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Preface

In the vast realm of medicine, the contributions of medicinal plants have been both 
timeless and invaluable. Medicinal Plants – Chemical, Biochemical, and Pharmacological 
Approaches is a comprehensive exploration of the multifaceted world of medicinal 
flora, shedding light on their diverse applications and therapeutic potential.

This book, skillfully curated by editors Mozaniel Santana de Oliveira, Eloisa Helena de 
Aguiar Andrade, Ravendra Kumar, and Suraj N. Mali, is organized into six sections, 
each offering a unique perspective on medicinal plants:

1. Pharmacological Application: Unveiling the therapeutic power of nature’s 
pharmacy, this section explores the varied pharmacological applications of 
medicinal plants.

2. Alkaloids: A deep dive into alkaloids, the bioactive compounds found in plants, 
provides insights into their potential medicinal significance.

3. Anti-Inflammatory and Antiviral: Exploring the plant kingdom’s natural  
anti-inflammatory and antiviral properties, this section uncovers nature’s 
solutions to modern health challenges.

4. Essential Oils: The essential oils extracted from medicinal plants are highlighted 
for their diverse applications and aromatic healing properties.

5. Medicinal Plants and Phytopathology: Examining the intriguing relation-
ship between medicinal plants and phytopathology, this section offers a unique 
perspective on plant health and healing.

6. Ethnomedicine: Bridging tradition and science, this section delves into the  
world of ethnomedicine, where cultural wisdom meets contemporary  
healthcare.

This book is a collaborative effort that brings together the expertise and insights of 
numerous scholars, making it an indispensable resource for researchers, students, 
and professionals in the fields of pharmacy, pharmacology, and botany. We hope that 
the content within these pages will inspire further exploration and appreciation of 
the remarkable healing potential offered by the world’s diverse array of medicinal 
plants.
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Chapter 1

Natural Antioxidants: An Update
Muhammad Alamzeb, Behramand Khan, Ihsan Ullah, 
Muhammad Omer and Adnan

Abstract

Antioxidants are the body’s defensive mechanism against reactive oxygen species 
damage, which is typically caused by the different physiological activities that take 
place within the body. These antioxidants can be obtained from a variety of sources, 
including the body’s own endogenous antioxidants and exogenous dietary sources. 
Generally, food items and several types of medicinal plants are considered as the 
sources of natural antioxidants. Natural antioxidants possess wide variety of bioas-
say properties like anti-cancer, anti-aging, anti-inflammatory etc. The substitution 
of artificial dietary antioxidants with natural ones in recent decades has increased 
interest in low-cost raw materials, particularly agricultural-based products, for the 
discovery of new antioxidants. For both natural and synthetic antioxidants, reports 
of biological features such as anti-allergic, anti-mutation, anti-cancer and anti-aging 
activity have been reported. The most significant natural antioxidants come from 
regularly eating fruits and vegetables, although other plant materials and agricultural 
waste are also major sources of antioxidants.

Keywords: antioxidants, vegetables, plants, fruits, herbs

1. Introduction

Reactive nitrogen and oxygen species (RNS and ROS), including nitric oxide 
radicals, hydroxyl, and superoxide, can harm DNA in biological systems and cause 
oxidation of proteins and lipids in cells [1]. Free radicals can typically be scavenged 
by the body’s antioxidant system, which helps to keep oxidation and anti-oxidation 
in the right proportion. But when the body produces too many ROS and RNS due 
to exposure to toxins from the environment, radiation, alcohol, or cigarette smoke, 
the body’s natural balance of oxidation and anti-oxidation is disturbed, which can 
result in a number of chronic and degenerative illnesses [2, 3]. Intake of exogenous 
antioxidants could be increased to minimize the consequences of oxidative stress by 
scavenging free radicals, quenching singlet oxygen, and acting as reducing agents. 
These antioxidants also operate as scavengers of free radicals and quenchers of singlet 
oxygen [4].

Plants are the ultimate sources of natural antioxidants that are consumed or used 
medicinally. Antioxidants are obtained from vegetables, mushrooms, fruits, spices, 
cereals, flowers and herbs [5]. Additionally, antioxidants can also be obtained from 
businesses that deal with agricultural byproducts [6]. Flavonoids, lignans, stilbenes, 
anthocyanins and several other polyphenolic compounds, vitamins and carotenoids 
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like carotenes and xanthophylls are obtained and derived from plants [7]. The natural 
antioxidants possess many pharmacological properties such as anti-cancer, anti-viral, 
anti-inflammatory and anti-bacterial [2, 7, 8].

Antioxidants can be divided into two major classes Antioxidants can be divided 
into two primary categories: Natural antioxidants and synthetic antioxidants. Free 
radical damage predominantly affects the cellular level of the body, and antioxidants 
protect against it there. As a result, enzymatic and nonenzymatic types of these anti-
oxidants are also possible. The three primary enzyme-based antioxidants are gluta-
thione peroxidase, catalase, and superoxide dismutase. The serum reflects the body’s 
overall capacity for antioxidants, which is influenced by additional enzymes in the 
body [9]. The non-enzymatic class of antioxidants can be classified in several classes. 
Vitamins like vitamins C, E, A, peptides, enzyme co-factors (Q10) and a few minerals 
(selenium and zinc) usually serve as building blocks of the natural antioxidants [10]. 
The classification of natural antioxidants has been shown in Figure 1.

Some of the unfavourable or detrimental effects of synthetic antioxidant use have 
been uncovered by recent toxicological study. Researchers are now focusing their 
efforts on locating natural sources with sufficient antioxidant activity as a result 
of these studies. Furthermore, substantial concerns are raised regarding the cost 
and availability of these natural antioxidants. It is possible to define the numerous 
subcategories of natural antioxidants. Antioxidants, however, fall into two main 
categories: those that are present in frequently utilized or regular food items (such as 

Figure 1. 
Classifications of Antioxidants obtained from natural sources [11].
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beans, fruits, vegetables and cereals) and those that are present in plants or herbs that 
have some antioxidant potential but are not frequently consumed (such as medicinal 
plants and wild herbs) [12, 13]. Until now, researchers from all around the world have 
concentrated on discovering inexpensive, more natural sources of antioxidants. These 
findings will be utilised by the food, pharmaceutical, and beauty industries as an 
improved option for produced supplements. Despite the fact that synthetic supple-
ments have not yet been proven to have substantial detrimental effects, supplement-
ing should generally emphasise getting back to nature. In the next ten years, natural 
products-based items are going to get more and more important, and research in 
the area of naturally occurring antioxidants will be more and more emphasized and 
pursued [14, 15].

The current chapter’s major goal is to provide an overview and summary of the 
natural sources having antioxidant potential.

2. Oxidative stress

Oxygen, which is essential for sustaining cell viability and metabolism and is 
associated with aerobic living conditions, is also dangerous due to its paramagnetism. 
The paramagnetic nature of oxygen results in creation of very reactive intermedi-
ates chemicals. These chemicals are referred to as “reactive oxygen species” (ROS). 
These ROS are free radicals (FRs) in nature. Maximum natural stability refers to 
the coupling of the electrons in the corresponding molecular orbitals of stable 
neutral compounds. Because of this, when an orbital is having un-paired electrons, 
extremely reactive chemical entities are formed. The chemicals have the natural 
inclination to obtain an electron form neighboring molecules to account for their 
electron deficiency [16]. The main free radical is the triplet state of oxygen which 
possess two unpaired electrons. The rate of the reaction of triplet state is usually 
slow, however, due to metabolic transformation into one or more very reactive 
species it can dangerously interact with biological systems. This kind of metabolic 
activation is generally preferred in biological systems due to conversion of O2 to H2O 
during the phenomena of electron transport chain. During electron transport chain 
ROS and FRs are produced due to transfer of electrons [17]. External stimuli like 
sun radiation can induce free radicals to develop in biological systems since UV light 
exists. UV rays causes the homolytic bonds between molecules to disintegrate. As a 
disease worsens, FR can also manifest. For example, during heart attack, many FRs 
are produced when supply of glucose and oxygen are interrupted to cardiac muscles. 
Another outside factor which enhances the rate of formation of FR is known as 
chemical intoxication. The organism promotes FR release because it needs to convert 
toxic substances into less toxic ones. The toxicity of numerous numbers of drugs is 
due to their inclination to produce FRs and interference with processes for the forma-
tion of FR. Similarly, food contamination with herbicides and chemicals may also act 
a source of FR formation [18].

Inflammations are induced due to endogenous components which ultimately 
results in the promotion of FR. The FR occur in immune system’s cleaning cells and are 
responsible for removing dangerous microbes. Tissue damage comes from excessive FR 
during this phase. Superoxide ions (O2

•−) are generated NADPH oxidase in the phago-
cytic cells. O2

•− which is thought of as the main ROS. It may produce secondary ROS 
after interacting with other molecules through enzymatic processes. The protonation of 
O2

•− may result in the formation of H2O• and H2O2. When water is exposed to UV light, 
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molecular oxygen is exposed to cellular free radicals produced inside living cells, and 
water is photolyzed, O2

•− is produced. as demonstrated by hemoproteins, NAD•, FpH•, 
semiquinone radicals, pyridinium cation radicals, etc. The phagocytic cells, during the 
process of respiration and oxygen ingestion, also produce O2

•− . The superoxide radical 
does not undergo rapid reaction with nucleic acids, polypeptides or carbohydrates [18].

Cells create •NO as a defense mechanism when nitric oxide synthase interacts with 
intracellular arginine. Lipid peroxidation in lipoproteins results from the creation 
of ONOO, which is created when O2 and •NO mix. Autoimmune disorders which 
clearly demonstrate this phenomenon include vitiligo, Graves’ disease, biliary cir-
rhosis, systemic lupus erythematosus, Hashimoto’s disease, Rheumatoid arthritis, 
type 1 diabetes, inflammatory bowel syndrome, celiac disease, scleroderma, multiple 
sclerosis and psoriasis.

These chemical species are necessary for many of the chemical reactions that 
occur throughout metabolic activities, hence FR is required at all times. For instance, 
FR plays a role in the polymerization of glucose and amino acids to make glycogen 
and proteins.FR catalytically activates a variety of intermediary metabolic enzymes 
such as lipoxygenase, cyclooxygenase, and monoamine oxidase etc [18]. Antioxidant 
enzymes often successfully regulate these free radicals. Irreversible structural changes 
in essential macromolecules such as lipids, DNA and proteins also act as sources of 
ROS. Malonaldehyde and hydroperoxide, two substances that cause oxidative damage, 
are produced by these mechanisms. Neutral species like N2O3 and ONOOH as well as 
NO• , ONOOCO2− and NO2

• ONOO− are all RNS. RNS are produced in small amounts 
during cellular growth, production of cellular energy, signaling, blood pressure 
modulation, relaxation of muscles, aggregation of platelets, neurotransmission and 
phagocytosis etc. [19, 20].

3. Importance of antioxidants

Both biochemical and biological defense systems have been developed by 
 biological systems. in oxygenated circumstances. A microvascular system regulates 
the tissues’ oxygen levels as far as physiological level is concerned, while at biochemi-
cal level, an enzymatic or non-enzymatic antioxidant defense system operates for the 
repair of the molecules.

3.1 Primary enzymatic type systems

Aerobic species have produced antioxidant enzymes such catalase, glutathione per-
oxidase, superoxide dismutase, and DT-diaphorase. SOD is responsible for the dismu-
tation reaction that converts oxygen into hydrogen oxide, which is then converted back 
into oxygen and water in subsequent reactions that are catalyzed by catalase or GPx. 
The detoxification of a cell is performed by SOD. Because SOD requires a metal as a co-
factor to detoxify a cell. Depending on the kind of metal ion required by SOD as a co-
factor, different forms of the enzyme exist [21, 22]. CAT completes the detoxification 
process that SOD began by catalyzing the reduction of H2O2. Iron or manganese act 
as co-factor during the reduction of H2O2 and results in the production of water and 
oxygen molecules [23]. CAT is so efficient that a very large number of H2O2 molecules 
can be destroyed in a single second. Its main function is to eliminate the H2O2 created 
when fatty acids are oxidised. Peroxisomes are where CAT is mainly found. A vital 
intracellular enzyme called GPx breaks down lipid peroxides to corresponding alcohols 
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and H2O2 in water; this predominantly occurs in the mitochondria and occasionally in 
the cytoplasm [24]. Selenium is necessary for the function of GPx. At least eight GPx 
enzymes (GPx1 to GPx8) are found in human beings [25].

Almost all cells contain GPx1, the most common selenoperoxidase among gluta-
thione peroxidases. The enzyme is necessary to stop the oxidation of lipids, resulting 
in protecting the cells from oxidative stress [26]. When GPx activity is low, the func-
tioning proteins and fatty acids in the cell membrane experience oxidative damage. 
The production and prevention of GPx, particularly GPx1, have been associated to a 
variety of diseases [27]. DT-diaphorase participates in the reduction of compounds 
with a quinone structure and catalyzes the conversion of quinone to quinol. Cells 
manufacture these enzymes under the direction of DNA [28].

3.2 Non-enzymatic type system

The antioxidants which capture FR, they constitute non-enzymatic type systems. 
They catch FR in order to prevent the radical initiation reaction. However, they are not 
as much reactive as that of the original FR. Antioxidants become free radicals in the 
process of neutralizing or trapping the radicals by donating electrons. The FR from 
antioxidants can be immediately and effectively neutralized by other antioxidants of 
this family. The cells utilize antioxidants and FR like α-tocopherol (vit E), ferritin, 
selenium, GSH, co-enzyme Q , zinc, bilirubin, cysteine, ascorbic acid (vit C), ubiqui-
none, melatonin and flavonoids. In some foods, the extracted flavonoids work with the 
ROS directly to form non-reactive or less reactive complexes, but in other foods, the 
flavonoids take part in the specific enzymatic catalysis as co-substrates [29].

4. Fruits and vegetables as sources of natural anti-oxidants

A class of chemicals with low and high molecular weights known as polyphenols is 
found in fruits and vegetables and has the ability to inhibit lipid oxidation. In addition 
to being functional derivatives like esters and methyl esters, most of them are the 
conjugates either mono or polysaccharides with one or more phenol linkages. This 
important class of natural antioxidants can be found in fruits like grapes, green and 
red teas, and other teas, especially those that are caffeine-free [30].

Yet, the polyphenols in teas are more important than those in fruits because of 
higher blood bioavailability. 15% to 20% of consumed polyphenols are absorbed by 
the human circulation (Table 1). This absorption is enhanced when no sugar mol-
ecules are present. Teas absorb polyphenols at a rate that is higher than that of fruits 
since fruits have a high sugar content [41, 42].

Flavonoids are also very rich sources of antioxidants. Food items like peaches, 
potatoes, berries, wheat and almonds are the richest sources of flavonoids [43, 44]. 
A subgroup of flavonoids called anthocyanin is found in berries and red wine. It is a 
potent antioxidant and has a lesser bioavailability than other flavonoids. Polyphenols 
can display their antioxidant properties and prevent the growth of plaque through 
low-density lipoprotein (LDL) oxidation [45]. Furthermore, it has been revealed that 
particular types of polyphenols can stop some important enzymes from oxidising, 
keeping their proper function. The family of carotenoids comes in second place to 
polyphenols as a significant class of phytochemical antioxidants present in fruits and 
vegetables. Veggies including potatoes, carrots, papayas, and apricots are the main 
sources of them [11].
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The water-soluble antioxidant vitamin C, commonly referred to as ascorbic acid, 
is typically found in citrus fruits and vegetables including oranges, lemons, and 
tomatoes. It is a vitamin that is obtained from fruits and vegetables and serves as an 
antioxidant. It is advisable to consume vitamin C-containing fruits and vegetables in 
tiny, spaced-out portions rather than all at once because it demonstrates poor absorp-
tion when consumed in larger doses [46].

Vitamin E is reported to possess excellent antioxidant properties. It is a naturally 
occurring, nonpolar, fat-soluble vitamin that is present in lipid-rich foods including 
olives, almonds, and sunflower seeds. Vitamin E has a higher bioavailability than 
vitamin C because of its solubility in fat and potential for improvement when ingested 
with fatty meals [47].

S. 
no.

Common 
name

Antioxidant present ORAC value 
(mmolTE/g)

Reference

1 Plum Flavonoids, Phenolic Acids, Proanthocyanidins, 
Hydroxychalcones, isoprenoid glycosides.

94.8 [31]

2 Pomegranate Polyphenols and Vitamin C and 1250

3 Guava Carotenoids, Lycophene, Vit C, anthocynin [32]

4 Pears Vit C, betalains, tauline, total carotenoids, 
flavonoids and total phenolics

140 [33]

5 Beet root Carotenoids, Flavonoids
Vit C and Vit E,

4100 (dry 
extract)

[34]

6 Apple Flavonoids, Proanthocyanidins, Phenolic 
acids, Isoprenoid-glycosides, Flavanols, 

Hydroxychalcones etc.

17.0 [31]

7 Papaya β-sitosterol, Quercetin 300 [35]

8 Pea Carotenoids, Flavonoids, Vit C, Vit E,
Thio compounds

0.019 [34]

9 Spinach Carotenoids, Flavonoids, Vit C α-tocopherol, 0.152 [34]

10 Carrot Carotenoids, Flavonoids, Vit C and E, Thio 
compounds

0.060 [34]

11 White onion Carotenoids, Flavonoids, Vit C and E, Thio 
compounds

0.085 [34]

12 White cabbage Carotenoids, Flavonoids, Vit C and E, Thio 
compounds

0.061 [34]

14 Tomato Carotenoids, Flavonoids, Vit C and E, Thio 
compounds

0.067 [34]

15 Cauliflower Carotenoids, Flavonoids, Vit C and E, Thio 
compounds

0.102 [34]

16 Grape juice Anthocyanins 255.6–460 [36]

17 Coriander Monoterpenoid, [37]

18 Ginger Phenols 1870.1 [38]

19 Nigella sativa 4-terpineol Thymoquinone, Carvacrol 1.0 [39]

20 Walnut Phenolics 1320.6 [40]

Table 1. 
Antioxidants obtained from various fruits, vegetables and natural sources.



9

Natural Antioxidants: An Update
DOI: http://dx.doi.org/10.5772/intechopen.112462

5. Fruits and vegetable wastes as source of natural antioxidants

Producing, managing industrially, processing, preserving, and distributing 
fruits and vegetables all result in the generation of waste products. Over the past few 
decades, researchers have been experimenting with techniques to reuse these wastes 
in order to obtain medicinal benefits [48]. Vegetable and fruit wastes consists of the 
peelings, trimmings, seeds, shells, stems and pulp leftovers from juice extraction and 
starch or sugar processing. Between 25 to 30% of it is trash. These discarded scalps 
apparently contain more phenols and ascorbic acids than their pulp [49] likewise 
preferable in their unripe form than that of ripeness. Frequently, fruit peels have 2–27 
times as much antioxidants as fruit pulp [50].

Only 25% as much phenolic compounds are present in banana pulp 
(232 mg/100 g) as there are in banana peels [51]. Cucumis sativus peel has been 
discovered to be an excellent source of flavonoids, which are regarded to have 
antioxidant potential. These wastes include a variety of bioactive components that 
can be gathered and used to create both culinary preparations and pharmaceutical 
preparations. The bioactive phytochemicals carotenes, tocopherols, terpenes, sterols, 
and polyphenols, all of which have strong antioxidant properties, are abundant in the 
tomato wastes. These natural antioxidants, which were derived from food waste, can 
be used to enhance food or make useful foods [52]. The mango peel is rich in dietary 
fibre, vitamin C, phenolic compounds, and carotenoids, among other antioxidants. 
These compounds have been proven to affect a variety of degenerative conditions, 
including cancer, Parkinson’s disease, cataracts, and Alzheimer’s disease [53]. Among 
the waste materials generated by the wine industry are degradable solids. These 
substances contain high levels of antioxidants, which have been shown to slow down 
a number of degenerative processes and have other advantageous impacts on health. 
Polyphenols make up around 6% of the waste produced by the coffee industry, 
whereas tannins make up about 4% [54, 55].

6. Important characteristics of antioxidants

A chemical or antioxidant system’s main job is to stabilize the generated radical 
in order to prevent or detect a chain of oxidative propagation, which minimizes 
the body’s exposure to oxidative damage [56]. Gordon categorized antioxidants 
according to that characteristic. Primary antioxidants (which halt a chain reaction 
and scavenge free radicals) and secondary, or preventive, antioxidants fall into two 
fundamental groups. A few examples of secondary antioxidant mechanisms include 
the deactivation of metals, stopping the formation of unfavorable volatiles, inhibit-
ing lipid hydroperoxides, regenerating primary antioxidants, and removing singlet 
oxygen. Antioxidants are therefore “those substances that, in low quantities, act by 
preventing or greatly retarding the oxidation of easily oxidizable materials such as 
fats” [57].

7. Conclusion

Over the previous ten years, there has been an increase in interest in studying 
natural ingredients for usage in food and food products. Because natural sources 
are more useful and secure to use as dietary supplements than manufactured ones, 
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researchers from all over the world are concentrating on them. Despite the fact that 
there have never been any cases of harm associated with the use of synthetic antioxi-
dants, there is still a considerable desire from consumers for products that are close to 
nature meal artificial antioxidants and preservatives may also result in peroxidation 
of lipids and thus deterioration of quality and flavor of the food items.

Since ancient times, natural herbs, spices, and plant-based ingredients have been 
employed in traditional food preparation as flavorings, fragrances, and preservatives. 
A general overview of the possible benefits of several natural sources with respect-
able antioxidant capacity is what this chapter aims to deliver. The literature research 
gathered here will be useful to establish the relevance, active components, antioxidant 
potential and availability of various sources. This work will help the people to priori-
tize their daily requirements of natural antioxidants keeping in mind the cost-effec-
tiveness and availability of natural sources because 70–80% of the world’s population 
cannot afford current supplements and pharmaceuticals.
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Chapter 2

Antioxidant Fortification of Eggs 
through Nutrition of Laying Hens 
Administered Herbs/Medicinal 
Plants
Habeeb O. Yusuf and Ruth T.S. Ofongo

Abstract

The sole aim of raising pullet hens in the poultry industry is to produce eggs for 
human consumption in a large scale when they commence laying. Eggs are important 
dietary components to humans both adult and children and is classified as com-
plete protein. However, certain quality of eggs produced by laying hens is further 
influenced by the diet consumed which in turn is determined by the quality of the 
feed ingredients making up the diet. Antibiotic residue in eggs and antimicrobial 
resistance are few concerns to consumers of poultry products. The current era of 
limiting antimicrobial utilization for livestock production has increased research into 
medicinal plants and herbs as suitable alternative. Antioxidant and anti-inflammatory 
activities reported in literature indicate the invaluable benefits of these plants both 
for humans and livestock. This book chapter attempts to present the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) antioxidant scavenging activity of eggs from laying hens 
fed medicinal plants – Vernonia amygdalina and Ocimum gratissimum as component of 
feed or administered orally as an aqueous extract. The DPPH antioxidant scavenging 
activity was present in eggs sampled but was better (p < 0.05) in eggs of laying hens 
administered aqueous O. gratissimum extract.

Keywords: antioxidants, antioxidant scavenging activity, medicinal plants, eggs, 
nutrition, laying hens

1. Introduction

Healthy food and healthy diet are a major concern to health-conscious individuals; 
since health lost is wealth lost. The concern of such individuals cannot be over empha-
sized. The genetic modification of plants and animals is an evolving development which 
is yet to be generally accepted by consumers of agricultural products. The current shift 
towards natural sources of antioxidants reported [1] can be attributed to the unfavor-
able effects of synthetic sources of antioxidants resulting from prolonged usage.

Reactive oxygen species (ROS) otherwise referred to as free radicals are by-
products unavoidably produced in biological systems in the course of normal cellular 
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energy function [1, 2]. They are also produced through exogenous sources such as 
environmental pollutants, radiation, pesticides [1, 3, 4] etc. just to mention a few. 
Free radicals are important for some biological functions physiologically by acting 
as cell signaling molecules which function against cellular responses as reported in 
literature [5, 6]. Oxidative stress elicits adverse effects on lipids, proteins and nucleic 
acids thereby resulting into a number of degenerative conditions [7–10]. Free radi-
cal scavengers or antioxidants delay/inhibit damage made to cells by converting 
ROS to non-reactive radical species [1]. Common antioxidants include vitamin E 
(α-tocopherol), vitamin C (ascorbic acid), and β-carotene [11, 12].

Generally speaking; consumption of antioxidant rich food by health-conscious 
individuals has more to do with preventing damage in tissues and privation of cellular 
functions resulting from free radicals’ intermediates generated by cells during normal 
metabolism [2] or avoiding degenerative diseases. Antioxidant activities of plants are 
regarded as safe. This activity is attributed mainly to phenolic compounds [5, 13] which 
act as hydrogen donors, reducing agents, oxygen quenchers besides their metal chelating 
potential [3]. These properties play a significant role in neutralizing free radicals [3].

1.1 Eggs as quality food

Eggs are considered high quality protein which is readily digestible, however, with 
recent developments in human health, animal nutrition, it is gradually developing 
into a functional food for health and better wellbeing. The amino acid profile of eggs 
is adequate to meet both essential and non-essential amino acid needs of both adults 
and young children making it a complete protein. Eggs are also considered cheap, 
extremely nutritious, palatable and readily accessible across the globe [14, 15].

Egg yolk, egg white/albumen and egg shell with membrane respectively; accounts 
for approximately 27.5%, 63% and 9.5% of the whole egg [16]. The various constitu-
ent of egg nutrients are proteins and lipids 12% respectively; while the edible portion 
is made up of 74% water [17]. Eggs contain less than 1% carbohydrate along with 
vitamins and minerals [17–20]. Both high density and low-density lipoproteins in 
addition to livetin’s is located in egg yolk. Ovalbumin, ovotransferrin, ovomucoid, 
ovomucin just to mention a few are protein fractions present in egg white [21]. The 
quality of egg protein is such that it is used as a golden standard for measuring the 
quality of other food proteins [18].

Greater part of lipids in egg yolk are present as triglycerides—almost 65%, how-
ever, carotenoids constitute less than 1% while phospholipids and cholesterol are 30% 
and 4% respectively [22]. Lipids from egg yolk have been used to supply long-chain 
polyunsaturated fatty acids, docosahexaenoic acid (DHA) and phospholipids incor-
porated into infant formula [23, 24]. They are also regarded as an excellent source of 
micronutrients—vitamins and minerals. According to published work [18] eggs con-
tain approximately 16% required daily intake (RDI) 0f phosphorus. The RDI of eggs 
was reported for selenium (29%); iron (9%) and zinc (9%) respectively. In addition, 
eggs also provide 10% of the RDI for fat soluble vitamins, vitamin B2, B12, biotin and 
pantothenic acid [18]. As it is in spite of the nutritive quality of eggs, it appears the 
need to limit its cholesterol concentration, especially high-density lipoproteins are 
focused on meeting healthy outcomes for consumers of eggs. This has led to manipu-
lating poultry diets to influence the nutritional constituents in eggs [25]. Several 
studies have been carried out in this regard and reported in literature [14, 15, 26–35]. 
Besides the fatty acid constituents of eggs, some minerals like selenium and iodine 
have been enriched in eggs via enrichment of feed [35, 36] and feed formulation [37].
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Intake of antioxidants through diet is known to be important in reducing oxidative 
damage in cells and improving human health. Although eggs are known for their excep-
tional, nutritional quality, they are not generally considered as antioxidant foods [21].

1.2 Antioxidant content of eggs

Many of the compounds present in eggs—vitamin E, and A, selenium, phos-
pholipids and carotenoids—show evidence of antioxidant properties; eggs are not 
normally considered as antioxidant foods [21]. Even though certain polyunsaturated 
fatty acids (PUFA) exhibit antioxidants properties; eggs are mostly consumed for 
their protein constituents and minerals which are components of egg.

Furthermore, it is important to note that with recent developments in enriching 
eggs via feed thereby making eggs as functional foods then consumption of eggs 
might just be a source of antioxidants for healthy living.

A recent report [38] testing the antioxidant property of a product containing pectic 
oligosaccharides, with prebiotic, chlorogenic as well as antioxidant effect on the possibility 
of enhancing egg laying performance and egg quality of laying hens. The results showed 
that the tested product enhances laying hens egg quality and performance, particularly by 
means of its antioxidant properties that play a part to sustain oxido-redox balance, conse-
quently reducing the negative effects triggered by oxidation like degradation of egg quality 
[38]. By this, may the various nutrient components of egg which make up the quality of 
eggs can be improved upon by feed manipulation. The antioxidant properties of eggs are 
exhibited by the different components’ present either in the egg yolk or egg white.

Ovalbumin, ovatransferrin, ovomucin, lysozyme, cystatin, in egg white report-
edly have antioxidant properties. Phosvitin, phospholipids, carotenoids and vitamin 
E which are components of egg yolk.

Ovalbumin in egg white has free thiol groups that regulate redox status and bind 
metal ions thereby exerting antioxidant properties. In conjugation with saccharides 
increased antioxidant activity takes place [39, 40]. Ovomucin in egg white inhibit 
hydrogen peroxide H2O2-induced oxidative stress inhuman embryonic kidney [41]. 
Furthermore, lysozyme in egg white Suppress reactive oxygen species (ROS) and 
oxidative stress genes [42]. In the case of nutrient components with antioxidant 
properties in egg yolk; phospholipids are 10% of egg yolk dry matter. Hydrolyl amines 
in the side chains of egg yolk phospholipids play a role in radical scavenging with anti-
oxidant properties [43]. The unsaturated backbone and aromatic rings of carotenoids 
present in egg yolk help in neutralizing singlet oxygen, free radicals what is more is 
protective against oxidative damage [44–46].

2. Antioxidant properties of medicinal plants

Current research thrust has exposed the numerous benefits of herbs and medicinal 
plants in the nutrition of farm animals. Needless to say, several herbs and medicinal plants 
formerly taken as traditional medicine have been used for animal feeding trials. In an ear-
lier report [47, 48] a wide range of extracts from herbal plants have antioxidant properties.

In particular is extracts of herbs from the Labiatae family—oregano, thyme, basil, 
mint, rosemary, sage, savory, marjoram, etc. The antioxidant properties of hyssop 
and lavender were attributed to phenolic terpenoid compounds such as carvacrol, 
thymol, menthol and eugenol just to mention a few [2]. Evidence in literature regard-
ing antioxidant properties of herbal plants [49] further revealed that both phenolic 
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and nonphenolic compounds exhibit antioxidant properties in them. Example of 
nonphenolic compounds with antioxidant properties include glycosides [50]. A recent 
report [49] showed the antioxidant properties of phenols from Vernonia amygdalina 
Delile. (Asteraceae). High levels of phenolic content 54.61 ± 0.94 mg GAE/g in V. 
amygdalina [49] has also been reported from phytochemical analysis of Vernonia 
amygdalina. The methanolic extract indicated that phenolic compounds were highly 
detected (+++) while flavonoids were detected (++) [51]. The medicinal plant V. 
amygdalina is rich in flavonoids, tannins and saponins, which may possibly play a part 
in anti-oxidative effect [49, 51]. From literature V. amygdalina has a flavonoid content 
of 22.53 ± 0.91 mg QE/g [49]. Phenolics hydroxy groups present in the molecular 
structure of flavonoids earlier stated as exhibiting antioxidant properties are involved 
in antioxidant properties of flavonoids. The powerful antioxidant property exhibited 
by phenolic compounds [52] present in plants constituents can be attributed to the 
hydroxyl groups [53] present in them. The medicinal plant Ocimum gratissimum also 
has both antioxidant anti-inflammatory properties already attributed to its therapeu-
tic benefits from literature [54, 55]. The presence of other phytochemicals - saponins, 
terpenoids, glycosides and alkaloids—in aqueous O. gratissimum besides flavonoids 
and phenols (Ofongo, 2023, unpublished data). These phytochemicals may further 
play a part in its anti-inflammatory and anti-oxidative activities [54, 55].

2.1  Medicinal plants as component of feed and their benefits to nutrition  
of laying hens

Medicinal as component of feeds is becoming a common practice in the livestock 
industry either as suitable alternative to antibiotics or for their growth performance 
and health promoting benefits to livestock and ultimately to consumers of livestock 
consumers. Other benefits of medicinal plants as components of feed include; antimi-
crobial; anti-inflammatory; immune modulatory effect and antioxidant effect.

As earlier stated, the efficacy of herbal extracts as antioxidant feed additives needs 
to be evaluated and correlated with their phenolic content [2]. The use of medicinal to 
feed laying hens is more or less an evolving practice in the poultry industry.

Firstly, from improving productive performance, modulation of cholesterol 
contents in eggs and egg quality have been reported [14, 15, 34, 38, 56, 57]. However, 
gradually, inclusion of medicinal plants in diets of laying hens is focusing at making 
eggs functional food by improving or fortifying the content of nutrients present in 
eggs with benefits to consumers of eggs such as antioxidant properties [34, 58–60].

This book chapter tries to illustrate possibility for antioxidant scavenging activity 
enhancement in eggs from laying hens by administering medicinal plants via feed or orally.

3. Materials and methods

3.1 Collection and identification of plant materials

Two medicinal plants (Vernonia amygdalina Ochile (Compositae) NDUP/21/14—
Figure 1 and O. gratissimum L. Lamiaceae) NDUP/12/13—Figure 2) were used in this 
study. Authentication of the plants were done at Herbarium Unit of the Department 
of Pharmacognosy, Faculty of Pharmacy, Niger Delta University. Fresh leaves of 
V. amygdalina and O. gratissimum were collected from Niger Delta University Teaching 
and Research Farm, Wilberforce Island, Bayelsa State, Nigeria.
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3.2 Preparation of extracts and chaff

A large amount of each leave was collected either first thing in the morning or 
late in the evening. The leaves were separated from the stalk and placed in a large 
container filled with clean drinkable water into which little salt to brine the water. 
This was done to remove durst and debris from the leaves. Thereafter, the leaves were 
placed in a sieve to remove the brine and rinsed in clean drinkable water without salt 
again to remove any brine water on the leaves. The leaves were afterwards placed in 

Figure 2. 
Ocimum gratissimum.

Figure 1. 
V. amygdalina.
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a sieve to drain out excess water. Each leave was chopped separately into fine particle 
size then one thousand gram (1000 g) of each leave was weighed separately for 
milling to obtain the aqueous extract. Seven hundred and fifty mills (750 ml) of clean 
drinkable water were used to mill 1000 g of each leave sample separately by means of 
an electric milling machine. The aqueous filtrate was obtained by passing the milled 
product through a cheese cloth. The obtained chaff was set aside, air dried then 
packaged in zip lock bag (Figure 3A) for use as component of feed (Figure 3B). The 
aqueous extract was administered to 22 weeks old bovan brown layer at an inclusion 
rate of 1 ml/bird administered twice a week. The obtained dried chaff was further 
milled to obtain fine particles and added to standard layers mash at an inclusion rate 
of 50 g/kg of complete feed. Feed mixed with chaff not for immediate use were stored 
(Figure 4).

3.3 Animal experiment

A feeding trial was carried out to access and determine improved DPPH concen-
tration in eggs from laying hens administered medicinal plants either as component 
of feed of as aqueous extract. The experiment was arranged as a complete randomized 

Figure 4. 
Feed incorporated with chaff packaged in zip lock bag.

Figure 3. 
Dried chaff of leaves in zip lock bag (A); fine milled chaff mixing into feed (B).
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design having five (5) treatment groups of five (5) replicates and four (4) birds per 
replicate. A total of 100 bovan brown laying hens were purchased at 20 weeks of age 
randomly distributed to the above stated design then allowed to acclimatize for 2 
weeks under the experimental treatments. Experimental collection of eggs for sam-
pling commenced at week 22. The experiment was terminated after eight (8) weeks 
on day 56. Birds allocated to treatment 1 (T1) served as the control group. They were 
fed a standard layer’s mash but where not administered aqueous plant extract neither 
was their feed supplemented with the chaff of V. amygdalina or O. gratissimum. Birds 
allocated to treatment 2 (T2) were fed diet supplemented with V. amygdalina chaff 
while birds in treatment 3 (T3) were administered 1 ml/bird of aqueous V. amygdalina 
twice a week. Birds assigned to treatment four (T4) had their diet supplemented with 
O. gratissimum chaff while birds in treatment five (T5) were administered 1 ml/bird of 
aqueous O. gratissimum extract twice a week.

3.4 Sample collection

On day 56, one egg per replicate was collected to determine antioxidant scavenging 
activity in inhibiting DPPH according to procedure illustrated below. The collected 
eggs were first cracked, homogenized then lyophilized to obtain a powder version 
of each egg before carrying out antioxidant scavenging activity in inhibiting DPPH 
using ascorbic acid as standard.

3.5  Proximate composition of feed and antioxidant scavenging activity in 
inhibiting DPPH

Samples of feed already supplemented with the respective chaff of V. amygdalina 
and O. gratissimum was collected into sample containers (100 g) for proximate analy-
sis of feed as well as antioxidant activity in scavenging DPPH. The aqueous extract 
(30 ml) of either plant was also collected into sample bottles for antioxidant activity 
analysis in scavenging DPPH. Proximate composition of the experimental diets with 
and without each leave chaff as well as each respective chaff alone was carried out 
according to AOAC method.

Antioxidant activity of the plant extracts and feed supplemented with plant chaff 
in scavenging DPPH were evaluated on the basis of free radical scavenging effect of 
stable 2,2-diphenyl-1-picrylhydrazyl (DPPH). This was evaluated in comparison with 
Ascorbic acid standard, using a slightly modified method [61]. The compound DPPH is a 
synthetic compound not occurring in nature but it is utilized to evaluate the antioxidant 
activity of organic compounds such as vitamins, polyphenols and other phytochemicals.

Standard concentrations of Ascorbic acid standard were prepared at concentra-
tions of 20, 40, 60, 80, and 100 ᶙ g/ml; respectively from a stock solution in triplicates 
using Methanol. Thereafter, a solution of DPPH was prepared using 0.1 mM of 
DPPH in methanol of which 2 ml of this solution was mixed with 3 ml of the test and 
standard solutions in test tubes. The solutions were shaken, then allowed to stand 
for 30 min in the dark before absorbance was measured at 517 nm using UV-VIS 
Spectrophotometer (Biomate 3, USA).

A standard control was prepared by mixing Methanol (3 ml) with 2 ml DPPH 
solution (0.1 mM, 1 ml). Methanol was used as a blank. The same procedure carried 
out with the Ascorbic acid standard was repeated with the test samples (leave chaff, 
aqueous extract and egg samples).

Percentage inhibition of DPPH was carried out using the formula below:



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

22

 ( )= − ×Inhibition of DPPH Ac Aa / Ac %100  

Ac: absorbance of control sample.
Aa: absorbance of test samples or standard.

3.6 Statistical analysis

Collected data on DPPH scavenging activity in each sample (leaf chaff, aqueous 
extract, feed supplemented with leaf chaff and eggs) were subjected to analysis of 
variance (ANOVA). Statistically significant means were separated with Duncans 
Multiple Range test [62].

4. Results and discussions

4.1 Proximate composition of experimental diets

The proximate composition of layers mash fed to experimental birds as well as the 
proximate composition of V. amygdalina and O. gratissimum chaff is presented below 
in Table 1.

Crude protein concentration in O. gratissimum and V. amygdalina chaff was within 
the same range 12.00–13.00 g/kg DM. Ash concentration of V. amygdalina chaff was 
numerically higher (12.48 g/kg DM) than in O. gratissimum (9.17 g/kg DM). Dry 
matter concentration (943.15 g) was higher in V. amygdalina than in O. gratissimum 
(929.05 g). Proximate composition of feed showed an adequate crude protein concen-
tration in the feed. Nitrogen free extract (carbohydrate) concentration was 61.61 g/kg 
DM in O. gratissimum which was numerically higher than value recorded in V. amyg-
dalina and layers mash used in this study.

The synthetic compound 2,2-diphenyl-1-picrylhydrazyl (DPPH) is used as a 
reagent in antioxidant assays. It is used to evaluate the antioxidant activity of organic 
compounds such as vitamins, polyphenols and other phytochemicals. The addition of 
an organic compound to a solution of DPPH is used to measure the antioxidant activ-
ity of the compound. This activity is dependent on the ability of the compound to 
scavenge DPPH radical thereby limiting the ability of DPPH to absorb light at 517 nm. 
The lesser the absorbance of the solution, the higher the antioxidant scavenging 

Nutrient Layers mash Ocimum gratissimum chaff V. amygdalina chaff

Dry matter (gm) 926.80 929.05 943.15

Moisture (gm)
Crude protein

73.20
15.79

70.45
12.29

54.45
12.13

Crude fibre 14.88 12.01 12.33

Ash 10.76 9.17 12.48

Ether extract 5.79 4.90 5.86

NFE 52.78 61.63 57.20

NFE: nitrogen free extract.

Table 1. 
Proximate composition of layers mash and leaf chaff (g/kg DM except otherwise stated).
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activity of the test material. The DPPH scavenging activity is reported as percentage 
DPPH inhibition by the test compound. The lower the absorbance, the higher the 
percentage inhibition or free radical scavenging activity.

The antioxidant scavenging activity against 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) by medicinal plants administered to layers or supplemented into com-
plete feed is presented in Table 2 below. Based on the DPPH scavenging activity 
(UV-absorbance at 517 nm); absorbance of DPPH was significantly (p < 0.05) low at 
10 ug/ml concentration in O. gratissimum aqueous extract. The higher concentration 
resulted in significantly lower (p < 0.05) DPPH scavenging activity in V. amygdalina 
and O. gratissimum either in chaff or aqueous extract.

Table 3 shows the DPPH scavenging activity of V. amygdalina was high compared 
to O. gratissimum either as an aqueous extract or chaff. Values recorded was compa-
rable to value obtained in Ascorbic acid standard. As indicated in Table 3: the least 
absorbance closest to value obtained using ascorbic acid was at a concentration of 
200 ug/ml. The herb, V. amygdalina has antioxidant properties [63, 64].

The DPPH scavenging activity (% inhibition) is presented in Figure 5. Vernonia 
amygdalina chaff earlier reported in Table 3 above elicited DPPH scavenging activity 
which was close to Ascorbic acid was significantly higher than values recorded for 
O. gratissimum leave chaff or aqueous extract. This value was also higher than that 
recorded for V. amygdalina aqueous extract in a dose dependent manner.

Expectedly, one will think the same trend will follow in DPPH scavenging activity 
for eggs collected from laying hens fed medicinal leaf chaff as component of feed or 
administered aqueous extract of either medicinal plant (Table 4). Rather; it was eggs 
from laying hens administered aqueous O. gratissimum that had numerically higher 

Concentration 
(ug/ml)

V. amygdalina 
(AE)

V. amygdalina 
(chaff)

Ocimum 
gratissimum (AE)

O. gratissimum 
(chaff)

SEM

10 0.454b 0.452c 0.400d 0.463a 0.001

50 0.442a 0.360d 0.377c 0.430b 0.001

100 0.423a 0.229d 0.361c 0.411b 0.001

150 0.412a 0.112d 0.354c 0.404b 0.001

200 0.402a 0.058d 0.346c 0.388b 0.001

abcd: means along the same column with different superscripts are significantly different (p < 0.05); DPPH: 2,2-diphenyl-
1-picrylhydrazyl; AE: aqueous extract; SEM: standard error of mean.

Table 2. 
DPPH scavenging activity (UV – Absorbance at 517 nm) in medicinal plants – Aqueous extract and chaff.

Concentration (ug/ml) V. amygdalina (chaff) Ascorbic acid

10 0.452 0.184

50 0.360 0.061

100 0.229 0.034

150 0.112 0.028

200 0.058 0.025

Table 3. 
DPPH scavenging activity (UV-absorbance at 517 nm) in V. amygdalina chaff compared to ascorbic acid standard.
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DPPH scavenging activity which was better than that recorded for birds feed the 
layers mash control diet. Although values obtained in the study were lower than that 
recorded for Ascorbic acid; it can be said that may be the antioxidant components in 
O. gratissimum were better absorbed and incorporated into eggs of layers administered 
O. gratissimum aqueous extract than the chaff and V. amygdalina either as component 
of feed or aqueous extract for laying hens. The compound DPPH does not occur 
naturally and is not present in any organic compound; however, it is readily used to 
evaluate the antioxidant activity of organic compounds such as vitamins, polyphenols 
and other phytochemicals which can be present in medicinal plants and their extracts.

Natural products such as sesquiterpenoids and flavonoids were reported to be 
potential antioxidants [65–67]. These products are naturally obtained from food and 
use of medicinal plants. This fact further strengthens the antioxidative potential of V. 
amygdalina. Furthermore, results of earlier study added that not only flavonoids are 
responsible for any antioxidant effects of this plant species [68] but the presence of 
sesquiterpene lactones [69] might also play a part. Phytochemical screening of bitter 
leaf extract revealed a high concentration of flavonoids reported to be as the most 
abundant phytochemical present [63]. Antioxidant assay also indicated high levels of 
antioxidant activity and 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scaveng-
ing activity which was concentration dependent.

Treatment Concentration (ug/ml)

10 50 100 150 200

Control group 8.044 ± 0.173 9.222 ± 0.065 10.922 ± 0.196 13.342 ± 0.285 16.285 ± 0.173

V. amygdalina 
chaff

8.829 ± 0.398 11.315 ± 0.113 12.230 ± 0.285 13.604 ± 0.173 13.996 ± 0.236

Ocimum 
gratissimum 
aqueous 
extract

9.287 ± 0.131 10.203 ± 0.131 12.165 ± 0.173 15.631 ± 0.196 17.332 ± 0.173

Ascorbic acid 63.833 ± 0.458 88.097 ± 0.429 93.264 ± 0.065 94.506 ± 0.227 95.160 ± 0.065

Table 4. 
DPPH scavenging activity (% inhibition) in eggs from laying hens fed or administered medicinal plants.

Figure 5. 
DPPH scavenging activity (% inhibition). VA: Vernonia amygdalina; VA extract: Vernonia amygdalina aqueous 
extract; Og extract: Ocimum gratissimum Aqueous extract; Og chaff: O. gratissimum Chaff.
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The possibility of enhancing egg quality of laying hens by means of utilizing 
products exhibiting antioxidant properties can contribute to maintain oxido-redox 
balance thereby reducing the effect of oxidation on egg quality—degradation of 
eggs [38].

Possibly consumption of medicinal plants by laying hens either as feed component 
or aqueous extract can fortify the antioxidant properties of eggs. Poultry feed is com-
posed mostly of plant ingredients which can be attributed to the antioxidant scaveng-
ing activity recorded in eggs from laying hens fed the control diet. Besides spoilage of 
eggs which is a concern to both consumers and producers of table eggs, the possibility 
of improving the not only the shelf life [38] but also improvement in good egg quality 
parameters [14] as well as designing eggs as functional foods.

Increased content of optimal ω-3 fatty acids, better ω-6/ω-3 fatty acids ratio, as 
well as good sensory profile of eggs optimal yolk color [14]. Furthermore, it has been 
shown in previous studies that fatty acid composition of eggs is dependent on fatty 
acid composition of feed given to laying hens which is subsequently transferred to the 
eggs [31].

A significant dose dependent DPPH scavenging activity (UV-absorbance at 
517 nm) was observed in either medicinal plant consumed by laying hens and in eggs 
collected from the laying hens irrespective of treatment as presented in Table 5.

Table 6 further corroborated the possibility of plant to influence antioxidant 
scavenging activity of eggs from laying hens. The UV-absorbance at 517 nm for DPPH 
scavenging activity from eggs sampled showed significant improvement in antioxi-
dant scavenging activity treatment 5 as earlier indicated in Table 4. Eggs from birds 
administered aqueous O. gratissimum significantly improved % inhibition of DPPH.

The possibility of producing functional eggs from laying hens for human con-
sumption is wide. Apart from improving egg quality [38, 58], shelf life [38]; choles-
terol content [57, 58], fatty acids profile and sensory profile [14, 15]. opportunities 
exist to improve antioxidant properties of eggs using medicinal plants. With increas-
ing demand for enriched and functional foods which will provides various benefits to 
human health, eggs can be enriched with desirable nutrients [15] by means of dietary 
manipulation to achieve this goal [26, 27].

The all-important role of certain fatty acids such as linoleic and α-linolenic besides 
their long-chain (LC) n-6 and n-3 polyunsaturated fatty acids (PUFA) for humans 
have been reported some of the benefits ascribed to consumption of n-3 PUFA 
enriched eggs [15, 29]. Evidently this is made possible by feeding laying hens with 

Concentration Plants Eggs

10ug/ml 0.443a 0.467a

50ug/ml 0.402b 0.460b

100ug/ml 0.356c 0.454c

150ug/ml 0.320d 0.443d

200ug/ml 0.298e 0.433e

SEM 0.001 0.001

abcde: means along the same column with different superscripts are significantly different (p < 0.05); DPPH: 
2,2-diphenyl-1-picrylhydrazyl; SEM: standard error of mean.

Table 5. 
DPPH scavenging activity (UV – Absorbance at 517 nm in plants and eggs sampled.
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different by-products rich in PUFA [15, 27, 28, 31] such as flaxseed, rapeseed, microal-
gae, canola, chia (seed, meals or oils) etc.

Eggs for human consumption can have their fatty acid components enhanced by 
manipulating their feed by means of medicinal plants having antioxidant properties 
which may be transferred into the eggs. Furthermore, such eggs can serve as func-
tional food for human consumption due to health benefits ascribe to eggs from laying 
hens fed with certain plants cum medicinal plants. In addition, the two medicinal 
plants reported here have antioxidant properties which can be of health benefit to 
consumers.

5. Conclusion

Although there are several variables for measuring antioxidant properties of 
medicinal plants; however, this study only looked at DPPH scavenging activity in eggs 
from laying hens fed V. amygdalina and O. gratissimum leaf chaff as components of 
the feed. It also evaluated DPPH scavenging activity when the aqueous extract of both 
plants is administered to laying hens. The DPPH scavenging activity of V. amygdalina 
chaff was high and comparable to ascorbic acid; but it was aqueous O. gratissimum 
administration to laying hens that yielded improved DPPH scavenging activity.
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Treatment Eggs

T1 0.451bc

T2 0.449c

T3 0.456a

T4 0.453b

T5 0.443d

SEM 0.001

abcd: means along the same column with different superscripts are significantly different (p < 0.05); DPPH: 
2,2-diphenyl-1-picrylhydrazyl; SEM: standard error of mean; T1: control group; T2: treatment 2 – V. amygdalina 
chaff; T3: treatment 3 – 1 ml aqueous V. amygdalina; T4: Treatment 4 – Ocimum gratissimum chaff; T5: Treatment 
5 – 1 ml O. gratissimum aqueous extract.

Table 6. 
Effect of treatment on DPPH scavenging activity (UV – Absorbance at 517 nm) in eggs from layers administered 
medicinal plant extract.
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Chapter 3

The Endophytes: A New
Resource for Vulnerable Plant
Bioactive Compounds
Mostafa Fazeli

Abstract

Plant-associated microorganisms that live symbiotically in the plant body without
causing disease symptoms are called endophytic microorganisms. Endophytes,
including bacteria and fungi, can enhance the growth of the host plant and increase its
resistance to pests, phytopathogens, and environmental stresses. In addition, endo-
phytes can regulate the synthesis of plant secondary metabolites. Endophytes are a
new reservoir for the discovery and production of valuable active substances. Some
endophytic secondary metabolites are the same as host plants, such as paclitaxel. This
finding has increased the importance of endophytes because the production of effec-
tive substances on an industrial scale in microorganisms is easier than in plants and
has lower environmental costs. Therefore, endophytes need more attention in the
pharmaceutical industry.

Keywords: endophyte, symbiosis, secondary metabolites, Taxol, endophytic fungi

1. Introduction

The rapid growth of human societies has increased the need to improve health
standards and intensify food production. On the other hand, the emergence of drug
resistance in pathogens and pests has become an increasing need to promote the
search for new pharmaceutical and agricultural sources. Medicinal plants have been a
valuable source of bioactive substances for a long time; however, environmental
considerations, labor-intensive, high cost, and time-consuming have limited the use of
these plant resources. On the other hand, the production of plant material in cell
cultures faces technical challenges. The production of effective plant substances
entered a new age with the discovery of the endophytic fungus Taxomyces andreanea
in the yew, which could produce bioactive such as its host. Microorganisms are an
attractive source of new biomaterials; also, they have the potential to increase the
production of existing valuable materials. Plant-associated microorganisms called
endophytes live in symbiosis with the tissues of their host plants. Many microorgan-
isms, such as fungi, bacteria, and actinomycetes, have been discovered in endophytic
relationships with plants [1].
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The endophytes live asymptomatically in mutual association with plants. The
endophytic lifestyle of microbes plays an important role in maintaining the health of
plants by providing nutrients and defending plants against abiotic and abiotic stresses
[2]. In addition, endophytes can produce many bioactive. Some of these substances
are similar to the profile of the host plant’s bioactive, which has increased the hope for
cost-effective and environmentally friendly production. In the pharmaceutical and
agricultural industries, bioactive compounds are known for their many applications.
During the last two decades, endophytes have been recognized as important sources
of bioactive compounds. Also, the proportion of new structures produced by endo-
phyte isolates (51%) is significantly higher than that of soil isolates (38%), which has
made endophytes one of the main natural product screening programs [3].

2. Endophytes

Microorganisms colonize many living plants in nature, and the degree of this
microbial colonization varies by plant species. If the host plant tissue remains stable
during this colonization, the relationship may vary from latent pathogenesis to mutual
symbiosis. These microorganisms may be epiphytes, endophytes, or latent pathogens.
Endophyte refers to microorganisms that are found under normal conditions in the
tissues of living plants, without causing apparent diseases or visible symptoms of
disease [4]. Endophytes are ubiquitous and spend a significant part of their life cycle
without causing negative or obvious symptoms in the living tissues of the host plant.
The word endophyte was first coined in 1866, where “endo” means “inside” and
“phyte” means plant. They are mostly located in internal tissues such as roots, stems,
leaves, flowers, and seeds. Endophytes may be transmitted horizontally or vertically
[2], and some may even be seed-borne and passed on to the next generation [4]. A
large community of endophytes lives inside the tissues of any plant. The diversity of
endophytes is influenced by the host plant and its characteristics, including genotype,
tissue, growth stage (age), and health status [5].

Endophytes have been isolated from all different parts of the plant. More than 200
genera from 16 bacterial phyla have been documented to be associated with endo-
phytes [6]. It is also estimated that out of about 1.5 million species of fungi, one
million of them are endophytic [7].

2.1 Endophytes: Plant interaction

Endophytes can provide benefits to their host plants. They mediate abiotic and
biotic stress tolerance, reduce water consumption, and defend against pests and phy-
topathogens [8]. This interaction is controlled by endophyte and plant genes. The
endophytic relationship is a novel and cost-effective plant-microbe evolutionary rela-
tionship that is driven by location and not defined by function [9]. Endophytic
microbes are chemical synthesizers inside plants [10]. The imperceptible association
of endophytes with the plant enables them to evolve [9]. It is the coevolution between
endophytes and their host plant that determines the production of bioactive com-
pounds. These compounds often play a role in the plant-microbe interaction in dif-
ferent ways and can bring different fitness benefits to the host plant [11, 12].

Plant compounds can be of plant origin or derived from endophytes or even can be
produced by both. In the latter case, the endophyte may be involved in the entire
pathway, but another scenario may be that only parts of the biosynthesis originate
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from the endophyte. In plant-endophyte interactions, significant changes appear in
the secondary metabolism of symbionts, and these changes can be as a result of (i)
induction of host metabolism by endophyte, (ii) induction of endophyte metabolism
by the host, (iii) host and endophyte share part of a specific pathway, (iv) the host
metabolizes endophyte products, and (v) the endophyte can metabolize host second-
ary compounds. [13]. Endophytes isolated from medicinal plants can produce bioac-
tive metabolites and play a vital role in inducing secondary metabolite production
by host plants [5, 14].

3. Secondary metabolites

Endophytes play a critical role in enhancing plant growth and are also known for
their ability to produce bioactive with biotechnological applications. The use of herbal
medicines is common in developing countries and up to 80% of people use this
medicine. This traditional medicine has a long history. Medicinal plants are known for
their rich sources of natural products. They are very valuable for disease prevention
and treatment [15]. Endophytes communicate with their host plant through metabolic
interactions [1, 16], which enable them to produce signaling molecules with interest-
ing biological activities. In addition, the coevolution of endophytes with the host plant
enables them to mimic the biological properties of the host and produce similar
bioactive compounds [16].

Endophytes synthesize various bioactive compounds. However, compounds that
have shown anticancer properties have attracted more attention, and in the mean-
time, the discovery of paclitaxel production by endophytic fungi has been a turning
point in endophyte research.

3.1 Paclitaxel (Taxol)

Paclitaxel, with the brand name Taxol, is a terpenoid that was mainly obtained from
the tissues of the yew plant; due to its amazing properties in binding to microtubules
and inhibiting the division spindle, it is used in the treatment of various types of cancer,
especially breast and ovarian cancer. It has been used a lot. However, extraction from
plant sources due to the slow growth of the plant, the difficulty of purifying paclitaxel,
and also its low amount in the plant tissues did not meet the needs of the market.
Therefore, several methods, such as chemical synthesis, were also developed and com-
mercialized. The scientists were also looking for alternative sources until the ability to
synthesize it in the endophytic fungi of the host plant was discovered.

The discovery of Taxomyces andreanea from the Pacific yew,Taxus brevifolia, was
undoubtedly a turning point in the field of bioprospecting for endophytes. This
endophytic fungus demonstrated the ability to synthesize paclitaxel in the culture
broth same as its host plant [17]. Microbial production of paclitaxel is very important
for the development of the first billion-dollar anticancer drug business [17, 18]. Since
this important discovery, several other endophytic fungi and bacteria showing pacli-
taxel production from yew and other plant species have been discovered (Table 1),
including Alternaria, Bartalinia, Fusarium, Lasiodiplodia, Metarhizium, Monochaetia,
Pestalotiopsis, Penicillium, Phoma, and Spomatoichoanthermium [13, 81–83]. The effi-
ciency of paclitaxel among these fungal species varies [from nanograms to milligrams
per liter], and their productivity is often lost during several generations of cultivation
in laboratory conditions [84]. Microbial production of paclitaxel by endophytes has
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Secondary
metabolite

Host Endophyte Yield
(μg/L)

Ref

Paclitaxel
(Taxol)

Taxus brevifolia Taxomyces andreanae 0.02–0.05 [17]

T. wallichiana Pestalotiopsis microspora 0.06–0.07 [19]

Taxodium distichum Pestalotiopsis microspora Cp-4 0.05–1.49 [20]

Taxus cuspidata Alternaria sp. Ja-69 0.16 [19]

Taxus baccata Fusarium lateritium Tbp-9 0.13

T. baccata Monochaetia sp. Tbp-2 0.10

T. baccata Pestalotia bicilia Tbx-2 1.08

T. cuspidata Pestalotiopsis microspora Ja-73 0.27

T. wallachiana Pestalotiopsis microspora Ne-32 0.5

T. sumatrana Pithomyces sp. P-96 0.095

T. canadensis Erwinia taxi* 2.5–15 [21]

Wollemia nobilis Pestalotiopsis guepinii W-1f-2 0.49 [22]

Torreya grandifolia Periconia sp. No. 2026 0.03–0.83 [23]

Ginkgo biloba Alternaria sp. 0.12–0.26 [24]

T. baccata Kitasatospora sp. * 120 [25]

T. baccata Penicillium sp. 111

T. canadensis,T. brevifolia,
T. hunnewelliana,T.
baccata,T. cuspidata

Bacillus cereus ssp. taxi, Bacillus megaterium
ssp. taxi, Pantoea sp., Bacillus cereus, Bacillus

subtilis ssp. taxi, Bacillus megaterium,
Curtobacterium sp., Sphingomonas ssp. taxi*

1–25 [26]

Tremacron mairei Tubercularia sp. TF5 185.4 [27]

T. yunnanensis Taxomyces sp. 2.3

T. chinensis var. mairei Ozonium sp. BT2 4–18 [28]

T. cuspidata Botrytis sp. HD181–23 206.34 [29]

T. chinensis var. mairei Botrytis sp. XT2 161.24

T. chinensis var. mairei Ectostroma sp. XT5 276.75

T. chinensis var. mairei Papulaspora sp. XT17 10.25

T. chinensis Alternaria alternata TPF6 84.5 [30]

T. chinensis var. mairei Fusarium mairei Y1117 2.7 [31]

T. chinensis var. mairei Ozonium sp. EFY-21 21 [32]

Aegle marmelos Bartalinia robillardoides AMB9 187.6 [33]

Cardiospermum
helicacabum

Pestalotiopsis pauciseta CHP-11 113.3 [34]

T. chinensis Fusarium mairei UH23 286.4 [35]

Citrus medica Phyllosticta citricarpa No.598 265 [36]

Podocarpus sp Aspergillus fumigatus EPTP-1 557.8 [37]

T. baccata Botryodiplodia theobromae BT115 280.5 [38]

T. cuspidata Fusarium arthrosporioides F-40 131 [39]
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Secondary
metabolite

Host Endophyte Yield
(μg/L)

Ref

Cupressus sp Phyllosticta spinarum No.625 235 [40]

Wrightia tinctoria Phyllosticta tabernaemontanae 461 [41]

Thysanophrys celebica Fusarium solani 1.6 [42]

T. cuspidata Aspergillus niger var. taxi HD86–9 273.6 [43]

T. chinensis F. solaniI Tax- 3 163.35 [44]

T. chinensis Metarhizium anisopliae H- 27 846.1 [45]

T. media Cladosporium cladosporioides MD2 800 [46]

T. media Aspergillus candidus MD3 112 [47]

T. chinensis Mucor rouxianus DA10 ND [48]

Hibiscus rosa-sinensis Phyllosticta dioscoreae No.605 298 [49]

Terminalia arjuna Chaetomella raphigera TAC15 79.6–211.1 [50]

Terminalia arjuna Pestalotiopsis terminaliae 211 [51]

Taxus cuspidata Nodulisporium sylviforme 450 [52]

Morinda citrifolia Lasiodiplodia theobromae 245 [53]

Rhizosphere Pestalotiopsis malicola 186 [54]

Ginkgo biloba Phoma betae 795 [55]

T. baccata Stemphylium sedicola SBU-16 6.9 [56]

T. baccata F. redolens 66 [57]

Corylus avellana and
T. baccata

Penicillium aurantiogriseum NRRL 62431 70 [58]

T. wallichiana P. medicaginis 1125 [59]

T. chinensis var. mairei Aspergillus aculeatinus Tax-6 334.92 [60]

Podocarpus gracilior Aspergillus terreus EFB108 20 [61]

Rhizosphere Aspergillus flavipes 185–850 [62]

Rhizosphere Penicillium chrysogenum 85 [62]

Terminalia arjuna Alternaria brassicicola 140.8 [63]

Taxus sp. Aspergillus fumigatus TPF-06 1590 [64]

Catheranthus roseus Cladosporium cladosporioides 700 [65]

Tarenna asiatica Aspergillus oryzae 95.04 [66]

T. baccata Epicoccum nigrum TXB502 61.35 [67]

Sargassum polycystum Bacillus flexus DMTMMB08* ND [68]

Bacillus licheniformis
DMTMMB10*

Acanthaphora specifera Oceanobacillus picturae DMTMMB24*

Ginkgo biloba Penicillium polonicum AUMC14487 90.53 [69]

Mangifera indica Colletotrichum sp. MIP-5 ND [70]

T. wallichiana Annulohypoxylon sp. MUS1 282.05 [71]
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been observed mostly in fungal isolates. However, there are limited reports of the
production of paclitaxel and some of its precursors by several strains of endophytic
bacteria, such as Erwinia taxi, Micromonospora sp., Streptomyces sp., Kitasatospora sp.,
Bacillus cereus, B. megaterium, Sphingomonas ssp. taxi, B. subtilis, Pantoea sp., and
Curtobacterium sp. [85]. Also, the discovery of paclitaxel-producing bacteria symbi-
otic with marine macroalgae Sargassum polycystum and Acanthaphora specifera showed
that the search for endophytic sources of paclitaxel should not be limited to plants and
terrestrials [68].

In addition to paclitaxel production, some endophytes can increase paclitaxel pro-
duction in plants. Endophytic Pseudodidymocyrtis lobariellae fermentation broth can
effectively increase paclitaxel accumulation in T. chinensis by regulating phytohor-
mone metabolism and signal transduction and further regulating the expression of
several key genes involved in paclitaxel biosynthesis [86]. The fermentation broth of
Kocuria sp., Micromonospora sp., and Sphingomonas sp. also significantly increased the
accumulation of taxanes in the stem cells of T. yunnanensis [87].

3.2 Vinca alkaloids

Vinblastine and vincristine are vinca alkaloids from Catharanthus roseus plant [88].
These compounds were the first herbal anticancer agents that were introduced to the

Secondary
metabolite

Host Endophyte Yield
(μg/L)

Ref

Persea americana Neopestalotiopsis clavispora KY624416 100.6 [72]

Moringa, Hibiscus Penicillium sp. No.5 54.42–184.3 [73]

Aspergillus niger No.10 43.95

Fusarium sp. No.8 26.8

Corylus avellana Stemphylium vesicarium CA18 1400 [74]

Corylus avellana Melanconium hedericola CA12 1000

Calotropis procera,
Catharanthus roseus

Penicillium singorense 13 [75]

Millingtonia hortensis Cochliobolus hawaiiensis 282 [76]

T. wallichiana Aspergillus sp. GBPI TWR F5 5450 [77]

baccatin III T. chinensis Didmyostilbe sp. DF110 ND [78]

T. wallichiana Diaporthe phaseolorum 219 [79]

T. wallichiana Trichoderma sp. IRB54a 187.56 [80]

10-deacetyl
baccatin III

Corylus avellana Melanconium hedericola CA12 22,100 [74]

Aspergillus microcysticus CA3 20,400

Arthrinium arundinis CA2 16,400

Some strains that are only capable of producing precursors, such as baccatin III and 10-DAB, are listed separately.
*Reveals bacterial producers.

Table 1.
Production of paclitaxel and some of its precursors by endophytic microorganisms; due to the multiplicity of
different isolates from the same species, the name of the strain is also mentioned, as well as the amount of
production in the strains noticed without subsequent manipulations and optimizations.
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clinical market. In the 1960s, vinblastine was used to treat breast cancer, testicular
cancer, and Hodgkin’s disease. Three years later, its oxidized derivative, vincristine,
was introduced, which was widely used in the treatment of leukemia. These com-
pounds inhibit the division spindle by irreversibly binding to microtubules and finally
induce apoptosis. Vinblastine production from endophytic Alternaria was first
described in 1998, followed by Lingqi et al. discovered an endophytic Fusarium
oxysporum from C. roseus that successfully produced vincristine [89, 90]. These dis-
coveries sparked a global hunt for new alternative sources of vinblastine and vincris-
tine. Vincristine is most valuable as an anticancer agent. Endophytic F. oxysporum
successfully biotransformed vinblastine to vincristine [91].

Palem et al. isolated an endophytic Thalaromyces radicus from C. roseus that could
produce vinblastine and vincristine [92]. Ayob et al. isolated an endophyte Nigrospora
sphaerica from C. roseus that can produce vinblastine. This fungus produced vinblas-
tine with 10-fold better cytotoxicity to a breast cancer cell line compared to vinblas-
tine extracted from C. roseus [93]. Endophytic fungal and bacterial species were found
to have the ability to synthesize Vindoline —the precursor of vinca alkaloids— and
have a high potential to be used as a biological elicitor in the production of vincristine
[94, 95]. Also, a species of Streptomyces spp. was isolated from the rhizosphere soil of
C. roseus, which can produce vinblastine and vincristine, (Table 2) [104].

Host plant Endophyte Vinca alkaloids Strain Ref

Catharanthus roseus Alternaria sp. Vinblastine Fungal [89]

F. oxysporum Vincristine Fungal [90]

Mycelia sterilia 97CY-3 Vincristine Fungal [96]

Fusarium solani Vinblastine, Vincristine Fungal [97]

F. oxysporum Vinblastine, Vincristine Fungal [98]

Talaromyces radicus Vinblastine, Vincristine Fungal [92]

Eutypella sp. Vincristine Fungal [99]

Nigrospora sphaerica Vinblastine Fungal [93]

Unidentified Vinblastine, Vincristine Fungal [100]

Microbacterium sp. Vindoline Bacterial [94]

Chaetomim globosum Vinblastine Fungal [101]

Curvularia verruculosa Vinblastine Fungal [102]

Botryosphaeria laricina Vinblastine, Vincristine Fungal [103]

C. roseus
Rhizospheric Soil

Streptomyces spp. Vinblastine, Vincristine Bacterial [104]

C. roseus F. oxysporum Vinblastine, Vincristine Fungal [105]

Alternaria sesami Vindoline Fungal [95]

Nigrospora zimmermanii Vincristine Fungal [106]

Some of these isolates can biotransform vinblastine into vincristine. Also, some isolates only can synthesize vindoline as a
valuable precursor of anticancer drugs.

Table 2.
Microbial production of vinca alkaloids by endophytic microorganisms; endophytic producers of vinca alkaloids
have so far only been isolated from C. roseus or its rhizosphere soil.
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3.3 Camptothecin

Camptothecin (CPT) is a pentacyclic quinoline alkaloid isolated from the wood of
Camptotheca acuminata and the root of Nothapodytes foetida. Several reports show the
therapeutic potential of CPT and its derivatives for the treatment of colon, cervical,
uterine, lung, and ovarian cancer. Most of the two promising anticancer activities [107]
are related to its main derivatives, 9-methoxycamptothecin and 10-hydroxycamp-
tothecin, because CPT is not directly used as an anticancer drug due to its low solubility,
short half-life, and toxicity [108–110]. These cytotoxic agents act by selectively
inhibiting topoisomerase 1. and thereby disrupting the DNA replication process.

In 2005, the CPT-producing endophytic fungus Entrophospora infrequenswas isolated
from N. foetida [109]. Endophyte Neurospora crassa and Nodulisporium sp. isolated from
N. foetida produces CPT in culture medium [111, 112]. There are also examples of
endophytes that can produce hydroxylated CPT derivatives, for example, Mycelia sterilia
XK001 can produce 10-hydroxycamptothecin, which is the clinically active derivative of
CPT [107]. Most CPT-producing endophytes are fungi; however, there are also reports
of bacterial producers (Table 3) [116, 121, 123, 126]. A CPT-producing endophytic
fungus from the marine sponge Cliona sp. It has been isolated that unlike other endo-
phytes isolated from soil and plant environments, and it has been isolated and identified
from the marine environment and aquatic organisms [131].

Secondary metabolite Host plant Endophyte Strain Ref

CPT Nothapodytes foetida Entrophospora infrequens Fungal [109]

Neanotis foetida Neurospora sp. Fungal [111]

Camptotheca
acuminata

F. solani Fungal [108]

N. foetida Nodulisporium sp. Fungal [112]

N. nimmoniana Botryosphaeria parva Fungal [113]

Apodytes dimidiata F. solani Fungal [114]

C. acuminata Trichoderma atroviride Fungal [115]

Miquelia dentata
Bedd.

Bacillus subtilis, Bacillus sp., Bacillus
cereus, Lysinibacillus sp.

Bacterial [116]

M. dentata Bedd. Fomitopsis sp., Alternaria alternata,
Phomposis sp.

Fungal [117]

C. acuminata Fusarium nematophilum, Alternaria
Alternata, Phomopsis vaccinii

Fungal [118]

N. foetida Fusarium oxysporum Fungal [119]

Catharanthus roseus F. solani Fungal [120]

C. acuminata Paenibacillus polymyxa Fungal [121]

N. nimmoniana Colletotrichm fructicola, Corynespora
cassiicola

Fungal [122]

N. nimmoniana F. solani Fungal [110]

Pyrenacantha
volubilis

Bacillus sp., B. subtilis, Bacillus
amyloliquefaciens

Fungal [123]

Piper betel L. Aspergillus niger Fungal [124]
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Secondary metabolite Host plant Endophyte Strain Ref

Chonemorpha
fragrans

F. solani Fungal [125]

Ephedra foliata Kytococcus schroeter bacterial [126]

Ophiorrhiza mungos Meyerozyma sp.,Talaromyces sp. Fungal [127]

N. nimmoniana Alternaria alstroemeriae, Alternaria
burnsii

Fungal [128]

Cipadessa baccifera Phyllosticta elongata Fungal [129]

Ficus elastica Aspergillus terreus, Aspergillus flavus Fungal [130]

sponge Cliona sp. Penicillium chrysogenum Fungal [131]

Cestrum parqui Aspergillus terreus Fungal [132]

No. nimmoniana Diaporthe sp. F18 Fungal [133]

10-hydroxyCPT No. nimmoniana Mycelia sterilia_ XK001 Fungal [107]

Podophyllotoxin Podophyllum
hexandrum

Alternaria sp., Penicillium sp. Fungal [134]

Diphylleia sinensis Penicillium sp. Fungal

Dysosma veitchii Monilia sp., Penicillium sp. Fungal

D. sinensis Penicillium implicatum Fungal [135]

D. veitchii Penicillium implicatum Fungal [136]

Juniperus vulgaris Alternaria sp. Fungal [137]

P. peltatum Phialocephala fortinii Fungal [138]

P. hexandrum Trametes hirsuta Fungal [139]

P. hexandrum Alternaria neesex Fungal [140]

Juniperus recurva Fusarium oxysporum Fungal [141]

P. hexandrum F. solani Fungal [142]

Solanum
hexandrum

Mucor fragilis Fungal [143]

Podophyllum emodi Alternaria tenuissima Fungal [144]

D. sinensis Penicillium sp. Fungal [145]

P. hexandrum Chaetomium globosum, Pseudallescheria
sp.

Fungal [146]

Dysosma versipellis Fusarium sp. Fungal [147]

P. hexandrum Penicillium sp. Fungal [148]

Dysosma difformis Penicillium sp.,Trametes sp.,
Purpureocillium sp., Aspergillus sp.,
Ganoderma sp.

Fungal [149]

D. difformis Fusarium proliferatum Fungal [150]

Deoxypodophyllotoxin J. communis Aspergillus fumigates Fungal [151]

Huperzine A Huperzia serrata Acremonium sp. Fungal [152]

Phlegmariurus
cryptomerianus

Blastomyces sp. Fungal [153]

Botrytis sp. Fungal
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3.4 Podophyllotoxin

Podophyllotoxin is an aryltetralin lignin that uses in the synthesis of anticancer
drugs. It is originally isolated from the resins of the Podophyllum emodi, which is
traditionally used to treat genital warts [16]. Podophyllotoxin is a strong inhibitor of
microtubules, while its derivatives inhibit topoisomerase 2. These derivatives are used
to treat bronchial and testicular cancers. Podophyllotoxin production from endophytic
fungi isolated from Podophyllum [syn. Sinopodophyllum] hexandrum, Diphylleia
sinensis, and Dysosma veitchii were reported for the first time [134]. After that, two
strains of the endophytic fungus Phialocephala fortinii from the rhizome of
P. peltatum, which could produce podophyllotoxin under axenic culture conditions,
were isolated and identified [138]. The fungus Trametes isolated from P. hexandrum is
another endophyte capable of producing podophyllotoxin and podophyllotoxin gly-
cosides [139]. In addition, F. oxysporum and Aspergillus endophytes isolated from

Secondary metabolite Host plant Endophyte Strain Ref

Lycopodium
serratum

Penicillium chrysogenum Fungal [154]

H. serrata Shiraia sp. Fungal [155]

Cladosporium cladosporioides Fungal [156]

Aspergillus flavus Fungal [157]

Shiraia bambusicola Fungal [158]

Colletotrichum gloeosporioides Fungal [159]

Trichoderma sp. Fungal [160]

Paecilomyces tenuis Fungal [161]

Penicillium sp. Fungal [162]

Phlegmariurus
phlegmaria

Ceriporia lacerate Fungal [163]

H. serrata Colletotrichum sp., Ascomycota sp.,
Sarcosomataceae sp., Dothideomycetes sp.

Fungal [164]

Penicillium sp. Fungal [165]

Alternaria brassicae Fungal [166]

Penicillium polonicum, Colletotrichum
gloeosporioides

Fungal [167]

Mucor racemosus, M. fragilis, Fusarium
verticillioides, F. oxysporum,Trichoderma
harzianum

Fungal [168]

Phlegmariurus
taxifolius

Fusarium sp. Fungal [169]

H. serrata Fusarium sp. Fungal [170]

CPT and active derivative 10-hydroxyCPT, podophyllotoxin, deoxypodophyllotoxin act as anticancer, and Huperzine A
approved for treatment of Alzheimer’s disease.

Table 3.
Production of plant-derived secondary metabolites by endophytic microorganisms.
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Juniperus recurva and Juniperus communis produced podophyllotoxin and deoxypado-
phyllotoxin, respectively [141, 151]. Podophyllotoxin production has also been
reported from Mucor fragilis, and Alternaria tenuissima isolated from P. emodi was
found to produce podophyllotoxin [143, 144]. Podophyllotoxin-producing endophytic
fungi Penicillium sp.,Trametes sp., Purpureocillium sp., Aspergillus sp. Ganoderma sp.,
and Fusarium spp. were isolated from plants of Dysosma spp. [149, 150]. Most
podophyllotoxin-producing fungi belong to Penicillium sp., Alternaria sp., and Fusar-
ium spp. genera, respectively, While there is no report of podophyllotoxin production
among endophyte bacteria (Table 3).

Fungal production of podophyllotoxin is promising for mass production, and it is
possible to provide affordable resources for commercial production by optimizing the
cultivation methods and genetic changes of the producing microorganisms and
reducing the pressure of harvesting from plant resources and giving the chance to
producing plants for save from extinction.

