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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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Chapter1

The Use of Native Flora/Herbal
Products in Human Papilloma
Virus (HPV) Infection: A Global
Perspective Study

Franca Nneka Alaribe Nnadogzie, 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 Africaisata
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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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.
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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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Figure 4.
Number of participants that have employed herbal products for any purpose.

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.
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Number of participants showing their readiness to support or buy any native flova/herbal product
discovered for the treatment or management of HPV infection.

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
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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 etal., 2020 [20]
Rheum emodi Croyophanol Salaria et al., 2022 [21]
Thymus serpyllum Apigenin Salaria etal., 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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Thymus serpyllum Oxalis corniculata Platycodon grandiflorus

Figure7.
Photographs of some of the plants listed in Table 1.

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.
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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.
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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 rthizomatous 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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State District Village/region Local
name
Arunachal Kameng, Subansiri, Kurung Kume, — Do-Tala
Pradesh Siang, Lohit, Tirap and Changlang
Manipur Senapati Hengbung, Maram, Purul Singpan
and Ma-kui regions

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.

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
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properties. It has a single unbranched stem and 2-3 whotls 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.

M7

A

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-a-L-
arabinfuranosyl (1-4)-[a-L-rhamnopyanosyl (1-2)]-p-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 (HepG,) 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 pg/mL to 30 pg/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-a-L-arabinofuranosyl (1-4) p-D-glycopyranoside

2.Pennogenin-3-O-a-L-arabinofuranosyl (1-4) p-D-glycopyranoside
20
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3.Isorhamn etin-3-O-p-D-glycopyranoside
4.Ethyl-a-D-fructofuranoside

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

6.6.Pennogenin-3-0-a-L-rhamnopyranosyl (1-4) [a-L-rhamnopyranosyl (1-4)]
a-L-[a-L-rhamnopyranosyl(1-2)] f-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-a-1-rhamnopyranosyl (1-4)-a-1-rhamnopyranosyl
(1-4)-[a-1-rhamnopyranosyl (1-2)-a-d-glucopyranoside, (2) Diosgenin-3-O-a-
1-rhamnopyranosyl (1-2)-a-1-arabinofuranosyl-f-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. a-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 [a-Lrhamnopyanosyl(1-3)-B-D-glucopyranoside)
which has a steroidal skeleton.

3. Polyphyllin D (Diosgenin-3-O[a-Lrhamnopyanosyl (1rha-2G1)-0-

Larabinofuranosyl (1ar,-461)]-p-D-Glucopyranoside) which has a steroidal
skeleton

4.Saponin-1 (Diosgenin-3-O[a-L-rhamnopyanosyl (1gp,-2gp,)-0-L-
rhamnopyranosyl (1a12-461y) ]-B-D-Glucopyranoside) which has a steroidal
skeleton

5.Stigmasterol which is a steroid, and

6. Stigmasterol-3-O-p-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

22

1. Diosgenin

2.Pennogenin

3. Diosgenin-3-0-a-L-rhamnopyranosyl(1-2)-b-D-glucopyranoside
4. Pennogenin-3-0-a-L-rhamnopyranosyl(1—-2)-b-D-glucopyranoside

5.Diosgenin-3-0-a-L-rhamnopyranosyl (1—2)[a-Larabinofuranosyl(1—4)]-b-
D-glucopyranoside



Paris polyphylla: An Important Endangered Medicinal Plants of Himalayan Foothills
DOI: http://dx.doi.org/10.5772/intechopen.102920

Plant species Isolated compounds

P, polyphylla Paris saponin I (diosgenin3-O-a-L-rha-(1-2)-[a-L-arab-(1-4)]-p-D-glu)

Paris saponin I (diosgenin3-O-a-rha-(1—4)-a-L-rha-(1—4)-[a-L-rha-(1-2)]-8-D-
glu)

Paris saponin III (diosgenin 3-O-a-L-rhamnopyranosyl-(1—2)-[a-L-
rhamnopyranosyl-(1—4)]-p-D-glucopyranoside)

PolyphyllinVI (pennogenin-3-O-a-L-rhamnopyranosyl-(1-2)--D-glucopyranoside)

Polyphyllin VII (pennogenin-3-0-a-L-rhamnopyranosyl-(1—4)-a-L-
rhamnopyranosyl-(1-4) [O-B-D-glucopyranosyl- (1-2)]--D-glucopyranoside)

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

Polyphyllin C (diosgenin-3-O[a-L-rhamnopyanosyl(1—3)-a-D-glucopyranoside)

