 
the water fully permeates the soil.

2. Seedling transplanting. Seedling transplanting refers to transplanting healthy 
P. notoginseng seedlings to the planting ridge under the forest for 2–3 years of 
growth. Seedlings with a weight per plant at least 1.5 g, main root diameter of at 
least 0.9 cm, dormant bud diameter of at least 0.4 cm, and no pesticide residue 
after pesticide residues detection are transplanted. Seedlings should be trans-
planted on sunny days during the period of early December to late January of 
the following year. The transplanting was carried out according to the standards 
of the (10 cm ~ 15 cm) × (10 cm ~ 15 cm) in row spacing and 3 cm ~ 5 cm in 
depth. Seedlings should be discharged horizontally and arranged on a line. Make 
the dormant buds head down and cover the soil with a thickness of 3 cm ~ 5 cm 
while transplanting. Then the planting ridge surface is evenly and tightly covered 
with pine needles with a thickness of 2 cm ~ 5 cm. Watering after transplanting 
to ensure that the water fully permeates the soil.

2.2.4 On-farm management of under-forest P. notoginseng

1. Water management. The water management of under-forest P. notoginseng is 
divided into four stages: ① Before seedling: The soil should be given a good soak-
ing timely after sowing, and the humidity of ridge surface should be observed 
regularly. It should be watered well in time when the soil moisture content is less 
than 20%. In the case of too much rainfall, pay attention to drainage and water-
logging prevention.② Seedling germination: After seedling emergence, a small 
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amount of water should be irrigated many times to ensure that the soil moisture 
content is not less than 20%. The germination period of P. notoginseng overlaps 
with the dry season in Yunnan. The soil under the forest is loose and the water 
retention capacity is poor. P. notoginseng is easy to dehydrate, which leads to pests 
and root rot. Therefore, attention must be paid to soil moisture management in 
production to avoid drought. ③ Rainy season: After entering the rainy season, 
simple rain shelters should be constructed to avoid excessive soil moisture. When 
the soil moisture content is less than 20%, the rain-avoidance film can be lifted 
to accept natural rain showers until the soil is soaked. ④ End of the rainy sea-
son and dormant period: The soil also needs to be moist during this period. Soil 
water shortage will aggravate the problems of root pests and root rot, resulting in 
a decrease in seedling emergence rate in the next year and affecting the yield of 
under-forest P. notoginseng.

2. Nutrient management. The organic matter under the forest is rich, and no 
chemical synthetic fertilizer is allowed to be applied throughout the production 
process of P. notoginseng, only light and water management are needed. If the 
organic content of the soil is less than 2%, organic fertilizer can be appropriately 
supplemented after the emergence of P. notoginseng leaves. The types and selec-
tion of organic fertilizer should meet the relevant provisions of GB / T 19630.

3. Ecological prevention and control for diseases. There are several main diseases 
on P. notoginseng in the forest: ① Leaf diseases: rounded spot disease, black spot, 
powdery mildew, anthracnose disease, etc. ② Root diseases: root rot disease, 
root-knot nematode disease, vertical blight, quenching disease, etc.

We conducted the protocol for diseases control: ① Elimination of disease resi-
dues. The diseased plants found under the forest should be cleared in time to 
prevent the spread of pathogens; ② physical prevention and control. Before the 
rainy season, timely cleaning of the drainage ditch in the plantation for drainage 
to avoid root rot. Moreover, by building a simple rain shelter on the ridge surface 
under the forest, it can regulate environmental humidity and play a role in physi-
cal prevention and control of diseases. ③ Biological control. Under-forest bases 
should adopt products such as bio-control bacteria, bio-derived fungicides, and 
plant elicitors specified in GB/T 19630 for disease prevention or treatment, and 
the use of chemical pesticides should be strictly prohibited.

4. Weed management. Weeds that affect the growth of P. notoginseng on the ridge 
surfaces (such as Eupatorium adenophorum) should be removed promptly, and 
damage to the P. notoginseng root system should be avoided during the removal. 
Weed that has a shallow root system and does not affect the growth of P. notogin-
seng can be retained to transfer pests.

5. Prevention and control of rat harm. To use natural enemies such as weasel, 
snakes, etc., to control forest rats; according to the specific forest environment, 
rat traps, electronic mouse expeller, and other equipment are set up in the rat 
gathering area or channel to prevent rat harm.

6. Plantation clearance. During the growth of P. notoginseng, especially in spring 
and autumn, there are many dead branches under the forest. When clearing the 
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plantation, it is necessary to remove the dead branches on the ridge surface, and 
remove weeds and excessive pine needles that are not conducive to the growth of 
P. notoginseng. From late December to February of the following year is the dor-
mancy period of under-forest P. notoginseng, the fallen dead branches and leaves 
in the forest should be completely removed to keep the ridge clean and healthy, 
and the dead branches and leaves of aboveground parts of P. notoginseng should 
be cut (cut at >5 cm away from the pine needle).

2.3 Principles of cultivation practice for Chinese medicinal herbs under the forest

Ecological balance principle. Traditional Chinese herbs are mostly grown in the 
natural ecological system, with high biodiversity, natural growth of medicinal materi-
als, light pests and diseases, high efficacy, and sufficient medicinal power. However, 
in the high-yield cultivation mode of farmland, the variety of medicinal materials 
is single, the biodiversity of farmland is reduced, the ecosystem is unbalanced, and 
the harm of harmful organisms is intensified, resulting in the decrease in quality and 
safety of medicinal materials. It is an effective way to reduce the harm of diseases 
and insects and improve the quality of medicinal materials by using the natural law 
of interspecies mutual restraint. Based on the principle of under-forest biodiversity 
interaction and ecological balance, the planting of shade-growing Chinese herbs and 
forest system were effectively combined to construct an efficient, stable, and diverse 
agroforestry system. On this basis, according to the regularity of occurrence and 
development of Chinese herbal medicine diseases, the rain-shelter cultivation system 
of under-forest Chinese herbal medicine can also be constructed. Rain-shelter culti-
vation can create microclimate conditions that are not conducive to the development 
of pathogen to achieve physical prevention and control of the plant pathogen [18].

Habitat coupling principle. The cultivation of under-forest Chinese herbs makes 
full use of the coupling characteristics of forest habitats (light, temperature, water, 
fertilizer, etc.) and the growth characteristics of Chinese herbal medicines and 
realizes the genuine and high-quality production of Chinese herbal medicines. The 
main principles of habitat coupling include: ① light coupling principle. Chinese herbs 
suitable for under-forest cultivation are shade plants originating from the lower 
forest vegetation, which are sensitive to strong light [29, 30]. Inappropriate light will 
affect the growth and quality of Chinese herbs. Under the condition of conventional 
farmland planting, it is necessary to artificially build a shading shed to simulate its 
suitable light environment, but it is difficult to simulate to achieve its optimal growth 
conditions. Under-forest planting of Chinese herbs only uses the light microenvi-
ronment naturally formed under forest vegetation, which is more conducive to the 
growth and quality formation of Chinese herbs [31, 32]. Thermal coupling principle. 
Chinese herbal medicines are usually sensitive to heat. The artificial shading shed 
built in farmland has poor buffering capacity for heat, which often leads to heat 
injury or freezing damage [33, 34]. Due to the shade of trees, the lower layer of forest 
vegetation has strong buffering capacity for temperature, which can effectively allevi-
ate the stress caused by the fierce change of temperature on the growth of medicinal 
herbs [35, 36]. ③ Water coupling principle. Forest-shade Chinese herbs growing under 
the forest have wet-like characteristics. The dry environment is not conducive to their 
growth. The forest environment can improve the microclimate, slow down the flow of 
air, and reduce water evaporation, thereby improving the distribution and utilization 
of water. ④ Nutrient coupling principle. The soil nutrient balance is the material basis 
for maintaining the primary and secondary metabolic balance of medicinal herbs. At 
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present, the input of organic fertilizer is less and less in the farmland system, and the 
use of a large number of chemical fertilizers makes the problems of soil acidification 
and salinization increasingly prominent, resulting in the decline of efficacy, diseases 
and pests, and continuous cropping obstacles [37, 38]. In the agroforestry system, the 
roots and leaves of trees can provide a large amount of organic matter for the soil. The 
decomposition and accumulation of these organic matters can improve the fertility 
of the soil and provide sufficient nutrient supply for the healthy growth of Chinese 
herbs [39]. The soil rich in organic matter can also increase the diversity of microor-
ganisms, promote the growth of beneficial microorganisms, and improve the stability 
of the soil ecosystem and antiviral ability [40]; in addition, understory soils rich in 
organic matter and microorganisms also produce some disease-resistant substances, 
which induce plant resistance and effectively reduce the occurrence of diseases [41].

The under-forest ecosystem has rich biodiversity, such as plant diversity, animal 
diversity, insect diversity, and microbial diversity. Plant–plant, plant-microorganism, 
plant–animal (insect), and other organisms in the under-forest system form a stable 
community through complex mutual generation and restriction relationship among 
the various organisms, which has strong ability to resist natural disasters.

3.  Mechanism of cultivation practice for Chinese medicinal herbs under 
forest

Without chemical fertilizers and pesticides, P. notoginseng has been successfully 
cultivated in forest ecosystems. It was based on the principle of biodiversity for pest 
control. Most of P. notoginseng was cultivated in coniferous forest [Pinus kesiya var. 
langbianensis, Pinus yunnanensis, Pinus armandii Franch. and Cunninghamia lanceolata 
(Lamb.) Hook] (Figure 1). The cultivation of P. notoginseng under-forest conditions is 
successful due to the effective use of (i) native environment and biodiversity and  
(ii) stimulatory allelopathic interactions within the forest system (Figure 2).

Forest environment: P. notoginseng is shade-loving plant that thrives well under 
low light intensity and 18–25°C temperature. When the light intensity is >30% of 
sunlight and temperature is over 30°C, the growth environment becomes harsh for P. 
notoginseng. The environment in the lower layers of forests provides desirable shade 
and temperature for P. notoginseng growth. Compared with traditional cultivation 
model, this forest cultivation model does not use polyethylene net or straw to provide 
shade, which greatly reduces the cost. Besides, the leaf litter acts as cover, keeps the 
soil moist, and maintains suitable temperature for P. notoginseng growth.