3.5 Huperzine A

The lycopod Huperzia serrata is the main source of a natural lycopodium alkaloid
called Huperzine A (HupA), which has attracted worldwide attention for its potential
in the treatment of Alzheimer’s disease. This compound is an acetylcholinesterase
inhibitor that increases the availability of acetylcholine in central cholinergic synapses
by highly selective and reversible inhibition of this enzyme and blocking its activity.
The bulk of HupA is obtained from the Huperziaceae family. The H. serrata has a
narrow geographical distribution, slow growth rate, and very low HupA content,
which limits its natural harvest and HupA extraction. In the first report, the endo-
phyte Acremonium sp. isolated from H. serrata has been capable of production of
HupA [152]. Similarly, the endophyte Shiraia sp. Slf14 and Cladosporium
cladosporioides isolated from H. serrata leaves also produced HupA [155, 156, 158]. In
general, 32 endophytic fungi belonging to 15 genera were recorded to produce Hup A.
These fungal endophytes were isolated from members of Huperziaceae family, includ-
ing H. serrata, Phlegmariurus phlegmaria, and Phlegmariurus taxifolius (Table 3) [171].

Xia and colleagues isolated endophytic fungiMucor racemosus,M. fragilis, Fusarium
verticillioides, F. oxysporum, and Trichoderma harzianum from the H. serrata, which
can inhibit acetylcholinesterase enzyme [168]. The endophyte Ceriporia lacerate suc-
cessfully transformed HupA into five different compounds that showed potential
acetylcholinesterase inhibitory activity [172]. Biotransformation, using fungal endo-
phytes, is also a valuable approach to producing HupA derivatives. Microbial produc-
tion of HupA has positive economic and environmental effects. This will be a practical
strategy to meet the global market demand through microbial fermentation and
genetic manipulation of the source fungi.

4. Industrial aspects

The role of plant compounds in the production of many clinically effective anti-
cancer drugs is undeniable, but the production of herbal drugs is not always as
expected. Because their production from plant resources faces serious challenges,
many of these compounds are produced at a certain stage of plant growth or under
certain environmental conditions, stress, or availability of nutrients. Also, the growth
of plants is slow, and to collect and extract some products, they must reach acceptable
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growth. On the other hand, production in plant cell culture also faces technical chal-
lenges. Also, due to the extent and variety of bioactive in plants, the purification
processes of the desired effective substances will be complicated and therefore
expensive. Due to the limitations identified with the productivity and vulnerability of
plant species as sources of new metabolites, microorganisms act as an available and
inexhaustible resource of new pharmaceuticals [173].

Over many years, seasonal and climatic factors have caused failure in
traditional methods of extracting bioactive from natural resources. The environmental
issues that researchers face during the extraction of bioactive from plants make it
necessary to adopt new approaches to obtain these compounds [174]. In the future,
with the increase in population, the demand for pharmaceutical and agricultural
products will increase day by day, and the future of endophytic fungi for the
isolation of various beneficial compounds is bright. There is a great need to discover
bioactive compounds from natural resources that can be used to treat various diseases.
Recently, more attention has been paid to the production of bioactive from endo-
phytic fungi because they are excellent for exploiting the biosynthetic pathway for the
synthesis of bioactive. The main challenge is the low yield of desired active com-
pounds obtained from endophytes. However, to meet the demand of pharmaceutical
companies to increase the commercial production of drugs, genetic engineering tech-
nologies, drug design techniques, and microbial fermentation technology can be solu-
tions to increase the rate of endophyte production [2]. In addition, the use of cell co-
cultures of host plants and endophytes has improved the production rate. Some
secondary metabolites may be produced by combined endophyte and host activity.
Some endophytic bacteria produce secondary metabolites in medicinal plants. For
example, Bacillus altitudinis, Burkholderia sp., and Flavobacterium sp. act as
effective stimulators that increase ginsenoside concentrations by converting the
major ginsenoside Rb1 to the minor ginsenoside Rg3 in the valuable medicinal plant
ginseng [175–177]. Such biotransformations using endophytic bacteria have
significant potential to intensify the accumulation of rare active substances in
medicinal plants. The endophytic Pseudomonas fluorescens can increase the
production of sesquiterpenoids in Macrocephala Atractylodes [178]. The endophyte
Bacillus subtilis in the plant Chuanxiong Ligusticum enhances ligustrazine
accumulation [179].

The interaction of endophytes with plant tissues asymptomatically increases the
production of secondary metabolites. A double synthesis of podophyllotoxin was
obtained from the interaction of endophytic fungi Phialocephala fortinii and rhizomes
of P. peltatum [138]. Endophytic fungi Stemphylium amaranthi and Gliomastix
masseei can be used as fungal stimulants to improve indole alkaloid production from
C. roseus [180].

5. Conclusion

Throughout history, humans have used plants and plant-derived products to treat
various ailments. Plant secondary metabolites or bioactive are known to be synthe-
sized by plants. Microbes living inside host plant tissues are also known for their
ability to synthesize substances similar to those synthesized by the host plant. Sec-
ondary metabolites, such as alkaloids, flavonoids, terpenoids, steroids, etc. synthe-
sized by microbes, are known for their vital role as antioxidants and anticancer. The
discovery of the ability to produce plant secondary metabolites in endophytes has
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raised many hopes for the production of these compounds on an industrial scale.
Microorganisms reduce environmental concerns about the production of biological
substances in plants because endophytic microbes have a high reproduction ability,
the possibility of their genetic manipulation is easier, and the fermentation conditions
for them are simpler, cheaper, and more diverse.
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Chapter 4

A Review in Medical, 
Pharmacological and Industrial 
Importance of Roselle Hibiscus 
sabdariffa L.
Ali S. Hassoon, Ahmed A. Kadhim and Madeha H. Hussein

Abstract

Medicinal plants and plants occupy a major place in the world’s agricultural and 
industrial production as the main source of pharmaceutical drugs or as a source of 
active substances that are used in the preparation of medicine. The Roselle plant 
Hibiscus sabdariffa L.(Malvaceae Family) is known in Arabic as “karkade” and 
“Roselle”. The continental regions of Africa and Asia are the original home of the 
Roselle. The months of March and April and proceeds to reap the fruits during the 
months of October to the end of December. Recent researches and studies have 
pointed to the use of Roselle plant in the medical, food and industrial fields. It is used 
in the manufacture of jellies and jams. The syrup is added to some medical prepara-
tions. It is refreshing, moisturizing, and helps digestion. It is also a useful drink in 
the cases of bile. It causes urination and acts as an antifungal agent. and is used in the 
treatment of high blood pressure, It is also used in cancer treatment.

Keywords: rosella, medicinally plants, pharmcological uses, industrial uses of rosella, 
rosella as food

1. Introduction

The current interest is in the exploitation of the active substances of some pharma-
ceutical plants and their manufacture as important medical drugs for the treatment of 
many diseases and for the prevention, treatment and pain relief, and therefore these 
plants have taken a great deal of attention and studies as the main source of these 
drugs and the manufacture of safe medicines [1]. It has been used in many countries 
of the world to treat various viral and microbial diseases because they are more useful 
in different treatment stages and are safer and less expensive compared to laboratory-
based chemical treatments [2].

Hibiscus sabdariffa L., which belongs to the Malvaceae family, is a medically 
important plant [3]. Its medicinal significance is concentrated in its leaves, which are 
a source of Hibiscus, which has a medical effect. Its leaves are rich in vitamin C, citric, 
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Tartaric, It also contains Protocatechuic Acid (PCA), an important antioxidant as well 
as its role in the treatment of certain cancers [4].

It is used as a refreshing beverage for the purpose of tempering the high tempera-
tures and uses the red dye produced artificially as food nutritious natural food, and 
also enters the manufacture of jams, ice, candy, and food preservation, and the seeds 
contain a high proportion of oil up to the limit of 20–25% 30–35% protein [5].

2. Plant classification and naming

Hibiscus sabdariffa L. belongs to the Malvaceae family of Malvales, a Sabdariffa 
species of Hibiscus, a plant covered with Angiosperms dicotyledons seeds [6].

The origin of the name of the Rosella comes back to the area of Gujarat in India, 
and it is known by many names that differ from one region to another. The common 
name in Iraq is al-Gujarat tea. It is also called kaajah, red acid, kardipip, and gypsy. 
In Arab countries, it is called Karkade. In Brazil, it is called “Rosela” and is called 
commercially in America (Hibiscus). In England, it is called rozelle, sorrel, sour. 
In France, it is called “Bissap” and “Jamaica”. In North and East Africa it is called 
“karkade or carcade” Senegal (bissap) and Nigeria (serrol) and in Iran is known as 
(Chaye -Torosh) [7, 8].

3. Plant description

Agglutaceous leafy plant with roots, spines, and legs, cylindrical with a smooth 
texture and greenish-red color, up to more than two meters depending on the variety. 
The leaves are simple, reciprocal, hand-shaped, finely edged, greenish-red, long-
necked and long-necked. The leaves are white, yellow or red, consisting of five large, 
thick, succulent, thick leaves. The fruits are capsules containing a large number of 
kidney seeds. The texture is dark brown (Figure 1) [9, 10].

Figure 1. 
Cultivation of rosella in my field of research.
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4. Origin home and the appropriate environment

The original locality of the Gujarat plant is not yet clearly known, as it is believed 
that the tropical and subtropical regions of Africa are the original home of the Gujarat 
and others believe that India is its original home [11], That the Arab homeland is the 
original home of the Quraysh.

In the Arabian world, the cultivars are widely cultivated in semi-tropical regions 
of China, Malaysia, India, Indonesia, the Philippines, Vietnam, Nigeria, and 
Mexico. In the Arab world, they are grown in Saudi Arabia, Egypt, and Sudan [12]. 
Al-Qadisiyah Governorate, south of Iraq, especially in the Sunni area. It was culti-
vated as a summer crop in the southern and central regions. It was used as a refreshing 
drink and as a treatment for many diseases.

Cultivars are grown in most types of soils. However, they are grown in soft 
and fertile soil. They can withstand heavy soil conditions. The plant needs 4 
to 8 months to complete its phytoplankton growth. The plant does not tolerate 
temperatures below 20° C during its growing stage. In areas where the temperature 
range is 28–35° C and air humidity is not more than 65% during the vegetative and 
syphilis stages, it is a long day plant. It requires about 13 hours of lighting per day 
to push the plant to bloom [13].

High humidity and high rainfall play a negative role during the harvest period. 
Drought conditions lead to a decrease in yield and a decrease in quality and quality of 
leaves. The plant needs about 130–200 mm of monthly rainfall rate during the first 
months of growth. The vegetative effect of the grits on the quality of the seeds, the 
prevailing environmental conditions, the date of harvest and post-harvest treatments, 
especially drying (Figure 2) [14].

5. Plant content of chemicals and effective compounds

Hibiscus species are different in their percentage of active food and chemical con-
tent depending on their genetic differences. Effective chemicals spread throughout the 
plant, which gives it high medical and pharmaceutical importance. It is a rich source 
of 25–35% protein, The most important of which are lysine, alkaline, and leucine [15]. 

Figure 2. 
Roselle varieties (red, white and lined) in my research field.
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It is also rich in calories. Each 100 g of calyxes contains 49 calories and contains large 
amounts of fiber up to 2.3 g per 100 g of juice [16].

Either containing fat or carbohydrates, it contains a good amount of up to 25% in 
dry sepals leaves, in addition to the presence of nutrients of high nutritional value in 
varying amounts such as iron, potassium, phosphorus, calcium, manganese, sodium, 
aluminum and chromium. Organic acids such as malic acid, citric, tartaric and ascor-
bic acid, which are responsible for the acid taste in the drink and some other organic 
acids such as Protocatechuic acid phenolic acid and also contain the aromatic acids 
aromatic acid, and that the leaves are rich in riboflavin acid Niacin riboflavin [3].

The sepals contain amino acids and the most common amino acids are aspartic 
acid [17]. It also contains the dye of anthocyanin, which is responsible for the red 
color of the plant, as well as some coloring substances such as carotene and thiamine. 
In addition, it contains many vitamins, most notably ascorbic acid (vitamin C). This 
is considered an important source of this vitamin in addition to containing vitamins 
A, B1, B2and B complex). The compounds also contain some of the classics such as 
Hibiscus hydrochloride with high physiological effect, which add high medicinal 
importance to the plant. These compounds are organic compounds that degrade acids 
by some enzymes to non-sugary substances [18].

In addition, the compounds also contain beta-compounds, which explains its dark 
red color when placed in acidic medium and contains some gels that may reach about 
15% [19]. It is noted that the water extract of the saplings contains several important 
active compounds such as phenols, flavors, and tannins, which are different types of 
plant pigments that add various colors to the spores such as red, yellow and blue that 
are used in medicinal uses [20], and contains a chemical called Mucilage A refreshing, 
soothing substance is a simple, digestible sugar that adds flavor and sweetness to the 
drink of kora and also contains bacteriostatic substances [21].

Rosella seeds contain oil similar to the oil properties found in cotton seeds in terms 
of color, which amounts to about 17%. It can be edible, which is of high pharmacolog-
ical importance. It is used for medical purposes in addition to containing a percentage 
of starch, carbohydrates, cellulose and cholesterol, And many organic acids such as 
oleic, formulaic, malvalic and citric acids [22]. Seeds are also an important source of 
many important nutrients such as potassium, phosphorus, magnesium, and micro-
nutrients such as calcium, zinc, sulfur, sodium, and manganese [23]. In addition, the 
seeds contain a percentage of unsaturated fatty acids [24].

Leaves are also rich in chemicals active and important pharmaceutical, as they con-
tain fats and fibers and many important compounds, such as Cliocosides and organic 
acids in addition to the food, including the most important calcium salts Calcium 
Oxalate. The roots of the Gujarat plant also contain Tartaric acid and Saponins [25].

6. The medical and pharmacological importance of rosella

In recent years, medicinal plants have received great attention from researchers for the 
importance of pharmaceuticals that have contributed effectively to the development of 
the medical aspect in all its fields. Rosella is one of the most important medicinal plants. 
The pharaohs used it in many medicinal recipes and used it as a disinfectant. And applied 
much scientific research where the compounds played by its parts played an important 
role in the treatment of many of the pathogens that confront human health [18].

Dahiru et al. [26] found that the oral administration of the mouse with the red 
leaf extract has significant effects against cancerous tumors because it contains 
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the Protocatechuic Acid (PCA), which also helps to treat cirrhosis by removing the 
harmful effect of CCl4, And is a pharmacologically effective agent in minimizing 
the carcinogenic effect of diethylntro sardine in the liver, reducing the work of 
carcinogenic genes and thus leading to the anti-cancer function of anti-cancer [19]. 
It is also used for the extraction of blood viscosity by reducing systolic and diastolic 
blood pressure. It is used to calm the contractions in the muscles of the uterus, 
stomach, intestines, pain and antispasmodic pain, as well as the pain of the chest 
Pectoral and is an antidote to tapeworms and cylindrical [27]. As well as containing 
anthocyanin, which acts as an antioxidant because of its possession of phenols [28].

Rosella is also used as a Diuretic, tonic for heartbeat and for calming nerves. It is 
also important in the treatment of atherosclerosis, facilitating digestion of Dyspepsia, 
coughs, stimulation of bowel movement and the ability to stimulate the body to resist 
many intestinal diseases [29]. It also helps to heal ulcers and promote the growth of 
hair follicles. The ethanol extracts of leaves of Gujarat also contribute to the reduction 
of the accumulation of antilithiatic compounds formed in the kidneys, except for the 
oxalate compounds [30].

The researchers found that the extract of the leaves of the giraffes acts as an 
antibacterial agent, inhibiting the growth of sensitive and antibiotic-resistant bac-
teria. It is effective in killing the bacteria produced by the bacteriogenic bacteria of 
Bacillus and E. coli and the microbes that cause tuberculosis. It is used to nourish the 
muscles to prevent infection caused by Campylobacter bacteria and aerobes, as well 
as to prevent contamination caused by delay in fat metabolism by giving it to the cow 
embryo as well as for the treatment of fever and cholera diseases due to the acidity of 
algal tea (pH 3.5) [31].

Odigie et al. [32] found that injecting the human with a serum containing the 
extract of the leaf leaves of the Gujarat plant helped control the level of sugar in the 
blood and reduced the effect of atherosclerosis. Recent research by Essa et al. [33]. 
The red leaf extract has an effective effect on the levels of urea and ammonia by 
protecting the liver against the harmful effects of ammonium chloride and also pro-
tecting the liver from the levels of fat oxidation products such as HP (hydroperoxides) 
and AST (aspartate transaminase) radical.

Lin et al. [27] found that the use of sepals extracts resulted in lowering blood 
cholesterol (8.3–14.4%) after 1 month of study on a sample of 42 people at a rate of 
three times a day.

The findings of Mckay et al. [34] show that the almost daily intake of sepals 
reduces blood pressure in adults with high blood pressure, as it has proved to be 
beneficial in many dietary changes, including lowering cholesterol levels in the blood.

Research has also shown that eating Gujarat tea contributed to the treatment of 
anemia in humans Anemia [35] found that drinking this drink had multiple activities on 
certain biochemical properties in humans and was safe in reducing the disease, Is used 
in African folk medicine to this day as an antipyretic, anthelmintic, and oral infection as 
a local application of external wounds and in Iran is used to treat insomnia [36].

7. Food and industrial uses of rosella

The importance of the Gujarat plant lies in its many uses. It is an important food 
and industrial crop of high economic value in many countries of the world and is a 
good source of income. The different parts of the plant are used in many foods uses. 
Fresh and dried plant leaves are used in the preparation of hot and cold beverages. 
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Also in the manufacture of sweets and ice cream and ice cream, chocolate and ice 
mixtures for adding flavor and color to the food [37], and leaf leaves of the trees are 
also involved in several uses of food as the leaves of the green plant eaten fresh or 
cooked, It has a high nutritional value and is also used in the preparation of soups and 
salads, as well as in the preparation of spices as well as in some foods to add acid flavor 
to them [38]. On the other hand, cane seeds can be grounded or roasted to contain 
high protein, which is also a source of edible oil [39]. The seeds can also be used to 
prepare fodder crops for animals, especially sheep. The residues from the extraction 
of seed oil are also used to feed poultry and livestock, as well as to prepare fish food. 
The biological plant yield of leaves and fruits is also used with their contents in feed-
ing the animals.

The plant of Gujarat is one of the most important industrial plants. The plant is 
used in many important industrial applications. It is grown as a source of natural 
fibers, which are used in the manufacture of plastic bags, clothing, fishing nets, and 
ropes, as well as the user’s source in the preparation of industrial paper pulp [40]. The 
plant extracts are also used in the manufacture of cosmetics such as lipstick and food 
industries such as sweets and ice [41].

8. Conclusions

This study aims at understanding the importance of the Gujarat plant, it’s 
propagation and planting, the appropriate environmental conditions and its most 
important medical, industrial and agricultural uses. In the light of this study, we can 
conclude that the Gujarat plant is one of the most important medicinal plants and it is 
necessary to expand its cultivation and production because of its medical and indus-
trial importance. And to expand the extraction of medicinal compounds from it and 
its use in the pharmaceutical industries.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 5

Alkaloids as New Leads for 
Neurodegenerative Diseases
Farah Al-Mamoori and Ashraf M.A. Qasem

Abstract

Conventionally, diseases involving the selective loss of neurons are referred to 
as neurodegenerative diseases. Traditional and more recent compounds have been 
explored, but they only provide symptomatic benefits and have a large number of 
negative effects. It will be regarded as a modern vision if stronger molecules are 
found that can stop the pathophysiology of these diseases. In order to replace existing 
medications, natural compounds are being developed from plants and other sources. 
Natural products, including alkaloids that originate from plants, have emerged as 
potential protective agents against neurodegenerative disorders (e.g., Alzheimer’s 
and Parkinson’s), psychiatric conditions, and many more. They provided unique 
lead compounds for medicine. Alkaloids could be exploited as starting materials for 
novel drug synthesis or, to a lesser extent, used to manage neurodegenerative-related 
complications due to their diverse mechanistic effects. This chapter aims to highlight 
the importance of alkaloids as new leads for the development of potential clinical 
drug candidates for the management and treatment of neurodegenerative diseases.

Keywords: alkaloids, leads, neurodegenerative diseases, Parkinson’s disease, 
Alzheimer’s disease

1. Introduction

Neurodegenerative diseases are debilitating conditions that affect memory, 
cognition, mobility, and overall functioning. Although these diseases have diverse 
patterns of signs and symptoms, they have several characteristics: A high correlation 
with age, protein aggregation that is abnormal, and a natural history that is gradual 
and relentless. This group of illnesses is likewise distinguished by a slow beginning, 
with neuropathological alterations developing years before clinical manifesta-
tion [1]. Instances of neurodegenerative diseases include: Alzheimer’s disease and 
Parkinson’s disease.

Worldwide, dementia affects more than 25 million people, the majority of whom 
have Alzheimer’s disease. It has had a significant influence on affected individuals, 
carers, and society in both developed and developing countries [2]. The abundance of 
experimental and clinical evidence suggests that Alzheimer’s disease is a complicated 
disorder characterized by extensive neurodegeneration of the central nervous system 
with significant involvement of the cholinergic system, resulting in gradual cognitive 
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decline and dementia [3]. New approaches, such as the detection of amyloid-beta 
(Aβ) and tumor necrosis factors (NFTs), lead to the amyloid and tau theories as 
potential causes of Alzheimer’s development. Multi-target compounds that inhibit 
cholinesterases while also interfering with Aβ- aggregation and/or tau protein neu-
roinflammation may be effective in the treatment of Alzheimer’s disease. Natural 
compounds, particularly plant alkaloids, have been a steady supply of innovative 
choices for the treatment of Alzheimer’s disease. For example, the prototype of 
rivastigmine, physostigmine (Physostigma venenosum), is an cholinesterase enzyme 
inhibitors (IChE) inhibitor and allosteric modulator of the central nicotinic receptor. 
Galanthamine (Galanthus woronowii) is a selective acetylcholinesterase inhibitor, an 
allosteric modulator of the central nicotinic receptor, an inhibitor of Aβ aggregation, 
and an inducer of hippocampus neurogenesis [4]. Alkaloids have been one of the 
most appealing classes for searching for novel medications since the release of the 
Amaryllidaceae alkaloid as a drug in 2001 [3].

Parkinson’s disease is the neurodegenerative disease with the second-highest prev-
alence. The age-adjusted prevalence was 205.89 per 100,000 people. The prevalence 
of advanced Parkinson’s disease increased with age, from 3.77% in the 40–49 year 
age group to 25.86% in those over 89 years [5]. The development of pharmacotherapy 
for Parkinson’s disease in terms of historically significant plant-derived substances, 
Atropa belladonna (deadly nightshade), Hyoscyamus niger (henbane), and Datura stra-
monium (thorn apple or jimsonweed), includes large amounts of pharmacologically 
potent anticholinergic tropane alkaloids (atropine, hyoscyamine, and hyoscine) [6].

Alkaloids, the main natural medicinal source, are a little-explored component of 
plant chemistry. They are cyclic organic compounds with at least one nitrogen atom 
[7]. The majority are biologically active. Alkaloids can be classified based on their 
ring chemistry or the amino acid from which they are formed [8]. The richness of 
alkaloid content varies between plant species, but most include a variety of these 
substances that are different in both their molecular structure and the biology of their 
effects. Individual plant alkaloid levels vary by component, life cycle, and season 
[9]. According to a review, 84% of medications licensed for central nervous system 
indications are derived from naturally occurring compounds [10].

Historically, the pharmaceutical industry originated from traditional plant medi-
cal knowledge. Natural scaffolds share molecular characteristics that can improve 
affinity with receptor binding sites. Natural structures confer more chirality (result-
ing in unique D- and L- stereoisomers) and more rigidity (due to ring conformations) 
than fully synthesized agents [10]. These chemicals can also go through the blood-
brain barrier more easily. Because of evolutionary links between plants and mammals, 
natural products and natural-inspired medications may have a favorable influence on 
neurotransmitter systems [6]. This chapter summarizes the role of alkaloids in the 
management and treatment of neurodegenerative diseases and identifies them as lead 
compounds in the development of potential clinical drug candidates (Table 1).

2. Plant alkaloids as new leads for neurodegenerative diseases

2.1 Purine alkaloids: Theacrine

Some plants, like tea, coffee, chocolate, and mate, make purine alkaloids like 
caffeine, theobromine, theophylline, 7-methylxanthosine, and theacrine. The 
alkaloid theacrine is found in Camellia kucha, which is in the family Theaceae. 
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The leaves of C. kucha contain both theacrine (1) and caffeine. Theacrine (1) is 
thought to be made from caffeine through an N-methyltransferase process that uses 
S-adenosyl-L-methionine (SAM) as a methyl donor. Theacrine (1) is an adenosine 
receptor blocker that speeds up movement and makes people feel less tired. In 
animal models of Parkinson’s disease, theacrine (1) stops the loss of dopaminergic 
cells and changes in behavior by reducing oxidative damage and mitochondrial 
dysfunction (Figure 1) [11].

2.2  Isoquinoline alkaloids: Berberine, avicine, chelerythrine, sanguinarine, and 
aromoline

The isoquinoline alkaloids include, most famously, the opiates morphine and 
codeine, as well as berberine. Berberine (2) is an alkaloid found in the roots, 
rhizomes, stems, and bark of several medicinal plants, including Berberis, Coptis 
chinensis, Phellodendron amurense, and Hydrastis canadensis. Berberine significantly 
reduced nucleotide-binding domain, leucine-rich–containing family, pyrin domain–
containing-3(NLRP3) inflammasome levels in Parkinson’s disease mic [27].

Moreover, avicine (3) is an alkaloid isolated from Zanthoxylum rigidum (Rutaceae 
family). It is the most effective dual cholinesterase inhibitor, with IC50 values of 0.15 
and 0.88 M for both AChE and BuChE, respectively [12]. Chelerythrine (4) and 
sanguinarine (5) are the main active ingredients of Macleaya cordata (Papaveraceae 
family) [28]. These bioactives inhibit cholinesterase activity extremely well [13]. 
Aromoline (6), an isoquinoline alkaloid, was extracted from the root bark of Berberis 
vulgaris (Berberidaceae family), where it showed a significant inhibitory activity 
against human Butyrylcholinesterase (BuChE) with an IC50 = 0.82 ± 0.10 μM [14]. 
The therapeutic potentiality of aromoline (6) is worthy of further investigation, as 
the computational analysis supports its high affinity and selectivity for the active site 
of human BuChE (Figure 2).

2.3 Indole alkaloids: Geissoschizoline and conophylline

Indole alkaloids have been found in many well-known plant groups, such as 
Apocynaceae, Rubiaceae, Nyssaceae, and Loganiaceae. Researchers think that indole 
alkaloids may have brain effects because they have the same structure as endogenous 
amines and neurotransmitters. Several substances with an indole group have been 
shown to bind to different serotonin receptors [29, 30].

Geissoschizoline (7) is an alkaloid isolated from Geissospermum vellosiiemerges 
(Apocynaceae family) as a possible multi-target prototype that can be very useful in 
preventing neurodegeneration and restoring neurotransmission [15].

Figure 1. 
Theacrine (1).
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Figure 2. 
Berberine (2), avicine (3), Chelerythrine (4), sanguinarine (5), and Aromoline (6).

Figure 3. 
Geissoschizoline (7) and Conophylline (8).
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Neurodegenerative diseases are caused by nerve cell degeneration or death, 
and it was reported that autophagy is crucial for the prevention of such diseases. 
Conophylline (8), isolated from Ervatamia microphylla (Apocynaceae family) leaves, 
was found to activate autophagy and suppress protein aggregation to protect the 
neural cells from cell death (Figure 3) [16].

2.4 Quinazoline alkaloids: Vasicinone and dehydroevodiamine

Quinazoline alkaloids belong to the N-based heterocyclic chemical class. To date, 
around 150 naturally occurring quinazoline alkaloids have been isolated from vari-
ous plant species as well as animals and microbes; many are biogenetically generated 
from anthranilic acid. Vasicine was the first quinazoline alkaloid discovered, isolated 
from Adhatoda vasica (Acanthaceae family) and later from additional species [31]. 
Vasicinone (9), is a vasicine autooxidation product. It demonstrates a neuroprotective 
mechanism in paraquat-induced Parkinsonian modalities in SH-SY5Y cells [17].

Dehydroevodiamine (10) is one of the bioactive components of Evodiae 
Fructus (Rutaceae family), which is widely used in traditional Chinese medicine. 
Evodiae fructus (Wuzhuyu in Chinese) is traditionally used for the treatment of 
various conditions, including migraine and central nervous system diseases [18]. 
Dehydroevodiamine (10) is the main component of Evodiae fructus for its neuropro-
tective action. Dehydroevodiamine (10) is highly permeable through the blood brain 
barrier and has a protective effect on Alzheimer’s disease through its inhibitory effect 
on acetylcholine esterase (AChE). Clinical results on dehydroevodiamine (10) suggest 
that it’s a potential drug candidate for stress-induced depression, neuronal death, and 
memory impairment [18].

In addition, chemical modification of dehydroevodiamine (10) results in carboxy-
dehydroevodiamine. HCl (cx-DHE), which has a better water solubility, bioavailabil-
ity, and effect on memory impairment. Through several clinical models in mice, the 
results suggested that cx-DHE is a promising drug candidate that could prevent the 
progression of Alzheimer’s disease pathology (Figure 4) [18].

2.5 Protoalkaloids: Capsaicin

Capsaicn (11) is a pungent and irritant alkaloid isolated from Capsicum 
 annuum (Solanaceae family). It’s considered a protoalkaloid as it has 

Figure 4. 
Vasicinone (9) and Dehydroevodiamine (10).
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non-hetercyclic nitrogen that comes from the amino acid precursors (phenylalanine 
and valine) [19].

It was previously reported that consumption of a capsaicin-rich diet was associ-
ated with better cognition. A recent study found that capsaicin (11) has a preventive 
effect on Alzheimer’s disease by promoting the maturation of disintegrin and metal-
loproteinase 10 and also alleviating other Alzheimer’s disease-type pathologies, such 
as neurodegeneration, tau hyperphosphorylation, and neuroinflammation [19]. These 
results suggest that supplementation with capsaicin (11) and chili peppers could be 
useful for the prevention and treatment of Alzheimer’s disease. In addition, capsaicin 
(11) was found to protect the neural cells and reduce apoptosis by down-regulating 
Actg1 and up-regulating Gsta2 in the 6-6-hydroxydopamine (6-OHDA)-induced 
Parkinson’s disease cell model (Figure 5) [20].

2.6 Carbazole alkaloids: Clauselansiumines A and B

Clauselansiumines A (12) and B (13) are two new geranylated carbazole 
 alkaloids found in the stem and leaves of Clausena lansium (family Rutaceae). The 
alkaloids were unambiguously determined by spectral analysis, and their neuropro-
tective effect for Parkinson disease was tested against 6-hydroxydopamine induced 
cell death in human neuroblastoma and compared with curcumin as a positive 
control [21].

Clauselansiumines A (12) and B (13) displayed significant neuroprotective activ-
ity with an EC50 equal to 0.48 ± 0.04 μM and 0.98 ± 0.08 μM, respectively, which is 
more potent than the positive control that possessed an EC50 value of 6.03 ± 0.10 μM.

The structure activity relationship studies of clauselansiumines A (12) and B (13) 
and other geranylated carbazole alkaloids highlight the importance of the isopentenyl 
group at C-2′ and the methoxy group at positions 7 and 8 for the neuroptotective 

Figure 5. 
Capsaicin (11).

Figure 6. 
Clauselansiumines A (12) and B (13).
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activity [21]. In conclusion, the geranylated carbazole alkaloids separated from 
C. lansium could be considered promising candidates for therapeutic purposes in 
Parkinson’s disease and other neural degenerative diseases (Figure 6).

2.7 Aporphine alkaloids

Aporphine alkaloids are a group of naturally occurring compounds with 
an  aporphine nucleus isolated from several plant families such as Annonaceae, 
Papaveraceae, Ranunculaceae, and others. Recent work on the roots of Artabotrys 
spinosus (Annonaceae family) yielded the isolation of several aporphine alkaloids, of 
which two compounds (14) and (15) showed promising inhibitory activity towards 
AChE and BChE [22]. The in silico study confirmed the experimental results and 
supported the idea that compounds (14) and (15) are potential candidates for the 
treatment of Alzheimer’s disease (Figure 7) [22].

2.8  Norditerpenoid alkaloids (C18 and C19): Lappaconitine, 3-O-acetylaconitine, 
bulleyaconitine A, and methyllycaconitine

The majority of norditerpenoid alkaloids (NDAs) are isolated from the genera 
Delphinium and Aconitum, and they are of pharmacological importance. NDAs 
have a complex hexacyclic structure (A, B, C, D, E, and F). Despite the chemical 
similarity between NDAs, they display various pharmacological actions, and such 
variety encourages researchers to work on their structure activity relationship [23]. 
Lappaconitine (16) is the first C18 NDA to be reported from Aconitum septentrionale 
Koelle in 1895 and the most successful NDA in terms of clinical application [23]. 
Lappaconitine (16) acts as a voltage gated sodium channel blocker and has a potent 
non-addictive analgesic effect that is comparable to morphine with an ED50 = 3.5 mg/
kg [24]. The structure activity relationship studies highlight the importance of the 
benzoyl ester moiety and the amide group for the activity [23]. Based on the lap-
paconitine structure activity relationship, several lappaconitine (16) analogues were 
synthesized by replacing the amide moiety with different amides and sulphonamides; 
this strategy was successful in getting lead compounds as potential analgesics with 
comparable activity and lower toxicity to lappaconitine (16) [25].

3-O-acetylaconitine (17) and crassicauline A (18) are C19 NDAs isolated from 
Aconitum spp. They have a similar chemical structure to lappaconitine (16) but 
display an opposite pharmacological action as they keep VGSCs in their open state 

Figure 7. 
Aporphine alkaloids (14) and (15).
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conformation, and they exhibit a non-addictive potent analgesic activity that is 
comparable to morphine, where 3-O-acetylaconitine (17) and crassicauline A (18) 
have ED50 values of 0.16 and 0.087 mg/kg, respectively. 3-O-acetylaconitine (17) and 
crassicauline A (18) were introduced in China into clinical use in the 1980s as analge-
sic agents [23].

Methyllycaconitine (MLA) (19) is a C19 alkaloid that was first reported from 
Delphinium brownii Rydb by Manske in 1938. Methyllycaconitine (19) is one of 
the most potent competitive antagonists of α7-nicotinic acetylcholine receptors 
(nAChRs) with an IC50 value of 2 nM [23]. As the total synthesis of MLA (19) has not 
been achieved yet, the synthesis of simple small analogues could be useful to achieve 
better structure activity relationship understanding and possibly to identify poten-
tial candidates for the treatment of several neurodegenerative diseases, including 
Alzheimer’s disease.

Structure activity relationship studies on MLA (19) showed that the neopentyl 
ester side-chain and the piperidine ring N-side chain are important features in MLA 
(19) activity [26]. The synthesis of several AE-bicyclic analogues of MLA (19) was 
reported recently, possessing different nitrogen and ester side chains. The antagonist 
effects of these analogues on human α7 nAChRs showed promising results that 

Figure 8. 
Lappaconitine (16), 3-O-Acetylaconitine (17), Crassicauline A (18), and Methyllycaconitine (19).
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suggest that further optimization and research may enhance the activity of this 
analogue model (Figure 8) [26].

3. Conclusion and future perspective

There are many drugs that have been used to treat neurodegenerative illnesses, 
but none of them have been able to prevent the disease from getting worse. Instead, 
they have caused a lot of side effects. Several neurodegenerative illnesses can be 
treated with natural alkaloids that continue to grow stronger. Analysis of the physi-
cochemical properties of alkaloids showed that most of them follow the Lipinski 
rules of drug likeness. But only a few alkaloids are widely used in clinical practice. 
Because natural alkaloids give patients hope that neurodegenerative diseases can be 
slowed down, it is very important to plan clinical trials for these kinds of compounds 
that have not even been tried in clinical trials yet. Also, the blood-brain barrier is a 
key component of keeping substances from going into the brain, and it needs more 
attention. Meanwhile, it’s easy to see why the development of possible candidates into 
therapeutic leads has stalled because of problems with compounds that come from 
nature, such as low extraction yields and safety profiles. More studies have to be done 
on them before they can be used as therapeutics.
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Abstract

The investigation of plants used in traditional medicine in the early nineteenth
century found alkaloids have developed into a group of natural products with excep-
tional structural and taxonomic diversity, as well as important chemical, biological,
and medicinal importance. Since the early twentieth century, only a few routes have
been thoroughly explored, and researchers have struggled to grasp their biogenesis
and biosynthesis. Even for many pharmaceutically important alkaloids, there is still
much to learn about how alkaloids are generated in nature, despite recent enzymatic
efforts that have significantly advanced our understanding of this process. Certain
aspects of empirically determined or speculated mechanistic routes of alkaloids crea-
tion are explored, with an emphasis on clinically relevant alkaloids.

Keywords: alkaloids, synthesis, plants, therapeutic, natural products, traditional
medicines

1. Introduction

Alkaloids are organic compounds that are naturally occurring and are primarily
found in plant sources, such as marine algae, and rarely in animals (e.g., in the toxic
secretions of fire ants, ladybugs and toads). They are predominantly located in
berries, bark, fruits, roots, and leaves of plants that produce seeds. Alkaloids often
have a heterocyclic ring with at least one nitrogen atom [1].

Since their discovery and early isolation in the nineteenth century, alkaloids have
attracted the attention of chemists’ imaginations, creative energies, and very souls.
They are still actively sought after because of their astounding and seemingly unlim-
ited structural variety, the challenges their synthesis poses to even the most skilled
and knowledgeable organic chemists, the range of biological reactions they supply,
and the profusion of innovation and acrobatics in the routes of biosynthetic creation.
In the past 200 years, no other group of natural compounds has stimulated both
chemists and biologists [2]. The “principium somniferum” that Serturner isolated
from opium and published in the Journal für Pharmazie in 1805 was most likely the
first semi-purified alkaloid. However, it was because to the work of French scientists
Pelletier and Caventou that alkaloids truly came of age. Following their successful
separation of emetine in 1817, they isolated brucine, quinine, and strychnine between
1819 and 1821. Piperine, atropine, caffeine, solanine, chelidonine, coniine, nicotine,
aconitine, and colchicine were all identified before 1833 as a result of other chemists
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taking on the challenge of researching the components of physiologically relevant
plants [3]. By the time Berzelius’ Lehrbuch der Chemie was published in 1837, the
Swedish chemist had identified thirteen “Pflanzenbasen.” Coke was discovered in
1860, and spartine in 1851. Thirteen “Pflanzenbasen” had already been recognised by
Berzelius by the time his Lehrbuch der Chemie was published in 1837. However, it has
remained difficult to define what an alkaloid is, thus no attempt will be made here to
close the apparent gap. Despite not being polypeptides, proteins, or nucleic acids, they
do contain nitrogen [4, 5]. A common reason why most alkaloids are optically active is
that they contain tertiary nitrogen in their structural makeup. This leads to varied
physical, chemical, and pharmacological properties in the various isomeric forms. For
example, (+)-tubocurarine, which was isolated from Chondrodendron tomentosum
(Bisset, 1992), has muscle-relaxant activity, whereas its leavo isomer has less
activity [2].

It has given a very helpful overview of alkaloids and their role in biology and
medicine [6]. Higher plants, particularly those with medical purposes or a reputation
for being exceedingly deadly, provided the first isolates of alkaloids. In the late
twentieth century, “alkaloids” were isolated from a wide variety of terrestrial and
marine sources, including frogs, arthropods, mammals, insects, sponges, fish, fungus,
and bacteria, as well as, of course, Homo sapiens, as the natural world was being
chemically explored. The number of known alkaloids from higher plants alone has
increased to at least 22,000, meaning that the sum from all sources is currently likely
to be more than 30,000 [7]. Alkaloid isolations from the beginning were done before
stereochemical concepts and the three-dimensional character of compounds were
formed, before there was an understanding of the intricacy of molecular structure.
The development of methods for figuring out the precise structures of these
alkaloids—first via chemical analysis, then spectroscopy—posed one of the main
difficulties over the following 160 years [8, 9]. In 1882, the structure of the first
known alkaloid, xanthine, was discovered. The initial synthesis of alkaloids was
published by Ladenburg, (+)-coniine, in 1886. Chemical deterioration under difficult
circumstances was frequently engaged in structure determination. The result is, the
core heterocyclic nucleus was occasionally the only one to survive, and this provided
the foundation for the new field of organic chemistry known as heterocyclic nuclei.
For instance, isolating quinoline from quinine by distilling it with KOH and indigo
provided indole [10, 11]. Many of the alkaloids were extremely complicated structur-
ally and stereochemically, making it difficult to determine their structure or
synthesise them. Notwithstanding the fact that the indole alkaloid strychnine was
discovered in 1818, it was not completely understood until 1947, and its synthesis was
initially described by Woodward in a 1954 publication. On the other hand, Robinson
successfully synthesised the crucial tropane nucleus in 1917 following what turned out
to be biogenetic lines. However, it took a long time before this philosophical idea
inspired the biogenetically-patterned synthesis of a wide variety of alkaloids [12, 13].
Synthesis and biogenesis advanced hand in hand in this setting, strengthened at key
points by biosynthetic experiments, beginning with radioactive isotopes and after-
wards the use of stable isotopes. Following these discoveries, an effort was made to
identify, describe, and determine the genes and enzymes in charge of producing
alkaloids inside the organism and within its cellular structure. However, testing is still
far behind the ideas of spontaneous creation [14]. As a result, it is quite evident that
“biogenesis” refers to theoretical ideas about the method of development of a natural
product, whereas “biosynthesis” refers to the experimental confirmation of such
pathway (feeding experiments with precursors, enzyme isolations and
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characterizations, etc.) [15]. For all but a few classes of alkaloid, experimentation has
not yet surpassed theory, as will be shown in this chapter. As more and more alkaloid
structures were revealed, it became necessary to divide “alkaloids” into different sub-
groups and analyse each of these groups separately. The “The Alkaloids, Chemistry
and Pharmacology” series of publications, edited by R.H.F. Manske, was first released
in 1950 and is still in print today. Alkaloids were categorised on the basis of their
structural makeup, and groups of alkaloids were given names based on the heterocy-
clic nucleus of their parent compound, such as tropanes, indole alkaloids, isoquinoline
alkaloids, benzylisoquinoline alkaloids, acridine alkaloids, steroidal alkaloids, etc. [16].
As it turned out, these categories also often—though not always—reflected a shared
biosynthetic origin. For instance, the amino acid tryptophan, which has an indole
nucleus, would provide an indole alkaloid. These alkaloid group names often still
reflect a fundamental structural component as well as a shared biosynthetic source
[17]. However, it is not suitable to designate them as “piperidine” or “quinoline”
alkaloids because a large number of heterocyclic nuclei, such as the piperidine and
quinoline nuclei, are known to have numerous biosynthetic origins. On the other
hand, higher plants contain alkaloids at a rate of 14.2%, as indicated by plant genera.
The 83 higher plant orders identified by Cronquist were examined by Cordell, Quinn,
and Farnsworth and found to be the case (1730 of 7231). Though none have been
isolated as of yet, alkaloids have been discovered in over 35 higher plant groupings. In
addition, the alkaloids of 153 plant groups have never been examined [18]. Over 1870
alkaloid skeletal were recognised at that time, and over 21,120 alkaloids had their
structural makeup established. These are the twenty most important: Apocynaceae,
Asteraceae, Berberidaceae, Boraginaceae, Buxaceae, Celastraceae, Fabaceae,
Lauraceae, Liliaceae, Loganiaceae, Menispermaceae, Papaveraceae, Piperaceae,
Poaceae, Ranunculaceae, Rubiaceae, Rutaceae, and Solanace. There was a great deal of
conjecture about the formation of alkaloids and the interactions between alkaloid
groups before there was any actual evidence that alkaloids were derived from amino
acids. Organic chemists took the lead when biosynthetic experimentation started in
the early 1950s following the introduction of radio-labelled precursors, with groups
led by Birch, Barton, Battersby, Arigoni, Scott, Spencer, and Leete who clarified many
crucial fundamental alkaloid biosynthetic pathway elements [19]. When it became
apparent, roughly 20 years ago, that research at the cellular and then enzyme levels
was required, and from there to the cloning and expression of systems that could
generate alkaloids ex situ, the groups of Zenk, Stöckigt, Kutchan, Robins, Yamada,
and Verpoorte took the lead. The study of alkaloid biosynthesis from a regulatory and
metabolic engineering approach has now entered a new phase. Leaders in this cir-
cumstance have included Kutchan, Facchini, and Yamada. Up until recently, Richard
Herbert’s heroic efforts allowed The Royal Society of Chemistry to publish Natural
Products Reports, a review magazine that provided excellent coverage of this area of
natural product chemistry and biology. Three significant reactions serve as the foun-
dation for the biosynthesis of alkaloids: the Pictet-Spengler condensation, the
Mannich reaction of a Schiff base with a nucleophile, and the phenolic coupling
reaction. Before going over some of the amazing pathways that lead to the diversity of
alkaloids, it is important to review these three reactions [20]. Alkaloids have long been
thought to be crucial for humans, despite the fact that they are secondary metabolites,
which might imply that they are useless. In very little quantities, alkaloids exhibited
potent biological influences on human and animal species. Alkaloids are found in food
and drink used by humans every day, as well as in several stimulant medications
(Figure 1) [21].
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2. Occurrence

While alkaloids often present in all sections of a plant, they occasionally concen-
trate solely in one organ, leaving other parts of the plant free of them. For example,
The potato plant’s edible tubers are free of alkaloids, but its green parts are poisonous
because they contain solanine. Alkaloids are not always synthesised in the organ in
which they collect; for example, Tobacco’s roots are where nicotine is produced before
being carried to the leaves, where it is subsequently found. (Harborne and Herbert,
1995). In the epidermis of a human, about 300 alkaloids from over 24 classes have
been discovered. The Phyllobates genus of frogs’ skin was the source for the lethal
neurotoxic alkaloids. Daly, (1993) separated different antibacterial alkaloids from
reptile skin. Some isoquinoline and indole alkaloids were includes mammalian mor-
phine but is segregated from them. The human diet includes several alkaloids in both
food and beverages. The plants in the human diet in which alkaloids are present are
not only coffee seeds, caffeine (Figure 2) [22].

3. Medicinal significance

Alkaloids have a variety of medicinal uses. Despite the fact that many of them
exhibit local anaesthetic properties, they rarely have therapeutic uses. One of the most

Figure 1.
Structure of atropine.

Figure 2.
Structure of caffeine.
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well-known alkaloids that has been utilised for medical purposes both historically and
currently is morphine. This alkaloid is a strong narcotic that can only be used in small
doses to treat pain due to its addictive properties [1].

Medicine has used alkaloids having hallucinogenic, narcotic, or analgesic charac-
teristics, such as morphine, atropine, and quinine. While many alkaloids are abused as
illegal substances, such as cocaine, For modern synthesised medications, several alka-
loids served as model substances. Some alkaloids, such as strychnine and coniine, are
too poisonous for any medicinal use. Additionally, new biologically active chemicals
are continually being discovered in the plant. The drug atropine (Mann et al., 1994)
relaxes smooth muscles and expands the eyeballs’ pupils. Papaverine, a compound
isolated from Papaver somniferum, has been shown by Pictet and Gums (1909) to have
relaxing effects on blood vessel smooth muscle as well as intestinal and bronchial
smooth muscle. Strong painkiller morphine is frequently prescribed to individuals
with terminal illnesses. Although less strong, codeine performs similar pharmacolog-
ical processes as morphine. Heroin is a highly addictive synthetic morphine derivative.
As a particular analgesic, ergotamine (Figure 3) in the form of ergotamine tartrate
coupled with caffeine is used to treat migraines [1].

4. Quinolines alkaloid

This particular type of quinolone-nucleus carrying alkaloid is only found in the
bark of the Cinchona plant. However, a number of simple heteroaromatic quinolines
have also been discovered in a number of marine sources. (2-heptyl-4-
hydroxyquinoline from a marine pseudomonad and 4, 8-quinolinediol from
cephalopod ink 2-heptyl-4-hydroxyquinoline from a marine pseudomonad). The pri-
mary alkaloids in this group include cinchonine, cinchonidine, quinine, and quinidine
(Figure 4).

4.1 Quinoline alkaloid synthesis

The cross coupling of phenyl magnesium bromide with 2-chloroquinoline product
I, which was catalysed by cobalt (II) acetylacetonate in dioxane at 50°C, resulted in
the alkaloid in a 74% yield. By heating acetophenone with 2- aminobenzyl alcohol
product (II) in dioxane in the presence of the catalyst for oxidation [Ru(DMSO)4]Cl2

Figure 3.
Structure of ergotamine.
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(2 mol%) and benzophenone as a hydrogen scavenger, the product was produced in
94% yield. In toluene at 100°C, molecular oxygen and hydrotalcite with ruthenium
grafts, a multifunctional heterogeneous catalyst, have also been used to achieve this
oxidative cyclisation in 89% yield. Reducing the titanium tetrachloride, zinc, and
malononitrile-2-nitrochalcone adduct iii in boiling tetrahydrofuran resulted in the
production of 2- phenylquinoline in a 78% yield. Finally, ytterbium (III) triflate in
dichloromethane was used to achieve the three-component condensation of aniline
with benzaldehyde and phenyl vinyl sulphide to yield 2-phenyl-4-phenylthio-1,2,3,4-
tetrahydroquinoline 40 at room temperature .32 The alkaloid was subsequently pro-
duced in an overall yield of 23% by oxidising product iv with solid-supported
periodate and thermolyzing the intermediate sulfoxide. These five adaptable methods
were also used to create a variety of synthetic 2-phenylquinoline analogues, so they
ought to work just as well when creating additional straightforward 2-arylquinoline
alkaloids of related interest is the oxidation of 2-aryl-2,3-dihydroquinolin-4(1H)-ones
such as product v with ferric chloride hexahydrate in boiling Methanol is used to
produce 2-aryl-4-methoxyquinolines, including the naturally occurring compound
2-phenyl-4-methoxyquinoline vi, which was produced with a 78% yield [23].

4.2 Reagents and conditions in Quinoline alkaloid synthesis

i. PhMgBr (3 equiv.), Co(acac)2 (0.1 equiv.), dioxane, 50°C, 30 min (Figure 5);

ii. [Ru(DMSO)4]Cl2 (2 mol%), Ph2CO (1 equiv.), KOH (1 equiv.), dioxane,
80°C;

iii. Ru-grafted hydrotalcite–NEt3 (3 mol% in Ru), O2 (1 atm), PhMe, 100°C, 20 h;

iv. TiCl4 (4 equiv.), Zn (8 equiv.), THF, reflux, 3 h, then 39, rt., 4 h;

v. Yb (OTf)3 (0.05 equiv.), MgSO4, CH2Cl2, rt., 18 h;

vi. IO4 � on Amberlyst, dioxane– H2O, rt., 4 h, then 80°C, 18 h;

vii. FeCl3�6H2O (2.5 equiv.), MeOH, reflux 2.5 h.

Figure 4.
Structure of quinine.
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5. Isoquinoline alkaloids

There are a few categories of isoquinolinoid marine alkaloids, however
the majority of higher plants, isoquinoline alkaloids are present. The fundamental
structural element is the isoquinoline nucleus. Numerous therapeutic effects, these
particular alkaloids contain substances that have antiviral, antifungal, anticancer,
antioxidant, antispasmodic, and enzyme inhibitory properties. Morphine and codeine
are the two most significant and extensively studied isoquinoline alkaloids. They
originate from tyrosine or phenylalanine.

They are produced using a ketone or an aldehyde and the precursor of dopamine
(3, 4-dihydroxytryptamine). These alkaloids are further divided into the following
categories: Simple isoquinoline alkaloids, such as salsoline and mimosamycin;
benzylisoquinoline alkaloids, such as reticuline and imbricatine; bisbenzylisoquinoline
alkaloids, such as fumaricine; manzamine alkaloids, such as manzamine a; pseudoben-
zylisoquinoline alkaloids, such as polycarpine and ledecorine; and secobisbenzyliso-
quinoline.

A vast family of naturally occurring substances known as isoquinoline alkaloids
exhibits a wide variety of structural variation as well as biological and pharmacological
activity. Much work has been done over the past 10 years to develop efficient syn-
thetic methods to obtain these alkaloids in chiral nonracemic form. There have been a
variety of approaches used that rely on diastereoselective or enantioselective catalytic
processes For a very long time, isoquinoline alkaloids have been important targets for
chemical synthesis, both as a source of intellectual challenge and as substances with
potential medical value.

Recently, chiral N-sulfinyl β-arylethylamines have been employed as substrates for
the asymmetric synthesis of isoquinoline alkaloids.72,73 The Mexican�Spanish
team72 in a short and efficient synthesis of (+)-crispine A (177) applied sulfinamide

Figure 5.
Quinoline alkaloid synthesis.
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193, which was prepared from β-3,4-dimethoxyphenylethylamine and (S)-menthyl p-
toluene sulfinate as the starting compounds [1].

5.1 Using chiral Oxazoloisoquinoline 794 and Arylmagnesium bromide as a
substrate, (S)-(+)-Cryptostyline II (793) is synthesised

By cyclocondensing 4,5-dimethoxy-2-vinylbenzaldehyde with (R)-
phenylglycinol in Asao’s method, the main substrate, the oxazoloisoquinoline,
was produced in 72% yield as a 93:7 combination of diastereomers and used for
the synthesis of (S)-(+)-cryptostyline II (Figure 5). Thus, the reaction of 794
with 3, 4-dimethoxyphenylmagnesium bromide produced addition product 797,
from which, after the chiral inductor was removed and N-methylation was
performed, the target alkaloid 793 was recovered with 96% in 57% overall yield
(Figure 6).

Amat’s group employed it as a substrate for the synthesis of C-1-substituted
tetrahydroisoquinoline derivatives (Figure 6), including alkaloids, starting with
oxazolotetrahydroisoquinolone 795 made from aldehyde ester 796 and
(R)-phenylglycinol in 58% yield (Figure 5). As a result, the reaction of 795 with the
proper Grignard reagents produced addition products 798, which were separated
as single isomers in a yield of 49–63%. (Figure 7) Removal of the N-chiral
auxiliary led to lactam 799, in which reduction of the lactam carbonyl fulfilled
the synthesis of five alkaloids: (�)-salsolidine (559), (�)-O,O-dimethylcoclaurine
(ent-581), (�)-norcryptostyline II (ent-245), norcryptostyline III (558), and
(�)-crispine A (ent-177) [24].

6. Indole alkaloids

Terpenoid indole alkaloids are present in a large number of plant species from the
families Apocynaceae, Loganiaceae, Rubiaceae, and Nyssaceae (TIAs). TIAs are a
broad class of structurally varied molecules that include substances with interesting
pharmacological properties. The anti-neoplastic drugs vincristine and vinblastine, the
anti-hypertensive drugs reserpine and ajmalicine, as well as the anti-arrhythmic drug
ajmaline, are only a few of the terpenoid indole alkaloids used in modern medicine.
The intermediate strictosidine, which is created by combining the amino acids

Figure 6.
Synthesis of Cryptostyline II.
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tryptamine and secologanin, which are respectively generated directly from the
amino acid tryptophan and indirectly from (10-hydroxy-) geraniol, is essential to the
biosynthesis of all terpenoid indole alkaloids [25].

7. Retrosynthetic analysis of arbornamine (monoterpene indole alkaloid)

Arbornamine (1) is a monoterpene indole alkaloid that was discovered in 2016 by
Kam and co-unique from a Malayan Kopsia arborea. It has a unique 6/5/6/5/6
“arbornane” skeleton that is different from those of the eburnane and tacaman classes
families (Figure 8).

Arbornamine’s (1) retrosynthesis calls for the worldwide Pentacyclic lactam 4 is
reduced and produce the amino moiety and hydro Xymethine group. It was believed
that the pentacyclic lactam 4 would result from a reductive Heck cyclization of vinyl
iodide 5.4. The tetracyclic-lactam 6 would result from a The tryptamine derivative 75
and the dimethyl ester 8 of 2-ketoglutaric acid undergo Pictet-Spengler cyclization/
intramolecular ammonolysis. The unsaturated tetracyclic-lactam 5 may then created
from there. The tryptamine Nb-nitrogen atom has a protecting group called a benzyl
group. An undesirable regioisomeric -lactam 9 makes this design strategically impor-
tant. In the foregoing one-pot reaction, it might have been produced if the free
tryptamine had been employed.

We started our synthesis with a key cascade cyclization. According to Figure 6,
The tetracyclic -lactam 6 was isolated in a yield of 73% by heating benzyl
tryptamine 7 with dimethyl ester 8 and 2 equiv. of TFA in refluxing toluene. Using
Pearlman’s catalyst, �lactam 6 was first hydrogenolyzed under atmospheric pressure to
produce vinyl iodide under the circumstances required for the Nb-nitrogen atom’s

Figure 7.
Synthesis of Norcryptostyline. Grignard reagent reaction of Oxazolotetrahydroisoquinolone 795 with a series of
1-substituted Isoquinoline Alkaloids.
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benzyl protective group to be removed and transform it into 11. Thereafter, easily
reachable The product was alkylated with (Z)-1- bromo-2-iodobut-2-ene7 to create
vinyl iodide 11.

To produce arbornamine, it was globally reduced using lithium aluminium hydride
(1). Both the methyl ester and the -lactam have been decreased during this process.
The great facial selectivity of -lactam reduction was most likely related to the C-3
methyl ester’s top-side shielding action, which allowed the hydride to approach from
the bottom side. The synthetic sample’s NMR results match those from the literature.
As a result, we have created a brief initial method for arbornamine (1), a recently
identified monoterpene indole alkaloid, to be completely synthesised. Six steps were
all that it took to complete the synthesis, which had a 31% total yield. With the
exception of the phase where the N-benzyl protecting group is cleaved, which is used
deliberately to prevent the creation of the undesirable product, each step is effective
in increasing molecular complexity.

Figure 8.
Synthesis of monoterpene indole alkaloid.
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Our synthesis got underway with a critical cascade cyclization. According to above
Synthetic pathway, the tetracyclic -lactam 6 was isolated with a yield of 73% the
benzyl tryptamine 7 is heated along with the dimethyl ester 8 and two equivalents of
TFA in refluxing toluene. At room temperature and pressure, �lactam 6 was first
hydrogenolyzed with Pearlman’s catalyst to produce vinyl iodide, which was then
applied to remove the benzyl protecting group from the Nb-nitrogen atom and trans-
form it into 11. The result was then alkylated with easily available (Z)-1- bromo-2-
iodobut-2-ene7 to create vinyl iodide 11. Combining vinyl iodide 11 with a common
selenenylation/elimination procedure produced a conjugated tetracyclic -lactam 5.
The scene was prepared for the last ring’s completion with - lactam 5 in hand. Using a
reductive Heck cyclization, Ni(cod)2 was used to mediate the creation of the neces-
sary pentacyclic product 4 in 91% yield. The next product was a pentacyclic -lactam 4.
Remaining solvent signals for CDCl3 were detected by 1H NMR (7.26) and 13C NMR
(77.0). The following peak multiplicities were noted: Brs for electrospray ionisation
(ESI), high resolution mass spectral (HRMS) data were acquired, and There were
reported mass-to-charge ratios (m/z). Melting points were determined on a WRX- 5A
melting point apparatus [25].

8. Tropane alkaloid

In general, but not always, the roots are where tropane alkaloid production takes
place. Translocation then takes place through the aerial sections’ xylem, where limited
further metabolism may occur. For instance, many Datura species only convert hyo-
scyamine to hyoscine in the roots, so some synthesis may possibly take place in the
aerial parts. For instance, despite the fact that A. Concentrations of mydriatic alka-
loids are present in belladonna scions grown on foreign stocks and detached leaves of
A. belladonna were discovered to have an increase in alkaloid content after 5 days,
which was associated with a decrease in protein nitrogen (171).

From grafting studies, which typically used stocks and scions from plants of
various solanaceous genera containing distinct alkaloids, such as Datura and Nicotine,
it was possible to infer the root origins and subsequent migrations of alkaloids in a
number of species (Figure 9).

8.1 Biosynthetic pathway of tropane alkaloid

Arginase is aAR. Ornithine decarboxylase, abbreviated ODC. Putrescine
N-methyltransferase, or PMT. N-methylputrescine oxidase, or MPO. Tropineforming
Reductase, abbreviated TRI. littorine mutase, CYP80F1. The hydroxylase of hyoscya-
mine 6 (H6H). Transferase for aromatic amino acids, AT4. Phenylpyruvic acid
reductase, or PPAR.

8.2 Tropate ester biosynthesis

The (S)-tropic acid 7 ester moiety is a structural component of the alkaloids
hyoscyamine 1 and scopolamine 2. Since even before the year 2000, there has been
active discussion about the The biosynthesis of tropic acid 7, and the matter is still
unresolved, at least in the finer points. We need to go back and look at Robinson’s
work from the years 1927 and 1955, when he first brought the topic of tropic acid
biosynthesis to light and then went into greater detail about it in his book on the
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structural relationships of natural products. The fact that tropic acid 7 has a branching
carbon skeleton and must originate either from the isomerization of a
phenylpropionoid moiety or through a unique synthesis was acknowledged. After
feeding (1, 3-C2) phenylalanine to Datura innoxia, Leete was able to conclusively
demonstrate that it derived by isomerization. As indicated in the following scheme,
the resulting hyoscyamine 1C now has the isotopes close to one another in positions C-
1 and C-2 of the alkaloid (Figure 10) [26].

9. Xanthine alkaloids

Purine alkaloids, commonly referred to as xanthine alkaloids, consist of
methylxanthines and methyluric acids and their structures are based on the
xanthine and uric acid skeletons. Coffee (Coffea arabica), tea (Camellia sinensis),
mate (Ilex paraguariensis), cocoa (Theobroma cacao), and guarana (Paullinia
cupana), which are used to make popular non-alcoholic beverages, all contain caffeine

Figure 10.
Ester alkaloid synthesis.

Figure 9.
Tropane alkaloid synthesis. Tropane alkaloids’ proposed biosynthetic pathway in the Solanaceae.
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(1, 3, 7-trimethylxanthine) and theobromine (3,7-dimethylxanthine). The isolation
Caffeine of from coffee seeds was first reported independently in 1820 by the
German researchers, Runge and von Giese. Caffeine was found as “thein” in tea

Figure 11.
Synthesis of caffeine.
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leaves by Oudry in 1827. Daniell discovered it in kola nuts (Cola acuminata) in
1865, while Stenhouse discovered it in mate’ in 1843. Woskresensky
identified theobromine in cacao seeds in 1842. Salomon discovered paraxanthine
(1,7-dimethylxanthine) from human urine in 1883, but Chou and Waller did not
find it in coffee seeds until 1980. Fischer and Ach published the complete
chemical synthesis of Caffeine in 1895. Studies on caffeine biosynthesis were
initiated in the 1960s, while highly purified caffeine synthase was isolated by Kato
et al. (Figure 11) [27].

Solid arrows represent the four steps that make up the main pathway (steps1–4).
Three different N-methyltransferases are shown as I, II, and III: caffeine synthase,
theobromine synthase, and 7-methylxanthosine synthase. N-methylnucleosidase is
responsible for catalysing the second step, which converts 7-methylxanthosine to
7-methylxanthine. I, III. Due to the broad substrate specificities of caffeine synthase,
minor routes, denoted by dotted arrows, may take place (III). The production of
7-methylxanthosine from XMP via 7-methyl-XMP (steps 7–8) was suggested by
Schulthess et al., but no recombinant N-methyltransferases have been found to catal-
yse these conversions [27].

10. Pyrrole-imidazole alkaloids

As an example, consider the pyrrole-imidazole alkaloids (Figure 1A).
Sponge natural products classified as pyrrole-imidazole alkaloids have approxi-
mately 150 congeners and are a broad and highly intricate class. Because of their
chemical complexity, pyrrole-imidazole alkaloids have undergone a number of
structural revisions, provided title compounds for organic synthesis, and
maintained pharmaceutical interest due to their attractive bioactivity profiles. The
enantioselective dimerization of three important monomeric building blocks, oroidin
(1), hymenidin (2), and clathrodin (3), is suggested by retrosynthetic pathways for
pyrrole-imidazole alkaloids. In fact, in vitro biomimetic research, these monomeric
building blocks were dimerized utilising enzymes isolated from sponges that
contained pyrrole-imidazole alkaloids. But there have not been many insights into the
biosynthesis of 1–3 themselves; the only information we presently have came from
observing the incorporation of radiolabeled amino acid precursors into 1 product
(Figure 12) [28].

11. Synthesis of pyrrole-imidazole alkaloids is proposed

Retrobiosynthetic plan explaining how product 1 is produced from the building
blocks of amino acids. 8 and 9 are hypothesised to be directly connected with pyrrole
carboxylic acids in the chemical structures of pyrrole-imidazole alkaloids (B-E) EICs
and MS2 spectra mirror plots comparing the Stylissa metabolome’s 7–9 and 11 identi-
fied metabolites to synthetic standards. We have highlighted important MS2 ions
(Figure 13).

Barbaleucamides A–B are shown in the metabolome BPC, which has superimposed
EICs showing their existence. (B) EICs, produced within 1 ppm error tolerance for
7–12 across Stylissa, Axinella, Agelas, and Dysidea polar metabolomics LC/MS datasets.
With the exception of EIC 7, which has the high abundance structural annotations of
fragment ions, all EIC y-axes are similar as indicated. Each structural annotation’s
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related ppm mistake is listed. The MS2 spectra displayed here were obtained using an
orbitrap mass spectrometer and extremely precise Fourier transform mass spectro-
metric fragmentation.

12. Piperidine alkaloids

This class of alkaloids’ primary ring system is the piperidine nucleus. Monocycle
molecules with the C5N nucleus are the primary defining feature of true piperidine
alkaloids. The odour of piperidine alkaloids is one of their shared characteristics. They
lead to long-term neurotoxicity. The majority of them come from plants. Even though
the piperidine alkaloid is made from lysine, some piperidine alkaloids, like the
straightforward pyrrolidine alkaloids, are also made from acetoacetate. Lobeline is a
major alkaloid in this group [22].

13. Imidazole alkaloid

The imidazole ring structure of this form of alkaloid is what makes it unique. Since
the imidazole ring was already formed during the precursor step, these alkaloids
constitute an exception to the structure-transformation process. This type of
structurally diverse alkaloids occurs in a variety of situations, particularly in marine
and microbial alkaloids. They have a significant potential for therapeutic use and
demonstrate a wide spectrum of biological activities [29].

Figure 12.
Pyrrole imidazole alkaloid synthesis.
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14. Pyrrolizidine alkaloids

The pyrrolizidine nucleus is the defining characteristic of this class of alkaloids.
Plants from the Fabaceae and Asteraceae families contain them. The bulk of

Figure 13.
List of pyrrole-imidazole alkaloid biosynthesis intermediates that have been rationalised. A Dysidea species.

102

Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches



pyrrolizidine alkaloids are present in plants as N-oxides, but when they are separated,
they lose their functionality. A lot of research has been done on alkaloids because of
their potentially harmful side effects, particularly liver damage. The animals that
consume these alkaloids become antifeedants when they enter the food chain [30].
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Chapter 7

Alkaloids: The Potential of Their
Antimicrobial Activities of
Medicinal Plants
Mohammad Barati and Amir Modarresi Chahardehi

Abstract

Given the potential adverse effects of chemical drugs, utilizing natural products with
diverse therapeutic and antimicrobial compounds is advisable. Countries can use indig-
enous flora from their regions in vegetation for medicinal purposes. Several nations
exhibit distinctive indigenous flora owing to their geographic positioning and climatic
conditions. These plants have been the subject of our research, which has explored their
antimicrobial properties against fungi, parasites, bacteria, and viruses. Studies have
investigated the therapeutic and antimicrobial effects of plants and their bioactive
compounds, such as alkaloids, flavonoids, and terpenoids. Among them are alkaloids, a
diverse class of naturally occurring chemicals, such as tropanes, terpenoids, and ste-
roids. Some of these medicinal plants have been found to possess antioxidant and anti-
inflammatory properties in addition to their antimicrobial effects. This chapter explores
the antimicrobial potential of alkaloids found in medicinal plants.

Keywords: alkaloids, medicinal plants, antimicrobial activity, secondary metabolite,
bioactive compounds

1. Introduction

Researchers are discovering infectious diseases are a major threat to world health
[1, 2]. For millennia, medicinal plants have yielded an abundance of therapeutic
compounds, which have been incorporated into traditional pharmacological practices
across the globe [3, 4]. Since the dawn of time, people have known that plants have
healing properties, making botanic medicine one of the first forms of therapy [5–7].
Antibacterial medications have traditionally been derived from natural materials. This
avenue of inquiry declined in the 1980s as scientists shifted their focus to synthetic
compound libraries because of their greater flexibility [8]. Antibiotic and antifungal
medication discovery are crucial in the face of the rise of multidrug-resistant (MDR)
fungi and bacteria [9]. The emergence of multidrug-resistant organisms is a signifi-
cant worldwide health concern [10]. The incorrect use of antibiotics in human and
animal health care is largely responsible for the rise of MDR strains. Consequently, the
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search for alternative, nonantibiotic-dependent solutions to this critical issue has
become an urgent and imperative challenge [11]. In particular, each plant produces
small quantities of secondary metabolites—tiny compounds like terpenoids, polyphe-
nols, phenolics, alkaloids, essential oils, etc. [12]. The discovery of novel pharmaco-
logical compounds that can treat serious ailments has greatly benefited from research
into medicinal plants [13]. Some plants, such as mustard, ginger, basil, garlic, cinna-
mon, sage, curry, and many other crude extracts, for instance, have antibacterial
activity against many different forms of bacteria, including gram-positive and gram-
negative [14]. Medicinal plants include phytochemicals, often responsible for their
biological activity, commonly found in these plant sources [1]. Secondary metabolites
found in plants include active chemical molecules with potential therapeutic applica-
tions for various diseases [15]. Isolated secondary metabolites in plants are thought to
account for fewer than 10% of the total. Metabolites are commonly employed to
safeguard against insects, herbivores, and microbes. The diverse range of aromatic
substances and their oxygen-substituted derivatives plants synthesize accounts for the
extensive variety observed [16]. Recently, drug resistance has emerged as a major
issue in healthcare; the rate at which drug-resistant diseases are increasing is far
higher than the rate at which new medications are being tested and authorized for
human use. Thus, it is crucial to create new antimicrobial drugs [17–19].

Infectious illnesses caused by microorganisms significantly contribute to human
suffering and death. About 60% of the biomass on Earth is thought to be composed of
microbial species. This, together with their tremendous genetic, metabolic, and phys-
iological variables, renders them a danger to the well-being and progress of human
communities everywhere [20]. Hence, nature is the source of a significant proportion
of the drugs currently used, derived from microorganisms, flora, or fauna. Identifying
and synthesizing novel compounds possessing pharmacological properties depends on
the natural environment’s biodiversity [12, 21]. Many plant components are available
without a prescription from herbal distributors and natural-food stores, and self-
administration of these drugs is common even though their purity is often question-
able [22]. Chemical analysis of medicinal plants has uncovered various bioactive
chemicals, including saponins, tannins, and alkaloids [1, 23]. Also, flavonoids, terpe-
noids, and alkaloids are the primary constituents of phytochemicals in the plant
kingdom [24]. The pharmacologically active compounds encompass a variety of
alkaloids that can be categorized into several classes, such as piperidines,
pyrrolizidines, quinolizidines, imidazoles, tropanes, pyrrolidines, indoles,
isoquinolines, and purines [15]. They belong to a vast group of naturally occurring
chemical compounds that include at least one nitrogen atom (particularly in the form
of an amino or amido group). The nitrogen atoms often form a ring shape [25].
Alkaloids are plant-derived bioactive compounds typically exhibiting alkaline proper-
ties due to their nitrogen atoms [26].

With many plants still waiting to be discovered and examined for their phyto-
chemical compositions, the future of therapeutic plants seems bright. Synthetic med-
icine design and development have benefited from learning about medicinal plants
[1]. Thus, alkaloids are the subject of intensive study because they may constitute a
novel class of naturally occurring antibiotics with a broad antibacterial range, few side
effects, and a low propensity to result in drug resistance. The present chapter centers
on investigating the antimicrobial potential of alkaloids obtained from medicinal
plants against human pathogenic microorganisms, specifically emphasizing multi-
drug-resistant clinical strains. The chapter elucidates the mechanism of action of these
alkaloids when available and underscores their concentrations and usage.
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2. Plant products as an antimicrobial agent

Pathogenic bacteria create dangerous and potentially fatal infectious diseases that
affect humans [27, 28]. On the other hand, antibiotic resistance is a significant issue in
the twenty-first century, and infectious illnesses are still the second-greatest cause of
mortality globally despite the success of antibiotic discoveries [1]. The growing inci-
dence of antimicrobials-microbes resistance is causing growing alarm among scien-
tists. The advent of drug-resistant bacteria has increased the difficulty and expense of
creating newer antimicrobials from novel chemical compounds [15, 28]. Despite the
approval of synthetic antimicrobial agents in numerous countries, using natural com-
pounds derived from microbial, animal, or plant sources has garnered significant
interest among researchers [29]. Numerous researchers are currently engaged in the
investigation of plants to identify potential antimicrobial agents [15]. The quest for
compounds possessing antimicrobial properties is common, and scholars have
shown interest in medicinal plants due to their widespread use in traditional
medicine as a treatment for various infectious ailments [30]. Hence, the demand for
and research into plant-based pharmaceuticals and nutritional aids has increased
rapidly in recent years [31]. Studies conducted on plants utilized in traditional medi-
cine have been performed in vitro within the realm of microbiology, with a particular
focus on the proliferation of infectious bacteria [30]. Betoni et al. found that plant
compounds can either act as antimicrobial agents that complement antibiotics or
increase a pathogen’s susceptibility to an antibiotic that would have otherwise been
ineffective [30].

Researchers from fields as diverse as ethnopharmacology, botany, microbiology,
and natural products chemistry scour the planet in search of phytochemicals and
“leads” that might be refined into effective antimicrobial drugs [31]. New medications
can be developed by optimizing the structural makeup of phytochemicals present in
plants [1]. Phytochemicals and other substances derived from plants have been used
to treat a wide range of infectious diseases because they exhibit good antibacterial
action against many human infections [29, 32]. However, it is widely established that
several extracts and components of plants have antibacterial activity. Unfractionated
extracts are typically used in these studies, despite their low in vitro antimicrobial
activity. In vivo tests were rarely used to verify the results of these investigations [12].
Phytochemicals, which are bioactive organic chemical compounds, are present in
medicinal plants [33, 34]. These compounds protect against chronic diseases, includ-
ing those caused by metabolic or genetic disorders and infectious diseases. They are
present in various foods made from plants, including cereals, veggies, and fruits [1].
There are several classes of phytochemicals, including carotenoids, alkaloids, pheno-
lics, organosulfur compounds, and nitrogen-containing compounds [5].

3. Alkaloids

Alkaloids are naturally occurring compounds sourced from various organisms,
including plants (which comprise approximately 300 plant families), bacteria, fungi,
and animals [12]. The compounds and biomolecules exhibit significant diversity,
yet all these chemicals are byproducts of the amino acid biosynthesis process or the
transamination reaction [35]. Alkaloids are predominantly solid compounds that are
commonly found in higher plants. The aforementioned botanical families, namely
Leguminoceae, Papaveraceae, Solanaceae, Ranunculaceae, Annonaceae,
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Amaryllidaceae, Liliaceae, Apocynaceae, Boraginaceae, Loganiaceae, Magnoliaceae,
Berberidaceae, Piperaceae, Gnetaceae, Rutaceae, Lauraceae, Menispermaceae, and
Rubiaceae, are known to exhibit a high prevalence of the subject matter [36]. Certain
plant species employ naturally occurring insecticides or pesticides to protect them-
selves against the harmful effects of select insect species. The synthesis of vegetal
alkaloids primarily occurs in herbaceous and vascular plants [12]. The Arabic word al-
qali designates the source of soda. German scientist Carl F. W. Meissner developed the
term “alkaloid” in 1819 to describe this compound [36]. One of the biggest groups of
secondary metabolites in plants, alkaloids are present in some economically relevant
plant families [37]. As mentioned, they are present in various kingdoms. However,
their distribution is restricted within each domain [8]. Alkaloids are classified into
multiple categories. The categorization is founded upon the compounds’ heterocyclic
ring structure and biosynthetic forerunners. The abovementioned compounds com-
prise indoles, pyrrolizidines, quinolizidines, pyrrolidines, piperidines, tropanes,
isoquinoline, purines, and imidazoles [15]. The amino acids nicotinic acid, L-histidine,
L-ornithine, L-tryptophan, L-lysine, L-tyrosine, acetate, L-phenylalanine, anthranilic
acid, and L-phenylalanine are all precursors to the alkaloid phenylpropanoid [35].
Alkaloids also exhibit various pharmacological and biological properties and may be
found in many herbal treatments [38]. Alkaloids have been the fundamental frame-
work for advancing multiple antibiotics showing a broad activity spectrum [16].
Nicotine, caffeine, and cocaine are just a few examples of alkaloids incorporated into
popular culture as drugs used for entertainment or abuse. Certain alkaloids have been
identified as possessing high toxicity levels, resulting in numerous instances of human
poisoning [16].