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

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

Stigmasterol

Stigmasterol-3-O--D-glucoside

P, polyphylla var. Diosgenin

chinensis .
Pennogenin

Diosgenin-3-O-a-L-rhamnopyranosyl (1-2)-p-D-glucopyranoside

Pennogenin-3-0-a-L-rhamnopyranosyl(1—2)-8-D-glucopyranoside

Diosgenin-3-O-a-L-rhamnopyranosyl (1-2)
[-a-L-arabinofuranosyl(1—4)]--D-glucopyranoside

Pennogenin-3-0-a-L-rhamnopyranosyl(1—2) [-a-L arabinofuranosyl
(1-4)]-p-D-glucopyranoside

Diosgenin-3-O-a-L-rhamnopyranosyl (1-2)-[$-D-glucopyranoside(1—3)]-p-D-
glucopyranoside

Diosgenin-3-O-a-L-rhamnopyranosyl (1—4)-a-L rhamnopyranosyl (1-4) [a-L-
rhamnopyranosyl (1-2)]-p-D-glucopyranoside

Pennogenin-3-O-a-L-rhamnopyranosyl(1—4)-a-L-rhamnopyranosyl (1-4) [a-L-
rhamnopyranosyl (1-2)]-p-D-glucopyranoside

3-O-a-L-arabinofuranosyl(1—4) [a-L-rhamnopyranosyl(1-2) ]-3-D-
glucopyranoside-p-D-chacotriosyl-26-O-p-D-glucopyranoside

2, 3p, 14w, 20P, 22a, 25 hexahydroxycholest-7-en-6-one

2,3p,14a, 20p,244,25p hexahydroxycholest-7-en-6-one

P, polyphylla var. 3b, 21-dihydroxy pregnane-5-en-20S-(22,16)-lactone-1-O-a-L-rhamnopyranosyl
chinensis (1-2)-[p-D-xylopyranosyl (1~3)]-p-D-glucopyranoside.

P, polyphylla Smith (25R)-spirost-5-en-3b,7b-diol-3-O-a-L-arabinofuranosyl-(1—4)-[a-L-

var. yunnanensis rhamnopyranosyl-(1-2)]-p-D-glucopyranoside

(25R)-spirost-5-en-3b,7a-diol-3-0-a-L-arabinofuranosyl-(1—4)-[a-L-
rhamnopyranosyl-(1-2)]-B-D-glucopyranoside

26-0-B-D-glucopyranosyl-(25R)-A 56 17( 2°>-dien-16,22-dione-cholestan-3b,26-
diol-3-O-a-L-arabinofuranosyl-(1—4)-[a-L-rhamnopyranosyl-(1-2)]-p-D-
glucopyranoside
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Plant species Isolated compounds
P, polyphylla Smith 26-0-B-D-glucopyranosyl-(25R)-5-ene-furost-3p,17a, 22a, 26-tetrol-3-O-a-L-
var. yunnanensis arabinofuranosyl-(1—4)-[a-L-rhamnopyranosyl-(1-2)]-B-D-glucopyranoside

26-0-B-Dglucopyranosyl-(25R)-5, 20 (22)-diene-furost-34, 26-diol-3-O-a-L-
arabinofuranosyl-(1—4)-[a-L-rhamnopyranosyl-(1-2)]-p-D-glucopyranoside

(25R)-spirost-5-ene-3p, 12a-diol-3-O-a-L-rhamnopyranosyl-(1—+4)-a-L-
rhamnopyranosyl- (1—-4)-[a-L-rhamnopyranosyl-(1—2)]-p-D-glucopyranoside

P, polyphylla var. 24-0-B-D-galactopyranosyl-(23S,24S,25S) -spirost-5-ene-1b,3b,21,23,24-pentol-1-O-
stenophylla a-L-rhamnopyranosyl-(1— 2)-[p-D-xylopyranosyl-(1—3)]-p-D-glucopyranoside

21-O-B-D-galactopyranosyl-24-O-p-D-galactopyranosyl-(23S,24S) -spirost-
5,25(27)-diene-1b,3b,21,23,24-pentol-1-O-a-L-rhamnopyranosyl-(1—
2)-[p-D-xylopyranosyl-(1—3)]-B-D-glucopyranoside

Source: [7].

Table 3.
Some chemical constituents isolated from the rhizomes of P. polyphylla.