Soil rich in organic matter and microbes: Long-term decomposition of forest 
residues improves the soil quality. We found that the physicochemical properties of 
coniferous forest soil meet the requirements of P. notoginseng (pH: 5.5–6.5; electri-
cal conductivity: 60–120 μS cm−1; nutrient contents: 250–360 mg kg−1 available 
N, 10–25 mg kg−1 available P, 100–260 mg kg−1 available K, and 80–120 g kg−1 soil 
organic matter). Such soil provides adequate nutrients for P. notoginseng growth and 
development of strong root system (Figure 1).

Forest soils are generally rich in microorganisms, which reduces the root rot 
disease and promotes the plant growth by increasing the availability of nutrients. 
Our laboratory experiments showed that application of microbiome from the forest 
soil into sick soil improves the germination and growth of P. notoginseng and allevi-
ates the soil-borne diseases. Bacteria with strong antifungal activity (Bacillus spp., 
Pseudomonas spp., Streptomyces spp., Burkholderia spp. etc.), against P. notoginseng root 
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rot pathogens, have been isolated and identified from forest soil. Besides, the atmo-
spheric nitrogen-fixing microbes (Bradyrhizobium spp., Rhizobium spp., Frankia spp. 
etc.) are also abundant in forest soils [42].

Allelopathic interactions in forest. Cultivation of P. notoginseng under natural 
forest conditions uses the allelopathy to stimulate the plant growth and prevents 
the pests and diseases infestation than in monoculture in farmland or greenhouses. 
The possible pathways for the release of allelochemicals into the environment are: 
(i) emission of volatile organic compounds (VOCs) from different plant tissue, 
(ii) leaching from leaves by rain or dew, (iii) decay of plant residues, and (iv) root 
exudation.

The VOCs of pine tree terpenes (including α-pinene, β-pinene, camphene, etc.) 
stimulated the growth and reduced the pests and diseases of P. notoginseng. Riedlmeier 
et al. [43] reported that monoterpenes, particularly pinenes, could enhance the 
systemic acquired resistance in Arabidopsis thaliana to the pathogen Pseudomonas 
syringae. Likewise, our results showed that some VOCs from pine needles induce 
the resistance of P. notoginseng to leaf black spot disease (caused by Alternaria tenuis 
Nees). In addition, α- terpineol and terpinen-4-ol are antifungal to growth of fun-
gal pathogens (Fusarium oxysporum, Fusarium solani, Cylindrocarpon destructans, 
Phytophthora cactorum, and A. tenuis Nees) (unpublished). It is also observed that 
leachates from pine needles stimulated the growth and biomass of P. notoginseng. 
Terpenes are one kind of VOCs, from the herbivore damaged plants that attract the 
predators or parasitoids to attack herbivores [44]. Aldrich et al. [45] reported that an 
artificial pheromone containing α-terpineol and Terpinen-4-ol emitted from pine 
could attract the adult predaceous spined soldier bugs, Podisus maculiventris (Say). 

Figure 1. 
Cultivation of P. notoginseng under forest conditions. A. Pinuskesiya var. langbianensis forest; B. Pinus 
yunnanensis forest; C. Cunninghamia lanceolata (Lamb.) Hook. forest; D. Pinus armandii Franch. forest;  
E. Broadleaf forest; F. The strong roots of P. notoginseng in forest soil.
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This confirms that the VOCs from coniferous forests play a positive allelopathic role in 
pest control.

Cao et al. [46] investigated the diversity of arthropods on P. notoginseng, planted 
in P. kesiya var. langbianensis forest. The data showed that there were a total of 40 
species of arthropods from 33 families, of which the natural enemies were 40%. The 
Shannon-wiener diversity index of natural enemy subcommunity is significantly 
higher than the pest subcommunity. Obviously, a high biodiversity of arthropods 
significantly reduces the damage caused by pests in P. notoginseng.

4. Diseases occurrence and control of P. notoginseng under forest

Diseases are more sever in Chinese medicinal herbs than in other crops because 
they grow for longer time and are easily threatened by diseases. However, diseases 
have not been prevalent in the forest, which contributes to the measures of cultivation 
under forest described above.

4.1 Round spot disease occurrence characteristics

We had observed the disease from 2016 in the P. notoginseng plantations in Lancang 
County, Pu′er City, Yunnan Province. In rainy season, round, water-soaked spots on 
the leaves of P. notoginseng appeared when it was exposed in rain. Round or nearly 
round watery spots on leaves are initial symptoms of round spot disease. The lesion 
appeared transparent when it was viewed in the sun compared with healthy leaf 
tissue. Then the brown infection spots were observed in the center of the disease spots 
(Figure 3A). Eventually, the lesions gradually expanded, turned brown or grayish 
brown, and had “wheel marks” (Figure 3B). Later, white powdery conidial piles 
formed on the lesion surface (Figure 3C). Finally, multiple lesions merged, causing 

Figure 2. 
Mechanisms involved in the cultivation of P. notoginseng under natural forest conditions [42].
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the leaves to rot and fall off during rainfall (Figure 3D). Based on these characteris-
tics of the disease spots, the disease was preliminarily identified as round spot disease.

The incidence of round spot disease in Lancang County was investigated and 
monitored. P. notoginseng begins to germinate from March to April. From March to 
June, no round spot disease symptoms were observed (Figure 3E and F). As of July, 
round spot disease started to occur. Round spot disease incidence rose in August and 
September. Lancang County has a subtropical wet summer and dry winter mountain 
monsoon climate, with distinct rainy and dry seasons. Generally, rainfall is limited in 
April and May, but begins to increase as of June. Figure 3E and F shows that round 
spot disease started to occur after the rainy season.

4.2 Isolation and identification of the causal pathogen of round spot disease

The pathogen causing round spot disease was isolated by single-spore isolation. 
In total, 30 pathogen strains were isolated from 30 diseased leaves. On PDA, colo-
nies were round, villous, and varied in color from red to gray (Figure 4A and B). 
The strains did not produce conidia on PDA; they required water to induce conidia 
production. Conidiophores produced by thickened hyphae were colorless and bent 
(Figure 4F and G). Conidia were solitary, colorless, transparent, and long-arched, 
with multiple diaphragms (Figure 4C and D). The tail of the conidia gradually 
became thinner and the apical cells appeared to be truncated. A long, narrow, 
accessory filament with septa grew on the side of the apical cell. Notably, thin cilia 
were observed at the tail of the conidium and the top of the accessory filament 
(Figure 4E). The total length of conidia, including the accessory filament and two 
cilia, was 171.83–492.92 μm (average, 349.74 μm) (n = 200). Their width, mea-
sured at the widest part in the middle of the conidia, was 6.24–13.05 μm (average, 

Figure 3. 
Symptoms, incidence, and disease index of round spot disease. (A) Watery spots on P. notoginseng leaves.  
(B) Watery spots expand to form black wheel-like lesions. (C) Gray white conidia piles form on the lesions.  
(D) Leaves fall off in the late stage of the disease. (E) Relationship between incidence rate of round spot disease 
and monthly rainfall in DTZ and XGZ. (F) Relationship between disease index of round spot disease and 
monthly rainfall in DTZ and XGZ. XGZ: Xiaoguangzha P. notoginseng plantation. DTZ: Datangzi  
P. notoginseng plantation.
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8.61 μm). Based on the morphology and conidial characteristics, the pathogen was 
identified as M. acerina [47].

The pathogenicity of 10 isolated strains was determined. Seven days post inocula-
tion, all inoculated leaves showed similar lesions, and the symptoms were identical to 
those in the field (Figure 4I and J). The control plants remained healthy (Figure 4K). 
The diseased leaves in each treatment were selected for pathogen isolation, and the 
pathogen was reidentified as M. acerina.

4.3 Effects of temperature and wetness duration on conidial germination in vitro

Conidial germination was evaluated and observed at all 11 temperatures, except 
32°C (Figure 5A). Conidia did not germinate within 2 h at all temperatures. At 4, 8, 
14, 18, 20, 22, 24, and 28°C, germination started at 4 h. At 6 h, the germination rates 
at 14, 18, 20, 22, and 24°C all exceeded 30%. At 18 h, the germination rates at 14, 18, 
20, 22, and 24°C all exceeded 90%. The highest germination rate was observed at 
20°C (97.16%). At 24 h, all conidia at 18, 20, and 22°C had germinated. The germina-
tion rate exceeded 90% at 8, 14, and 24°C. Thus, temperatures above 28°C and below 
4°C are not conducive to conidial germination, with the optimal temperature for 
germination between 14 and 22°C.

Figure 4. 
Morphological characteristics of Mycocentrospora acerina. (A, B) mycelial colony morphology of  
M. acerina cultured on PDA medium for 7 days at 20°C. (C–E) morphological characteristics of conidia.  
(F, G) morphological characteristics of conidiophores and conidia. The conidiophores and conidia in panel G 
were stained with calcofluor white. c: Conidiophore. (H) Conidia on the leaves of P. notoginseng germinated to 
produce an appressorium and penetration peg. A: Appressorium, pp.: Penetration peg. (I) Symptoms on  
P. notoginseng leaves 7 days after inoculation of a conidial suspension. (J) Symptoms on P. notoginseng leaves 
14 days after inoculation of a conidial suspension. (K) P. notoginseng leaves remained healthy for 7 days when 
being mock-inoculated with sterile water. Scale bars = 10 mm in A–B, scale bars = 50 μm in C–H.
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Free water is a key factor for conidial germination. The effect of leaf wetness 
duration was first investigated in vitro. When the wetness duration was less than 2 h, 
conidia could not germinate (Figure 5B). Between 2 and 24 h, the germination rate 
increased with increasing wetness duration. All conidia were germinated when a free 
water film was present for 24 h. Even at 99% relative humidity, in the absence of free 
water, the conidia did not germinate.