Alkaloids have a wide array of pharmacological activities, including antibacterial
activity [12]. Most alkaloids exert their effects via efflux pump inhibitor (EPI) activ-
ity, which is considered a potential mechanism of antibacterial action [29]. In addition
to their use as stimulant medications, alkaloids may be found in many of the foods and
drinks we consume regularly. They have shown several pharmacological effects,
including those of local anesthetic, anticancer, analgesic, pain-relieving, antifungal,
anti-inflammatory, neuropharmacological, and antimicrobial, [25], antimalarial
action, oxytocic and vasoconstrictor activity (ergometrine), activity against the cen-
tral nervous system (brucine), and activity against the cholinergic system (atropine)
[16]. Alkaloids, which derive their name from their resemblance to alkalis, can
undergo salt formation upon reaction with acids, similar to inorganic alkalis. The
nitrogen atoms exhibit basic properties in acid-base responses [25]. Alkaloids are
characterized by a nitrogen atom that accepts protons and multiple amine hydrogens
that donate protons. Hence, the biological activity of biomolecules is primarily attrib-
uted to their ability to establish hydrogen bonds with other biomolecules such as
enzymes, receptors, and proteins [12, 24]. Thus, alkaloids can be used for a variety of
pharmacological purposes [24]. Several antibiotics have been developed from alka-
loids: the quinolones were discovered by accident during the production of quinine;
the structure of metronidazole was altered from that of azomycin; and the quinoline
scaffold was utilized to create bedaquiline [8]. Alkaloids can also be found in other
medications like linezolid and trimethoprim scaffolding. Academic institutions, pri-
vate companies, and public-private partnerships continue studying alkaloids to create
effective antibacterial drugs [8].

A straightforward quantitative approach for identifying alkaloids in plants was
developed by Li et al. [39]. Using tetrahydrofurfuryl methacrylate as the monomer, in
situ radical polymerization was used to construct a polymer-based chromatographic
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monolithic column. Based on the results of the technique validation, the accuracy of
the spiking recovery measures is between 98.89 and 102.06%. These findings demon-
strate the constructed monolithic column’s viability for avoiding the lengthy analysis
time required by conventionally packed C18 columns in quantitatively analyzing
alkaloids from actual medicinal and culinary plant foods [39]. Alkaloids are used
internally to improve health, physical performance, and the immune system. These
entities are common in daily dietary intake, drinks, and supplementary products.
Several compounds present in plants exhibit advantageous characteristics. Com-
pounds such as caffeine, guaranine, and mateine, found in various plants, including
coffee, have been observed to possess anti-inflammatory, antioxidant, and stimula-
tory properties. Additionally, cocoa contains theobromine and paraxanthine, which
act as antioxidants. Ginger, conversely, contains gingerol and shogaols, which are
phenolic alkenones that possess antioxidant, anti-inflammatory, antimicrobial, and
antitumoral properties [37]. However, we provide a brief overview of the class of
alkaloids concerning antimicrobial activity.

3.1 Alkaloids classification

At present, the number of identified alkaloids exceeds 18,000 [15]. Natural
antibacterial alkaloids have been the subject of research since the 1940s, although
most of the earliest studies did not go far enough to determine minimum inhibitory
concentrations (MICs). Despite this class’s large number of chemicals, only a fraction
of their biosynthesis routes have been determined [40]. The chemical makeup or
inherent biological source of these entities determines their classification [16]. Chem-
ical structure and characteristics are used to divide alkaloids into several classes. The
feasibility of classifying alkaloids based on their natural origin arises because certain
alkaloids are limited to specific sources [16]. The chemical structure or biological
origin of alkaloids allows for two broad categories:

1.The initial category comprises three types: protoalkaloids, or biological amines,
nonheterocyclic or unconventional alkaloids. These alkaloids contain nitrogen in
their side chains. The following category includes the heterocyclic or
conventional alkaloids, also known as true alkaloids, which possess nitrogen
within the heterocycle, and pseudoalkaloids [36]. The basic carbon skeleton of
pseudoalkaloids is not directly formed from amino acids. Still, it is connected to
amino acid processes and is derived via an amination or transamination process
from amino acid precursors or postcursors. Common pseudoalkaloids include
capsaicin, caffeine, and ephedrine [36].

2.The second division may be subsequently classified into 14 subgroups based on
the ring shape due to its deep structural complexity [16, 24].

As mentioned above, there are primarily three classes of alkaloids [36]:

3.1.1 Protoalkaloids

Alkaloids having a closed ring structure are protoalkaloids; they are chemically
perfect but have a straightforward molecular structure. Among the alkaloids, they are
in the minority [35]. The most notable examples of these alkaloids include yohimbine,
mescaline, and hordenine (a phenethylamine) (Figure 1). Hordenine, a Tyr-derived
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phenylethylamine alkaloid, was initially discovered in Hordeum vulgare (barley) [41].
They are prescribed for various conditions, from mental illness to chronic pain to
neuralgia. The nitrogen atom in these alkaloids comes from a source other than the
heterocyclic ring structure; instead, it is generated from an amino acid. Typically, L-
tryptophan and L-tyrosine are the precursors to these alkaloids. Simple alkaloids make
form the framework of this minor class [36]. Protoalkaloids are compounds where the
heterocyclic bond does not include the N atom from an amino acid. One type of
alkaloid consists of compounds derived from the amino acids L-tryptophan and L-
tyrosine [35].

3.1.2 True alkaloids

These alkaloids and their precursor amino acids both have nitrogen in a heterocy-
clic ring. These entities exhibit high reactivity and possess significant biological effi-
cacy [36]. These compounds can dissolve in water and form salts soluble in water.
Additionally, many of these compounds exhibit a crystalline structure and can
undergo conjugation with acids to form salts. Most authentic alkaloids are character-
ized by their solid state and bitter flavor, except nicotine, a brown liquid. Common
true alkaloids include cocaine, morphine, and quinine [36]. Morphine, an alkaloid
generated from tyrosine, has a nitrogen-containing heterocyclic ring and is used as a
painkiller. It exhibits potent analgesic effects and is widely used as a painkiller in
clinical settings [42]. Not all alkaloids show significant biological efficacy; some have
no known pharmacological activity [43].

These subgroups have unique properties and uses, making them essential modern
medicine and research components. Understanding the classification of alkaloids is an
important step in understanding their potential therapeutic applications. For example,
various pharmacological effects are associated with indole alkaloids found in plants,
many of which are thought to be attributable to the indole nucleus [44]. Common
plant families proven to contain indole alkaloids include Loganiaceae, Rubiaceae,
Apocynaceae, and Nyssaceae. Preclinical and clinical research has shown that several
of the discovered indole alkaloid compounds are particularly effective [44]. According
to their antimicrobial activity, the most critical phytocompounds across all alkaloid
chemical groups are shown in Table 1.

Monoterpenoid indole alkaloids are a class of widely recognized alkaloids that are
derived from tryptamine and secologanin. Numerous alkaloids exhibit intricate struc-
tures and significant biological properties, rendering them intriguing. Various species
belonging to the Apocynaceae family, including Tabernanthe iboga, Voacanga africana,
and multiple Tabernaemontana species, synthesize alkaloids, including the ibogan type
[116]. Antibiotic and well-known alkaloid tryptanthrin (TRYP) (indolo[2,1-b]
quinazolin-6,12-dione) is found in Candida lypolica, higher plants, and numerous

Figure 1.
Some examples of protoalkaloids.
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ka

lo
id
s

Fo
rm

ul
a

P
la
nt

fa
m
il
y

T
ar
ge

te
d
m
ic
ro
or
ga

ni
sm

C
on

ce
nt
ra
ti
on

s
ra
ng

e
(μ

g/
m
L
)

R
ef
er
en

ce

H
al
ox

yl
in
e
B

—
C
he

no
po

di
ac
ea
e

M
.t
ub

er
cu
lo
sis

H
37
R
v

50
μg

/m
L

[7
4]

Q
ui
no
lin

e
A
lk
al
oi
ds

Si
m
pl
e
Q
ui
no
lin

es

4-
M
et
hy

lq
ui
no

lin
e

C
10
H

9N
—

S.
au

re
us

M
IC

/M
B
C
va

lu
es

of
12
.2
/

50
μg

/m
L

[7
5]

4-
m
et
ho

xy
-2
-p
he

ny
lq
ui
no

lin
e

C
16
H

13
N
O

R
ut
ac
ea
e

M
.t
ub

er
cu
lo
sis

H
37
R
v

16
μg

/m
L

[7
5]

D
ic
ta
m
in
e

C
12
H

9N
O

2
R
ut
ac
ea
e

M
ic
ro
co
cc
us

lu
te
us

(T
IS
T
R
88

4)
an

d
B
.c
er
eu
s(
T
IS
T
R

68
8)

26
an

d
64

μg
/m

L,
re
sp
ec
ti
ve

ly
[7
6]

γ-
Fa

ga
ri
ne

C
13
H

11
N
O

3
R
ut
ac
ea
e

br
oa
d-
sp
ec
tr
um

an
ti
ba

ct
er
ia
l

M
od

er
at
e
ac
ti
vi
ty

[7
7]

R
ob

us
ti
ne

C
12
H

9N
O

3
R
ut
ac
ea
e

br
oa
d-
sp
ec
tr
um

an
ti
ba

ct
er
ia
l

M
od

er
at
e
ac
ti
vi
ty

[7
7]

B
en
zy
lis
oq
ui
no
lin

es

R
et
ic
ul
in
e

C
19
H

23
N
O
4

Fu
yu

zi
ph

in
e

—
Pa

pa
ve

ra
ce
ae

A
lte
rn
ar
ia

br
as
sic
ic
ol
a,

A
.s
ol
an

i,
A
lte
rn
ar
ia

m
el
on
ge
na

e,
C
.m

ac
ul
an

s,
E
ry
sip

he
ci
ch
or
ac
ea
ru
m
,

an
d
H
el
m
in
th
os
po
ri
um

pe
nn

ise
tt
i

50
0
pp

m
[7
8]

B
isb

en
zy
lis
oq
ui
no
lin

es

T
et
ra
nd

ri
ne

C
38
H

4
2N

2O
6

M
en

is
pe

rm
ac
ea
e

S.
au

re
us

an
d
M
R
SA

w
ea
kl
y
ba

ct
er
ic
id
al

[7
9]

T
ili
ac
or
in
in
e

C
36
H

36
N
2O

5
M
en

is
pe

rm
ac
ea
e

M
.t
ub

er
cu
lo
sis

6.
2
μg

/m
L

[8
0]

20
-n
or
ti
lia

co
ri
ni
ne

C
35
H

34
N

2O
5

M
en

is
pe

rm
ac
ea
e

M
.t
ub

er
cu
lo
sis

3.
1
μg

/m
L

[8
0]

T
ili
ac
or
in
e

C
36
H

36
N

2O
5

M
en

is
pe

rm
ac
ea
e

M
.t
ub

er
cu
lo
sis

an
d
A
.t
en
ui
ss
im

a
3.
1
an

d
10

0
μg

/m
L,

re
sp
ec
ti
ve

ly
[8
0,

81
]

A
po
rp
hi
ne
s

A
po

rp
hi
ne

C
17
H

17
N

Il
lic

ia
ce
ae
,T

ri
m
en

ia
ce
ae

ba
ct
er
ia

an
d
fu
ng

us
in

pl
an

ts
su
pp

re
ss
ed

a
w
id
e
va

ri
et
y
of

ba
ct
er
ia

an
d
fu
ng

us
[8
2]
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T
yp

es
of

al
ka

lo
id
s

Fo
rm

ul
a

P
la
nt

fa
m
il
y

T
ar
ge

te
d
m
ic
ro
or
ga

ni
sm

C
on

ce
nt
ra
ti
on

s
ra
ng

e
(μ

g/
m
L
)

R
ef
er
en

ce

Li
ri
od

en
in
e

C
17
H

9N
O

3
Il
lic

ia
ce
ae
,T

ri
m
en

ia
ce
ae

ba
ct
er
ia

an
d
fu
ng

us
in

pl
an

ts
su
pp

re
ss
ed

a
w
id
e
va

ri
et
y
of

ba
ct
er
ia

an
d
fu
ng

us
[8
2]

A
no

na
in
e

C
17
H

15
N
O

2
M
ag
no

lia
ce
ae
,A

nn
on

ac
ea
e

B
.c
er
eu
s,
E
.c
ol
i,
S.

au
re
us
,a

nd
S.

ep
id
er
m
id
is

di
am

et
er
s
of

20
,8

,1
4,

an
d

12
m
m
,r
es
pe

ct
iv
el
y

[8
3]

Ly
si
ca
m
in
e

C
18
H

13
N
O
3

A
nn

on
ac
ea
e

L.
m
on
oc
yt
og
en
es
,M

et
hi
ci
lli
n-
re
si
st
an

t
St
ap

hy
lo
co
cc
us

au
re
us

(M
SS

A
),
S.

pn
eu
m
on
ia
e,

A
ct
in
ob
ac
ill
us

sp
.,
an

d
K
.p

ne
um

on
ia
e

1.
4–

20
μg

/m
L

[8
4]

O
-m

et
hy

lm
os
ch

at
ol
in
e

C
19
H

15
N
O
4

A
nn

on
ac
ea
e

B
.s
ub

til
is
,E

.c
ol
i,
an

d
Sa

lm
on
el
la

ty
ph

i
64

μg
/m

L
[8
2]

A
rt
ab

ot
ri
ne

C
20
H

23
N
O
4

A
nn

on
ac
ea
e

K
.p

ne
um

on
ia
e

M
IC

/M
B
C
:2
.5
/2
.5
μg

/m
L

[8
4]

A
za
ox

oa
po

rp
hi
ne

sa
m
pa

ng
in
e

C
15
H

8N
2O

A
nn

on
ac
ea
e

C
.a

lb
ic
an

s,
C
.g
la
br
at
a,

C
.k

ru
se
ii,

A
.f
um

ig
at
us
,a

nd
C
.n

eo
fo
rm

an
s

3.
1,

3.
1,

6.
2,

6.
2,

an
d
0.
05

μg
/

m
L,

re
sp
ec
ti
ve

ly
[8
5]

La
nu

gi
no

si
ne

C
18
H

11
N
O
4

A
nn

on
ac
ea
e

B
.c
er
eu
s,
S.

au
re
us
,E

.c
ol
i,
K
.p

ne
um

on
ia
e,
an

d
P.

ae
ru
gi
no
sa

IZ
:1
2,

14
,1

0,
14

,a
nd

12
m
m
,

re
sp
ec
ti
ve

ly
[8
6]

N
or
di
ce
nt
ri
ne

C
19
H

19
N
O
4

M
en

is
pe

rm
ac
ea
e

M
.t
ub

er
cu
lo
sis

12
.5
μg

/m
L

[8
7]

D
ic
en

tr
in
on

e
C
19
H

13
N
O
5

M
en

is
pe

rm
ac
ea
e

M
.t
ub

er
cu
lo
sis

M
od

er
at
e
an

ti
m
yc
ob

ac
te
ri
al

[8
8]

O
xo

ap
or
ph

in
e
th
ai
la
nd

in
e

C
39
H

62
O

14
M
en

is
pe

rm
ac
ea
e

S.
pn

eu
m
on
ia
e,
S.

au
re
us
,E

.f
ae
ca
lis
,a

nd
M
.

tu
be
rc
ul
os
is

30
,3

0,
60

,a
nd

6.
2
μg

/m
L,

re
sp
ec
ti
ve

ly
[8
9]

Is
ob

ol
di
ne

C
19
H

21
N
O
4

R
an

un
cu

la
ce
ae

A
.b

au
m
an

ii,
B
.s
ub

til
is
,C

.a
lb
ic
an

s,
P.

ae
ru
gi
no
sa
,E

.
co
li,

P.
m
ir
ab

ili
s,
K
.p

ne
um

on
ia
e,
an

d
S.

au
re
us

M
od

er
at
e
ac
ti
vi
ty

[9
0]

R
oe
m
er
in
e

C
18
H

17
N
O
2

La
ur
ac
ea
e

M
R
SA

,A
.f
um

ig
at
us
,C

.a
lb
ic
an

s,
C
.g
la
br
at
a,

C
.

kr
us
ei
,C

an
di
da

tr
op
ic
al
is
,C

an
di
da

pa
ra
ps
ilo

sis
,a

nd
S.

au
re
us

10
μg

/m
L
fo
r
C
.a

lb
ic
an

s
[9
1,

92
]

M
ag
no

fl
or
in
e

C
20
H

24
N
O

4
+

M
en

is
pe

rm
ac
ea
e

C
.a

lb
ic
an

s,
C
.p

ar
ap

sil
os
is
va

r.
pa

ra
ps
ilo

sis
,T

.
ru
br
um

,a
nd

T
.m

en
ta
gr
op
hy
te
s

M
od

er
at
e
ac
ti
vi
ty

[9
3]

Pr
ot
op
in
es

Pr
ot
op

in
e

C
20
H

19
N
O
5

Pa
pa

ve
ra
ce
ae

C
.a

lb
ic
an

s
4
μg

/m
L

[9
0]

A
llo

cr
yp

to
pi
ne

C
21
H

23
N
O
5

Pa
pa

ve
ra
ce
ae

P.
ae
ru
gi
no
sa
,S

.a
ur
eu
s,
E
.c
ol
i,
an

d
S.

ag
al
ac
tia

e
W

ea
k
ac
ti
vi
ty

[9
4]
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T
yp

es
of

al
ka

lo
id
s

Fo
rm

ul
a

P
la
nt

fa
m
il
y

T
ar
ge

te
d
m
ic
ro
or
ga

ni
sm

C
on

ce
nt
ra
ti
on

s
ra
ng

e
(μ

g/
m
L
)

R
ef
er
en

ce

Pr
ot
ob
er
be
ri
ne
s

Pe
nd

ul
am

in
e
A

—
A
nn

on
ac
ea
e

B
.s
ub

til
is
,P

.a
er
ug
in
os
a,

S.
au

re
us
,C

or
yn
eb
ac
te
ri
um

ho
ff
m
an

ii,
K
.p

ne
um

on
ia
e,
S.

ty
ph

i,
M
ic
ro
co
cc
us

ly
so
di
ck
yc
us
,a

nd
S.

pa
ra
ty
ph

iA

0.
02

–
2
μg

/m
L

[9
5]

Pe
nd

ul
am

in
e
B

—
A
nn

on
ac
ea
e

C
or
yn
eb
ac
te
ri
um

ho
ff
m
an

ii,
S.

fa
ec
al
is
,S

.a
ur
eu
s,
S.

ty
ph

i,
S.

vi
ri
da

ns
,M

.l
ys
od
ic
ky
cu
s,
P.

ae
ru
gi
no
sa
,K

.
pn

eu
m
on
ia
e,
an

d
S.

pa
ra
ty
ph

iA

0.
02

–
2
μg

/m
L

[9
5]

Sp
ir
ob
en
zy
lis
oq
ui
no
lin

es

Pa
rf
um

in
e

C
20
H

19
N
O
5

Pa
pa

ve
ra
ce
ae

A
.b

au
m
an

ii,
B
.s
ub

til
is
,K

.p
ne
um

on
ia
e,
E
.c
ol
i,
P.

ae
ru
gi
no
sa
,P

.m
ir
ab

ili
s,
an

d
S.

au
re
us

M
od

er
at
e
ac
ti
vi
ty

[9
0]

Fu
m
ar
op

hy
ci
ne

C
22
H

23
N
O
6

Pa
pa

ve
ra
ce
ae

A
.b

au
m
an

ii,
B
.s
ub

til
is
,K

.p
ne
um

on
ia
e,
E
.c
ol
i,
P.

ae
ru
gi
no
sa
,P

.m
ir
ab

ili
s,
an

d
S.

au
re
us

M
od

er
at
e
ac
ti
vi
ty

[9
0]

Fu
m
ar
ili
ne

C
20
H

17
N
O
5

Pa
pa

ve
ra
ce
ae

A
.b

au
m
an

ii,
B
.s
ub

til
is
,K

.p
ne
um

on
ia
e,
E
.c
ol
i,
P.

ae
ru
gi
no
sa
,P

.m
ir
ab

ili
s,
an

d
S.

au
re
us

M
od

er
at
e
ac
ti
vi
ty

[9
0]

B
en
zo
ph

en
an

th
ri
di
ne
s

St
yl
op

in
e
or

sa
ng

ui
na

ri
ne

C
20
H

14
N
O

4
+

Pa
pa

ve
ra
ce
ae

A
.b

au
m
an

ii,
B
.s
ub

til
is
,K

.p
ne
um

on
ia
e,
E
.c
ol
i,
P.

ae
ru
gi
no
sa
,P

.m
ir
ab

ili
s,
an

d
S.

au
re
us

M
od

er
at
e
ac
ti
vi
ty

[9
0]

D
ih
yd

ro
sa
ng

ui
na

ri
ne

C
20
H

15
N
O
4

Pa
pa

ve
ra
ce
ae

S.
m
ut
an

s,
S.

au
re
us
,P

.a
er
ug
in
os
a,

E
.c
ol
i,
an

d
S.

ag
al
ac
tia

e
32
,3

1.
3,

25
0,

62
.5
,1

5.
6
μg

/m
L

[9
4]

6- M
et
ho

xy
di
hy

dr
os
an

gu
in
ar
in
e

C
21
H

17
N
O

5
Pa

pa
ve

ra
ce
ae

S.
au

re
us

an
d
M
R
SA

IZ
:1
7
m
m

[9
6]

E
.f
ae
ca
lis

an
d
S.

au
re
us

M
IC

/M
B
C
:5
/1
0,

2.
5/
5
μg

/m
L

[9
7]

8- H
yd

ro
xy

di
hy

dr
os
an

gu
in
ar
in
e

Pa
pa

ve
ra
ce
ae

M
R
SA

M
IC

ra
ng

e:
0.
4
to

7.
8
μg

/m
L,

an
d
M
B
C
ra
ng

e:
1.
9
to

31
.2
μg

/m
L

[8
1]

N
or
sa
ng

ui
na

ri
ne

C
19
H

11
N
O
4

Pa
pa

ve
ra
ce
ae

A
.b

au
m
an

ii,
B
.s
ub

til
is
,K

.p
ne
um

on
ia
e,
E
.c
ol
i,
P.

ae
ru
gi
no
sa
,P

.m
ir
ab

ili
s,
an

d
S.

au
re
us

M
od

er
at
e
ac
ti
vi
ty

[9
0]
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T
yp

es
of

al
ka

lo
id
s

Fo
rm

ul
a

P
la
nt

fa
m
il
y

T
ar
ge

te
d
m
ic
ro
or
ga

ni
sm

C
on

ce
nt
ra
ti
on

s
ra
ng

e
(μ

g/
m
L
)

R
ef
er
en

ce

A
llo

cr
yp

to
pi
ne

C
21
H

23
N
O
5

Pa
pa

ve
ra
ce
ae

S.
ep
id
er
m
id
is
,S

.a
ur
eu
s,
S.

py
og
en
es
,B

.s
ub

til
is
,K

.
pn

eu
m
on
ia
e,
an

d
E
.c
ol
i

6.
2/
12
.5
,1

2.
5/
50

,1
2.
5/
50

,2
5/

50
,1

2.
5/
25
,2

5/
25

μg
/m

L,
re
sp
ec
ti
ve

ly

[9
8]

8- H
yd

ro
xy

di
hy

dr
oc
he

le
ry
th
ri
ne

C
21
H

19
N
O
5

Pa
pa

ve
ra
ce
ae

M
R
SA

M
IC

:0
.9
–
15
.6

μg
/m

L,
M
B
C
:

7.
8–

62
.5
μg

/m
L

[9
9]

D
ih
yd

ro
ch

el
er
yt
hr
in
e

C
21
H

19
N
O
4

Pa
pa

ve
ra
ce
ae

M
R
SA

,E
.c
ol
i

8–
12
8
5
μg

/m
L

[7
7]

C
he

le
ry
th
ri
ne

C
21
H

18
N
O
4

Pa
pa

ve
ra
ce
ae

C
.a

lb
ic
an

s,
S.

ce
re
vi
sa
e,
an

d
C
.n

eo
fo
rm

an
s

M
IC

/M
B
C
:3
.1
/3
.1
,6

.2
/6
.2
,

an
d
3.
1/
6.
2
μg

/m
L,

re
sp
ec
ti
ve

ly

[9
8]

C
or
yn

ol
in
e

C
21
H

21
N
O
5

Pa
pa

ve
ra
ce
ae

C
la
do
sp
or
iu
m

he
rb
ar
um

3
μg

/s
po

t
[1
00

]

A
ce
ty
lc
or
yn

ol
in
e

—
Pa

pa
ve

ra
ce
ae

C
.h

er
ba

ru
m

3
μg

/s
po

t
[1
00

]

N
or
ch

el
er
yt
hr
in
e

C
20
H

15
N
O
4

R
ut
ac
ea
e

M
.t
ub

er
cu
lo
sis

25
μg

/m
L

[1
01

]

A
vi
ci
ne

C
20
H

14
N
O

4
+

R
ut
ac
ea
e

S.
ep
id
er
m
id
is
,S

.a
ur
eu
s,
S.

py
og
en
es
,B

.s
ub

til
is
,K

.
pn

eu
m
on
ia
e,
an

d
E
.c
ol
i

3.
1/
12
.5
,1

.5
/2
5,

1.
5/
12
.5
,1

.5
/

6.
2,

an
d
6.
2/
12
.5
μg

/m
L,

re
sp
ec
ti
ve

ly

[9
8]

R
ho

if
ol
in
e
B

C
21
H

17
N
O

5
R
ut
ac
ea
e

S.
au

re
us
,S

.e
pi
de
rm

id
is
,E

.c
ol
i,
E
.c
lo
ac
ae
,K

.
pn

eu
m
on
ia
e,
P.

ae
ru
gi
no
sa
,a

nd
S.

dy
se
nt
er
ia
e

M
od

er
at
e
ac
ti
vi
ty

[1
02

]

N
it
id
in
e

C
21
H

18
N
O
4
+

R
ut
ac
ea
e

M
.l
ut
eu
s,
S.

au
re
us
,a

nd
M
.s
m
eg
m
at
is

W
ea
k
ac
ti
vi
ty

[1
03

]

Pr
ot
ob
er
be
ri
ne
s

B
er
be

ri
ne

C
20
H

18
N
O
4
+

B
er
be

ri
da

ce
ae

K
.p

ne
um

on
ia

an
d
A
.b

au
m
an

ii
8
μg

/m
L

[9
0]

Pa
lm

at
in
e

C
21
H

24
N
O
4
+

B
er
be

ri
da

ce
ae
,P

ap
av

er
ac
ea
e,

R
an

un
cu

la
ce
ae
,a

nd
M
en

is
pe

rm
ac
ea
e

A
.b

au
m
an

ii,
E
.c
ol
i,
P.

m
ir
ab

ili
s,
P.

ae
ru
gi
no
sa
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marine microbes [117]. Various biological and pharmacological qualities are related to
the several structural scaffolds, and a wide variety of functional group modifications is
found in the broad class of plant-specific metabolites known as benzylisoquinoline
alkaloids. N-Methylation is a widely used modification technique that forms interme-
diates and final products in the tertiary and quaternary metabolic pathways [118].

3.2 Some selected alkaloids with antimicrobial activity

Various alkaloids found in nature have been shown to have antimicrobial effects
against a wide range of diseases [15]. Some selected alkaloids with potent antimicro-
bial activity include berberine, quinine, and vincristine. The potential for these par-
ticular alkaloids’ antibacterial action to expand therapy choices for infectious
disorders caused by drug-resistant microbes or those not responding to conventional
therapies has been widely discussed [16]. Hence, this review focuses on alkaloids with
antibacterial activity against MDR microorganisms. Also, this article describes the
most influential alkaloids with potent antibacterial properties. Here are some selected
examples of these compounds:

3.2.1 Berberine

The natural isoquinoline alkaloid berberine has been shown to have minimal tox-
icity [119]. Berberine, derived from Berberis spp., is a prominent quaternary ammo-
nium salt of protoberberines. It exhibits various antimicrobial properties, particularly
against Gram-negative bacteria [24]. Berberis vulgaris, Coptis chinensis, Hydrastis
canadensis, Coptidis rhizoma, Xanthoriza simplicissima, Phellodendron amurense, and
Chelidonium majus all contain it, among many others, making them useful as thera-
peutic herbs [119]. Berberine is an effective antibacterial agent that may one day
replace conventional antibiotics and help combat the problems caused by antibiotic
resistance. Methanol extract of Pancratium illyricum L. bulbs yielded the isoquinoline
alkaloid ungeremine. Its antimicrobial qualities have been well-praised. As mentioned
earlier, the compound can induce a significant augmentation in DNA cleavage
through its selective targeting and inhibition of bacterial topoisomerase IA [29]. Her-
pes, influenza, and respiratory syncytial viruses are susceptible to berberine’s antiviral
actions [34, 119]. Berberine’s mechanism of action against V. cholerae and E. coli-
induced diarrhea has been thoroughly investigated. The effects of E. coli and V.
cholerae enterotoxins were found to be directly inhibited by berberine in vitro as early
as 1982 [120]. Berberine’s antibacterial activity against S. aureus has been shown in
in vitro investigations [121]. As reported in reference, berberine and CinA can undergo
self-assembly, forming nanoparticles (NPs) that exhibit bacteriostatic properties
against MRSA and potentially eliminate biofilms [40]. Cinnamaldehyde (CinA) is a
principal constituent of the Cinnamomi cortex, a traditional spice that finds extensive
usage in everyday routines [122].

The alkaloid berberine sulfate is harvested from the bark and roots of several
plants. It exhibits antibacterial, antifungal, and antiprotozoal properties. Berberine
sulfate disrupts fimbrial formation in Streptococcus pyogenes, impeding bacterial
attachment to mucosal or epithelial surfaces [123]. On the other hand, L-Tyr is widely
recognized as the biosynthesis precursor of berberine. 13 different enzymatic pro-
cesses are involved in the production of berberine from L-Tyr. Notably, biochemical
analysis has been performed on all of the enzymes in this pathway [24].
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3.2.2 Caffeine

Numerous plant species derive caffeine (1,3,7-trimethyl xanthine) from methyl-
ated alkaloids. It is structurally related to uric acid [124]. However, recent studies
have shown that caffeine also has antimicrobial properties, which has led to increased
interest in its potential use as an alternative to traditional antibiotics. Understanding
caffeine’s antimicrobial activity is crucial in developing new treatments for drug-
resistant infections, making it an important area of research. Another study by
Ibrahim et al. found that growth inhibition was most noticeable at concentrations of
0.50% and above against E. coli [124]. Also, caffeine concentrations in coffee extracts
are high enough to concern human health, with 50% antibacterial activity against S.
enterica [125].

3.2.3 Capsaicin (CAP)

The berries of virtually all peppers in the genus Capsicum contain capsaicin, also
known as 8-methyl-N-vanillyl-6-nonenamide [12]. Peppers, especially chili peppers,
are members of the Solanaceae plant family, responsible for their distinctive flavor
[11]. Capsicum annuum powder is a commonly utilized seasoning in various culinary
traditions across the globe. Apart from its gastronomic application, CAP is employed
for analgesic purposes in different severe and persistent medical conditions [12].
Pepper fruits may contain capsaicin at a rate of up to 1% of their total weight. It is
naturally produced in the epidermal cells of the placenta, which are located close to
the seeds. The compound tends to accumulate in the form of “blisters” on the surface
of the placenta. The molecule is a potent agonist of the transient receptor potential
vanilloid ion-channel receptor 1 (TRPV1), eliciting its characteristic hot, burning
sensation. However, the beneficial effects of capsaicin and the TRPV1 receptor cannot
be attributed primarily to this interaction [11]. In an in vitro investigation [126], six
capsaicin derivatives were developed, each possessing phenolic hydroxyl, a benzene
ring, and amide structures. These derivatives were subsequently evaluated for their
antibacterial properties against E. coli and S. aureus. Two powerful chemicals found in
Capsicum species were shown to have antimicrobial capabilities, and Cichewicz and
Thrope identified them. The experiment results showed that the plain and heated
extracts displayed different levels of inhibition against Streptococcus pyogenes, B.
subtilis, B. cereus, Clostridium tetani, and Clostridium sporogenes [127].

3.2.4 Colchicine

Colchicine has been around longer than most other pharmaceuticals [128]. The use
of colchicine as a pharmacological agent in humans has been permitted by the Food
and Drug Administration (FDA). It is a safe and productive anti-inflammatory med-
ication derived from the Colchicum and Gloriosa plant species. Colchicine has been
utilized in treating cardiovascular ailments due to its distinctive effectiveness as an
anti-inflammatory agent [24]. The chemical origins of colchicine have been the sub-
ject of extensive research, facilitated by numerous feeding studies utilizing isotope-
labeled substrates in Colchicum plants. Furthermore, a well-defined biosynthetic
hypothesis has been established thanks to structural study of colchicine-related alka-
loids isolated from several members of the Colchicaceae family [24]. The first biosyn-
thetic studies on colchicine were performed by Leete in 1960 [129].
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The medical application of colchicine in cancer chemotherapy is restricted due to
its comparatively high toxicity, despite its potency as an anticancer agent. Neverthe-
less, colchicine is currently utilized in therapy [130]. Colchicine’s potential anticancer
impact on hypo-pharyngeal carcinoma was studied. Colchicine dose-dependently
suppressed hypo-pharyngeal human cell proliferation [128]. Colchicine inhibited
adhesion, migration, and cell invasion via decreasing expression of MMP9, uPA, and
FAK/SRC [128]. Researchers have shown that colchicine inhibits the reproduction of
the Flaviviridae family of viruses by blocking microtubule polymerization.
Researchers believe colchicine, a well-known anti-inflammatory medication, can cure
COVID-19 by decreasing inflammation [131].

3.2.5 Piperine

Piperine has been extracted from various species of the Piperaceae botanical family
[132], as shown chemically in Figure 2 [132]. Piperine is a major compound of black
pepper (Piper nigrum) and long pepper (Piper longum), two species of the Piperaceae
family. Studies suggest piperine exhibits bioavailability-enhancing properties for
select nutritional substances [133]. The biting quality that is distinct from black
pepper is attributed to piperine. Piperine exhibits numerous pharmacological proper-
ties and confers various health advantages, particularly for chronic ailments. These
benefits include mitigation of anti-inflammatory effects, insulin resistance, ameliora-
tion of hepatic steatosis [134], anti-aging, antidiabetic, cardioprotective, antimicro-
bial, and anti-obesity [132]. When ciprofloxacin and a piperidine-type alkaloid from

Figure 2.
Piperine and its structural isomers (adapted from Ul-Haq et al. [132]).
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the plants. Together, P. longum and P. nigrum were able to inhibit the development of
a mutant S. aureus and considerably reduce MIC values for S. aureus [135].

In the case of absorption, it is noteworthy that piperine exhibits no metabolic
transformations upon absorption, as evidenced by its presence in both intestinal
tissues and serosal fluid. This suggests that piperine remains unaltered throughout the
absorption process [132].

3.2.6 Reserpine

Reserpine, an indole alkaloid extracted from the plant Rauwolfia serpentina, is
well-known for its potent EPI action. The co-administration of reserpine has
improved the antibiotic susceptibility of various bacterial species, such as
Micrococcus spp., Streptococcus spp., and Staphylococcus spp. [29]. Combining reserpine
with other commercially available antibiotics has been shown to improve the
antibiofilm response and eradicate a sizable amount of bacterial biofilm in a urinary
catheterization model, as reported by Parai et al. [136]. In another study, many acyl
reserpine derivatives were made and tested for their antimycobacterial and antioxi-
dant activities against Mycobacterium TB, strain H (37) Rv. This was done because
reserpine is thought to have therapeutic benefits. According to the findings, 10 of
18 derivatives exhibited more significant suppression of antimycobacterial
activity than reserpine [137]. On the other hand, reserpine inhibits AcrB.
Acriflavine resistance protein B (AcrB) is an MDR efflux transporter that belongs to
the Resistance-nodulation-division (RND) superfamily [138].

3.2.7 Tomatidine

Steroid alkaloid tomatidine is harvested from nightshade plants, including toma-
toes, potatoes, and eggplant. As monotherapy or in combination with
aminoglycosides, there is evidence that it is highly effective as an antibacterial agent
against S. aureus [29]. Tomatoes and tomatidine, as found by Silva-Beltrán et al., have
great promise as a source of several bioactive chemicals, antioxidants, and
antibacterial agents [139]. Tomatidine exhibited bacteriostatic activity against small-
colony variants linked to their impaired electron transport system. The electron
transport inhibitor 4-hydroxy-2-heptylquinoline-N-oxide (HQNO) increased the sen-
sitivity of typical S. aureus strains to tomatidine [140].

3.2.8 Conessine

Holarrhena antidysenterica, a member of the Apocynaceae family, has a long his-
tory of medical usage for treating dysentery, diarrhea, fever, and bacterial infections
[141]. Conessine is a steroidal alkaloid. The therapeutic actions of H. antidysenterica
barks are due to the presence of alkaloids, specifically the steroidal alkaloid conessine.
There is preliminary evidence that this compound can kill gram-positive and gram-
negative bacteria [141]. Based on the existing evidence, it can be inferred that the
steroidal crude extract of H. antidysenterica and conessine exhibit properties of efflux
pump inhibitors (EPIs). Recently, it has been reported that the steroidal extract and
alkaloid conessine can augment the efficacy of antibiotics by impeding the AdeIJK
efflux pump in A. baumannii [142].

Other alkaloid classes, namely indolizidine, pyrrole-imidazole alkaloid, quinoline,
aaptamine, indole, isoquinoline, piperazine, polyamine, bisindole, quinolone, indole-
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quinoline, agelasine, aaptamine-indole, pyridoacridine, and bispyrrole have been
reported to exhibit antibacterial activity [37].

4. Alkaloids derived from medicinal plants and their antimicrobial
activities

The distribution of alkaloids within plant tissues is heterogeneous, as mentioned
previously, with varying concentrations observed across plant parts such as roots,
seeds, leaves, fruits, and bark. Distinct alkaloid types may exist in various parts of a
single plant [12]. The alkaloids are the most abundant secondary metabolites in the
Zanthoxylum genus, and they exhibit a wide variety of biological functions due to their
structural diversity [143]. A study by Farouk et al. indicated that Eurycoma longifolia
leaf extracts were tested for antibacterial efficacy against Pseudomonas aeruginosa and
S. aureus bacteria. The extracts were prepared using various solvents, including ace-
tone, ethanol, phosphate buffer, and methanol at 5–100 mg/mL concentrations. Sev-
eral extracts inhibited bacterial growth, with the widths of the inhibition zones
ranging from 7 to 25 mm [144]. In addition to causing serious side effects, treating
fungal infections with antifungal drugs often leads to drug-resistant strains of the
fungus. This highlights the critical need to investigate potential new antifungal med-
icines. It has been shown that alkaloids isolated from the leaves of Ruta graveolens L.
are fungi toxic [145]. Flavonoids and quinoline alkaloids isolated from the roots of
Waltheria indica L. showed that to have antifungal activity against Candida albicans
[146]. Table 2 summarizes some selected medicinal plants that possess alkaloids with
antimicrobial properties.

In a study by Erdemoglu et al. [154], capillary GC-MS identified 15 alkaloids. 13α-
hydroxylupanine (50.78%) and lupanine (23.55%) were assessed to be the significant
alkaloids in the aerial parts of L. angustifolius. Ammodendrine, tetrahydrorhom-
bifoline, isoangustifoline, α-isolupanine, 5,6-dehydrolupanine, 11,12-
dehydrolupanine, 13α-tigloyloxylupanine, 13α-acetoxylupanine, angustifoline,
13α-isovaleroyloxylupanine, 13α-valeroyloxylupanine, 13α-cis-cinnamoyloxylupanine,
and 13α-cis-cinnamoyloxy-17-oxolupanine were analyzed as the minor alkaloids of the
substances in this plant. The alkaloid extract showed modest effectiveness against E.
coli, while a strong point against B. subtilis, S. aureus, and P. aeruginosa. The extract
was only moderately effective against Candida albicans and C. krusei [154]. Although
native to the Middle East and Mediterranean regions, Peganum harmala has been
introduced to Australia and the United States [155]. The alkaloids of P. harmala are
concentrated in its roots and seeds. All 13 Gram-positive (S. pyogenes, S. epidermidis,
S. aureus, L. monocytogenes B. pumilus, B. cereus, and B. anthracis) and Gram-negative
(Brucella melitensis, P. aeruginosa, Salmonella typhi, Klebsiela pneumoniae, E. coli, and
P. mirabilis) bacteria tested showed inhibition by methanol extract [155]. Papaver
somniferum, belonging to the Papaveraceae botanical family, has been the subject of
extensive research due to its benzylisoquinoline alkaloids (BIAs), which have been
utilized for medicinal purposes since ancient times. It is notable for being the sole
commercial source of morphine and codeine and is regarded as the model plant for
BIA research. P. somniferum synthesizes vital alkaloids, such as sanguinarine, papav-
erine, and noscapine [162].

Native to Oman, Ficus sycomorus has had its leaf extracts investigated for their
ability to eradicate Haemophilus influenzae, S. aureus, E. coli, and Proteus spp. [152].
Ficus sycomorus is abundant in flavonoids, alkaloids, tannins, and phenolic compounds.
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The leaves were subjected to methanol extraction, and subsequent extraction with
various solvents. The disk diffusion technique results showed that at concentrations of
0.22–2.02 mg/mL, the crude leaf extracts showed antibacterial activity against E. coli,
with inhibition diameters ranging from 0 to 9 mm [152].

The Apocynaceae plants, Catharanthus roseus, and Rauwolfia serpentina are known
for their production of significant alkaloids, including serpentine, vinblastine, vin-
cristine, ajmalicine, reserpine, and ajmaline. These plants are role models for under-
standing how monoterpene indole alkaloids (MIA) are synthesized. Considerable
knowledge exists regarding the physiological and ecological factors producing MIA in
C. roseus [37].

The date palm is widely distributed throughout the Arabian Peninsula and is
recognized as a significant economic crop. Date palms possess various chemical com-
pounds such as vitamins, flavonoids, steroids, alkaloids, tannins, and carbohydrates.
Except for E. faecalis, both the methanol and acetone extracts showed potent
antibacterial activity [156].

5. Alkaloids’ antibacterial mechanism of action

Alkaloids have been observed to affect various metabolic systems in animals, and
their toxic mechanism of action can display considerable variability. Toxicity may
present itself via enzymatic alterations that affect physiological functions,
obstruction of DNA synthesis and repair mechanisms by intercalating with
nucleic acids, or modulation of the nervous system. Various alkaloids can exert an
influence on different physiological processes [37]. However, bactericidal drugs are
those that, in the absence of confounding variables, result in a 99.9% reduction in
bacterial viability at doses no higher than four times the MIC [96]. Most research
shows that alkaloids are antibacterial, not bacteriostatic, though this might vary
depending on the species of specific alkaloids (such as chelerythrine and
prosopilosidine) [8, 15]. The MIC values of squalamine have been demonstrated to be
bactericidal within 1–2 hours, killing 99.99% or more of gram-positive and gram-
negative bacteria [8]. Their primary antibacterial methods involve blocking
bacterial metabolism, altering membrane permeability, and blocking the creation of
nucleic acids and proteins [17]. Techniques involving the controlled introduction of
pathogens or herbivores, the physical or chemical stimulation of their presence, and
the subsequent monitoring of gene expression, enzyme activity, and concentrations of
precursors and the alkaloid itself have proven effective [37]. The distinct classes of
alkaloids exhibit varying mechanisms of action as antibacterial agents [37]. The
antibacterial properties of pergularinine and tylophorinidine, which belong to the
indolizine class of alkaloids, are attributed to their ability to inhibit the dihydrofolate
reductase enzyme, thereby impeding the synthesis of nucleic acids [153]. Agelasines
alkaloids affect bacterial hemostasis by inhibiting the dioxygenase enzyme BCG 3185c,
contributing to their antibacterial action. Agelasine D is an alkaloid with antimyco-
bacterial activities, and its overexpression and binding affinity in studies led to the
result mentioned above [163]. The respiratory inhibition effects of synthetic quino-
lone alkaloids, as well as the cell division inhibition effects of isoquinolines, including
protoberberine, berberine, benzophenanthridine, and sanguinarine through pertur-
bation of the Z-ring, have been documented. Additionally, the phenanthridine
isoquinoline alkaloid ungeremine has been found to inhibit nucleic acid synthesis. In
contrast, the indolizidine alkaloids pergularinine and tylophorinidine have been
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shown to suppress nucleic acid synthesis by inhibiting dihydrofolate reductase [37].
The mechanisms of action about antibacterial activity exhibit variation across distinct
alkaloids. The following examples are being examined [16]:

1.Disruption of the bacterial membrane.

Several alkaloids from herbal plants have been discovered to exhibit
antimicrobial activity by disrupting the bacterial membrane. For example,
herbal alkaloids like berberine and palmatine have been proven to cause
bacterial cell death by rupturing their membrane [164, 165]. Additionally,
squalamine is a polyamine alkaloid with a detergent-like mode of action,
depolarizing Gram-positive bacteria membranes and disrupting Gram-
negative bacteria’s outer membranes [16]. The cytoplasmic membrane is
disturbed by phenanthroindolizidine alkaloids [166]. For instance, berberine
attacked the mitochondrial membrane of fungi and resulted in cytoplasmic
damage in Streptococcus agalactiae (CVCC 1886 strain, obtained from the
Microbiological Lab of Sichuan Agricultural University, Ya'an, China),
whereas liriodenine caused cytoplasmic changes and cell wall destruction in
Paracoccidioides brasiliensis [9].

2. Interfering with cell division.

Pergularinine and tylophorinidine, two phenanthroindolizidine plant
alkaloids, can block the production of nucleic acids. Protein, RNA, and DNA
synthesis rely on pyrimidine and purine precursors, produced by the crucial
enzyme dihydrofolate reductase [16]. DNA-protein cross-linking and DNA
cross-linking are two mechanisms through which certain alkaloids, such as
aristolochic acids, can cause mutations [167]. Interaction with DNA is
thought to be the primary mechanism by which quinoline alkaloids exert their
antibacterial and antifungal effects [9]. Another example is berberine, which
was effective against Actinobacillus pleuropneumoniae and Streptococcus
agalactiae (CVCC 1886) by inhibiting DNA synthesis and preventing
synthesis [168].

3.Bacterial enzyme and respiratory system inhibition:

Alkaloids from herbal plants have been reported to inhibit bacterial enzymes
and respiratory systems. For example, inhibiting the respiratory system of
bacteria, including S. aureus, has been demonstrated for the alkaloid
tetrandrine, which is present in several medicinal plants [15].
Additionally, berberine can inhibit bacterial enzymes like DNA gyrase leading
to cell death [15]. Also, the alkyl methyl quinolone alkaloids exhibit potent
and selective antibacterial properties against H. pylori using respiratory
inhibition [169].

4.Modulating the expression of virulence genes.

The regulatory protein ToxT has been identified in V. cholerae. It plays a
crucial role in activating various virulence determinants, including the genes
responsible for encoding virulence factors. Additionally, Yang et al. report
that cholera toxin and ToxT co-regulated pilus [170]. The isoquinoline
alkaloid known as virstatin has been found to effectively inhibit ToxT, which
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subsequently results in the inhibition of virulence factors. The research
showed that it prevented V. cholerae from colonizing the intestines of
newborn mice models [16].

On the other hand, the majority of quinoline and indole-based antifungal and
antibacterial alkaloids discovered in Asian angiosperms, respectively, target
DNA, topoisomerases, and the cytoplasmic membrane as their primary sites
of action [9].

6. Conclusions and future

Alkaloids comprise a vast and heterogeneous category of compounds that exhibit a
broad-spectrum of biological functions that hold immense significance for plants,
animals, and humans. These compounds possess remarkable pharmacological proper-
ties. The advent of antibiotic-resistant microorganisms has substantially compromised
antibiotic effectiveness. To date, a new approach to tackling antibiotic resistance is
urgently needed. In the coming years, bioactive compounds will likely be discovered
using phytochemicals, which exhibit a variety of chemical structures and methods of
action. Alkaloids exhibit varying primary functions across different plant species, and
their metabolic profiles are often associated with distinct environmental factors and
developmental cues, thereby providing evident adaptive advantages. Concerning
potential toxicity to other organisms or the production of bioactive metabolites for
therapeutic applications, the variation in plant alkaloid metabolism and accumulation
is crucial. Alkaloids are effective in this review report as an alternate therapy for
combating the emergence and spread of multidrug-resistant infections and the harm-
ful effects of some antibiotics. The following compounds have been identified as
primary candidates due to their MIC of less than 1 μg/mL: 8-Acetylnorchelerythrine,
cryptolepine, sampangine, 8-hydroxydihydrochelerythrine, 6-methoxydihydrosan-
guinarine, 20-nortiliacorinine, tiliacorine, rhetsisine, pendulamine A and B,
tylophorinine, tryptanthrin, viroallosecurinine, and vallesamine.
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Chapter 8

Synthetic Alkaloids: Cantharidin
Derivatives
Nurhan Kishali

Abstract

Cantharidin is a naturally occurring cyclic anhydride found in many insect species,
particularly Lytta vesicatoria, known as the Spanish fly. Although highly poisonous,
dried Spanish fly has been used as an aphrodisiac since ancient Greeks and Romans.
Spanish fly has been used in eastern medicine for many years as a natural anticancer
agent, especially in the treatment of hepatoma and esophageal carcinoma. Over time,
its stotoxicity was determined to be high and its use was limited. Later, alkaloid
derivatives with no stotoxic effect were produced synthetically and evaluated as
anticancer agents. Since cantharidin obtained from insects is not an alkaloid but its
derivatives with lower stotoxicity, cantharimide and norcantharimide are cyclic
imides, they can be evaluated in the class of alkaloids. Cantharimide and
norcantharimide compounds have gained importance in terms of their stotoxic effect
on many cancer cell lines. Many studies have been done on their synthesis and
anticancer properties for many years.

Keywords: alkaloids, cantharidin, cantharimide, norcantharimide, anticancer

1. Introduction

Alkaloids are chemical compounds that contain basic Nitrogen atoms and are
produced naturally by various organisms. Alkaloids can contain some groups with
neutral [1] or acidic properties [2]. Alkaloids are usually organic bases. They form salts
when reacted with acid and form alkaline solutions when dissolved. Primary sources
of alkaloids are flowering plants. Plants use alkaloids for defense against herbivores
and pathogens. It has been determined that 20% of plants contain alkaloids. Alkaloids
are cyclic compounds that contain nitrogen (Figure 1) [3].

Plenty of alkaloids have been used in medicine for ages and even nowadays, they
are prominent medical compounds. Since primitive times, alkaloids obtained from
plant extracts have been used in medicines and poisons. In ancient times, plant
extracts containing alkaloids were used to treat numerous ailments, including snake-
bite, fever, and insanity. Generally, alkaloids are extremely toxic at low concentra-
tions, even if they have a therapeutic effect. Defense chemicals of plants against
microorganisms, insects, and herbivores, as well as other plants using allelopathic
active chemicals [4]. Their taste is bitter. They are usually colorless crystals at room
temperature and are optically active [5]. Purely isolated plant alkaloids and their

143



synthetic derivatives are used as basic medicinal agents due to analgesic, antispas-
modic, and bactericidal effects [6]. Alkaloids generally affect the nervous system in
humans (especially acetylcholine, epinephrine, norepinephrine, gamma-aminobutyric
acid, dopamine, and serotonin) [7]. Alkaloids such as berberine (in eye medications)
and sanguinarine (in toothpaste) are used as antiseptics (Figures 2 and 3) [8].

While the search for new anticancer drugs continue, old drugs are viewed as new
options. The dried body of Mylabris, the Chinese bubble beetle, has been the focus of
attention for its anticancer properties, as it is known for traditional medicine in China
for more than two thousand years, where it has been used as a traditional medicine.
The oldest data in China on the use of Mylabris as a medicine dates back to 300–
168 BC. In Europe, it was found about 77 AD in a medical article published in Materia
Medica. The active ingredient of Mylabris has been identified as cantharidin. Later, it

Figure 1.
Examples of alkaloids.

Figure 2.
Examples of alkaloids acting on the nervous system.

Figure 3.
Chemical formula of berberine and sanguinarine alkaloid.
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was determined that cantharidin has both anticancer activity and leukocytosis and
hemorrhagic cystitis properties [9]. When the natural product cantharidin was puri-
fied and used for a long time, its cytotoxic effects began to be observed, and
norcantharidin, a demethylated derivative, was synthesized. Subsequently, nitrogen-
containing derivatives cantharimide and norcantharimide were synthesized. Later,
derivatives of these four analogs were synthesized both in the amide ring and in the
cyclohexyl ring, and biological activity studies were carried out (Figure 4).

Norcantharidin slows the proliferation of tumors such as HeLa, CHO, CaEs-17,
BEL-7402, SMMC7721 human hematoma, HEP-2, and human epidermoid larynx car-
cinoma [10–12]. Norcantharidin has been found to have fewer nephrotoxic and
inflammatory effects [13–17]. Based on the structure–activity relationship, more ana-
logs have been synthesized. For this reason, based on the structure–activity relation-
ship, the researchers synthesized more analogs, and each synthesis was supported by
biological activity and anticancer studies [18–28].

Disodium cantharidate and norcantharidin derivatives, among the compounds
synthesized analogously, are among the derivatives synthesized in the earliest period
by Wang et al. [10]. Because of their found stronger antihepatoma activities, these
derivatives were more popular than cantharidin itself. However, they also cause
minimal urinary irritation (Figure 5) [10].

Cantharidin has many derivatives besides disodium cantharidat and
norcantharidin, some of which are hydrocantharidimite, methyl cantharidimite, and
dehydronorkantharidin (Figure 5). Chinese scientists are collecting their medical
literature by researching cantharidin and its derivatives, but there are still large gaps
in researchers’ knowledge about these drugs and their effects [29–32]. According to
current information, norcantharidin, a demethylated analog of cantharidin, is stated
to slow down the proliferation of tumors such as HeLa, CHO, esophageal carcinoma
(CaEs-17), hepatoma (BEL-7402 and SMMC-7721), epidermoid larynx carcinoma
(HEP2), and human epidermoid larynx carcinoma [10–12].

Two main methods were used in the synthesis of cantharimide and
norcantharimides. One of them is the addition of furan and (2,3-dimethyl)maleic
anhydride and then its conversion to the imide derivative. The other (2,3-

Figure 4.
The chemical formula of cantharidin, norcantharidin, cantharimide, and norcantharimide.

Figure 5.
Examples of early synthesized derivatives of cantharidin.
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dimethylmaleimide) is made by initially synthesizing maleimides and adding Diels-
Alder with furan (Figure 6).

2. Cantharimides

Cantharidine is found in Cantharis vesicatory, Lytta caraganae, Mylabris phalerata,
Meloidae, Oedemeridae, and various other insect species. Derivatives of cantharidin are
synthesized to reduce their blistering effects on the skin, reduce their toxic properties,
and benefit from their antitumor activity. Since the 1950s, it has been determined that
various anhydride and imide derivatives exhibit a wide range of biological activities
(antidepressant, anticonvulsant) as well as antitumor properties [33–43]. For this
reason, cantharimide, which has an imide structure, attracted the attention of Guang-
Sheng WANG reported that he synthesized cantharimide and N-methyl cantharimide
in an article he prepared in 1989 and conducted an activity study in KB cell culture. As
a result of his study, he stated that both compounds showed antitumor activity [10].

Pen-Yuan Lin and his group synthesized 10 different cantharimide derivatives
using various tryptamine, indolyl, naphthyl, and pyridyl amines [34]. Lin used
Zhang’s method in his synthesis. In this method, in the presence of triethyl amine at
high pressure, the related amine compound gives cantharimides as a result of an
addition reaction under pressure at 200°C (Figures 7 and 8) [44].

Another of the cantharimide derivatives is the derivatives obtained by the addition
of heterocyclic groups. These derivatives were synthesized for cytotoxicity tests
against human hepatocellular carcinoma cells. In this synthesis, N-thiazolyl and N-
thiadiazolyl cantharimides were synthesized by the method used above. According to
the results of the study, they observed that the side groups attached to N-Thiazolyl
and N-Thiadiazolyl amine compounds showed higher cytotoxicity than cantharidin in

Figure 6.
General synthesis methods of cantharimide and norcantharimides (R0 : Primary amine containing the desired
derivative to be synthesized).

Figure 7.
Synthesis of tryptamine, indolyl, naphthyl, and pyridyl canthrimidines [44].
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the area of electron-withdrawing (such as -NO2), whereas a decrease in cytotoxic
activity was observed in methyl-substituted compounds (Figure 9) [45].

In 2007, a new cantharimide derivative was synthesized by Chan et al. Its structure
was elucidated and its cytotoxicity on SK-Hep-1 hepatoma cells was determined. In
this study, two cantharimides were synthesized with 2-amino benzothiazole deriva-
tives. Cantharidin and 2-amino benzothiazole derivatives were added to a tube
containing dry toluene and triethylamine (TEA), and related derivatives were syn-
thesized at 200°C [45]. As a result of cytotoxic studies of the study group, it was
determined that the compounds showed inhibition on SK-Hep-1 hepatoma. Using the
results from the study, the group is also designing new (Figure 10) molecules [46].

Cantharimide derivatives were also synthesized using aliphatic primary amines,
phenethyl amines, aniline, and pyridine components by high-pressure addition reac-
tion method. In the synthesis, the product was obtained with a yield of 29—96%. It is
thought that the primary factor affecting the efficiency is the inductive effect of
electron-negative groups. Another factor affecting the yield is the nucleophilic and
basicity strength of the amines. Again, cytotoxicity studies of the compounds obtained
in this synthesis were performed in human hepatocellular carcinoma (Hep G2) and
myeloid leukemia cells (HL-60). In the evaluation, it was determined that compounds
(10 and 16) with electron-withdrawing NO2 groups in the pyridyl and benzene rings
showed strong inhibitory effects in both cell lines. Methyl-containing compounds

Figure 8.
Synthesis of cantharimides at high pressure [44].

Figure 9.
The synthesis of the N-thiazolyl- and N-thiadiazolyl cantharimides [45].

Figure 10.
The synthesis of the (Me/-OMe)-2-amino benzothiazole cantharimides [46].
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(6, 7, and 9) have less effect, while halogen-containing compound (8) has a moderate
effect. Compound 10 with the 2-(3-nitro pyridyl) group showed stronger cytotoxicity.
Para-Pyridyl imide 4 showed greater potency than ortho- or meta-pyridyl imide. 3-
Pyridyl (5) and N-phenyl imides (14 and 16) also showed strong cytotoxicity. Com-
pounds with planar side chains (12, 14, and 20) and N-azaethyl or N-aryl compounds
(17, 18, 19, and 21) showed moderate cytotoxicity on both Hep G2 and HL-60.
However, aliphatic chain imides (1, 2, and 3) were found to have very low effects in
the studied cell lines (Hep G2, HL-60) (Figure 11) [33].

Until 2017, about thirty cantharidin derivativeshave been isolated from insects of
the genus Mylabris and Hycleus. As cantharimide compounds are known to exist in
different insects from Mylabris and Hycleus species, thirteen new cantharidin deriva-
tives have been isolated from the whole body of Mythicomyia phalerata as part of
studies to discover new potential antitumor agents [34]. During this purification,
dimeric cantharimides were also obtained. The cytotoxic effects of the isolated deriv-
atives against HepG2, MDA-MB-231, and A-549 cell lines were investigated, and it
was determined that all isolated compounds showed high activity, except for the
compound called Canthaminomide F (Figure 12) [34].

Due to the presence of dimeric products in cantharimides obtained from natural
sources, some researchers have included these compounds in their synthesis. In a
study conducted in this way, cantharimide dimers were synthesized and the structure
was determined. The dimers synthesized in the same study were also isolated from
natural sources. Along with these dimers, two different cantharimides were purified
(Figure 13) [35].

Figure 11.
Cantharimides are synthesized by the high-pressure addition reaction method [33].

Figure 12.
Dimeric-canthraimides isolated from M. Phaletata [34].
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3. Norcantharimides

Studies on norcantharimides are examined by dividing them into two groups
distribution methods and medicinal chemicals. Compounds such as norcantharimide
[36] and norcantharidin dimer [37] belong to the class of medicinal chemicals.
Norcantharimides are made from either the imide ring [38] or the cyclohexyl ring [39]
in their medicinal chemical derivative synthesis. Then, new derivatives [40] were
obtained by opening the imide ring in these derivatives (Figures 14 and 15).

In addition, when dimer products were detected in cantharimide derivatives puri-
fied in natural sources, dimer structures in norcantharimide derivatives were included
in the synthesis [36]. Norcantharidin-dimer analogs as analogs of norcantharidin,
norcantharidin with lactose acid, norcantharidin with amantadine, water-soluble
norcantharidin with chitosan analogs, esterification of norcantharidin, amino acid
norcantharimides, N-substituted dehydronortharimid analogs, immune liposomes,
and modifications of norcantharidin show potential in the anticancer field [36].

Some norcantharidin analogs are known to have very good PP1 and PP2A inhibi-
tory activity [22, 41–43]. In addition, studies by McCluskey et al. reported that some
norcantharidin analogs, which have no toxic effect on human cell lines, kill
trichostrongylid nematode Trichostrongylus vitrinus and Haemonchus contortus
larvae [47].

McCluskey synthesizes a large number of norcantharimide in his studies and
conducts various activity studies. In one of these studies, he synthesized 54
norcantharimide compounds and conducted a toxicity study against H. Contortus,
which showed serine–threonine phosphatases (PP1 and PP2A) [48]. As a result of the
study, it was determined that three of the 54 analogs synthesized were almost
completely lethal against H. contortus and showed at least five times more inhibition

Figure 13.
Cantharimide dimers from the Chinese Blister Beetle [35].

Figure 14.
Examples of norcantharimide as a medicinal chemical [36–40].
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than the control compounds. McCluskey’ reported that he synthesized 54 compounds
by the methods given below Figure 14 [47].

In another study published by McCluskey in 2011, eighteen phosphate esters of the
side group attached to the imide nitrogen were synthesized. It has bioscreened them in
nine human cancer cell lines (HT29 ve SW480, MCF-7, A2780, H460, A431, DU145,
BE2-C, SJ-G2). As a result of the study, he stated that he obtained a new series of
norcantharidin analogs with broad-spectrum antiproliferative activity [41]. Another
important finding from the study is the relative ease of Phosphate ester hydrolysis. Of
the phosphates studied, diphenyl and bis-trichloroethyl analogs showed the highest
level of cell death (Figure 16) [49].

McCluskey also conducted biological activity studies by synthesizing
norcantharidin-dimer analogs. McCluskey explained the relationship between
heterocyclic substituted (nor)cantharidin analogs and PP1 and PP2A as a result of
his studies. McCluskey et al. synthesized many norcantharidin analogs, including two
bis-norcantharimides. Among the compounds it synthesized were compounds
containing 10, 12, and 14 alkyl chains attached to the imide nitrogen, 1,2-diol units,
and two norcantharimide attached to dodecyl. Among these groups, two
norcantharimide (Bis-Norcantharimide) bound to dodecyl showed the highest activ-
ity in the cell line [42].

Evaluating the results obtained from this study, Cuifang Cai showed that the
compound containing N-C14H29 (Figure 17) side group has a longer half-life and

Figure 15.
(A) Reagents and conditions: (a) Et2O, rt., 48 h; (b) acetone, 10% Pd–C, H2(g) 50 psi, 18 h; (c) RNH2, PhCH3,
reflux, 24–36 h (d) RNH2,THF, rt [41]. (B) Reagents and conditions: (a) CH3OH, rt. 30 min; (b) PhCH3,
sealed tube 200°C, 36 h.
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higher volume of distribution (Vss) compared to norcantharidin, as a result of the
pharmacokinetic study performed by injecting it into rats. The results obtained from
this study suggested that the formulation to be prepared with N-C14H29 is a promising
alternative with its high encapsulation efficiency, significant physical and chemical
stability, and long half-life (Figure 17) [50].

Dimeric compounds norcantharidin compounds have been synthesized and stud-
ied by many researchers for the treatment of cancer, HIV, Alzheimer’s, malaria, and
various parasitic diseases. Some of the scientists who carried out these studies are
Gervais [51], McCluskey [42], T. Nakatani [35], Tang [52], and Tan [38].

When Xue-Jie Tan and his group realized that good results were obtained both in
extract analysis and in many synthesis and activity studies, they used four dimeric
norcantharimide directly synthesized in their studies. Two of these compounds were
synthesized for the first time by Xue-Jie Tan and his group, while the remaining two
were synthesized by Dominic V. McGrath’s group. However, Xue-Jie Tan and his
group presented the crystal structure, spectroscopic properties, and anticancer activ-
ities of these four unsaturated dimeric norcantharimides to the knowledge of
researchers (Figure 18) [38].

Figure 16.
Reagents and conditions: (a) H2N–X–OH, D, 18 h; (b) ClP(O)(OR)2, n-Bu2O, Et3N, rt [49].

Figure 17.
N-C14H29 and norcantharimide, whose physical and chemical stability was determined by Cuifang Cai [50].

Figure 18.
Dimer-norcantharimides synthesized by Tan et al. [38].
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4. Conclusion

Alkaloids are defined as amine compounds naturally produced by plants. In addi-
tion, alkaloids are defined as secondary metabolites with important biological proper-
ties. It is also known that some alkaloids are beneficial for some diseases. In light of
this information, we can evaluate cantharimide and norcantharimide derivatives in
the alkaloid class, even if they are not of plant origin. Considering the information, we
have briefly compiled above, the starting compound is a product of natural origin.
Later, all of the synthesized derivatives contained nitrogen atoms, and positive test
results were obtained on many disease-causing agents. After obtaining a large number
of alkaloid cantharimide derivatives by extraction, it has also begun to be synthesized
as a medicinal chemical. Researchers at the time sought to improve previous methods.
In this review, it was concluded that medicinal chemical-synthesized derivatives of an
insect-derived alkaloid can be used for pharmaceutical purposes.
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Chapter 9

Medicinal Plants as Sources for 
Drugs and Vaccines
Siham A. Salim

Abstract

In general, vaccines are important biological factors that stimulate human immunity 
to resist various diseases or their pathogens that invade him. The vaccine includes 
protein material of the pathogen itself, which is either killed or weakened form, or is 
made from corresponding artificial protein subunits to help human’s immune system 
for recognizing antigens. However, it has been observed that there are some side 
effects appeared from using of traditional vaccines, which made trending toward 
finding alternative solutions is an important goal. In recent years, with the progress in 
medicinal sciences, genetics and plant biotechnology, the concept of edible vaccines 
has emerged by biotechnologists in an attempt to use edible plants in the production 
of alternative vaccines for commercial vaccines that are useful in treating diseases that 
affect humans without needing for injection or refrigerated storage, which is done 
through genetically engineering plants to carry antigens through several methods, like 
bacterial vectors, shot gun or microinjection through plant tissue culture techniques 
to produce vaccine-bearing plants like banana, maize, potato, rice, tobacco, tomato, 
legumes and others which makes these plants have two tasks, their suitability for food 
and to stimulate the body’s immune response against many pathogens at once.

Keywords: medicinal plants, immunization, natural drugs, edible vaccines, transgenic 
plants, vaccination

1. Introduction

Vaccination is a simple, safe, and effective way to protect people from harmful 
diseases before they are exposed to them via induction of the body’s natural defenses 
to build resistance to specific diseases, as well as strengthen the immune system. 
Vaccines train the immune system to make antibodies (proteins that the immune sys-
tem naturally produces to fight disease), just as it does when exposed to a disease, as it 
recognizes an invading pathogenic organism, such as a virus, bacteria, or others, and 
fights it. However, because vaccines contain only dead or weakened forms of germs 
such as viruses or bacteria, they do not cause disease and do not expose the human 
body to the risk of complications, so most vaccines are given by injection, while others 
are given orally or sprayed into the nose to treat many diseases such as hepatitis B, 
measles, tuberculosis, tetanus, diarrhea, diphtheria, etc. [1].

Our immune systems have the ability to remember. Once exposed to one or several 
doses of a vaccine, we usually remain protected from the disease for years, decades, or 
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even for life. This makes vaccines so effective, as they aim first to protect us from the 
disease before resorting to treatment after infection [2]. Although traditional vaccina-
tion is the safe method used around the world to confront the risk of diseases when 
exposed to them, it faces some limitations, represented by the cost of production, stor-
age, distribution and the lack of sufficient scientific research on it. Therefore, scientists 
and researchers have turned to finding safe therapeutic alternatives under the progress 
made in various biotechnologies and genetic engineering, which made it possible to 
produce genetically modified plants, which prompted researchers to introduce anti-
pathogenic genes into these plants in order to produce plants that are eaten and carry 
the anti-gene at the same time, which in turn are easy to transport, distribute and store 
so that they are available to humans when administered as edible vaccines [1, 3].

The concept of edible vaccines, plant-based edible vaccines, or plant-based 
vaccination appeared in the twentieth century. This is called a GreenVax (a concept 
developed in the 1990s, which means the consumption of edible tissues of transgenic 
plants), which refers to food, typically plants, that produce proteins, vitamins, or 
other nourishments that act as a vaccine against a certain disease. Once the plant, 
fruit, or plant-derived product is ingested orally, it stimulates the immune system. 
Specifically, it stimulates both the mucosal and humoral immune systems [4–6]. 
Edible vaccines offer many benefits over traditional vaccines due to their lower 
manufacturing cost and lack of negative side effects. However, there are limitations 
as edible vaccines are still new and developing. Further research will need to be done 
before they are ready for widespread human consumption.

The plant-based vaccine method works by isolating a specific antigen protein, which 
triggers a human immune response from the target virus. A protein gene is transferred 
to the bacteria, which is then used to “infect” plant cells. The plants then begin produc-
ing the exact protein that will be used for the vaccine [7]. The possibility of introducing 
a set of genes of human pathogens (whether viruses or bacteria) into plant cells, thus 
re-cultivating the plant again so that it can produce biological primary vaccines contain-
ing pathogen genes, and by feeding the tissues of these plants to humans or animals, 
an immune response to vaccines is elicited. The new process will only take 4–6 weeks. 
Depending on this, if the project succeeds, it will be one of the largest and most power-
ful vaccine facilities in the world. However, the development and widespread use of new 
vaccines to improve health conditions at the global level face many challenges. The cost 
of the new vaccine must be low, the vaccine must be administered orally without injec-
tion, and it must remain stable in high temperatures. It should also contain a combina-
tion of vaccines to prevent diseases prevalent in developing countries [8, 9].

2. Why the plant-based edible drugs and vaccines are important?

Different drugs and vaccines were used in all countries of the world, as they 
caused a clear decrease in the death rates among humans, which are caused by various 
microbial infections with a large percentage, whereas in some cases vaccination leads 
to death of the vaccinated person [8]. The use of plants that are eaten to act as edible 
vaccines is an effective, safe alternative to traditional vaccines in controlling vari-
ous types of diseases and illnesses [3, 10]. To obtain an edible vaccine, the required 
gene that encodes that active compound as a vaccine is selected and inserted into the 
desired plant, where this plant manufactures the proteins encoded for this vaccine to 
perform a systemic immune function that gives the required immunity to the body of 
the organism when the plant is eaten [11, 12].
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Regardless of the way that edible vaccines are consumed, they all share an impor-
tant common goal of immunizing the human body against different pathogens or 
before they multiply in quantities that are sufficient to cause disease and the appear-
ance of disease symptoms in the patient. It is well known that the traditional methods 
of immunization against diseases are done by exposing the person’s immune system 
to killed or very weakened bacteria or viruses [13]. Therefore, when the immune 
system becomes sensitive to any foreign organism in the vaccine, it will act as if 
the body is under attack and mobilize all of its forces to eradicate and destroy the 
attacker after targeting the antibody gene, which the immune system distinguishes 
as foreign proteins that have entered the body. In fact, there is a rapid suppression of 
the response, but it leaves behind a guard or a watchdog in the memory of the cells 
that remain fully prepared when the pathogen enters the body in the future, so some 
vaccines and serums provide the body with lifelong protection, and the other section 
fades after time, such as the cholera vaccine and the tetanus vaccine, which requires 
periodic immunization. It is noted that traditional vaccines have few risks, the most 
important of which is that the organisms with which the body was vaccinated may 
live and multiply inside the body, causing diseases that were supposed to be elimi-
nated. From this aspect, most vaccine manufacturers today prefer another type of 
vaccine called subunit preparations, which consist mainly of antigenic proteins that 
have been discovered from the genes of the pathogens. Thus, there will be no possible 
chance for infection to occur in the future. Despite the importance of this modern 
industry of subunit vaccines, they are criticized for their high production costs due to 
their manufacture from bacterial cultures or animal cells, as well as their high purity 
and need for freezing.

The edible vaccines, which are the focus of our discussion, are similar to the sub-
unit preparation in terms of being genetically engineered to ensure that they contain 
the antigen and do not contain the organism that causes the disease, and both are safe 
to use. Before starting the production of edible vaccines, scientists raised a number 
of questions, including whether plants that will be genetically modified to contain 
the antigen able to produce effective copies of the intended protein. Will the antigen 
transferred to edible plants be destroyed when consumed by humans or animals? Will 
the gene decompose in the stomach before it performs its role compared to subunit 
preparations that are given as injections to avoid their damage? Will the antigen 
that was produced alert the human or animal immune system, and will the immune 
system’s response be sufficient to the extent of protecting humans or animals from 
infection with the disease against which they have been vaccinated? Besides that, 
researchers must know whether the edible vaccine appears in the mucosal immune 
system because many pathogens enter the body via the mouth, nose, reproductive 
organs, and others [14–16].

It is noted that when the response of the mucosal immune system is effective, 
molecules known as secretory antibodies are generated, which are released into the 
vacuoles of the orifices to resist the attack of pathogenic organisms that they find. An 
effective interaction may occur that activates the immune system in the body cells 
and thus kills the attacking pathogen. As it is known, vaccines injected into muscles 
avoid the mucous membranes, so the immune response to these membranes is weak, 
while edible vaccines come into contact with the internal walls of the digestive sys-
tem, so it is assumed that they activate both the response of the mucous membranes 
and the systemic immunity in the body. It is assumed that this dual effect provides 
protection against dangerous microorganisms, especially those that cause diarrheal 
diseases, which prompted researchers to prioritize their research in combating 
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diarrhea causes first, then other pathogens, especially Norwalk Rotavirus [17, 18], 
against the Escherichia coli bacteria [19] that secrete internal toxins causing what is 
known as traveler’s diarrhea, which leads to the death of nearly three million children 
annually in third world countries, and Vibrio cholerae (the bacteria that cause chol-
era) [20].

In fact, ideas began to circulate among many researchers from different countries 
of the world since 1995. For example, a gene encoding a protein was isolated from the 
virus that causes hepatitis B virus (causing liver damage and liver cancer) and trans-
ferred to the tobacco plant, which stimulated this plant to protein manufacturing. 
After injecting the antigen into the mice, it led to the activation of the components 
of the immune system of the mice to the same extent as what happens when they are 
infected with the hepatitis virus [21].

3. Methods of preparing the edible vaccine

Several methods exist for genetically modifying plants to obtain edible vaccines, 
such as gen gun, vector system (bacteria), chimeric viruses, and electroporation 
(Figure 1).

The most important method adopted in the production of an edible vaccine is the 
vector carrier method, which depends on the Agrobacterium tumefaciens bacteria as an 
intermediate vector in the transfer of the genetic material (antigen proteins) from a 
virus or other bacteria to the target plant, which is embodied in the immune response 
of the organism after consuming calculated amounts of the antigen-bearing plant. 
This process is performed using plant tissue culture technology [22, 23]. It is also 

Figure 1. 
Schematic representation of various methods for developing an edible plant vaccine.
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possible to insert the desired DNA into the plant genome by direct methods in plant 
genetic engineering. Perhaps it is easier to use the bombardment method by means 
of an gene gun after shooting it in the cultures of plant embryonic cell suspensions, 
because they are specialized into embryos, and it is easy to grow into a complete plant 
carrying the desired gene.

Regardless of how the plant is modified, the desired DNA randomly pairs with 
the plant’s genome, producing different levels of antigen expression that differ from 
one plant to another. Thus, it is preferable to modify 50–100 plants at the same time, 
and each plant is considered a separate line, and through this number, the line (plant) 
that is more expressive of the antigen with less negative effects on the body is elected. 
The method of producing the edible vaccine using A. tumefaciens as an intermediate 
vector can be summarized in the following steps:

1. Vegetable leaves (leaves from the potato plant, for example, as shown in 
 (Figure 2) are separated in good health condition, sterilized superficially, and 
cut into explants. When the cutting areas of the explant’s edges increase, there is 
a greater chance of infecting them with bacteria carrying the required gene, and 
thus, the success of the genetic transformation process.

Figure 2. 
Schematic showing the method of potatoes-edible vaccine production using Agrobacterium tumefaciens as 
intermediate vector through plant tissue culture technique.



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

164

2. Exposing the explants to bacteria (A. tumefaciens) carrying the antigen gene 
and the antibiotic resistance gene in a suitable culture medium which allows the 
bacteria carrying the two genes to deliver them to the genetic material (DNA) of 
the plant cell.

3. Exposing the plant cells to the antibiotic to kill the cells that do not carry the new 
genes and transferring the plant cells that contain the new genes to a suitable 
nutrient medium to stimulate the formation of callus in an appropriate size.

4. The induced callus mass is transferred to the regeneration medium to form 
shoots and roots, and the formed plantlets are separated.

5. The plants are acclimatized and transferred to the soil. After 3 months, plants 
bearing the antigen vaccine are produced. Its gene expression appears in potato 
tubers, which can be consumed as an edible vaccine.

Some of transgenic plants were invested to be consumed as edible vaccines, as 
shown in Table 1.