6. Pennogenin-3-0-a-Lrhamnopyranosyl (1-2)-[a-Larabinofuranosyl(1—4)]-b-
D-glucopyranoside

7.Diosgenin-3-0-a-L-rhamnopyranosyl (1-2) [b-Dglucopyranoside(1—3)]-b-D-
glucopyranoside

8. Diosgenin-3-0-a-L-rhamnopyranosyl (1—-4)-a-Lrhamnopyranosyl (1—+4)[a-L-
rhamnopyranosyl (1-2)]-b-D-glucopyranoside

9.Pennogenin-3-0-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].

24



Paris polyphylla: An Important Endangered Medicinal Plants of Himalayan Foothills
DOI: http://dx.doi.org/10.5772/intechopen.102920

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.
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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
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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 Galliciano 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,
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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.
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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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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 iz 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 hemevocallidea, 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
inisiZulu [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

=
2

L B3]
(@)
- %

i \

Dioscorea batatas — Echinacea purpura Aspalatus linerias Acacia senegal
Clerodendrum
splendens Artemisia afra —
Hypoxis
~  Tinospora species Zingiber officinale hemerocallidea
Sutherladia frutescens |
Zingiber officinale

Tinospora species

Xysmalobium —
undulatam

Figure 1.
Identified strategies for prevention and treatment of COVID-19 using TMPs.
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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 vespiratory symptoms and diseases.

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,
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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]

Avtemisia afra

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

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

Clerodendrum Type Il arabinogalactam, immuno modulatory activity [17, 20]
splendens

Dioscorea batatas

Allantoin, batatas, choline, dioscorin, diosgenin, gracillin, glycoproteins,

decne L-arginine, mucopolysaccharides, prosapogenin, protein, polysaccharide, saponins,
Immunomodulatory activity [17, 21, 22]

Echinacea Chicoric acid, polysaccharide, alkamides, immunomodulatory activity [14] and Extracts,

purpurea Anti-coronavirus activity [42]

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

hemerocallidea

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

frutescens

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 Amritoside, apigen-6-C-glucosyl7-O-glu-coside, 20a hydroxy ecdysone, tinosporine B,
cordifolia epicatechin, Anti-SARS CoV-2 main protease activity [6]
Xysmalobium Uzarin, Anti-SARS-CoV-2 RNA dependent RNA polymerase activity [19]
undulatum
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.

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,
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Figure 3.
Artemisia afra leaves.

Figure 4.
Aspalathus linearis.

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
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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 Il
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.
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Figure 6.
Dioscorea batatas decne leaves and fruits.

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 pg/mL [53].

2.6 Echinacea purpurea

E. purpurea (Figure7), 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
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Figure7.
Echinacea purpurea. (A) Flowers and (B) leaves.

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
hemevocallidea 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 (y) aminobutyric acid, and L-canavanine responsible for its biological
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Figure 8.
Hypoxis hemerocallidea leaves.

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

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].
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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-1-0l, 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 ata
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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Figure 12.
Zingiber officinale whole plant showing roots, stem, and leaves.

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].
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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, Clerodendyrum 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 iz 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 Rhigoctonia 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).
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Figure 2.
Wilt symptoms in Adhatoda vasica (A) caused by Fusarium oxysporum (B).

1.3 Safed musli (Chlorophytum borivilianum)

Leaf blight disease caused by A. alternata [11] and Colletotrichum chlovophytumi
[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 3.
Leaf blight symptoms in Chlorophytum borivilianum (A) caused by Alternaria alternata (B).
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Figure 4.
Leaf spot symptoms in Gymnema sylvestre (A) caused by Colletotrichum gleosporoides (B).

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,
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Figure 5.

Figure 6.
Anthracnose symptoms in Hibiscus rosa-sinensis (A) caused by Colletotrichum gleosporoides (B).

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
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Figure 7.
Anthracnose symptoms in Morinda citrifolia (A) caused by Colletotrichum gleosporoides (B).

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).
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Figure 8.
Wilt symptoms in Morinda citrifolia (A) caused by Fusarium oxysporum (B).

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 of Mucuna [33]. Charcoal rot caused by Modiolula 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 Rhigoctonia 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
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Figure 10.
Rust symptoms in Mucuna pruriens (A) caused by Uromyces mucunae (B).
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Skl

Figure 11.
Wilt symptoms in Ocimum sanctum (A) caused by Fusarium oxysporum (B).

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 Rhigzocotonia 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
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Figure 12.
Powdery mildew symptoms in Ocimum sanctum (A) caused by Erysiphe biocellata (B).