4.4 Effect of P. notoginseng leaf wetness duration on conidial infection

To evaluate the effect of leaf wetness duration on conidial infection, in the 
greenhouse experiment, round spot disease incidence was investigated 10 days after 
inoculation. When the leaf wetness duration was shorter than or equal to 8 h, no 

Figure 5. 
Effects of temperature and wetness duration on conidial germination in vitro. (A) Average germination rate of 
conidia at 11 different temperatures and different time points. (B) Average germination rate of conidia under 
seven different wetness durations.

Figure 6. 
Effects of different leaf wetness durations on the occurrence of round spot disease. (A) Incidence and (B) disease 
index of round spot disease for different leaf wetness durations. *P < 0.05, **P < 0.01; n = 3, ns: no significant 
difference.
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disease spots appeared on the P. notoginseng leaf surface. When the leaf wetness dura-
tion was longer than or equal to 12 h, the incidence and disease index of round spot 
disease increased according to the leaf wetness duration (Figure 4A and B). Round 
spot disease incidence and disease index at a wetness duration of 24 h were 55.56% 
and 32.78, respectively, and were significantly higher than those at a wetness duration 
of 12 h and 18 h (Figure 6).

4.5 Infection process of M. acerina conidia on P. notoginseng leaves

The different infection stages of M. acerina conidia on P. notoginseng leaves 
were observed and photographed. For microscopic observation, we used fluo-
rescence staining with calcofluor white. Under excitation with ultraviolet light, 
conidia and hyphae emit blue fluorescence. The development of conidia on  
P. notoginseng leaves between 0 and 18 h is shown in Figure 7. At 6 h, the conidia 
had grown multiple primary hyphae from cells at different locations. Between 
6 and 12 h, the primary hyphae continued to elongate, and at 12 h, some of 
the hyphal ends were expanded to form an appressorium. At 18 h, lesions had 
appeared on the leaf surface, which indicated that hyphae had invaded the P. 
notoginseng leaves. The development of conidia on P. notoginseng leaves between 
24 and 96 h is shown in Figure 6. By 24 h, the lesion area had expanded and the 
lesion became conspicuous, with an appressorium in the center. By 48 h, the 
lesion center had turned yellow and hyphae on the leaf surface no longer elon-
gated. At 72 h, the lesion was further enlarged and the color of the lesion center 
changed from yellow to brown. At 96 h, multiple conidia appeared on the lesion 
surface. The conidia were formed by the mycelium growing and developing in the 
lesions. The lifecycle of M. acerina, from conidial inoculation to the production of 
conidia, is completed in 4 days (Figure 8).

Figure 7. 
Development of Mycocentrospora acerina conidia on P. notoginseng leaves. (A–D) conidia were observed on 
the leaves of P. notoginseng at 0, 6, 12, and 18 h, respectively. The blue color shows Mycocentrospora acerina 
conidia and hyphae stained with calcofluor white stain. The bright-field image shows P. notoginseng leaf 
epidermal cells, and the merged image shows the germination and invasion of Mycocentrospora acerina conidia 
on P. notoginseng leaves. Bar = 50 μm.
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4.6 Control of round spot disease by rain-shelter cultivation

In 2020, the rainy season in Lancang County began in June. At the end of June, a 
rain shelter was built in the P. notoginseng field and an open-field control treatment 
was set up simultaneously. On July 10, the first round spot disease incidence survey 
was conducted. Neither sheltered nor non-sheltered P. notoginseng plants developed 
the disease (Figure 9). However, on July 20, round spot disease started to occur 
in some areas of the open field. In contrast, the sheltered plants remained healthy. 
Subsequently, round spot disease began to spread in the open field. By August 10, the 
average round spot disease incidence in the open field was 18.07%, and the disease 
index was 8.89. However, the incidence in sheltered plants was still 0.00%. Over time, 
the disease incidence in the open field increased. As of September 30, the incidence 

Figure 8. 
Development of Mycocentrospora acerina conidia on P. notoginseng leaves. (A–D) conidia were observed 
on the leaves of P. notoginseng at 24, 48, 72, and 96 h, respectively. The blue color shows Mycocentrospora 
acerina conidia and hyphae stained with calcofluor white stain. The bright-field image shows P. notoginseng leaf 
epidermal cells, and the merged image shows the germination and invasion of M. acerina conidia on  
P. notoginseng leaves. Bar = 50 μm.

Figure 9. 
Effect of rain-shelter cultivation on the incidence rate and disease index of round spot disease. (A) Incidence and 
(B) disease index of round spot disease in rain-shelter and open-field cultivation.
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had reached 77.70%, covering nearly the entire open-field treatment area. However, 
sheltered plants still remained healthy (Figure 10). These data indicated that rain-
shelter cultivation has good preventive and control effects on the occurrence of round 
spot disease, with an average preventive effect of 100%.

5. Conclusion

Cultivation practice of Chinese herbs under forest is a promising technique in the 
future. It does not occupy arable land, no chemical fertilizer and pesticides, which 
leads a healthy route for medicinal herbs production.

Figure 10. 
Effects of rain-shelter cultivation and open-field cultivation on the occurrence of round spot disease. (A)  
P. notoginseng plants grown under shelter cultivation remained healthy. (B) Round spot disease occurred in 
open-field cultivation.
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Chapter 27

Cultivation and Conservation 
of African Medicinal Plants for 
Pharmaceutical Research  
and Socio-Economic Development
Emmanuel Mshelia Halilu

Abstract

Medicinal plants are a huge reservoir of therapeutic agents for the treatment of 
human and other animals’ diseases. This paper highlights the potential of African 
medicinal plants for pharmaceutical research and socio-economic development. 
The paper also provides an insight on the role of medicinal plants in boosting the 
economy of African countries. Furthermore, the need for the government and 
private individuals to invest in the cultivation and conservation of medicinal plants 
has been discussed. Most importantly, the need to encourage collaboration among 
African countries towards pharmaceutical research into medicinal plants with the 
view of developing new drugs for the present and future pandemics have been stated. 
Therefore, the deliberate research into African medicinal plants may be the saving 
grace of the African continent against dreaded diseases, for cures yet to be discovered 
lie mainly in the medicinal plants.

Keywords: conservation, cultivation, COVID-19, drugs, economy and traditional 
medicine

1. Introduction

A medicinal plant contains either in all or some of its parts or organs substances 
that can be used for therapeutic purposes or as starting material for the synthesis of 
pharmaceutically active drugs [1]. In Africa, medicinal plants are the main ingredi-
ents used for the preparation of medicaments by the traditional healer. Therefore, 
due to the frequent utilization of medicinal plants, African Traditional Medicine has 
played a key role in socio-economic and socio-cultural heritage that services more 
than 80% of the African populations [2]. Several Africans especially the rural dweller 
earn their living from the medicinal plant trade [3]. Medicinal plants have formed the 
basis for the treatment of various diseases in ancient medical practice especially from 
the recorded history of the Sumerians and Akkadians; and also in Egypt, China, India 
and Greece [4, 5].
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The first recorded history that depicted the importance of the cultivation and  
conservation of plants is found in the Bible. God created the garden of Eden and care-
fully put selected plants for specific purposes (Genesis 2:8-9). This story demonstrates 
the importance of the cultivation of plants; God himself placed our ancestor (Adam) 
to take care of the garden and there his needs for medicine, food and shelter can be 
met (Genesis 1:29; 2:8-9).

The cultivation of medicinal plants for pharmaceutical research and development 
is an area that has received little or no attention from African countries. Medicinal 
plants are endowed with chemicals substances that have been used and are still in 
use today for the development of new drugs. Nature has provided mankind with the 
reservoir of millions of complex/simple bioactive compounds from plants; mainly the 
secondary metabolites that can be used for therapeutic purposes [6–8]. Therefore, it 
is evident that cures yet to be discovered (e.g., COVID-19) lie largely in the medicinal 
plants [9].

Medicinal plants are mainly sourced from the wild. This is no longer sustainable 
and reliable due to over-harvesting and over-exploitation by the plant collectors and 
herb sellers [10]. Today, many medicinal plants have gone extinct or are very scarce to 
find. Therefore, speedy investment in the cultivation of medicinal plants for pharma-
ceutical research and development beyond the COVID-19 is needed. Cultivation of 
medicinal plants also provides numerous advantages over wild sources in many ways. 
The export of cultivated medicinal plants may add to the economy of many African 
countries [11].

The African continent is enriched with biodiverse varieties of plants which are 
reservoirs of chemical diversities for the development of new drugs. The African 
medicinal plants are mainly found in the wild and it has been estimated that there 
exist about 40,000 to 45,000 plant species on the African continent and out of this; 
5000 plant species are thought to have some therapeutic benefits [12]. In Nigeria, 
there are over 4600 plant species identified, ranking it 11th in Africa for diversity 
[13]. Therefore, medicinal plants may serve as a huge raw material reservoir, which 
if harnessed will serve as the driving force towards the revolution of pharmaceutical 
research and development of the African pharmaceutical industries.

2.  The need for cultivation and conservation of African medicinal plants 
for pharmaceutical research

The emergence of the COVID-19 pandemic has demonstrated that the African 
continent has made no adequate preparation for the prevention of present and future 
diseases through systematic advanced biomedical research. Therefore, to prevent 
future emergencies, there is a need for rapid investment into agro-medicinal plant 
cultivation. The medicinal plants may provide the following categories of medicinal 
agents:

a. They provide raw materials for the pharmaceutical industries.

b. They provide compounds that are extremely difficult to be synthesized in the 
laboratory.

c. They provide some basic compounds whose structures can be modified to 
become potent drugs.
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d. They provide prototype compounds that can be synthesized in the  
laboratory.

e. The cultivation of medicinal plants provides a constant and genuine source of 
medicinal plants for the pharmaceutical industries.

In the recent past, there is a growing difficulty in obtaining some medicinal 
plant species from the wild source due to extinction, scarcity and over-exploitation. 
Therefore, where there is difficulty in obtaining a medicinal plant; then cultivation 
of medicinal plants seems to be the best and the most reliable alternative for their 
conservation. Botanical gardens are important agencies for ensuring their  
conservation [9].

According to Osemeobo [14] who observed, since the medicinal plants on regu-
lar trade are on the decline, stakeholder’s participation is required in plant species 
rehabilitation in the forests. This can be achieved through the establishment of ex situ 
gardens which may sustain the medicinal plant trade.