With the progress made in medical, agricultural, and pharmaceutical sciences, 
companies from different countries of the world produced vaccines from potatoes, 
tomatoes, lettuce, spinach, white clover, and Arabidopsis, where these plants 
were used as hosts for the production of vaccines [30, 31]. There has also been 

Crop Disease to be 
treated

Gene 
expression

Product Reference

Viral vectors in 
tobacco

Non-Hodgkin’s 
lymphoma

Antibody Parts of antibody in 
single and various chains

[24]

Genetically modified 
tobacco

Tooth decay Antibody CaroRx [25]

Genetically modified 
yellow corn and potato 
tubers

Diarrhea Vaccine Thermally stable toxins 
of E. coli

[2, 5]

Genetically modified 
yellow corn

Cystic fibrosis, 
pancreatitis

Therapeutic 
enzyme

Gastric lipase [16]

Genetically modified 
potatoes and lettuce

Viral hepatitis 
type B

Vaccine Hepatitis B virus surface 
antigen

[26]

Transgenic 
Arabidopsis

Vitamin B12 
deficiency

Food Human intrinsic factor [27]

Genetically modified 
yellow corn

Intestinal 
inflammations

Food Lactoferrin [28]

Genetically modified 
potato

Norwalk virus Vaccine Norwalk virus capsid 
protein

[18]

Transgenic 
Arabidopsis

Diabetes Hormone Insulin [29]

Transgenic rice Diarrhea Food Lactoferrin, lysozyme, 
human serum albumin

[16]

Table 1. 
Some pharmaceutical substances that were derived from plants to treat some human diseases.
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 progress in the use of plant species that are not edible plants but are medicinal 
plants and easy to handle in the laboratories for this purpose, such as Aloe vera 
plant [32], Neem plant [33], and Chlamydomonas reinhardtii green algae [34]. In 
general, each plant has its advantages and disadvantages if it is used as an edible 
vaccine.

4. Advantages of edible plant vaccines

The most important advantages of plants that make them candidates for the 
production of edible vaccines:

1. Must they have a long shelf life, as large-scale storage methods such as refriger-
ated storage are not required, which makes it possible to preserve the plant or the 
edible part of it without spoiling for a long time.

2. They are characterized by their rapid grow ability for producing them in large 
quantities, and they are cheap for the purpose of purchasing them by the con-
sumer, because some fruits that grow on trees take a longer time to grow, which 
makes them expensive accordingly.

3. Easy for genetic transformation of most crops that grow as native or local crops 
in their regions, which facilitates the possibility of producing edible vaccines and 
the ease of transportation and distribution to the consumer.

4. The edible vaccines can be taken by eating the plant or part of it without the 
urgent need to purify or process it.

5. Stimulating the immune response on the mucous surfaces lining the mouth 
(mucosal immunity), which is the first line of defense in the body.

5. Disadvantages of edible plant vaccines

1. Will the antigen be able to survive the acidic conditions of the host stomach? and 
if it succeeds in that, will it be able to stimulate the immune system in the right 
way? Although initial trials have shown promising results in humans, it is not 
clear what will happen when a person who has eaten an edible vaccine comes into 
contact with the actual virus or pathogen.

2. The most difficult task remains in how to adjust the dose of the edible vaccine, as 
there may be a risk that a dose that is too high can evoke oral tolerance to invad-
ing bacteria or viruses rather than an immune response against them. In addi-
tion, the dosage requirements for children and adults are different, so research is 
continuing to find solutions to these problems.

3. The availability of limited knowledge regarding plant biotechnology leads to 
negative public opinion and strict regulations, thus discouraging future invest-
ment in the pharmaceutical business to produce edible vaccines.
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Plant species Merits Demerits References

Tobacco 
(Nicotiana 
tabacum)

a. A good model for the evaluation of 
recombinant proteins.

b. The plant can be preserved at a low 
cost, as it gives large quantities of 
seeds with the possibility of storing 
them for a long time.

c. Ease of purification of antibodies 
from seeds.

d. It gives a large biomass and is 
harvested several times a year.

It produces toxic 
compounds

[2, 15]

Potato (Solanum 
tuberosum)

a. One of the most used crops in 
laboratory experiments in terms 
of ease of handling and genetic 
modification.

b. Easy to propagate with buds and 
tubers.

c. Easy to store for long periods with 
little refrigeration needs.

It needs to be cooked, 
and this may lead to 
denature the antigen and 
reduce its effectiveness for 
immunization.

[12, 35]

Banana (Musa 
sapeintum)

a. It does not need cooking, and its 
proteins do not deteriorate even 
when cooking.

b. Relatively cheap and grown in poor 
countries.

a. The tree needs 2–3 years 
to reach maturity.

b. Transgenic trees need 
12 months to bear fruit.

c. The crop deteriorates 
quickly after harvesting, 
so the need for cold is an 
expensive process.

d. It contains small 
amounts of protein, so 
it is difficult to produce 
large quantities of 
recombinant proteins.

[11, 36, 37]

Tomato 
(Solanum 
lycopersicum)

a. It is characterized by rapid growth, 
so it is grown in a wide range of 
environmental and geographical 
conditions.

b. Containing vitamins C and A, which 
increase the immune response.

c. The rapid spoilage of fruits can 
be avoided by freeze-drying 
techniques.

d. The antigen is thermally stable. 
Tomato powder containing the 
antigen can be prepared in the form 
of powder after being freeze-dried, 
and it can also be made in the form 
of capsules.

e. The possibility of mixing a 
group of antigens to be given as 
immunization doses from different 
diseases.

The fruits spoil quickly. [1, 11]
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4. Plants are living organisms that change in terms of growth and response to dif-
ferent environmental conditions, so there may not be a guaranteed continuity 
here for the production of a required edible vaccine.

6. Most important plant species used as edible vaccines

As a result of the successes achieved from the expression of genes introduced into 
plants or their parts that are eaten, many plants that have been genetically modified 
have been produced and tested. Table 2 shows the most important of these plants, 
their merits and demerits.

7. Conclusion

It is clear from the above that for many decades, traditional vaccines were the 
important factors in stimulating the human immune system to resist many diseases 
that affect him or to become immune to any vectors of diseases, whether viruses or 
bacteria. However, on the other side, the manufacture of these vaccines required a lot 
of effort, research, and the high cost of production, storage, and distribution around 
the world, as well as the occurrence of some side complications for these vaccines. 

Plant species Merits Demerits References

Rice (Oryza 
sativa)

a. It is often used with baby food 
because it is non-allergic.

b. Antigen with high expression of 
proteins.

Its growth is slow and it 
consumes large amounts 
of water.

[11, 36]

Lettuce (Lactuca 
sativa)

a. It grows fast and consumes quickly.

b. It has a large biomass and can be 
grown in more than one season and 
in different geographical areas.

It cannot be transported 
over long distances after 
being genetically modified 
due to the possibility of its 
spoilage.

[5]

Carrot (Daucus 
carota)

a. Ease of cultivation with genetic 
modification and it consumed raw.

b. Rich in antioxidants and vitamin A, 
which strengthens people with weak 
immunity in resisting the pathogen.

It needs good storage to 
ensure not denaturation of 
antigens.

[5, 12]

Algae 
(Chlamydomonas 
reinhardtii)

a. Having high rates of growth.

b. The entire body of algae can be 
transformed genetically.

The production process is 
very expensive due to the 
use of bioreactors for fast 
growth of algae.

[34]

Pea (Pisum 
sativum)

a. It is characterized as a delicious food 
consumed by children and adults.

b. The plant is seasonal, which helps to 
genetically engineer it and produce 
fruits in a short period of time.

c. High protein content in seeds.

It needs a cooking process 
before being consumed 
as food, which reduces its 
immunogenicity.

[12]

Table 2. 
Merits and demerits of plant species used as edible vaccines.



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

168

This led many researchers in the past two decades to find alternative solutions by 
creating the idea of   edible vaccines and heading toward achieving this through the 
production of edible plant vaccines, which include edible plant parts from fruits, 
seeds, or plant products to be on hand for consumption by people as food. On the one 
hand, to stimulate human immunity to resist diseases or pathogens by genetically 
modifying these plants to contain antigens that fight diseases, in addition to making 
them easy to cultivate, store, and distribute worldwide as plant products. However, 
the limitations on this issue are that the concept is new and is not widely accepted at 
present in developing countries, and the opposition to transgenic plants by injecting 
them with special genes to make them edible vaccines. This needs to be conducted in 
many studies in the future.
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Chapter 10

Boswellia Carries Hope for  
Patients with Inflammatory  
Bowel Disease (IBD)
Sally Elnawasany

Abstract

Boswellia serrata is an ancient and valuable herb that was widely used throughout 
the centuries. Boswellia trees grow in India, Northern Africa, and the Middle East from 
which Frankincense or olibanum resin is taken. The beneficial effects of Boswellia 
and its active ingredients (Boswellic acids) were thoroughly investigated in many 
diseases. Where the non-redox and 5-lipoxygenase inhibitory actions were reported. 
Inflammatory bowel disease (IBD) mainly ulcerative colitis (UC) and Crohn’s disease 
(CD) are chronic inflammatory disorders of the gastrointestinal system. Although 
the cause is still unclear, the immune system is claimed to have the upper hand in the 
pathogenesis of IBD. Several studies have demonstrated the ameliorating effect of 
Boswellic acids on the severity of IBD and the potential role of Boswellia in the induc-
tion or maintenance of remission. The aim of this chapter is to explore the the possible 
effect of Boswellia in IBD management as a complementary and alternative strategy.

Keywords: Boswellia, complementary and alternative medicine, inflammatory bowel 
disease, ulcerative colitis, Crohn’s disease 

1. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory state classified mainly 
into ulcerative colitis (UC) and Crohn’s disease (CD). IBD is associated with abdomi-
nal pain, diarrhea and rectal bleeding [1]. The choice of treatment for IBD varies 
according to the type and severity. A variety of medications such as aminosalicylates, 
corticosteroids, immunosuppressive and biologic drugs are involved [2]. Despite their 
crucial therapeutic role, some medications carry the risk of infection and cancer [3]. 
In addition, these drugs are taken throughout life, which leads to patient incompliance 
and hence treatment failure [4]. These obstacles in treatment insist on the search for 
other treatments, safe and effective as alternative and complementary modalities.

2. Pathogenesis of IBD

The exact mechanism of IBD is not completely clear [5]. The interaction between 
genetic factors, changes in intestinal flora homeostasis, environmental variabilities, and 
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intestinal hyperimmune response results in chronic intestinal inflammation [6]. Multiple 
inflammatory mediators are involved in IBD pathogenesis including leukotrienes, cyto-
kines, chemokines, and prostaglandins. Alteration in reactive oxygen and nitrogen species 
production adds to the pathogenesis [7]. Based on this, attenuation of hyper-stimulated 
immune response is the target of IBD therapy. Where the treatment passes in 2 ways, the 
first is to induce remission and the second is to maintain the remission and to ameliorate 
intestinal chronic inflammation [8]. In normal conditions, there is a balance among many 
cells in intestinal lamina propria such as macrophages mast cells, neutrophils, dendritic 
cells (DCs), eosinophils, natural killer (NK), NKT cells, T and B cells. This provides intes-
tinal protection and tolerance. As a response to bacterial infection, the innate immunity 
cells (macrophages and dendritic cells) upregulate chemokines and cytokines and act 
as Antigen-presenting cells (APCs) where they feature the microorganism’s molecular 
patterns via toll-like receptors (TLR) [9, 10]. Dendritic cells generate native T cell dif-
ferentiation in mesenteric lymph nodes [11]. With subsequent generation of T helper (Th) 
subtypes according to the cytokines produced by APCs [12–15]. Besides proinflammatory 
cytokines induction, neutrophils stimulate oxidative reactions in the intestinal mucosa 
[16]. In IBD activity, there is over-expression of many chemokines including macrophage 
inflammatory proteins (MIP), and Interleukin-8 (IL-8). Under the control of these 
chemokines, leukocytes are recruited to the inflamed intestine with subsequent oxida-
tive stress [17]. Recruitment of granulocytes and lymphocytes is mediated by adhesion 
molecules in IBD, such as the intercellular adhesion molecule-1 (ICAM-1), the vascular 
cell adhesion molecule- (VCAM-) 1, P and E-selectins [18]. In addition, T-cell differentia-
tion and regulation are mediated by cytokines. Th1 differentiation is controlled by IL-12, 
IL-18, and IL-23 while TNF-α, IL-1β, and IL-6, magnify the immune response by releas-
ing more chemokines and attracting more inflammatory cells [19]. On the other hand, 
the under-production of IL-10 and Transforming growth factor beta (TGF-β), which are 
inflammatory attenuating cytokines, contributes to IBD pathogenesis [20, 21].

3. Complementary and alternative (CAM) treatment of IBD

There is a growing worldwide interest in complementary and alternative remedies in 
IBD treatment [22, 23]. The use of CAM is common for IBD children and adult patients 
[24, 25]. CAM is found to be commonly used among young, females, at a high educa-
tional level or with medication adverse effects [26, 27]. Patients who received massive 
corticosteroid therapy [28] or suffering from extraintestinal manifestations [24] are more 
inclined to CAM remedies, as well. Many alternative modalities have been tried in IBD 
patients including herbs, probiotics, acupuncture and hypnotherapy [8]. Phytochemicals 
are popularly utilized because of their safety and effectiveness on IBD patients [4, 29]. 
The variable active herbal ingredients which act on multiple inflammatory pathways and 
mediators support this preference [25]. Aloe vera, Artemisia absinthium, Boswellia serrata 
and Curcuma longa were widely studied for their effect on IBD [30].

4. Boswellia serrata

4.1 Structure of Boswellia serrata

Boswellia serrata oleo-gum resin, Indian frankincense was widely used for centuries 
in traditional medicine. Antioxidant and anti-inflammatory actions have been 
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extensively investigated in several studies on different diseases like colitis, bronchial 
asthma, arthritis and malignancies [31–35]. Boswellia serrata resin is composed of 
monoterpenes, diterpenes, triterpenes, pentacyclic triterpenic acids (boswellic acids) 
and tetracyclic triterpenic acids [36–39]. Boswellic acids (BA) compose up 30% of the 
resin of Boswellia serrata. They are organic acids, formed of a pentacyclic triterpene, a 
carboxyl group and at least one other functional group [40]. Among boswellic acids, 
11-keto-β-boswellic acid (KBA) and acetyl-11-keto-β-boswellic acid (AKBA) are the 
most active [41].

4.2 Pharmacological activities of Boswellia serrata

4.2.1 Anti-inflammatory action

Boswellia has variable pharmacological activities, anti-inflammatory properties 
were widely investigated in many studies. Acetyl-boswellic acids block leukotriene 
production through the downregulation of enzyme 5-lipoxygenase (5-LOX) medi-
ated by a non-redox reaction [42, 43]. In a double-blind placebo control clinical 
study alcohol extract was given in a 300 mg thrice daily dose for 6 weeks. 70% of 
asthmatic patients gained clinical improvement [44]. Similarly, gradual control of 
asthma, regarding the frequency of attacks, pulmonary function tests improvement, 
and lowering levels of leukotrienes were obtained by another study [45]. In addition, 
Boswellia ameliorated the inflammation in arthritis [46–48]. Anti-anaphylactic and 
mast cell stabilizing effects were also reported where Boswellia suppressed mast cell 
degranulation [49]. Moreover, boswellic acids were found to possess anti-complement 
activity [50]. Roy et al. studied the genetic basis of anti-inflammatory effect of BA. 
Tumor necrosis factor alpha (TNFa) is one of the most crucial mediators of inflam-
mation. TNF alpha induces inflammation by multiple mechanisms, one of them is by 
upregulation of the expression of adhesion molecules such as microvascular cellular 
adhesive molecul-1, VCAM-1 in a system of TNF alpha-induced gene expression in 
human microvascular endothelial cells (HMEC). Of 522 genes that were induced by 
TNFa 113 genes were highly sensitive to BE treatment both in vivo and in vitro. The 
function of these genes is linked to inflammation, and cell adhesion [51].

4.2.2 Anti-microbial action

Boswellia oils showed anti-microbial activity against five organisms. Minimum 
inhibition concentration ranged from 4 to 16 mg/ml against Staphylococcus aureus, 
1.5–8.3 mg/ml against Bacillus cereus, 4.0–12.0 mg/ml against Escherichia coli, 2.0–
12.8 mg/ml against Proteus vulgaris and 5.3–12.0 mg/ml against Candida albicans [52]. 
This effect may help in controlling intestinal infection in IBD management.

4.2.3 Anti-tumor action

Boswellic acids induced apoptosis through the upregulation of caspase-8 in colon 
cancer HT-29 cells [53]. In another study, Boswellia extract altered DNA methylation 
in colon cancer cells [54]. 4-Amino analogues prepared from β-boswellic acid and 
11-keto-β-boswellic acid showed an apoptotic activity mediated by DNA fragmenta-
tion [55]. There are multiple pathways by which Boswellia exerts its anti-tumor action 
such as suppression of topoisomerases I and II [56]. It was also revealed that acetyl 
keto beta boswellic acid (AKBA) inhibits phosphorylation of ERK pathways and 
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consequently, impairs signal transduction and tumorigenesis [57]. Oxidative stress 
and nitric oxide production were mediated by Boswellia with subsequent apoptosis 
in human leukemia HL-60 cells [58]. This anti-tumor potential of Boswellia protects 
against colorectal cancer which is a common sequala of IBD [59].

4.2.4 Hepato-protective action

In the models of liver injury, hexane extract of oleo-gum-resin of Boswellia in 
lower doses (87.5 mg/kg p.o.) reduced marker enzymes and prevented the increase 
in liver weight with histological evidence of hepatoprotection while a mild effect was 
obtained by higher dose (175 mg/kg p.o.) [60].

4.2.5 Anti-lipidemic action

The aqueous extract of Boswellia carterii with other herbs improved the lipid 
profile of alloxan-induced diabetic rats [61]. Boswellia showed therapeutic potential 
for metabolic syndrome. Where Boswellia succeeded in lowering the lipid profile by 
decreasing the level of TNF-α, IL-1β and increasing the adiponectin level. This action 
is based on its antioxidant activity [62].

4.2.6 Hypoglycemic action

Herbal formulation containing B. serrata oleo-gum-resin induced a significant 
anti-diabetic activity on non-insulin-dependent diabetes mellitus [63]. Furthermore, 
a significant reduction in blood glucose levels and HbA1c was observed when 
Boswellia serrata was introduced for 17 days to diabetic rats in another study [64].

Based on the mentioned pharmacological actions, Boswellia can help in IBD in 
many ways, 5-lipoxygenase (5-LO) suppression, downregulation of Tumor necrosis 
factor alpha (TNF-α) and interleukins, P-selectin-mediated recruitment of inflam-
matory cells, decreasing reactive oxygen species (ROS), and by modulation intestinal 
motility [65–68].

4.3 Preclinical studies of Boswellia in IBD

In vitro study demonstrated the role of Boswellia in the suppression of leukotriene 
synthesis through interfering with 5-lipoxygenase pathway [69]. The anti-inflammatory 
effects of boswellic acids extended to inhibit the nuclear transcription factor kappa 
B (NF-κB) activation, this factor expresses and potentiates the proinflammatory 
cytokines including TNFα, IL-1β, and IL-6 [70, 71]. This effect was confirmed in an 
in vitro experimental model of intestinal inflammation where pretreatment of Caco-2 
cells monolayers by Boswellia serrata oleo-gum extract (BSE) and AKBA abolished 
nuclear factor kappa B (NF-κB) activation, protected against cellular changes and 
inhibited reactive oxygen species (ROS) [72]. Furthermore, the anti-inflammatory 
and antioxidant properties of Boswellia serrata were explored in acetic acid (AA) 
induced UC rat model. Daily administration of 34.2 mg/kg of Boswellia serrata extract 
pre- and post-induction of colitis significantly improved tissue lesions, decreased 
lipid peroxidation and nitric oxide [73]. A semisynthetic form of acetyl-11-keto-
β-boswellic acid ameliorated the disease activity and histology in dextran sodium 
sulfate (DSS) induced murine colitis. This action was mediated by attenuation 
of adherent leukocytes and platelets into inflamed tissue by blocking P-selectin 
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stimulation [66]. In an in vitro model of intestinal inflammation, the anti-inflammatory 
action of Boswellia serrata and C. longa were tested. Boswellia serrata at 1 μg/mL 
protected the intestinal epithelium with a 25% reduction of ROS generation [74]. The 
immunosuppressive potential of Boswellia carteri gum resin extract was illuminated in 
an in vitro study, where the extract attenuated human primary T lymphocyte prolif-
eration in a concentration-dependent manner via nuclear factor of activated T-cells 
(NFAT) dependent mechanism [75]. Metabolism of sphingomyelin induces lipid 
signals that impact cell proliferation, and inflammation. 3-acetyl-11-keto-β-boswellic 
acids (AKBA) attenuated the expression of sphingomyelinase in intestinal cells. 
This provides other anti-inflammatory mechanism of Boswellia [76]. A new herbal 
formulation that includes Punica granatum L, Boswellia serrata, and Curcuma longa 
L extracts, inhibited TNF-alfa-induced release of IL-8, IL-6 and Monocyte chemoat-
tractant protein-1 (MCP-1) in Caco-2 cells [77]. Although many studies support 
the anti-inflammatory action of Boswellia, on the contrary, Kiela et al. claimed that 
Boswellia showed no effect on improving colitis in dextran sulfate sodium (DSS)- or 
trinitrobenzene sulfonic acid- (TNBS-) induced experimental models [78]. Anti-
fibrotic effect of Boswellia was declared when oral Boswellia in combination with 
significantly improved the inflammation of trinitrobenzene sulphonic acid (TNBS)-
induced chronic colitis. There was an improvement in the histological features of 
colonic fibrosis. Together with a significant reduction in the expression of alpha-
smooth muscle actin (α-SMA), collagen I–III, connective tissue growth factor (CTGF) 
and transforming growth factor-beta1 (TGF-β1) [79].

4.4 Clinical studies of Boswellia in IBD

Boswellia serrata in a dose of 350 mg thrice daily for 6 weeks achieved remission 
in 82% of treated UC patients compared to 75% of patients who were treated with 
sulfasalazine (1 g thrice daily). Inflammatory parameters were better in Boswellia 
treated group as well [80]. Another trial was conducted on 30 patients with chronic 
colitis for 6 weeks. Of 20 patients who received daily 900 mg Boswellia serrata, 
improvement of inflammatory parameters and remission were noticed in (18 and 14 
patients, respectively) while after treatment of 10 patients with 3 gm sulfasalazine 
daily 6 participants showed improvement in inflammatory parameters and remission 
was achieved in 4 patients [81]. Boswellia tolerability and ability to maintain remis-
sion were demonstrated in a 52-week multicenter double-blind, placebo-controlled, 
randomized Germain study. 82 CD patients were randomly divided, 42 patients 
received daily Boswellia in 400 mg capsules and 40 patients received a placebo. There 
was no difference in both groups in parameters of inflammation or disease activity 
or maintaining remission and Boswellia was well tolerated [82]. Another 4-week trial 
was conducted on UC patients who were in remission. Boswellia serrata extract (BSE) 
was introduced orally, in a novel delivery form to 22 patients compared to 21 patients 
with no treatment. Improvement in clinical parameters, a decrease in medication 
needs and a lowering in fecal calprotectin levels were observed in Boswellia treated 
group [83]. The effect of Boswellia was tried in patients with collagenous colitis as 
well, where 400 mg oral BSE was given thrice daily for six weeks compared to a pla-
cebo. The remission rate was higher in BSE-treated patients but without any changes 
in histology or quality of life [34]. We conducted a 6-week clinical trial on 60 patients 
with active ulcerative colitis to investigate the effect of Boswellia extract on disease 
activity. 20 patients received Mesalamine 3, 20 patients received Boswellia extract in 
the form of oral tablets in a dose of 2 gm/day, and 20 patients were given Boswellia 
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extract plus Mesalamine in the mentioned doses. Clinical and laboratory improve-
ment was noticed in the three groups without a significant difference. There were no 
recorded side effects of Boswellia during the 6 weeks of the study [84].

5. Conclusion

Based on preclinical and clinical studies, the anti-inflammatory, immune modu-
lation, and anti-cancer activities of Boswellia as well as its safety and tolerability 
recommend its therapeutic use in IBD patients.
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A Review of South African 
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for Treating Fungal Coinfections 
in COVID-19 Patients with 
Respiratory Diseases
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Abstract

Fungal infections are still most prevalent in the South African population. Fungal 
respiratory infections and diseases are the cause of severe clinical challenges and mor-
tality in patients with compromised immune systems. Clinical signs of coronavirus 
disease of 2019 (COVID-19) such as lung injury, hyperglycemia due to diabetes, host 
iron and zinc depletion, hypoxia, immunosuppression, steroid therapy, and long-
term hospitalization predispose patients to opportunistic fungal infections. Fungal 
pathogens, including Cryptococcus, Aspergillus, and Candida species, cause coinfec-
tions in patients infected with (COVID-19), and this has a negative impact on the 
patients’ pharmacological management goals. Cryptococcus, Aspergillus, and Candida 
species cause respiratory infections and illnesses including pneumonia, pulmonary 
aspergillosis, pulmonary candidiasis, and pulmonary cryptococcosis. South African 
traditional medicinal plants have been used in the treatment of respiratory symptoms 
and diseases caused by these fungal pathogens. Medicinal plants contain second-
ary metabolites possessing antifungal activity against Cryptococcus, Aspergillus, and 
Candida species. Moreover, medicinal plants are cheaper and easily accessible and 
are believed to be safe. This review documents the use of South African traditional 
medicinal plants including Artemisia absinthium, Artemisia afra, Dicoma anomala, 
Felicia species, Mentha species, Ruta graveolens, and Seasia erosa in the treatment of 
fungal infections and diseases caused by these pathogens.

Keywords: fungal coinfections, traditional medicinal plants, COVID-19, 
cryptococcosis, aspergillosis

1. Introduction

Coronavirus disease of 2019 (COVID-19) patients with asymptomatic, mild, 
moderate, severe, and critical disease states are at risk of developing coinfection with 
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pathogenic fungal species including Aspergillus, Candida, and Cryptococcus [1, 2]. 
Research reports suggest that COVID-19 predisposes patients to fungal, and other 
viral coinfections, and superinfections [3]. Concurrently occurring coinfections pose 
a massive challenge because it complicates diagnoses and COVID-19 management 
[3]. COVID-19 by severe acute respiratory coronavirus 2 (SARS-CoV-2) [1–4] causes 
respiratory symptoms such as shortness of breath, fever, fatigue, runny nose, head-
ache, chest pain, congestion, anosmia, ageusia, sore throat, confusion, and vomiting 
[3, 5, 6], similar to those caused by Aspergillus, Candida, and Cryptococcus species 
infections [3]. An estimated 15% of COVID-19 patients admitted to the hospital’s 
intensive care units (ICU) become coinfected by Aspergillus [7]. Aspergillus causes 
pulmonary aspergillosis including allergic bronchopulmonary aspergillosis (ABPA), 
chronic pulmonary aspergillosis (CPA), and invasive pulmonary aspergillosis (IPA) 
[8]. COVID-19-associated pulmonary aspergillosis (CAPA) is reported to have a 52% 
death rate [9]. Aspergillus fumigatus/A. fumigatus and A. flavus are the most com-
mon Aspergillus species causing coinfection in COVID-19 patients [4]. Conducted 
cohort studies on COVID-19-associated pulmonary aspergillosis have described its 
incidence to be between 2 and 33% [2, 10]. Aspergillosis is treated by the antifungal 
drug class, triazoles [1, 11], voriconazole, and isavuconazole being the first-line 
therapies [7, 9]. However, there are challenges associated with treatment therapy 
including the occurrence of azole-resistant A. fumigatus [11] and drug-drug interac-
tions associated with the use of voriconazole, which lead to increased cardiotoxic 
effects of anti-SARS-CoV-2 agents [1]. The study conducted on COVID-19 patients 
who were severely and critically ill has revealed that dexamethasone is associated 
with increased pulmonary aspergillosis risk and death [12]. COVID-19-associated 
candidiasis (CAC) has occurred in various hospitals across countries [3]. CAC is an 
opportunistic infection caused by fungal species of Candida genus [3, 13]. Studies 
conducted in various countries, including the UK, Italy, Egypt, China, Iran, India, 
Gharbia, and Cairo, have revealed that Candida species including C. albicans, 
C. tropicalis, C. glabrata, C. auris, and C. parapsilosis are implicated in CAC [4, 13, 14]. 
Treatment of Candida infections includes azoles, echinocandin, Amphotericin B, and 
its liposomes [15]. However, there is an emergence of multidrug-resistant Candida 
species, including C. glabrata, C. auris, inherently resistant C. krusei, C auris-resistant 
fluconazole, and Amphotericin B, and fluconazole-resistant C. parapsilosis and C. 
tropicalis [4, 15]. Moreover, COVID-19 patients receiving treatment therapy, includ-
ing tocilizumab, interferon type 1β, and lopinavir-ritonavir, are at an elevated risk of 
developing coinfections with Candida spp. [16]. Chloroquine, hydroxychloroquine, 
azithromycin, and protease inhibitors can cause direct myocardial toxicity, arrhyth-
mias, and death [1]. COVID-19 patients coinfected with human immunodeficiency 
virus (HIV) or those with compromised immune systems are at risk of developing 
cryptococcosis [15]. The literature reveals a growing number of cryptococcosis cases 
in COVID-19 patients who were receiving corticosteroids and immunomodulators 
[17–19]. Pulmonary cryptococcosis is caused by two cryptococcal pathogenic species, 
namely C. neoformans and C. gattii [20, 21]. The recommended treatment therapy for 
cryptococcosis includes initial treatment with Amphotericin B in combination with 
flucytosine, followed by maintenance therapy with fluconazole [15, 22]. However, 
fluconazole-resistant Cryptococcus has been reported, and there is also an increased 
risk of antifungal toxicity [19]. Phytotherapy is an important solution for treating 
respiratory infections and diseases in adults and children [23]. Research reports 
that medicinal plants contain a variety of active secondary metabolites including 
alkaloids, saponins, and terpenoids with antifungal activity [24]. In South Africa 
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(SA), the majority of people utilize traditional medicinal plants (TMPs) more than 
Western medicines because TMPs are cheaper, widely available, and considered to be 
more effective [25]. South African TMPs such as Artemisia absinthium, Artemisia afra, 
Dicoma anomala, Felicia species, Mentha species, Ruta graveolens, and Searsia erosa 
have been shown to possess antifungal activity against fungal pathogens, including 
Cryptococcus, Aspergillus, and Candida species [19, 26–29].

2.  South African traditional medicinal plants used in the treatment of 
respiratory diseases caused by fungal pathogens

2.1 Artemisia species

Artemisia is the most widely distributed genus belonging to the Asteraceae family 
[26, 27]. It consists of over 500 plant species of small herbs and shrubs, which are clas-
sified as annual, biennial, and perennial natural plants [27, 30]. These plants are used 
as traditional medicines [26]. Among all 500 Artemisia species, two species, Artemisia 
afra and Artemisia absinthium are the most used in SA [30]. Artemisia afra Jacq. ex 
Willd (Figure 1), also known as Wilde als in Afrikaans, African wormwood in English, 
Lengana in Sesotho, Umhlonyane in isiXhosa, and Mhlonyane in isiZulu, is a South 
African medicinal plant commonly used to treat respiratory symptoms and conditions 
such as bronchitis, asthma, colds, coughs, fever, pneumonia, sore throat, chills, whoop-
ing cough and headache [6, 19, 28, 30, 31]. A. afra is also used in combination with 
other TMPs such as E. globulus and Lippia asperifolia as prophylaxis for lung inflam-
mation and to treat influenza [28]. The crude extract of A. afra has shown antifungal 
activity against Candida albicans, Cryptococcus neoformans, and Aspergillus species 
including Aspergillus ochraceus, Aspergillus niger, and Aspergillus parasiticus (Table 1) 
[19, 28, 32]. The leaves of A. afra contain numerous phenolic compounds with antimi-
crobial activity [33]. A. afra methanolic crude extract contains scopoletin, betulinic 
acid, and acacetin with good antimicrobial activity [34]. Other secondary metabolites 
including alkaloids, tannins, saponins, steroids, cardiac glycosides, and anthraqui-
nones, are found in the crude extract and essential oil of A. afra [35]. Toxicity testing 
results of A. afra extract on McCoy fibroblast cell lines indicated moderate toxicity [19]. 

Figure 1. 
Artemisia afra.
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South 
African 
TMPs

Venicular names Traditional 
uses in 
respiratory 
conditions

Inhibited 
fungal 
pathogens 
implicated in 
coinfections 
in COVID-19 
patients

Secondary metabolites 
responsible for the 
antifungal activity

Artemisia 
afra

Wild als, African 
wormwood, 
Lengana, 
Umhlonyane, 
Mhlonyane [6, 19, 
28, 30, 31]

Asthma, 
bronchitis, 
colds, coughs, 
sore throat, 
chills, fever 
headaches, lung, 
inflammation, 
influenza, 
whooping 
cough, 
pneumonia [6, 
19, 28, 30, 31]

C. albicans, 
C. neoformans 
[19, 28, 32]

Phenolic compounds, 
scopoletin, betulinic acid, 
acacetin, alkaloids, tannins, 
saponins, steroids, cardiac 
glycosides, anthraquinones 
[33–35]

Artemisa 
absinthium

Wormwood, Green 
ginger, Absinthium, 
Absinthe [27, 29]

Fever [29] C. albicans, A. 
niger, A. flavus 
[27, 29]

Lactones, terpenoids, 
flavonoids, flavonoid 
glycosides, organic acids, 
tannins, phenols [27]

Dicoma 
anomala

Fever bush, 
Hloenya, 
Maagbitterwortel, 
Inyongana, 
Isihlabamakho-
ndlwane [36, 37]

Cold, cough, 
fever, sore 
throat [36–38]

C. albicans, A. 
niger
[36, 39]

Phenolic acids, flavonoids, 
tannins, saponins, 
triterpene, phytosterols, 
acetylenic compounds, 
sesquiterpene, lactones, 
diterpene [40]

Felicia 
muricata

White Felicia, 
Ihbosisi [41–43]

Headaches, 
fever [41, 
43–45]

A. niger, A. 
flavus [41]

Phenols, proanthocyanidins, 
flavonols, sesquiterpene, 
lactones, triterpenoids 
flavonoids [41, 46]

Mentha 
spicata

Spearmint, brown 
mint, Garden 
mint, Lady’s mint, 
Imboza [47, 48]

Asthma, cold, 
fever, flu 
[48–50]

A. niger, C. 
neoformans, C. 
albicans [48, 
51–53]

Biopeptides, flavonoids, 
tannins, sterols, 
polyphenols, sterols, 
triterpenes, glycosides [53, 
54]

Mentha 
longifolia

Wild mint, 
Horsemint, Silver 
mint, Koena, 
Inxina, Inzinziniba 
[49, 55–59]

Common cold, 
cough, sore 
throat, fever, 
headache, flu 
[60, 61]

C. albicans
C. glabrata, 
A. flavus, A. 
fumigatus, A. 
niger [55, 57, 
62]

Flavonoids, ceramides, 
cinnamates, ester, ketones, 
monoterpenes, phenols, 
polyene, sesquiterpenes [60]

Ruta 
graveolens

Ruta, rue, Garden 
rue, Herb of grace, 
Wynruit [63–66]

Fever, headache, 
colds, influenza 
[64, 66]

C. albicans, C. 
tropicalis
C. 
parapsilopsis, 
C. glabrata
A. flavus, A. 
fumigatus,
A. niger
C. neoformans
[67–70]

Coumarins, 
coumarin dimers, 
dihydrofuranocoumarins, 
quinolone, furoquinoline, 
dihydrofuroquinoline, 
phenolic acids, alkaloids, 
flavonoids [71]
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A. absinthium (Figure 2), also known as Wormwood, Green ginger, Absinthium, or 
Absinthe in English, is used traditionally to treat fever [27, 29]. However, when used for 
a long period, A. absinthium is reported to be responsible for the central nervous system 
associated-adverse effects in patients such as convulsions, hallucination, and insomnia 
[27]. It contains secondary metabolites including lactones, terpenoids, flavonoid 

South 
African 
TMPs

Venicular names Traditional 
uses in 
respiratory 
conditions

Inhibited 
fungal 
pathogens 
implicated in 
coinfections 
in COVID-19 
patients

Secondary metabolites 
responsible for the 
antifungal activity

Searsia 
erosa

Broom karee, 
Besembos, Tśilabele 
[68, 72, 73]

Colds [72, 73] C. neoformans 
[74]

Alkaloids, flavonoids, 
terpenoids, saponins, 
tannins [74]

Searsia 
lancea

African sumuc, 
Willow rhus, [68]

Colds, influenza 
[68]

A. flavus [75] Flavonoids, tannins, phenols 
[76]

Searcia 
natalensis

Natal rhus [76] Influenza [76] C. albicans, A. 
Niger [75]

epicatechin, 3β-sitosterol, 
3β-sitosterol glucoside 
stigmasterol, lupeol [75]

Table 1. 
Traditional medicinal plants used in respiratory diseases caused by fungal pathogens causing coinfections in 
COVID-19 patients.

Figure 2. 
Artemisia absinthium.

Figure 3. 
Dicoma anomala.
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glycosides, organic acids, tannins, and phenols [27]. Moreover, A. absinthium has anti-
fungal activity against C. albicans, A. niger, and A. flavus (Table 1) [29]. A. absinthium 
is reported to be nontoxic when tested on Wistar Hannover rats for 13 weeks [77].

2.2 Dicoma anomala

Dicoma anomala (Figure 3) is a herbaceous plant belonging to the Asteraceae family 
of plants [36, 37]. It is known as Maagbitterwortel in Afrikaans, Fever bush in English, 
Hloenya in Sesotho, Inyongana in isiXhosa, and Isihlabamakhondlwane in isiZulu 
[36, 37]. In SA, Dicoma anomala is distributed in various provinces including the Free 
State, Limpopo, Gauteng, Northwest, Northern Cape, and Kwazulu natal [36, 38, 78]. 
Two subspecies, Dicoma anomala and Dicoma gerrardi are found in SA [37]. Dicoma ano-
mala is used traditionally to treat respiratory symptoms and diseases including coughs, 
colds, and fever [36–38]. It has antifungal activity against C. albicans, and A. niger 
(Table 1) [36, 39]. Dicoma anomala produces bioactive compounds including phenolic 
acids, flavonoids, tannins, saponins, triterpenes, phytosterols, acetylenic compounds, 
sesquiterpene, lactones, and diterpene [40]. Results of acute and subchronic oral toxic-
ity assessment of aqueous root extract of Dicoma anomala in rats for 14-day acute and 
90-day subchronic toxicity testing have revealed that Dicoma anomala is not toxic at 0.5 
to 2000 mg/kg [39]. Dicoma anomala dichloromethane: Methanol extract was found to 
be nontoxic at concentrations below 200 μg/ml when tested on Chang liver cells [79].

2.3 Felicia muricata

The genus Felicia consists of small shrubs of 85 known species of annual and 
perennial herbaceous plants [80]. Felicia muricata (Figure 4) is an aromatic herb 
belonging to the Asteraceae family [41, 42]. It is known as white Felicia in English and 
Ihbosisi or Ubosisi in isiXhosa [41–43]. Felicia muricata is widely distributed in SA, 
and in the Eastern Cape province, it is used traditionally to treat respiratory symp-
toms including headaches and fever [41, 43–45]. It has antifungal activity against 
Aspergillus species including A. niger and A. flavus (Table 1) [41]. Felicia muricata 
contains secondary metabolites including phenols, proanthocyanidins, flavonols, 
sesquiterpene lactones, triterpenoids, and flavonoids [41, 46]. The study conducted 
in Wistar rats using Felicia muricata aqueous leaf extract at 50, 100, and 200 mg/kg 
body weight for 14 days revealed that the plant is mildly toxic and safe for oral use, 
and requires further investigation [81].

Figure 4. 
Felicia muricata.
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2.4 Mentha species

Genus Mentha is a perennial and annual plant belonging to the Lamiaceae family 
[82, 83]. Mentha spicata (Figure 5) is also known as Spearmint, Brown mint, Garden 
mint, Lady’s mint in English, and Imboza in isiXhosa [47]. It is a creeping rhizoma-
tous and perennial herb cultivated in various tropical to temperate regions including 
SA [47]. Mentha spicata is used traditionally to treat respiratory symptoms and condi-
tions such as asthma, flu, cold, and fever [48–50]. It has antifungal activity against A. 
niger, Cryptococcus neoformans, and Candida albicans (Table 1) [48, 51–53]. Mentha 
extracts and oils contain biopeptides responsible for their antifungal activity [54, 84]. 
Mentha spicata contains secondary metabolites including flavonoids, tannins, sterols, 
polyphenols, sterols, triterpenes, and glycosides [53]. Toxicity investigational study 
of Mentha spicata methanolic extract in mice using 500, 1000, 2000, and 5000 mg/
kg for 24 hours to 14 days revealed that the plant is safe for oral administration [53]. 
Mentha longifolia (Figure 6), also known as Wild mint, Silver mint, and Horsemint 
in English, Koena in Sesotho, Inxina, and Inzinziniba in isiXhosa, is naturally present 

Figure 5. 
Mentha spicata.

Figure 6. 
Mentha longifolia.
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in SA [49, 55–59]. It is traditionally used to treat respiratory conditions including the 
common cold, cough, sore throat, headache, flu, and fever [60, 61]. Mentha longifolia 
has antifungal activity against Candida albicans, Candida glabrata, A. flavus, A. 
fumigatus, and A. niger (Table 1) [55, 57, 62]. The essential oil of Mentha longifolia 
contains a terpenoid and methanol, that has fungistatic and fungicidal activities [85]. 
Mentha longifolia possesses other secondary metabolites such as flavonoids, cerami-
des, cinnamates, ester, ketones, monoterpenes, phenols, polyene, and sesquiterpenes 
[60]. A toxicity testing study of Mentha longifolia methanolic extract in rats revealed 
that the acute oral dose was nontoxic [86].

2.5 Ruta graveolens

Ruta graveolens (Figure 7) belongs to the Rutaceae family [63]. It is commonly 
known as Ruta, Rue, Garden rue, and Herb of grace in English, and Wynruit in 
Afrikaans [63–66]. Ruta graveolens is distributed worldwide including in SA [64, 66]. 
It is used traditionally to treat respiratory symptoms and diseases including fever, 
headache, colds, and influenza [64, 66]. Ruta graveolens has antifungal activity 
against Candida albicans, Candida tropicalis, Candida parapsilosis, Candida glabrata, 
Aspergillus flavus, Aspergillus fumigatus, and Cryptococcus neoformans (Table 1) [67–
70]. The essential oil of Ruta graveolens contains ketones responsible for antimicrobial 
activity [67]. Ruta graveolens is rich in bioactive compounds including coumarins, 
coumarin dimers, dihydrofuranocoumarins, quinolone, furoquinoline, dihydrofu-
roquinoline, phenolic acids, alkaloids, and flavonoids [71]. Toxicity investigation of 
Ruta graveolens in Wistar rats has shown that the plant’s seeds extract at 50 mg/kg/day 
was not toxic after oral administration for 4 weeks [87].

2.6 Seasia species

The genus Searsia (previously known as Rhus) belongs to the family Anacardiaceae. 
It is widely distributed in tropics and subtropics areas globally mostly in the African 
continent, especially southern Africa [88, 89]. Most Searsia species such as Searsia 

Figure 7. 
Ruta graveolens.
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erosa, Searsia divaricate, Searsia lancea, Searcia natalensis, and Searsia undulata are 
traditionally used to treat respiratory illnesses including colds, influenza, and micro-
bial infections [68, 90]. Searsia species have pharmacological activities including 
anti-inflammatory, anticancer, antiviral, antimalarial, antidiarrheal, and antioxidant 
activities [91]. Searsia erosa (Figure 8), also known as Broom karee, Besembos in 
English, and Tśilabele in Sesotho [68, 72, 73], is used traditionally to treat respira-
tory diseases including colds [72, 73]. It has antifungal activity against Cryptococcus 

Figure 8. 
Searsia erosa.

Figure 9. 
Searsia lancea.
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neoformans (Table 1) [74]. Aqueous extracts of Searsia erosa were found to be non-
toxic when tested using the brine shrimp lethality assay [74]. Searsia lancea (Figure 9) 
also known as African sumuc, and Willow rhus in English is used to treat colds and 
influenza [68]. It contains bioactive compounds including flavonoids, tannins, and 
phenols [75]. Searsia lancea has antifungal  activity against A. flavus (Table 1) [76]. 
Searsia natalensis (Figure 10), also known as Natal rhus in English is used to treat 
influenza [76], possesses secondary metabolites including epicatechin, 3β-sitosterol, 
3β-sitosterol, glucoside stigmasterol, lupeol [75]. Searsia natalensis has antifungal 
activity against C. albicans and A. Niger [75]. There are no studies documenting the 
toxicity analysis of reported Searsia species, and further studies are warranted to 
determine the safety of these medicinal plants.

Table 1 shows the traditional use of South African TMPs in respiratory con-
ditions including, asthma, bronchitis, colds, coughs, sore throat, headaches, 
lung inflammation, influenza, chills, whooping cough, pneumonia, and fever 
[6, 19, 28–31, 63, 70, 85]. These TMPs are also reported to possess antifungal 
activity against Aspergillus, Candida, and Cryptococcus species, which are impli-
cated in coinfections with COVID-19.

3. Conclusions

This review has summarized TMPs commonly used in the treatment of 
 respiratory diseases caused by fungal pathogens such as Aspergillus, Candida, and 
Cryptococcus species implicated in coinfection in COVID-19 patients. Artemisia 
absinthium, Artemisia afra, Dicoma anomala, Felicia species, Mentha species, Ruta 
graveolens, and Searsia erosa have been used in SA for the treatment of respiratory 
symptoms and diseases including asthma, bronchitis, colds, coughs, sore throat, 
headaches, lung inflammation, influenza, chills, whooping cough, pneumonia, 
fever, and flu. These TMPs contain secondary metabolites responsible for their 
antifungal activities. In vitro and in vivo toxicity studies have confirmed that these 
TMPs are nontoxic for oral administration. However, further testing using animal 
models and clinical studies are required to profile the pharmacokinetics and phar-
macodynamics of these TMPs before recommendations to use in coinfections in 
COVID-19 patients.

Figure 10. 
Searsia natalensis.
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Chapter 12

Immunomodulatory Plant Based 
Foods, It’s Chemical, Biochemical 
and Pharmacological Approaches
Bamidele Sekinat Olayem, Origbemisoye Babawande Olaitan 
and Akinbode Badiu Akinola

Abstract

There has been a growing interest in research focused on enhancing immune 
function, given its crucial role in maintaining human health and preventing illnesses. 
While antibiotics are commonly employed in clinical settings to treat and prevent 
various diseases, their synthetic nature often leads to undesirable side effects. Since 
the beginning of time, medicinal plants have been employed in healthcare. Global 
research has been done to confirm their efficacy, and some of the results have sparked 
the development of plant-based medications; also, plant-based diets have emerged 
as leading contenders in the field of chronic disease prevention. They offer afford-
ability, natural origins, and easy accessibility. One key reason for their effectiveness 
is their Immunomodulatory effect, whereby they stimulate immune cells and influ-
ence the development of immune molecules. This comprehensive review aims to 
explore the potential of medicinal plant as well as plant-based foods while examining 
their medicinal properties and their utilization in preventing and managing disease 
through their chemicals, biochemical components, and pharmacological approaches.

Keywords: medicinal plant, plant-based foods, bioactive components, immune system, 
diseases

1. Introduction

The use of plants as a primary source of medicines can be traced back to early 
civilizations of the world. They are natural and less expensive products, which are 
becoming more and more popular for both preventative and therapeutic purposes 
as a result of the negative side effects of continuous use of conventional medica-
tions [1]. Several plants are known to have natural healing capabilities for a variety 
of diseases due to their high contain of bioactive substance. These properties have 
contributed significantly to the development of modern medicine. Researchers have 
successfully assisted in identifying the potencies of these plants to cure diseases, 
thanks to generations’ worth of knowledge [2–4]. These insights have helped to 
understand the various uses of different medicinal plants in different cultures around 
the world. Also, functional meals derived from plants have been demonstrated to 
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have immunomodulatory effects due to the presence of bioactive components that 
have been utilized to elucidate the biological and chemical activities in the human 
body system, and these have developed as a new trend. According to Origbemisoye 
and Bamidele [5] reports, utilizing these immunostimulatory foods and herbs can 
strengthen the immune system and safeguard the body against COVD-19 and any 
other ailments.

Immune dysfunction has been exacerbated by stress and unhealthy lifestyle 
choices, which has increased demand for functional and nutraceutical foods. 
Depending on how they perform, the bioactive elements in foods made from plants 
and herbs are divided into primary and secondary metabolites. Protein, carbohy-
drates, lipids, and nucleic acids are primary metabolites that the body uses to sup-
port, grow, and maintain daily functions. Secondary metabolites, on the other hand, 
have biological properties like antioxidant activity, antimicrobial activity, enzyme 
detoxification regulation, immune system modulation, reduced platelet aggregation, 
hormone metabolism, and anticancer property [6], which are frequently attributed 
to their high concentration of phenolic chemicals, flavonoids, curcumin, saponin, 
glucosides, lignans, phenolic acids, alkaloids, terpenes, and steroid [6] that are 
typically found in medicinal plants, foods, and ingredients eaten every day, such as 
legumes, cereals, fruits and vegetables, herbs, spices, and essential oils [7]. This study 
reviews the bioactive compound in medicinal plants and functional plant-based foods 
that exhibit immunomodulatory effects as well as their chemical, biochemical, and 
pharmacological approaches.

2.  Medicinal plants, their bioactive components, and pharmacology 
approach

2.1 Plant and herbs

There are several phytochemicals with important qualities found in all kinds 
of plants. Several antioxidant compounds that are present in naturally occurring 
plant sources and function as active oxygen or free radical scavengers are included 
in the comprehensive antioxidative defense mechanism that plants have developed, 
according to Youwei et al. [8]. Plants are a potential source of new compounds with 
antioxidant activity since they produce a lot of antioxidants to counteract oxidative 
stress. As a result, dietary antioxidants have lately generated more research interest. A 
lower frequency of illnesses brought on by oxidative stress from free radicals has been 
associated with dietary antioxidant intake from plant materials [9].

2.1.1 Phyllanthus niruri (stone breaker)

It is a native of the Amazon rainforest and other tropical nations like India, 
China, the Bahamas, and the Philippines [10, 11]. It is a widely used plant that is said 
to have anticancer, anticarcinogenic, hypolipidaemic, hepatoprotective, antiviral, 
antihypertension, and antidiabetic qualities. P. niruri contains a number of bioactive 
compounds, including lignin, phyllanthin, hypophyllanthin, flavonoids, glycosides, 
and tannins [12]. All of the plant’s components, including the fruits and leaves, are 
employed in the medicinal formulations.

Phyllanthin, a bitter component of lignans, and hypophyllanthin, a non-bitter 
component, were isolated from P. niruri [13]; these lignans are significant because 
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of their wide range of therapeutic properties, including hepatoprotection, antitu-
mor, antimitotic, and antiviral properties [14–17] as well as antioxidant activities. 
According to reports, leaves contain the highest concentrations of phyllanthin 
(0.7% w/w) and hypophyllanthin (0.3% w/w), whereas the stem contains only 
trace amounts of both [18]. Other lignans with significant therapeutic potentials 
are reported in Phyllanthus amarus including niranthin, phyltetralin, nirtetralin, 
isonirtetralin, hinokinin, lintetralin, isolintetralin, demethylenedioxy-niranthin, 
5-demethoxy-niranthin, and so on.

Flavonoids are polyphenolic substances that belong to the class of secondary 
metabolites found in plants. The many categories include catechins, chalcones, 
favanone, favones, favonols, isofavones, and their derivatives. The many bioactivities 
of P. niruri are also owed to this family of chemicals. The main flavonoids found in the 
plantincludes rutin, astragalin, kaempferol, quercetin, and so on, which contribute to 
the herb’s antioxidant properties. With a wide variety of structural types, biosynthesis 
processes, and pharmacological effects, alkaloids are among the most diverse catego-
ries of secondary metabolites; a wide variety of structural types, biosynthesis pro-
cesses, and pharmacological actions were discovered. Alkaloids are cyclic nitrogenous 
chemicals with a low molecular weight. The Angiospermae, or flowering plants, are 
the main source of alkaloids; they contain roughly 20% of them. Since ancient times, 
their broad variety of pharmacological properties, notably in mammals like humans, 
have drawn attention, in addition to their role in plant defense against herbivores and 
pathogens. Among their broad class of secondary metabolites, P. niruri is also known 
to contain a number of alkaloids, such as securinine, epibubbialine, and isobubbia-
line, which are also accountable for the herb’s many supported therapeutic effects.

2.1.2 Garcinia kola (bitter Kola)

A species of flowering plant known as G. kola is a member of the Clusiaceae or 
Guttiferae family of tropical plants. It is a domesticated giant forest tree that is highly 
prized for its palatable nuts throughout most of West and Central Africa. It is a plant 
that has long been valued for both its medicinal and nutritive properties. The seeds 
offer potential therapeutic effects due to the concentration of the flavonoid and other 
bioactive components, and they are also employed in folk medicine in many herbal 
preparations [19, 20]. All of this plant’s parts, including the nut, leaf, stem, bark, and 
root, have been discussed in several ethnobotanical and pharmacological studies, 
albeit the nut is still the one that is most frequently employed.

Flavonoids predominate among the phytochemical components of G. kola seeds, 
which also include proteins, glycosides, reducing sugar, starch, sterols, and triter-
penoids, according to Esimone et al. [21]. Other chemical analyses of the seeds have 
revealed that they contain a complex mixture of phenolic compounds, including 
GB-type biflavonoids; xanthones; benzophenones; cycloartenol; triterpenes [22, 23]; 
kolaviron [23, 24]; the chromanols, garcioic and garcinal [25]; biflavonoids; xantho-
nes; kolanone; ameakoflavone; 2,4,3-methylenecyclartenol; coumarine; prenylate 
benzophenones [26]; and oleoresin [27]. Traditional African medicine makes consid-
erable use of extracts from G. kola [28, 29] particularly when creating treatments for 
laryngitis, coughing, and liver conditions [30]. As a purgative, antiparasitic, anti-
microbial, antiviral, and anti-inflammatory; antidote to the effects of Strophanthus 
gratus; and remedy for guinea-worm infection and for gastroenteritis, rheumatism, 
asthma, menstrual cramps, throat infections, headache relief, colic relief, chest colds, 
cough, and liver disorders are just a few of its additional medical uses [31, 32].
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2.1.3 Aloe vera

Aloe vera, often referred to as the “miraculous plant” or “wonder plant,” has 
been utilized for medicinal purposes by various cultures for over 3000 years [33]. 
In the Democratic Republic of the Congo, aloe vera has been traditionally employed 
as a botanical medicine to treat illnesses and has shown significant potential against 
COVID-19. It is also known for its soothing properties and has been traditionally used 
for various health purposes. It has been reported to exhibit antiviral activity against 
certain viruses, including herpes simplex virus and influenza virus. Additionally, aloe 
vera has been shown to possess immunomodulatory effects by enhancing immune 
responses and stimulating the production of cytokines. Experimental studies have 
revealed that aloe vera exhibits potent virucidal properties with a broad spectrum 
of action. Notably, the toxicity of these plant extracts has been demonstrated to be 
benign both in vitro and in vivo. Aloe vera contains various antiviral compounds, 
including anthraquinones, which function independently or in conjunction with 
pharmaceutical targets such as the SARSCov-2 protease 3CLPro. These antiviral 
properties complement the plant’s inherent anti-inflammatory and immunomodula-
tory capabilities [34]. It is plausible that a phytodrug based on aloe vera extracts could 
attenuate the expression of pro-inflammatory factors and receptors associated with 
acute respiratory distress, the primary cause of COVID-19 mortality, while simultane-
ously weakening the immune system. Consequently, aloe vera and its key secondary 
metabolites may play a crucial role in the treatment of COVID-19 and cardiovascular 
diseases, especially when combined with viral protease inhibitors, which represent 
the optimal therapeutic choice [5].

2.1.4 Stinging nettle (Urtica dioica)

Stinging nettle (U. dioica) has a long history of use in traditional medicine across 
various nations. It is believed to offer therapeutic benefits for the nervous, immune, 
cardiovascular, and digestive systems [35]. Previous reports have indicated that 
specific lectins, such as the agglutinin lectin from U. dioica (UDA), the agglutinin 
lectin from leeks (Allium porrum Agglutinin or APA), and the NICTABA lectin from 
tobacco (Nicotiana tabacum), isolated from the rhizomes of U. dioica, have shown 
the strongest inhibition against the proliferation of the Covid-19 virus, with an EC50 
(50% effective concentration) of 1.3 g/ml in in vitro studies. These pure extracts 
exhibited low toxicity [36]. Furthermore, UDA has demonstrated inhibitory effects 
on the SARS-CoV virus in in vitro studies [37].

2.1.5 Torreya nucifera (nutmeg-yew from Japan)

The Taxaceae tree T. nucifera has a history of use in traditional Asian medicine for 
the treatment of stomachaches, hemorrhoids, and rheumatoid arthritis [38]. This tree 
is found in snowy regions near the sea of Jeju Island in Korea. It has been investigated 
as a potential inhibitor of SARS-CoV 3CLpro. Ethanol extracts of T. nucifera leaves 
were obtained and evaluated for their inhibitory activity against SARS-CoV 3CLpro 
using a fluorescence resonance energy transfer (FRET) technique. The leaves’ etha-
nol extracts yielded 12 phytochemicals with inhibitory activity against SARS-CoV 
3CLpro, including eight diterpenoids and four biflavonoids. The findings suggest the 
potential of T. nucifera as a source of natural compounds with inhibitory effects on 
SARS-CoV 3CLpro.
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2.1.6 Alder bark

Alder bark is known to contain salicin, an anti-inflammatory compound that is 
converted into salicylic acid in the body. It also contains diarylheptanoids, a type of 
secondary metabolite [39]. Red alder bark (Alnus rubra) has been traditionally used 
in several Native American cultures to treat conditions such as poison ivy, bug bites, 
and skin irritations. The Blackfeet tribe, in particular, has utilized an infusion made 
from red alder bark to treat tuberculosis and lymphatic ailments. In a study by Park 
et al. [40], the inhibitory potential of nine diarylheptanoid derivatives (platyphyl-
lenone, hirsutenone, platyphyllone, platyphyllonol-5-xylopyranoside, hirsutanonol, 
oregonin, rubranol, rubranoside B, and rubranoside A) isolated from Alnus japonica 
Steud (Betulaceae) of Korean origin was investigated. The study evaluated the inhibi-
tory effects of these compounds against both SARS-CoV 3CLpro and PLpro using a 
continuous fluorometric assay.

2.1.7 Licorice root

Licorice (Glycyrrhiza glabra) root contains a major component called glycyr-
rhizin [41, 42]. This compound has a long history of traditional use for the treat-
ment of gastritis, bronchitis, and jaundice. It is known to possess antioxidant and 
anti-inflammatory properties and has been reported to stimulate the production of 
interferons in the body [43]. Glycyrrhizin has been shown to inhibit the attachment 
of SARS-CoV to cells, particularly during the initial phase of the virus infection cycle 
[44]. Licorice root also contains flavonoids, glycyrrhetinic acid, β-sitosterol, and 
hydroxyl coumarins [43]. Cinatl et al. [45] demonstrated the anti-SARS-CoV activity 
of glycyrrhizin, and later, Pilcher [44] suggested licorice and glycyrrhizin as poten-
tial candidates for the development of drugs against SARS-CoV. However, it should 
be noted that the development of a commercial drug for SARS-CoV is still a long 
process. Further research by Chen et al. [46] confirmed the anti-SARS-CoV proper-
ties of glycyrrhizin, and numerous review articles have been published highlighting 
its positive antiviral activity [47–49].

2.2 Plant-based functional foods and their pharmacology uses

2.2.1 Legumes

Legumes, a member of the Fabaceae family, are dried seeds that have been con-
sumed by humans for over 10,000 years. They are primarily cultivated for human 
consumption and include popular varieties such as soybeans, peanuts, lentils, lupins, 
alfalfa, beans, tamarind, and clovers. Legumes have been utilized to prevent and 
manage diet-related diseases such as metabolic disorders, inflammatory bowel dis-
ease, diabetes, and cardiovascular disease, primarily due to the presence of bioactive 
components with immunomodulatory properties [50]. Flavonoids are abundant in 
legumes, and various phenolic acids, including p-hydroxybenzoic, protocatechuic, 
syringic, gallic, vanillic, caffeic, and sinapic acids, have been identified [51, 52]. 
Phenolic acids commonly found in legumes include trans-ferulic acid, trans-p-
coumaric acid, and syringic acid, with navy bean, lima bean, and cowpea exhibiting 
the highest concentrations, respectively [51]. Flavonoids in legumes exist in the form 
of glycosides or aglycones. Chemically, flavonoids are a class of phenolic compounds 
with a C6-C3-C6 skeleton [53]. Their structure provides hydroxyl groups in the 
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B-ring, enabling the stabilization of radicals by supplying hydrogen and electrons to 
hydroxyl, peroxyl, and peroxynitrile radicals [54].

As a result, stable flavonoid radicals are generated, and flavonoids can be classified 
into various classes based on the position of the B ring and the replacement pattern 
of the C ring. Flavonols, flavanones, isoflavones, anthocyanidins, and flavones are 
among the flavonoids found in legumes [55–57]. The consumption of pulses has been 
suggested to reduce the risk of cancer according to the World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR) 2010 report [58]. Several 
research studies have investigated the effects of commonly consumed legumes on 
cancer cell proliferation [59–62]. The high fiber content of pulses has been associ-
ated with a reduced risk of colon cancer. Fiber from common beans has been shown 
to have an antiproliferative effect and induce apoptosis in colon cancer cells [63, 
64]. The mineral composition of pulses, including zinc and selenium, which reduce 
oxidative stress and inhibit tumor cell growth, may also contribute to their anticancer 
properties [65, 66]. The anticancer effects of pulses are attributed to biologically 
active components such as tannins, phytic acid, saponins, and protease inhibitors [67, 
68]. Saponins, for example, have been found to inhibit the growth of leukemia, colon, 
lung, and other cancer cells [69, 70]. Protease inhibitors exert an anticancer effect by 
reducing the rate at which cancer cells divide and by blocking tumors from secreting 
proteases that could otherwise kill nearby cells [71].

Both pinto bean trypsin inhibitor [65] and pea protease inhibitor [55] have dem-
onstrated in vitro anti proliferative effects. The phytochemicals’ anticancer effects 
could be attributed to their phytoestrogenic characteristics [66]. For instance, daidzin 
and genistin found in soybeans exhibit this effect by binding to the human estrogen 
receptor [67]. Hormonal imbalance is implicated in several hormone-dependent 
malignancies such as breast and prostate cancer. Soybean isoflavones, which resemble 
mammalian estrogen, have been shown to have protective effects against hormone-
dependent cancers by binding to the human estrogen receptor in both agonistic and 
antagonistic manners, thus exhibiting beneficial effects on hormone-dependent 
tumors [66].

Evidence from numerous epidemiological studies has demonstrated a link between 
pulse consumption and a decrease in cardiovascular diseases (CVDs) [67]. Pulses 
have an impact on various factors related to CVDs, including lipid profiles, blood 
pressure, and inflammation [64]. Consuming legumes has been shown to reduce 
LDL-C and total cholesterol levels [68, 69]. The mono- and polyunsaturated fatty 
acids and sterol content in pulses contribute to increased levels of HDL cholesterol 
while decreasing total and LDL cholesterol [70–72]. The association between pulse 
consumption and lower levels of total and LDL cholesterol has been demonstrated in 
clinical trials and meta-analyses [73–75]. Isoflavones in pulses also play a crucial role 
in the treatment of CVDs through their antihypertensive, anti-atherosclerotic, and 
antiplatelet activities [76]. When consumed in high amounts, the isoflavones found 
in kidney and black beans stimulate adipocytes to produce adiponectin, a cardiopro-
tective hormone that exhibits anti-inflammatory effects on blood vessel cells and is 
associated with a lower risk of heart attack [64, 77, 78]. There is an inverse relation-
ship between pulse consumption and blood pressure [79]. Randomized clinical 
studies and meta-analyses have shown that diets high in pulses can lower systolic and 
mean arterial blood pressure [80–82].

Diabetic patients have also shown a decrease in blood pressure and heart rate 
[80, 83, 84]. Pulses are often chosen as a meal by diabetics due to their high fiber 
content and potential benefits for glycemic management [85–87]. Increased 
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consumption of beans in the diet may help with glycemic management and lower 
the risk of diabetes [88]. Randomized controlled trials (RCTs) and epidemiological 
research have demonstrated that pulses reduce fasting insulin and blood glucose 
levels, as well as fructosamine and glycosylated hemoglobin when combined with 
low glycemic index (GI) and high fiber diets [89–91]. The polyphenols present in 
legumes are also associated with regulating the absorption of carbohydrates in the 
intestine. Polyphenols such as diadzein, caffeic acid, ferulic acid, syringic acid, 
naringenin, and kaempferol inhibit the pancreatic enzymes alpha-amylase and 
alpha-glucosidase, which are responsible for breaking down starch in the intestine, 
thereby lowering blood sugar levels [92]. Furthermore, the antioxidant properties 
of polyphenols protect against oxidative stress generated by hyperglycemia-related 
free radical production. Mungbean flour, for example, has a low glycemic index 
and is rich in fiber [93].

The low glycemic index of mungbeans indicates that consuming them can help 
prevent diabetes. Soybeans, especially, have a low glycemic index and are an impor-
tant component in the diet of diabetics. Legumes, particularly soybeans, are the main 
source of isoflavones, which have estrogenic activity. Adding isoflavones like genis-
tein, daidzein, and glycosides to the diet may help prevent osteoporosis. Experimental 
investigations have shown that isoflavones work in various ways, including promot-
ing osteoblast activity and proliferation to preserve bone mass against the action of 
osteoclast cells, which break down bone [94]. Research by Frassetto et al. [95] found 
an inverse relationship between plant protein intake and hip fracture occurrence, 
indicating that plant protein intake, including from legumes, is beneficial for bone 
health. Meals consisting of lentils, chickpeas, and yellow peas have been found to be 
more satisfying and effective at reducing hunger compared to a breakfast of cereals, 
vegetables, and cheese [90, 96]. Pulses may help manage appetite and limit calorie 
intake in diets. Epidemiological data also suggests a favorable relationship between 
bean consumption and body weight [79]. Greater weight loss was observed with a diet 
including four servings of pulses per week for 8 weeks within a 30% energy-restricted 
diet compared to an energy-restricted diet that excluded pulses [73]. Reduction in 
body weight has been reported after 3 months with a high-pulse-low-GI diet [97]. 
Although significant weight reduction was not observed in other trials of pulse-rich 
diets over a period of 6–18 months, a reduction in waist circumference was observed 
[98]. Consuming pulses has been associated with potential benefits for longevity 
and overall health [64]. A study by Darmadi-Blackberry et al. [99] found that elderly 
people who consume a lot of legumes exhibit persistent and significant protective 
effects. Additionally, frequent bean consumption in older adults has been associated 
with reduced stress, anxiety, and depression [100].

2.2.2 Cereals

Cereals, such as wheat and rice, have been recognized as functional foods and 
nutraceuticals due to their high protein, dietary fiber, and bioactive component 
content, which contribute to antioxidant and anti-inflammatory activities. These 
properties make cereals beneficial in preventing diseases associated with metabolic 
syndromes, including obesity, cardiovascular disease, and type 2 diabetes [101, 102]. 
Cereals like wheat, sorghum, barley, millet, and rice have been found to possess 
antihypertensive and antioxidant activities, which help regulate hormonal control 
processes, lower blood pressure, and mitigate other noncommunicable disorders 
[103–106].
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2.2.2.1 Rice (Zizania spp.)

Rice (Zizania spp.) contains phenolic acids, flavonoids, and phytochemicals with 
antioxidant capabilities that contribute to the prevention of chronic diseases [107, 
108]. Rice consumption has been associated with lower rates of chronic diseases, 
likely due to the presence of phytochemical antioxidants [109]. Wild rice (Zizania 
latifolia) has been shown to have antihypertensive effects, attributed to its polyphenol 
content, particularly quercetin, which has demonstrated blood pressure-lowering and 
protective effects against cardiovascular diseases [110]. Research on virgin rice bran 
oil has also demonstrated its potential in preventing hypertension induced by L-N-G 
nitroarginine methyl ester (L-name) in rats, improving hemodynamic changes and 
reducing oxidative stress and vascular inflammation [111]. Rice bran is rich in biologi-
cally active substances that benefit human health, supporting immune, antioxidant, 
anticancer, and antidiabetic functions [112]. Rice’s anti-inflammatory, anti-allergy, 
anti-atherosclerosis, anti-influenza, anti-obesity, and antitumor properties contrib-
ute to defense against various chronic and degenerative diseases, including hyperten-
sion, and may play a role in preventing COVID-19 infection.

2.2.2.2 Wheat (Triticum spp.)

Wheat (Triticum spp.) is a crucial staple food, providing a significant portion 
of starch and calories in meals. Studies have shown that regular consumption of 
wheat, particularly dietary fiber and other bioactive substances, are associated with a 
decrease in chronic diseases [113]. Wheat contains various phytochemicals, including 
phenolic acids, terpenoids, tocopherols, and sterols, with whole wheat containing sig-
nificant amounts of phenolic acids [114, 115]. The processing and utilization of wheat 
significantly impact the composition of bioactive compounds and, consequently, the 
health benefits, such as improvements in colon functions, cancer prevention, protec-
tion against obesity, weight loss promotion, and other positive effects [116–125].

Research on wheat’s pharmacology has identified ACE-inhibitory peptides derived 
from wheat gluten protein hydrolysates, which have potential cardiovascular benefits 
[126]. Structure plays a role in the inhibitory activity of these peptides, and certain 
sequences with specific amino acids exhibit greater inhibitory activity toward ACE 
[127]. The isolation of phenols from protein fractions in wheat flour has been found 
to enhance antihypertensive activity and antioxidant characteristics while reducing 
allergenicity [128]. Polysaccharides found in wheat have also shown the ability to 
boost the immune response to infectious diseases by activating protein pathways in 
cells like macrophages, thereby stimulating immune response control processes [129].

2.2.2.3 Millet

Millet is made up of several species that are not genetically linked. It does, 
however, include a variety of phytochemicals, phenolic compounds, phytosterols, 
policosanols, and bioactive peptides [130]. Foxtail millet (Setaria italica Beauv) has 
antioxidant and anticancer properties and lowers cholesterol levels [131, 132]. Foxtail 
millet also has antihypertensive properties. Studies have also documented this cereal’s 
hydrolyzed proteins’ ability to suppress ACE [133]. Eating whole grains helps lower 
blood pressure. Forty-five middle-aged hypertensive patients who consumed 50 g 
of whole grains of pulverized foxtail millet extruded as bread or millet pancakes for 
12 weeks showed a significant decrease in SBP of 133.61 and 129.48 mmHg as well as a 
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decrease in the mass index and body fat [134]. Cereals have antihypertensive benefits 
because they improve endothelial function by blocking the effects of vasoconstrictors 
like Ang II itric oxide-based vasodilatation induced by substances like Ang II, which 
also affects the vasorelaxation tracts. In addition to the cereal already described, mil-
let ingestion can support immune function modulation, which helps to guard against 
the COVID-19 illness [135].

2.2.2.4 Sorghum

Tannins, phenolic acids, anthocyanins, and phytosterols are all present in sorghum 
(Sorghum spp.). These phytochemicals may have a major impact on human health 
by boosting cardiovascular health by lowering plasma levels of hepatic cholesterol 
and low-density lipoproteins [136]. Between 16 and 131 mg/g and 41 and 444 mg/g, 
respectively, of benzoic and cinnamic acids are present in sorghum [137]. The most 
researched sorghum flavonoids are anthocyanins. According to Awika et al. [138], 
black sorghum bran has anthocyanin levels at least twice as high as those of red sor-
ghum (10.1 mg/g) and three to four times higher than those of whole grain. Though 
approximate concentrations of 44 to 72 mg/100 g have been reported [138, 139], there 
is a lack of quantitative information regarding the phytosterols contained in sorghum. 
The human immunodeficiency virus (HIV), herpes simplex 1 (VHS-1), hepatitis B 
and C (VHB/VHC), influenza A (H1N1), and, more recently, the virus that caused 
the COVID-19 disease (SARS-CoV-2) have all been shown to be susceptible to the 
antiviral effects of polyphenols [140]. In addition to having antiviral properties, 
phenolic chemicals also have antihypertensive properties. Irondi et al. [141] investi-
gated the inhibitory activity of several enzymes, including ACE, in raw and toasted 
red sorghum grain flour (150 and 180°C). They discovered that the presence of 
phenolic acids (gallic, chlorogenic, caffeic, ellagic, and p-coumaric) and flavonoids 
(quercetin, luteolin, and apigenin) in high concentrations in raw grains led to their 
high inhibitory activities (19.64 g/mL), as increasing the temperature during toasting 
reduces the presence of phenolic compounds and, consequently, results in a decrease 
in inhibitory activity, having an IC50 of 20.99 g/mL in grains roasted at 150°C and 
22.81 g/mL in grains roasted at 180°C. As a result, the corresponding decrease in the 
inhibitory activity of the enzymes and the phenolic composition of the grains with 
increasing toasting temperature shows that phenolic acids and flavonoids may be the 
primary inhibitors of the grain enzymes.

2.2.3 Root and tubers

Plants that produce starchy roots, tubers, rhizomes, corms, and stems are essential 
for human nutrition and health. In tropical places around the world, roots and tuber 
crops are essential agricultural staple energy sources, second only to cereals. They 
consist of potatoes, cassava, sweet potatoes, yams, and aroids, which are members of 
distinct botanical families but are grouped together. Several different carcinoma cell 
lines and animal models have shown that root and tuber phytochemicals have numer-
ous pharmacology activities.

2.2.3.1 Yams (Dioscorea sp.)

Yam are root crops that contain various bioactive substances with potential health 
benefits. They are rich in mucin, dioscin, dioscorin, allantoin, choline, polyphenols, 
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diosgenin, carotenoids, tocopherols, and vitamins [142, 143]. Yam extracts have 
demonstrated hypoglycemic, antibacterial, and antioxidant properties [144, 145]. 
They can increase the activity of digestive enzymes in the small intestine and promote 
the growth of stomach epithelial cells [146]. Additionally, yams have shown potential 
in bone marrow cell regeneration and splenocyte proliferation [147]. Dioscorin, a 
component of fresh yam (Dioscorea batatas), has exhibited DPPH radical scaveng-
ing activity and has been found to have beneficial effects in lowering blood pressure 
[148–150].

Yam cultivars also possess phenolic compounds that have antibacterial activity. 
Methanolic extracts from Dioscorea yams, such as Dioscorea dumetorum and Dioscorea 
hirtiflora, have demonstrated antioxidant and antibacterial activity [151]. In vitro 
studies using agar diffusion tests showed strong antibacterial activity against Proteus 
mirabilis by the nonedible D. dumetorum. Methanolic extracts from D. hirtiflora 
exhibited susceptibility against various species, including Staphylococcus aureus, 
E. coli, Bacillus subtilis, P. mirabilis, Salmonella typhi, Candida albicans, Aspergillus 
niger, and Penicillium chrysogenum.

Furthermore, dioscorin from yams has shown inhibitory and antihypertensive 
effects on the angiotensin-converting enzyme (ACE) in rats with spontaneous hyper-
tension [143, 151]. Yam dioscorin has also displayed actions such as dehydroascorbate 
reductase (DHA), monodehydroascorbate reductase (MDA), trypsin inhibitor, and 
immunomodulatory effects [152, 153]. Chinese yam, in particular, contains dios-
genin, an immunoactive steroidal saponin with prebiotic properties that promote the 
development of enteric lactic acid bacteria [154]. In animal studies, an ethanol extract 
of Dioscorea alata tubers exhibited antidiabetic action in rats with alloxan-induced 
diabetes [155]. Yam extract administered to diabetic rats resulted in lower creatinine 
levels, potentially improving renal function by reducing plasma glucose levels and 
subsequent glycosylation of renal basement membranes. Bioactive components of 
yam have also shown potential in reducing the risk of cancer and cardiovascular 
disorders in postmenopausal women [156]. Chronic administration of Dioscorea has 
been associated with changes in hormonal activities, bone remodeling, and improved 
bone strength [157].

2.2.3.2 Ipomoea batatas L. (sweet potato)

Sweet potatoes (I. batatas) have their origins in Central America and are now 
widely cultivated in tropical and subtropical regions across the world. They are 
ranked as the seventh-largest food crop and can be grown throughout the year under 
ideal climatic conditions, making them a reliable “insurance crop” due to their 
resistance to complete crop loss from unfavorable weather conditions. The roots of 
sweet potatoes contain a soluble protein called sporamin, which constitutes 60–80% 
of the total proteins in the roots and serves as their primary protein store. Sporamin 
has been shown to possess antioxidant properties related to stress tolerance, including 
activities such as DHA and MDA reductase activities.

Alkaloids are another class of compounds found in sweet potatoes. Alkaloids are 
primarily used by plants as phytotoxins, antibacterials, insecticides, and fungicides 
to protect against feeding by insects, herbivorous animals, and mollusks. Commercial 
sweet potatoes mostly contain two glycoalkaloids, chaconine and solanine, which 
are glycosylated solonidine aglycone derivatives. Solasonine, a glycoalkaloid found 
in eggplants and wild potatoes (Solanum chacoense), belongs to the Solanum species. 
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Solanum species have been found to possess various biological properties, including 
antitumor, antifungal, teratogenic, antiviral, and antiestrogenic activities. Some 
glycoalkaloids are even used as anticancer agents.