Figure 13.
Leaf spot symptoms in Ocimum sanctum (A) caused by Colletotrichum gleosporoides (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 Fusavium oxysporum (B).
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Figure 16.
Leaf spot symptoms in Tabernaemontana coronaria (A) caused by Colletotrichum boninense (B).

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 oxysporum with 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.
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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 ¢ Use Safer Yard & Garden Insect

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].

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 Symptoms Management practices
pathogen
¢ As the disease advances, the red
pustules become black spots
circular and small and later coalesce
to form large patches [7].
Leaf rust [8] * The postules are circular or ¢ Mixed cropping with suitable crops

Aecidium adhatodae 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].

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 < Initially, reddish-brown lesions on

* Spraying biocontrol agents like

alternata the leaves, forming longitudinal Trichoderma sp.
streaks along the midrib, veins * Spraying with Benomyl 0.1% (or)
and margin of the infected leaves. Mancozeb 0.2% (or) Carbendazim
Finally, rotting and death of leaves ~ 0.1% IS recommended [52].
is observed [11].
Colletotrichum * Yellowing of leaves leading to * Application of Bavistin solution
chlorophytumi withering and ultimately death of @1 g in 1 liter of water at the
[12] the whole leaf [12]. 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 soil before planting.

* Field application of a mixture of
NC + mustard cake (1:1) before
planting at the rate of 4 ¢ h™".
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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 ! soil before planting and
field application of a mixture of
NC + mustard cake (1:1) before
planting at the rate of 4 ¢ h ™.

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.

¢ Asthe 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] .

Initial symptoms were small, angular,

Extracts of seaweeds (Sargassum

Pseudomonas water-soaked lesions observable on both wightii, Turbinaria conoides, Ulva
syringae adaxial and abaxial surfaces. lactuca) possess an antimicrobial
* Lesions enlarged, became tan to light activity against the pathogen [17].

brown, and were often surrounded by

chlorotic haloes [64].
Powdery * Typical mildew growth is generally * Spraying 3 g of water soluble sulfur in
mildew [16] confined to the under-surface of the leaf. one liter of water at an interval of 10—
Unknown * Severe infection leads to infection on the 15 days [65].

upper-surface [16].

Diseases of H. vosa-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 Symptoms Management practices
pathogen
* The central necrotic portions of the ¢ Sanitation and removal of diseased
lesions are tan to whitish and plant organs such as leaves from the
sometimes fall out, creating a “shot- vicinity of healthy leaves is
hole” appearance. recommended.
* Severe spotting may cause ¢ Routine pruning and destroying
premature defoliation. branches with heavily diseased
* Other parts of the hibiscus plant leaves.
(e.g., flowers, petioles, stems) are ¢ Minimizing leaf wetness and relative
not susceptible to the disease [67]. 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 * Initially begins as white spots that ¢ Watering hibiscus at the base of the

[20] Podosphaera sp.
[20]

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].

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.

e It is also important to avoid wetting
the flowers when watering and
crowding plants.
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Disease and its
pathogen

Symptoms

Management practices

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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Disease and its
pathogen

Symptoms

Management practices

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. havzianum, 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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Disease and its
pathogen

Symptoms

Management measures

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
leathopper 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) at3 g kg’l. Soil
solarization and drenching of
dazomet (98G) at 40 g active
ingredient per m* 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/I
at the initial stage of disease
proves effective.

Foliar sprays of methyl demeton
2 ml/1 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 Symptoms Management measures
pathogen
Anthracnose # * Initially, the lush green color of * Spraying Bordeaux mixture 1% or
Colletotrichum healthy leaves gradually changed to carbendazim + mancozeb 0.1% is
boninense pale yellow. recommended.
* These symptomatic leaves primarily * Regulation of shade and adoption
showed brown concentric ring of integrated nutrition
shaped spots, which later developed management practices in the
yellow halo around it. plantation is recommended.
* Subsequently in the later stages, the * Spraying P. fluorescens (FP 7) at 3-
leaves wilt and abscise. week interval [63].
Leaf spot * Oval, round to irregular or angular, * Collection and removal of fallen
Botryodiplodia necrotic, surrounded with the leaves.
theobromae concentric rings. * Spraying with Carbendazim 0.1%
[Lasiodiplodia e Later, these spots increase in size and ~ and Mancozeb 0.25% [42].

theobromae] [42]

coalesce covering larger leaf area
with dark brown margin and yellow
halo [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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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.