The continued commercial exploitation of these plants has resulted in receding 
the population of many plant species in their natural habitat. It is therefore, necessary 
to initiate systematic cultivation of medicinal plants to conserve biodiversity and to 
protect endangered species [15].

Medicinal plants harvested from the wild are of immense importance for the 
well-being of millions of people around the world. They continue to provide both 
reliefs from illness and a source of income. The loss of habitat, combined with over-
harvesting, threatens the survival of many of these plant species.

Furthermore, the rapid extinction of medicinal plants from the wild threatens 
drug discovery [8]. The more the medicinal plants become extinct, the more difficult 
it becomes to get these plant species for pharmaceutical research and drug develop-
ment [8]. The medicinal plants used by the pharmaceutical industries are mostly 
harvested from the wild [15].

Plants play a pivotal role for the survival of man and other animals [9]. They are 
the primary producers that sustain all other life forms, regulate air and water quali-
ties, shape ecosystems and control the climate [15]. They provide food, medicine, 
clothes, shelter and the raw materials from which other products are made. These 
benefits are widely recognized but poorly understood [9]. Thus, plants are both a vital 
part of the world’s biological diversity and plants are an essential economic resource 
for human existence [9].

Medicinal plants have been used by mankind for millennia; their use is as old as 
humanity itself. The range of plant species used for healing purposes is vast. Belinda 
[9] asserted that “cures as yet undiscovered may exist in plants as yet undescribed”. 
It has been reported by the WHO that over 80% of the World’s population depends 
mainly on plants and plant extracts for health care [16]. It has been estimated that in 
developed countries like the United States (US), plant drugs constitute about 25% 
of total drugs. In China and India, they constitute about 80%. It has been estimated 
that over 250,000 higher plant species occur on earth, with more than 80,000 species 
reported to have some medicinal values while around 5000 species have specific 
therapeutic values [15].

Medicinal plants can be classified according to the part used (as a whole plant, 
root, bark, stem, leaf, fruit, flower and seed), habit (as grasses, sedges, herbs, shrubs, 
climbers and trees), habitat (as tropical, sub-tropical and temperate) and therapeutic 
value (as antimalarial, anticancer and anti-inflammatory, antibacterial) [15].
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3.  Evidence of the need for investment in the cultivation of medicinal 
plants from the African perspective

The COVID-19 pandemic commenced and most nations of the world swung into 
action for the search for the cure of the viral infection through several means which 
include: synthesizing of new drugs, testing already existing drugs and search of new 
drugs from natural sources. Although, the African countries could not go on to search 
for cures from other sources; it looked at what is readily available on her continent 
and made a giant stride towards the utilization of medicinal plants to combat the 
ravaging COVID-19 pandemic. This effort is evidenced by Madagascar’s research 
institute who developed the Covid-Organics (medicinal plant preparation) derived 
mainly from Artemisia annua and other plants indigenous to Madagascar. Many other 
African countries including Nigeria have made effort in that regard. As demonstrated 
from the above, this calls for aggressive pharmaceutical research as it has demon-
strated the therapeutic potentials of the medicinal plants of African origin towards 
the fight against the deadly viral disease (COVID-19). Africa needs to invest in the 
cultivation of medicinal plants for pharmaceutical research towards the development 
of drugs. Medicinal plants may be the latent savior for the Africans against present 
and future pandemics. Africa needs to prepare a head and not wait for other pandem-
ics before it starts searching for a cure. This shows Africa’s late response to COVID-19 
because it was not prepared. Africa has a great advantage as it houses huge varieties of 
medicinal plants resources and it is in best position to search for the cure of the future 
diseases from medicinal plants. Professor Albert Rakoto Ratsimamanga the pioneer of 
Science in Madagascar stated and declared that “we (Africa) must move forward at our 
own pace, we must above all have confidence in ourselves and in the therapeutic virtues of 
nature. For nature and man are one” [17].

4.  Boosting African economies through medicinal plant cultivation  
and biodiversity conservation

The cultivation and commercialisation of medicinal plants provide an economic 
resource for Africa’s pharmaceutical industries, which opens business and investment 
opportunities. There is a need for strong collaboration between the pharmaceuti-
cal industry and the academia/research institute to promote sustainable economic 
growth through the utilization of medicinal plant resources in Africa for drug devel-
opment and commerce [18].

Several Africans are living in abject poverty who needs to be fed, clothed, housed 
and employed. The commercialisation of African medicinal plants can be seen as an 
opportunity to benefit the people on the continent. The industry will create work for 
the rural and peri-urban unemployed people [18]. This will help the poor to secure 
a regular income, which in turn helps them to maintain a healthy living condition. 
Commercial laboratories also play a role in creating, among their employees, an 
awareness of Africa’s rich biodiversity [18]. Cultivation of medicinal plants reduces 
the pressure on plants in the wild, thereby protecting the diverse flora. Techniques 
for commercialisation of medicinal plants requires advanced technology and this will 
encourage collaboration and sharing of ideas in science and technology programmes 
among African countries. Street and Prinsloo [11] stated that around 80% of South 
Africans depend on traditional medicine for their primary healthcare needs. They 
however stated that only a few of the South African medicinal plants have been 
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exploited for their full potential in terms of commercialization. They stated that 
the exploitation of the South African medicinal plants for the development of new 
pharmaceutical remains untapped. Marula et al. [3] also reported 78 South African 
medicinal plants belonging to different plant families currently sold in informal 
markets which serves as a major source of income to the vulnerable groups living in 
peri-urban, rural, and marginalized areas. Medicinal plant cultivation if properly 
harnessed could serve as a major source of income to many Africans.

In Nigeria, in the year 1990, the estimated monetary value of benefits realized 
from conservation was put at well over $6 billion. In the year 2002, due increase in 
bio-prospecting and bio-discovery activities and the growth in biotechnology-related 
industries that utilize indigenous genetic materials as feedstock, the year 2002 
estimated benefits of biodiversity to Nigeria was over $8 billion per annum [19]. 
According to Ibrahim et al. [20], the expected annual profit from the production 
of 840 liters of eucalyptus oil per annum was N2,273,508.00 and profit after tax of 
N1,818,806.40 at 20%. This figure indicates how viable medicinal plants can boast the 
African economy if carefully exploited.

In Ghana, an estimated 951 tons of crude herbal medicine were sold at Ghana’s 
herbal markets in 2010, with a total value of around US$ 7.8 million [21]. In 
Africa, about 75% of people living with HIV/AIDS patronize Complementary and 
Alternative Medicine [22]. Cumulatively, the yearly market value of herbal drug 
products is nearly, USD 43 billion which is far above the total annual budget of 
several African countries [22]. According to Ndhlala et al. [23], the production of 
herbal mixtures from medicinal plants has resulted in the growing herbal medicine 
industry with about 50 to 100 private entrepreneurs in the informal market and 
has also contributed to the creation of numerous jobs in South Africa. Eziacka et al. 
[24] reported that the value of the traded medicinal plants has been estimated to be 
US$300,000 in Johannesburg; US$7.8 m in Ghana; US$1.5 in Gabon and Kenya was 
US$25,900 [25, 26]. In Tanzania, at Kariakoo Market in Dares Salaam, the value was 
estimated to US$200,000 [27].

Evidence from outside Africa has shown that medicinal plant can be a huge 
source of income. In the USA, more than 1500 herbal drugs worth billions USD were 
sold yearly. In the UK, the yearly expenditure on Complementary and Alternative 
Medicine was 2.3 billion US dollars [2]. Furthermore, over USD 2.4 billion Traditional 
Chinese Medicines (TCM) have been sold and USD 400 million worth of TCM have 
been exported out of China in 1993 [2]. Also, about USD 60 million was realized from 
the sale of herbs in 1996 in Malaysia and in Europe, North America [22, 28].

5.  Impact of medicinal plants on the pharmaceutical industries in relation 
to economic growth

Medicinal plants have played and are still playing an important role in the phar-
maceutical industry. Medicinal plants have contributed immensely to the economic 
growth of many countries through the sales and production of pharmaceutical 
products. Paul-Marie [29] reported that the annual global sales of drugs were about 
300 billion USD. This includes natural product-derived, semi-synthetic and synthetic 
drugs. Paul-Marie [29] also reported that the global sale of drugs from natural origin 
varies but as of 1976 it was estimated to be around 5 billion USD and some years later, 
it was estimated to be around 20 billion USD. This underscores the contribution of 
medicinal plants and plant-derived drugs to the economic growth of many countries.
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6.  The importance of medicinal plants used in traditional medicine in the 
development of orthodox drugs

Historical experiences with plants as therapeutic tools have helped to introduce 
single chemical entities in modern medicine. Plants, especially those with ethno-
medical uses, have been the primary sources of medicines for early drug discovery. 
A recent analysis by showed that the uses of 80% of 122 plant-derived drugs were 
related to their original ethnopharmacological purposes. Current drug discovery from 
terrestrial plants has mainly relied on bioactivity-guided isolation methods, which, 
for example, have led to discoveries of the important anticancer agents, paclitaxel 
from Taxus brevifolia and camptothecin from Camptotheca acuminata [30]. Plants 
contain thousands of constituents and are a valuable source of new and biologically 
active molecules [31].

About 25% of all prescriptions sold in the United States are from natural products, 
while another 25% are as a result of structural modifications of natural products 
constituents [6]. Furthermore, Farnsworth [6] claims that 119 characterized drugs 
are still obtained commercially from higher plants with 74% of them sourced from 
ethnobotanical information.

One of the most important areas of application of natural products is in the 
treatment of human and veterinary ailments. Currently, at least 119 chemical 
substances, derived from 90 plant species, can be considered important drugs 
that are in use in one or more countries [32]. Although, the use of natural prod-
ucts as medicinal agents presumably predates the first recorded history, as the 
earliest humans used various but specific plants to treat illness, the treatment of 
diseases with pure pharmaceutical agents is a relatively modern phenomenon [32]. 
Nevertheless, the role of traditional medicine in the discovery of potent chemicals 
is quite crucial. Among some of the earliest successes in developing drugs from 
natural products, are the reports of isolation of the antimalarial agents such as qui-
nine, quinidine, cinchonine and cinchonidine from Cinchona succirubra. Currently, 
the hydroxychloroquine which is the derivative of quinine under investigation 
as a potential cure for COVID-19 [33]. Pain relievers such as the morphine from 
Papaver somniferum and acetylsalicylic acid from Salix alba [34, 35]. More recently, 
the vinca alkaloids: vinblastine and vincristine were isolated as antineoplastic 
agents from the Madagascan periwinkle (Catharanthus roseus), and subsequently 
derivatized to vinorelbine and vindesine, the drugs currently used for cancer  
treatment [32].