The peels of sweet potatoes have been reported by several authors to have potent 
wound healing effects, likely due to the free radical scavenging activity of the phy-
toconstituents and their ability to inhibit lipid oxidation. Studies conducted in rat 
models have shown that sweet potato fiber can have a positive impact on burn or 
decubital wounds, leading to changes in wound quantity and quality. In these studies, 
rats treated with sweet potato fiber coating showed smaller wound areas compared 
to the control group. Furthermore, a sweet potato petroleum ether extract was found 
to significantly reduce the amount of scarring necessary for complete epithelializa-
tion compared to the control. Human studies have explored the effects of consuming 
potatoes with different flesh colors on oxidative stress and inflammatory damage. In a 
randomized trial, participants were given white-, yellow-, or purple-fleshed potatoes 
once daily. The results indicated that the color of the potatoes affected oxidative 
stress and inflammatory damage, with purple-fleshed potatoes, high in anthocyanin 
and phenolic acids, showing positive effects. According to Hwang et al. [158], purple 
sweet potatoes have the potential to be effective in fighting obesity. Anthocyanin frac-
tions from purple sweet potatoes were found to reduce the accumulation of hepatic 
lipids by activating the adenosine monophosphate-activated protein kinase (AMPK) 
signaling pathways. AMPK is a critical regulator of lipid production in metabolic tis-
sues. In a study involving mice fed with purple sweet potatoes for 4 weeks, an intake 
of 200 mg/kg of body weight per day of anthocyanins led to decreased weight gain, 
reduced hepatic triacylglycerol buildup, and improved serum lipid parameters. The 
study also found that AMPK and acetyl coenzyme A carboxylase (ACC) were more 
frequently phosphorylated in the liver and HepG2 hepatocytes after anthocyanin 
treatment.

2.2.3.3 Cassava (Manihot esculenta)

Cassava (M. esculenta) is the most extensively grown root crop in the tropics and 
can only be cultivated in tropical and subtropical regions due to its lengthy growth 
season, which typically ranges from 8 to 24 months. It belongs to the Euphorbiaceae 
family and is a perennial shrub. Among the 98 species that make up the genus 
Manihot, M. esculenta is the most widely cultivated species. The antioxidant proper-
ties of cassava roots have been the focus of several investigations. A recent study 
has highlighted that cassava tubers grown organically exhibited stronger antioxi-
dant activities compared to roots treated with mineral-based fertilizers [159]. The 
researchers found that the total phenolic content (TPC) and flavonoid content (FC) 
of cassava cultivated with organic fertilizers were significantly higher than those of 
cassava treated with inorganic fertilizers. Antioxidants play a crucial role in protect-
ing the body against oxidative stress and combating the damaging effects of free 
radicals. It is worth noting that cassava is primarily consumed as a staple food in 
many tropical regions, providing a significant source of carbohydrates. However, it is 
important to note that cassava contains cyanogenic glycosides, which are potentially 
toxic compounds. These compounds can release cyanide when consumed in large 
quantities or when cassava is prepared improperly. Therefore, proper processing 
methods such as soaking, fermenting, and cooking are essential to remove the cyanide 
content and make cassava safe for consumption.



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

214

2.3 Spices

In addition to fruits and vegetables, spices and herbs are further sources of natural 
antioxidants [160]. Spices and herbs can be categorized using both taxonomical 
characteristics and flavor or taste. Depending on the taxonomic categorization, 
these spices and herbs are classified as either flowering plants or members of the 
Angiospermae class [161]. These herbs and spices are an abundant supply of phenolic 
compounds, and because of their useful characteristics, they are frequently used as 
food additives and in the pharmaceutical industry [162]. Spices’ chemical constitu-
ents, which in turn depend on the polyphenolic content and bioactive chemicals, are 
responsible for their antioxidant activity [160].

2.3.1 Basil (Tulsi)

In addition to preventing the growth of a variety of bacteria, yeasts, and molds, 
holy basil has been shown in a small research to improve immune system performance 
by raising certain immune cells in the blood. In addition to lowering blood sugar levels 
before and after meals and reducing anxiety and anxiety-related depression, holy 
basil has been linked to other health benefits. Reduces inflammation, reduces lipid 
peroxidation, and acts as an antioxidant [163].

2.3.2 Dill

Dill and other greens are used to produce a variety of regional meals that are 
served with rotis or chapatis in India. Dill was a common ingredient in traditional 
treatments for a wide range of ailments, including jaundice, headaches, boils, a lack 
of appetite, stomach issues, nausea, liver issues, and many others. Additionally, dill 
seeds can be used to make herbal tea. Which contains antioxidative and antimicrobial 
activities [164].

2.3.3 Marjoram

The tops of marjoram plants are trimmed as they start to flower and are then 
slowly dried in the shade. Marjoram is grown for its aromatic leaves, either green or 
dry, which are used in cooking. It is frequently combined with other herbs to make 
dishes like za’atar and herbes de Provence. Marjoram’s flowering leaves and tops are 
steam-distilled to create an essential oil with a yellowish hue that eventually turns 
brown. It has a variety of chemical constituents, including pinene, borneol, and 
camphor. Antibacterial and antioxidant properties [165].

2.3.4 Thyme (Ajwain ke Phool)

Common thyme (Thymus vulgaris) essential oil, known as oil of thyme, contains 
20–54% thymol. Along with these extra substances, thyme essential oil also includes 
p-cymene, myrcene, borneol, and linalool. Listerine and other commercially available 
mouthwashes contain the antimicrobial thymol as an active component. Oil of thyme 
was employed to treat bandages before to the development of current antibiotics. 
Additionally, it has been demonstrated to work well against a number of fungi that 
frequently infect toenails. Some all-natural, alcohol-free hand sanitizers use thymol 
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as their main active ingredient [166]. The plant can be infused in water to create a 
tisane that can treat bronchitis and coughing. The antioxidant presence in thyme 
helps to prevent the loss of bone.

2.3.5 Rosmarinic acid

Acid is the name of the rosemary’s active component. It has been demonstrated 
that this chemical reduces nasal congestion and allergic reactions. In a study, ros-
marinic acid doses of 50 and 200 mg were found to reduce allergy symptoms. Along 
with less congestion, nasal mucus’ immune cell count fell. Anti-inflammatory, 
anti-carcinogen, decreased bone resorption, and antioxidant [167]. Herbs and spices 
are a great method to enhance the flavor of food without adding extra calories because 
they are naturally low in calories, fat, saturated fat, carbohydrates, and sodium. In 
reality, adding herbs and spices to food can help consumers’ diets contain less harm-
ful elements. Studies on the ethnopharmacology of spices’ antioxidant and anti-
inflammatory effects on food and drinks [168] show that some of the most widely 
utilized natural antibacterial agents in food are in addition to these spices. Various 
spices contain natural substances that have antibacterial properties [169]. Because of 
this, steps must be done to control the issue by employing plant extracts that include 
photochemicals with antibacterial effects [170].

2.3.6 Garlic (Lehsun)

Allium sativum, a member of the Alliance family, is thought to have its origins in 
Central Asia. To improve physical and mental health, it is used internationally as a 
flavoring ingredient, a traditional remedy, and a functional food. Antioxidant inhibits 
cerebral aging, decreases blood pressure, elevates HDL cholesterol, reduces inflam-
mation, and strengthens immunity [170].

2.3.7 Ginger (Adrakh)

Since ancient times, ginger, also known as Zingiber officinale Roscoe or 
Zingiberacae, has been used extensively in Chinese, Ayurvedic, and Tibb-Unani 
herbal medicines for a variety of unrelated ailments, such as arthritis, rheumatism, 
sprains, muscular aches and pains, sore throats, cramps, constipation, indigestion, 
vomiting, hypertension, dementia, fever, infectious diseases, and Antioxidant, allevi-
ates knee osteoarthritis, antiemetic, anti-inflammatory, strengthens immunity, and 
antimicrobial (Table 1) [170].

3. Future perspective of medicinal plant and functional foods

Given that there are around 500,000 plants in the world, most of which have not 
yet been investigated in medical practice, and given that both current and future 
research on medical activities may be successful in treating diseases, the future of 
medicinal herbs is bright. There is a long history of the use of medicinal plants; 
however, using the entire plant or raw materials for treatment or experimentation 
has many disadvantages, including changes in the plant’s compounds in differ-
ent climates, the concurrent development of synergistic compounds that lead to 
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antagonistic effects or other unexpected changes in bioactivity, and changes or loss 
of bioactivity due to variability and accumulation, storage, and preparation of raw 
materials.

However, novel approaches are therefore required to identify bioactive ingredients 
from medicinal plants and plant-based functional foods, evaluate their efficacy in 
human and animal models, and develop a sustainable and natural means of treating 
or preventing disease.

4. Conclusion

Medicinal plant and plant-based functional foods have garnered significant 
interest due to their immune-enhancing properties and potential to address immune 
dysfunction. Extensive research has been conducted to understand the cellular and 
molecular mechanisms through which the bioactive ingredients in these foods exert 
their immune-enhancing effects. Compared to conventional drugs, plant-based 
functional foods offer several advantages, including lower risk of side effects, stabil-
ity, and sustained efficacy.

By incorporating a variety of fruits and vegetables into our diet, such as mangoes, 
tomatoes, carrots, beetroot, bananas, grapes, apples, pomegranates, and oranges, 
we can benefit from their rich content of dietary fiber, vitamins, minerals, and 

Diseases Spices Reference

Cardiovascular diseases including heart 
attack

Ginger, Turmeric, Garlic [171–178]

Neurodegenerative diseases Mint, Onions [179]

Antidiabetic action Cinnamon, bay leaf, 
wormwood, fenugreek, 
mustard, pomegranate

[180–182]

Hypertension Cardamom, cinnamon [183, 184]

Hepatic diseases Caraway, Cardamom [185–187]

Endocrine diseases Ginger, Turmeric [188]

Against DNA Oxidation Basil [189]

Obesity Saffron, Turmeric [190]

Bone diseases Cloves [191]

Immunomodulatory action Turmeric [192, 193]

Renal diseases Garlic, Fennelflower, ginger [194, 195]

Gastrointestinal diseases Fenugreek, garlic [196, 197]

Antiulcer action Ginger [198]

Pigment cell growth inhibition Turmeric [199]

Reduction of cortisol level in saliva Lavender, rosemary [197]

Against alcohol abuse Thyme, ginger [199]

Against gum disease Licorice [197]

Table 1. 
Therapeutic effects of spices in different diseases.
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phytochemicals with potent antioxidant properties. These components have been 
associated with a reduced risk of chronic diseases, including heart disease, stroke, 
cancer, and age-related macular degeneration, as well as improved immune function.

Furthermore, exploring the potential of byproducts and waste materials from 
fruit and vegetable processing, such as peels and seeds, can lead to the discovery 
of additional bioactive compounds and contribute to reducing waste in the food 
industry. While medicinal plants and plant-based functional foods offer promising 
immune-enhancing properties, it is important to continue conducting research to 
fully understand their mechanisms of action and optimize their use in promoting 
overall health and well-being.
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Abstract

The World Health Organization (WHO) estimated that at least 251.4 million peo-
ple from 78 countries were in need of preventative care for bilharziasis in 2021.
Globally, soil-transmitted helminth infections are present in at least 24% of the
world’s population. Tropical and subtropical areas have a wide distribution of infec-
tions with a high prevalence in the sub-Saharan Africa. The aim of this study was to
document plants that have been traditionally used in Zimbabwe to manage bilharzia-
sis and other parasitic infections. The literature review was based on published papers
and abstracts retrieved from the online databases. Books, book chapters, scientific
reports and theses from universities in Zimbabwe that were available online were also
used in this review. Plants with the reported traditional usage against bilharziasis and
other parasitic infections were recorded from the data retrieved. In total, 68 species
were used to treat and manage bilharzia and other parasitic infections. Most of these
medicinal plants were used to treat and manage schistosomes (fluke or worm). A total
of 76.5% of the medicinal plants reported have been scientifically validated and
documented to exhibit anthelmintic activity. In conclusion, Zimbabwe has a
plethora of medicinal plants that can be used to manage bilharziasis and other
parasitic infections.

Keywords: ethnobotanical, bilharzia, schistosomiasis, worms, pharmacological,
toxicology, traditional plants, anthelmintic, Zimbabwe
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1. Introduction

Schistosomiasis is a neglected parasitic tropical disease caused by blood flukes
(trematode worms) of the genus Schistosoma. According to WHO [1] estimates, at
least 251.4 million people reported from 78 countries were in need of preventative care
for bilharziasis in 2021. Schistosomiasis, a disease caused by Schistosoma mansoni
(intestinal) and S. haematobium (urogenital) species, is mainly concentrated in sub-
Saharan Africa, where about 90% of the disease burden exists. The transmission of
these species occurs through feces and urine, respectively [2]. Endemic areas where the
infection is prevalent are inhabited by over 700 million people, particularly in tropical
and subtropical regions. Schistosomiasis is more prevalent in impoverished rural com-
munities, particularly in regions where fishing and agricultural activities are prevalent.
These areas are often characterized by poor communities lacking access to potable
water and adequate sanitation [3]. Morbidity reduction can therefore be accomplished
with the use of preventative therapy, which should be repeated over a number of years
in endemic areas with moderate to high transmission [4]. According to WHO [5] the
most frequent illnesses worldwide are soil-transmitted helminth (STH) infections,
which mostly afflict the poorest and most destitute populations. Where sanitation is
inadequate, the soil is polluted with egg-infected human feces and fecal waste [5]. The
primary causative species that infect humans are whipworms (Trichuris trichiura),
hookworms (Ancylostoma duodenale, Necator americanus and Ancylostoma duodenale)
and roundworms (Ascaris lumbricoides) [6]. STH infections afflict at least 24% of the
world’s population, which exceeds 1.5 billion individuals. Infections are widely distrib-
uted in tropical and subtropical locations, with the Americas, China, East Asia and sub-
Saharan Africa having the highest frequency [5].

Pharmacotherapy is the most effective approach for decreasing the incidence of
schistosomiasis infections. The WHO recommends preventive chemotherapy using
praziquantel as the strategy for managing schistosomiasis. School-age children (5 to
15 years old) are the target population for this therapy due to their high infection burden
and ability to be effectively targeted through schools [7]. Zimbabwe aims to eradicate
bilharzia and intestinal worms, by 2030. During a mass treatment campaign carried out
from April 3–9, 2022, over 1.8 million children received free oral treatment for schisto-
somiasis (bilharzia) and soil-transmitted helminthiases (intestinal worms) [8].

Despite not achieving complete elimination of bilharzia, Zimbabwe has signifi-
cantly reduced the burden of the disease through the annual national treatment
campaigns. In 2014 a study revealed that the district of Chiredzi in Masvingo province
had the highest prevalence of S. mansoni at 43.7%, followed by the Hwedza district in
Mashonaland East and Nyanga in Manicaland province, with prevalence rates of 32.3
and 31.5%, respectively [9]. Despite the great prevalence of parasitic diseases world-
wide and the substantial amount of suffering caused by these parasites, the majority
are considered neglected diseases. Only malaria treatment and prevention receive
significant financing, but there is an urgent need for more action to be done to
alleviate the suffering of the large populations of people who are infected with other
parasitic diseases [10]. Similarly, despite those parasitic infections accounting for
more than 10% of the world’s disease burden, drug discovery efforts for parasitic
diseases are limited, with only 1% of new medications addressing parasitic diseases in
the last 40 years [6].

The purpose of the study is to find medicinal plant species that are used as an
effective treatment against schistosomiasis in Zimbabwe. The study involved the
compilation of a list of medicinal plants used in Zimbabwe to treat parasitic infections
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in humans. Bilharzia, gastrointestinal worms and helminths, ectoparasites, trichomo-
niasis, leishmaniasis and trypanosomiasis are among the diseases covered. Due to the
broad scope of these topics, veterinary usage and malaria were excluded. This sys-
tematic review will create a comprehensive digital database of medicinal plants used
in traditional practice which holds the potential to expand treatment options, improve
access to healthcare, preserve traditional knowledge and promote sustainable prac-
tices in disease management. Moreover, the potential development of drug resistance
has sparked an ongoing debate about the future efficacy of praziquantel. The emer-
gence of drug-resistant strains of schistosomes will pose a significant challenge in
controlling the disease. Thus, exploring medicinal plants may help to identify novel
compounds that can overcome drug resistance and provide alternative treatment
options.

2. Objectives

This systematic review was therefore undertaken to:

1.Determine the medicinal plants traditionally used in Zimbabwe for the
management of parasitic infections.

2.Describe the common names, scientific names, plant family, plant parts used,
modes of preparation, traditional uses, distribution and conservation status.

3.Compile a comprehensive document that describes the ethnobotany of medicinal
plants in Zimbabwe that are traditionally used to treat and manage parasitic
infections in humans.

4.Generate integrated and sufficient traditional evidence to support its medicinal
use.

5.Determine the endangered medicinal plant species to prioritize for conservation
amidst the growing destruction of natural resources for settlement,
industrialization, construction and energy production [11–13].

2.1 Inclusion criteria

Plants used to treat the following parasitic infectious diseases were included in this
study

1.Bilharzia

2.Gastrointestinal worms

3.Helminths

4.Ectoparasites

5.Trichomoniasis
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6.Leishmaniasis

7.Typanosomiasis

2.2 Exclusion criteria

Plants used to treat the following parasitic infectious diseases were excluded from
this study

1.Malaria

2.Veterinary parasites

3. Materials and methods

3.1 Research protocol and reporting

The Preferred Reporting Items for the Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were used in the reporting of this study (Figure 1). The protocol
used in this systematic review was as previously reported [14].

3.2 Literature search

Electronic data on the ethnobotany of medicinal plants used in Zimbabwe were
retrieved from electronic databases such as Google, Google Scholar, Springer Link,
Researchgate, PubMed, Science Direct and JSTOR. The keywords set “medicinal
plants AND (antiparasitic OR antihelmintic) AND Zimbabwe” were used. The
retrieved articles were downloaded and stored in EndNote X9 (Thomson Reuters, San
Francisco, CA and USA). Duplicate articles were then removed from the file. Further,
a manual search from the reference lists of screened eligible articles and deposited
electronic copies of dissertations and theses in online Universities’ repositories and
National Herbarium and Botanic Gardens (SRGH) libraries up to 31 December 2020
were done. Other sources utilized in this study included books [15–18], book chapters,
scientific reports and theses available at universities [19, 20] and National Herbarium
and Botanic Gardens (SRGH) libraries. The authors continuously received notifica-
tions of any new “similar reports” meeting the search criteria from Science Direct,
Scopus and Google Scholar.

The plant names were verified with http://www.theplantlist.org and https://www.
zimbabweflora.co.zw. Plants with the reported traditional usage against bilharziasis
and other parasitic infections were identified and compiled from the information
collected and gathered. A master list was prepared including all the medicinal plants
used in Zimbabwe for the treatment and management of bilharziasis and other para-
sitic infections (Table 1). The above-mentioned databases were also searched for
pharmacological and toxicological properties providing scientific evidence of medici-
nal usage comparable to their ethnomedicinal usage. All the information was summa-
rized in three tables (Tables 1–3) and five figures (Figures 2–6). The review excluded
medicinal plants for veterinary use and those against malaria to limit the plants
to those used in the treatment and management of bilharziasis and other parasitic
infections in humans.
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Figure 1.
PRISMA flow diagram showing the search and retrieval steps of the study (adopted from Moher et al. [14]).
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Scientific name
[Family]

[Growth habit]
Distribution

Vernacular names and
other names

Parts used and mode of
preparation

Parasitic infection
ethnomedicinal uses
[References]

Abrus precatorius
L. subsp. africanus
Verde.
[Fabaceae]

Woody,
deciduous
climber.
[Climber]
N, W, C, E, S

Chonjo (Shona) Lucky
bean creeper (English)
Minimini (Shona)
Munhutuwaro (Shona)

Roots (fresh)
Leaves and stem

Bilharziasis (Urinary
schistosomiasis)
[21–23]

Acacia karoo
Hayne
[Fabaceae]

Small to
medium-sized
tree.
[Tree]
N, W, C, E, S

Isinga (Ndebele)
Mubayamhondoro
(Shona) Muhunga
(Shona) Muzunga
(Shona) Sweet thorn
(English)

Leaves and roots
Roots decoction

Bilharziasis (Urinary
schistosomiasis)
[21, 23, 24]

AIbizia
amunesiana
Harms
[Fabaceae]

Small to
medium-sized
tree.
[Tree]
N, W, C, E, S

Muriranyenze (Shona)
Purple-leaved albizia
(English) Umnonjwana
(Ndebele)

Roots, bark, leaves and
stem.

Bilharziasis (Urinary
schistosomiasis)
[21, 23]

Asparagus spp
except A.
asparagoides L
[Asparagaceae]

Perennial herbs
or shrubs
[Herb or shrub]
N, W, C, E, S

Roots – mixed with seeds
of Vigna unguiculata in
soup and taken orally.

Bilharziasis
[16]

Burkea africanus
Hook.
[Fabaceae]

Deciduous tree,
to 8 m.
[Tree]
N, W, C, E, S

Burkea (English) False ash
(English) Mukarati
(Shona) Umnondo
(Ndebele) Wild syringa
(English)

Bilharziasis (Urinary
schistosomiasis)
[21]

Carissa spinarum
L.
Carrisa edulis Vahl
[Apocynaceae]

Scrambling
shrub or small
tree.
[Tree]
N, W, C, E, S

Mudyabveni (Shona)
Mudzambara (Shona)
Muhlababzunzi (Shona)
Mumbingwa (Shona)
Muruguru (Shona)
Mutsamviringa (Shona)
Simple-spined num-num
(English) Umlugulu
(Ndebele)

Bilharziasis (Urinary
schistosomiasis)
[21]

Cassia abbreviata
Oliv.
[Fabaceae]

Shrub or small
rounded tree.
[Tree]
N, W, C, E, S

Isihaqa (Ndebele) Long-
tail cassia (English)
Muremberembe (Shona)
Muvheneka (Shona)

Leaves, roots and bark. Bilharziasis (Urinary
schistosomiasis)
[21, 23]

Catunaregam
swynnertonii (S.
Moore) Bridson
Catunaregum
spinosa sensu
Verdcourt subsp.
spinosa
[Rubiaceae]

Spiny,
deciduous shrub
or small tree
growing up to 7
metres.
[Tree or shrub]
E, S

Sand bone-apple
(English)

Leaves Intestinal worms
[25]

Celtis africana
Burm. f.
[Ulmaceae]

Deciduous tree
5–15(�35) m
[Tree]
[Cultivated]

Common celtis (English)
Kamutuna (Shona)
Mugara (Shona) Muguru
(Shona) Mukonachando
(Shona) Musvutaderere
(Shona) Umdlawuthu
(Ndebele) White
stinkwood (English)

Leaves and roots. Bilharziasis (Urinary
schistosomiasis)
[21, 23]
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Scientific name
[Family]

[Growth habit]
Distribution

Vernacular names and
other names

Parts used and mode of
preparation

Parasitic infection
ethnomedicinal uses
[References]

Cissampelos
mucronata A.
Rich.
[Menispermaceae]

Liane with a
woody root
stock
[Liane]
N, W, C, E, S

Hairy heartleaf (English)
Heart-leaved vine
(English) Nyakuta
(Shona) Ruzambu
(Shona)

Roots – infusion taken
orally three times a day
for three consecutive
days.

Bilharziasis
[16]

Cissus
quadrangularis L
[Vitaceae]

Succulent
climbing herb
with tendrils.
[Climber]
N, W, C, E, S

Murunjurunju (Shona)
Muvengahonye (Shona)
Renja (Shona)

Whole plant – crushed
and applied on wounds.

To treat wounds
infested with
maggots
[16]

Clerodendrum
ternatum Schinz
[Verbenaceae]

Suffrutex
growing from
an extensive
rhizomatous
woody roots
stock
[Herb]
N, W, C, E, S

Dwarf cat’s whiskers
(English) Umalanjana
(Ndebele) Umqotshanja
(Ndebele)

Roots – are ground into
powder and taken orally.

Tapeworm and
hookworm.
[16]

Combretum
hereroense Schinz
subsp. heteroense
[Combretaceae]

Shrub or small
tree.
[Tree or shrub]
N, W, C, E, S

Ithetshane (Ndebele)
Mouse-eared combretum
(English) Murovamhuru
(Shona) Mutechani
(Shona) Russet
bushwillow (English)

Bilharziasis
[26]

Combretum
imberbe Wawra
[Combretaceae]

Medium to large
deciduous tree.
[Tree]
N, W, C, E, S

Leadwood (English)
Monzo (Shona)
Muchenarota (Shona)
Mutsviri (Shona)
Umtshenalotha (Ndebele)
Umtshwili (Ndebele)

Roots – infusion taken
orally.

Bilharziasis
[16, 27]

Combretum zeyheri
Sond
[Combretaceae]

Small to
medium-sized
tree.
[Tree] N, W, C,
E, S

Large-fruited bushwillow
(English) Muchenja
(Shona) Mupembere-
kono (Shona) Muruka
(Shona) Umbhondo
(Ndebele) Umbula
(Ndebele)

Bilharziasis and
hookworm
[28]

Crossopteryx
febrifuga (Afzel.
ex G. Don) Benth
[Rubiaceae]

Shrub or small
deciduous tree.
[Tree]
N, W, C, E, S

Common crown-berry
(English) Crystal-bark
(English) Mubakatirwa
(Shona) Mugoko (Shona)
Mukombegwa (Shona)
Mukombigo (Shona)
Muteyo (Shona)
Umphokophokwana
(Ndebele)

Bilharziasis (Urinary
schistosomiasis)
[21]

Croton gratissimus
Burch
[Euphorbiaceae]

Shrub or small
tree.
[Tree or shrub]
N, W, C, E, S

Gunukira (Shona)
Lavender croton (English)
Mubangwa (Shona)
Mufandemengwe (Shona)
Mufarata (Shona)

Internal worms and
ascariasis
[25]

Cynanchum
viminale (L.) L.
subsp. viminale
Sarcostemma

Succulent vine.
[Climber]
N, W, C, E, S

Caustic vine (English)
Chifure (Shona) Imvubu
(Ndebele) Ingotsha
(Ndebele)
Ingotshayeganga

Latex – infusion taken
orally.

Worm scours
[16]
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Scientific name
[Family]

[Growth habit]
Distribution

Vernacular names and
other names

Parts used and mode of
preparation

Parasitic infection
ethnomedicinal uses
[References]

viminale (L) R.Br
[Apocynaceae]

(Ndebele) Milk rope
(English) Runyakadomdo
(Shona) Rusungwe
(Shona)

Dicoma anomala
Sond.
[Asteraceae]

Prostrate,
decumbent or
erect perennial
herb
[Herb]
N, W, C, E, S

Fever bush (English)
Stomach bush (English)
Chifumuro (Shona)

Roots (fresh) decoction Bilharziasis (Urinary
schistosomiasis)
Intestinal worm
parasites
[21–23, 29]

Diplorhynchus
condylocarpon
(Müll. Arg.)
Pichon
[Apocynaceae]

Shrub or as a
small, graceful
tree
[Tree or shrub]
N, W, C, E, S

Rhodesian rubber tree,
Horn-pod tree, Wild
rubber (English) Mutowa
(Shona)

Bilharziasis (Urinary
schistosomiasis)
[21]

Elephantorrhiza
goetzei (Harms)
[Fabaceae]

[Shrub]
N, W, C, E, S

Intolwane (Ndebele)
Mugudzuru (Shona)
Narrow-pod elephant
roots (English)
Ndorani (Shona)

Roots – is mixed with
Bauhinia thonningii and a
decoction is prepared
which is taken orally.
Roots decoction and/or
infusion.
Roots (fresh), fruits, stem
bark and stem

Bilharziasis (Urinary
schistosomiasis)
[16, 21, 23, 30–32]

Eriosema
englerianum
Harms.
[Fabaceae]

A many-
stemmed
perennial,
growing from a
woody root
stock.
[Herb]
N, W, C

Blue bush (English)
Mashona fire bean
(English)

Roots – is mixed with
Vigna unguiculata seeds
and soup drunk.

Bilharziasis
[16]

Erythrina
abyssinica Lam. ex
DC.
[Fabaceae]

Small to
medium-sized
tree of wooded
grassland.
[Tree]
N, C, E, S

Lucky-bean tree (English)
Munhimbiti (Shona)
Mutete (Shona) Mutiti
(Shona) Mutsiti (Shona)
Red-hot-poker tree
(English) Umgqogqogqo
(Ndebele)

Roots – is mixed with
Vigna unguiculata seeds
and soup drunk.

Bilharziasis (Urinary
schistosomiasis)
[16, 21]

Euclea divorum
Hiern
[Ebenaceae]

Evergreen
shrub or small
tree.
[Tree or shrub]
N, W, C, E, S

Diamond-leaved euclea
(English) Magic guarri
(English) Mubhununu
(Shona) Mudziviriratsuro
(Shona) Mugarazvuru
(Shona) Mugurameno
(Shona) Munyenya
(Shona) Mushangura
(Shona) Umtshekesane
(Ndebele)

Roots – mixed with Vigna
unguiculata seeds and
cooked in soup.

Bilharziasis (Urinary
schistosomiasis)
[16, 21]

Euphorbia schinzii
Pax
[Euphorbiaceae]

Shrub under
2 m.
[Shrub]
N, W, C, E, S

Bilharziasis (Urinary
schistosomiasis)
[21]

Faurea saligna
Harv
[Proteaceae]

Small to
medium-sized
tree.

Mutsatstsi (Shona)
African beech (English)
Isidwadwa (Ndebele)
Kapfutsana (Shona)

Leaves Bilharziasis and
helminthiasis.
[33]
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Scientific name
[Family]

[Growth habit]
Distribution

Vernacular names and
other names

Parts used and mode of
preparation

Parasitic infection
ethnomedicinal uses
[References]

[Tree]
N, W, C, E, S

Mugarahungwe (Shona)
Munyaganza (Shona)
Mushangwa (Shona)
Muzazati (Shona)
Umpembele (Ndebele)
Willow beechwood
(English)

Flacourtia indica
(Burm.f) Merr
[Salicaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Batoka plum (English)
Governor’s plum
(English) Mududwe
(Shona) Munhunguru
(Shona) Mutombototo
(Shona) Mutudza (Shona)
Mutunguru (Shona)

Roots – infusion taken
orally.

Bilharziasis and
intestinal worms
[16, 19, 20]

Gymnosporia
senegalensis (Lam.)
Loes.
Maytenus
senegalensis (Lam)
Exell
[Celastraceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Chivhunabadza (Shona)
Chizhuzhu (Shona)
Confetti tree (English)
Isihlangu (Ndebele)
Mugaranjiva (Shona)
Mukokoba (Shona)
Musosaguva (Shona)
Musosawafa (Shona)
Musukameno (Shona)
Mutotova (Shona)
Mutsotsova (Shona) Red
spike-thorn (English)

Leaves and stem.
Roots
Roots and bark

Bilharziasis (Urinary
schistosomiasis)
[21, 23]

Hydnora abyssinica
A. Braun ex
Schweinf.
Hydnora solmsiana
Dinter
[Hydnoraceae]

A subterranean
roots parasite,
lacking
chlorophyll
[Roots parasite]
W, C

Emerging flower
(English)

Bilharziasis (Urinary
schistosomiasis)
[21]

Khaya anthotheca
(Welw.) C. DC.
Khaya nyasica Bak.
f.
[Meliaceae]

Large to very
large evergreen
tree with a long
straight stem.
[Tree]
N, E, S

Mubarwa (Shona)
Mururu (Shona) Muwawa
(Shona) Red mahogany
(English)

Bilharziasis (Urinary
schistosomiasis)
[21]

Kigellia africana
(Lam.) Benth.
Kigelia pinnata
(Jacq.) DC.
[Bignoniaceae]

Medium to large
tree.
[Tree]
N, W, C, E, S

Mubveve (Shona)
Musonya (Shona)
Muvhumati (Shona)
Sausage tree (English)
Umvebe (Ndebele)

Fruit, bark and roots. Tapeworm
[19]

Landolphia kirkii
Dyer ex Hook. f.
[Apocynaceae]

[Climber,
liane.]
E

Mukanga (Shona)
Muungu (Shona) Rubber
vine (English)
Runyangarwapene
(Shona) Sand apricot-vine
(English)

Bilharziasis (Urinary
schistosomiasis)
[21]

Lannea discolor
(Sond.) Engl.
[Anacardiaceae]

Medium-sized
deciduous tree.
[Tree]
N, W, C, E, S

Chizhenje (Shona) Live-
long (English)
Mugan’acha (Shona)
Muhumbukumbu (Shona)
Mumbumbu (Shona)
Mupuri (Shona)

Roots – decoction taken
orally. Leaves and stem.
Roots and bark.

Bilharziasis (Urinary
schistosomiasis)
[21, 23, 34, 35]
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Scientific name
[Family]

[Growth habit]
Distribution

Vernacular names and
other names

Parts used and mode of
preparation

Parasitic infection
ethnomedicinal uses
[References]

Mushamba (Shona) Tree
grape (English)

Lannea edulis
(Sond.) Engl.
[Anacardiaceae]

Shrub under
2 m
[Shrub]
N, W, C, E, S

Intakubomvu (Ndebele)
Mutsambatsi (Shona)
Tsombori (Shona) Wild
grape (English)

Roots – infusion or
decoction taken orally.
Roots can be ground into
powder and mixed with
porridge and taken orally.
Roots (fresh)
Leaves and stem.

Bilharziasis (Urinary
schistosomiasis)
[16, 21–23, 31, 36]

Lecaniodiscus
fraxinifolias Bak.
[Sapindaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, E, S

Chikuhlule (Hlengwe)
Musando (Shona)
Mutarara (Tonga:
Zimbabwe) River-litchi
(English)

Leaves and stem.
Roots.

Bilharziasis (Urinary
schistosomiasis)
[21, 23]

Loranthus on
Dichrostachys
cinerea,
[Loranthaceae]

Parasitic shrub
with long
spreading
stems.
[Shrub]
N, W, C, E, S

Sicklebush (English) Whole plant – infusion
taken orally.

Bilharziasis
[16]

Mondia whitei
(Hook.f.) Skeels
[Apocynaceae]

[Climber, liane]
N, W, C, E, S

Mungurauwe (Shona)
Tonic roots (English)
White’s ginger (English)

Roots – ground into
powder and mixed in
porridge.

Bilharziasis
[16]

Mucuna coriacea
Baker subsp.
irritans (Burtt
Davy) Verdc.
[Fabaceae]

Climber, shrub
over 2 m.
[Climber or
shrub]
N, C, E, S

Buffalo bean (English)
Huriri (Shona) Uriri
(Shona)

Bilharziasis (Urinary
schistosomiasis)
[21]

Musa sp.
[Musaceae]

Tall herbs,
perennial
[Herb]
Cultivated

Mubhanana (Shona) Bilharziasis (Urinary
schistosomiasis)
[21]

Ozoroa reticulata
(Baker f.) R. Fern.
& A. Fern.
Ozoroa insignis Del.
subsp. reticulata
(Bak.f.) Gillett
Heeria reticulata
Engl.
[Anacardiaceae]

A small, much-
branched
deciduous tree.
[Tree]
N, W, C, E, S

Isafice (Ndebele) Muacha
(Shona) Mubedu (Shona)
Mudyamombe (Shona)
Mugaragunguwo (Shona)
Mulilila (Tonga:
Zimbabwe) Murungu
(Shona) Raisin bush
(English) Tar berry
(English)

Roots – infusion mixed
with porridge and taken
orally.
Roots – infusion taken
orally.
Roots (fresh)
Leaves
Stem and bark.
Roots bark.

Tapeworm and
hookworm.
Bilharziasis (Urinary
schistosomiasis)
[16, 21–23]

Peltophorum
africanum Sond.
[Fabaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

African wattle (English)
Dzedze (Shona) Mudjiza
(Shona) Mupumhamauva
(Shona) Musambanyoka
(Shona) Mutandarombo
(Shona) Muzeze (Shona)
Nyakambariro (Shona)
Nyamanyoka (Shona)
Umkahla (Ndebele)
Umsehla (Ndebele) Zeze
(Shona)

Leaves and stem.
Roots and roots bark.
Roots

Bilharziasis (Urinary
schistosomiasis)
Intestinal parasites
[21, 23, 29]

Phaseolus vulgaris
L
[Fabaceae]

Herbs or
subshrubs,
erect, prostrate

Common bean (English)
French bean (English)

Seeds – dried Bilharziasis (Urinary
schistosomiasis)
[21]
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Vernacular names and
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Parts used and mode of
preparation

Parasitic infection
ethnomedicinal uses
[References]

or climbing.
[Herb or shrub]
Cultivated

Piliostigma
thonningii
(Schumach.)
Milne-Redh.
[Fabaceae]

[Tree]
N, W, C, E, S

Camel-foot (English)
Ihabahaba (Ndebele)
Monkey bread (English)
Mubaba (Shona) Muhuku
(Shona) Musakasa
(Shona) Musekesa
(Shona) Mutukutu
(Shona)

Roots – are mixed with
Elephantorrhiza
goetzei roots and an
infusion are prepared
which is taken orally.
Leaves and stem.
Roots and roots bark.
Roots

Bilharziasis (Urinary
schistosomiasis)
[16, 21, 23, 31]

Pogonarthria
squarrosa (Roem.
& Schult.) Pilg.
[Poaceae]

Erect perennial
tufted grass, up
to 1 m.
[Grass]
N, W, C, E, S

Cross grass (English)
Herringbone grass
(English) Meerjarige
denneboomgras
(Afrikaans) Sekelgras
(Afrikaans)

Roots – decoction taken
orally.

Bilharziasis
[16]

Pterocarpus
angolensis DC.
[Fabaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Bloodwood (English)
Mubvamakovo (Shona)
Mubvamaropa (Shona)
Mubvinziropa (Shona)
Mukambira (Shona)
Mukonambiti (Shona)
Mukula (Tonga:
Zimbabwe) Mukurambira
(Shona) Mukwa (English)
Mukwa (Shona)
Mukwirambira (Shona)
Mushambaropa (Shona)
Muzwamulowa (Tonga:
Zimbabwe) Umvagazi
(Ndebele)

Bark – infusion taken
orally.
Flowers – applied to
incision on area affected.
Roots (fresh)
Leaves
Stem
Bark

Bilharziasis (Urinary
schistosomiasis)
[16, 21–23]

Ricinus communis
L
[Euphorbiaceae]

Tree, annual,
perennial, shrub
over 2 m, shrub
under 2 m.
[Tree or shrub]
Introduced

Castor-oil plant (English) Roots – infusion taken
orally.
Leaves and roots –
infusion taken orally.

Bilharziasis (Urinary
schistosomiasis)
[16, 21, 37]

Sansevieria
hyacinthoides (L.)
Druce
[Dracaenaceae]

Evergreen,
perennial herb
[Herb]
N, C, E, S

Mother-in-law’s tongue
(English)
Piles roots (English)
Bowstring hemp (English)

Leaves, rhizome and
roots.

Intestinal parasites
and worms.
[38]

Sclerocarya birrea
(A. Rich.) Hochst.
subsp. caffra
(Sond.) Kokwaro
[Anacardiaceae]

Medium-sized
deciduous tree.
[Tree]
N, W, E, S

Marula (English) Mufuna
(Shona) Mupfura (Shona)
Mushomo (Shona)
Umganu (Ndebele)

Roots – infusion taken
orally.
Bark

Bilharziasis
[16, 19]

Securidaca
longipedunculata
Fresen
[Polygalaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Chipvufanana (Shona)
Mufufu (Shona)
Munyapunyapu (Shona)
Munyazvirombo (Shona)
Mutangeni (Shona)
Umfufu (Ndebele) Violet
tree (English)

Roots – infusion taken
orally.

Tapeworm and
hookworm.
Bilharziasis (Urinary
schistosomiasis)
[16, 21, 37]

Senna italica Mill.
subsp. micrantha

Prostrate or
ascending

The Port Royal senna
(English)

Bilharziasis
(Urinary
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other names
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preparation

Parasitic infection
ethnomedicinal uses
[References]

(Brenan) Lock
Cassia italica
(Mill.) F.W. Andr.
[Fabaceae]

perennial herb
or small shrub
[Herb or shrub]
W, C, S

schistosomiasis)
[21]

Senna petersiana
(Bolle) Lock
Cassia petersiana
Bolle
[Fabaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, C, E, S

Eared senna (English)
Monkey pod (English)

Bilharziasis (Urinary
schistosomiasis)
[21]

Senna singueana
(Delile) Lock
Cassia singueana
Delile
[Fabaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Isihaqa esincinyane
(Ndebele) Mudyamhungu
(Shona) Munzungu
(Shona) Mushayanyoka
(Shona) Scrambled egg
(English) Sticky pod
(English) Winter cassia
(English) Winter-
flowering senna (English)

Leaves, stem, roots and
bark.

Bilharziasis
(Urinary
schistosomiasis)
[23]

Solanum
campylacanthum
Solanum delegoense
Dunal S. incanum
[Solanaceae]

[Shrub]
Introduced

Nhundurwa (Shona)
Bitter apple (English)
Intume (Ndebele)
Munhomboro (Shona)
Munhundurwa (Shona)
Poison apple (English)
Snake apple (English)
Sodom apple (English)
Thorn apple (English)
Umdulukwa (Ndebele)

Leaves
Roots

Bilharziasis (Urinary
schistosomiasis)
[16, 21, 37]

Steganotaenia
araliacea Hochst.
[Apiaceae]

[Tree]
N, C, E, S

Carrot Tree (English) Leaves and stem.
Roots and stem.

Bilharziasis (Urinary
schistosomiasis)
[38]

Strychnos
occuloides Bak.
[Loganiaceae]

Small deciduous
tree.
[Tree]
N, W, E, S

Corky monkey-orange
(English) Muhumi
(Shona) Mushumwi
(Shona) Mutamba
muzhinyu (Shona)

Bilharziasis (Urinary
schistosomiasis)
[16, 19]

Terminalia
brachystemma
Welw. ex Hiern
[Combretaceae]

Shrub or small
semi-deciduous
tree.
[Tree or shrub]
N, W, C, E, S

Kalahari cluster-leaf
(English)

Leaves
Roots Fruit

Bilharziasis (Urinary
schistosomiasis)
[16, 21, 37]

Terminalia sericea
Burch ex. DC
[Combretaceae]

Small to
medium-sized
deciduous tree.
[Tree]
Introduced

Mangwe (Shona)
Mukonono (Shona)
Mususu (Shona) Mutabvu
(Shona) Silver cluster-leaf
(English) Silver
terminalia (English)
Umangwe (Ndebele)

Roots – mixed with Vigna
unguiculata seeds and
cooked in soup.
Roots – decoction taken
orally.

Bilharziasis
Worms in anus and
arms.
[16, 21, 37]

Toddalia asiatica
(L.) Lam.
Toddalia aculeata
Pers.
[Rutaceae]

[Climber,
liane.]
N, C, E, S

Chikafusi (Shona)
Climbing orange
(English) Cockspur
orange (English) Gato
(Shona) Mubhatakhamba
(Ndau) Rukato (Shona)

Bilharziasis (Urinary
schistosomiasis)
[38]
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Trichilia emetica
Vahl subsp.
emetica
Trichilia roka
Chiov.
[Meliaceae]

Medium-sized
to large
evergreen tree.
[Tree]
N, W, E, S

Banket mahogany
(English) Muchichiri
(Shona) Mutsikiri
(Shona) Natal mahogany
(English)

Leaves
Roots and roots bark.

Bilharziasis (Urinary
schistosomiasis)
[16, 19]

Trichodesma
ambacense Welw.
subsp. hockii (De.
Wild) Brummitt
[Boraginanceae]

Perennial herb.
[Herb]
N, W, C, E, S

Blue Bells of St. Mary’s
(English) Gwiramwaka
(Shona)

Tuber – is ground into
powder and taken orally.

Bilharziasis
[16, 21, 37]

Vangueria infausta
Burch.subsp.
infausta
[Rubiaceae]

Small deciduous
tree.
[Herb]
W, C, E, S

Munjiro (Shona)
Munzviro (Shona)
Munzvirwa (Shona)
Umthofu (Ndebele)
Umviyo (Ndebele) Velvet
wild medlar (English)

Fruit, leaves and roots –
decoction taken orally.
Roots

Parasitic worms
[29, 39]
Roundworm

Vernonia
amydalina Del
[Asteraceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Bitter-tea vernonia
(English) Dembezeko
(Shona) Inyathelo
(Ndebele) Musikavakadzi
(Shona) Muzhozho
(Shona) Nyareru (Shona)
Tree vernonia (English)

Roots – are mixed with
Vigna unguiculata seeds
and a soup is prepared
and taken orally.
Leaves and stem.
Roots.
Roots bark

Bilharziasis (Urinary
schistosomiasis)
[16, 23]

Vernonia
musofensis S.
Moore var.
miamensis (S.
Moore) G.V. Pope
Vernonia
philipsoniana
Lawaltree
[Asteraceae]

[Herb]
N, C, E

Roots – are mixed with
Vigna unguiculata seeds
and a soup is prepared
and taken orally.

Bilharziasis

Warburgia sulcate
[Canellaceae]

Evergreen tree.
[Tree]
No information

Bilharziasis
[40]

Ximenia caffra
Sond.
[Olacaceae]

Tree, shrub
over 2 m.
[Tree or shrub]
N, W, C, E, S

Munhengeni (Shona)
Mutengeni (Shona)
Mutsvanzva (Shona)
Sourplum (English)
Umthunduluka (Ndebele)

Roots – infusion taken
orally.
Roots (fresh)
Leaves and stem.
Roots bark.

Bilharziasis (Urinary
schistosomiasis)
[16, 21–23, 40]

Zanthoxylum
chalybeum Engl.
[Rutaceae]

Tree, shrub
over 2 m.
Tree or shrub
N, W, C

Kundanyoka knobwood
(English)
Mukundanyoka (Shona)

Bilharziasis (Urinary
schistosomiasis)
[21]

Ziziphus
mucronata Willd
[Rhamnaceae]

Small to
medium-sized
tree.
[Tree]
N, W, C, E, S

Buffalo-thorn (English)
Chinanga (Shona)
Muchecheni (Shona)
Umpasamala (Ndebele)
Umphafa (Ndebele)

Roots – infusion taken
orally.
Leaves and stem
Roots bark
Roots

Bilharziasis (Urinary
schistosomiasis)
[16, 21, 23, 40]

Table 1.
Medicinal plants used to treat and manage bilharziasis and other parasitic infections in Zimbabwe: Family
and botanical name, local name, part used, mode of preparation, growth form, distribution and
ethnomedicinal uses.
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Scientific name Pharmacological
properties

Biological target Toxicological
evaluation

Reference

Abrus precatorius
L. subsp.
africanus Verde.

*Anthelmintic, analgesic,
antimicrobial,
antimigraine, anti-
bacterial, anti-fungal, anti-
tumor, anti-spasmodic,
anti-diabetic, anti-
serotonergic and anti-
inflammatory activities.

Cestodes
Schistosomes

Safe
LD50 > 5000 mg/kg

[23, 41–46]

Acacia karoo
Hayne

Analgesic, HIV1 reverse
transcriptase, antilisterial,
anti-gonococcal, anti-
diabetic, anti-
inflammatory, antioxidant,
antibacterial, antifungal,
antimalarial, antimicrobial,
*anthelmintic and anti-
mycobacterial activities.

Cestodes Weak or low toxicity or
mildly toxic
LD50 < 1600 mg/kg

[23, 47–49]

AIbizia
antunesiana
Harms

*Anthelmintic and oxidant
activities.

Cestodes no records found [23, 31, 50]

Asparagus spp
except A.
asparagoides L

Analgesic, diuretic,
*anthelmintic, anti-
inflammatory and
antimicrobial activities.

Nematodes:
Haemonchus
contortus

Safe
LD50 > 5000 mg/kg

[51–54]

Burkea africanus
Hook.

Antioxidant, anti-
diarrhoeal, antibacterial,
analgesic, anti-
inflammatory, anti-
cholinesterase and
*anthelmintic activities.

Nematodes:
Haemonchus
contortus

Safe
LD50 > 5000 mg /kg

[55–57]

Carissa spinarum
L.
Carrisa edulis
Vahl

Anti-plasmodial, diuretic,
antioxidant, *antihelmintic,
antiherpetic, anti-
inflammatory and antiviral
activities.

Earthworms:
Pheretima
posthuma.

Safe
LD50 > 2000 mg in rats

[58–62]

Cassia abbreviata
Oliv.

*Anthelmintic, antiviral,
antioxidant, antimicrobial,
abortifacient, anti-diabetic,
anti-inflammatory,
hepatoprotective and
antimicrobial activities.

Cestodes Safe
LC50–

1319.37 � 356.63 μg/ml

[23, 63–68]

Catunaregam
swynnertonii (S.
Moore) Bridson
Catunaregum
spinosa sensu
Verdcourt
subsp. spinosa

*Anthelmintic, antioxidant,
emetic, nauseant, anti-
allergic, antipyretic, anti-
inflammatory, expectorant,
abortifacient, antibacterial,
human cyclooxygenase
(COX)-2 inhibitory effects,
analgesic,
immunomodulatory and a
prominent protection of
DNA activities.

Nematodes
Earthworm:
Eisinia Fetida

Safe
LD50 up to 2000 mg/kg.

[56, 69, 70]
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Celtis africana
Burm. f.

*Anthelmintic, prokinetic,
laxative, antidiarrheal,
spasmolytic, antioxidant,
anti-inflammatory
andweak to moderate
acetylcholinestrease
enzyme inhibition
activities.

Cestodes no records found [23, 71, 72]

Cissampelos
mucronata A.
Rich.

Hypoglycemic, antivenin,
anti-diabetic, anti-ulcer,
antispasmodic, anti-
diarrhoeal and possess
significant effects on male
fertility.

no records found Safe
LD50 > 5000 mg/kg

[73–75]

Cissus
quadrangularis
L.

Bone healing,
*anthelmintic, antiulcer,
anti-inflammatory, anti-
tumor, molluscicidal,
gastro-protective, anti-
osteoporotic, antioxidant
and antimicrobial activities.

Earthworms:
Pheretima
posthuma

Safe
LD50 - 3000 mg/kg

[76–79]

Cleridendrum
ternatum Schinz

no records found no records found no records found

Combretum
heteroense Schinz
subsp. heteroense

*Anthelmintic
(antischistosomal),
antifungal, anti-
inflammatory and
cytotoxicity activities.

Nematode:
Worms of C.
elegans var.
Bristol
Schistosomes:
Worms of S.
haematobium

no records found [80–82]

Combretum
imberbe Wawra

Antibacterial, anthelmintic,
antioxidant, antifungal,
*anthelmintic
(antischistosomal), anti-
hyperglycemic, anti-
malarial, anti-snake and
anti-inflammatory
activities.

Nematode:
Worms of C.
elegans var.
Bristol
Schistosomes:
Worms of S.
haematobium

Highly toxic
LC50–168.6 μg/mL

[80–85]

Combretum
zeyheri Sond

Antibacterial, anti-
inflammatory, cytotoxicity
against human cancer cell
line, *anthelmintic
(antischistosomal),
antioxidant, antifungal and
anti-proliferative activities.

Schistosomes:
Worms of S.
haematobium

Highly toxic
LC50–16 μg/ml to 159 μg/
ml

[28, 56,
80, 81]

Crossopteryx
febrifuga (G.
Don) Benth.

Anti-inflammatory,
*anthelmintic,
anticonvulsant, analgesic,
anti-plasmodial,
antipyretic,
antihyperglycemic, anti-
proliferative and
hypolipidemic activities.

Nematodes:
Haemonchus
contortus

Safe
LD50–5000 mg/kg

[51, 86–91]
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Croton
gratissimus Burch

Good antioxidant, anti-
diabetic, anti-
inflammatory, antibiotic,
antiviral, analgesic,
anticonvulsant,
*anthelmintic
(antiprotozoal and
antileishmanial),
anticancer, antiulcer,
immunomodulatory, anti-
pyretic, anti-plasmodial,
hypolipidemic,
antiarthritic, anti-eczemic,
antihistimic and anti-
coronary activities.

Protozoa: T. b.
rhodesiense
Leishmania:
Leishmania
donovani

Highly toxic
LC50

Hexane fraction -
25.3 � 0.87 μg/ml.
DCM fraction -
67.3 � 0.32 μg/ml.

[92–98]

Cynanchum
viminale (L.) L.
subsp. viminale
Sarcostemma
viminale (L) R.
Br

Antipyretic, analgesic, and
anti-inflammatory
activities.

no records found no records found [99]

Dicoma anomala
Sond.

*Anthelmintic, anticancer,
antioxidant,
antihyperglycemic, anti-
inflammatory and
antimicrobial activities.

Cestodes Safe
LC50 value of
3040 � 1060 μg/ml

[34, 35, 100]

Diplorhynchus
condylocarpon
(Muell Arg.)
Pich.

Sympatholytic, anti-
amoebic, anti-plasmodial,
analgesic, antibacterial,
antimalarial, anti-
inflammatory and
antioxidant activities

no records found Safe
LD50 > 2000 mg/kg

[56, 101–
103]

Elephantorrhiza
goetzei (Harms)

*Anthelmintic, antifungal,
antioxidant, antibacterial,
antiviral, and cytotoxicity
activities.

Cestodes
Schistosomes

Moderately toxic
LC50�356.55 � 24.55 μg/
ml.

[23, 32]

Eriosema
englerianum
Harms.

Antimicrobial,
antibacterial, antifungal
and antioxidant activities.

no records found no records found [104, 105]

Erythrina
abyssinica DC.

Antimycobacterial,
antifungal, hypoglycemi,
antiplasmodial,
hepatoprotective,
*antihelminthic and
antimicrobial activities.

Nematodes:
Ascaridia galli

Safe
LC50–5440 � 0 μg/ml.

[100, 106–
109]

Euclea divorum
Hiern

Antimicrobial, diuretic
cytotoxic, antibacterial,
oxytocic, antifungal,
diuretic, antioxidant,
*antihelminthic
and anti-plasmodial
activities.

Nematodes:
Caenorhabditis
elegans

Safe
LD50 - 2000 mg/kg

[110–113]
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Euphorbia
schinzii Pax

no records found no records found no records found

Faurea saligna
Harv

Antifungal activity. no records found no records found [114]

Flacourtia indica
(Burm.f) Merr

Antimicrobial, anti-
diabetic, anthelmintic
hepatoprotective, antiviral,
*anthelmintic
(antitrypanosomal and
antileishmanial), anti-
inflammatory,
antimalarial, anti-
plasmodial, antioxidant
and anti-asthmatic
activities.

Trypanosome:
Trypanosoma
brucei brucei,
Trypanosoma
brucei rhodesiense,
Trypanosoma
cruzi
Leishmania:
Leishmania
donovani

Moderately toxic
LC50�467.31 � 39.01 μg/
ml

[19, 66, 115–
119]

Gymnosporia
senegalensis Loes
Maytenus
senegalensis
(Lam) Exell

*Anthelmintic
(antileishmanial),
antioxidant, antiviral,
antibacterial and antifungal
activities.

Cestodes Safe
LC50–2185.61 � 872.
25 μg/ml
LD50 > 1600 mg/kg

[19, 23,
66, 120–122]

Khaya
anthotheca
(Welw.) C. DC.
Khaya nyasica
Bak.f.

Antimicrobial, antioxidant,
*anthelmintic
(antitrypanosomal and
antileishmanial),
antiplatelet, antiviral and
anti-plasmodial activities.

Trypanosome:
Trypanosoma
brucei
rhodesiense and
Trypanosoma
cruzi Leishmania:
Leishmania
donovani

Moderately toxic LC50 -
482.19 � 43.49 μg/ml.

[19, 66, 116,
123, 124]

Hydnora
abyssinica A.
Braun ex
Schweinf.
Hydnora
solmsiana
Dinter

Antibacterial, antioxidant,
anti-diarrhoeal,
antiglycation and
antifungal activities.

no records found Weak or low toxicity or
mildly toxic
LD50 > 1600 mg/kg

[125–128]

Kigellia africana
(Lam.) Benth.
Kigelia pinnata
(Jacq.) DC.

Antiplasmodial, antiviral,
antiulcer, anticancer, anti-
diarrhoeal, antimicrobial,
antioxidant, anti-diabetic,
*anthelmintic
(antitrypanosomal), effects
on reproductive system and
anti-inflammatory
activities.

Trypanosomes:
Trypanosoma
brucei and
Trypanosoma
bruceirhodesiense

Safe
LD50 > 5000 mg/kg

[66, 129–
131]

Landolphia kirkii
Dyer ex Hook. f.

no records found no records found no records found

Lannea discolor
(Sond.) Engl.

*Anthelmintic
(nematicidal),
antibacterial,
antimycobacterial,
antifungal, antioxidant and
antiplasmodial activities.

Cestodes Weak or low toxicity or
mildly toxic
LC50 values ranging
0.408 mg/mL to
>1.0 mg/mL

[23, 34,
35, 132]
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Lannea edulis
(Sond.) Engl.

*Anthelmintic, anti-human
immunodeficiency virus,
antihyperglycemic,
antihyperlipidemic,
antimalarial, antimicrobial,
antioxidant and
cytotoxicity activities.

Cestodes Safe
LD50 > 6000 mg/kg

[23, 36, 100]

Lecaniodiscus
fraxinifolias Bak.

*Anthelmintic activity. Cestodes no records found [23]

Loranthus on
Dichrostachys
cinerea,

no records found no records found no records found

Mondia whitei
(Hook.f.) Skeels

Antidepressant, anti-
diarrheal, antiepileptic,
antibacterial, aphrodisiac,
anti-convulsant, pro-
erectile, antimicrobial,
tyrosinase-inhibitory, anti-
inflammatory, androgenic
*anthelmintic, anti-
tyrosinase, antioxidant,
anticancer anti-
spermatogenic and
antifertility activities.

Schistosomes Safe
LD50 > 5000 mg/kg

[133–136]

Mucuna coriacea
Baker subsp.
irritans (Burtt
Davy) Verdc.

no records found no records found no records found

Musa sp. Antioxidant, antibacterial,
antiviral, anti-ulcerogenic,
antithrombotic, anti-
allergic, anti-inflammatory,
antiallergenic, anti-
diabetic, diuretic,
mutagenecity, wound
healing, antidiarrhoeal,
*anthelmintic, antimalarial,
anti-snake venom
and vasodilatory
activities.

Nematodes:
Haemonchus
contortus and
Trichostrongylus
colubriformis

Safe
LD50 > 5000 mg/kg

[137–141]

Ozoroa reticulata
(Baker f.) R.
Fern. & A. Fern.
Ozoroa insignis
Del. subsp.
reticulata (Bak.
f.) Gillett
Heeria reticulata
Engl.

Antimicrobial, cytotoxic,
antibacterial and
*anthelmintic activities.

Cestodes
Schistosomes

Highly toxic
LC50 ranging 2.21–
10.63 μg/ml

[23, 31, 142–
145]

Peltophorum
africanum Sond.

Antibacterial, antifungal,
antiviral, antioxidant and
*anthelmintic activities.

Schistosomes Weak or low toxicity
LC50 ranging 882–
1060 � 106 μg/ml

[23, 65, 100]
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Phaseolus
vulgaris L

Hypocholesterolemic,
nephroprotective,
anticancer, anti-
hypertensive, diuretic,
neuroprotective,
antifertility, analgesic,
antibacterial,
hepatoprotective,
antiobesity,
osteoprotective, anti-
inflammatory, antioxidant,
antidiabetic, *anthelmintic,
immunostimulatory,
cardio-protective,
litholytic, trypsin and α-
amylase inhibitor activities.

Nematodes:
Trichostrongylus
colubriformis and
Teladorsagia
circumcincta

Safe
LD 50 up to 2000 mg/kg

[146–151]

Piliostigma
thonningii
(Schumach.)
Milne-Redh.

*Anthelmintic
(antileishmanial), anti-
oxidative, antiviral,
antipyretic, antibacterial
and anti-inflammatory
activities.

Cestodes
Nematodes:
Haemonchus
contortus

Safe
LD50 > 5000 mg/kg in
rats.

[23, 51, 152–
154]

Pogonarthria
squarrosa
(Licht.) Pilg.

no records found no records found no records found

Pterocarpus
angolensis DC.

*Anthelmintic,
antibacterial, anti-
plasmodial, anti-
inflammatory and
antifungal activities.

Cestodes Weak or low toxicity or
mildly toxic
LC50 ranging 478–
1320 � 266 μg/ml.

[23, 100,
155–157]

Ricinus communis
L

Anticonceptive,
antioxidant, antidiabetic,
antifertility, anti-
inflammatory, antioxidant,
*anthelmintic,
hepatoprotective,
insecticidal, wound-
healing, anti-asthmatic,
lipolytic,
immunomodulatory
and antimicrobial
activities.

Nematodes Safe
LD50–8000 mg/kg

[158–161]

Sansevieria
hyacinthoides
(L.) Druce

*Anthelmintic,
antibacterial, antifungal
and antioxidant activities.

Nematode:
Caenorhabditis
elegans

no records found [31, 38,
110, 162–
164]

Sclerocarya
birrea (A. Rich.)
Hochst. subsp.
caffra (Sond.)
Kokwaro

Anti-diarrhoeal, anti-
diabetic, anti-
inflammatory, anti-
plasmodial, *anthelmintic,
antimicrobial, antioxidant,
antihypertensive, anti-
convulsant and
antinociceptive activities.

Nematode:
Haemonchus
contortus

Safe
LC50–

1112.37 � 210.04 μg/ml.

[19, 51,
66, 165]
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Scientific name Pharmacological
properties

Biological target Toxicological
evaluation

Reference

Securidaca
longipedunculata
Fresen

Antibacterial, anti-
plasmodial, *anthelmintic
and antifungal activities.

Nematode:
Haemonchus
contortus

Moderately toxic
LD50 value of 771 mg/kg

[51, 100,
155, 157, 166]

Senna italica
Mill. subsp.
micrantha
(Brenan) Lock
Cassia italica
(Mill.) F.W.
Andr.

Antibacterial,
hypoglycemic effect anti-
inflammatory, antipyretic,
uteruscontractions,
*anthelminthic,
antioxidant,
antiproliferative, analgesic,
prostaglandin (PG) release,
antineoplastic and antiviral
activities.

Nematodes:
Haemonchus
contortus

Safe
LD50 > 5000 mg/kg

[167–175]

Senna petersiana
(Bolle) Lock
Cassia petersiana
Bolle

*Anthelmintic,
antibacterial, antifungal,
cyclooxygenase (COX)
inhibitory, antiviral and
antimicrobial activities.

Nematode:
Caenorhabditis
elegans

no records found [176, 177]

Senna singueana
(Delile) Lock
Cassia singueana
Del

*Anthelmintic, antioxidant,
antiplasmodial, antiulcer,
antipyretic, anti-
inflammatory and analgesic
activities.

Cestodes Safe
LD50–2150 mg/kg

[23, 178, 179]

Solanum
campylacanthum
Solanum
delegoense Dunal
S. incanum

*Anthelmintic,
antinociceptive effect,
antipyretic, analgesic,
antimicrobial, anti-
inflammatory and anti-
cytotoxic activities.

Cestodes Safe
LD50 > 2000 mg/kg

[23, 180–
184]

Steganotaenia
araliacea
Hochst.

*Anthelmintic
(antileishmanial and
larvicidal), antimitotic,
antitubulin, uterotonic,
antioxidant, antibacterial,
diuretic and antiplasmodial
activities.

Cestodes no records found [23, 185–187]

Strychnos
cocculoides Bak.

Antimalarial and
antioxidant activities.

no records found no records found [31, 188,
189]

Termilia sericea
Burch ex. DC

Antibacterial, antifungal,
anti-neurodegenerative,
anticancer, antioxidant,
antiviral, anti-HIV, anti-
fungal, antibacterial,
anticancer, lipolytic,
wound healing,
*anthelmintic
(antiprotozoal), anti-
inflammatory and anti-
oxidant activities.

Protozoa:
Trichomonas
vaginalis

Toxic
LC50 < 300 μg/ml.

[19, 66, 190–
196]

Terminalia
brachystemma
Welw.

*Anthelmintic, antifungal
and antioxidant activities.

Cestodes no records found [23, 197,
198]
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Scientific name Pharmacological
properties

Biological target Toxicological
evaluation

Reference

Toddalia asiatica
(L.) Lam.
Toddalia
aculeata Pers.

Anti-inflammatory, anti-
bacterial, anti-tumor,
antifeedant analgesic, anti-
HIV, anti-plasmodial,
antiviral, *anthelmintic,
analgesic, antiplatelet
aggregation, wound
healing, anticancer,
spasmolytic activity and
skin whitening activities.

Protozoa:
Ichthyophthirius
multifiliis

Weak or low toxicity or
mildly toxic
LD50 > 1000 mg/kg

[199–206]

Trichilia emetica
Vahl subsp.
emetic
Trichilia roka
Chiov.

*Anthelmintic
(antischistosomal and
antitrypanosomal), anti-
diarrhoeal, antifungal, anti-
oxidant, anti-infective, anti-
inflammatory, antiviral,
anticonvulsant, antifeedant,
anti-plasmodial, antitussive,
antimutagenic, bactericidal
hepatoprotective and
growth regulating activities.

Cestodes
Schistosomes
Trypanosomes:
Trypanosoma
brucei
brucei and
Trypanosoma
brucei rhodesiense

Safe
2000 < LD50

< 5000 mg/kg

[23, 207–
212]

Trichodesma
ambacenseWelw.
subsp. hockii (De.
Wild) Brummitt

no records found no records found no records found

Vangueria
infausta Burch.
subsp. infausta

Antibacterial, antifungal,
antimycobacterial, anti-
inflammatory, antioxidant,
*anthelmintic
(antileishmanial), anti-
plasmodial, antifeedant and
prostaglandin synthesis
inhibitory activities.

Leishmania:
Leishmania
donovani

Moderately toxic
LC50 values ranging
338–416 � 28.3 μg/mL

[39, 100,
101, 213–
217]

Vernonia
amydalina Del

Antimicrobial, antimalarial,
antithrombotic, antioxidant,
antipyretic, analgesic, anti-
diabetic, laxative,
hypoglycemic, anticancer,
*antihelmintic, antifertility,
anti-inflammatory,
cathartic, antifungal and
antibacterial activities.

Cestodes Safe
LD50–5152.3 mg/kg.
LD50�3721 mg/kg.

[23, 218–
220]

Vernonia
philipsoniana
Lawaltree

no records found no records found no records found

Vigna
unguiculata (L.)
Walp.

Antioxidant, *anthelmintic,
antibacterial, anti-diabetic,
anti-depressant, anti-
sickling, antifungal,
antiviral, antimicrobial,
antinociceptive,
hypocholesterolemic,
thrombolytic and
hypolipidaemic activities.

Earthworms:
Edrilus euginiae

Safe
LD50 > 2000 mg/kg

[221–225]
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Scientific name Pharmacological
properties

Biological target Toxicological
evaluation

Reference

Warburgia
sulcata

no records found no records found no records found

Ximenia caffra
Sond.

*Anthelmintic, anti-
amoebic, antibacterial,
antigonococcal agent,
antifungal, anti-
inflammatory, antioxidant,
anti-parasitic, anti-
proliferative, insecticidal,
HIV-1 reverse transcriptase
(RT) inhibitory and non-
mutagenic activities.

Cestodes Highly Toxic
LC50–11.25 μg/ml

[23,142, 226–
229]

Zanthoxylum
chalybeum Engl.

Anti-plasmodial,
antibacterial, *anthelmintic
(antitrypanosomal),
antifungal antiviral, anti-
hyperglycemic, anti-
hyperlidemic and anti-
measles virus activities.

Nematodes:
Ascaris suum

Safe
LD50 > 5000 mg/kg

[230–235]

Ziziphus
mucronata Willd

Antimicrobial, antiviral,
anti-diabetic, anti-
inflammatory, anti-
oxidant, anti-plasmodial,
*anthelmintic and anti-
anemic activities.

Schistosomes
Nematode:
Caenorhabditis
elegans

Safe
LC50 > 1000 μg/ml
LD50 > 5000 g/kg

[23, 236,
237]

In vitro experiments were carried-out and reported by Mølgaard et al. [23] demonstrating dose-dependent anthelmintic
activity. Anthelmintic activities reported were conducted on a number of biological targets (Figure 6): Cestodes;
Earthworms: Pheretima posthuma, Edrilus euginiae, Eisinia fetida; Leishmania: Leishmania donovani; Nematode:
Ascaris suum, Ascaridia galli, Caenorhabditis elegans, Chabertia ovina, Cooperia spp., Haemonchus contortus,
Trichostrongylus spp., Trichostrongylus colubriformis, Teladorsagia circumcincta, Teladorsagia spp; Protozoa:
Ichthyophthirius multifiliis, Trichomonas vaginalis, T. b. rhodesiense; Schistosomes: Schistosoma haematobium;
Trypanosome: Trypanosoma brucei brucei, Trypanosoma brucei rhodesiense, Trypanosoma cruzi. More studies
should be carried out on more prevalent biological targets such as Schistosomes: Schistosoma haematobium.
* signifies the major pharmacological activity attributed by the different plant species of plants which is the anthelmintic
activity.

Table 2.
Pharmacological and toxicological evaluation of medicinal plants used to treat and manage bilharziasis and other
parasitic infections in Zimbabwe.

Scientific name Anthelmintic activity
Lethal concentrations after 1 h

Abrus precatorius aCestodes: Stem 3.0 Root 1.2 mg/ml
aSchistosomes: Stem 1.5 Root 0.6 mg/ml

Acacia karoo aCestodes: Leaves 3.1 mg/ml Root 17 mg/ml
cSchistosomes: Leaves 103 mg/ml

AIbizia antunesiana aCestodes: Leaves and stem 16.8 mg/ml Root bark 6.3
cSchistosomes: Root bark 100 mg/ml

Cassia abbreviata aCestodes: Root and root bark 17.1 mg/ml

Celtis africana bCestodes: Leaves 63.0 mg/ml

Dicoma anomala aCestodes: Root 31.0 mg/ml

254

Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches



3.3 Screening

Retrieved articles were first screened based on the titles and abstracts for relevance
to the study excluding articles that reported on malaria and on veterinary use of
medicinal plants. For example, we excluded articles on bovine mastitis and Oriental
medicines, although they appeared in the search results. However, articles that

Scientific name Anthelmintic activity
Lethal concentrations after 1 h

Elephantorrhiza goetzei aCestodes: Stem bark 4.2 mg/ml fruits 12.1 mg/ml Root 17.4 Leaves and stem
15.9 mg/ml
aSchistosomes: Stem bark 0.8 mg/ml

Gymnosporia
senegalensis
Maytenus senegalensis

aCestodes: Leaves and stem 25.0 mg/ml Root 25.0 mg/ml Root bark 2.5 mg/ml
bSchistosomes: Root bark 100 mg/ml

Lannea discolor bCestodes: Leaves and stem 10 mg/ml Root and root bark 12.9 mg/ml

Lannea edulis bCestodes: Leaves and stem 4.0 mg/ml

Lecaniodiscus
fraxinifolias

aCestodes: Leaves and stem 6.3 mg/ml Root 6.4 mg/ml

Ozoroa reticulata
Ozoroa insignis

aCestodes: Leaves 2.5 mg/ml Schistosomes: 34.0 mg/ml
aCestodes: Stem bark 51.0 mg/ml
aCestodes: Root bark 0.8 mg/ml
aSchistosomes: Root bark 26.3 mg/ml Leaves + stem 25.3 mg/ml

Peltophorum africanum cSchistosomes: Leaves and stem 100 mg/ml

Piliostigma thonningii aCestodes: Root and root bark 30.8 mg/ml

Pterocarpus angolensis aCestodes: Leaves 102.0 mg/ml Bark 51.3 mg/ml
cSchistosomes: Leaves 102, stem 117 mg/ml

Senna singueana
Cassia singueana

aCestodes: Leaves ad stem 15.9 mg/ml Root bark 17.2 mg/ml

Solanum
campylacanthum
Solanum delegoense

aCestodes: Leaves 50.2 mg/ml

Steganotaenia araliacea aCestodes; Leaves and stem 62.7 mg/ml

Terminalia
brachystemma

aCestodes: Leaves 13.4 mg/ml, Root 33.3 mg/ml, Fruit 1 66.5 mg/ml, Fruit 2
15.4 mg/ml

Trichilia emetica
Trichilia roka

bCestodes: Root and root bark 84.7 mg/ml
bSchistosomes: Root 6.25 mg/ml
bTrypanosomes: Leaves Trypanosoma brucei
brucei - 14.9 mg/ml and Trypanosoma brucei rhodesiense - 8.6 mg/ml

Vernonia amydalina bCestodes: Root 1.7 mg/ml Root bark 59.5 mg/ml

Ziziphus mucronata cSchistosomes: Root bark 101 mg/ml
aAll cestodes: schistosomules died.
bSome of the cestodes: schistosomules died.
cNo cestodes: schistosomules died.
Schistosomules of Schistosoma mansoni, Cestodes of Hymenolepis dimin.

Table 3.
Anthelmintic screening of Zimbabwean plants traditionally used against schistosomiasis [23].
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included both malaria and schistosomiasis were considered. The eligible full articles
were then assessed further for inclusion in the study using the inclusion/exclusion
criteria.

Figure 2.
Growth habit of medicinal plant species used to treat and manage bilharziasis and other parasitic infections in
Zimbabwe.

Figure 3.
Parasites managed or treated using medicinal plants in Zimbabwe.
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3.4 Inclusion and exclusion criteria

Full-text articles that at least reported on ethnobotany of Zimbabwean medicinal
plants written in English and published in peer-reviewed journals, reports, books,

Figure 4.
Mode of preparation of medicinal plant species used to treat and manage bilharziasis and other parasitic infections
in Zimbabwe.

Figure 5.
Plant parts used for medicinal preparations used for the management of bilharziasis and other parasitic infections
in Zimbabwe.
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theses and dissertations dated 31 December 2020 were considered. All publishing
years were included without any geographical restrictions. Articles that reported data
not relevant to the study or reviews or those not written in English were excluded
from the study.

3.5 Data extraction

A data collection tool was designed in Microsoft Excel (Microsoft Corporation,
USA) to capture data on different aspects of Zimbabwean medicinal plants. Three
reviewers independently extracted relevant data from the included articles regarding
the ethnobotany of Zimbabwean medicinal plants. For ethnobotanical data, the dis-
eases or ailments managed, parts used and mode of preparation and administration
were captured. The collected data were checked for completeness and processed
independently by two other reviewers.

4. Results and discussion

From the several scientific papers reviewed based on ethnobotanical surveys of
different areas of Zimbabwe, the results are presented in the following sections.

4.1 Literature search and publications

A total of 750 reports were retrieved out of which 138 met the inclusion criteria
and were reviewed. Most of the articles were published in the 2010–2019 decade,
indicating a lot of research is being done as compared to the preceding decades. This
could be due to: (1) the growing need for more effective and less toxic medicinal
products of plant origin, (2) emerging antimicrobial resistance that has rendered most

Figure 6.
Biological targets of tested parasites of medicinal plants reported.
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chemotherapeutic agents less effective, (3) new disease outbreaks like COVID-19 and
(4) increase in noncommunicable diseases such as cancers, hypertension, diabetes
mellitus and sexual dysfunction that require readily available, affordable, effective
and safe therapies.

4.2 Ethnobotanical surveys and distribution of medicinal plants traditionally
used to treat and manage bilharziasis and other parasitic infections in
Zimbabwe

Based on soil, rainfall regime and several other factors, Zimbabwe is divided into
5 agro-ecological regions. A total of 43 of the medicinal plants reported in this
review are widely distributed throughout the Northern (N), Eastern (E), Central (C),
Western (W) and Southern (S) regions of Zimbabwe as represented in Figure 7.
The remaining plant species were distributed in several regions across the country
with n = 9 plant species distributed in 4 regions, n = 8 in 3 regions, n = 2 in 2 regions
and n = 1 in 1 region. A total of n = 3 plant species are being cultivated [Celtis africana,
Musa sp., Phaseolus vulgaris] and n = 1 has been recently introduced Ricinus communis.
Warburgia sulcata had no information on distribution in Zimbabwe (Table 1).

The current review indicates that there are at least 68 species of plants belonging to
63 genera in 33 families used to treat and manage bilharziasis and other parasitic
infections in Zimbabwe (Table 1).

Generally, the family with the highest number of medicinal plants in
Zimbabwe was the Fabaceae family represented with a total of 17 plants followed by
Combretaceae (n = 5), Apocynaceae (n = 5), Anacardiaceae (n = 4), Rubiaceae (n = 3),
Euphorbiaceae (n = 3) Asteraceae (n = 3), Rutaceae (n = 2) and Meliaceae (n = 2). A
further 24 more plant families which only had one plant represented were also

Figure 7.
General distribution of medicinal plants in different floristic regions of Zimbabwe.
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recorded, giving a total of 33 families. These included Apiaceae, Asparagaceae,
Bignoniaceae, Boraginanceae, Canellaceae, Celastraceae, Dracaenaceae, Ebenaceae,
Hydroraceae, Loganiaceae, Lorantaceae, Menispermaceae, Musaceae, Olacaceae, Poaceae,
Polygalaceae, Proteaceae, Rhamnaceae, Salicaceae, Sapindaceae, Solanaceae, Ulmaceae,
Verbenaceae and Vitaceae.

Hutchings et al. [17] reported similar use of some medicinal plants reported in this
study to treat and manage bilharziasis: Abrus precatorius, Cassia abbreviata,
Cissampelos mucronata, Euclea divorum, Faurea saligna, Gymnosporia senegalensis
(Maytenus senegalensis), Mondia whitei, Pterocarpus angolensis, Sclerocarya birrea and
Ximenia caffra. Other studies reported similar anthelmintic medicinal plants; Dicoma
anomala - Intestinal worms [15]; Pterocarpus angolensis - General use against intestinal
worms, Sclerocarya birrea - Intestinal worms [18]; Securidaca longipedunculata –

Tapeworm, Vangueria infausta - Roundworm [238]; Ximenia caffra - Intestinal
worms [226]. These medicinal plants have been compiled by Cock et al. [10] review of
Southern Africa.