100



Diseases of Medicinal Plants Cultivated in Karnataka and Their Management
DOT: http://dx.doi.org/10.5772 /intechopen.104632

Disease and its Symptoms Management measures
pathogen

 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 in H. rosa-sinensis followed by 10 diseases each in M. citrifolia and O. sanctum,
7 diseases each in A. vasica and T. divaricate/T. covonaria, 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 (p-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 hACE?2, 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. servata)

B. servata 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 TGFf1/
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-kB (NF-kB) [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, a-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-kB/p65 in
human chondrocyte by counteracting the IL-1p-mediated phosphorylation of IKKp,
expression of IKKf mRNA, and degradation of IkBa [71]. In another iz vitro study,
pomegranate flower (PFE) ethanol extracts reduced IL-6, IL-1f, and TNF-a 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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(3CLP™) [78]. Moreover, anti-replication potential was demonstrated in tannins, which
are pomegranate compounds via binding (3CL") 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 7days. 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-«xB, 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]. Inmune 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-y, 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-kB activity and stabilizing hypoxia-inducible factor 1-alpha (HIF1-a) [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-1p 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-B, 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 18p-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-AS59 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-kB and can increase the expression of peroxisome
proliferator-activated receptor gamma (PPAR-y), 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 a-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
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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-p, 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
O, 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 B-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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Chapter7

Annona muricata (Graviola):
Nutraceutical in COVID-19

Lysiane Marese 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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Figure 2.
Soursop fruit skin (own image).

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].
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Figure 3.
Soursop fruit white pulp and seeds (own image).

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,

137



Medicinal Plants

hr_f’\‘
k'*‘?tn e} Y‘A

&

2 ™

Figure 4.
Geographical distribution of A. muricata [1]. W ative, BB introduced. Note: B South American native plant
species, I west, central Africa, and south Asia introduced plant species.

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
etal., 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.
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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
(CRTYV, 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, Il 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

145 IntechOpen



Medicinal Plants

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
montbhs, 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]. Vihdkangas [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”

wd
—
¥

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-Garcia [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 HunnPhases  Character of era—D’ Ambrosio Some Academic Fields
Late 19th C-1940s I Ethnography Ethnography
Cultural Anthropology Economic Botany
Uses of biota
1950s-1970s I Cognitive and emic classification Ethnoscience
Secondary metabolites Linguistics
Ethnopharmacology
Phytochemistry
1970s-1991 I Ethnoecology Ecology and conservation
Ethnopharmacology Traditional Ecological Knowledge
Bioprospecting
1992—present v Indigenous Ethnobiology Indigenous rights
Bioculture Biocultural Diversity
Ethics Research Ethics
Reflexivity 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 Acai berries [17], there
is alow level of interest in C. spinarum relative to other medicinal species of global
and regional importance such as Azadivachta 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 empbhasis 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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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.
07g/10.15468/390mei accessed via GBIF.org on 2020-10-11.

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].
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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
itis 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, Céte 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 veports on C. spinarum (courtesy of Robbie Kelleher).
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Figure 5.
Documents % per country (>6 = 80% total) citing ethnobotanical use of C. spinarum.

(‘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), Curvant bush (and
variations—Australia), Gara-asur (India), Kavamarda (and variations—India) and
Kavaunda (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’ through to the 1970’s though Frazdo-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
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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 alarge 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].
T 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 gavdiya 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
Ambara 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 otuove) 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,

Central Africa Arabian
2% Eastern Asia Peninsula
West Africa 1% 1%

6%
— Northern Africa

Australia 1%
6%

Southeast Asia

Southern Africa 0.18%.

12%

Eastern Africa
47%

South Asia 24%

Figure 6.
Geographical distribution of human EM Use Reports (URs) for C. spinarum.
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C. spinarum for human use: plant parts used in the preparation of EM.
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C. spinarum and variation in plant part usage across global regions (UR > 3, 85% of all URs; N/S = not stated;
chart arveas approximately veflect relative nos. of URs).

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

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 ave crushed, dried, pounded into powder and sprayed on wound ([104] p. 6
Ethiopia).
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Salient methods of preparation for each plant part (top 3, excludes combinations; 54% of total URs) (BK = Bark;
ST = Stem; RTB = Rootbark).

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 Mitakoods, it [root] is scraped and soaked in water and then boiled. The
vesultant 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 voot 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
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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
atall 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
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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 wused in EM.
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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 covacana,).

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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()

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
1ll-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).

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
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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 1
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
Tables.

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).
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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,
arecognised 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 1 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
Table7.

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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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.

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
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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).

No of URs
o - ~ w = w [=2] ~ o (-]
I
3 =
(7