Similarly, a potent antimalarial drug, a sesquiterpenoid endoperoxide, arte-
misinin was isolated from Artemisia annua and is used as a remedy against the 
multidrug-resistant strains of Plasmodium. This followed the long use of this plant 
as an antimalarial drug in traditional Chinese medicine. Using the basic structure of 
artemisinin, semisynthetic compounds such as artemether and dihydroartemisinin 
were synthesized as potent antimalarial agents with the aim of optimizing the phar-
macology of artemisinin. These are now in widespread use around the world [32]. 
Other drugs that were developed on ethnomedical information include reserpine, an 
antihypertensive agent from Rauvolfia serpentina, Atropine, an anticholinergic from 
Atropa belladonna, digoxin, a cardiotonic from Digitalis lanata, Physostigmine, a 
cholinesterase inhibitor from Physostigma venenosum and Ephedrine, a sympathomi-
metic from Ephedra sinica [36].
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These few accounts give not only the potential of plants as a source of drugs or as 
the solid link between folk medicine and drug development but also the necessity of 
research into medicinal plants [37].

7. Orthodox drugs developed from medicinal plants indigenous to Africa

About 52% of the drugs approved in the U.S. between 1981 and 2002 were from 
natural products mainly plants [6]. From these drugs, African medicinal plants have 
provided the drug vincristine (I) and vinblastine (II) from Madagascar periwinkle, 
combretastatin (III) obtained from the South African bush willow in the 1950 and 
maytansine (IV) from Maytenus serrata isolated in the early 1970s from the Ethiopian 
plant. This illustrates that, medicinal plants native to Africa are huge potential for the 
development of therapeutic agents. These drugs are potent anticancer drugs and some 

Figure 1. 
Some bioactive compounds from medicinal plants native to Africa.

Drug Plants source Plant source Family

Vincristine Catharanthus roseus (L.) G. Don Apocynaceae

Vinblastine Catharanthus roseus (L.) G. Don Apocynaceae

Combretastatin Combretum caffrum (Eckl. & Zeyh.) Kuntze Combretaceae

Maytansine Maytenus serrata (Hochst.ex A.Rich.)Wilczek Celastraceae

Table 1. 
Plants used for the development of drugs native to African countries.
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are still in use today all over the world in different forms as effective anticancer agents 
(Figure 1 and Table 1) [8].

8.  Utilization of African medicinal plants for pharmaceutical research  
and drug development for the present and the future pandemics

Niprisan is a drug for the treatment of Sickle cell anemia was developed from 
herbs in Nigeria based on Yoruba Traditional Medicine [38]. Nigeria is home to the 
largest population of sickle cell anemia patients, estimated to have around 4 million 
patients with more than 150,000 children born annually with the disease. Despite 
decades of research, only one FDA-approved drug, hydroxyurea, is available for 
use in sickle cell anemia [39, 40]. In the late 1980s, in an effort to advance research 
of traditional herbal medicines, Nigeria’s Ministry of Science and Technology 
established the National Institute for Pharmaceutical Research and Development 
(NIPRD)–a research body dedicated to identifying, characterizing, developing, 
and documenting the use of traditional herbal medicines in Nigeria. In May, 2011, 
three antisickling herbs (Entandrophragma utile, Chenopodium ambrosioides, and 
Petiveria alliacea) based on Yoruba Traditional Medicine were used at NIPRD to 
develop Niprisan. At present, three other recipes are currently awaiting develop-
ment [38]. The Madagascar’s research institutes have in the past in collabora-
tion with the National Cancer Institute (NCI) have identified Ipomoeassin and 
schweinfurthins with potent antiproliferative activities. These compounds were 
identified from Madagascar’s medicinal plants Ipomoea squamosa and Macaranga 
alnifolia respectively in the 1990’s [41]. More recently the Madagascar’s develop-
ment of Covid-Organics formulated from Artemisia annua and other plants by the 
Malagasy Institute of Applied (IMRA) and the National Pharmacology Research 
Centre underscore the urgent need for the utilization of African medicinal plants for 
the research and development of new drugs. These efforts have demonstrated that 
African medicinal plants can be utilized for the development of many drugs for the 
treatment of various diseases.

9. Some economically viable medicinal plants of the African origin

Some economically important medicinal plants indigenous to Africa are 
presented. Street & Prinsloo [11] have reported ten (10) commercially impor-
tant medicinal plants of South Africa to include: Agathosma betulina, Aloe ferox, 
Aspalathus linearis, Harpagophytum procumbens, Hypoxis hemerocallidea, Merwilla 
natalensis, Pelargonium sidoides, Sclerocarya birrea, Siphonochilus aethiopicus and 
Sutherlandia frutescens. Mahomoodally [12] has also reported ten potent African 
medicinal plants with the potentials to be developed as phytopharmaceuticals to 
treat infectious diseases. These plants include: Acacia senegal, Aloe ferox, Artemisia 
herba-alba, Aspalathus linearis, Cantella asiatica, Catharanthus roseus, Cyclopia 
genistoides, Harpagophytum procumbens, Momordica charantia and Pelargonium 
sidoides. Other plants of economic value include: Xylopia aethiopica, Monodora 
myristica, Aframomum melegueta, Khaya senegalensis, Pteleopsis suberosa, Griffonia 
simplicifolia, Voacanga africana and Fadogia agrestis [21]. According to [41, 42] the 
most traded species were of plants in Tanzania include: Zanthoxylum chalybaeum, 
Albizia anthelmintica, Zanha Africana, Warburgia stuhlmannii and Vachellia nilotica.
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In Nigeria, according to [19] the economic viable plants which if harnessed for 
their fixed can generate a huge amount of revenue include: Sesame indicum, Adansonia 
digitata, Vitellaria paradoxa and Persia americana.

10. Recommendations

a. Government should invest in the cultivation and conservation of medicinal 
plants with the view of effective utilization in pharmaceutical research and 
development of African pharmaceutical industries.

b. There should be an effective collaboration between established African estab-
lished research laboratories for rapid screening of medicinal plant extracts with 
reported ethnopharmacological claims on the treatment of viral infections and 
other diseases.

c. Farmers should be encouraged to cultivate agro-medicinal which can be a good 
source of revenue, employment and entrepreneurship to the vast majority of 
African youths.

11. Conclusion

African medicinal plants are a huge reservoir of medicinal agents for pharmaceutical 
research and development. Cures yet undiscovered lies in the medicinal plants. Our quest 
for the development of new drugs of African origin may come from the African medici-
nal plants if concerted effort and commitment from the African heads of government 
are put towards searching and screening of medicinal plants extracts with established 
ethnomedicinal claims. The medicinal plants are largely obtained from wild sources 
where there is no guarantee of constant supply due to over-harvesting, over-exploitation 
and extinction. Therefore, there is a need for their cultivation and conservation.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Medicinal Plants Threatened 
by Undocumented Emerging 
Pollutants: The Sub-Saharan 
African Viewpoint
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Seteno Karabo Obed Ntwampe and Tandi Matsha

Abstract

The history of medicinal plants on the African continent is huge, the oldest and 
probably the most diverse, for there are thousands of spoken languages, in the 
sub-Saharan African region, that are used during the traditional practices that utilize 
medicinal plants for healing purposes. However, our lines of research have exhibited 
a potential unprecedented threat to this remarkable history of African medicinal 
plants by emerging pollutants, the per- and polyfluoroalkyl substances (PFASs), 
which are yet to be efficiently and sufficiently reported and documented on in this 
region. Accordingly, this review chapter reports on sub-Saharan African medicinal 
plants with the aim of highlighting how undocumented PFASs, in this region, present 
a huge threat to the extraordinary diversity of these plants and the therapy that they 
have assisted the low-income populations of this region with for centuries. Thus, 
we recommend appropriate and regular assessments and monitoring of PFASs, 
particularly perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) 
the most studied of these substances and their substitutes, in medicinal plants of 
the region, for these chemicals have been scientifically proven to be associated to 
numerous health concerns. The region should also consider properly regulating these 
compounds.

Keywords: medicinal plants, threats, emerging pollutants, PFASs, sub-Saharan Africa

1. Introduction

Medicinal plants have been in use since ancient times [1]; they carry a long history 
[2]. These plants are an important mode of combat to serious illnesses and diseases 
in the world [3]. These crops and their derivatives are used for healing by various 
populations, and in extreme scenarios, these plants have been chosen as natural 
alternatives or substitutes to their orthodox counterparts [4]. Reported evidence has 
indicated that these natural products and their derivatives account for an estimated 
more than 50% of all the drugs used globally [5]. Available data have previously 
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estimated that 90% of world’s rural people use medicinal plants for therapeutic 
purposes, and according to a recent survey by the World Health Organisation (WHO) 
87% of its African member states population rely on traditional medicine, mainly 
medicinal plants, as their main primary health care source [6–9]. For instance, it has 
been reported that 90% of the Ethiopians use herbal remedies as their main source of 
medicines, while up to 80% of South Africans are estimated to be in consultation with 
healers traditional [6, 7]. Thus, sub-Saharan African medicinal plants in their diverse 
forms are holistic involving both the body and the mind [6].