4.3 Growth habit, parts used and mode of preparation of medicinal plants used to
treat and manage bilharziasis and other parasitic infections in Zimbabwe

According to Figure 2, the frequency and type of plants used to treat and manage
bilharziasis and other parasitic infections is as follows; tree (n = 23), tree, tree or shrub
(n = 18), herb (n = 9), shrub (n = 5), climber, liane (n = 3), herb or shrub (n = 3),
climber (n = 3), grass (n = 1), liane (n = 1), root parasite (n = 1) and shrub or
climber (n = 1).

According to Figure 3, the parasites managed or treated are schistosomes (fluke or
worm) 79%, unspecified parasitic worms 11%, hookworm 5%, tapeworm 4% and
roundworm 1%. Midzi et al. [9] carried out a nationwide survey in Zimbabwe in 2010
and 2011 to map schistosomiasis and STH. The survey was conducted among primary
school children. The study reported a high national prevalence of schistosomiasis
(22.7%) and STH (5.5%). The common schistosome was Schistosoma haematobium
with a prevalence of 18.0% while that of Schistosoma mansoni was 7.2%. The most
common STH were hookworms (Ascaris lumbricoides and Trichuris trichiura) with a
prevalence of 3.2% followed by A. lumbricoides and T. trichiura with prevalence of 2.5
and 0.1%, respectively [9]. Mutsaka-Makuvaza et al. [239] recorded a 13.3% preva-
lence in Madziwa, Shamva District among preschool-aged children. Therefore, there
has been high use of medicinal plants to treat schistosomiasis due to its high preva-
lence in Zimbabwe.

The most frequently used mode of preparation was infusion 46% followed by
decoction 22%, soup 19% and powder 13% (Figure 4). Methods of preparation of
plant medicines seem to vary according to the area and subculture of the people in
that region. Plant materials may be used as fresh or dry. However, the review
observed a high usage of fresh material. Preparation of decoctions is carried out by
boiling the plant material in water to such an extent that the volume of water is
reduced to half. An infusion is a less concentrated version of a decoction and
usually prepared by adding the plant material to water. There is a predominant use
of decoctions and infusions which when both combined contribute to 68% of the
gross mode of preparation. This may be attributed to the quick, low cost and easy
to administer properties of these methods. Unfortunately, some of the
ethomedicinal papers did not highlight the mode of preparation of the medicinal
plants used [21, 22, 25, 26, 28].
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The plant parts that are frequently used to treat and manage bilharziasis and other
parasitic infections are shown in Figure 5. It appears the roots (46%) are the main
target plant parts used. The use of the roots, bark and / or stem are the least environ-
mentally sustainable part of the plant as its collection may lead to death of the plant
however, they are the most preferred source of medicine. A number of papers did not
highlight the plant parts used: [21, 22, 25, 26, 28].

4.4 Pharmacological properties of medicinal plants traditionally used to treat and
manage bilharziasis and other parasitic infections in Zimbabwe

Some of the plant species have demonstrated a wide range of medicinal uses across
different clinical conditions and therefore utilizing scientific methods to fully under-
stand their pharmacological consequences could be vital. We have summarized the
results of the pharmacological properties of 61 (89.7%) of the plant species (Table 2).
The activities that were reported to be key in the treatment of bilharzia and parasitic
infections were mainly dominated by the anthelmintic/antiparasitic properties. A
medicinal plant with anthelmintic activity is responsible for treating and managing
infections caused by a broad range of parasites (trematodes, worms, cestodes and
nematodes) [240] (Table 3). Other complementary pharmacological properties
include antioxidant, antibacterial and antifungal activities responsible for managing
and treating parasitic infections (Table 2).

4.5 Toxicological evaluation of medicinal plants used to treat and manage
bilharziasis and other parasitic infections in Zimbabwe

Out of the medicinal plants listed in Table 1, a total of 47 species (69.1%) have
been subjected to toxicological evaluation studies, while the remaining 21 species
(30.9%) lacked documented studies in this regard (Table 2). According to Kumari
and Kotecha [241] ensuring the safety of herbal medicines is crucial in herbal research
due to the potential for adverse effects and interactions. Of the 47 plants with toxico-
logical profiles, the toxicological activities of the extracts were evaluated in several
ways, including their effects on liver chang cells, cytotoxic activities on human
monocyte cells, genotoxicity and anticancer properties among others. According to
Kumari and Kotecha [241] toxicity assessment of herbal medicines involves various
techniques, including in vivo, in vitro and cell line studies, as well as modern methods
like microarray analysis. The BSLT and rodent acute toxicity experiments were the
most common methods used to assess the toxicity of the 47 plants with available
toxicological profiles (Table 2). Munodawafa et al. [100] reported that the BSLT and
rodent acute toxicity tests were the most common methods used to assess the toxicity
of herbal extracts. This is probably because the tests are relatively reliable, accurate,
simple and cost-effective.

Munodawafa et al. [100] and Erhabor et al. [242] classified BSLT toxicity by deter-
mining the lethal concentration [LC50] of medicinal plant extracts that resulted in 50%
mortality in brine shrimps, and the lethal dose [LD50] causing 50% mortality in mice/
rats for rodent acute toxicity studies. In the classification of BSLT toxicity, high toxicity
was assigned to [LC50] values below 249 μg/mL, moderate toxicity encompassed the
range of 250–499 μg/mL, concentrations between 500 and 999 μg/mL were regarded as
weak or low in toxicity and values exceeding 1000 μg/mL were considered safe
Bussmann et al. [243] and Erhabor et al. [242]. In the rodent acute toxicity tests
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conducted by Malebo et al. [121], substances with [LD50] values below 50 mg/kg body
weight were classified as highly toxic, those within the range of 50–300 mg/kg body
weight were considered toxic, 300–1000 mg/kg body weight fell under the category of
moderately toxic, 1000–2000 mg/kg body weight were mildly toxic and 2000 up to
5000 mg/kg body weight were classified as non-toxic. Among the 47 plants used for the
treatment and management of bilharziasis and other parasitic infections in Zimbabwe,
30 plants (63.8%) were deemed safe/non-toxic, 6 plants (12.8%) exhibited weak or low
toxicity or mild toxicity, 5 plants (10.6%) showed moderate toxicity, 1 plant (2.1%) was
classified as toxic and 5 plants (10.6%) were highly toxic (Table 4).

In vitro investigations play a crucial role in the initial screening of compounds;
however, these studies do not yield insights regarding the bioavailability, toxicity and
in vivo efficacy of the tested extract/compound. Consequently, it is imperative to
conduct future in vivo studies utilizing appropriate animal models to comprehensively

Toxicological profile No of
plants

Names of the plant species

Safe or nontoxic
LC50 ≥ 1000 μg/ml
2000 ≤ LD50 ≤ 5000 mg/
kg body weight

30 Abrus precatorius, Asparagus spp, Burkea africanus, Carissa spinarum,
Cassia abbreviata, Senna italica, Catunaregam swynnertonii,
Cissampelos mucronata, Cissus quadrangularis, Crossopteryx febrifuga,
Dicoma anomala, Diplorhynchus condylocarpon, Erythrina abyssinica,
Euclea divorum, Gymnosporia senegalensis, Kigellia africana, Lannea
edulis, Mondia whitei, Musa sp., Phaseolus vulgaris, Piliostigma
thonningii, Ricinus communis, Sclerocarya birrea, Senna singueana,
Solanum campylacanthum,Trichilia emetica, Vernonia amydalina,
Vigna unguiculata, Zanthoxylum chalybeum and Ziziphus mucronata

Weak or low toxicity or
mildly toxic
500 ≤ LC50 ≤ 999 μg/ml
1000 ≤ LD50 ≤ 2000 mg/
kg body weight

6 Acacia karoo, Hydnora abyssinica, Lannea discolor, Peltophorum
africanum, Pterocarpus angolensis and Toddalia asiatica

Moderately toxic
250 ≤ LC50 ≤ 499 μg/ml
300 ≤ LD50 ≤ 1000 mg/
kg body weight

5 Elephantorrhiza goetzei, Flacourtia indica, Khaya anthotheca,
Securidaca longipedunculata and Vangueria infausta

Toxic
50 ≤ LD50 ≤ 300 mg/kg
body weight

1 Termilia sericea

Highly toxic
LC50 ≤ 249 μg/ml
0 ≤ LD50 ≤ 50 mg/kg
body weight

5 Combretum imberbe, Combretum zeyheri, Croton gratissimus, Ozoroa
reticulata and Ximenia caffra

No records found 21 AIbizia antunesiana, Celtis africana, Cleridendrum ternatum,
Combretum heteroense, Cynanchum viminale, Eriosema englerianum,
Euphorbia schinzii, Faurea saligna, Landolphia kirkii, Lecaniodiscus
fraxinifolias, Loranthus on Dichrostachys cinerea, Mucuna coriacea,
Pogonarthria squarrosa, Sansevieria hyacinthoides, Senna petersiana,
Steganotaenia araliacea, Strychnos cocculoides,Terminalia
brachystemma,Trichodesma ambacense, Vernonia philipsoniana and
Warburgia sulcata

Table 4.
Toxicological evaluation of medicinal plants used to treat and manage bilharziasis and other parasitic infections
in Zimbabwe.
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comprehend the pharmacokinetics and pharmacodynamics of the tested extract/com-
pound. The majority of in vivo studies fail to provide evidence concerning the toxicity
and mechanism of action of medicinal plants/compounds, thereby highlighting the
neglected nature of this aspect. Researchers are strongly encouraged to assess the
toxicity levels and pharmacological actions of the tested plant/compound.
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Abstract

Medicinal plants have been a source of treatments for many ailments for thousands 
of years. The WHO estimates that 80% of worldwide population use traditional medi-
cines to treat common health issues. Plant derived bioactive substances constitute 50% 
of Western medications. The increase in incidents of emerging medical challenges, 
including post-COVID syndrome, rising multidrug-resistant (MDR), and many more, 
has raised annual fatalities. To address these issues, novel medications and strategic 
approaches are urgently required. Designing novel drugs relies on exploring medicinal 
plants, which have great scope in combating diseases. Calotropis procera is a medicinal 
plant belongs to Apocynaceae family and subfamily Asclepiadoideae that have been 
exploring for developing novel drugs. C. procera consists of numerous phytochemicals 
including flavonoids, terpenoids, cardenolides, steroids and oxypregnanes. Therefore, 
its phytoconstituents have been used to treat a variety of conditions including cancer, 
asthma, epilepsy and snake bite. C. procera is reported to have anti-inflammatory, anti-
tumor, anthelmintic, antibacterial, antinociceptive and antimalarial properties. Roots, 
leaves and flower of C. procera have been used in wide range of ethnomedicinal and 
pharmacological actions including leukoderma, malaria and eczema. Recent ongoing 
techniques including computational tools using the phytoconstituents of C. procera 
against various diseases will open up avenues for developing novel drugs.

Keywords: Calotropis procera, anti-inflammatory, antibacterial, antimalarial, drugs

1. Introduction

For thousands of years, plants have been the only source of treatments to treat 
both human and animal illnesses [1]. Medicinal plants (MPs) are the primary source 
of basic healthcare in underdeveloped nations [2, 3]. According to World Health 
Organization (WHO), approximately 80% of the world’s population relies on 
traditional medicines, primarily on MPs, for their everyday health problems. Also, 
50% of Western medications contain bioactive substances derived from plants [4]. 
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A dramatic increase in fungal diseases over the past few decades has caused the 
dispersion of fungal spores across the soil and the environment. As a result of exces-
sive fungal spore exposure, numerous illnesses, such as sinusitis, lung infections, and 
skin infections, are reported to be increased in people with impaired immune systems 
[5]. Similar to fungal diseases, microbial diseases have historically been the leading 
cause of mortality [6]. Currently, multidrug-resistant (MDR is solely to blame for 
about 230,000 of the 700,000 annual deaths caused by resistant infections. By 2050, 
drug-resistant illnesses will result in 10 million annual fatalities [6].

To address antibiotic resistance, new medications and alternative therapies (like 
traditional plant-based medicines, bacteriophage therapies, and combinational thera-
pies) are urgently required [7, 8]. World Health Organization strongly emphasizes 
developing novel antibiotics to combat resistant diseases [9]. Since the dawn of civi-
lization, phytochemicals such as alkaloids, terpenoids, tannins, steroids, coumarins, 
and flavonoids derived from medicinal plants have a great scope to combat diseases. 
Essential oils and phenolic acids from Petroselinum crispum, Levisticum officinale 
Koch, Ocimum basilicum, Thymus vulgaris, Syzygium aromaticum alter the physiology 
of bacteria such as Bacillus cereus, Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, and Salmonella by increasing cell permeability, altering the bacterial 
cell wall and membrane integrity, losing ATP, and inhibiting protein synthesis.

Compared to synthetic antimicrobials, medicinal plants are thought to have fewer 
side effects and exhibit varying degrees of efficacy against microbial infections 
[5, 10, 11]. Co-administration of antibiotics and non-antibiotic substances breaks 
down resistance and is a successful strategy for enhancing or restoring antibiotic 
efficacy [7]. This chapter describes the morphological description of C. procera and its 
phytochemical constituents or pharmacological properties described briefly.

2. Calotropis procera

The plants Calotropis procera referred to as “Raktha Arka”, in traditional Ayurvedic 
medicine. It serves a variety of functions. The plant fibers are used to make baskets, 
ropes, bags, and nets. The wood serves as both fuel and building material. The 
leaves of the plant serve as the animal’s food. The plant’s latex is a crucial component 
of many folk medicines. The common names [12] of the plant are summarized in 
Table 1. The taxonomic classification of C. procera is tabulated in Table 2.

Country Names

India Sanskrit- Arka, Ganarupa, Mandara, Vasuka, Svetapushpa, Sadapushpa, Alarka, Pratapass

Hindi- Aak, Madar

Kannada- Ekka

Tamil and Malayalam- Erukku

Telugu- Jilledi, Puvvu

Malaysia Remiga, Rembega, Kemengu

Indonesia Sundanese and Madurese- Bidhuri

Javanese- Sidaguri

Aceh- Rubik

Philippines Tagalog- Kapal-kapal
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3. Distribution

Calotropis procera is a perennial plant belonging to the family Apocynaceae. The 
plant is abundant in Asia, America, Africa, Afghanistan, Algeria, Burkina Faso, 
Cameroon, Chad, Cote d’Ivoire, the Democratic Republic of the Congo, Egypt, 
Eritrea, Ethiopia, Gambia, Ghana, Guinea-Bissau, Pakistan, and India. It thrives as 
a wild shrub across Punjab, especially on plain pastures and roads [13]. Calotropis 
grows wild up to 900 meters (msl) throughout the nation [14] and is tolerant to salt, 
and likes disturbed environments. It readily establishes as a weed along deteriorated 
roadways, lagoon edges, and overgrazed native grasslands and is propagated by seeds 
spread by wind and animals. It prefers abandoned agriculture sites and frequently 
predominates there, especially in places with disturbed sandy soils and little rainfall. 
It is believed to be a sign of overcrowding. It is the first vegetation to grow on arid soil 
and is tolerant of drought [15]. The xerophytic adaptations include the presence of 
latex, a profoundly branching root system, and thick leaves covered with wax.

The vegetative characteristics of plant are summarized in Table 3 [16].

Country Names

Laos Kok May, Dok Kap, Dok Hak

Thailand Northern- Po Thuean, Paan Thuean

Central- Rak

Vietnam Bootng, Lashen, Nam Tit Bat

French Faux arbre de soie, Mercure vegetal

English Giant Indian milked weed, Madar and Sodom apple

Turkey Ipekag

Arab Oshar or Ushar

Persia Kharak

Pushto Spalmai

Table 1. 
Vernacular names of C. procera.

Taxonomic classification

Kingdom: Plantae

Subkingdom: Tracheobionta

Super division: Spermatophyta

Division: Magnoliophyta

Class: Magnoliopsida

Order: Gentianales

Family: Asclepiadaceae

Genus: Calotropis

Species: C. procera

Table 2. 
Taxonomic classification of C. procera.
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4. Phytochemistry of C. procera

C. procera contains cardenolide, triterpenoids, alkaloids, resins, anthocyanins, 
and other compounds. In addition to this it also contains hydrocarbons, saturated and 
un saturated fatty acids. Different phytoconstituents isolated from different parts of 
C. procera were tabulated in Table 4.

Vegetative characters Description

Habit Shrub or a small tree up to 2.5 m (max.6 m) height.

Roots Simple, branched, woody at base and covered with a fissured; corky 
bark; branches somewhat succulent and densely white tomentose; 
early glabrescent. All parts of the plant exude white latex when cut 
or broken.

Leaves Opposite-decussate, simple, sub sessile, extipulate; blade-oblong 
obovate to broadly obovate, 5–30 × 2.5–15.5 cm, apex abruptly 
and shortly acuminate to apiculate, base cordate, margins entire, 
succulent, white tomentose when young, later glabrescent and 
glacouse.

Flowers Bracteate, complete, bisexual, actinomorphic, pentamerous, 
hypogynous, pedicellate, pedicel 1–3 cm long.

Floral characteristics Inflorescence- A dense, multiflowered, umbellate, peducled cymes, 
arising from the nodes and appearing axillary or terminal.

Calyx Sepal five, Polysepalous, five lobed, shortly united at the base, 
glabrescent, quincuncial aestivation.

Corolla Petals five, gamopetalous, five lobed, twisted aestivation.

Androecium Stamens five, gynandrous, anther dithecous, coherent.

Gynoecium Bicarpellary, apocarpus, styles are united at their apex, peltate 
stigma with five lateral stigmatic surfaces. Anthers adnate to the 
stigma forming a gynostegium.

Fruit A simple, fleshy, inflated, subglobose to obliquely ovoid follicle up 
to 10 cm or more in diameter.

Seeds Many, small, flat, obovate, 6 × 5 mm, compressed with silky white 
pappus, 3 cm or more long.

Table 3. 
Vegetative characters of C. procera.

Plant part Compounds present References

Leaves a-amyrin [17]

a-amyrin-acetate –

β-sitosterol –

Urosolic acid –

Cardenolide [18]

Calotropin [19]

Calotropagenin [20]
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5. Traditional uses

Ancient Egyptians utilized C. procera as a medicinal plant throughout the 
Neolithic period in Egypt. The plant is a part of Greco-Arab medicine [27] and is 
traditionally used across 21 nations worldwide. The plant is also used in Ayurveda, 
Siddha, Unani, and Sudanese traditional systems of medicine. It is important to note 
that C. procera has been used more commonly to treat a variety of infectious disorders 
that may be generally divided into five categories:

1. Leprosy, boils, carbuncles, scabies, leishmaniasis, and infections of the skin, 
mouth, and teeth are examples of skin and dermal infections.

2. Respiratory infections include pneumonia, bronchitis, bronchial asthma, cough.

3. GIT infections include dysentery, diarrhea, cholera, gastritis, colitis, and worms.

4. GU infections include chronic renal failure and leucorrhea.

5. Systemic infections include malaria and both internal (oral) and external 
(topical) preparations have used C. procera.

Plant part Compounds present References

Latex Caoutchouc [18]

Calotoxin [18]

Calactin [21]

Uscharin –

Trypsin [21]

Voruscharin –

Uzariginin –

Syrioginin [21]

Proceroside [22]

Flower Queretin-3-ratinoside [22]

Sterol [23]

D-arabinose [22]

Glucosamine [23]

L-rhamnose [23]

Bark Triterpenes [24]

Pentacyclic triterpinoides [25]

Calotropursenyl acetate [26]

Apundarol isovalerate [24]

Querecetin-3-rutinoside [25]

Table 4. 
Phytoconstituents of C. procera.
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However, given its increased usefulness in treating cutaneous infections, external 
or topical applications are more prevalent. Ethnomedicinal uses of Calotropis procera 
are summarized in Table 5.

6. Medicinal activity

This highly effective shrub is used in numerous widespread and traditional 
medicines to treat various illnesses like fever, leprosy, eczema, diarrhea, dysentery, 
and jaundice [28, 29]. The plant has reported anti-inflammatory, anti-tumor, anthel-
mintic, hepatoprotective, antioxidant, anticonvulsant, antibacterial, oestrogenic, 
antinociceptive, and antimalarial properties (Figure 1).

7. Antioxidant activity

The anti-inflammatory and anti-hyperglycemic effects of Calotropis procera’s dry 
latex (DL) were demonstrated in rats that had been given an alloxan-induced diabetes 
model. In daily oral treatment of DL at dosages of 100 and 400 mg/kg, a dose-dependent 
drop in blood sugar and an increase in hepatic glycogen content were seen. Additionally, 
DL slowed the loss of body weight in diabetic animals and decreased their daily water 
intake to levels comparable to those of rodents without diabetes. Additionally, in rats 
with alloxan-induced diabetes, DL reduced the levels of thiobarbituric acid-reactive 
substances (TBARS) while increasing the levels of endogenous antioxidants like catalase, 
glutathione, and superoxide dismutase (SOD). Comparable to glibenclamide, a popular 
anti-diabetic drug, DL proved effective as an antioxidant and an anti-diabetic agent [16].

The antioxidant activity (free radical scavenging capacity) of the methanolic extract 
of C. procera roots was evaluated by the in-vitro DPPH scavenging assays. The IC50 
value was found below 100 μg/ml, indicating the plant’s potent antioxidant activity.

8. Antimicrobial activity

Calotropis procera seeds were extracted using chloroform and methanol and have 
been tested on a paper disc for possible in vitro antibacterial activity. The chloroform 
extract of the seeds showed superior antibacterial action [30]. The stems, fruit, leaves, 
and flowers of C. procera, as well as its n-hexane, ether, chloroform, and water fraction, 
were extracted with 70% methanol and water, and their antibacterial activity was inves-
tigated. The antibacterial and antifungal effects of the plant fractions were evaluated 

Parts Uses

Leaves In leukoderma (skin disease); an antidote for rabies; prompt healing; applied for a poultice; 
treat migraine, fever, eczema, leprosy, elephantiasis, asthma, cough, and rheumatism).

Flower Treat skin and gum infections; used in dysentery and antidote for scorpion bite.

Root Used as a digestive; to treat body pain, malaria, eczema, leprosy elephantiasis, asthma, 
cough, and rheumatism.

Table 5. 
Ethnomedicinal uses of C. procera.
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using Klebsiella pneumoniae and Aspergillus niger, respectively. The test extracts with a 
concentration of 10 mg/mL were used in the study. On Muller Hinton agar for bacteria 
and Yeast Peptone Glucose (YPG) agar for fungi, which had previously been seeded 
with the microbial inocula of 0.5 MacFarland density, a volume of 10 L of each exam-
ined extract sample was detected. The inhibition zones on the inoculation plates were 
measured in mm after a 24-hour period of 37°C incubation. The plant’s flower extract 
showed the greatest antibacterial activity in the n-hexane and ether fractions.

9. Anti-inflammatory activity

The anti-inflammatory impact of C. procera was tested using the various acute 
and chronic models of inflammation. Oral administration of dried latex of C. procera 
significantly inhibited edema formation induced by carrageenan and Freund’s Adjuvant 
[31]. The plant also has potent anti-inflammatory effects against cotton pellets and 
carrageenan-induced granulomas in albino Wistar rats. The methanolic extracts  

Figure 1. 
Health benefits of C. procera.
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(180 mg/kg, p.o.) of the roots of C. Procera can reduce subacute inflammation by inter-
rupting the metabolism of arachidonic acid in both the cotton pellet and paw edema 
models [32].

10. Antipyretic activity

Calotropis procera may become a more widely available and effective antipyretic 
medication, according to the study. In contrast to aspirin, C. procera’s ethanolic 
extract of the aerial parts, aqueous extract of the flower, and aqueous solution of the 
dry latex have all demonstrated potent antipyretic effects in animal models [33].

11. Anticancer activity

Cardenolide, a novel compound present in C. procera. According to Quaquebeke 
[34]. C. procera has strong anti-tumor properties in vitro and a high level of tolerance 
in vivo. Similar to this, di-(2-ethylhexyl) phthalate (DEHP) isolated from C. procera 
demonstrated anti-tumor activity, and copper nanoparticles synthesized using an 
aqueous extract of C. procera latex demonstrated cytotoxic [35] and cytostatic activity 
against tumor cells and cell lines [36].

12. Antimalarial activity

The alcoholic extract of C. procera flower extract exhibited a higher level of mos-
quito repellent activity against the female Culex quinquefasciatus mosquito as compared 
to the petroleum ether and chloroform extracts [37]. This study suggests the role of C. 
procera as a natural biocide for mosquito control. The aqueous extract of CG leaves at 
125, 250, 500, and 1000 ppm exhibited larvicidal, mosquito-repellent, and ovicidal 
activity against Culex gelidus and C. tritaeniorhynchus mosquitoes. The extract showed 
dose-dependent larvicidal activity with a motility rate of 86 ± 1.42% (LC50 = 137.90) 
against C. gelidus and 94 ± 1.31% (LC50 = 110.05) against C. tritaeniorhynchus.

13. Anti-obesity activity (pancreatic lipase inhibitory activity)

The purified di-terpenoid fraction from the root extract of C. procera inhibits 
pancreatic lipase (PL) with an IC50 of 9.47 mg/mL. The purified di-terpenoid frac-
tion was shown to have a considerably lower inhibition constant (Ki) than the positive 
control (Orlistat; IC50: 0.15 μM). The inhibition was determined to be competitive 
based on kinetic data. This explains the plant’s antihyperlipidemic actions [38].

14. Antiviral activity

Globally, viral illnesses are regarded as one of the most significant hazards to 
people, animals, and plants. The outbreaks of deadly viral diseases like COVID-19, 
which pose a serious threat to human survival on a global scale, also call for the 
development of vaccines or other anti-toxin treatments. This is in addition to the 
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challenges brought on by the emergence of antiviral resistance and the negative side 
effects of currently available antiviral drugs [39]. Research has shown the potential 
role of medicinal plants and their bioactive compounds as antiviral agents [40, 41].

15. Toxicity

In addition to its well-documented traditional uses across many nations, C. procera 
is categorized as a weed, a toxic plant and a poisonous plant [42–44]. The herb was 
formerly employed as an abortifacient. The plant leaves also cause ocular toxicity if 
splashed/entered accidentally. It causes ocular Keratouveitis accompanied by inflam-
mations, corneal edema, irreversible endothelial cell damage and vision deterioration 
[30, 45, 46]. Ruminants have experienced harmful effects after consuming C. procera 
leaves (CPL) [47].

The leading cause of the plant’s toxicity is the presence of poisonous substances like 
toxic cardenolides in its latex. Similar to those of Digitalis, the cardiac glycosides of 
C. procera severely increase heartbeat and finally result in animal mortality. CPL’s pH is 
5.2, which is harmful to the animal’s mucous membranes [45]. Additionally, C. procera 
thrives in various soils, including those contaminated with heavy metals and found 
along roadsides. As a result of the plant’s remarkable capacity to absorb diverse chemi-
cal components, such as heavy metals, it bioaccumulates more significant levels of 
dangerous heavy metals like lead (Pb), chromium (Cr), nickel (Ni) and cadmium (Cd) 
as well as other environmental contaminants which increase the plant’s toxicity [48].

16. Conclusion

The C. procera is one of the globally distributed medicinal plants. Despite of 
having pharmacological and traditional uses this is the plant that is forgotten as the 
time passes. But now many scientists have worked to evaluate its phytochemicals and 
pharmacological property. The pharmacology, traditional uses, toxicology and use 
of secondary metabolites has been discussed in this chapter. C. procera is the richest 
source of phytochemicals and screening its phytoconstituents will give a new avenue 
to investigate its therapeutic role. In vivo and in vitro study of C. procera was well 
documented in literature but human safety and efficacy yet to be done and clinical 
trials need to be done to confirm its standard dosage.



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

292

Author details

Poonam Bansal1*, Sunayna Choudhary2, Tanvi Taneja1, Sonali Sangwan1, 
Bhupesh Gupta3, Soniya Goyal1, Raman Kumar4 and Pooja Sharma1

1 Department of Biosciences and Technology, MM College of Engineering, MM 
(Deemed to be University), Ambala, Haryana, India

2 Department of Pharmacognosy, MM College of Pharmacy, MM (Deemed to be 
University), Ambala, Haryana, India

3 Computer Science and Engineering Department, MMEC, Maharishi 
Markandeshwar (Deemed to be University), Ambala, Haryana, India

4 Department of Biochemistry, School of Bioengineering and Bioscience, Lovely 
Professional University, Phagwara, Punjab, India

*Address all correspondence to: poonambansal@gmail.com

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Exploring the Potential of Calotropis procera in Pharmacological Approaches
DOI: http://dx.doi.org/10.5772/intechopen.113161

293

References

[1] El-Seedi HR, Khalifa SA, Taher EA, 
Farag MA, Saeed A, Gamal M, et al. 
Cardenolides: Insights from chemical 
structure and pharmacological 
utility. Pharmacological Research. 
2019;141:123-175

[2] Fatima A, Ahmad M, Zafar M, 
Yaseen G, Khan MPZ, Butt MA, et al. 
Ethnopharmacological relevance of 
medicinal plants used for the treatment of 
oral diseases in Central Punjab-Pakistan. 
Journal of Herbal Medicine. 2018;12:88-110

[3] Khan IH, Javaid A. Antifungal activity 
and GC-MS analysis of n-butanol extract 
of quinoa leaves. Bangladesh Journal of 
Botany. 2020b;49(4):1045-1051

[4] Gupta A, Pandey AK. Antibacterial 
lead compounds and their targets for 
drug development. In: Phytochemicals 
as Lead Compounds for New Drug 
Discovery. Elsevier; 2020. pp. 275-292

[5] Vidyasagar GM. Plant-derived 
antifungal agents: Past and recent 
developments. Recent Trends in 
Antifungal Agents and Antifungal 
Therapy. 2016;2016:123-147

[6] Biharee A, Sharma A, Kumar A, 
Jaitak V. Antimicrobial flavonoids as 
a potential substitute for overcoming 
antimicrobial resistance. Fitoterapia. 
2020;146:104720

[7] Khameneh B, Iranshahy M, 
Soheili V, Fazly Bazzaz BS. Review on 
plant antimicrobials: A mechanistic 
viewpoint. Antimicrobial Resistance & 
Infection Control. 2019;8(1):1-28

[8] Mulat M, Khan F, Muluneh G,  
Pandita A. Phytochemical profile 
and antimicrobial effects of different 
medicinal plant: Current knowledge and 

future perspectives. Current Traditional 
Medicine. 2020;6(1):24-42

[9] World Health Organization. 2019 
Antibacterial Agents in Clinical 
Development: An Analysis of the 
Antibacterial Clinical Development 
Pipeline. 2019

[10] Pathania S, Bansal P, Gupta P, 
Rawal RK. Genus Calotropis: A hub of 
medicinally active phytoconstituents. 
Current Traditional Medicine. 
2020;6(4):312-331

[11] Konaté K, Mavoungou JF, 
Lepengué AN, Aworet-Samseny RR, 
Hilou A, Souza A, et al. Antibacterial 
activity against β-lactamase producing 
Methicillin and Ampicillin-resistants 
Staphylococcus aureus: Fractional 
Inhibitory Concentration Index (FICI) 
determination. Annals of Clinical 
Microbiology and Antimicrobials. 
2012;11:1-12

[12] Breckle SW, Hedge I, Rafiqpoor M. 
Vascular Plants of Afghanistan. Bonn: 
Scientia Bonnensis; 2013

[13] Azhar MF, Siddiqui MT, Ishaque M, 
Tanveer A. Study of ethnobotany and 
indigenous use of Calotropis procera 
(Ait.) in cholistan desert, Punjab, 
Pakistan. Journal of Agricultural 
Research. 2014;52(1):117-126

[14] Sharma AP, Tripathi BD. 
Assessment of atmospheric PAHs 
profile through Calotropis gigantea R. 
Br. leaves in the vicinity of an Indian 
coal-fired power plant. Environmental 
Monitoring and Assessment. 
2009;149:477-482

[15] Smith NM. Weeds of the Wet/Dry 
Tropics of Australia-a Field Guide. USA: 



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

294

Environment Centre NT. Inc Darwin 
North Territ; 2002

[16] Kumar VL, Padhy BM, Sehgal R, 
Roy S. Antioxidant and protective effect 
of latex of Calotropis procera against 
alloxan-induced diabetes in rats. 
Journal of Ethnopharmacology. 
2005a;102:470-473

[17] Bryce TA, Eglinton G, Hamilton RJ, 
Martin-Smith M, Subramanian G. 
Triterpenoids from New Zealand 
plants-II.: The triterpene methyl ethers of 
Cortaderia toetoe Zotov. Phytochemistry. 
1967;6(5):727-733

[18] Chopra RN, Nayar SL. Glossary 
of Indian Medicinal Plants. Vol. 46. 
New Delhi: Council of Scientific and 
Industrial Research; 1956. p. 29

[19] Yelne MB, Sharma PC, Dennis TJ. 
Database on medicinal plants used in 
ayurveda. Central Council for Research 
in Ayurveda & Siddha, New-Delhi. 
2000;2:69-73

[20] Singh B, Rastogi RP. Structure of 
asclepin and some observations on the 
NMR spectra of Calotropis glycosides. 
Phytochemistry. 1972;11(2):757-762

[21] Baquar SR, Tasnif M. Medicinal 
plants of southern west Pakistan. Vivek 
Vihar, Delhi: Periodical Expert Book 
Agency, D-42; 1984. p. 30

[22] Grieve MM. A Modern Herbal. Vol. 
10. London: Tigers Book International; 
1994. p. 154

[23] Hanna AG, Elgamal MHA, 
Morsy NA, Duddeck H, Kovács J, 
Tóth G. Two cardenolides from Calotropis 
procera. Magnetic Resonance in 
Chemistry. 1999;37(10):754-757

[24] Ansari SH, Ali M. New oleanene 
triterpenes from root bark of 

Calotropis procera. Journal of Medicinal 
and Aromatic Plant Sciences. 
1999;21(4):978-981

[25] Ansari SH, Ali M. Norditerpenic 
ester and pentacyclic triterpenoids from 
root bark of Calotropis procera (Ait) R. 
Br. Die Pharmazie. 2001;56(2):175-177

[26] Hamidi JA, Ismaili NH, Ahmadi FB, 
Lajisi NH. Antiviral and cytotoxic 
activities of some plants used in 
Malaysian indigenous medicine. 
Pertanika Journal of Tropical Agricultural 
Science. 1996;19(2/3):129-136

[27] Hassan LM, Galal TM, 
Farahat EA, El-Midany MM. The biology 
of Calotropis procera (Aiton) WT. Trees. 
2015;29:311-320

[28] Meena AK, Yadav AK, Niranjan US, 
Singh B, Nagariya AK, Sharma K, et al. 
A review on Calotropis procera Linn 
and its ethnobotany, phytochemical, 
pharmacological profile. Drug Invent 
Today. 2010;2(2):185-190

[29] Verma SK, Singh SK, Mathur A. In 
vitro cytotoxicity of Calotropis procera 
and Trigonella foenum-graecum against 
human cancer cell lines. Journal of 
Chemical and Pharmaceutical Research 
(JOCPR). 2010;2(4):861-865

[30] Bhaskar VH, Ajay SS. Antimicrobial 
activity of Calotropis procera 
seeds. Asian Journal of Chemistry. 
2009;21(7):5788-5790

[31] Kumar S, Dewan S, Sangraula H, 
Kumar VL. Anti-diarrhoeal activity of 
the latex of Calotropis procera. Journal of 
Ethnopharmacology. 2001;76(1):115-118

[32] Saba AB, Oguntoke PC, Oridupa OA. 
Anti-inflammatory and analgesic 
activities of ethanolic leaf extract of 
Calotropis procera. African Journal of 
Biomedical Research. 2011;14(3):203-208



Exploring the Potential of Calotropis procera in Pharmacological Approaches
DOI: http://dx.doi.org/10.5772/intechopen.113161

295

[33] Dewan S, Kumar S, kumar VL. 
Antipyretic effect of latex of Calotropis 
procera. Indian Journal of Pharmacology. 
2000;32(3):252

[34] Quaquebeke VE, Simon G,  
Andre A, Dewelle J, Yazidi ME, 
Bruyneel F. Identification of a novel 
cardenolide (2-oxovoruscharin) from 
Calotropis procera and the hemisynthesis 
of novel derivatives displaying potent 
in vitro antitumor activities and high 
in vivo tolerance: Structure-activity 
relationship analyses. Journal of 
Medicinal Chemistry. 2005;48:849-856

[35] Harne S, Sharma A, Dhaygude M, 
Joglekar S, Kodam K, Hudlikar M. Novel 
route for rapid biosynthesis of copper 
nanoparticles using aqueous extract 
of Calotropis procera L. latex and 
their cytotoxicity on tumor cells. 
Colloids and Surfaces. B, Biointerfaces. 
2012;15:284-288

[36] Taylor P, Arsenak M, Abad MJ,  
Fernández A, Milano B, Gonto R. 
Screening of Venezuelan medicinal plant 
extracts for cytostatic and cytotoxic 
activity against tumor cell lines. 
Phytotherapy Research. 2013;27(4):530-539

[37] Larhsini M, Bousaid M, Lazrek HB, 
Jana M, Amarouch H. Evaluation of 
antifungal and molluscicidal properties 
of extracts of Calotropis procera. 
Fitoterapia. 1997;68(4):371-373

[38] Patil SG, Patil MP, Maheshwari VL, 
Patil RH. In vitro lipase inhibitory effect 
and kinetic properties of di-terpenoid 
fraction from Calotropis procera 
(Aiton). Biocatalysis and Agricultural 
Biotechnology. 2015;4(4):579-585

[39] Bagla VP, McGaw LJ, Eloff JN. The 
antiviral activity of six South African 
plants traditionally used against infections 
in ethnoveterinary medicine. Veterinary 
Microbiology. 2012;155(2-4):198-206

[40] Mohanraj R, Rakshit J, Nobre M. 
Anti HIV-1 and antimicrobial activity 
of the leaf extracts of Calotropis procera. 
International Journal of Green Pharmacy 
(IJGP). 2010;4(4):242-246

[41] Mukhtar M, Arshad M, Ahmad M, 
Pomerantz RJ, Wigdahl B, Parveen Z. 
Antiviral potentials of medicinal plants. 
Virus Research. 2008;131(2):111-120

[42] Gracia A, Rangel-Buitrago N, 
Castro-Barros JD. Non-native plant species 
in the Atlantico department coastal dune 
systems, caribbean of Colombia: A new 
management challenge. Marine Pollution 
Bulletin. 2019;141:603-610. DOI: 10.1016/j.
marpolbul.2019.03.009

[43] Al-Zuhairi AH, Al-Ani JMK, 
Ibrahim SN. Toxicological effects of 
aqueous extract of calotropis procera 
leaves in experimentally poisoned 
rabbits. Iraqi Journal of Veterinary 
Medicine. 2020;44(1):46-56

[44] Tossou ML, Ballogou B, Maina J, 
Gicheha M. Effect of Calotropis procera 
on the proximate composition and 
potential toxicity of Wagashi (traditional 
cheese) in Benin. Food Science and 
Quality Management. 2018;74:30

[45] Al-Mezaine HS, Al-Amry MA,  
Al-Assiri A, Fadel TS, Tabbara KF,  
Al-Rajhi AA. Corneal endothelial 
cytotoxicity of the Calotropis 
procera (ushaar) plant. Cornea. 
2008;27(4):504-506

[46] Lakhtakia S, Dwivedi PC, 
Choudhary P, Chalisgaonkar C, Rahud J. 
Ocular toxicity of Calotropis-missing 
links. Indian Journal of Ophthalmology. 
2010;58(2):169

[47] Ahmed OM, Fahim HI, Boules MW, 
Ahmed HY. Cardiac and testicular 
toxicity effects of the latex and ethanolic 
leaf extract of Calotropis procera on male 



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

296

albino rats in comparison to abamectin. 
Springerplus. 2016;5(1):1-21

[48] Naz A, Chowdhury A, Chandra R, 
Mishra BK. Potentialhuman health 
hazard due to bioavailable heavy 
metal exposure viaconsumption of 
plants with ethnobotanical usage at 
the largest chromite mine of India. 
Environmental Geochemistry and 
Health. 2020;42(12):4213-4231



297

Section 4

Essential Oils





299

Chapter 15

Melaleuca bracteata var. Revolution 
Gold (Myrtaceae) Essential 
Oil: Chemical Composition, 
Antibacterial, Membrane Damage, 
Antiplatelet Aggregation and 
Antiacetylcholinesterase Activities
Oladipupo A. Lawal, Kehinde O. Amisu, Rebamang A. Mosa, 
Foluso O. Osunsanmi and Andy R. Opoku

Abstract

Melaleuca bracteata var. Revolution Gold (a cultivar of Melaleuca bracteata) is 
an ornamental plant, which has been used in traditional medicine for the treatment 
of several diseases. Till moment, information is scanty on the biological activities 
of the essential oil from the plant. The water-distilled essential oil was analyzed 
by gas chromatography and gas chromatography-mass spectrometry. Antibacterial 
activity of the oil was evaluated by paper disc diffusion and micro-dilution 
methods. Cell membrane damage was assay using cytosolic lactate dehydrogenase 
released method. Platelet aggregation inhibitory activity was separately evaluated 
on Adenosine diphosphate, collagen, epinephrine and thrombin induced aggrega-
tion. Thirteen components representing 95.3% of the total oil were identified from 
the essential oil. Phenylpropanoids (82.9%) constitute the predominant class of 
compounds in the oil. On the whole, the oil displayed strong antibacterial action 
towards Staphylococcus aureus, moderate activity on Bacillus cereus and some strains 
of Escherichia coli. The lactate dehydrogenase released (0.78–47%) depicted the oil 
to exhibit low levels of membrane damage. The percentage platelet aggregation inhi-
bition for the four platelet agonists was concentration dependent with thrombin > 
collagen > ADP > epi-nephrine. The acetylcholinesterase inhibitory activity (9.16%) 
indicated that the essential oil was not effective against the enzyme.

Keywords: Melaleuca bracteata var. revolution gold, Myrtaceae, essential oil,  
methyl eugenol, biological activity
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1. Introduction

Melaleuca bracteata L. (Syns: Melaleuca daleana Blakely, Melaleuca glaucocalyx 
Gand. or Melaleuca monticola J.M.Black) and commonly known as black tea tree, 
honey myrtle, golden bottle brush amid other names, belongs to the Myrtaceae 
family [1]. Melaleuca bracteata var. Revolution Gold (popularly known as Melaleuca 
bracteata var. “Johannesburg Gold”) is a garden cultivar of Melaleuca bracteata and 
widely found in woodlands, open forests along watercourses and on the edges of 
swamps as well as garden and urban street ornamental plant in South Africa [1, 2]. 
Melaleuca bracteata var. Revolution Gold is a shrub or medium-size tree growing as 
tall as 5 m, with dark gray stem-bark. The leaves (ca 7 cm by 25 cm) with intact mar-
gin are evergreen, alternately arranged, ovate to lanceolate. The flowers in clusters 
vary from white to pink-red, pale yellow or greenish, with small petals and bundle 
of stamens. The fruits (2–3 mm) with numerous seeds of about 0.5–0.8 mm long 
aggregated into cylindrical stacks along the twigs [1, 2]. In traditional medicine, M. 
bracteata var. Revolution Gold has been reported used for treatment and prevention 
of numerous diseases [1, 2]. Previous studies on different extracts of M. bracteata 
var. Revolution Gold revealed the isolation of betulinic acid, oleanolic acid, maslinic 
acid and their derivatives, with many possessing antibacterial, anti-inflammatory, 
antiplatelet aggregation, antifungal, antiulcer antioxidant, anti-sickling and cyto-
toxic activities [3–7].

As a continuation of our studies on the flora of South African species [8–11], we 
reports the chemical composition, antibacterial, membrane damage, acetylcholin-
esterase and antiplatelet aggregation activities of essential oil of Melaleuca bracteata 
var. Revolution Gold collected from KwaDlangezwa area in uThungulu District 
Municipality, KwaZulu-Natal Province, South Africa.

2. Experimental

2.1 Chemicals and reagents

Analytical grade chemicals and reagents were purchased from Sigma-Aldrich 
Chemical Co. (St Louis, MO, USA).

2.2 Animals

Either sex of Sprague-Dawley rats (between 8 weeks and 220 to 250 kg) were 
collected from the Department of Biochemistry and Microbiology, University of 
Zululand animal house. The animals were preserved under standard temperature 
of 23 ± 2°C and 12 h light dark cycle and had free access to standard pellet feed and 
enough drinking water. Certificate of ethic clearance number: UZREC 171110–030 
PGD 2014/53 was acquired from the Research Animal Ethical Clearance Committee 
(RAEC) of the University.

2.3 Plant material

Melaleuca bracteata var. Revolution Gold fresh plant materials were collected from 
the University of Zululand, KwaDlangezwa campus, South Africa. Dr. N. R. Ntuli, a 
plant taxonomist at the Department of Botany, University of Zululand, identified the 
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plant material. Voucher specimen (VN 0256) was deposited in the Herbarium of the 
University.

2.4 Oil isolation

Air dried and squeezed leaves of M. bracteata var. Revolution Gold (300 g) were 
subjected to hydrodistillation in an all glassed Clevenger-type apparatus for 3 h 
according to an established procedure [12]. The distillate isolated was collected over 
water in the receiver arm of the apparatus into clean and previously weighed sample 
bottle, and refrigerated until further analyses.

2.5 Gas chromatography

Gas Chromatography analyses was carried out using an Agilent Gas Chromatography 
(7890A) equipped with Agilent 190,915 capillary column (30 m × 250 μmid; film 
thickness 0.25 μm) and FID detector. Oven temperature was programmed from 45°C 
(after 2 min) to 310°C at 5°C/min and final temperature was held for 10 min. Injection 
and detector temperatures were 200 and 240°C respectively. Helium was used as the 
carrier gas at a flow rate of 1 ml/min. Diluted oil (0.1 μl) was injected into the GC and 
peaks were measured by electronic integration method. n-Alkanes were runs at the same 
condition for retention indices determination.

2.6 Gas chromatography: mass spectrometry

Gas chromatography-mass spectrometry analyses was performed on an Agilent 
Gas Chromatography (7890A) equipped with an Agilent 190,915 capillary column 
(30 m × 250 μmid; film thickness 0.25 μm) interfaced with an Agilent mass spec-
trometer system (5975C VL MSD with Triple Axis Detector). Temperature oven was 
programmed from 70 to 240°C at the frequency of 5°C/min. Ion source was set at 
240°C with electron ionization at 70 eV. Helium was used as the carrier gas at a flow 
rate of 1 ml/min. Diluted oil in hexane (1.0 μl) was injected into the GC/MS with the 
scanning ranges between 35 to 425 amu.

2.7 Identification of compounds

Constituents were identified on the basis of their retention times (RT) along with 
co-injection reference under identical experimental conditions. Comparison of their 
mass spectra was also check with those of NIST [13]. Furthermore, home-made MS 
library built up from pure substances and components of known essential oils was 
compared with literature [14].

3. Antimicrobial activity

3.1 Microorganisms

The acquired test microorganisms from the culture collection of the Applied 
and Environmental Microbiology Research Group (AEMREG), University of Fort 
Hare, Alice, South Africa were used in the antimicrobial activity. The microorgan-
isms included referenced Bacillus cereus (ATCC 10702), Staphylococcus aureus (ATCC 
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25925), Aeromonas hydrophila (ATCC 7966) and seven species of Escherichia coli, as 
well as environmental isolates of Vibrio vulnificus, Vibrio fluvialis and Vibrio parahae-
molyticus. The stock cultures were maintained in 20% glycerol at −80°C until use.

3.2 Disc diffusion method

The procedure of agar disc diffusion method [15] was used to determine the anti-
bacterial activity of M. bracteata var. Revolution Gold essential oil. Briefly, the micro-
organisms were grown overnight at 37°C in 20 mL of Mueller-Hinton broth (Oxoid). 
The cultures were adjusted with sterile saline solution to obtain turbidity comparable to 
that of McFarland no. 5 standard (1.0 × 108) CFU.mL−1. Standard (90 mm petri dishes 
(Merck, South Africa) containing 12 mL of sterilized Mueller-Hinton agar (Oxoid) 
were inoculated with the microbial suspensions. Whatman No.1 (6 mm) sterile discs 
paper was individually placed on the surface of the seeded agar plates and 10 μL of the 
oil (5 mg/mL) was applied to the filter paper disk. The plates were incubated at 37°C for 
24 h and the diameter of the resulting zones of inhibition (mm) of growth was mea-
sured. All tests were performed in triplicates. Ciprofloxacin was used as positive control.

3.3 Minimum inhibitory concentrations (MIC)

The microbroth dilution method of EUCAST [16] as described by Penduka and 
Okoh [17] in 96 well microtiter plates was used to determine the MIC of the oil. The 
test organisms were standardized to match the 0.5 McFarland standard. A start-
ing concentration of 5 mg/ml of the oil was serially diluted in double fold strength 
Mueller-Hinton Broth to make different test concentrations of the oil in the wells. A 
volume of 20 μL of the test organisms was introduced to 100 μL of the oil in broth. 
The plates were incubated at 37°C for 18–24 h, and the results were visually read by 
adding 40 μL of 0.2 mg/ml of ρ- iodonitrotetrazolium violet (INT) to all the wells. 
MIC was noted as the lowest concentration of the oil or antibiotic that prevented the 
growth of the organism after 18–24 h. Ciprofloxacin was used as positive control.

3.4 Minimum bactericidal concentrations (MBC)

The MBC was determined using the method described by Penduka et al. [18] with 
some minor modifications. Briefly, the oil and antibiotics were serially diluted in double 
fold strength Mueller-Hinton broth in 96 well microtitre plates to make different test con-
centrations starting with 8× MIC value of the test antibacterial agent up to its MIC value 
against each organism. The organisms were standardized to match the 0.5 McFarland 
standard and 20 μL of the organisms were inoculated into different well containing 100 μL 
of the antibacterial agent in broth. The plates were incubated for 18–24 h and 15 μL of 
the mixture from each well was sub cultured and inoculated onto fresh Mueller-Hinton 
agar plates. The plates were incubated for 18–24 h and MBC was taken as the minimum 
concentration of the antibacterial agent that barred the growth of viable colonies.

3.5 Cytosolic lactate dehydrogenase assay

The cytosolic lactate dehydrogenase assay of membrane damage was carried out 
according to the process of Mosman [19] as described by Soyingbe et al. [10] with 
some amendments. Standardized bacterial cultures similar 0.5 MacFarland standard 
were grown-up for 18–24 h in a concentration of 4× MIC value of the oil and the 
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mixture was centrifuged at 5000 × g for 5 mins. About 50 μL of the supernatant was 
incubated with 50 μL mixed reaction solution of lactate dehydrogenase (LDH) release 
assay kit (Sigma Aldrich), at room temperature and incubated for 30 mins.

The absorbance of the mixture was determined at 492 nm using a 96 well micro-
plate reader (Biotek Instrument ELx 808 UI). Cultures grown in 3% Triton X-100 
were used as the positive control.

The percentage membrane damage (MD) was calculated using the formula:

 ( ) ( )= − − ×% E C / T C 100.MD                                        (1)

where E = experimental absorbance of the cell cultures incubated with the test 
essential oil, C = control absorbance of the cell medium and T = 3% Triton X-100 
treated cells supernatant.

4. Antiplatelet aggregation activity

4.1 Preparation of blood platelets

A method described previously [20] was used to prepared the blood platelets. The 
rats were sacrificed by a blow to the head and blood was instantly collected by cardiac 
puncture. The blood was mixed (5:1 v.v−1) with an anticoagulant (acid-dextrose antico-
agulant, 0.085 M Trisodium citrate, 0.065 citric acid, 2% dextrose). The platelets were 
gotten by runs of centrifugation at 1200 rpm for 15 min and at 2200 rpm for 3 min 
consecutively. The supernatant collected was centrifuged at 3200 rpm for 15 min and 
the resulting supernatant was discarded, and the platelets suspended in 5 ml washing 
buffer (pH 6.5). Re-centrifuged again at 3000 rpm for 15 min and finally re-suspended 
to a buffer solution of pH 7.4; containing 0.14 M NaCl, 15 mM Tris–HCl and 5 mM 
glucose. The platelets were further diluted with the re-suspending buffer (1:10) and the 
resulting solution was mixed with calcium chloride (0.4 ml: 10 μL CaCl2).

4.2 Anti-platelet aggregation evaluation

Modified method [21] of anti-platelet aggregation activity was carried out to 
evaluate the oil action. The oil was solubilized in dimethyl sulfoxide (1:20), with 
50 Mm Tris–HCl buffer to a final volume of 1% DMSO concentration. Different 
concentrations (1–10 mg.mL−1) of the oil were used in the assay. The platelet aggrega-
tion inhibitory activity of the oil was separately evaluated on ADP (5 mM), collagen 
(5 mM), epinephrine (10 mM) and thrombin (5 U.mL−1) induced aggregation. A 
5 min. Pre-incubated platelets (100 μL) mixed with different concentrations of the oil 
and 20 μL of each platelets agonist was added to the mixture. Aggregation of the oil 
was determined using Biotek plate reader (Biotek Instrument ELx 808 UI) with Gen5 
software following change in absorbance at 415 nm. DMSO (1%) was used as negative 
control and Aspirin was used as positive control.

4.3 Antiacetylcholinesterase (AChE) assay

Antiacetylcholinesterase activity of the essential oil was measured according to 
Ellman’s method [22], using 96-well microplate reader. A mixture of 125 mL of 3 mM 
DTNB, 25 mL of 15 mM ATCI, and 50 mL of buffer, 25 mL of essential oil sample 
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dissolved in a buffer containing than 10% methanol were added to the wells. The 
absorbance was measured using (Biotek Instrument ELx 808 UI with Gen5 software) 
at 405 nm for every 13 for 65 s. In addition, about 25 mL of 0.22 U/mL of AChE enzyme 
was added and the absorbance was again read at 415 nm for every 13 for 104 s. Inhibition 
was calculated by comparing the rates for the oil to the blank (10% MeOH in buffer).

5. Statistical analysis

Statistical analysis of the mean value obtained for experiments was calculated as 
mean ± standard deviation (SD) of three independent measurements using Microsoft 
excel program, 2016. One way analysis of variance (ANOVA) was used for the data 
analysis. While, P values ≤0.05 were regarded as significant and P values ≤0.01 as 
very significant.

6. Results and discussion

The hydrodistillation of dried leaves of MbRG gave a colorless oil in a yield of 
0.17% yield (w/w), calculated on dry weight basis. Table 1 indicates the chemical 
compounds identified in the oil sample, their percentages and retention indices in 
order of their elution on DB-5 column. Thirteen components accounting for 95.3% 
of the total oil were identified in the oil. The oil was characterized by a high content 
of phenylpropanoids (82.9%) of which methyl eugenol (77.6%), a phenylpropene 
was the major constituent. The minor constituents of the oil were p-xylene (7.0%), 
trans-methyl cinnamate (4.4%) m-xylene (2.3%) and linalool (2.3%). The high 
content of methyl eugenol (77.6%) in the present sample is in agreement with the 
only previously reported samples of which the contents were 82.5 and 84.6% [23]. 
However, some compounds such as p-xylene, m-xylene and trans-methyl cinnamate 
that were identified in the present study were not detected in the previous study 
[23]. Additionally, methyl eugenol was described as a key volatile constituent of 
essential oils of some M. bracteata species [24–29]. There seems to be homogeneity 
in the main chemical compound of essential oils of M. bracteata species [23–29] and 
the present study.

The results indicate that MbRG essential oil exhibited stronger antibacterial 
activity against S. aureus with ZI, MIC and MBC values of 12.3 mm, 0.63 and 2.5 mg/
mL respectively. The essential oil also displayed stout action on the growth of B. 
cereus (ZI, 11.0 mm; MIC, 1.25 mg/mL, and MBC, 5 mg/mL); E. coli (DSM 1089), 
E. coli (DSM 10973) and E. coli (DSM 9025) with MIC of 1.25 mg/mL. In addition, 
mild antibacterial activities were observed towards E. coli (DSM 8695), E. coli (DSM 
4618) and E. coli (ATCC 23922) with MIC of 1.25 mg/mL and MBC of 5 mg/mL, when 
compared with the standards. But, reduced antibacterial effects were recorded against 
other tested organisms such as A. hydrophila, V. vulnificus, V. fluvialis and V. para-
haemolyticus with MIC and MBC values of 5 mg/mL. On the whole, the essential oil 
of MbRG displayed antibacterial act towards S. aurues, B. cereus and some strains of 
E. coli. The most resistant action was recorded by E. coli (DSM 10974), A. hydrophila 
and the Vibrio species. It could therefore be postulated that the essential oil of MbRG 
possessed reasonable antibacterial activity. This result is in agreement with the previ-
ous report on the antibacterial activities of MbRG essential oil [23] and a number of 
species of the genus Melaleuca [27–30].
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Lactate dehydrogenase (LDH) release is a suitable, dependable and non-radioac-
tive colorimetric method of cytotoxicity to detect necrosis which is closely associated 
with inflammatory diseases, based on the leakage of cytosolic enzyme from the dam-
aged cells [17]. Table 2 displays the lactate dehyrogenase release from the bacterial 
cell exposed to MbRG essential oil. The result shows the percentage lactate dehydro-
genase release of 47, 43, 4–21, and 0.78% for S. aureus, B. cereus, E. coli species and A. 
hydrophila, respectively. When compared with the cells treated with 3% Triton X-100 
(LDH of 96%) under the same experimental conditions, it could be concluded that 
MbRG oil exhibited moderate membrane damage. However, the oil exhibited notice-
able cell membrane disruption more on Gram-positive bacteria than Gram-negative 
bacteria. Essential oils and their constituents have been reported to exhibit antibacte-
rial and anti-inflammatory activities, with many studies demonstrating membrane 
damage, removal of harmful stimuli and healing processes [31]. This finding also sup-
ports the fact that essential oils have greater activities against Gram-positive bacteria 
than Gram-negative bacteria [11].

The inhibitory actions of MbRG essential oil against acetyl cholinesterase could be 
found in Table 3. The value of 9.16% was too low to achieve any significant inhibitory 
action against the enzyme, when compared with the standard drug Tacrine (96.9%). 
The platelet aggregation inhibitory activity of MbRG essential oil against the four 
platelet stimulants (ADP, collagen, epinephrine and thrombin) and the standard 

Compoundsa RI (Cal.) RI (Lit.) %Composition

p-Xylene 867 865 7.0

m-Xylene 871 870 2.3

α-Phellandrene 1002 1002 0.2

o-Cymene 1017 1016 0.8

1,8-Cineole 1028 1026 0.4

α-Terpinene 1015 1014 0.2

Z-Ocimene 1037 1034 0.1

Linalool 1099 1103 1.1

Terpinen-4-ol 1177 1179 0.1

α-Terpineol 1189 1191 0.2

Estragole 1197 1196 0.9

E-Methyl cinnamate 1357 1356 4.4

Methyl eugenol 1405 1407 77.6

Aromatic compounds 9.3

Monoterpene hydrocarbons 1.3

Oxygenated monoterpenes 1.8

Phenylpropanoids 82.9

Total identified 95.3
aElution order on DB-5 column; RI (Cal.) Experimental retention indices relative to C9-C24 n-alkanes; RI (Lit.) 
literature retention indices.

Table 1. 
Chemical composition of MbRG essential oil.
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Sample Acetyl 
cholinesteraseb

Anti-platelet aggregation

ADP Collagen Epinephrine Thrombin

MbRG 1 9.16 ± 0.00 19.0 ± 3.3 37.0 ± 4.5 43.4 ± 1.9 32.1 ± 0.1

3 44.0 ± 2.3 51.1 ± 3.1 45.0 ± 0.5 56.3 ± 2.5

5 69.3 ± 0.7 62.0 ± 1.2 48.1 ± 3.4 73.0 ± 8.9

10 79.0 ± 1.4 64.0 ± 1.1 59.6 ± 2.2 86.2 ± 6.0

IC50
c 3.52 2.88 5.78 2.58

Aspirin 1 — 36.6 ± 0.4 27.0 ± 0.7 12.2 ± 0.6 46.1 ± 3.1

3 55.2 ± 0.2 37.0 ± 3.2 37.1 ± 2.1 75.3 ± 2.0

5 58.0 ± 0.7 59.0 ± 5.0 39.6 ± 1.6 77.6 ± 3.4

10 61.0 ± 0.5 69.1 ± 1.1 57.6 ± 1.0 53.3 ± 1.2

IC50
c 2.34 4.20 8.18 1.88

Tacrined 96.90 ± 0.00 — — — —
aValues are given as mean ± SD (3 replicates).
bPercentage platelet aggregation inhibition.
cIC50 values (mg/mL).
ddcholinesterase inhibitor.

Table 3. 
Acetyl cholinesterase and antiplatelet aggregation activities of MbRG essential oil.a

Microorganisms Antibacterial M.d

MbrgEOa Ciprofloxacin % LDHe

ZIb (mm) MICc MBCd ZI (mm) MIC

B. cereus (ATCC 10702) 11.0 ± 0.0 1.25 5 29 ± 2.5 0.63 43

S. aureus (ATCC 25925) 12.3 ± 0.6 0.63 2.5 ND NA 47

A. hydrophila (7966) 10.3 ± 0.6 5 5 ND NA 0.78

E. coli (DSM 1089) 12.0 ± 0.0 1.25 5 24 ± 5.7 0.31 12

E. coli (DSM 8695) 10.7 ± 0.6 2.5 — 23 ± 3.5 0.31 4

E. coli (DSM 4618) 12.0 ± 1.0 2.5 5 29 ± 2.0 0.31 7

E. coli (DSM 10973) 12.0 ± 0.0 1.25 5 19 ± 1.2 0.63 ND

E. coli (DSM 10974) 11.0 ± 0.0 5 — 25 ± 3.0 0.63 ND

E. coli (DSM 9025) 11.7 ± 0.6 1.25 — 24 ± 3.5 0.31 ND

E. coli (ATCC 23922) 12.7 ± 0.6 2.5 5 25 ± 1.2 0.31 21

V. vulnificus 12.0 ± 0.0 5 5 26 ± 1.4 2.5 ND

V. fluvialis 11.0 ± 1.0 5 5 34 ± 0.7 0.16 ND

V. parahaemolyticus 11.3 ± 0.6 5 5 33 ± 1.4 0.78 ND
aMbEO -10 μg/mL.
bZI: Inhibition zones diameter (mm) including diameter of sterile disc (6 mm), values are given as mean ± SD  
(3 replicates).
cMIC - minimum inhibitory concentration (mg/mL).
dMBC - minimum bactericidal concentration (mg/mL).
e%LDH releases in relation to Triton X-100.
M.d - Membrane damage; ND - Not determined.

Table 2. 
Antibacterial and membrane damaging activities of MbRG essential oil.
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are summarized in Table 3 as percentage platelet aggregation inhibition and lethal 
concentration (IC50). The results are concentration dependent. As concentrations of 
the oil increases, percentage platelet aggregation inhibition against the four platelet 
agonists was significantly. However, the lethal concentration (IC50) values of the oil 
for the four platelet agonists showed the highest strength in the order thrombin (IC50: 
2.58 mg/mL) > collagen (IC50: 2.88 mg/mL) > ADP (IC50: 3.52 mg/mL) > epinephrine 
(IC50: 5.78 mg/mL). It can be concluded that the essential oil of MbRG showed poten-
tial anti-platelet aggregation inhibitory activity.

The observed biological activities displayed by the essential oil of MbRG may be 
attributed to the effect of methyl eugenol. This compound was known to be an inhibi-
tor of the enzyme acetylcholinesterase [31]. In addition, essential oils containing high 
contents of methyl eugenol have demonstrated cytotoxicity against cancer lines [32], 
antimicrobial and antioxidant [33] activities. Methyl eugenol is also most effective 
in terms of knockdown activity, as well as repelling and killing effects, apart from 
larvicidal activity against Spodoptera litura [31].
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Chapter 16

Essential Oils from Medicinal
Plants: Extraction Techniques,
Biochemical Characterization, and
Technical Analysis
Dhouha Alimi, Azhar Hajri, Slimen Selmi and Hichem Sebai

Abstract

Essential oils, called volatile oils or ethereal oils, are natural metabolic secretions
widespread in the most varied organs of the plant. Some of these natural products are
extremely potent and precise as action due to their complex molecular substances, in
which mono- and sesquiterpenes constituents predominate, and contain aromatic
compounds. The technological process of obtaining volatile oil intervenes decisively in
its composition and its quality. In this chapter, the general overview of essential oils,
their chemistry, extraction methods, and analyses are described. In detail, the chem-
ical composition of essential oils is influenced by biotic, abiotic, and genetic factors,
which are discussed in this chapter. In addition, extraction of EOs is one of the most
effort-requiring and time-consuming processes. In this chapter, different methods
used for the extraction are discussed. Furthermore, chemical structures in essential oil
have been provided in detail. This chapter also discusses some of the developments in
chromatography for essential oils analysis starting from gas chromatography to
coupled techniques.

Keywords: essential oil, extraction, composition, terpenoids, biomolecules, analyses

1. Introduction

Several plant species have been recognized to possess volatile chemical compounds
since antiquity, which can be extracted as “essential oils” using an appropriate lipid
solvent. Despite only constitute a small portion of a plant, essential oils provide
aromatic plants their distinctive qualities, which are employed in the food, fragrance,
and pharmaceutical industries [1]. Today, it is evident that essential oils are mostly
composed of highly complex, volatile organic compounds which are insoluble in
water, mainly composed of monoterpenes and sesquiterpenes, representing one of the
four main biological classes of natural compounds alongside polyphenols, alkaloids,
and glycosides [2]. According to the French pharmacopoeia, essential oils or volatile
oils are “products of generally quite complex composition containing the volatile
principles contained in plants and more or less modified during preparation” [3].
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These oils are separated from the various plant sources using different techniques. Even
though it appears to be very simple to isolate such oils, the composition of the oil may
vary considerably according to the method of extraction used. In 1998, AFNOR through
its AFNOR NF T 75-006 standard defined an essential oil as a “Product obtained from a
plant raw material, either by steam entrainment, either by mechanical processes from
the citrus epicarp, or by dry distillation” [3]. Once the oils are obtained, the fundamen-
tal contribution of the organic chemistry to the industry resides in their characteriza-
tion. In fact, the identification and determination of the components of the essential oil
using a variety of techniques.We therefore thought that it was very appropriate to want
to update the scientific knowledge regarding their indications, chemistry and toxicology
thus making it possible to establish the links between these three concepts. We believe
it’s important to highlight to recent scientific studies regarding the utilization of essen-
tial oils. The aim of this chapter is to describe (i) the different extraction method, (ii)
the chemical composition of essential oils, and (iii) the analytical techniques employed
for the isolation and identification of phytoconstituents.

2. Techniques for obtaining essential oils

According to the definition provided by AFNOR, essential oils can be extracted
either by cold expression (case of Hesperides) or by distillation which is available in
hydro-distillation or steam entrainment. These three methods can be used in a con-
tinuous or discontinuous system, at atmospheric pressure, in overpressure or in
depression [4]. These methods cannot be detailed without describing the processes
taking place during the distillation and/or steam training:

2.1 The phenomena occurring during extraction

• First there is the actual extraction or hydro-diffusion step which consists of
release of volatile compounds in the aqueous medium. This release is due to a
phenomenon physical increase in the internal pressure of plant matter which has
swollen by passive or osmotic water absorption, but also to a chemical
phenomenon exerted by water [4, 5].

• Then comes the co-distillation of water and volatile elements [5, 6].

• Finally, the separation of the essential oil from the condensates involving the
coalescence and settling [7].

2.1.1 Hydro-diffusion

This is under the influence of the osmotic exchanges that take place between the
substrate plant and water phase, but also under the influence of physical forces [8].

Physical forces:When the plant mass is in a medium saturated with water, it follows
that various hydraulic pressures build up. A plant particle submerged in water
undergoes total hydraulic pressure, the components of which are as follows [9, 10]:

• Osmotic pressure

• Matrix pressure: between the particles and the water adsorbed on their surface
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• Static pressure: exerted on the plant membranes, due to the conditions operative,
it is zero at atmospheric pressure

• Gravity.

In addition to these different forces, there are different types of migration.
Migrations of volatile compounds within the plant substrate

• Capillary diffusivity due to the porosity of the plant mass.

• Molecular diffusivity: the components of essential oils can migrate by simple
molecular diffusion through plant tissues.

2.1.2 Co-distillation

At this stage, the gasoline is passed from the surface of the plant particle to the
aqueous medium where it disperses. The entrainment of organic molecules during
distillation is governed by two physical laws [11, 12].

• Dalton’s law: the pressure of the vapor mixture is equal to the sum of the tension’s
vapors of the various constituents: PT = TH + TE.

• Raoul’s law: the ratio of the quantities of products distilled simultaneously
is function of the voltage and vapor densities at the distillation temperature
chosen.

2.1.3 Coalescence and settling

Mole H=Mole E ¼ TH (1)

Isolation of volatile compounds largely depends on their solubility in water so that
the distillate can be more or less rich in polar constituents, we then distinguish
[13, 14]:

• part of the distilled oil is dissolved in water, this portion is of the order of 1%,
rarely more than 2% and for some phenolic derivatives polar more than 5%.

• Another part is emulsified in water at the level of 10%.

• The last fraction is emulsified with water and organic molecules thirds playing
the role of surfactants, it can exceed 10%.

2.2 Methods and equipment for obtaining essential oils

a. Extraction by entrainment with water vapor:

The vegetable mass is subjected to a stream of steam (without prior
maceration), the vapor saturated with volatile components is condensed and
then decanted.
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b. Extraction by hydro-distillation:

The plant material is immersed in water, the whole is brought to the boil under
pressure most often atmospheric.

c. Hydro-distillation under pressure:

It is strongly recommended for essential oils that are difficult to distill and/or
with thermolabile compounds. Indeed, volatile compounds of high molecular
mass like those of sandalwood, ginger and vetiver, cannot be pressure distilled
atmospheric at acceptable temperature avoiding their degradation.

d. The heat pump system:

Based on the single or double effect still, the heat from the condenser is
used to contribute to the formation of the vapor that will pass through the
raw material. This is above all to save energy (60%) and cooling water
(90%) [15].

e. Turbo-distillation:

This is an accelerated batch hydro-distillation, it is done under pressure
atmospheric the only difference with conventional distillation is the presence of
a turbine which shreds the plant material and agitates it. The latter increases the
surface contact between the steam and the substrate and thus increases the
yields energy and production. This device can be equipped with enrichment
system vapors, most often it is a reflux system.

f. Microwave assisted distillation:

This is a laboratory process that has never been able to for technical reasons find
its place in the industry. This is a particularly interesting technique for the gain
of time it provides and by its performance.

g. Cold expression

Cold expression is reserved for the extraction of volatile compounds in the
pericarps of Hesperides. This is a mechanical treatment that involves tearing the
pericarps rich in secretory cells. The released gasoline is collected by a stream of
water and receives all the usual product of entrainment with water vapor, hence
the name of essential oil (AFNOR).

3. Biochemistry of essential oils

In the world of essential oils, terpenoids are by far the group of products most
important natural, next to phenylpropanoids (C6-C3), C6-C1. The term terpene
referred to the whole group in ancient literature but today it is limited to the designa-
tion of monoterpenoid hydrocarbons [16, 17]. Terpenoids are defined as substances
composed of units of isoprene (2-methylbutadiene). This is not often present in
essential oils and is not a synthetic intermediate either. But the 2-methylbutadiene
backbone is easily recognizable in the structure of terpenoids. We distinguish between
monoterpenes, and sesquiterpenes.
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3.1 Terpenoids

3.1.1 Monoterpenoids

Geranyl pyrophosphate is the precursor of monoterpenoids it is formed by two
five-carbon unit. Heterolysis of the bond between a pyrophosphate oxygen and distal
carbon gives a cation (carbocation) of geranyl, the one that allows different pathways
of monoterpenes biosynthesis. During the various biosynthesis described in the
literature, other cations according to reactions under enzymatic control, which allows
each plant according to its genetic material to produce specific terpenoids in kind or
in quantity. Due to the high reactivity of the different cations observed and the
diversity enzymatic, monoterpenes whether acyclic, monocyclic, or bicyclic exhibit a
multiplicity of functionalization (Figure 1). We can then differentiate:

Aldehydes: Often acyclic such as geranial and citronellal

• Alcohols: Acyclic such as geraniol, linalool, and citronellol; monocyclic like
menthol and α-terpineol, bicyclic like borneol and the fenchol

• Acyclic ketones like tagetone, monocyclic like menthone and carvone, bicyclics
like fenchone, camphor, and thujone

• Esters especially of lynalyl acetates, citronellyl, menthyl, etc.

• Ethers such as eucalyptol (1.8-cineole)

• Peroxides such as ascaridole

• Phenols like thymol and carvacrol.

Figure 1.
Structures of some terpenoids.
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Many of these products can be artifacts formed from dehydration of alcohol. Their
presence in essential oil could well be due to the process extraction. Thus, the para-
cymene being among the most stable can be an artifact obtained by various reactions
(cyclization and/or isomerization and/or oxidation) from a number important of
products.

From this brief description of the nature of monoterpenoids, we can cite the most
common plants whose essential oils contain these products. Myrcene is a very com-
mon compound in hops, among others, and in some spices. Ocimene and alloocimene
and their isomers are present in almost all essential oils, the most common isomer of
β-ocimene is limonene.

Citronellol is a dihydrogeraniol quite common in nature in various forms
enantiomeric rose, geranium, and lemongrass have the richest rates. The characteristic
smell of roses is due to a mixture of geraniol, nerol, citronellol, and 2-phenylethanol.
It should be noted that in essential oils there are also esters of these alcohols
(Figures 2 and 3).

3.1.2 Sesquiterpenoids

Sesquiterpenoids contain 15 carbon atoms, which gives a high boiling point and
therefore lower volatility. So, they will be a little less numerous in an essential oil and
they will only rarely be responsible of its smell. In the same way as the geraniol,
precursor of all the monoterpenoids, the farnesol is that of all sesquiterpenoids. Con-
densation between a pyrophosphate isopentenyl and geranyl pyrophosphate leads to
farnesyl pyrophosphate (Figure 4).

Dehydration of farnesol gives a farnesyl cation which plays a role in formation of
sesquiterpenes, similar to the role of the cation of geranyl for the synthesis of

Figure 2.
Examples of cyclic alcohol-functional monoterpenoids.
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monoterpenoids. A synthesis from farnesyl pyrophosphate allows a number greater
potential of cyclic structures compared to a synthesis from the geranyl pyrophosphate.
This is explained by the presence of three double bonds on the farnesyl molecule as
well as by a greater variation in structure because there is a number significant
rearrangements, oxidation of eliminations possible [18].

3.2 Shikimic acid derivatives: (phenylpropanoides, C6-C1, C6-C3)

Shikimic acid is a synthetic intermediate for plants, a precursor of lignin flavonoids
[16]. Lignin is a structural constituent of plants, main component of wood. Flavonoids
import to plants as agents’ antioxidants and protection against ultraviolet radiation,
they also give their colors to plants. With regard to the products found in essential oils,
the key metabolite from shikimic acid is chorismic acid which can borrow several
biosynthetic pathways. But the path that interests us the most is that of pre-phenic
acid obtained by Claisen-type peri-cyclic rearrangement of the acid chorismic. This is
the pathway which leads via phenylpyruvate to alanine and tyrosine to using amino
transferase among others. This rearrangement is under the influence of chorismate-
mutase. Phenylalanine allows us after reduction and elimination of nitrogen by
phenyl-ammonia-lyase to go to cinnamic acid which, by hydroxylation of the nucleus
aromatic, gives us o-coumaric acid and p-coumaric acid. From these. The latter are
caffeic acid, then ferulic acid and then methylene caffeic acid (Figure 5).

Thus, in an essential oil we can find:

Figure 3.
Commonly encountered monoterpenoids.

Figure 4.
Structure of farnesol.
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3.2.1 Benzoic acid derivatives

These are mainly C6-C1 phenol acids obtained by hydroxylation of the acid
benzoic which itself comes from the aromatization of shikimic acid but without the
addition of the three carbons of phosphoenol-pyruvate [19]. These derivatives also
exist in free form than in combination with the ester or heterosides. In general, there
are two categories: the pure benzyl acid-alcohols and the aldehydes corresponding to
them and obtained by oxidative cleavage of the side chain (Figure 6).

Figure 5.
Shikimic acid derivatives.

Figure 6.
Benzoic acid derivatives.
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3.2.2 Ferulic acid derivatives

Ferulic acid itself is a derivative of benzoic acid, reducing its chain lateral leads to a
very important family of essential oil components [20]. The key components are
eugenol found in the essential oils of camphor tree, cinnamon, jasmine, basil among
others, and isoeugenol present in essences of cassia, cloves, nutmeg. Eugenol methyl
ether (methyl eugenol) is very common in nature, but however, raises questions about
the toxicological safety of the use of oils essential oil comprising this compound, we
can cite for example the essential oil of Melaleuca alternifolia which contains 98%
methyleugenol (Figure 7).

3.2.3 Cinnamic acid derivatives

These are C6-C3 compoundsmost often designated by the term “Phenylpropanes” are
themost numerousmetabolites of shikimic acid and are universally distributed free or
combined (esters, amides, glucosides). The patternC6-C3 can polymerize to give lignin or
cyclize to give coumarins or further lengthen its side chain to end upwith flavonoids.