Obviously, the history of medicinal plants on the African continent is huge, the old-
est, and probably the most diverse [6], for there are over 2000 spoken languages [10], 
in the sub-Saharan African region, during the use of traditional medicinal plants for 
healing purposes. In this regard, a variety of medicinal plants is reported to be used for 
the treatment of ailments in this region of Africa [11]. Hence, it has been reported that 
sub-Saharan Africa alone has over 50,000 distinct plant species, of which more than 
25% of these species is reported to have been used for several centuries in traditional 
African medicine for the prevention and treatment of illnesses [12]. Recent reports 
have suggested that the remarkable and enormous biodiversity in medicinal plants in 
sub-Saharan Africa should not be surprising considering that the continent is geo-
graphically located within the tropical and subtropical climate [6, 12, 13]. The region 
has one of the biggest forests of the world, the Congo basin, which spans across six 
countries, namely the entire Central African Region (Figure 1), i.e., Cameroon, Central 
African Republic, Democratic Republic of the Congo (DRC), Republic of the Congo, 
Equatorial Guinea and Gabon. The basin on its own is estimated to have approximately 
10,000 species of tropical plants and 30% of these are endemic to the region. This for-
est, in some extents, provides livelihood to millions of people across this region.

Nevertheless, despite the vast medicinal plants’ diversity and highest endemism, 
sub-Saharan Africa still doesn’t have sufficient drugs being commercialized glob-
ally [6, 14, 15]. This has been exacerbated by the fact that only a small fraction of 
medicinal plants, on the African continent, is from commercial cultivated sources, 
as most of medicinal plants consumed in sub-Saharan Africa and those destined for 
exportation are mostly harvested from the wild, including forests and national parks; 
albeit few countries, including Madagascar, Kenya and South Africa, taking initiatives 
towards commercially producing medicinal plants [16]. Therefore, we can only hope 
for the continent to efficiently making use of its remarkable medicinal plant poten-
tials to improve the lives of its growing population. Hence, there are positive signs in 
this regard which have emerged recently. For instance, a WHO reported that by 2018, 
more than 85% of the total Member States in the WHO African Region have reported 
having a national policy for medicinal plants and others, compared to Western Pacific 
Region and the Eastern Mediterranean Region WHO Member States with 65% and 
45%, respectively [8].

Additionally, the same report also found that the African region scored the highest 
percentage (>80%) of countries with national or state level laws and regulations 
for medicinal plants and others. Certainly, this is a promising path that the African 
continent has embarked on, even though more still need to be established.

Furthermore, there are several other threats to sub-Saharan Africa’s medicinal 
plant potentials. For example, the literature reviewed has indicated that medici-
nal plants on the continent are disappearing due to the destruction of its natural 
habitats in the form of high rates of deforestation, rapid agricultural development, 
urbanization, and uncontrolled harvesting of these plant materials [6, 7, 12, 17, 18]. 
Nonetheless, there are threats that have emerged during the last few decades, and 
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which, in our view, have not been reported on, and have thus remained undocu-
mented. They are threats form emerging persistent organic pollutants (POPs), 
perfluoroalkyl and polyfluoroalkyl substances (PFASs), in particular. Emerging 
contaminants are contaminants about which we have a new awareness or understand-
ing about how they move in the environment or affect health [19].

2. Persistent organic pollutants: definition and environmental fates

Several international environmental organizations, including the Geneva Inter-
Organisation Programme for the Sound Management of Chemicals, the United 
Nations (UN) under its United Nations Environmental Programme (UNEP), the Food 
and Agriculture Organization (FAO) and the WHO, have described POPs as chemi-
cals that are stable and persist in the environment, bioaccumulate in organisms and 
the food chain, are toxic to humans as well as animals, and have chronic effects such 
as the disruption of reproductive, immune and endocrine systems, as well as being 

Figure 1. 
Sub-Saharan African regions.
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carcinogenic [20–24]. It is believed that these substances can enter the environment 
through several ways, including release from waste dumps, spillages, industrial and 
agricultural waste, urban/agricultural runoff and the burning of various materials, 
thus being distributed in various environmental matrices, including water, air, soils, 
sediments and living organisms [25–28]. Given the fact that POPs have bioaccumula-
tion potentials and can travel long distances to places far from the points of release 
by means of waterways, atmospheric exchange and agricultural runoffs, POPs have 
been detected even in pristine areas such as the Antarctica and the Arctic regions, 
regions with minimum direct anthropogenic disturbance [25, 28, 29]. In 1997, in order 
to limit POPs transportation and environmental contamination, the international 
community decided to work towards the establishment of a convention that would 
serve as an international, legally binding instrument, to reduce and/or eliminate 
the release of POPs, as identified in the UNEP Governing Council Decision 19/13C 
[20]. Consequently, under the Stockholm Convention of POPs (COP-4) for global 
action, the UNEP, in 1995, listed twelve POPs which are also known as the “dirty 
dozen”, and consisted of Aldrin, dieldrin, dichloro-diphenyl-trichloroethane (DDT), 
endrin, heptachlor, chlordane, hexachlorobenzene (HCB), mirex, toxaphene, PCDD/
Fs i.e., polychlorinated dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) 
and polychlorinated biphenyls (PCBs). In this regard, the Convention’s Governing 
Council took a decision 18/32 to begin investigating POPs, and their persistence in the 
environment, and thus initiate the eradication or restricted use of these substances, 
and ultimately minimize the contamination of food chain [28–32].

Moreover, the sources of different POPs have been established. For instance, delib-
erate application to crops and soils is suggested to be the source of agrochemical POPs, 
while organochlorine pesticides (OCPs) and other industrial chemicals are reported to 
be intentionally produced for various uses, for example as flame retardants, as ingredi-
ents in consumer products, including electronic goods, which generally result in their 
unintentional release into the environment, some in the form of e-waste [28, 33–36].

In addition, the use of fire-fighting foams, vehicles and the burning of wood, have 
been mentioned as potential contributors to POP release into the environment in 
developing countries [28, 35]. Organic pollutants can enter the coastal environment 
by several processes and once introduced to this environment, they are subject to 
biogeochemical cycling, sinking, and other environmental processes [28, 37].

Furthermore, evidence suggests that the low rate of escape of POPs into water 
reservoirs (i.e., streams), or stock of materials and products, is a source of great 
concern because it could result in exposure that could cause subtle toxicological 
effects in humans and biota [38–41]. Similarly, an increasing number of materials 
containing POPs, are used in building materials, in goods and in various consumer 
products [42, 43]. For POPs contained in consumer products, their low vapor pres-
sure can result in a slow but significant release into the environment [35] which can 
come from direct volatilization as well as microscale abrasion of plastics [42, 43]. 
Following release, the fate of the POP compound in the environment is largely based 
on its physico-chemical properties and the characteristics of the environment [44].

Besides, it has been suggested that the process of environmental transport of these 
compounds and their detection into food supplies will be augmented if the compound 
is in the biosolids applied to agricultural lands, in wastewater effluents discharged to 
surface waters and in landfills adjacent to agricultural lands, and if industrial facilities 
that use the compound are located near sources of food [45]. The exposure of infants 
has also been reported as it becomes evident that POPs can be transferred from 
mother to infant via breast milk, and umbilical cord serum [46–49].
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In addition, regardless of the tremendous work that has been done on the African 
continent regarding reporting and documenting the prevalence of POPs in the 
African environment over the years [30, 50–53], there is not sufficient evidence on 
the state of emerging pollutants, such as PFASs, on the continent, compared to the 
rest of the world; and the reviewed literature has suggested that these undocumented 
pollutants are a threat to the general African environment [54].

2.1 What are per- and polyfluoroalkyl substances?

There is no general accepted definition of PFASs. However, PFASs are chemicals 
that fall under the category of new emerging pollutants, for they exhibit properties 
which are different from traditional pollutants [28] and were anthropogenically 
synthesized since 1950s by linking a chain of carbon and fluorine atoms together 
using two major manufacturing methods, namely electrochemical fluorination (ECF) 
and telomerization technics [55–60]. PFASs are therefore not present in the environ-
ment naturally, but are referred to as “forever chemicals”, unlike its counterparts such 
as heavy metals, e.g., compounds such as arsenic (As), mercury (Hg), lead (Pb), 
cadmium (Cd), chromium (Cr), etc.

These industrial chemicals (i.e. PFASs) contain at least one perfluoroalkyl fraction 
and have been previously referred to as “perfluorinated chemicals” (PFCs); albeit 
“PFCs” being a term describing perfluorocarbons, i.e., substances that contain only 
carbon and fluorine atoms, and having physical properties, such as being oil and 
water repellent and temperature resistant and reducing friction, and unique chemical 
functionalities that are fundamentally different from those of many PFASs [59, 60]. 
Because of these attributes, PFASs have been largely used as part of feedstocks in several 
manufacturing processes to make consumer and industrial products [60]. Accordingly, 
the common uses of PFASs have included: (a) non-stick cookware, stain resistant car-
pets and fabrics, (b) coatings on some food packaging (e.g., microwave popcorn bags 
and fast-food wrappers), (c) components of fire-fighting foam, (d) many industrial 
applications, (e) consumer products—for example, products that are stain and/or water 
resistant, cosmetics, and some cleaning products [19, 60].

Additionally, a common terminology for the nomenclature of PFASs has thus 
been agreed upon and saw PFASs divided in two classes, namely non-polymeric and 
polymeric PFASs [60], each with subclasses, groups and subgroups, as depicted on 
Table 1. For more details, there are various references therein [59–64]. In addition, 
it is currently estimated that more than 5000 known PFAS chemicals exist, with 
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) being the most 
manufactured; and their numbers are expected to increase as industries continue 
to invent and manufacture new substances [61, 62]. For instance, in 2006, it was 
reported that the production of these chemicals reached its peak in China, a major 
trading sub–Saharan African partner, with more than 250 tons/year [58].

2.2 Reasons behind PFASs attention and how people get exposed to them

During the last decades, there has been sufficient evidence on the distribution of 
PFASs in the environment at large, predominantly in the aquatic and biota environ-
ments, but most importantly the attention has been on the fact that these substances 
have been said to be capable of widely spreading [65]. In this regard, the discovery of 
PFASs in serum, urine and other tissue samples has prompted researchers wanting to 
know whether these chemicals can lead to health issues [66]. Similarly, studies have 



Medicinal Plants

560

found that PFASs get exposed to in various exposure pathways, including the numer-
ous products to which the application of PFASs led to their manufacturing, thus caus-
ing multiple opportunities for exposure. On the other hand, there are already more 
than 5000 of these compounds available worldwide, and their number is expected 
to increase. In addition, PFAS’s unique properties have also made them stable in the 
environment and food sources, ultimately making them to be persistent, i.e., that 
once they enter the environment PFAS remain in the it for an unknown length of 
period and take many years to leave the body they have entered [66–68]. The other 
subject of PFAS’s attention is their bioaccumulation characteristic [65].