Cinnamic acid is obtained from chorismate via a phenylalanine which undergoes
for this a stereospecific elimination of ammonia this reaction requires a phenyl
ammonia-lyase. Most often the cinnamic acids encountered are esters or aldehydes.
Cinnamic acid is present without modification in the essential oils of Cassia and
Styrax. The corresponding aldehyde is in the essences of camphor, Cinnamyl alcohol
and its esters in Daffodils and Lilacs. Lactonization of o-coumaric acid gives the
nucleus of coumarins such as bergapten, oxygenated derivatives of the essential oils of
Bergamot and Petitgrain. Still from cinnamic acid one can obtain estragol
(methylchavicol) and by methylation of the phenol ring and reduction of the carbox-
ylic acid function to alcohol function and elimination of the latter one obtains anethol.
Estragol is naturally present in sage, rosemary, basil, and honeysuckle. Dillol is present
in Apiaceae (fennel, anise, coriander) in lavender and Ylang-Ylang [20] (Figure 8).

Figure 7.
Derivatives of ferulic acid.
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4. Oil analysis techniques essential

For the analysis of essential oils, or at least for their chemical analysis, of many
techniques have emerged during the second half of the previous century. We can then
distinguish the techniques of separation of chemical components from the techniques
of detection by proposing the following classification:

• Chromatographic separation techniques: CCM, HPLC, GIC, SFC

• Analysis techniques without separation/fragmentation: UV, IR, MS

• Coupling techniques: CPG-MS, CPG-UV, HPLC-CPG, HPLC-MS, CPG-IRTF,
SFC-CPG

4.1 Chromatographic separation techniques

4.1.1 TLC or thin layer chromatography

This is the first and most widely used chromatographic technique, it provides
simple information about the physicochemical characteristics of the components of a
mixed. Many pharmacopoeias advocate the use of this technique given its simplicity
for the characterization of essential oils in routine testing.

The foundations of TLC applied to essential oils were established by Stahl in 1969
[21, 22] and by Geiss in 1987 [20] who studied a significant number of metabolites
secondary aromatic plants. Then in 2003, Shema and Fried [21] published the “CCM
Handbook.” Other approaches to CCM gave rise to the high CCM performance
followed by overpressure TLC and phase rotation chromatography (RPC) which are
forced flow techniques.

However, this technique should be indicated for the rapid determination of the
different pathways and/or chemical families present in a given essential oil.

4.1.2 Gas chromatography

This is an analytical chemistry technique that separates compounds volatile or
volatilizable without degradation (non-thermolabile). His power of separation
exceeds that of all other techniques, at least for essential oils.

4.1.2.1 Principle and apparatus

This chromatographic method makes it possible to separate the compounds either
by partition or by adsorption. This is a differential migration of the constituents of the

Figure 8.
Structures of anethole and estragole.
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mixture to be analyzed at through a chosen substrate. The best illustration of the
evolution of CPG (Figure 9) applied to essential oils is found in the many works
carried out for the determination of oil components essential of rue Ruta graveolens.
Thus in 1961, only eight components were identified by Bruno during the first CPG of
this oil; then in 1964, this number rose to 20 with the use of a Perkin-Elmer type
chromatograph equipped with a thermal conductivity. Then with the introduction of
programming systems temperature we went to 80 components and using a capillary
column at high resolution with a flame ionization detector 150 components are
obtained (1981) [23, 24].

4.1.2.2 The fast and ultra-fast GC

It was necessary, as part of a routine examination, to develop these two variants of
the CPG. So, to significantly accelerate a CPG we act at the following levels.

• The dimensions of the column are reduced: the internal diameter and the length.

• The coatings are reduced: a thinner stationary phase.

• The flow of carrier gas is increased.

• Temperature transitions are accelerated during cycles.

Thus, the separation speed is considerably increased. This CPG technique rapid or
ultrafast has been tested on lime essential oil with similar parameters to what was
mentioned previously, that is to say a capillary column 5 m long, of 50 μm internal
diameter, 0.05 μm coating, and a gas flow rate of 120 cm/min [25]. We arrive at a
chromatography carried out in 1990s, i.e., 33 times faster than a traditional GIC, but
generally a fast GIC lasts 13 min and instead of 60 for a classic GIC.

Figure 9.
Apparatus for a GC.
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We can try to summarize the differences between the different types of chroma-
tography in the gas phase by the following Table 1.

4.1.2.3 Chiral GC

This is an interesting evolution of CPG and consists of an enantioselectivity of the
capillary column. The interest is even greater than essential oils are very often rich in
mixture, racemic or not (depending on the botanical species and the chemotype), two
enantiomers. This chiral chromatography then makes it possible to separate into using
various stationary phases such as diamide phases which interact with chemical com-
pounds through hydrogen bonds or as complex phases metal with low thermal stabil-
ity. But most often we use derivative phases very selective cyclodextrin and used since
their invention in particular in the determination of the enantiomeric composition of
monoterpenoids and sesquiterpenoids of many essential oils [26].

4.1.2.4 The two-dimensional CPG CPGx CPG

This is a gas phase separation technique of course, in which all the
compounds eluted from a first column are, directly after the latter, subjected to
separation in a second column of different selectivity (Ecole supérieure de physics
and industrial chemistry of Paris). The two columns are connected in series to
the by means of a modulator which samples the effluent from the first column and
transfers it, with or without concentrating it towards the second column. So the latter
must be able to separate the different constituents in a time shorter than the duration
of the modulation, and this is why a second column of the fast or ultra-fast CPG type
is used.

The elution peak from column 1 is a first detector and each fraction is focused and
continuously injected into column 2. In general, the detector1 and valve assembly
constitutes a modulator. By joining the chromatograms of each column, one
obtains a two-dimensional retention plane. This technique can be complicated by
putting a first non-chiral column then a second chiral [27]. In the world of
essential oils, this method has proven particularly effective in the study of the EO of
Bergamot citrus bergamia in which only the L (�) enantiomers of linalool and linalyl
acetate. So, this type of chromatography allows to update the adulterations of this
essential oil.

GIC conventional GIC fast GIC ultra-fast

Dimensions of the column L 30 m 10 m 10–15 m

ϴ 0.25 mm 0.1 mm 0.1 mm

Coating 0.25 μm 0.1 μm 0.1 μm

Temperature programming 50–350°C
3°C/min

50–350°C
14°C/min

45–325°C
45–200°C/min

Carrier gas Flow (flow) H2
36 cm/s

H2
57 cm/s

H2
120 cm/s

Injection frequency (sampling or analysis) 10 HZ 20–50 HZ 50–250 HZ

Table 1.
The different types of gas chromatography.
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4.1.3 Liquid chromatography

Due to the preponderant place of CPG in the analysis of essential oils, the liquid
chromatography is most often only used for preparatory steps or semi-preparatory. Or
at the limit for the individual isolation of a compound for its structural study.

4.1.3.1 HPLC or high-performance liquid chromatography

4.1.3.1.1 Principle and apparatus

The sample to be analyzed is pushed by a mobile phase into a packed column a
stationary phase of fine particle size. The flow rate of the mobile phase is high which
leads to an increase in pressure in the system. This high flow decreases the time required
to separate the components along the stationary phase. The thin particle size of the
stationary phase allows better separation of the components. Indeed, for the same
volume of stationary phase, the exchange surface increases if the “grains” that compose
it are of smaller diameter. The peaks obtained are therefore narrower the resolution is
improved (the peaks are well separated, we can therefore differentiate them), the
detection threshold is also lower (narrow and high peaks are easier to isolate from the
background noise as wide and low peaks). The combination of these attributes speed
and high-resolution leads to the term “high performance (Figure 10).”

The solvents used are miscible combinations of water and various liquids organic
(alcohols, acetonitrile, dichloromethane, etc.).

Often the composition of the mobile phase is changed during analysis, this is the
so-called “gradient” or “graduated elution” mode (in opposition to the “isocratic”
mode, for which the composition of the mobile phase remains the same throughout
the analysis). Through example, on an apolar column, using a water/methanol mix-
ture as phase mobile, the more hydrophobic components are eluted with a high
concentration of methanol, while the more hydrophilic components are preferentially
eluted with a low methanol concentration. Depending on the nature of the stationary
phase, we will start with a high methanol concentration or vice versa [28].

Figure 10.
Assembly for an HPLC.
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4.1.3.1.2 HPLC and essential oils

The use of HPLC in the field of essential oils has been abandoned in favor of
CPG with convincing results. However, HPLC analysis has a number of advantages,
especially when looking for thermolabile compounds that is to say difficult to be
analyzed by CPG. The main limitation of this technique lies in the methodology
analysis of terpenoids that require a retention factor in an interval narrow. Hence the
most common use of silica gel column, n-pentane as phase mobile, low temperature
(�15°C in general) and a UV detection system at 220 nm. Under these conditions,
the majority of mono and sesquiterpenoid hydrocarbons can be separated and
analyzed [28].

Other chromatographic conditions were tested for the analysis of HE in acting on:

• The nature of the stationary phase (theory of complexation chromatography
film)

• The temperature of the chromatography

• Setting up an acetonitrile-water gradient in the column

But despite everything, the separating power of HPLC is only remarkable for
sesquiterpenoids and diterpenoids, with CPG doing better for monoterpenoids. He
is to note however that researchers have succeeded in an enantiomeric separation
by HPLC sesquiterpenes from an essential oil using a chiral stationary phase
(chiralcel®) [28].

4.1.4 Supercritical fluid chromatography

The CFS uses as mobile phase a fluid or mixture of fluid brought to a point called
critical by pressure and temperature control, i.e., at the point where the substance
chemical, here the mobile phase, is in a hybrid state between a gas and a liquid. The
diffusion coefficient of the fluid is then twice as important while the viscosity is two
times less than the corresponding liquid, with a greater density than gas obviously.
Most often carbon dioxide (CO2) is used as the mobile phase, but since its polarity is
low (comparable to hexane), it is incorporated in a small quantity polar solvent
(methanol, ethanol, water) to be able to elute compounds endowed with a certain
polarity [29].

This method also makes it possible to use a range of detection systems that are
wider than that of HPLC. Apart from the use of this type of chromatography as a
technique analysis, it is interesting to note that it can also be used for the extraction of
oils essential. Indeed, several industries use it, most often when it is an EO with
thermolabile compounds. We can then collect the majority of the components odor-
ous, polar or non-polar, while avoiding the disadvantages of hydro-distillation or
hydro-diffusion. Drawbacks such as hydrolysis reactions, solubilization of a non-
negligible part of volatile products in water or the thermodegradation of these. There
is no thermodegradation because, for the example of CO2, the supercritical state is at
31.1°C and 74 bars. The use of this technique for the analysis of essential oils gives rise
to a particular enthusiasm among researchers, especially over the past 10 years. We
can then cite the establishment of a study protocol for the essential oil of Salvia
angustifolia by CFSC [30].
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4.1.5 Counter-current chromatography

Also called centrifugal partition chromatography, it consists of a liquid-liquid
chromatography using no solid support but two non-liquid miscible (made from two
or more solvents). The two phases (mobile and stationary) are liquids which prevents
irreversible adsorption phenomena of the mobile phase.

This technique has two variants: 1. HSCCC: high speed counter current
chromatography 2. DCCC: drop counter current chromatography.

4.1.5.1 HSCCC

Also called—rotation locular counter current chromatographyk and developed by
Rikakikai, she uses a device made up of sixteen glass tubes, communicating with each
other and arranged concentrically. Inside these tubes is the stationary phase which, by
rotation and centrifugal force remains fixed in the tubes. It is crossed by a phase
mobile under pressure (Figure 11).

This is a technique successfully used for the analysis of natural products such as EO
[31, 32].

4.1.5.2 Countercurrent droplet chromatography

Moderately effective, it allows the separation of essential oils into fractions and
rarely in pure compounds. Developed by Tanimura in 1970, it consists of a set of
300–600 glass tubes which are connected to each other with tubular connectors in
Teflon and filled with the stationary phase (liquid). This is crossed by droplets mobile
phase. However, since each compound of the essential oil has a partition coefficient
which is specific to it (for a given couple of solvents), there is separation as the
passages in the different tubes. It should be noted that for the fragmentation of oils
essential you need a water-free solvent system [33] (Figure 12).

Figure 11.
Composition of an HSCCC device.
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4.2 Analysis techniques without fragmentation

4.2.1 UV spectroscopy

4.2.1.1 Principle and apparatus

Ultraviolet-visible spectroscopy or ultraviolet-visible spectrometry is a spectros-
copy technique involving photons whose wavelengths are in the range of ultraviolet
(200–400 nm), visible, and up to near infrared (750�1400 nm). Subjected to radia-
tion in this range of wavelengths, the molecules undergo an electronic transition. This
technique is complementary to spectroscopy fluorescence in the sense that fluores-
cence involves transitions from the excited state down to the ground state while
absorption spectroscopy deals with transitions between ground state and excited state.

4.2.1.2 Application to essential oils

The use of this technique for the analysis of essential oils is quite limited since it is
not possible to obtain information on a chemical compound individually. But never-
theless, for the research of furanocoumarins, responsible for photo dermatoses in
hesperidia essential oils, this is a method to privilege. It is recommended by the
European Pharmacopoeia for the analysis of oil essential lime.

4.2.2 Infrared spectroscopy

4.2.2.1 Principle and apparatus

Infrared spectroscopy exploits the fact that molecules have frequencies specific for
which they rotate or vibrate in correspondence with levels discrete energy (vibratory
modes). These resonant frequencies are determined by the forms surfaces of potential

Figure 12.
Migration of the mobile phase of a DCCC device.
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energy, atomic masses and by vibronic coupling associate. For a vibrational mode in a
molecule to be active in the infrared, it must be associated with changes in the
permanent dipole. In particular, in the approximations of Born-Oppenheimer and
harmonic, when the molecular Hamiltonian corresponding to the electronic ground
state can be approximated by a harmonic oscillator at the neighborhood of the equi-
librium molecular geometry, the resonance frequencies are determined by the normal
modes corresponding to the potential energy surface of the state fundamental molec-
ular electronics. However, the resonant frequencies can be in a first approach related
to the strength of the bond, and to the atomic masses of termination. So, the frequency
of the vibrations can be associated with a particular bond. Diatomic molecules have
only one bond, which can be stretched. Molecules the more complex ones have a lot of
bonds, and the vibrations can be conjugated, which leads to infrared absorptions at
characteristic frequencies which can be related to chemical groups. For example, the
atoms of a CH2 group, which we find commonly found in organic compounds can
vibrate in six different ways: symmetrical and antisymmetric stretching, scissoring,
rocking (rocking), wagging, and twisting [34].

4.2.2.2 Application to essential oils

Despite the low sensitivity and selectivity of this method in the case of mixtures
with many components, in 1971 two hundred essential oils were analyzed for the
publication of “Infrared analysis of essential oils” which is the reference of the genre
in this domain [35]. On its own, conventional infrared spectroscopy does not allow
measurements quantitative. For classic IR, new techniques such as spectroscopy
attenuated reflection infrared or NIR-FT Raman spectroscopy, open a new method of
analysis of essential oils since it is possible to identify the components of the oils
essential using spectrographic references of pure chemical compounds. The definite
advantage of these techniques lies in the ease of quality control of EO with the bonus
of being able to quantify and analyze the components of an EO In-Situ, that is to say
on living plant material (without prior isolation).

4.2.3 Mass spectrometry

4.2.3.1 Principle and apparatus

Mass spectrometry (MS) is a physical technique analysis to detect and identify
molecules of interest by measuring their mass and characterize their chemical struc-
ture. Its principle lies in the gas phase separation of charged molecules (ions) in
function of their mass/charge ratio (m/z).The mass spectrometer is often coupled
with a chromatography system in gas phase, and this association, of a separating
method and of an identification, allows the study of complex mixtures in trace
amounts (a few nanograms of mixture).

The principle of mass spectrometry is as follows:
An organic compound introduced into the mass spectrometer is ionized by elec-

tronic bombardment at 70 eV. The ion thus obtained, called the molecular ion, allows
the determination of the molar mass of the compound. There may be breaks in the
chemical bonds within the molecular ion, forming thus characteristic fragment ions
since this possible dissociation does not take place at the chance but according to well-
defined mechanisms.
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These fragment ions are then separated according to their mass/charge ratio by the
application of a magnetic and/or electric field, then collected by a detector. All these
fragment ions constitute the mass spectrum, the reading of which allows identifica-
tion of the molecular structure [36].

4.2.3.2 Application to essential oils

This is the flagship technique for the determination of the molecular structures of
isolated compounds. An essential oil mass spectrum always shows ions molecules
corresponding to terpenoids with an m/z ratio of 136, 148, 152, and 154. And by
focusing techniques without prior separation, the metastable ions are observed com-
pounds such as anethol, fenchone, borneol, and cineol. And a variation is by the direct
introduction of a part of the plant with EO (0.1–0.2 mg) which releases by heating the
classically detected volatile compounds [37].

4.2.4 13C NMR spectroscopy

4.2.4.1 Principle and apparatus

NMR spectroscopy is based on the detection of the resonance phenomenon mag-
netic which occurs when atomic nuclei of non-zero spin are placed in a generally
uniform external magnetic field and that they are excited by radio-frequency radia-
tion tuned to the energy differences between different possible states of nuclear spin.

The resonant frequency ν0 is a first approximation directly proportional to the
applied field B0: ν0 = γB0, where γ = 2πγ is the gyromagnetic ratio.

The fact that each isotope has a unique gyromagnetic ratio allows the NMR tech-
nique to be able to be tuned to a element. Just adjust the frequency of excitation and
observation on the target nucleus.

The resonance frequency of nuclei also depends on their environment, the spins
being in interaction with it. These interactions are called internal interactions by
opposition to the external interactions of the spins with the external magnetic field
and the radiofrequency radiation. These intra- or intermolecular interactions can be
magnetic as is the case for chemical shift and dipole couplings, still or electric, which is
the case with the dipole interaction. Interpretation and measurement of these inter-
actions provide valuable information on:

• the nature and number of atoms close to the nuclei studied

• chemical bond

• molecular conformation

• interatomic distances

• molecular mobility

4.2.4.2 NMR and direct analysis of essential oils

In general, it allows the determination of the molecular structures of isolated
compounds; but nevertheless, for the study of EOs and complex mixtures it presents a
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certain number of advantages in the presence of low volatile or unstable compounds
thermodynamically. It has been established since the 1980s that it is possible to
determine the constituents of an essential oil by comparing with spectra of pure
products [23] (Figure 13).

Celery, or rather its essential oil, is extremely rich in limonene, hence a flagrant
concordance between the two spectra. With an adequate computer system and a good
database (bank of spectra), it is nowadays very easy to determine the composition of
an EO by this NMR [38].

4.3 Analysis techniques with coupling

The advantage of a chain coupling of a chromatographic interface with a
spectrometer is the ability to analyze the individual spectrum of a compound.

4.3.1 GC and mass spectrometry

This is the most widely used technique for EO analysis due in large part to the ease
of handling efficient separation and detection systems, with a relatively low cost [39].
The first CPG-mass analysis dates from 1963.

For the analysis of essential oils, the most common equipment consists of a CPG
capillary with an electron ionization quadrupole mass spectrometer. It is very easy
to find mass spectrum databases due to very frequent use and worldwide of this
technique.

For example, NIST/EPA/NIH 2005. WILEY REGISTERY 2006 and MASS FINDER
2007.

Figure 13.
Similarity between the 13C NMR spectra of celery and limonene.
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For the ionization of the compounds of essential oils, we can use two processes,
electronic impact or chemical ionization which struggles to ionize alcohols and
terpenic esters.

4.3.2 CPG and Fournier transform infrared

This is a complementary method to CPG-mass insofar as by TF infrared spectrom-
etry distinguishes isomers of compounds eluted by GC not observable with mass
spectrometry [40].

4.3.3 GPC and ultraviolet spectroscopy

The serial connection of the two devices, allows in the case of the use of a diode
array detector, to detect and sometimes identify a certain number terpenoid hydro-
carbon [41].

4.3.4 GPC and atomic emission spectrometry

This is only a complementary technique to CPG-Masse and CPG-FTIR.

4.3.5 GPC and isotope ratio mass spectrometry

A very interesting technique in the analysis of essential oils. It consists of the
determination of the isotopic composition of the compounds eluted by carrying out
combustion of these. We can then calculate the 13C/12C ratios: 18O/16O and 2H/3H. This
is the most sophisticated technique for judging the authenticity of oils essential.

4.3.6 HPLC-CPG

It is very simply a matter of putting an HPLC column and a CPG clone end to end.
We can then have a modulation system to be able to choose the eluted fractions by
HPLC and which it is desired to undergo CPG. The main thing is to choose a phase
mobile volatilizable HPLC. A good separation of the esters, alcohols, and carbonyls of
the compounds is then obtained from EO [42] (Figure 14).

4.3.7 HPLC-Mass and HPLC-NMR

The use of these two techniques is not widespread due to the relative HPLC
ineffectiveness with respect to essential oils (see paragraph HPLC).

4.3.8 Extraction in supercritical fluid coupled to the CPG

It should be noted here that the supercritical fluid extraction is not a chromato-
graphic technique since it involves extracting from the plant, at a critical point pres-
sure and temperature specific to each chemical compound, which is then directly
introduced into the chromatographic column, and which can therefore be identified.
This is a fairly common technique in the world of essential oils since a many
researchers use it for the analysis of herbal drugs such as Rosemary [41],Thymus
vulgaris [42] orange, or cedarwood.
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4.3.9 Super critical fluid chromatography (SFC) coupled with CPG

To be distinguished from the previous technique by the fact that the substance
injected is oil essential and not the plant drug. In general, this is a common technique,
used among other things for the analysis of the EO of sweet orange. Three hydrocar-
bon fractions are then obtained: aldehydes, alcohols, and esters [42].

4.3.10 SFC-Masse and SFC-FTIR

These are techniques based on the separating power of chromatography in super-
critical fluid and on the complementarity between infrared spectrometry and mass
spectrometry. They were applied during the characterization studies of Hops EO [43].

5. Conclusions

The chromatographic and the spectroscopic techniques fully changed the chemical
analysis of the essential oils. The chemical composition of the essential oils was studied
with the help of IR-spectroscopy, UV-Vis spectroscopy, gas chromatography, NMR
spectroscopy. The enhanced demand for the essential oil in various fields of life
provoked us to access the reliable methods for the essential oil analysis, and the
techniques used are the GC-MS and GC analyses.

The characterization of the essential oil was carried out by using the gas chroma-
tography. The compounds that are present in the essential oil was confirmed by using
the GC and GC-MS analysis. The storage and handling of the essential oil also affect its
yield and quality, ad essential oil was deposited in the oil glands that are present in the
organization of the plant material. Essential oils are the natural volatile compounds
having loveable odor. The essential oils are isolated mostly from the hydro-distillation
method which is more suitable for this process and easy to carry. Whole parts of the

Figure 14.
HPLC-CPG coupling.
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plants are used for the extraction of plants. Steam distillation method is expensive
than the hydro-distillation, so it is less preferred. Essential oils have good medicinal
applications and used in the treatment of different diseases including the infectious
diseases, depression, anxiety, act as the antifungal, antimicrobial, anticancer, and
wound healing; they are also used in cosmetics and perfume industries. Researchers
and industry professionals would surely benefit from this study’s information as they
choose the best extraction techniques for obtaining the highest yield and quality
attributes.
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Abstract

Portulaca oleracea L., popularly known as purslane, is an herbaceous succulent 
plant classified as one of the most important invasive weeds in the world. Due to its 
high nutritional level and wide range of pharmacological effects, involving  
anti-inflammatory, antibacterial, antioxidant, and antiulcerogenic, purslane is one of 
the medicinal species listed by the World Health Organization. In addition, purslane 
produces several phytochemicals, including flavonoids, alkaloids, and terpenoids, 
which confer different pharmacological activities and make the plant highly attractive 
for use in the most diverse industries. It has high adaptability to extreme soil condi-
tions, able to grow and spread in environments under drought stress, salinity, and 
poor nutrients; and has been presented as a potential model plant to study resistance 
to abiotic stresses. Among other purslane traits of interest to the agriculture sector, is 
worth to mention phytoremediation and allelopathy, thus being a sustainable alter-
native in organic agriculture. Here, we report a bibliometric analysis of purslane in 
vitro tissue culture and genetic modification/editing, and discuss opportunities and 
limitations to exploit the biotechnological potential of purslane as a source of valuable 
bio-molecules for many different industries.

Keywords: purslane, medicinal plant, multipurpose species, genetic transformation, 
tissue culture, biolistic, agrobacterium, abiotic stresses

1. Introduction

Portulaca oleracea L. (Figure 1), the most well-known species of the Portulaca 
genus, is commonly known as purslane, or common purslane, according to Ref. [1]. 
This genus belongs to the family Portulacaceae, order Caryophyllales, superorder 
Caryophyllanae, class Magnoliopsida, subdivision Spermatophytina, division 
Tracheophyta, superdivision Embryophyta, infrakingdom Streptophyta, and sub-
kingdom Viridiplantae [2, 3].

Purslane is classified as a multipurpose plant species [4]. Plants cultivated for 
the purpose of providing more than one significant contribution to the production 
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and/or service functions of a land use system are defined as multipurpose plants. 
They are classified according to the attributes of the plant species and the functional 
role of it in the technology under consideration, be it linked to the agricultural, 
pharmaceutical, chemical, or other economic sector.

2. Socioeconomic importance of purslane

2.1 A medicinal plant recommended by the World Health Organization

According to the World Health Organization (WHO), purslane is one of the most 
used medicinal plants. Known as a “Global Panacea”—a remedy supposed to heal all 
sicknesses, it is used extensively in folk medicine due to its wide array of health effects 
[5, 6]. The ethnobotanical importance of purslane led to various studies confirming 
its pharmacological properties. Those studies support its use as an antibacterial [7], 
anti-inflammatory, antioxidant [8], neuro- and hepatoprotective [6], antidiabetic [9], 
and antiulcerogenic agent [10], among other applications. In addition, it is reportedly 
a highly nutritious plant, being among the top terrestrial sources of essential fatty 
acids, tocopherol, ascorbic acid, glutathione, and other components, which suggests 
its nutraceutical potential [11, 12]. These valuable chemical constituents result from 
purslane’s diverse set of chemical pathways.

All organisms have an integrated network of chemical reactions meticulously 
mediated and regulated by enzymes. It encompasses primary and secondary meta-
bolic pathways synthesizing various organic compounds [13]. More specifically, 
primary metabolism involves generating components required for growth and 
development. Its products often serve as intermediates for the production of special-
ized chemicals that comprise the secondary metabolism, which plays a crucial part 
in a plant’s interaction with the environment [14]. Processes that result in primary 
metabolites are highly conserved, while those of secondary metabolites are lineage-
specific and continuously influenced by abiotic and biotic factors. That results in the 
formation or suppression of bioactive compounds that confer specific properties to 
the plant, intending to promote its survival and protection [15, 16].

Following a simple classification, secondary metabolites are divided into three 
main groups: phenolics, nitrogen-containing compounds, and terpenoids. Each 
is obtained through different biosynthetic pathways, resulting in chemicals with 
distinctive structures that confer valuable properties. These are building blocks to 

Figure 1. 
Purslane (Portulaca oleracea L.).
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the manufacturing of high-added-value products focusing on health, nutrition, or 
agriculture, and thus are of enormous importance within the scientific and indus-
trial framework [16, 17]. Purslane has a rich and unique content of these bioactive 
compounds that, individually or synergistically, provides beneficial effects and 
explains its extensive use in folk medicine [6, 12]. The following paragraphs will 
give insight into some highly important secondary metabolite groups and their 
known activities.

Flavonoids, which comprise the phenolic group, are among the main active ingre-
dients from purslane—with kaempferol, luteolin, apigenin, myricetin, and quercetin 
as its major components. In addition, novel structures, namely portulacanones and 
oleracones, were first isolated from this plant. Studies have shown the anticancer 
[18, 19], anticholinesterase [20], anti-inflammatory, and antioxidant effects of 
these flavonoids [21, 22]. Furthermore, families belonging to Portulacaceae produce 
betalains, known as nitrogen-containing plant pigments with limited occurrence in 
nature [23, 24]. This subgroup is natural colorants in the food and cosmetic sectors, 
although studies have shown their neuroprotective [25], chemoprotective [26], and 
antimicrobial potential [24].

N-trans-feruloyltyramine, dopamine, noradrenaline, and oleraceins are alkaloids 
also identified in this plant species [27]. These nitrogen-containing compounds have 
reported immune-enhancing and neuroprotective effects, among others, and under-
went studies for the prevention and treatment of neurodegenerative diseases [28–30]. 
The terpene content, which includes portulosides A-B, portulenes, and others, also 
contributes to potentializing antimicrobial and hepatoprotective effects of purslane 
extracts, and so on [27]. Other bioactive components include lignans, phenolic acids, 
and esters [31], and new molecules are constantly isolated from this plant through 
various methodologies [30, 32, 33].

Purslane is also a rich source of omega-3 and omega-6 fatty acids, thus contribut-
ing to its nutritional value [34]. These are the precursors of eicosapentaenoic and 
docosahexaenoic acids, which can reduce the risk of cardiovascular and cerebral 
diseases [12]. Studies on the development of functional food products from this plant 
are already available [35], as it also has considerable amounts of vitamins and dietary 
minerals [11]. Overall, each phytoconstituent mentioned contributes to establishing 
the ethnobotanical importance of purslane and supports the application of this plant 
in the pharmaceutical, food, and cosmetics industries.

2.2 A source of so many agricultural important traits

Besides being a source of many traits for the pharmaceutical and chemical indus-
tries, purslane is also a source of features of direct importance to the agricultural and 
agri-industrial sectors. Among the most important ones are phytoremediation, alle-
lopathy, and tolerance to biotic and abiotic stress. Below we present some insights into 
some of those traits and then—more to the end of this chapter—report intensively on 
resistance to salinity stress.

Due to the purslane tolerance capacity for metal stress, it undergoes phytore-
mediation and biomonitoring studies in the field and closed conditions [36]. 
Phytoremediation is an economic process that exploits plants’ capacity to accumulate 
heavy metals in polluted habitats by their harvestable parts [37], while biomonitor-
ing is the capacity to monitor contaminated environments [36]. Mohammadzadeh 
and Hajiboland [38] reported a successful study using purslane in phytoremediation 
strategies to remove nitrate from nitrate-contaminated sites.
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Allelopathy is the ability of a plant to suppress the germination, growth, survival, 
and reproduction of other plants in its surroundings. It produces and releases allelo-
chemicals (secondary metabolites) that negatively affect other plants. Hamad [39] 
showed that aqueous extracts from purslane shoots and roots have allelopathic (inhibi-
tor) effects on seed germination and the growth of monocots and dicots. Rashidi et al. 
[40] investigated the allelopathic effect of purslane on seed germination and growth 
of several plant species and demonstrated its allelopathic potential against Phaseolus 
vulgaris L. and Allium cepa L. as it reduced their seed germination rate.

After studying the chemical composition and yield of six purslane genotypes, 
Petropoulos et al. [34] reported that the biomass yield (fresh weight) in the open 
field was affected by genotype, with the highest yield of the tested genotypes being 
33 tons/hectare, and the lowest being 11.5, with an average of about 22.5 among these 
genotypes. Kong and Zheng [41] evaluated the potential of producing purslane in a 
hydroponic system by testing two distinct cultivars—Green and Golden. Both cultivars 
performed similarly, generating a marketable yield of approximately 5.75 kg per m2 on 
a bimonthly basis, which might yield 345 tons/hectare/year if cultivated in a bimestrial 
regime. Alu’datt et al. [42] evaluated the effect of different soil-less substrates on the 
fresh yield of purslane over five harvest cycles during the growing season under closed 
conditions and reported productivity of approximately 27 kg per m2 when using Tuff: 
Peatmoss (2:1) substrates; what might yield 270 tons/hectare/year.

Purslane is a succulent herbaceous halophyte plant classified as invasive and 
considered the eighth most common weed in the world; it grows in warm moist places 
during the summer and spring seasons and can grow in almost any unshaded area, 
including gardens, crop fields, and waste places [43]. Because of that, its outdoor 
production in extensive areas faces several concerns. However, the above-mentioned 
high productivity of purslane in the context of controlled-environment agriculture 
[44–46] can open many doors of opportunities for the purslane industry. Many of 
those might take advantage of having a highly efficient protocol for engineering/edit-
ing purslane genome.

3. Genetic engineering/editing of purslane: state of the art

Genetically modified/edited plants are usually developed by in vitro regeneration 
from single transformed cells, and because of that, using in vitro plant tissue culture-
based methods is required. However, that is not the only way to develop such types of 
plants. Some strategies of plant transformation that do not depend on in vitro regen-
eration are available and are known as “in planta” transformation methods. The floral 
dip transformation method is the most well known of them [47]; however, no report 
is available on its successful use in purslane.

3.1 Purslane in vitro tissue culture

Once the goal is the in vitro regeneration from single transformed cells, it is neces-
sary to develop first a reliable and efficient purslane tissue culture protocol. Such a 
process may take advantage of the organogenesis or embryogenesis capability of the 
plant species in question and need to evaluate some factors such as the most appropri-
ate type of explant, culture medium, growth regulators, and cultivation conditions, 
among others [48]. Unfortunately, there are not many reports on purslane in vitro 
tissue culture. The few ones available will be reported in the next paragraphs.
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Safdari and Kazemitabar [49] was the first report on in vitro regeneration of 
purslane plants, intending to determine the best hormonal treatment for the induc-
tion of embryogenic callus from leaf tissue, the best type of explant and hormones for 
plant regeneration, and root induction from regenerated shoots. Later, Sharma et al. 
[50] reported an attempt to establish an efficient in vitro protocol for plant regenera-
tion through organogenesis, using 1.5 cm long knots as explant, and achieving a stable 
efficiency of 70%.

Shekhawat et al. [51] reported an efficient in vitro regeneration method for purs-
lane using a liquid medium, where the explants used were shoots with one and two 
nodes, obtaining a rooting efficiency rate of 96%. Oraibi et al. [52] reported success 
in efficiently inducing callus from purslane leaves, with subsequent production of 
extracts from the callus that presented antibacterial activity.

Purslane is sexually propagated, producing an enormous amount of seeds in a 
short period—within 60–90 days. Besides, purslane is also efficiently vegetatively 
propagated from cutting. The success of propagation (by seeds or cuttings) is prob-
ably one of the reasons that justify that there are not many reports on purslane in vitro 
tissue culture. The lack of demands for eradicating pathogens could be another reason 
to explain it.

The demonstrated capacity for producing over a hundred tons of biomass per 
hectare per year under closed conditions [42] makes purslane an ideal candidate as 
the crop to produce its bio-molecules, reducing the risk associated with the fact it is 
a weed [43]. However, one cannot forget that the growth of purslane cell suspension 
using bioreactors [53] is another way ahead to produce such bio-molecules under a 
controlled environment. In such case, there is the need to develop protocols to obtain 
and maintain purslane cell suspension.

Consequently, there is no doubt that for purslane to become a model plant for 
functional genomics research, aiming to advance on the exploitation of so many of 
its bio-molecules—whether in the pharmaceutical sector, in the agronomical sector, 
or in other sectors—the scientific community must expand and deeper the studies in 
many of the frontlines of plant tissue culture, such as haploid/di-haploid production, 
cell suspension production and maintenance, and, of course, genetic modification/
editing. The results of the tissue culture survey on Portulaca oleracea are summarized 
in the table below (Table 1).

3.2 Genetic modification of purslane

The genetic transformation of plants involves the insertion, integration, and 
expression of exogenous genes into the genome of a plant species. One of the main 
focuses in obtaining transgenic cultures is incorporating new characteristics, studying 
primary biological processes, and producing bio-pharmaceutical proteins. Since the 
1980s, different techniques became available for introducing heterologous genes into 
the genome, among which the transformation mediated by Agrobacterium and biolis-
tics stands out [55]. The sonication-assisted Agrobacterium-mediated gene transfer 
system increases the transformation efficiency [56], and studies using sonication 
associated with vacuum infiltration proved to be efficient when applied to different 
cultivars of economic importance [57].

Sedaghati et al. [54] aimed to develop an Agrobacterium-mediated transformation 
and regeneration system using somatic embryogenesis in purslane, obtaining an effi-
ciency of 72.22% from leaf explants. Studies carried out by the same group in 2021, 
seeking to optimize this transformation process, used sonication associated with 
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vacuum infiltration from seeds, obtaining a maximum efficiency of 39.25 ± 2.88%. 
Subsequently, Sedaghati et al. [58] carried a new study out where they applied 
purslane as a green bioreactor to evaluate the expression of the HSA human serum 
albumin gene.

Two reports describe success in transforming purslane using Agrobacterium 
rhizogenes [59, 60]. Tandon et al. [59] in an attempt to improve the phytoremediation 
of municipal waste water by increasing the root biomass, transformed four distinct 
plant species using A. rhizogenes, including P. oleracea. They used nodules and roots as 
explants for transformation, and achieved an increase in phytoremediation efficiency 
of transformed portulaca for the treatment of municipal waste water was observed 
over the non-transformed plants. The study by Ahmadi Moghadam et al. [60] aimed 
to optimize and evaluate the production of dopamine in hairy roots of purslane, using 
rolB as the gene of interest; and roots, stems, leaves, and cotyledons as explants. It was 
found that the most suitable explants for the induction of hairy roots were the cotyle-
dons, with an efficiency of 53.3%. The effect of methyl jasmonate and salicylic acid on 

References Explant Technique Efficiency Gene

Tandon et al. [59] Nodal segments 
and roots

Agrobacterium rhizogenes 42–68% _

Moghadam et al. [60] Cotyledon leaves Agrobacterium rhizogenes 53.30% rolB

Sedaghati et al. [54] Stem and leaf 
explants

Agrobacterium-mediated 72.22% GUS

Sedaghati et al. [57] Seeds Agrobacterium-mediated 
transformation using sonication 

and vacuum infiltration.

39.25% uidA

Sedaghati et al. [58] Seeds and leaves Agrobacterium-mediated 
transformation.

100% HSA

Table 2. 
Published findings on genetic modification in purslane (Portulaca oleracea L.) - search done in December 2022.

References Explant Multiplication 
technique

Efficiency Objective

Safdari and 
Kazemitabar, [49]

Petioles, shoot 
tips, and leaves.

Callogenesis 70% Test different hormones 
and explants.

Sharma et al. [50] Nodal shoot 
segments

Organogenesis 70% Development of an 
efficient regeneration 

protocol.

Shekhawat et al. [51]. Nodal shoot 
segments

Organogenesis 96% Regeneration in 
liquid medium and 

implications of growth 
regulators.

Oraibi et al. [52] Leaves Callogenesis 80% Antibacterial Activity.

Sedaghati et al. [54] Seeds and leaves Somatic 
embryogenesis

72.22% Development of an 
efficient regeneration 

protocol.

Table 1. 
Published findings on in vitro tissue culture of purslane (Portulaca oleracea L.) - search done in December 2022.
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the accumulation and biosynthesis of dopamine in hairy roots culture of purslane was 
investigated, showing that elicitation with the former resulted in about 4.3-fold higher 
dopamine yield compared to the control hairy root cultures. The results of the genetic 
modification survey on Portulaca oleracea are summarized in the table above (Table 2).

4. Purslane as a model plant to study resistance to abiotic stresses

Purslane is a vegetable highly adaptable to various climates and adverse conditions 
(such as heat, drought, and salinity), giving it a competitive advantage over many 
other plant species produced [48]. It can grow in arid and saline soils, and it is consid-
ered both a halophyte (adapted to salty environments) and a xerophyte (adapted to 
dry ones); it is also listed as a halophyte plant in the eHaloph database [3, 61, 62].

Ren et al. [63] characterized the responses of 10 different purslane accessions 
to drought stress, and two African accessions were the most drought tolerant ones, 
Tokombiya and Egypitum. Drought tolerance was highly variable among the tested 
accessions at seed germination, seedling development, and adult stages. Jin et al. 
[64] evaluated the effect of drought and heat stress on purslane, individually and 
simultaneously. They demonstrated different survival strategies to physiological and 
metabolic stress, expressed as an increase in malondialdehyde, electrolyte leakage, 
O2 and superoxide dismutase, and peroxidase activities, and a decrease in chlorophyll 
content. Furthermore, they suggested that combined stresses have a more severe 
effect on purslane plants compared to individual stresses. Another indication is that 
purslane is a promising candidate to be used in the recovery of ecosystems in arid and 
semi-arid regions [64].

Another very important fact about purslane is that, depending on the environmental 
condition, it can switch between the C4 photosystem and Crassulacean acid metabolism 
(CAM). Ferrari et al. [65] used purslane as a model system to investigate the involve-
ment of the circadian clock, transcription factors, and plant hormones in coordinating 
the expression of C4 and CAM genes. They showed that, in general, the endogenous 
circadian clock coordinates and optimizes the daily time of regulation of the C4 and 
CAM genes in purslane leaves that are well-irrigated and under water stress [65].

There are studies of taxonomy, ecology, physiology, biochemistry, and genetics 
of purslane, including those characterizing its genetic variability. That information 
already available regarding the development of purslane, together with characteristics 
such as a short life cycle, small size, and relatively easy handle, reinforces the idea of 
turning purslane a research model plant for a better understanding of plant resistance 
to those two abiotic stresses [66, 67]. It is necessary to use different model plants, 
instead of the regular ones—Arabidopsis, for instance—as responses to those stresses 
are different between species [68].

Our research group developed a robust salt stress protocol (Figure 2) to character-
ize the morphophysiological responses of young purslane plants to salinity stress, 
along with multi-omics analyses, where it was possible to observe three distinct levels 
of salt stress by electrical conductivity gradients and water potential in substrate 
saturation extract [69]. The multi-omics integration studies showed 51 pathways 
having at least one enzyme and one metabolite differentially expressed in the leaves 
of purslane as a result of salt stress [69]. The characterization of the metabolomics, 
transcriptomics, and proteomics profiles on the leaves and roots of adult purslane 
plants were generated, and their analyses allowed further insights on the resistance of 
purslane to salinity stress (Rodrigues-Neto et al., unpublished).
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Salinity tolerance is an important agronomic feature due to the great problem 
of salinized soil, which corresponds to 20% of the irrigated land in the world [48]. 
Studies carried out by Hamidov et al. [70] suggest the use of purslane to promote the 
rehabilitation of saline soils in the northern part of Uzbekistan, in addition to high-
lighting its great nutritional quality and its efficiency in tolerating chloride salinity, 
which makes this species a potential candidate for biosaline agriculture [70].

Yang et al. [30] applied physiological and comparative proteomics to investigate 
the mechanisms underlying purslane’s tolerance to high-temperature and high-
humidity stresses, demonstrating that this plant species deploys multiple strategies to 
cope with these combined stressors. Several strategies, from the activation of several 
metabolisms to the transient development of a CAM-like metabolism, were respon-
sible for increased adaptation to water stress and combined stress in purslane [71].

To become a reliable model plant in functional genomics studies aiming to charac-
terize the genetic basis of the resistances to those different abiotic stresses, it would be 
helpful to avail a reference whole genome sequence, as well as an efficient and reliable 
genetic modification/editing protocol.

5. Purslane as a source of bio-molecules of biotechnological importance

5.1 Screening for bio-molecules in purslane biomass

The final composition of bioactive compounds in purslane is affected by harvest-
ing period, soil characteristics, cultivation practices, biotic/abiotic stresses, and other 

Figure 2. 
Purslane (Portulaca oleracea L.) submitted to salinity stress studies at Embrapa Agroenergia during seed 
germination, seedling development, and different adult stages. Source: Souza Jr., M. T.
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environmental factors, besides the genetic background. Temperature conditions 
during storage also play an essential role in this plant’s quality, as it may lead to the 
degradation of particular components. Moreover, the efficiency of the extraction pro-
cess is highly dependent on the plant’s material, target metabolites, the temperature 
set, and the type of solvent used. Understanding these aspects that result in purslane’s 
and its extract variability can allow for the management of specialized chemicals, 
thus leading to increased added-value products [12, 34, 72].

Novel bioactive compounds are continuously being isolated and identified from 
purslane through different extraction methods, including alkaloids [32, 73], flavo-
noids [22, 31], lignans [31, 74], and so on. Furthermore, changes in the metabolism—
caused by biotic and abiotic factors—can be analyzed through various analytical 
methods. Metabolomic profiling techniques can determine and compare the chemical 
content of cultivars grown in varying conditions [12]. For instance, studies have 
shown that certain levels of salinity treatment result in increased concentration of 
valuable metabolites in purslane. Salt, as abiotic stress, triggers the plant to potential-
ize specific chemical pathways. However, it is essential to consider that these effects 
may also depend on the cultivar and geographic distribution, among other factors. 
Still, this indicates the potential for purslane’s accessions to be explored for stress-
induced augmented production of bioactive compounds [12, 48].

Moreover, fermentation can enrich the profile of active compounds found in 
purslane. During this specific process, enzymes derived from the metabolism of 
microorganisms promote the degradation of antinutritional factors and organic 
complexes. That gives rise to low-molecular-weight compounds—such as free amino 
acids [75] that can serve as substrates in the biosynthetic routes of secondary metabo-
lites [76]. Lactic acid fermentation, for instance, is a suitable tool that explores the 
functional potential of purslane’s biomass. It promoted increased bio-availability and 
profile modification of its specialized constituents and supplemented the matrix with 
active metabolites from the bacteria. Based on this, choosing a microbial group with 
high metabolic potential and versatility could lead to a selection of suitable strains for 
effective biotechnological processes [77, 78].

In summary, purslane is a rich source of specialized chemicals, and abiotic and 
biotic factors strongly influence their final content. Post-harvest treatments and 
extraction methods may also result in compound variability. Based on that, this 
species is the source of novel phytochemicals, and many techniques are employed to 
understand those aspects and compare cultivars. Stress-induced methods can lead to 
obtaining higher concentrations of bioactive compounds. Additionally, fermentation 
and biotechnological processes are promising strategies for exploring its functional 
potential.

5.2 Bio-molecules to control plant pathogens

The intensification of agricultural activity through the implementation of 
extensive areas of monoculture led to the emergence of pests at high levels, capable 
of reaching the threshold of economic damage. Groups of pathogens such as fungi, 
bacteria, viruses, nematodes, and insects are biotic agents whose infection to culti-
vated plants drastically reduces productivity. In the case of phytonematodes, global 
losses reach values above US$ 100 billion annually [79], with emphasis on the spe-
cies Meloidogyne incognita. Several methods can be used to control phytopathogens, 
and the integration of these different strategies results in the most effective form of 
management. However, under high population densities, the suppression of these 
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pathogens is largely carried out by making use of synthetic chemical pesticides, 
products that represent a risk of intoxication for humans and animals, as well as 
contamination of the environment. Chemical pest control substantially burdens the 
production process and also incurs the risk of selecting resistant organisms [80]. In 
view of all the problems involved in the adoption of this control method, it is neces-
sary to search for more sustainable measures as an alternative way to contain the 
attack of agricultural pests. A trend that has shown promise and is gaining space in 
the field of research is the investigation of the activity of botanical extracts against 
plant parasites [81].

A vast number of species belonging to different botanical families can produce, 
through their secondary metabolism, several compounds from different chemical 
classes with the potential to suppress pest attacks. Chemical groups, such as alkaloids, 
terpenes, coumarins, flavonoids, among others, represent some of the elements respon-
sible for inhibiting the action of various phytoparasites and, therefore, have competence 
to serve as a basis for the development of more eco-friendly pesticides, and mitigate the 
negative effects caused by pesticides [82]. Brazil has a mega diversity of plant resources 
with potential to be exploited in the prospection of biopesticides [83].

Botanical extracts can be produced from different structures, such as roots, 
flowers, seeds, and leaves, among others, and even from industrial co-products using 
different extracting solutions [84]. In this context, the use of these solutions with 
different physical-chemical characteristics allows obtaining a greater number of 
compounds, of different chemical classes with multiple applicability related to the 
medical, cosmetics, livestock, and agricultural areas [85]. Purslane is a plant of wide 
geographic distribution and highly attractive as an object of study for having a rich 
variety of phytochemicals with biocidal action. Furthermore, the use of plant residues 
as a green technology in pest control is a bi-sustainable possibility. This measure is 
characterized by the removal of materials from the industrialization process, for the 
production of sustainable pesticides, replacing conventional agrochemicals, whose 
molecules are generally classified as having a high toxicological degree [86].

Among the advantages of using phytochemicals in pest management is the 
possibility of associating extracts from different species, aiming at obtaining mul-
tifunctional technologies without generating incompatibility between the different 
molecules that participate in the compounds, which commonly happens in mixtures 
of synthetic chemicals [87]. Besides, the miscellany of extracts from different botani-
cal families might result in the development of technologies that control two or more 
pathogens simultaneously, without negatively affecting the community of beneficial 
microorganisms in the soil.

Identified and characterized botanical compounds with biocidal effect can be used 
as tools in activities devoted to the discovery of genes and gene products involved in 
their synthesis routes. Such information is later used in metabolic engineering stud-
ies, which will allow the synthesis of the compound of interest in different parts of 
the plant, such as the root, for the control of soil pathogens. In addition, extracts and 
botanical compounds can also be used as basic constituents in the generation of green 
nanoparticles [88, 89]. Brazil has one of the greatest biodiversity on the planet and 
represents a relevant source of natural plant-based products. This fraction of biodi-
versity constitutes the so-called plant genetic resources. At the Brazilian Agricultural 
Research Corporation—Embrapa, a significant inter- and intraspecific genetic 
variability is conserved in active Germplasm Banks. These banks represent a source 
of diverse materials with numerous physicochemical characteristics and, therefore, 
an important and interesting reservoir for the prospection of extracts, fractions, 
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and biocidal compounds. These materials might be used in the formulation of new 
eco-pesticides, following the global market trend that arises from society’s growing 
demand for safer food and environmentally friendly practices [90].

The use of plant extracts, as a source of bioactive compounds in the suppression 
of phytopathogens, represents another possibility to be used in the management of 
agricultural pests [91]. However, some points deserve attention regarding the use of 
plant extracts as a basis for the development of natural pesticides. They are (i) the 
availability of plant material considering the seasonality of the crop in question, (ii) 
the search for biocidal action standardization showed by plants of the same species, 
but coming from different regions, (iii) the obstacles in the production of extracts on 
a large scale, (iv) the low residual characterizing a shorter time of action and, there-
fore, the demand for a greater number of applications, and (v) the restrictions that 
come up against the legislation concerning the registration of these products as they 
fall under the pesticide law.

In short, the implementation of natural pesticides in the production process, 
replacing synthetic agrochemicals whenever possible, is highly required. The plan-
ning to reduce the population of plant parasites must be prioritized and carried 
out rationally. Furthermore, the biology of the pathogen, the different methods of 
control, and their respective tactics must still be considered and could contribute to 
the minimization of the environmental imbalance. The joint implementation of these 
actions may strengthen the implantation of preventive measures and restrict the use 
of curative agricultural practices.

Purslane extract can be used as a pesticide as a pest control measure [4, 92]. 
Studies have shown that the methanolic extract of Portulaca oleracea showed high 
contact toxicity and dichloromethane exhibited antifood toxicity against the Aphis 
gossypii pest that affects cotton [4]. Tayyab et al. [93] carried out a study with 40 spe-
cies of indigenous plants, including purslane, evaluating the insecticidal potential of 
acetone extracts. About 41% death rate was observed for the cotton aphid using 10% 
acetone extract obtained from purslane leaves [93].

6. Conclusions and future perspectives

Purslane is a multipurpose plant species source of many known bio-molecules and 
features of interest to several distinct industries—pharmaceutical, chemical, food, 
and feed, just to name a few. It is one of the most used medicinal plants, according to 
the WHO; but, it is also the eighth most common weed in the world. As an invasive 
weed, purslane raises several concerns when considered to be grown outdoors, in 
open fields. Because of that, it has been subject of increasing interest in the context 
of controlled-environment agriculture, where it deliveries very high biomass pro-
ductivity. Within the scope of controlled-environment, purslane could be produced 
in greenhouses, in containers (vertical farming systems), or in bioreactors (cell 
suspensions).

After performing a bibliometric analysis of purslane in vitro tissue culture and 
genetic modification/editing, we came across with very little scientific data available. 
To exploit the biotechnological potential of purslane, as a source of valuable bio-
molecules for the many different industries, it is imperative to change this scenario. 
Among the key initiatives necessary to do so there are: (a) a Whole Genome Project 
to generate and make available a reference genome for this plant species; (b) a reli-
able and efficient protocol for genetic modification/editing, able to produce a large 
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number (hundreds or thousands) of mutants (genetically modified/edited) per 
period (a few months or a year); and (c) to build up a multi-omics database harbor-
ing information regarding the response of this plant species to many environmental 
conditions.

Other initiatives, such as the generation of haploid/di-haploid individuals; the 
production and maintenance of cell suspensions; the production, maintenance, and 
characterization of purslane’s extract library, would be also of great value to exploit 
the biotechnological potential of this important plant species.
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Chapter 18

Biomolecules Produced by 
Trichoderma Species as  
Eco-Friendly Alternative 
Suppressing Phytopathogens  
and Biofertilizer Enhancing Plant 
Growth
Abdenaceur Reghmit, Farida Benzina-tihar  
and Fatma Sahir-Halouane

Abstract

Olive (Olea europeae L.) is one of the most important fruit trees of the Mediterranean 
regions. Biotic factors such as phytopathogenic diseases have a significant negative 
impact on olive productivity in the Mediterranean Basin including Algeria. Currently, 
phytopathogens management is focus mainly on the use of chemical pesticides which is 
not recommended because it leads to environmental pollution, development of chemi-
cal resistance, and its low cost-efficiency. Eco-friendly methods and alternative disease 
control measures such as the use of biocontrol agents and biofertilizer should be opted 
as alternatives to the use of synthetic chemicals. Trichoderma species associated with 
olive roots are known for their ability to produce antimicrobial compounds, such as 
antibiotics, volatile organic compounds and lytic enzymes that restrict phytopathogenic 
strain growth. Besides, they are considered as plant growth promoting fungi (PGPF). 
This genus colonize the root systems of plants and promote their growth; it can increase 
nutrient availability and uptake in plants by fixing nitrogen, solubilizing phosphorus, 
producing several biomolecules and phytohormones. Moreover, it helps plants tolerate 
environmental stresses such as drought, salinity and diseases. In this work, we review 
pionnering and recent developments on several important biomolecules and functions 
that Trichoderma species isolated from olive rhizosphere soil exhibit to enhance plant 
growth and control phytopathogen diseases. Therefore, the use of highly competi-
tive strains in open field in order to obtain consistent and better results in agricultural 
production activities.

Keywords: Trichoderma spp., biocontrol, pesticides, biomolecules, phytohormones, 
biofertilizer
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1. Introduction

Olive is affected by a wide range of biotic constraints such as soil-borne diseases 
which can cause significant damage and economic losses. Currently, plants diseases 
are managed mainly through the use of chemical pesticides, which can generate 
negative effects, such as health problems, loss of ecological diversity, and the bioaccu-
mulation of toxic substances [1]. Nowadays, a key practice to deal with plant patho-
gens in sustainable agriculture is the biological control, which is based on managing 
natural resources and developing antagonistic activities against harmful microorgan-
isms [2] which make it an effective and eco-friendly approach against plant diseases 
[3]. Many microorganisms with antagonistic activity such as Trichoderma spp. 
offer an environment-friendly alternative to get out of chemical pesticides damages 
[4–7]. Trichoderma spp. are known as promising fungal for the management of plant 
diseases, especially against soil-borne pathogens [8]. Therefore, Trichoderma spp. are 
most investigated and employed as biopesticide [9–11]. This genus has antagonistic 
activities and can act by various mechanisms against a wide range of soil-borne phy-
topathogenic fungi including competition for nutrients and the systemic activation 
of plant defense responses [12–14]. Thus, Trichoderma spp. are used as biopesticides 
in management of plant diseases worldwide [15]. Furthermore, they act by different 
modes of action against plant pathogens, including, mycoparasitism through the 
production of the cell wall degrading enzymes such as chitinases, glucanases, and 
proteases [16, 17], production of antibiotics and volatile organic compounds (VOCs) 
[18]. Trichoderma spp. produce wide spectrum of VOCs which are part from several 
chemical groups such as monoterpenes, sesquiterpenes, alcohols, aldehydes, aromatic 
compounds, esters, furans, hydrocarbons, ketones, and compounds containing S and 
N elements [19, 20]. These volatile compounds can diffuse through pores in the soil, 
move long distance, and affect pathogen without direct contact [21], which makes it 
more efficient at microbial interactions compared to non-volatile compounds [22]. 
Hence, it could be responsible for several biological processes such as biocontrol or 
communication between microorganisms [23]. Importantly, Trichoderma spp. are 
considered as plant growth-promoting fungi (PGPF) which can colonize and prolifer-
ate within the rhizosphere environment and enhancers of plant defense mechanisms. 
They display stimulation of plant growth because of their capacity to produce plant 
growth promoters [24–26]. Trichoderma species are able to promote plant growth 
through various mechanisms such as solubilizing insoluble phosphate, production of 
siderophore and plant hormone such as indole-3-acetic acid (IAA) [27].

2. Characteristics of Trichoderma spp.

Trichoderma is a genus of a heterogeneous group of fungal species. They are consid-
ered as anamorphic Hypocreales [28]. Trichoderma species are free-living and/or endo-
phytic fungi that grow vigorously in soil and plant root ecosystems, they are known 
as ubiquitous saprophytic fungi [12, 29–31] as well as aboveground such as on rotting 
wood and other organic materials [17, 32–35]. Further, Trichoderma strains produce 
a few pigments, ranging from a greenish-yellow up to a reddish tinge and sometimes 
colorless strains might likewise be available. The conidia can have different hues, going 
from drab to various tints of green or dim or earthy colored hints [28]. Microscopic 
identification criteria of Trichoderma are as follows: septate and translucent hyphae; 
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conidiophores are short, translucent, branched often giving the pyramidal appearance, 
not verticillate, the phialides are attached at right angles to the conidiophores. Spores 
produced are conidia which are translucent, ovoid in shape, borne in small terminal 
clusters at the tips of phialides, some species can produce globose chlamydospores, 
which are intercalary or terminal. These chlamydospores are usually unicellular but 
can be multicellular for some species such as Trichoderma stromaticum [36].

3. Trichoderma spp. with biocontrol potentials against plant diseases

In recent years, Trichoderma species are considered as good alternatives for 
substituting chemical usages. They act by various mechanisms against a wide 
range of phytopathogenic fungi. Biocontrol by Trichoderma including myco-
parasitism, antibiosis as well as competition for nutrients and space with plant 
pathogens [29, 32, 37–39]. Furthermore, their interaction with root induces the 
plant’s resistance to pathogens, and destruction of the root-knot nematode at the 
different stages of its growth phases [40].

3.1 Volatile organic compounds

Volatile organic compounds (VOCs) are low-molecular-weight molecules that have 
contain fewer than 12 carbon atoms, and may be associated with other elements such 
as nitrogen, sulfur, bromine, oxygen, fluorine, and chlorine [41]. These compounds 
exhibit antimicrobial activities, promote plant development, the induction of systemic 
resistance, and considered as chemical signaling in plants [42, 43]. Most of volatile 
compounds produced by Trichoderma species exerted antifungal activity against 
plant pathogens. It has been reported that [44] were identified more than 278 volatile 
compounds from liquid cultures of Trichoderma harzianum using GC–MS; these com-
pounds are part of different chemical groups such as normal saturated hydrocarbons 
(C7–C30), cyclohexane, fatty acids, alcohols, cyclo-pentane, esters, sulfur-containing 
compounds, simple pyrane, and benzene derivatives. Similar compounds were detected 
by [45], suggesting that Trichoderma spp. strains isolated from the rhizosphere of 
healthy olive trees have antagonistic activity against plant pathogen by production of 
VOCs. Among compounds detected in this study, eicosane which has antifungal activ-
ity [46, 47]. On the other hand, several volatile compounds with antifungal activities 
were detected by [45] such as benzeneethanol, toluene, alcohols, phenols, cyclohexane. 
Palmitic acid, alkanes, octadecenoic acid, palmitic acid, and limonene. Many works 
revealed the antifungal effect of these compounds such as the finding of [48] who 
reported that Fatty acids (e.g., palmitic acid and octadecenoic acid) are known to 
possess antibacterial and antifungal activities. Furthermore, [49] report the production 
of palmitic acid by Trichoderma virens and T. harzianum. Compounds such as methoxy-
acetic acid and benzene were also detected; these compounds have been demonstrated 
to exhibit antimicrobial activities [50]. Moreover, in a previous study, [51] reported that 
the terpenoid and limonene were the main components which were observed as effec-
tive biological control compounds. Moreover, limonene is considered as a mediator of 
plant growth that leads to a change in the concentration of chlorophyll and the size of 
plants. In similar studies, alkanes with antifungal activity were also detected such as 
cyclohexane and cyclopentane, other alkanes were identified such as dodecane which 
has a role as antifungal agent [52].
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3.2 Production of antimicrobial compounds

Plants and microorganisms are in constant competition for nutrients, microorgan-
isms produce various antimicrobial compounds as a strategy to compete with other 
microorganisms for establishment in an ecological niche [53]. These compounds 
have bactericidal or bacteriostatic effect. Antimicrobial compounds produced by 
Trichoderma species can act by various mechanisms against a wide range of soil-borne 
phytopathogenic fungi including the production of antibiotics and/or hydrolytic 
enzymes, as well as competition for nutrients [12–14].

3.2.1 Lytic enzymes

The cell walls of fungi contain chitin, cellulase, and glucan. Therefore, phy-
topathogenic fungi are affected by some lytic enzymes, including 1,3-glucanases, 
lipases, cellulases, and chitinases [54]. Trichoderma species have been widely recog-
nized for the production of extracellular enzymes with mycoparasitic effect such as 
glucanases, cellulases, and chitinases. Mycelium lysis was observed in the confronta-
tion zone between the pathogen Verticillium dahliae and Trichoderma species sug-
gesting the ability of these isolates isolated from the rhizosphere of healthy olive to 
produce enzymes involved on cell wall degradation process and lysis of the mycelium 
during the mycoparasitic activity [45]. Moreover, [12] suggested that Trichoderma 
isolates are able to produce cell wall degrading enzymes such as cellulase, xylanase, 
pectinase, glucanase, lipase, amylase, arabinase, protease, and chitinases that are the 
most important lytic enzymes playing a key role in the degradation of cell walls of 
other plant pathogenic fungi (Figure 1) [12].

Figure 1. 
The different action stages of Trichoderma against Rhizoctonia solani through mycoparasitism are as follows: 
(A) appressorium-like structures, (B) Trichoderma wrapping around the hyphae of R. solani, (C) an 
enlargement of the interaction between Trichoderma and Rhizoctonia in which appressorium-like structures 
are observed. The scale bar equals 10 μm. (D) The hypha of R. solani, from which the Trichoderma hypha 
has been removed, shows the pores caused by the mycoparasite at the junction points between the two hyphae. 
R: hyphae of R. solani. T: hyphae of Trichoderma spp. [12].
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3.2.2 Antibiotics

Fungi are able to produce compounds with antibiotic properties. They have low 
molecular weight and can interfere with the development of various microorganisms 
through inhibition [28]. This inhibition action called antibiosis. It is another mecha-
nism found in Trichoderma which can restrict phytopathogens growth. There are 
more than 180 secondary metabolites of Trichoderma that have been identified into 
various classes of compounds [55]. These compounds have different effects against 
pathogens. Some secondary metabolites affect plant metabolism and growth. For 
example T. viride, T. harzianum, and Trichoderma koningii, are capable in the produc-
tion and secretion of a volatile compound, 6-pentyl-α-pyrone (6-PAP) which exhibit 
antifungal activity against several pathogenic species such as Botrytis cinerea, R. solani, 
and Fusarium oxysporum [28].

Antibiotics produced by Trichoderma species inhibit the growth of other micro-
organisms. Most Trichoderma strains produce metabolites with antibiotic properties 
that prevent colonization by antagonized microorganisms; among these metabolites, 
the production of harzianic acid, alamethicins, tricholin, peptaibols, antibiotics, 
6-PAP, massoilactone, viridin, gliovirin, glisoprenins, heptelidic acid, and others have 
been described [56].

3.2.3 Competition

Competition between fungi and pathogens is another mechanism of biocontrol. 
Trichoderma can compete for nutrients and restrict the growth of pathogens especially 
when nutrients become a limiting factor. They can easily compete the rhizosphere of 
different plants and cause changes in plant metabolism. Moreover, Trichoderma may 
colonize also space around infection sites [57]. Through chelators production such as 
siderophores which increase the absorption and concentration of certain nutrients 
(copper, iron, phosphorus, manganese, and sodium). As a result, iron will be less avail-
able for the pathogen. For this reason, competition in the soil between microorganisms 
is considered an indirect control mechanism for pathogens [58]. Studies conducted by 
[59] showed the important role of siderophores produced by Trichoderma asperellum 
in antagonism against F. oxysporum. They also play a role in stimulating plant growth 
by reducing oxidative stress. Besides, studies conducted by [59] showed the role of 
siderophores produced by T. asperellum T34 in controlling F. oxysporum, with a reduc-
tion in tomato infestation and stimulation of root plant growth.

3.2.4 Siderophores and the acquisition of iron

Siderophores are low-molecular-weight secondary metabolites produced by a 
wide range of plant and fungal species such as Trichoderma spp. [60]. They have the 
ability to capture metal ions with a high affinity for Fe (III) than Fe (II). Depending 
on the functional group that acts as the sequestrant, they can be classified into 
catecholates, hydroximates, and hydroxycarboxylates [61]. In the rhizosphere, crops 
may obtain iron through microbially produced siderophores [62]. There are more than 
500 biomolecules that are classified as siderophores [62]. Iron deficiency can lead to 
severe biological inhibition for organisms by depriving them of this element because 
it is essential in cellular processes such as DNA synthesis, respiration, and free-radical 
detoxification [63]. Siderophores produced by Trichoderma spp. demonstrate various 
functions in the rhizosphere. In addition to conferring an advantage to take iron into 
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the rhizosphere, under limiting conditions, siderophores may also inhibit the growth 
of pathogens that could potentially cause damage to the plant [64]. Trichoderma spp. 
producing siderophores in rhizospheres can restrict iron and make it less available to 
pathogens, indirectly promoting plant growth [65]. Studies conducted by [59] showed 
the role of siderophores produced by T. asperellum T34 in controlling F. oxysporum, 
reducing tomato infestation and stimulating plant root growth.

4. Biomolecules enhancing plant growth

4.1 Production of phytohormones

Phytohormones play an important role in agriculture [66]; they are synthe-
sized by many rhizosphere microorganisms including Trichoderma spp. They 
have various roles such as modification of the physiological functions of plants 
to accelerate their growth by intensive cell division in callus tissue, promotion of 
phloem development, enhance lateral root development, plant growth stimula-
tion and prevention of leaf aging by slowing down the breakdown of chlorophyll 
pigments in plants as well as improving metabolism even at low concentrations 
[67–69]. IAA and gibberellins (GAs) are among the most important phytohor-
mones that regulate the plant’s development and enhance plant growth through 
several processes [70–74].

4.2 Acquisition and nutrients solubilization

Various fungi such as Trichoderma spp. are associated to the plant roots’ rhizo-
sphere, they provide nutrients, protection against biotic and abiotic stresses, and 
stimulate plant growth [75, 76]. Trichoderma species have the ability to acquire 
nutrients in the rhizosphere through various mechanisms.

4.2.1 Phosphate solubilization

Phosphorus is important elements for plant growth. It can be found in two 
forms: organic phosphorus and inorganic phosphorus, which usually forms 
insoluble mineral compounds with calcium, aluminum, or manganese [77, 78]. 
The distribution of these forms in soils is influenced by several factors such as 
microbial activity, pH, soil type, and organic matter availability [1]. Recently, 
phosphate solubilizing microorganisms have attracted the attention of agrono-
mists; these microorganisms were used as soil inoculum to improve plant growth 
[79]. Plants and fungi including Trichoderma spp. compete for the limited avail-
able phosphorus through various processes, such as solubilization, precipitation, 
absorption, and desorption. Inorganic phosphate and organic phosphorus can be 
mineralized through enzymatic action [1]. Trichoderma species have the ability to 
solubilize insoluble phosphate into soluble phosphate [80, 81]. In previous studies; 
[82] reported that Trichoderma atroviride LBM 112 and T. stilbohypoxyli LBM 120 
revealed positive results for phosphate solubilization with formation of halo-zone 
on the solid medium containing insoluble inorganic phosphorus source. In addi-
tion, T. harzianum T11 (OL587563) isolated from rhizosphere soil of olive trees has 
several plant growth-promoting traits, such as the phosphate-solubilizing ability 
and the production of siderophores [74].
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4.2.2 Nitrification and nitrogen fixation

Nitrogen fixation processes have significant ecological importance in various 
ecosystems, including those of agricultural interest. Nitrogen plays a critical role 
in plant synthesis as it is a component of important biomolecules such as nucleic 
acids, peptides, organic acids, and fatty acids, which are necessary for the structure 
and activity of all organisms. Nitrogen-fixing by microorganisms play a key role 
on growth-promoting plant. It has been suggested that the promotion effect on 
plant growth might be mediated by providing nitrogen through biological nitrogen 
fixation and hormones [83, 84]. Production of ammonia and nitrogen-fixing abil-
ity by Trichoderma strains are reported in previous findings. Ahemad and Kibret 
[85] reported that ammonia is useful for plants as directly or indirectly. Ammonia 
production by the Trichoderma isolates may influence plant growth indirectly; 

Figure 2. 
Schematic description of the main mechanisms used by Trichoderma spp. to competitively colonize the rhizosphere 
of host plants [74].

Chemical nature Secondary metabolites Trichoderma 
species

Bio-activity 
observed

Reference

Alcohol 2-Phenylethanol T. harzianum Reduces the 
growth of 
Aspergillus flavus 
and aflatoxin 
production

[87, 88]

Anthraquinone Pachybasin T. harzianum Increases the 
number of coils 
of the biocontrol 
agent against R. 
solani

[89]

Emodin T. viride Antimicrobial and 
antineoplasic agent

[90–92]
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Chemical nature Secondary metabolites Trichoderma 
species

Bio-activity 
observed

Reference

Azaphilone T22azaphilone T. harzianum Inhibits the growth 
of R. solani, 
Pythium ultimum 
and Gaeuman 
nomyces graminis

[93]

Bisorbicillinoid Bisvertinolone T. longibrachiatum Antifungal 
properties via 
inhibition of 
β- (1,6)-glucan 
biosynthesis

[94]

Butenolide Dehydro derivative of 
harzianolide

T. harzianum Antifungal 
activity against 
Gaeumannomy ces 
graminis var. tritici

[95]

Hydrolytic 
enzymes

Cellulases T. reesei Degrades cellulase 
during root 
colonization to 
penetrate the plant 
tissue

[96]

β-1,6- Glucanases Trichoderma sp. Hydrolyses 
fungal pathogen 
cell walls of B. 
cinerea, R. solani, 
Phytophthora 
citrophthora

[17]

Chitinases Trichoderma sp. Hydrolytic 
enzymes of the 
fungal cell wall

[97, 98]

Indolic 
compound

Indole-3- acetic acid 
(IAA)

T. atroviride, T. 
virens

Controls a number 
of growth and 
development 
processes in plants

[99]

Indole-3- acetaldehyde T. atroviride, T. 
virens

Controls root 
growth in 
Arabidopsis 
thaliana

[99]

Indole-3-
carboxaldehyde

T. atroviride, T. 
virens

Induces 
adventitious
root formation in 
A. thaliana

[100]

Koninginins Koninginins A–E T. koningii
T. harzianum

Antifungal 
activity against 
F. oxysporum, 
Fusarium solani, 
and Alternaria 
panax

[101, 102]

Monoterpene β-Myrcene T. virens Regulates the 
expression of 
genes

[22, 103]
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Chemical nature Secondary metabolites Trichoderma 
species

Bio-activity 
observed

Reference

Nitrogen 
heterocyclic 
compound

Harzianic acid T. arundinaceum;
T. harzianum

Antimicrobial 
metabolite, 
siderophore and plant 
growth regulator

[104–106]

Harzianopyridone T. harzianum Antifungal activity 
against B. cinerea, R. 
solani and inhibitor 
of the protein 
phosphatase type 
2A
(PP2A)

[107]

Melanoxadin T. sp. strain 
ATF-451

Inhibits melanin 
formation in the 
larval hemolymph 
of the silkworm, 
Bombyx
mori

[108]

Peptide Trichokonin VI (Tk VI) T. longibrachiatum Inhibits primary 
root growth in A. 
thaliana

[109]

Pyrane Koninginin A T. koningii Plant growth 
regulator

[110]

Koninginin D T. koningii Alters pathogen 
fungal growth 
of R. solani, 
Phytophthora 
cinnamomi, 
Pythium 
middletonii, 
F. oxysporum 
and Bipola ris 
sorokiniana

[111]

Pyridones Hharzianopyridone T. harzianum antifungal activity 
against plant 
pathogenic fungi, 
such as P. ultimum, G.
graminis var. tritici, 
R. solani, and B. 
cinerea

[112]

Pyrones 6-Pentyl-2H- pyran—2-
one

Trichoderma 
viride
T. atroviride

Antifungal activity 
against R. solani, F.

[113]

Siderophore Fusarinine C Trichoderma sp. Fe-chelated, can be 
available to plants

[114]

Ferricrocin T. atroviridea, T. 
virensa, T. reeseia

Key metabolite in 
the competition 
for iron in the 
rhizophere

[115]

Coprogen B Trichoderma spp. Solubilizes iron 
unavailable to the 
plant

[116]
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ACC synthesized in plant tissues by ACC synthase is released from plant roots and 
taken up by neighboring micro-organisms. Then, Trichodrema may hydrolyze ACC 
(1-aminocyclopropane-1-carboxylic acid) to ammonia. Besides, [74] reported that 
production of ammonia by Trichoderma species isolated from rhizosphere soil of 

Chemical nature Secondary metabolites Trichoderma 
species

Bio-activity 
observed

Reference

Steroidal 
compound

Viridin T. koningii, T. 
virens, T. viride

Antifungal 
metabolite that 
alter the spore 
germination
of Botrytis
allii, Colletotrichum
lini and Fusarium 
caeruleum

[55]

ahttp://genomebiology.com/2011/12/4/R40

Table 1. 
Secondary metabolites secreted by Trichoderma sp. and their bio-active role.

Compound Strain Crops Application 
mode

Beneficial outcome References

Biofertilizer Trichoderma 
azevedoi

Lettuce Simple 
exposure

Increases carotenoids and 
chlorophyll with reduction in 
the white mold attack to about 
78.83%

[117]

Trichoderma 
afroharzianum

Tomato Seed 
inoculation 
or treatment

Helps in the secretion of
Phytohormones like
homeostasis, antioxidant
activity, phenylpropanoid
biosynthesis and glutathione 
metabolism

[118]

T. harzianum,
T. asperellum,
Trichoderma
hamatum,
T. atroviride

Chinese 
cabbage

Irrigation Increases soil enzyme activity, 
yield by 37%,
and increases the 
concentration of
inorganic nitrogen and 
phosphorus content of the
soil

[119]

Trichoderma 
brevicompactum,
Trichoderma
gamsii, 
T. harzianum

Tomato Seedling 
drenching

Improved growth and yield
due to the production of
IAA

[35, 120]

T. harzianum
T. asperellum

Tomato Seed 
treatment

Improves phosphorus
uptake

[121]

T. brevicompactm,
T. gamsii,
T. harzianum

Tomato Seed 
drenching

Improves phosphorus
solubilization

[120]

Table 2. 
Trichoderma sp. as bio-fertilizers and their role in promoting plant growth and yield.
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olive is sustained with the results obtained by [86] who reported that among 20 
Trichoderma spp. isolated from chili rhizosphere, 13 isolates were able to produce 
ammonia (Figure 2; Tables 1 and 2).

5. Conclusion

This report reviews the importance of Trichoderma spp. as a biocontrol agent 
suppressing the growth of the fungal pathogens and as biofertilizer enhancing plant 
growth. Therefore, the increase use of Trichoderma spp.as commercial mycofungi-
cides and biofertilizers offers promising prospects for sustainable and environmen-
tally friendly agriculture. These eco-friendly alternatives can substitute the excessive 
use of chemical products that can cause problems in the long term. The biotechno-
logical advances from these microorganisms such as fungi are immense and yet to 
be explored. Thus, more studies need to be explored to elucidate the development of 
sustainable biotechnological applications of the Trichoderma species on soil–plant 
system.
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Chapter 19

Use of Medicinal Plants: 
Interindividual Variability of 
Their Effects from a Genetic and 
Anthropological Perspective
Alda Pereira da Silva Oliveira, Maria do Céu Costa 
and Manuel Pires Bicho

Abstract

The use of plants for nutritional and therapeutic purposes has been constant over 
the centuries. The variability of enzymatic activity between individuals and popula-
tions in an attempt to adapt has been a conditioning mechanism, reflected in the 
incidence and prevalence of certain diseases, possible adverse effects of plant-derived 
nutrients and their interaction with medications, in addition to interference in natural 
selection and consequent geographical distribution of specific genetic polymor-
phisms in harmony with indigenous medicinal plants. The metabolizer type may 
influence the anticancer protective effect of certain plant-derived constituents, with 
interindividual variability to be considered. This chapter will deepen and develop the 
role of using plants in different geographic areas and populations over the centuries 
in producing the genetic variability of the metabolism of plant constituents in the 
context of environmental adaptation and ecogenetics. Possible therapeutic/adverse 
effects due to this variability will be discussed.