Moreover, it has been argued that all sources of exposure are not conclusively under-
stood [65], but numerous studies have suggested that people are most likely to be exposed 
to these compounds by means of drinking and consuming PFAS-contaminated water or 
food, using products made with PFAS, or breathing air containing PFAS [69–75].

The next pressing subjects of attention as far as PFASs are concerned are PFAS 
precursors (pre-PFAS) and alternatives to PFASs of concerns. Hence, pre-PFASs are 
formed by means of biotic or abiotic degradation from other PFASs [60, 76], while 
concerns over the effect of PFASs, mostly PFOA and PFOS, on humans and the envi-
ronment led to an interest in exploring suitable alternatives to these substances; and 
ultimately three types of alternatives to PFASs, namely, (i) substances with shorter 
per- or polyfluorinated carbon chains, (ii) non-fluorine-containing substances and 
(iii) non-chemical techniques. Further details on some of the commonly known com-
mercial alternatives PFASs and their potential health impacts are available [76–78]. 
Short-chain PFASs refer to those with five and seven or fewer carbons that are per-
fluorinated, while long-chain have six and eight or more perfluorinated carbons [77]. 
Concerns over PFAS alternatives are to be exacerbated by the expansion of world’s 
biggest economies who are continuously manufacturing these chemicals in hundreds 
of tons per annum. Examples of commonly known and commercially available PFAS 
alternatives to long-chain PFASs, and which safety has been questioned are available 
in the literature, for example, see [76].

Per- and polyfluoroalkyl substances (PFASs)

Non-polymers Polymers

Perfluoroalkyl substances╬ Polyfluoroalkyl substances╣

Perfluoroalkyl acids (PFAAs)a Fluorotelomer-based 
substancesc

Fluoropolymers

Perfluoroalkyl carboxylic acids/
perfluoroalkyl carboxylates (PFCAs)a

Perfluoroalkane sulfonamido 
Substancesb

Polymeric 
perfluoropolyethers (PFPE)

Perfluoroalkane sulfonic acids/
perfluoroalkane sulfonates (PFSAs)b

Polyfluoroalkyl ether acidsc Side-chain fluorinated 
polymers

Perfluoroalkane sulfonamides (FASAs)b

╬All hydrogen (H) atoms on all carbon (C) atoms in alkyl chain attached to a functional group have been replaced 
with fluorine (F).
╣All H atoms on at least one (but not all) C atoms have been replaced with F.
aManufactured by either ECF or telomerization.
bManufactured by ECF.
cManufactured by telomerization.
Adapted from [60].

Table 1. 
Per- and polyfluoroalkyl substances family.
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Moreover, like all other substances that are bioaccumulative, persistent and toxic 
in nature, PFASs have been reported to have the potential to cause health problems. 
As such, epidemiological evidence has suggested associations between perfluoroalkyl 
exposure and several health outcomes in humans and animals, even though cause-
and-effect relationships for humans’ cases have remained inconclusive, which have 

Plant PFASs (ng/g/dw)

Cereals PFOA PFBA PFPeA PFHxA PFBS

Corn 2478.44 1448.59 387.68 116.06 0.29

Maize 0.40 37.37 7.65 13.04 <0.05

Rice 1.73 n/i n/i n/i n/i

Soybean 3966.62 2378.31 992.62 211.80 <0.02

Wheat 809.75 1102.51 495.77 134.69 0.51

Vegetables

Cabbage 1.94 17.85 1.79 0.56 n/i

Carrot 1468.08 2552.74 852.31 196.85 1.10

Cauliflower 86.08 194.10 78.32 32.79 <0.02

Celery 1119.41 1049.61 324.06 94.30 <0.02

Cucumber 2.60 63 0.85 0.32 15

Lettuce 1038.27 2365.18 281.17 72.19 <0.02

Pepper 39.29 946.46 415.86 74.39 <0.02

Pumpkin 15.09 638.13 64.10 11.65 <0.02

Radish 1879.76 1167.52 426.45 103.31 <0.02

Spinach 2.49 6.70 1.79 3.90 0.17

Tomato 1.70 87 1.30 0.56 13

Welsh onion 360.58 270.39 77.79 30.73 0.07

Yam 110 n/i n/i n/i 40

Zucchini 3.20 69 3.10 0.28 11

Fruits

Grape 1.60 9.80 n/i 1 n/i

Muskmelon 1 2.90 n/i n/i n/i

Peach 1.30 n/i n/i n/i n/i

Pear 1 3.70 n/i n/i n/i

Sugarcane 110 n/i n/i n/i n/i

Watermelon 7.90 3.60 n/i n/i n/i

Short-chain PFASs are shown in bold type. Italic and bold are plants that are likely to be find in selected supermarkets 
in sub-Saharan Africa, but which are only produced in selected countries of the region (e.g., South Africa and 
Namibia).
n/i: not indicated.
Adapted from [80].

Table 2. 
Bioaccumulation of PFASs in edible plants.
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implied that more studies are still needed. There are further details on the toxicologi-
cal profile of perfluoroalkyls [79].

2.3 Prevalence and bioaccumulation of PFASs in plants

PFASs are highly soluble in water, a characteristic that make them to be easily 
absorbed and translocated in plants. This has become a great centre of interest for 
researchers wanting to comprehend the phytotoxicity of PFASs. Subsequently, during 
the recent years, there has been an increase in studies that investigate the prevalence 
and bioaccumulation of PFASs by plants, including cereals, fruits and vegetables. 
Thus, high concentration levels of PFASs have been frequently reported in plants 
near contaminated sites [80–84]. The predominant PFASs have been PFOA, perfluo-
robutanoic acid (PFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic acid 
(PFHxA), and perfluorobutanesulfonic acid (PFBS) in most cases [83–85]. Table 2 
depicts the bioaccumulation of these PFASs in select cereal, fruits and vegetables, 
some of which are consumed by Africans but not produced locally. It is worth men-
tioning that the prevalence of these substances in these plants implies exposure to 
PFASs through the consumption of these crops. More studies are thus required, in this 
regard, to substantiate this potentiality.

3. PFASs as a threat to sub-Saharan African medicinal plants

For centuries, medicine plants have played a therapeutic role in the lives of millions 
of people in developing countries worldwide, and in sub-Saharan African regions, in 
particular. In addition, it has been reported that, due to their bioactive organic chemi-
cal compounds content, also referred to as phytochemicals, these plants have been 
able to play a defensive role against major chronic ailments in both host-metabolic or 
genetic dysfunctional and infectious diseases, thus making them beneficial for human 
and animal health [86, 87]. In sub-Saharan African countries (Figure 1), millions of 
people depend on medicinal plants for their primary healthcare therapy for obvious 
reasons such as, these people are inhabitants who live closer to the natural vegetation 
such as forests, with an estimated 216,634,000 ha of closed forest [12] and savannas_ 
the later having been reported to be rich in biodiversity with an estimated 71% of 
vegetation of these ecosystems being medicinal plants, the easy and free access to these 
plants, as well as the prohibitive cost of orthodox products [87, 88].

Furthermore, the reviewed literature has reported that many different plant 
species might be used to treat specific ailment(s) in various sub-Saharan African 
countries, as well as a particular plant being used for the same kind of illness in 
two or more countries, thus implying the variety and abondance of these plants 
in the region and the history that these countries previously shared. For example, 
a recent article reported on antimalarial medicinal plants used in Benin, Burkina 
Faso, Cameroon, DRC, Ethiopia, Gabon, Ghana, Guinea, Kenya, Mali, Namibia, 
Nigeria, Uganda, Senegal, South Africa, Rwanda, Togo, Zambia and Zimbabwe (thus 
representing all the sub-Saharan regions, see Figure 1), with the following plant 
species used in numerous countries, namely: Azadirachta indica (Benin, Burkina 
Faso, Ghana, Guinea, Ethiopia, Kenya, Nigeria, Togo, Uganda and Zimbabwe), 
Nauclea latifolia (Benin, Cameroon, Gabon, Ghana, Guinea, Kenya, Nigeria, Senegal 
and Togo), Carica papaya (Benin, Ghana, Guinea, Nigeria, Togo, Uganda, Zambia 
and Zimbabwe), Cassia siamea (Benin, Burkina Faso, Ghana, Guinea, Nigeria, Togo, 
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Zambia and Zimbabwe), Ficus sur Forssk (Burkina Faso, Gabon, Guinea, Kenya, 
Namibia, Nigeria, Togo and Uganda), Cassia occidentalis L. (Benin, Kenya, Ghana, 
Namibia, Nigeria, Zambia and Zimbabwe), Jatropha curcas L (Benin, Ghana, Guinea, 
Ethiopia, Nigeria, Uganda and Zambia), Maytenus sp. nov. A. (Benin, Guinea, Kenya, 
Nigeria, Senegal, Sudan and Zambia), Tamarindus indica L. (Benin, Ethiopia, Guinea, 
Kenya, Uganda, Togo and Zambia), Vernonia amygdalina (Benin, Ghana, Kenya, 
Namibia, Nigeria, Uganda and Zambia), Tithonia diversifolia A. Gray (Burkina Faso, 
Guinea, Nigeria, Uganda, Rwanda and Zimbabwe), Adansonia digitata L. (Benin, 
Namibia, Nigeria, Togo and Zambia), Momordica foetida Schumach. (Ethiopia, 
Ghana, Uganda, Zambia and Zimbabwe), Securidaca longepeduculata Fresen 
(Namibia, Nigeria, South Africa and Zambia), and Flueggea virosa (Willd.) Voigt 
(Benin, Kenya, Togo and Uganda), Ximenia americana L. (Guinea, Kenya, South 
Africa and Zambia), and Zanthoxylum chalybeum Engl (Kenya, Rwanda, Uganda and 
Zambia) [11]; and for the management of human immunodeficiency virus (HIV) 
and other sexually transmitted infections (STIs) in the sub-Saharan region, Ximenia 
americana has been in use (Zambia, Uganda and Kenya), and Azadirachta indica 
(Uganda and Kenya) [89–91]. Similarly, numerous studies have highlighted the anti-
diabetic potential of several hundreds of sub-Saharan African medicinal plants [4].

Additionally, a valuable review article has highlighted the commercial importance 
of African medicinal plants, including 13 species (i.e., Catharanthus roseus, Centella 
asiatica, Coffea arabica, Cissampelos pareira, Cyclopia genistoides, Pausinystalia johimbe, 
Synsepalum dulcificum, Sclerochiton illicifolius, Strophanthus gratus, Physostigma vene-
nosum, Thaumatococcus daniellii, Voacanga africana and V. thouarsii) which are sources of 
commercially important chemical constituents, and has, to some extents, represented 
approximately 10% of commercially developed medicinal plants [13]. The review has 
further suggested that presently Africa is home to more than 80 beneficial commercial 
medicinal plant species that are on international markets, and this, in our view confirms 
the argument that the demand for medicinal plants, including African, is increasing at 
an alarming rate [7]. Interested readers are encouraged to read this remarkable review 
article [13] as it depicts a well-informed selection of most popular and important medici-
nal plants distributed in the different sub-Saharan regions (Figure 1).

Nevertheless, albeit the promising prospects of these plants as alluded to, 
knowledges on African medicinal plants are still very limited in comparison to other 
societies, such as the Chinese and Indian; this is so because, unlike in China and India 
where medicinal plants have extensively been researched and documented, studies of 
African medicinal plants have not been taken seriously. For example, recent evidence 
from sub-Saharan-southern African region highlighted 257 plant species from this 
region that are used traditionally for the treatment of viral respiratory ailments, but 
only one of these plants has this far been tested for its ability to constrain respiratory 
viruses by means of its ethnobotanical usage [92]; while of the 555 medicinal plants 
identified to treat inflammation and pain, from the same region, only few have been 
relatively screened for their anti-inflammatory properties, which prompted the 
researchers to recommend that further studies be undertaken in that regard [93]. 
Substantial, this lack of seriousness in this domain has led to information on African 
medicinal plants either being unavailable or fragmented and, in the end, incompletely 
documented [12, 13].

Certainly, the challenges that sub-Saharan African medicinal plants are subjected 
to are numerous [4]. For instance, it has been indicated that there’s an urgent need to 
increase the documentation on sub-Saharan African medicinal plants because of their 
accelerated losses due to anthropogenic activities [12]. For example, the rate of the loss 
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of natural forest cover or deforestation on the African continent is one of the highest 
globally [7, 12]. Basically, the global deforestation rate stands at 0.6%, but this rate is 
at 6.5%, 5.0% and 2.1% in sub-Saharan Africa for countries such as the Cote d’Ivoire, 
Nigeria and the DRC respectively [12, 94]. Additionally, sub-Saharan African medici-
nal plants are affected by unsustainable harvesting methods [7, 11, 13, 16, 87], fires, 
wattle expansion or eradication program and grazing [7, 87], coupled with human 
settlement expansions, including urbanization, as well as inexistent or weak legisla-
tions and/or enforcement failure of existing rules and regulations [16].

Moreover, the most recent challenge threatening the prospects of sub-Saharan 
African medicinal plants, in our opinion, is the contamination of these plants by 
PFASs. Hence, unlike in the developed world, where the assessment and monitoring 
of PFASs prevalence in the natural environment are at an advanced stage [4], it is 
only recently that PFAS studies from the sub-Saharan African region have started 
emerging [54]. Thus, during the last two decades there has been reports on PFAS 
from South Africa, Nigeria, Kenya, Ethiopia, Ghana, Burkina Faso and Ivory coast, 
Tanzania and Uganda [4, 54, 95, 96]. It is worth mentioning that the continent has 
over 50 countries, which suggests that PFAS studies are still limited on the continent 
at large. All available evidence has reported higher level concentrations of specific 
PFASs in analyzed samples, compared to allowed international standards. For 
example, higher levels of PFOS and PFOA were reported in tap water from Ghana, 
but lower in tap and bottled water from Burkina Faso [95]. Similarly, PFASs have been 
reported in wastewater from wastewater treatment plants (WWTPs) and ultimately 
in several surface water systems in sub-Saharan Africa, including in South Africa, 
Kenya, Nigeria, Ghana and Ethiopia [54, 95–97]. Hence, it can be argued that inef-
ficiently treated wastewater represents a risk to plants, including medicinal plants, to 
which PFAS-contaminated water is or might be applied to. And this is substantiated 
by the literature that has confirmed that WWTPs are PFAS-contamination hotspots, 
are considered as the most common point sources of PFASs to surface water [98, 99]. 
Similarly, available evidence has indicated that the cultivation of medicinal plants at 
a commercial scale has started emerging from the sub-Saharan African region, with 
countries such as South Africa, Uganda, Kenya, Tanzania and the DRC having taken 
the initiatives toward the commercial cultivation of these plants, with high probabili-
ties that surface water (e.g., river water) is used or luckily to be used, like it is the case 
in South Africa, to irrigate the lands on which medicinal plants are planted with such 
water, to alleviate the burden of water shortage, for instance. This is a huge potential 
risk and a threat to medicinal plants.

Furthermore, there are considerable evidence on the prevalence of PFASs in edible 
plants we have previously alluded to, in the general environment worldwide [80–85], 
but the state of these substances, in this regard, in the sub-Saharan African region 
remains largely unknown and undocumented. However, several countries from this 
region have been commercially trading with world leading economies (e.g., China and 
USA) from which PFASs have been reported not only in their natural environments, 
but also in consumer products that are imported from these world greatest economies 
by their African commercial patterners [58, 79]; this implies the potential prevalence 
of PFASs in the general environment of this region as previously alluded by Ssebugere 
et al. [95] who suggested that the likelihood of PFASs in African environments would 
certainly be due to the uncontrollable and unregulated importation of PFAS-carrier 
products from these mass manufacturers to the African countries. Further studies are 
overdue to substantiate these conjectures, which, if confirmed, represent substantial 
threats to the general African environment.
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Similarly, available data further suggest a greater need for investigations to be 
conducted on the uptake of these compounds by medical plants. In fact, to our 
knowledge, there is only a single article that has recently reported on the suscepti-
bility of medical plants to PFASs, with the African marigold (Tagetes erecta L.) as a 
typical example [100]. The results from the later study have become a wakeup call, 
as they suggested medicinal plants as possible conduits of PFASs, including PFOA 
(94.83 ng/g), PFOS (5.03 ng/g) and PFBS (1.44 ng/g), into humans; and thus repre-
sent a huge threat to the entire potential medicinal plants industry of the sub-Saharan 
African region; and the situation is expected to be exacerbated as the continent 
embarks on developmental trajectories. Therefore, for this region to remain certain 
that it maintains its remarkable medicinal plants history and keep its population safe, 
we are of the opinion that studies, in this regard, should be expanded and diversified 
in the region, in order for a database of these chemicals on medicinal plants to be 
efficiently established for the whole of the sub-Saharan African region.

4. Conclusions

The use of medicinal plants to combat diseases and illnesses from which humans 
suffer is not new. It can thus be said that these plants have a long history. In sub-
Saharan Africa the history of medicinal plants is remarkable, huge and divers, 
transmitted by word of mouth from one generation to another using the thousands 
of dialects present in the region. Owing it to its tropical and subtropical geographi-
cal positions, sub-Saharan Africa is said to be home to an enormous biodiversity of 
medicinal plants, with over fifty thousand plant species, a quarter of which is well 
known for their curative potentials. Notwithstanding these possibilities, the region 
still lacks its own drugs on the global markets due to the limited and/or small-scale 
type of cultivation of medicinal plants still in practice in the region, coupled with 
several other challenges that medicinal plants are faced with, including not being 
sufficiently undocumented, deforestation, conservation inefficiencies, overexploita-
tion or overharvesting, etc. Hence, there isn’t any doubt that medicinal plants in 
sub-Saharan African region are subjected to several encounters. But the most recent 
of these encounters have been the potential threats from emerging pollutants, i.e., 
PFASs. These substances are the results of anthropogenic activities unlike their prede-
cessors, the heavy metals, which are naturally find in the environment. To date, there 
has been over 5000 PFASs manufactured since their dawn in the 1950s. During the 
manufacturing process that gives life to PFASs, they’re given unique properties that 
make them wanted by several manufacturers of consumer products. Unfortunately, 
due to these compounds being heavily applied in industrial processes, they have now 
been detected in different environmental matrices, including water, soil and plants, 
as well as in animals. PFASs have been even detected in samples from remote areas, 
far from the places where they were manufactured, with PFOA and PFOS being 
predominantly studied, owing it to their health concerns. Regardless of PFASs being 
extensively researched and documented in different parts of the world, the chemicals 
have remained undocumented in sub-Saharan Africa, to a large extent. This situation 
is highly concerning in the context of medicinal plants of this region, because PFASs 
have been proven to translocate and bioaccumulate in plants, and linked to numerous 
severe diseases, including cancer and diabetes. This state implies that plants, medici-
nal plants in this case, being a possible pathway through which humans get exposed 
to these human-made substances. And with medicinal plants being the first line of 
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defense to combat diseases, illnesses and other daily health needs for millions of 
low-income people from sub-Saharan Africa, there is cause for serious concern. It is 
therefore recommended that PFAS studies be expanded and diversified in sub-Saha-
ran Africa. Future studies should also investigate the prevalence of novel or the so 
called PFAS-substitutes in African environments. The region needs trade-agreements 
and regulations that make provisions for PFASs from countries with the reputation of 
manufacturing these chemicals and their alternatives. To valorize its current medici-
nal plant diversity, the region needs to shift from small to large-scale cultivation of 
medicinal plants. Routine-based assessment and monitoring of PFASs, their precur-
sors and alternatives in general African environments is also recommended, with an 
emphasis on the cultivation, harvest or collection, and storing of medicinal plants in 
areas free of any possible contamination.
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