Keywords: medicinal plants, nutrigenetics, pharmacogenetics, ecogenetics, genetic 
variability, anthropology

1. Introduction

Since time immemorial, medicinal plants have been a fundamental aspect of 
human health and continue to play a vitally important role in different cultures 
worldwide. Primitive medicine before the Christian era was based from a therapeutic 
point of view, on a powerful psychological component supported by magical beliefs 
and rites combined with medicinal plants.

Today, however, it is known that medicinal plants’ effects can vary significantly 
between individuals and interfere with medicinal substances. This variability involves 
aspects ranging from inherent to the medicinal plant to complex genetic and anthro-
pological factors.
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The interindividual variability of the effects of medicinal plants arises from the 
complex interaction between the plant phenotype and genetic and anthropological 
factors specific to each individual and community. It is essential to recognize and 
respect this variability in the use of medicinal plants for health purposes.

Nutrigenetics and pharmacogenomics make it possible to identify genetic markers 
associated with responses to specific food or medicinal plants. The patient’s genetic 
background, cultural environment, and lifestyle must be considered when recom-
mending medicinal plants or herbal medicines.

Furthermore, the importance of collaboration between therapists from alternative 
or traditional approaches and modern healthcare providers stands out for a holistic 
and personalized approach to recommending herbal medicines, within integrative 
medicine programs.

It is currently recognized as imperative to understand the modes of interaction 
between different medicines from conventional and traditional healthcare systems 
when used in treatment combinations. Both synthetic and natural medicinal chemical 
entities are metabolized by the same enzyme systems in the human body, resulting in 
pharmacokinetic and pharmacodynamic interactions, the properties of which are still 
largely unknown/unquantified.

This chapter will address these three aspects, plant, individual, and anthropological, 
which lead to interindividual variability and its effects, highlighting the growing impor-
tance of medicine that respects variability and, increasingly, is centered on the person.

2. Medicinal plant variability

The variability of the response to therapeutically beneficial plants begins with its 
natural variability. The plant has variability depending on its phenotype, the seed 
quality, the climatic conditions, and the terrain where it grows.

Chemical variation in a plant sample can influence the effectiveness of medicines 
formulated against a specific disease. Therefore, selecting raw materials based on 
their chemical composition is a prerequisite [1].

Preparations based on medicinal plants still require detailed scientific analyti-
cal studies for quantification of markers and active ingredients or just for chemical 
standardization purposes, so that they can guarantee the reproducibility of their 
effects in in vitro biological tests and in pre-clinical animal models. For the clinical 
evaluation stage, quality control is a completely indispensable practice in accordance 
with international standards.

The already validated quality control methods for some medicinal plants 
are present in monographs found in all European Pharmacopoeia: United 
States Pharmacopoeia, Chinese Pharmacopoeia, WHO Monographs, Japanese 
Pharmacopoeia, Brazilian Pharmacopoeia—they are universal reference works, 
updated in all countries on different continents.

Geographical origin and climatic conditions are the notable factors that affect the 
metabolome of a plant. Plants are adapted to different geographic, climatic, and soil 
conditions through genotypic and phenotypic changes. Genotypic change also influ-
ences plants’ production and accumulation of secondary metabolites [2, 3].

Although the specialized metabolic profile is unique to individuals within a species 
or a closely related taxonomic group, it can be altered if its biosynthetic pathways are 
influenced by environmental conditions such as climate, soil, pathogen infection, 
and pest infestation. Therefore, regional variation may be due to different mixtures 
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or proportions of active compounds, which links the geography and climate of the 
medicinal plant habitat.

Genetic diversity can help evaluate the evolution and conservation of varieties 
[4]. Genetic diversity is generally estimated through DNA sequences (polymorphisms 
between varieties) and cytological and morphological markers. However, morpho-
logical characteristics are often influenced by the environment. Therefore, molecular 
markers are relatively more stable and popular than morphological markers [5]. 
Inbreeding and evolution events can alter allele frequency and reduce genetic diver-
sity [6]. Therefore, it is vital to accurately estimate the correlation between different 
germplasm resources to ensure high-efficiency utilization and management and to 
maintain adequate genetic variability for breeding diverse plant varieties [7].

Genetic diversity and population structure analysis have examined various 
plant species. An analysis of 1151 ramie germplasms using SSR and phenotypic 
markers reveals that the genetic diversity of wild germplasms is greater than that of 
domesticated germplasms. This finding of diversity and subpopulations [8] has been 
observed in several plants such as cannabis [9], sunflower from Iran [10], beans from 
Brazil [11], allowing technological advances. This wealth of variability is substantial 
and needs to be preserved by this observation of genetic diversity and the population 
structure of plants, whether they are sources of medicines, nutrition, or fiber.

2.1 The case for turmeric (Curcuma longa L.)

Curcuma longa L., rhizoma (turmeric root; Figure 1) with long-standing use, was 
approved in Europe as a traditional herbal medicinal product for the relief of diges-
tive disturbances, such as feelings of fullness, slow digestion, and flatulence [12]. 
However, there are also studies showing a potential role as an immune modulator and 
anti-inflammatory [13–15].

The characteristic compounds are curcuminoids, of which curcumin makes up 
approximately 90% of the curcuminoid content in turmeric [16]. Chemically, cur-
cumin is a diferuloylmethane, i.e., a beta-diketone derived from methane in which 
two of the hydrogens are substituted by feruloyl groups (Figure 2). These phenolic 
groups in the structure of curcumin explain the ability of curcumin to eliminate 
oxygen-derived free radicals [17]. However, as generally observed in medicinal plants’ 
bioactive markers, the curcumin content of the Curcuma longa rhizome is very low, as 
it varies from 0.6 to 5% of the dry mass [18].

Recently, Chen et al. [19] studied the genetic and chemical variability among five 
Curcuma species, and the results showed that the similarity of the chemical composi-
tion of medicinal plants was the primary evidence for the selection of the original 
plants of Curcuma medicinal materials [19]. In this study, the ITS2 and trnK intron 
gene sequences were used to analyze the genetic distance between different Curcuma 
species—chemical composition by HPLC. The authors found that the correlation 
between genetic distance based on finite genetic sequence and chemical variability 
showed a relatively low level. The pharmacodynamic potential of new species can 
be predicted by analyzing the genetic distance between them of the same genus and 
known medicinal plants.

According to this research, genetic distance data could provide some reference 
clues for finding new medicinal plant resources.

The huge variety of secondary metabolites produced by plants used to treat vari-
ous diseases and illnesses are often difficult to obtain in large quantities, limiting their 
industrial use.
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Figure 1. 
Curcuma plant (hand-drawn illustration: In Franz Eugen Köhler, Köhler’s Medizinal-Pflanzen (1887)).

Figure 2. 
Chemical structure of curcumin, (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione.
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Cytochrome P450 enzymes (CYPs) are fundamental catalysts in the biosynthesis 
and metabolism of highly valued active metabolites. The technological development 
of high-throughput sequencing and high-resolution mass spectrometry has allowed 
new biosynthetic pathways and identified associated CYPs.

Current challenges and possible strategies to overcome limitations associated with 
CYP engineering to improve the biosynthesis of target secondary metabolites were 
highlighted [20].

2.2 Variability, scientific research, and use: example of cannabis

Cannabis contains several secondary metabolites belonging to different chemi-
cal classes including cannabinoids, terpenoids, flavonoids, and steroids among 545 
identified compounds [21–28].

The term “variety” is the adaptation of a species resulting from changes in its 
habitat due to accidental factors such as climate change, soil changes, diseases, insect 
attacks, nematodes, and other similar influences [29]. The term “cultivar” is a combi-
nation of “cultivated variety,” abbreviated to “cultivar” [29].

Unlike varieties, cultivars are not products of natural evolutionary processes. 
Instead, they are bred through deliberate breeding or agricultural techniques for 
improved, uniform characteristics [30]. This distinction is crucial as it highlights the 
human intervention in developing specific plant traits and characteristics.

Cannabis is typically classified into three species: Cannabis sativa, Cannabis indica, 
and Cannabis ruderalis (Figure 3). These species display genetic differences in growth 
characteristics, cannabinoid profiles, and terpene compositions. Thus, patients, 
growers, and dispensaries differentiate the three species. However, poly hybrids 
between these species have been developed worldwide with varying percentage 
contributions from each species and are currently commonly purchased as “Cannabis 
sativa”. Each of the three species has a wide range of cultivars and varieties, each with 
its unique genetic makeup. These genetic differences result in variations in plant 
morphology, cannabinoid content (e.g., THC and CBD levels), and terpene profiles, 
leading to different effects and uses.

For medical applications, researchers largely adopt a chemotaxonomic perspec-
tive that describes three chemical phenotypes or chemotypes based on the content 

Figure 3. 
Cannabis sativa, Cannabis indica, and Cannabis ruderalis have different heights, shapes, leaf structures, 
content of psychoactive molecules, and geographic origins (source: [31]).
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of two main cannabinoids (Figure 4): psychoactive tetrahydrocannabinol (THC) 
and non-psychoactive cannabidiol (CBD; [32]). THC-dominant strains have a THC/
CBD ratio > 1, intermediate strains have THC/CBD ≈ 1, and CBD-dominant strains 
have THC/CBD < 1. Although most clinical research studies focus on THC and CBD, 
increasing evidence shows that whole plant extract has additional benefits compared 
to individual cannabinoids.

As early as 2020, Reimann-Philipp et al. highlighted that medical cannabis patients 
receive clinical benefits from the diverse plant’s secondary metabolites, which contain 
a variety of other cannabinoids besides THC and CBD, several different combinations 
of cannabinoids and terpenoids that can be used to classify chemovars [33].

In state-regulated medical cannabis programs, no conventional naming system 
correlates breeder-reported names with their active ingredient profiles, and these 
“strain” names are invalid (as well as appropriate for microbial agents) as chemical 
differences are referred to as chemovars. The taxonomy of cannabis, a versatile plant 
with a long history of human use, has been the subject of constant debate and review, 
especially with the advancement of molecular studies. New taxonomic developments 
are expected.

Cannabis sativa and Cannabis indica were recognized as distinct species within the 
Cannabis genus, with different morphological and chemical characteristics, and have 
different cannabinoid profiles and terpene compositions [34].

Classification of cannabis is a fundamental requirement for future research and 
medical applications. This approach is facilitated by obtaining an overview of the 
class and secondary metabolites with potentially therapeutic properties associated 
with each part of the plant.

Currently, researchers have attempted to discriminate and identify chemical dif-
ferences between the categories of “Sativa” (narrow leaflet drug, NLD) and “Indica” 
(broad leaflet drug, WLD; [35]). The results of the chemotaxonomic separation of 

Figure 4. 
THC and CBD are the more abundant markers of cannabis from a chemotaxonomic perspective.
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“Sativa” and “Indica” were mixed, and the concentrations of THC and CBD seemed to 
have no differentiating value. However, specific terpenoids were more prominent in 
some varieties than others [25, 35].

An analysis of 81 marijuana samples and 43 hemp samples using single nucleotide 
polymorphisms (SNPs) revealed that marijuana and hemp were significantly differ-
ent at the genome level, and that hemp was genetically more similar to the Cannabis 
indica type than to the Cannabis sativa [36].

Cannabis breeding has been actively pursued to develop varieties with specific 
characteristics, such as high cannabinoid content, improved terpene profiles, and 
resistance to pests and diseases [9].

These are exciting times for medical research into cannabis and its dozens of 
cannabinoids. After almost four millennia of its documented medical use in treating 
convulsive, spastic disorders and numerous severe syndromes, we are very close to 
obtaining conclusive proof of its effectiveness. We can foresee the era of evidence-
based prescription of cannabis-based medicines in serious pathologies.

These examples show how plants are a source of variability, highlighting the 
importance of their control, from their production to handling of food or phytomedi-
cine, to guarantee safety and quality in their use.

3. Genetic variability of the person

Talking about interindividual variability is a huge challenge, as it is a very vast 
topic, mainly because we are all different people from each other, and around 8 billion 
humans inhabit the planet.

The human genome is highly diverse, and genetic polymorphisms can influence 
how individuals metabolize and respond to medicinal plants.

The action of the plant on people who ingest it depends on variables ranging from 
ingestion to excretion and, above all, the metabolizer type.

The enzymes involved in the metabolism of medicinal plants and medicines, such 
as the enzymes that together constitute the so-called Cytochrome P450, can vary in 
terms of activity due to genetic differences, leading to variations in the way in which 
medicinal compounds are metabolized and resulting in its efficacy and toxicity.

In terms of pharmacogenomics, it is known that medicinal plants are metabolized 
by specific enzymes that metabolize drugs. This fact has several implications for its 
therapeutic efficacy. First, these enzymes are encoded by polymorphic genes that 
can affect how these compounds are metabolized. Variation in these respective genes 
results in variant enzymes exhibiting altered or abolished activity [37, 38].

Thus, in a population with individuals carrying a myriad of polymorphic drug-
metabolizer genes, there is enormous variability in how individuals respond to herbal 
medicines. It is, therefore, necessary to consider the pharmacogenetic effects of these 
enzymes when medicinal plants and products derived from them are used as thera-
peutic means. In addition to being metabolized, herbal medicines can also affect the 
expression of some of this extensive group of enzymes through inhibition or induc-
tion [39, 40].

Notably, we can focus our attention on the detoxification systems of the human 
body, addressing Phase 0, I, II, and III systems, their variability, and their importance 
in the metabolization of herbal medicines and, consequently, their effectiveness and 
toxicity as well as possible interactions with other medicinal substances, which are 
processed by the same enzymatic protein systems.
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Phase 0 system consists of membrane receptors (ex., OATs, OATPs) that function 
as small entry openings for substances to be metabolized, that is, to become active 
or, on the contrary, to make them water-soluble so that they can be excreted and 
eliminated [41].

Phase I system consists of a set of enzymatic proteins called Cytochromes (CYPs), 
known, as a whole, as CYP 450 that involves an enzyme superfamily that, to date, 
has 18 different families and 44 subfamilies of enzymes [42]. Approximately 50–80 
genes support these families, which encode all the necessary enzyme structures that 
makeup Citrochrome P450. Cytochrome P450 enzymes are called “CYP,” a term that 
means proteins linked to heme, a prosthetic group, formed by around 500 amino 
acids [42] and composed of 57 isoenzymes, grouped into families and subfamilies. 
The identification of CYPs is presented with the prefix “CYP,” followed by a number 
that represents the family, a letter that indicates the subfamily, and, finally, a number 
that indicates the isoform: CYP 1 (family) A (subfamily) 2 (isoform).

These hemic proteins contain the chemical element iron in their constitution, 
linked to a heme group. In addition to the animal kingdom, they exist in bacteria, 
fungi, and plants [42].

The name was adopted because this structure has an optical absorption capacity of 
around 450 nanometers when complexed with carbon monoxide [43]. This characteris-
tic is due to the ferrous content of the constituent hemoproteins. CYT P450 proteins are 
widely disseminated in body tissues, with high concentrations in tissues such as the liver 
and small intestine [42]. They are anchored explicitly beyond the endoplasmic reticulum 
and in mitochondria membranes, predominantly in liver and bowel cells [42].

In addition to interacting with membranes, CYT P450 proteins interact with each 
other and other proteins, such as NADPH-cytochrome P450 reductase and cyto-
chrome b5, which may contribute to controlling the detoxification process [44].

Cytochrome P450 enzymes are involved in around 95% of the redox reactions 
[45, 46] of the chemicals they metabolize, performing mainly in Phase I metabolism, 
essential functions. In this phase, the functions of detoxification/deactivation of 
xenobiotics (any substance foreign to the body, namely drugs, toxicants) predomi-
nate, with the most prominent CYP enzymes for these functions being those belong-
ing to families 1–3 [42], being responsible by the metabolism of around 80% of 
medications, and contributing approximately 50% of the work of CYPs [47].

CYPs are responsible for several reactions, with monooxygenation [43] being 
the predominant chemical reaction, which is why they are also called enzymes with 
“monooxygenase” activity [48]. CYPs are directly involved in metabolic pathways 
that process not only endogenous substances (steroids, fatty acids, vitamins, etc.) but 
also exogenous substances (drug medicines, environmental pollutants, and carcino-
gens), making the molecules of these compounds more soluble in water and facilitat-
ing its excretion on the one hand, or promoting its activation, as is the case with some 
drugs or carcinogenic substances [47].

At a cellular level and as an example with a liver cell where much of the metabo-
lism takes place, variability begins in the protein transporters responsible for the 
entry of the substance into the cell (Phase 0) then, in the variability of the enzymes 
responsible for the chemical modification of the ingredient to be detoxified (Phase 
I), predominantly in the endoplasmic reticulum, then in the enzymes involved in the 
conjugation process (Phase II) in the cytosol and, finally, the variability in the mem-
brane transporters ABC, ATP-binding cassette transport (Phase III), responsible for 
forwarding the products already metabolically transformed, for the body’s excretory 
pathways, mainly urinary and intestinal.
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Considering Phase 0, it is essential to highlight that uptake transporters deemed 
specific to the liver, such as OATP1B1 and 1B3, as well as OATP2B1 and 1A2, 
were also found to be expressed in the intestine [49]. Grapefruit juice can inhibit 
the OATP1A2 transporter and thus compete with the bioavailability of certain 
medications [49].

Regarding CYPs (Phase I), there are different drug response phenotypes, which 
include poor metabolizers, extensive metabolizers, and ultra-rapid metabolizers, 
which influence the physiological effects of medications [50]. Particularizing and 
considering a Phase I enzymatic protein, CYP 2D6, for example, some people are 
ultra-fast, extensive, intermediate, and slow metabolizers depending on the active 
and inactive genes they possess, resulting from the phenotype of the person in ques-
tion. Genetic variations and individual differences can affect the excretion rate of 
metabolites and influence the response to medications and other substances, includ-
ing medicinal plants, and determine their possible side effects.

Regarding Phase II, there is also variability in interindividual enzymatic activ-
ity, which can condition changes in the metabolism of endogenous and exogenous 
substances with consequent repercussions on individual health.

For example, catechol O-methyltransferase (COMT) is an essential enzyme 
in Phase II of metabolism, deactivating endogenous or exogenous catechols, such 
as catecholamines and catechol estrogens, as well as in the metabolism of some 
medications. The catechol O-methyltransferase transfers a methyl group from SAM 
(S-adenosylmethionine) to a catechol-containing substrate molecule. A Val158Met 
genetic variant in the COMT gene leads to a several-fold decrease in enzymatic activ-
ity, accumulating potentially carcinogenic endogenous catechol estrogens and their 
reactive intermediates, thus increasing the risk of carcinogenesis [51]. The variation 
in COMT activity can also explain the effect of certain medicinal plants, such as green 
tea (Figure 5).

3.1 The case for green tea (Camellia sinensis (L.) Kuntze)

Although from herbal medicine perspective, Camellia sinensis (L.) Kuntze, non 
fermentatum folium, has been recognized in Europe as a traditional herbal medicinal 
product for the relief of fatigue and the sensation of weakness [52]; some studies have 
highlighted the antineoplastic potential of green tea polyphenols, quercetin, fisetin, 
or luteolin. These are common phytochemicals that can be markedly altered (either 
decreased or increased) by COMT-mediated O-methylation of these exogenous 

Figure 5. 
Green tea (Camellia sinensis (L.) Kuntze). Source: Jardim Botânico UTAD, Flora Digital de Portugal.
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substrates; flavonoids can also behave as potent inhibitor compounds of the COMT 
enzyme, delaying the detoxification of endogenous catechol estrogens, potentially 
carcinogenic [51].

The human COMT gene contains a functional polymorphism, with a G → A 
substitution in nucleotide 1947 of exon 4 (COMTG1947A) altering the amino acid 
codon at position 108 (Val → Met) in the COMT protein, which is associated with a 
variation in the activity of COMT enzyme. Individuals with the G/G genotype have 
three to four times greater COMT enzyme activity than those with the A/A genotype, 
while heterozygotes have intermediate enzyme activity [53].

Green tea, a traditional drink in Asian countries such as Japan and China, is also 
rich in polyphenols such as catechins and gallocatechins, including epigallocat-
echin-3 gallate (EGCG), which have also been shown to exhibit antiproliferative and 
antiangiogenic effects in breast cancer cell lines. However, this protective effect of 
green tea is observed mainly among women with the genotype of low catechol-O-
methyltransferase COMT activity. The inverse association between tea intake and 
breast cancer risk was observed only among individuals with at least one low-activity 
COMT allele [54].

Similarly, it was found that green tea consumers with the highest activity of the 
COMT genotype, in which polyphenols are effectively excluded, will obtain less 
protective benefits against the development of lung cancer [55].

Another Phase II metabolism enzyme is arylamine N-acetyltransferase 2 (NAT2), 
which is involved in physiological responses to xenobiotics, including medicines and 
exogenous chemicals in the diet and the environment.

The extensive polymorphism in NAT2 gives rise to wide interindividual variation 
in acetylation capacity, influencing individual susceptibility to various drug-induced 
adverse reactions [56] and even the risk of malignant neoplasms [57].

As mentioned, interindividual variability also occurs in Phase III transport 
proteins. There are several families of ABC genes and multiple encoded proteins, each 
with different specificities.

Genetic variation influences the effects of plant-medicine interactions, demon-
strating pharmacogenomic studies that this influence may involve pharmacokinetic 
and pharmacodynamic pathways, with this knowledge being essential in contributing 
to the safe use of herbal medicines in clinical practice [58].

Thus, the dosage of herbal-based supplements can be adjusted to improve efficacy 
and reduce toxicity according to pharmacogenetic knowledge whose development 
leads to the discovery and identification of the targets/mechanisms of pharmacologi-
cal effects and therapeutic responses of natural products effectively and efficiently at 
the complete genome level, allowing the rational development of herbal medicine as 
part of an accurate, practical medicine [59].

Plants and vegetable foods such as turmeric, thistle, apple, and green tea, in 
addition to grapefruit and broccoli, can interfere with the metabolization processes 
by activating or inhibiting the enzymes of the different phases, with interindividual 
variability.

Many plants are CYP activators, such as cruciferous vegetables (broccoli, brus-
sels sprouts, cabbage, cauliflower, radish, and watercress) and St. John wort, which 
activate CYP 1A2; others are inhibitors, such as grapefruit, coffee (caffeine), and 
echinacea with CYP 1A2 inhibitor properties. Equivalently, grapefruit inhibits and St. 
John’s wort activates the CYP 3A4.

Echinacea (Figure 6) root (Echinacea purpurea root), popularly used for condi-
tions such as common cold, coughs, bronchitis, influenza, and inflammation of the 
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mouth and pharynx, reduces the oral clearance of CYP1A2 substrates and selectively 
modulates the catalytic activity of CYP3A in hepatic and intestinal sites. Care must be 
taken when co-administered with medications dependent on CYP3A or CYP1A2 for 
their elimination [60].

The intestine’s high level of expression of CYP3A4 may condition CYP3A4 suscep-
tibility to dietary modulation. Numerous food-drug interactions involving CYP1A2, 
CYP2E1, glucuronosyltransferases, and glutathione S-transferases have been docu-
mented, in addition to interactions involving transporters such as P-glycoprotein 
(ABC-transporter of Phase III) and organic anion transporting polypeptide [61].

The binding affinity and response to active compounds in medicinal plants are 
related to the variability of receptors and their expression; for example, variations 
in opioid receptors can influence an individual’s response to analgesic plants, such as 
opium poppy.

The variability of response to medicinal plants is more complex regarding plants 
with psychotropic action. For example, considering cannabis, several factors seem 
to contribute to this variability, from purely genetic characteristics of the individual 
but also the cannabinoid profile, individual tolerance, route of administration, dose, 
mental state and physical environment of an individual, previous experience of 
consumption, one’s health and metabolism, and age; all of them in addition to the 
purity and quality of the herbal material such as contaminants or impurities that can 
introduce unexpected or side effects. Its properties are mainly related to its chemical 
composition, which depends on the manufacturing method, hemp variety, and seeds 
used [22].

Another aspect of great importance in interindividual variability in metabolism 
concerns the intestinal microbiota. Gut microbial communities represent a source of 
human genetic and metabolic diversity. Gut microbiomes differ between people when 
viewed from the perspective of microbial lineage components, encoded metabolic 
functions, postnatal developmental stage, and environmental exposures [62].

Figure 6. 
Echinacea purpurea. Source: Jardim Botânico UTAD, Flora Digital de Portugal.
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Finally, it is also worth noting that, within the individual, variability also involves 
temporality. For example, human glucuronidation (Phase II metabolism) begins after 
birth and is scarce during fetal life. This fact may justify indirect hyperbilirubinemia 
in children in the neonatal period.

4. Anthropological variability

Anthropological factors such as diet, lifestyle, and exposure to environmental 
toxins can influence an individual’s response to medicinal plants. For example, 
people from different regions may have different tolerances or sensitivities to specific 
herbal remedies based on their environmental exposures. Ethnic differences were 
found in the enzymatic activities of CYP3A4 enzymes [61] and in the pharmacody-
namic response to cyclosporine between healthy African American men and White 
men [63].

However, it was noted that these differences could have resulted from non-genetic 
factors, such as diet or drug therapy, with the type of menu being another factor 
that adds to the variability of response to medicinal plants. There were found ethnic 
differences concerning CYP3A4 activity; however, these differences could be partially 
explained by different dietary patterns that can modulate this enzyme with a high 
level of expression in the intestine and specific for a wide range of substrates [61].

Ethnic aspects are to be considered. For example, Moringa pteridosperms and 
Moringa oleifera are widely used in sub-Saharan Africa, and polymorphisms in drug-
metabolizing enzymes have been found to affect activities, with differences between 
racial and ethnic populations. An example of this is CYP2D6, where certain variants 
are found only in specific people; for instance, CYP2D6*17 among Black Africans, 
CYP2D6*10 among Asians, and CYP2D6*2 N reported in most populations but at 
different frequencies [64].

Ethnological variability is also associated with Phase II enzymes, for example, in 
the case of COMT and NAT2.

Regarding COMT, the frequency of the homozygous A/A genotype in the Fujian 
Han Chinese population was similar to that of the Kenyan, Japanese, Korean, and 
Taiwanese Han populations but much lower than in Caucasians and southwest Asians 
demonstrating differences and variability between groups—ethnicities in COMT 
enzyme activity [53].

The diverse functioning of COMT and its complex regulation by several genetic 
and environmental factors, including plant-based food ingredients, emphasizes the 
need to stratify further association studies between COMT genotype and cancer risk 
from product consumption containing catecho l [51].

The variation in the protective activity of green tea concerning cancer may have 
to do with variants in COMT activity between populations and the different distribu-
tions of phenotypic frequencies, being the result of the selection of phenotypes over 
the years, according to dietary patterns, which may have an impact and implications 
for the prevalence of the disease.

Regarding arylamine N-acetyltransferase 2 or NAT2, many questions remain about 
the evolutionary mechanisms that led to the high prevalence of NAT2 slow acetylators 
between humans. Recent research studies demonstrate some evidence about NAT2 
gene variation, suggesting that slow-acting NAT2 variants may have become targets 
of a natural positive selection due to changing livelihoods and lifestyles in human 
populations over the past 10,000 years [65].
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A higher prevalence of the slow acetylation phenotype was observed in popula-
tions that practice agriculture (45.4%) and herding (48.2%) as compared to people 
that rely primarily on hunting and gathering (22.4%) (P = 0.0007). This fact began 
to be seen in the frequency of the slow variant 590A, which occurred three times 
more frequently in food producers and farmers (25%) compared to hunter-gatherers 
(8%) [65].

These findings are consistent with the hypothesis that the Neolithic transition 
to subsistence economies based on agricultural and pastoral resources modified the 
selective regime that affects NAT2 in the acetylation pathway, with evidence of a 
correlation between the prevalence of slow acetylators in humans may have been a 
subsistence strategy adopted by past populations over time in the last 10,000 years; it 
appears that a slower rate of acetylation may represent a selective advantage in people 
that change from foraging and hunting-based food to pastoralism/agriculture in the 
Neolithic period [65].

Understanding how NAT2 genetic diversity is structured in humans is of anthro-
pological importance and medical relevance for pharmacogenetics and epidemio-
logical applications. Genetic heterogeneity is observed between populations from 
different parts of Asia and between people from Africa and America, and differences 
in allele frequencies between populations and individuals of different ethnic or 
geographic origins must be considered, as they may respond differently to acetylated 
drugs [65].

Impressive patterns of geographic differentiation were described for the slow 
acetylation variants of the NAT2 gene, suggesting that this genetic locus has been 
subject to the action of natural selection over time. The correlation of the allele 
associated with the enzyme’s slow activity may have conferred a selective advantage in 
populations switching from food gathering to agricultural activities in the Neolithic 
period in an adaptive evolution of the NAT2 gene. The rs1799930 A allele has been 
associated with slower acetylation capacity in vivo and is much more frequent in 
farmers and pastoralists compared to hunter-gatherers, highlighting the functional 
importance of this polymorphism in human adaptation to environmental fluctuations 
in xenobiotics [66].

Another example related to gut microbiome variability is that Native Hawaiian and 
Pacific Islander (NHPI) populations demonstrate a disproportionately higher rate of 
diabetes mellitus type 2, a chronic disease that arises from metabolic dysfunction and 
is often associated with obesity and inflammation. Reversible lifestyle habits, such as 
diet, may protect against or contribute to the increased prevalence of health inequi-
ties in these populations through the gut microbiome-immunogenetic axis, i.e., the 
connection between diet, epigenetics, microbiome composition, immune function, 
and response to infections [67].

Different dietary patterns and eating habits have contributed to variability 
from an anthropological perspective and can condition different disease preva-
lences between other communities. A diet rich in fiber, found in whole grains and 
some fruits and vegetables, facilitates a favorable composition of the intestinal 
microbiome and increases the production of butyrate, acetate, and propionate, 
which are short-chain fatty acids that act in metabolic and immunological path-
ways, protecting against the metabolic syndrome and chronic inflammatory states 
associated with dysbiosis. Native Hawaiians and Pacific Islanders who once thrived 
on healthy traditional diets may be more sensitive than non-Indigenous peoples to 
the metabolic disruption of Westernized diets that affect the immunogenetic-gut 
microbiome axis [67].



Medicinal Plants – Chemical, Biochemical, and Pharmacological Approaches

396

Another example was pronounced differences in bacterial species assemblages 
and functional gene repertoires observed between individuals residing in the United 
States compared to other countries. These distinctive characteristics are evident in 
early childhood as well as adulthood. Furthermore, the similarity of fecal microbi-
omes between member families extends across cultures. These findings highlight the 
need to consider the microbiome when evaluating human development, nutritional 
deficiencies, physiological variations, and the impact of westernization, with sustain-
able agriculture policies and better nutrition having to be adapted to different cultural 
conditions but also to different intestinal microbiomes [62].

Anthropological factors can also influence medicinal plants’ use in other health 
practices. For example, some individuals may combine herbal remedies with modern 
medicine, while others may rely solely on traditional herbal treatments. Among 
patients using conventional and traditional medicine systems, issues to be addressed 
include interactions between drug-drug, herb-drug, and herb-herb, and genetic 
polymorphisms in genes coding for drug-metabolizing enzymes [68].

4.1 Plant/diet-drug interactions

P450 is a cytochrome with an essential role in metabolism, being susceptible to 
induction or inhibition caused by substances found in plants [47, 69–72] with conse-
quent repercussions on the expected effects of drugs.

Patients should be trained to avoid certain plant-drug combinations that are clini-
cally relevant [73].

Meta-analyses demonstrated a significant effect on CYP1A2 and glutathione 
S-transferase-alpha (GST-α), with Cruciferae consumption increasing the activi-
ties of these enzymes by 20–40% and 15–35% respectively, suggesting that patients 
undergoing pharmacotherapy with CYP1A2 or GST-α substrates may have altered 
drug exposure profiles if they concomitantly consume large quantities of cruciferous 
vegetables [74].

The interactions of grapefruit juice with cyclosporine and felodipine, St. John’s 
wort with cyclosporine and indinavir, and red wine with cyclosporine have the 
potential to require dosage adjustment to maintain drug concentrations within their 
therapeutic windows [61].

There is still some controversy regarding the clinical significance of potential 
interactions between diet and medications. For example, regarding St. John’s wort 
(Hypericum perforatum), some results suggest that it is unlikely to inhibit the activity 
of CYP 2D6 or CYP 3A4 when taken at doses recommended for depression [75].

Food-drug interactions involving Phase I CYP1A2, CYP2E1, and Phase II glucuro-
nosyltransferases and glutathione S-transferases have also been reported. However, 
most of these interactions are modest in magnitude and clinically relevant only 
for drugs with a narrow therapeutic range. Recently, interactions involving drug 
transporters, including P-glycoprotein and organic anion-transporting polypeptide, 
have also been identified. More research is needed to determine the scope, clinical 
relevance, and magnitude of the effects of food on drug metabolism and transport.

Another aspect linked to variability in the use of medicinal plants is interference 
in pharmacodynamics, which is also a result of individual phenotypic variability. 
For example, cranberry (Vaccinium macrocarpon), commonly used as an aid in the 
treatment and prevention of urinary infections [76], can interfere with warfarin 
without altering the binding to plasma proteins of S- or R-warfarin. The interaction 
depends on the VKORC1 1173 T > C polymorphism, an epoxide reductase essential 
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for activating vitamin K, a cofactor of clotting factors. It was found that individuals 
with CT and TT genotypes of VKORC1 present a reduction in warfarin activity when 
administered with cranberry extract by 22% and 11%, respectively [77]. This case is 
an example of genetic polymorphisms in the pharmacodynamic pathway that may 
also be involved in plant-drug interactions.

Numerous interactions between plants and medicines have been described and 
explained by the pharmacodynamic and metabolization process [78–83] where CYP 
play a role (Tables 1–3).

Pharmacodynamics (PD) and pharmacokinetics (PK) are hard to predict in all 
patients, and best practice involves the use of standard dosing based on weight and 
therapeutic drug monitoring (TDM).

Pharmacodynamics (PD) and pharmacokinetics (PK) are hard to predict in all 
patients, and best practice involves the use of standard dosing based on weight and 
therapeutic drug monitoring (TDM). Pharmacogenetics (PG) is the use of genetic 
screening to predict metabolic responses to different drugs and enables more accurate 
predictions of PD and PK to be made. The biggest challenge in reducing metabolic 

Pharmacodynamic and/or 
pharmacokinetic changes

Pharmacokinetic 
mechanism

Examples of 
influenced drugs

Probable outcome

Increased concentration of 
ARV*

Inhibition of CYP3A4 
(intestinal)

Indinavir Increased ADR risk**

Inhibition of CYP2D6 Ritonavir

Cobicistat

Concentration reduction Alteration of GPP Celiprolol Therapeutic failure

Concentration reduction Inhibition of CYP1A2 Antipsychotics and 
antidepressants

Therapeutic failure

Increased concentration Unknown Sulfasalazine Increased ADR risk

Synergistic effect Unknown Warfarin Increased 
hemorrhagic risk

Increased concentration Unknown Palbociclib Increased ADR risk

Capecitabine

Enzalutamide

Concentration reduction Talinolol Therapeutic failure

Increased concentration Inhibition of CYPA4/5 Tacrolimus Increased ADR risk

Concentration reduction Inhibition of GPP Azatioprin, 
ciclosporin

Hepatotoxicity

Increased concentration Inhibition of CYP3A4 Everolimus Increased ADR risk

Inhibition of GPP

Reduced bioavailability (dose 
dependant)

Inhibition of GPP Digoxin Therapeutic failure

References: [78, 80–86].
*ARV: antirretrovirals.
**ADR: adverse drug reaction.

Table 1. 
Curcuma: approved use for dyspeptic problems [12]. Some studies show a potential role as an immune modulator 
and anti-inflammatory [73, 82].
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instability arises when we face different crops, plant selection, preparation methods 
and dosage that can vary and contribute to variations in the effectiveness of herbal 
medicines.

Anthropological studies can help preserve, understand, and respect the cultural 
context of practices in the use of medicinal plants and understand aspects linked to 
the variability of responses associated with the environment, adaptability, and the 
evolution of the human species.

Pharmacodynamic and/or 
pharmacokinetic changes

Pharmacokinetic 
mechanism

Examples of 
influenced drugs

Probable 
outcome

Increased bioavailability Unknown Antirretrovirals Increased ADR 
risk**

Tacrolimus, 
ciclosporin

Toxicity/
therapeutic 
failure

Increased AUC Inhibition of GPP Simvastatin Increased ADR 
riskInhibition of folic acid 

absortion

Antagonism Unknown Warfarin Therapeutic 
failure

Increased AUC Inhibition of OATP1A1 and 
OATP1A2

Beta-blockers Increased ADR 
risk

Fluoroquinolones Increased ADR 
risk

Statins Increased ADR 
risk

Reduced bioavailability Nadolol Therapeutic 
failure

Decreased absorption Inhibition of OATP1B1, 
OATP1B3

Atorvastatin Increased ADR 
risk

Decreased absorption Inhibition of MATE1,  
MATE 2

Atorvastatin Increased ADR 
risk

Inhibition of OCT1, OCT2* 
(when in interaction with 
Metformin)

Antagonism Unknown Lisinopril Therapeutic 
failure

Increased bioavailability Inhibition of GPP Tacrolimus, 
ciclosporin

Increased ADR 
risk

Decreased bioavailability Inhibition of OATP1B1, 
OATP2B1, OATP1A2 (gut)
Activation of OATP1B3

Rosuvastatin Therapeutic 
failure

References: [78, 83–85, 88–92].
*OCT1, OCT2: organic cation influx transporters. They are responsible for the hepatic and renal transport of 
Metformin.
**ADR: adverse reaction to the drug.

Table 2. 
Green tea: approved use [52] to combat asthenia and also described as having anti-inflammatory, antibacterial, 
and antiviral potential [87].
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4.2 The anthropological case of cannabis

Cannabis has been used for various purposes across cultures and throughout 
history. It has been used not only for medicinal but also for recreational, spiritual, and 
industrial purposes.

Different cultures have developed unique traditions and practices related to can-
nabis consumption. Over time, and in different rules, cannabis has been used as an 
analgesic, for pain relief, as an anti-inflammatory, and to treat various medical condi-
tions. Traditional knowledge about the properties and aspects linked to the uses of 
the plant has been observed to vary between different cultures, often linked to beliefs 
and practices that are not only cultural but also religious and spiritual. For example, 
Rastafarians use it as a sacrament and certain Native American tribes use it in sacred 
rituals. Industrial uses such as hemp fiber production are historically known for 
manufacturing textiles, ropes, paper, and other products [95]. However, recreational 
use for its psychoactive properties in many parts of the world, both historically and 
in contemporary times, is recognized as the “anthropological marker of cannabis,” 
although different varieties and methods of consumption have emerged based on 
cultural preferences. The legal status and social acceptance of cannabis vary widely 
from one region to another. Some countries and states have legalized its recreational 
and medicinal use, while others maintain strict prohibitions [96].

Gathering data to develop medicinal cannabis use may lead to two types of prod-
ucts: herbal medicines based on padronized and/or quantified extracts on one side and 
medicines based on specific cannabinoids or combinations of the cannabinoids on the 
other. In any case, an integrated systematic approach shall consider the interindividual 
variability of their effects from a genetic and anthropological perspective (Figure 7).

Finally, high-quality evidence on the short- and long-term safety of medicinal 
cannabis is still lacking. Although there is no known level of cannabinoid ingestion 
that will result in a toxic or lethal dose in humans, it is reported that the median lethal 
dose of THC in animal models ranges from 800 to >9000 mg/kg (depending on the 
species). Thus, the estimates of a lethal dose of THC for a 70 kg human range up to 
>15 g, and for CBD, doses of ca. 1000 mg/kg have been tolerated in humans [97, 98].

Pharmacodynamic and/or 
pharmacokinetic changes

Pharmacokinetic 
mechanism

Examples of 
influenced drugs

Probable 
outcome

Risk of increased viral load Inhibition of CYP3A4 ARV* Therapeutic 
failure

Inhibition of CYP1A2, 
CYP2C9

Caffeinne, tolbutamid ADR risk**

Concentration reduction CYP3A4 induction Midazolam Therapeutic 
failure

Warfarin Therapeutic 
failure

Concentration reduction Unknown Imunossupressors Therapeutic 
failure

References: [80, 82–84, 89, 91, 92, 94].
*ARV: antirretrovirals.

**ARD: adverse reaction to the drug.

Table 3. 
Echinacea-approved use for common cold and acne [93].
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5. Conclusions

In conclusion, understanding the interindividual variability of the effects of 
medicinal plants from a genetic and anthropological perspective is crucial to maxi-
mizing their benefits while minimizing potential risks. This approach can contribute 
to developing personalized and culturally sensitive herbal medicine practices based 
on nutrigenetics and ecogenetics aspects.

In the food supplements market, numerous plants are freely available for sale that 
people use, either by prescription or self-medication, intending to treat a health prob-
lem and often in combination with chemically synthesized medicines. Due to their 
multifactorial variability, this aspect denotes the concern and attention necessary to 
guarantee herbal supplements’ standardization and quality control.

Furthermore, this guarantee is fundamental for the safety of consumers and 
healthcare providers, who already have the factor of interindividual variability to 
consider in responding to the use of medicinal plants and possible interactions with 
medications.

The domain of pharmacogenetics and pharmacogenomics, through the under-
standing of mechanisms of genetic variations and associations of differences in physi-
ological actions of medicinal plants, allows us to understand how the interindividual 
variability, in part due to genetic composition, added to the genotypic biodiversity 
inherent to plants, can influence their physiological effects on the human body. This 
information can help personalize herbal remedies in a person-centered, holistic 
healthcare professional approach.

Figure 7. 
Research on the therapeutical potential of specific cannabis strains.
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Chapter 20

Complementary or Alternative 
Plant Based Medicines and Its 
Active Constituents Responsible for 
Overall Therapeutic Efficacy
Rakhi Mishra and Binit Dwivedi

Abstract

Complementary or Alternative Medicine, like Homeopathic medicine, is made 
from plant, animal, and mineral kingdoms and sometimes from biochemical 
substances. Most of the Homeopathic remedies come from plant-based drugs. The 
presences of the bioactive compound in the plants are responsible for the overall 
therapeutic efficacy of Homeopathic medicines. The presence of bioactive com-
pounds such as alkaloids, flavonoids, and phenols in plant drugs acts as a natural 
source of antioxidant substances of high importance. The concentration of these 
bioactive compounds and their antioxidant activity indicates that these compounds 
contribute to the intense antioxidant activity of Homeopathic drugs. The scope of 
the present research is to provide detailed information on plant-based Homeopathic 
medicines containing specific active compounds, which justify their typical medicinal 
usage in Homeopathy. It is one of the big reasons for the cure and healing properties 
of Complementary or Alternative Medicine medicines.

Keywords: homeopathy, antioxidant, digitoxin, reserpine, potency

1. Introduction

One of the Complementary or Alternative medicine-based systems like 
Homeopathy is a belief that the body can cure itself [1]. Homeopathy developed in 
the late 1700s in Germany, and the two primary principles of Homeopathy are [2, 3] 
“Like cure likes” principles. According to this principle, patients with particular 
signs and symptoms are treated with homeopathy remedies that produce signs and 
symptoms in healthy individuals [4]. Homeopathy is a medical system devised by 
German physician Samuel Hahnemann (1755–1843). The first edition in which he 
summarized homeopathy is Organon [5]. In his first fifteen years as a physician, 
Hahnemann struggled a lot. One day, however, he discovered that he started taking 
regular doses of cinchona or the bark “which contains quinine, a medicine to treat 
malaria. The results produced symptoms like intermittent fever (malaria) and mild 
degree characteristic rigors diseases [6]. This article was first published in 1796 as 
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an essay on a new principle for ascertaining the curative power of Drugs which was 
included in his famous work “The Organon of the Healing Art” [7]. Homeopathy 
is based on using highly diluted solutions of substances selected by matching 
the patient’s symptoms with the symptoms these substances produced in healthy 
individuals [8].

Homeopathy preparations are termed remedies and are made using homeopathic 
dilution, where selected substances are repeatedly diluted until the final product 
is chemically indistinguishable from the diluents. Homeopaths hit or shake the 
product in each dilution, claiming this makes the diluents remember the original 
substance after its removal [9]. Homeopathic medicine is made from plant, animal, 
and mineral kingdoms. Homeopathic medicines are made from plants such as 
belladonna, arnica, and chamomile, minerals such as sulfur and mercury, animal 
products such as Sepia, Lachesis, and sometimes biochemical substances such as 
histamine or human growth factor. Remedies are prepared by the process of serial 
dilution and succession. The greater the succession, the greater will be the potency 
of the remedy.

2. Homeopathic mother tincture and potencies

In homeopathy, Mother Tincture (Q ) is defined as the original drug substance 
 prepared with the aid of ethyl alcohol and water directly from the crude drug. They 
are the precursors of the corresponding potencies of the respective drug and the start-
ing point for the preparation of homeopathic medicines. The original drug substance 
is used in extremely minute quantities to prepare a given homeopathic medicine, 
and the method of preparing homeopathic medicines is called potentization; in this 
method, one part of the original drug substance is mixed with nine parts of a vehicle 
(ethyl alcohol and water) and shaken vigorously by a special device that converts the 
preparation into the one tenth potency (1X) one tenth. On the other hand, one part 
of the original drug substances is mixed with 99 parts of the carrier (ethyl alcohol) is 
denoted as 1C potency (1:100). This process continued until the required potency is 
reached and homeopathic medicines are available in certain standard potencies such 
as 3X, 6X, 12X, 30X, 200X, 30C, 100C, 200C and 1000C etc. The potencies are noth-
ing but energized dilutions (or attenuations) of the Mother Tinctures of homeopathic 
remedies [10].

In homeopathy, practitioners select a drug that would, if given to a healthy vol-
unteer, cause the presenting symptoms of the patient example Allium cepa is derived 
from the common onion. While in contact with raw onion typically causes lacrima-
tion, stinging and irritation around the eyes and nose, and clear nasal discharge. 
Allium cepa might be prescribed to patients with hay fever, significantly if both nose 
and eyes are affected.

Phytochemicals are biologically active naturally occurring chemical compounds 
found in plants. These phytochemical compounds are highly beneficial for human 
health. Generally, phytochemical compounds are classified as primary constituents 
and secondary constituents. The phytochemicals are generally present in the roots, 
stems, flowers, leaves, fruits, and seeds like various parts of the plant. This is the 
reason all complementary medicines are made from different parts of the plants 
depending upon the phytochemicals present therein to get maximum efficacy.
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Chlorophylls, nucleic acid, common sugar, amino acid, proteins, and purines 
are known as primary constituents present in the plant. Chlorophyll forms 
 during the photosynthesis process, responsible for giving green color to the plant. 
It also plays a beneficial role for humans and helps in the binding to the carcino-
genic compounds in the body and inhibit their absorption in your intestine which 
helps to prevent their reach to our liver tissues which can cause further harm to 
the body.

Alkaloids, phenols, flavonoids, terpenes, lignans, steroids, glucosides, and sapo-
nins are known as secondary constituents present in the plant. Phenolic compounds 
are the widely distributed phytochemicals present in various parts of the plant. 
Flavonoids, phenolic acids, and polyphenols are the largest group of phenolic phyto-
chemicals present in the plant kingdom. They act as strong antioxidant agents which 
help the human body to fight against free radical groups and protect it from free– 
radical mediated disease processes.

2.1 Flavonoids

Flavonoids are the polyphenolic phytochemical compounds present in vegetables, 
fruits, and beverages like tea, coffee, and fruit drinks [11]. Generally, flavonoids 
are found in conjugated form in nature and are characterized as monoglycosidic 
and diglycoscidic [12]. Flavonoids have many biological properties including anti- 
inflammatory, anti-microbial, cytotoxic, and anti-tumor activities [13].

2.2 Phenolic acids

Phenolic acids are a diverse group of hydroxyl benzoic and hydroxycinnamic acids 
and esters with glucose and carboxylic acid, hydroxycinnamic acid-like molecules. 
Phenolic acids act as a strong antioxidant agents and prevent the human body from 
degenerative diseases [14]. The degenerative diseases are cardiovascular disease, 
inflammation, and cancer. Phenolic acids have properties to act as strong antidiabetic 
agents [15]. Phenolic acids can influence the role of insulin and glucose receptors [16]. 
Phenolic compounds also have properties to inhibit the activities of α-glucosidase and 
α-amylase which are the main component of the conversion of dietary carbohydrates 
into glucose hydroxybenzoic and hydroxyl cinnamic acids [17]. Phenolic acids known 
for the prevention and treatment of cancer [18].

2.3 Tannins

Tannins are a group of polyphenolic compounds with a high molecular weight 
that can form complexes with polysaccharides, alkaloids, proteins, nucleic acid, and 
minerals [19]. As per epidemiological studies [20] tannins are beneficial for human 
health as they decrease the chance of creating chronic diseases. The tannins present in 
plants are used as astringent, used against diarrhea, used as diuretics against stomach 
problems, and duodenal tumors. Tannins have many biological properties including 
anti-inflammatory [21], antiseptic, and antioxidant properties. Major phenolic com-
pounds found in various plants are quercetin, oleanolic acid, ursolic acid, kaempferol, 
luteolin, chlorogenic acid, curcumin, ascorbic acid, tannic acid, gallic acid [22] and, 
rutin etc.
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2.4 Alkaloids

Alkaloids are heterocyclic nitrogen atoms naturally synthesized by a large number 
of organisms, including plants, animals, bacteria, and fungi [23]. Based on the type 
of heterocyclic ring system present in the molecule, they are pyrrolidine alkaloids, 
pyridine alkaloids, pyrrolidine-pyridine alkaloids, pyridine-piperidine alkaloids, 
quinoline alkaloids and isoquinoline alkaloids [24].

2.5 Essential oils

Essential oils are extracted from plants by a distillation process i.e. (liquid 
extracts), also obtained by the physically squeezed method in which essential oil 
squeeze out of some plants (like orange peels) in the case of flowers, extracted with a 
nonpolar solvent i.e. lemon oil [25].

Lemon contains essential oil like limonene, sesquiterpene, limonene, sesquiter-
penes, aldehydes (citral, and citronellal), and geranyl acetate). Eucalyptusoil contains 
1,8-cineol and α-pinene, and chamomile oil contains (Bisabolol oxide, Chamazulene, 
and α-Terpineol).

Essential oil like lemon oil is used as flavoring agent and are primarily used for 
adding fragrance to cosmetics, foods, or your home via a diffuser, clove oil used as an 
antimicrobial agent. Clove oil is used as a pain reliever such as toothache and muscle 
pain, kills bacteria, and is also recommended for digestive upset. Eucalyptus oil is 
commonly used in cold remedies like vapor rub.

2.6 Triterpenes

Triterpenes are six isoprene units like Lanosterol and squalene. Triterpenes are 
found in wheat germ and olives. Acyclic triterpene hydrocarbon squalene constitutes 
more than half of the liver oil of various species which are widely distributed in 
nature. These are found in fish liver oil, vegetable oil, fungi, human earwax, and 
sebaceous secretions.

2.7 Saponin

Saponins are secondary metabolites of the plant kingdom and are stable in  aqueous 
solutions such as soap, hence the name “saponin” is given to these compounds. 
Saponins are a group of compounds that includes glycosylated steroids, triterpenoids, 
and steroid alkaloids. Spirostan and furostan derivatives are the two main types of ste-
roid aglycones. The main triterpene aglycone is a derivative of oleanane. The steroidal 
saponins are essential precursors for steroid drugs. These steroid drugs act as strong 
anti-inflammatory effects for example androgens, oestrogens, and progestins [26].

2.8 Sterols

Sterols are a group of fat-like substances which occur naturally in the animal and 
plant kingdom. Animal sterol is known as cholesterol whereas plant sterols are known 
as ß-sitosterol, campesterol, and stigmasterol [27]. They have a similar structure to 
cholesterol. The basis of their molecular framework is a double bond. If this double 
bond is hydrolyzed, then the saturated plant sterols are formed from the unsaturated 
plant sterols.
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3.  Some important Homeopathic plant-based drugs and their active 
constituents responsible for the overall therapeutic efficacy of 
Homeopathic drugs

3.1 Leucas aspera

Leucas aspera (Wild) Linn, family Lamiaceae [28], is commonly called “Thumbai” 
[29, 30]. It is a common weed in India and is widely distributed throughout the coun-
try. L. aspera whole plant is traditionally used as an antipyretic [31] and insecticide 
[32, 33] drug. In homeopathy, L. aspera, mother tincture is used to treat dysentery, 
jaundice, fever, a bite from venomous animals [34], and enlargement of the liver and 
spleen. The main bioactive constituents of L. aspera are ursolic and oleanolic acid 
[35]. Due to the presence of ursolic [36] and oleanolic acid-like triterpenes [37], it 
possesses many pharmacological [38, 39] properties. L. aspera plant possesses anti-
inflammatory, hepatoprotective [40], antitumor [41], anticancer [42], antimicrobial 
anti-HIV, antifungal, gastroprotective, hypoglycemic, and antihyperlipidemic 
properties (Table 1).

3.2 Rauwolfia serpentina

Rauwolfia serpentina (Family: Apocynaceae) is a medicinally famous herb in 
Homeopathy [45, 46]. Rauvolfia serpentina is therapeutically used as a sedative, a 
hypnotic drug, and in hypertension. Reserpine (indole alkaloid) was isolated in 1952 
from the dried root of R. serpentina (Indian snakeroot) [47], which had been known 
as sarpagandha [48], and used for the treatment of insanity, fever, snakebites anxiety, 
and neuropsychiatric conditions. Reserpine has ability to deplete catecholamines 
[49]. Reserpine reduces glycemia in some cases, but the effect is short-lived. In some 
patients, it has a stimulating effect on prothrombin activity. Reserpine produces 
sedation and a lowering of blood pressure if administered orally, in hypertension; 
the impact of Reserpine is slow, seldom appearing before 3–6 days of administration 
and continuing for some time after the withdrawal of the drug a cumulative effect. 
It is most valuable in young patients with mild labile hypertension and tachycardia. 
In long-established hypertension, it is best used in conjunction with more potent 

S. no. Part used Different pharmacological activity

1. Aerial Part Arthritis, Ulcer protective effect, Diabetes, Anticancer 
activity, antipsoriatic activity

2. Leaf Hepatoprotective activity, Cytotoxic activity, Antidiabetic 
activity, antivenom activity

3. Roots Analgesic activity, antinociceptive activity, Central 
nervous system depressant activity

4. Whole plant Cytotoxic activity, anti-inflammatory activity, 
Hepatoprotective activity, Antihyperglycemic activity, 
Antimutagenic activity, anthelminthic activity

5. Shoot system including stem, 
leaves, and flower

anti-inflammatory activity

Table 1. 
Leucas aspera plant parts responsible for different pharmacological activity [43, 44].
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hypertensive drugs such as hexamethonium or hydralazine. Combined with polythia-
zide; it is a useful hypertensive in mild to moderate thiazide, it is a useful hypotensive 
in mild to moderate conditions. The response to Reserpine varies in patients, and the 
dosage must be adjusted to individual requirements. In severe hypertension, it may be 
given by intravenous or intramuscular injection when the effect begins within a few 
hours. Parenteral therapy of Reserpine is indicated in the treatment of hypertension 
only when oral administration is impracticable [50]. Different alkaloids are present 
in Rauwolfia, viz. ajmaline, ajmalinine, ajmalicine, scrpentine, and serpentinine [51]. 
Reserpine, yohimbine [52], recinnamine, reserpinine, rauwolfinine, renoxidine, rescin-
namine, reserpiline, sarpagine, serpentinine, tetraphyllicine, 3-epi-a-yohimbine. It also 
contains small amounts of phytosterol and fatty substances [53]. R. serpentina is one of 
the essential drugs for various disorders, including hypertension (Table 2).

3.3 Digitalis purpurea

Digitalis purpurea, commonly known as Foxglove [55], is a biennial plant belong-
ing to the family Plantaginaceae. It is indigenous to part of western and southwestern 
Europe. In India, Digitalis purpurea is found in the Nilgiri hills of Tamil Nadu, 
southern Sikkim, and the eastern Himalayan region. Its leaves contain both primary 
and secondary glycosides. Digitoxin is the main active constituent of the D. purpurea 
plant, which is used as cardiac glycoside in medicines. Digitoxin is generally known 
as a highly toxic by-product [56]. In Homeopathy, D. purpurea is used for treating 
heart-related diseases where the heart is primarily involved where the pulse is weak, 
irregular, intermittent, abnormally slow, and dropsy of external and internal parts. In 
females, during labor-pain in the abdomen and back before menses, and for uterine 
hemorrhage [57] D. purpurea homeopathic medicine is recommended in Homeopathy. 
As per the information given in the homeopathic book Materia Medica Pura, D. 
purpurea is mainly used for diseases where the heart is primarily involved [58], such 
as atrial flutter, atrial fibrillation, and in case of congestive heart failure conditions. 
Cardiac glycosides [59], such as digitoxin in the leaves of D. purpurea [60], help to 
prevent congestive heart failure by increasing the force of contractions of the heart in 
the body. In previous suggested studies, digitoxin present in the leaves of Digitalis has 
the highest gastrointestinal (GI) absorption of 90–100% with a half-life of 4–5 days 
[61] which is more significant than other commercially available cardiac steroids such 
as Digoxin, Deslanoside, Ouabain [62]. D. purpurea, being rich in active constituents, 

S. no. Alkaloid Different pharmacological activity

1. Reserpine Antipsychotic activity and antihypertensive activity

2. Reserpiline Antihypertensive activity

3. Rescinnamine Antihypertensive activity

4. Ajmaline Antiarrhythmic activity

5. Ajmalicine Vasodilator

6. Serpentine Tranquilizer

7. Alstonine Antipsychotic activity

Table 2. 
Rauwolfia serpentina major alkaloids responsible for different pharmacological activity [54].
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shows cardiovascular, cytotoxic [63], antioxidant, anti-diabetic [64], insecticidal, 
immunological, cardioprotective, hepatoprotective, and neuroprotective effects and 
has greater importance in Homeopathy.

3.4 Hydrocotyle asiatica

Hydrocotyle asiatica, synonym Centella asiatica commonly known as brahami, 
belongs to the family of perennial plants in the flowering plant Umbelliferae 
(Apiaceae) [65]. H. asiatica is an essential Homeopathic medicinal plant widely used 
as a medicine due to the benefit of its bioactive compounds such as asiatic acid [66], 
rutin, kaempferol, quercetin, gallic acid, luteolin, and catechin [67]. Hydrocotyle 
asiatica possess diverse pharmacological activities such as neuroprotective, nerve 
regenerative, immunomodulatory, anti-depressive, memory enhancing [68], gastro-
protective, cardioprotective, radioprotective, anti-cancer, antimicrobial, anti-inflam-
matory, anti-diabetic and antioxidative properties. H. asiatica contains the most 
abundant triterpene glycoside asiatic acid, which shows cytotoxic activity on cancer 
cells. Asiatic acid is a triterpene glycoside, commonly used for wound healing. Asiatic 
acid has antioxidant, anti-inflammatory, and neuroprotective properties. H. asiatica 
has been used in folk herbal medicine for centuries for memory enhancement, anti-
depressants [69], wound healing [70] and psoriasis remedy [71], and chronic disease 
treatments [72]. In homeopathy, H. asiatica acts as a curative in disorders that exhibit 
interstitial inflammation, cellular proliferation, leprosy, lupus, granular ulceration of 
the womb, profuse leucorrhœa, psoriasis gyrates, and syphilitic affections [73].

3.5 Nux vomica

Nux vomica, commonly known as Kuchla, belongs to the family Loganiaceae. In 
homeopathy, N. vomica seed part is used. N. vomica is one of the most prescribed 
medicines in homeopathy [74]. The main bioactive compounds of N. vomica seeds 
are strychnine and brucine. Brucine in N. vomica is responsible for its anti-tumor, 
anti-inflammatory, analgesic, and effects on the cardiovascular and nervous systems. 
The presence of brucine makes N. vomica an analgesic agent and can be used to relieve 
arthritis and traumatic pain [75]. The alkaloids in N. vomica seeds are protostrychi-
nine, isostrychinine, vomicine, n-oxystrychinine, pseudostrycheinine, chlorogenic 
acid, and glycoside. In the homeopathy system of medicine, N. vomica is prescribed 
for anger effect, colic, constipation, dyspepsia, gastrodynia, hemorrhoids, tobacco 
habit, insomnia, nightmares, lumbago, diabetes, asthma, aphrodisiac and to improve 
appetite [76]. N. vomica has an anti-alcoholism effect. In homeopathy, Nux vomica 
30C, 200C, and 1000C are recommended for anti-alcoholism effects [77]. In recent 
years brucine displayed an excellent anti-tumor effect on various tumors. For hepa-
tocellular carcinoma, brucine inhibits the proliferation of Hep G2 cells by regulating 
calcium concentration and depolarization of mitochondria [78].

3.6 Matricaria chamomilla

Matricaria chamomilla is, commonly known as chamomilla and belongs to the 
Asteraceae family which is referred to as the star among medicinal species. M. 
chamomilla was introduced in India during the Mughal period. In India, M. chamo-
milla is grown in Punjab, Uttar Pradesh, Maharashtra, Jammu, and Kashmir [79]. 
In Homeopathy, M. chamomilla part used is the whole plant. The whole chamomilla 
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plant contains over 120 constituents [80]. M. chamomilla acts as a natural antioxidant 
and antimicrobial agent. The latest research has proved the presence of 52 active 
components in the M. chamomilla plant in which the highest contents are β-farnesene 
α-farnesene, α-bisabolol, and its oxide chamazulene, germacrene, and spiroether 
[81]. M. chamomilla homeopathic extracts contains active groups of phenol, flavo-
noids, and coumarins. It act as strong antioxidant, antibacterial, antifungal, antipara-
sitic agents [82]. In general, M. chamomilla is used for many ailments in humans such 
as fever, inflammation, menstrual disorder, insomnia, and ulcers; very good in wound 
healing, muscle spasms, gastrointestinal upset, rheumatic pain, and hemorrhoids 
[83]. This plant has immense curative properties. In Homeopathy, M. chamomilla 
is used for tooth problems in infants [84]. The symptoms are twitching, convulsion 
during teething, intolerant pain, frantic irritability, ugly, cross, uncivil, quarrelsome, 
and colic after anger [85].

3.7 Aconitum napellus

Aconitum napellus belongs to the family Ranunculaceae, commonly known as 
Monkshood. The main active constituent present in A. napellus is “aconitine”, which 
is present throughout the plant, with incredibly high levels in the leaves and roots. In 
homeopathy A. napellus plant part used is the whole plant. A. napellus plant contains 
various diterpenes alkaloids, isonapelline, luciculine, and napelline [86]. Aconitine 
present in A. napellus acts as a voltage-gated sodium channel activator. These sodium 
channel act as transmembrane proteins that are responsible for the rapid depolariza-
tion that underlies the upstroke of action potentials in neurons and is responsible 
for crucial nerve impulse conduction [87]. A. napellus has solid neuroprotective 
properties. A. napellus is a constituent of Ayurvedic, Unani medical preparation, and 
polyherbal formulation to treat diabetes, as a nerve tonic with potent antioxidant 
properties [88]. A. napellus is very useful in numbness [89], a sensation of cold, and 
pain in the extremities, associated with diabetic neuropathy, and is also used for the 
treatment of rheumatoid and joint pain [90]. A. napellus is the first homeopathic 
medicine that is recommended for the onset of acute croup [91]. In homeopathy, A. 
napellus is used in case of shock, sudden or violent onset ailments from shock, fright 
or fear, intense fear, terror-struck, restlessness with fear of death and diseases from 
exposure to cold and dry wind [92].

3.8 Rhus toxicodendron

Rhus toxicodendron synonym Toxicodendron pubescens is commonly known as 
poison ivy and belongs to the Anacardiaceae family [93]. This plant family produces 
the chemical substance pentadecylcatechols. The main active constituent in R. toxi-
codendron is fisetin, rhamnose, and gallic acid [94]. This plant’s main habitat is in the 
forest of the United States. In Homeopathy, the leaves part is used. In Homeopathy, R. 
toxicodendron is used for joint pains [95], stiffness worse in damp weather, irritabil-
ity, restlessness [96], back pains, and asthma alternating with skin eruptions [97]. 
R. toxicodendron is used for anti-inflammatory activities for arthritis [98] and rheu-
matism [99]. In homeopathy, Rhus tox 6C, 12C, 30C, and 200C are recommended 
[100]. R. toxicodendron retains its anti-arthritis properties at 1 M (potency 1000C), 
10 M (potency 10,000C), and CM (potency 100,000C) homeopathic dilution [101]. 
R. toxicodendron also possesses immune stimulatory activity in its crude form and 
in homeopathically diluted forms [102]. It is commonly used for strains [103]. This 



Complementary or Alternative Plant Based Medicines and Its Active Constituents Responsible…
DOI: http://dx.doi.org/10.5772/intechopen.112971

417

Author details

Rakhi Mishra* and Binit Dwivedi
Department of Chemistry, DDPR CRI(H), Ministry of AYUSH, Government of India, 
Drug Standardization Unit, Noida, Uttar Pradesh, India

*Address all correspondence to: rakhimishra020@gmail.com

medicine is recommended for patients with high fever and body aches and restless-
ness problems. A person experiencing this type of fever might want to remain in 
motion throughout to avoid restlessness. This medicine is recommended in case a 
person catches a fever due to getting wet in the rain [104].

4. Conclusion

Homeopathic medicines show high therapeutic efficacy and synergetic effects 
due to the presence of many active constituents in the plants, which altogether 
cause synergetic effect and are responsible for the overall therapeutic efficacy of the 
homeopathic drug. There is an essential need for physicochemical, phytochemical, 
and High-Performance Thin Layer Chromatography studies of homeopathic medi-
cines to laid down the standard for a monograph of pharmacopeia standards. In the 
future, these studies may open the area of vast research opportunities in medicinal 
plant biochemistry. The quantitative estimation of homeopathic drugs should be 
carefully evaluated and quantified to determine the presence of active compounds in 
these drugs, responsible for the overall pharmacological activity of the homeopathic 
medicine. The presence of alkaloids, flavonoids, and phenols in plant drugs act as a 
natural source of antioxidant substances of high importance in homeopathic medi-
cine. The concentration of these active compounds and their antioxidant activity 
indicate that these compounds contribute to the intense antioxidant activity of 
Homeopathic medicine. The presence of active constituents in homeopathic mother 
tincture suggests that the mother tincture of homeopathic plant drugs contained 
specific active compounds which justify typical medicinal usage in Homeopathy and 
the reason for a cure and healing properties for homeopathic medicines.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Cattle play a pivotal role especially for the rural farmer by providing milk, draught 
power, meat and serving as an indication of wealth among other roles. Research and 
development of cattle production especially in communal areas can be a sustainable 
way to improve the livelihoods of the rural population. Major constraints to communal 
cattle production include high prevalence of diseases, limited forage and poor mar-
keting linkages. For reasons that include; lack of veterinary clinics and extension 
services, high costs of drugs and potency of the ethnoveterinary medicines, many 
farmers have resorted to the use of their indigenous knowledge systems (IKS) in the 
management of cattle diseases. Generally, these practices are cheap, locally avail-
able, and sustainable especially in times of climate change and variability. One of the 
challenges in the use of (IKS) is the lack of scientific evidence on their efficacy and 
the lack of precise dosages, which could lead to toxicity. There is need therefore for 
documentation, research and scientific validation of IKS to increase their sustainable 
use and adoption in livestock health management.

Keywords: ethnoveterinary medicine, livestock, conventional, research, scientific 
validation

1. Introduction

Livestock production is important in the livelihoods of people living in developing 
countries like Zimbabwe. It has an important role in food security and nutrition, 
and the general economy [1, 2]. For instance, cattle provide food, manure for crop 
production and soil fertility management, raw material for industry, cash income as 
well as in promoting saving, fuel, social functions, and employment [3]. Cattle are 
an important livestock species in Zimbabwe, as they contribute about 25% to gross 
domestic product (GDP). Generally, cattle rearing is significant to the socio-economic 
profile of rural households [4].
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Cattle production is hindered by several challenges in the rural areas which include 
nutrition-related problems, market linkages problems, lack of technical know-how 
and cattle health related problems. High costs of veterinary medicines, dilapidated 
government veterinary services that have since been incapacitated to supply vet-
erinary drugs, poor road, and other communication networks affect information 
dissemination, hence the availability of conventional drugs to treat livestock diseases 
in most rural areas [5]. With farmers being aware of the need to keep their cattle in a 
state of well being they then resort to the use of indigenous knowledge systems (IKS) 
through the use of ethnoveterinary medicines to treat their livestock.

Indigenous knowledge systems are an adhesive that binds society, being durable 
local knowledge [6], hence the cornerstone for building of our identity and ensuring 
coherence of social structures within communities [7]. Mapara [8] mentions that IKS 
have traditionally been passed from generation to generation orally; hence people 
possess little or no knowledge of invaluable practices such as ethnoveterinary medi-
cine which depend only on historical evidence of use as proof of safety and effec-
tiveness [5]. Ethnoveterinary medicine (EVM) is the study of people’s folk beliefs, 
knowledge, skills, methods, and practices on the healthcare of animals, including 
the use of medicinal plants, surgery techniques, and management practices for the 
prevention and treatment of livestock diseases [9]. Generally, ethnoveterinary prac-
tices are cheap, locally available, and sustainable especially in times of climate change 
and variability [5]. EVM have controlled a wide spectrum of common livestock 
diseases successfully, including diarrhoea, wounds, coccidiosis and reproductive 
disorders [10–12]. This review focuses on the use of IKS in managing cattle diseases in 
Zimbabwe including the methods of preparing and administering the remedies. The 
review will serve as a baseline for the use of these IKS remedies for potential veteri-
nary drugs development.

2. Cattle production trends post Land Reform Programme in Zimbabwe

Figure 1 highlights trends in cattle numbers from 2001 to 2021. As depicted in 
Figure 1, from 2001 to 2008, cattle production in Zimbabwe has been massively 
underperforming as the total national herd declined from between 6,270,000 to 
5,012,000. The decline in cattle production was evidenced by various challenges such 

Figure 1. 
Cattle populations, (2001–2021). Source: Ministry of Agriculture, Water and Rural Resettlement Reports [13–19].
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as the Fast Track Land Reform Programme which saw several large-scale cattle farm-
ers selling their cattle and some losing their farms [20, 21]. Nevertheless, the effects 
of hyperinflation, lack of access to credit, foreign currency shortages, unfavourable 
and cost of doing business conditions, and the high cost of critical utilities such as 
electricity, inappropriate breeds, inadequate feed supply, lack of government support, 
cost of production, poor marketing channels, poor disease control methods, inad-
equate infrastructure, weak extension support, among other factors [22–24].

From 2009 to 2011, there was a slight increase in the national herd from 5,331,000 
to 6,058,388. Unexpectedly, growth in national herd increased from 5,241,192 to 
4,868,357 between 2012 to 2014. Various cases of diseases emanated from foot and 
mouth, anthrax, black leg, lumpy skin disease and tick borne [13, 25]. Also, in 
2015–2018 growth in national herd increased from 5,477,338 to 5,774,525. The year 
2018 started with the continuation of the South-Eastern Lowveld cluster disease 
outbreak which spread mainly due to illegal movements and movements in search 
of grazing eventually covering twenty districts. Foot and mouth disease originating 
from Mozambique was precipitated by movement of Zimbabwean cattle deep inside 
the Mozambican territory to access water at time when Mozambique was experienc-
ing a serious outbreak of foot and mouth disease in the area [14, 26]. From 2019 to 
2021, national herd increased from 5,443,770 to 5,509,983. Though the national herd 
increased, calf mortality across provinces ranged from 2 to 31% which is against the 
recommended 2% and this was due to poor calf management, predation, poor hous-
ing and poor nutrition. The national average calving rates remain very low ranging 
from 35% in communal areas to 48% in large scale commercial farming sector, against 
a national target of above 60% [18].

3. Constraints to cattle production

In view of anticipated increases in temperature, decreases in rainfall and subse-
quent shortening of the growing season due to climate change, livestock production 
is expected to become a more sustainable livelihood source compared to cropping. 
Actually, there already are projections of increases in the global demand for cattle 
products by 2050, mainly due to improvements in the worldwide standard of living 
[27]. However, there are various constraints to cattle production such as nutrition, 
diseases and markets (Table 1). An improved comprehension of these constraints 
is necessary for development of strategies to increase sustainability of livestock 
production.

Nutrition and health are generally regarded as the main challenges of livestock 
production and productivity [3, 23]. Animal feeds are expensive, accounting for more 
than 70% of livestock production costs. During the dry season, there are limitations 
in both the quality and quantity of feed. The grazing resource is more available in the 
wet season than the dry season in which poor quality cereal stover constitute the bulk 
of the feed resource. Moreover, there is competitive use of the common feed ingre-
dients like maize and soya bean between humans and animals. The productivity of 
the rangeland, which is the main feed resource in extensive livestock production has 
also been decreasing, due to unsustainable utilisation which can be partly attributed 
to increasing population growth, mismanagement, and adverse effects of climate 
change. Management factors which cause reductions in livestock production include 
uncontrolled breeding which causes inbreeding, poor housing and low adoption 
of routine health management practices such as vaccination and dosing [25]. For 
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instance, vector associated dermatophilosis, tick borne diseases, and parafilariosis are 
some of the common cattle health constraints.

Climate change has also caused a geographical shift in the occurrence of livestock 
diseases and parasites. Efforts to address the emerging diseases are hampered by 
increasing resistance to antibiotics. Resultantly, growth and reproductive perfor-
mance of breeds that do not adapt to the prevailing climatic conditions are reduced. 
Similar to the grazing resource, water availability is also seasonal, with challenges of 
access experienced more in the dry season. The IPCC [41] anticipates even more water 
challenges due to decreases in precipitation resulting from climate change. Other 
limitations to livestock production include limited financial resources, e.g. capital, 
and extension services that offer veterinary or technical assistance. Market challenges 
in livestock production include low prices, high transport costs and shortages of 
buyers [36].

4.  Use of indigenous knowledge systems in livestock health management 
in Zimbabwe

In the absence of funds, farmers face problems of scarcity, erratic supply and 
prohibitive costs of synthetic drugs or veterinary services and they usually revert 
back to sustainable traditional systems of animal health care [42]. In Zimbabwe, there 
is evidence that ethnoveterinary medicines are gaining recognition at the expense of 
conventional drugs especially because of greater accessibility, lower costs and appar-
ent effectiveness [5, 12, 42, 43]. A study by [5] in Masvingo province has shown that 
farmers use plants that occur in their respective districts of the province. Farmers 
justify the potency of the ethno-veterinary remedies in relation to livestock’s health 
and production performance in terms of feed intake, body weight, carcass size and 
quality [12, 44]. Table 2 shows indigenous plants and remedies that are used to man-
age different cattle ailments in Zimbabwe.

There are several challenges downplaying the use of IKS in Zimbabwe. One of the 
main disadvantages of the use of herbal plants is the lack of scientific evidence on their 
efficacy and the lack of precise dosages, which could lead to toxicity [42]. Indigenous 
ethnoveterinary practices were carried out essentially based on private practice. The 
information reserved by traditional healers due to high secrecy is relatively less sus-
ceptible to distortion but ends up being less accessible to the public [12]. The fact that 

Constraint References

Feeds shortages and quality [28–30]

Diseases and parasites [5, 25, 31]

Markets and prices [32, 33]

Breeds and breeding [34–38]

Management [25, 39]

Water access and quality [23]

Extension service [5, 23]

Capital and other financial resources [40]

Table 1. 
Constraints to livestock production.
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Disease/
symptom

Local and scientific 
names of remedies

Method of treatment References

Septic wounds Muvengahonye 
(Canthium spp.)

Fresh leaves are ground and applied to the 
wound. Fresh leaves are ground and applied 
to the wound as a powder on the wound

[11, 42]

Gavakava (Aloe spp.) Dry leaves are crushed and the powder 
applied

[11, 42]

Murenja (Cissus 
quandrangularis)

Fruit is crushed and the fluid applied to 
wound

[11, 42, 45, 
46]

Muvheva (Kigelia 
africana)

The inner core of dried fruit is applied as a 
powder on the wound

[11, 42]

Eye problems Nhundurwa (Solanum 
indicum)

Fruit is crushed and the fluid is applied to 
the eye

[11, 42, 47]

Snail’s shell Shell is ground to powder and applied to 
the eye

[11, 42, 47]

Tomato leaves 
(Lycopersicon 
esculentum)

Animal made to drink crushed leaves and 
water mixture

[47]

Gastrointestinal 
worms

Muzhozho (Venonia 
amygdalina)

Add water to ground fresh leaves; animal 
made to swallow mixture

[11, 42]

Banana (Musa 
paradisiacal)

Add water to crushed fresh roots; animal 
made to swallow mixture

[11, 42, 47]

Gavakava (Aloe spp.) Add water to crushed fresh leaves; animal 
made to swallow mixture

[11, 42, 47]

Bloat Munhanzva (Pauzzozi 
amixta)

Leaves crushed and water added; animal 
made to swallow mixture

[11, 42, 46, 
47]

Chin’ai 
(Phlegmostomium)

Mix with table salt, add water; animal 
made to swallow mixture

[11, 42]

Muhumbakumba 
(Bridellia mollis)

Soak bark and administer orally [48]

Goitre Mukwakwa (Strychnos 
madagascariensis)

Boil roots in water, cool and administer 
orally

[48]

Coccidiosis Gavakava (Aloe spp.) Grind fresh leaves and add to drinking 
water

[10–12, 42, 
43]

Mhiripiri (Capsicum 
annum)

Animal made to drink crushed fruit and 
water mixture

[47]

Mucherenje/ Muwora 
(Albizia gummisera)

Animal made to drink suspension of 
powdered bark in water

[47]

Muchakata (Parinaria 
curatellifolia)

Animal made to drink bark powder and 
water mixture

[47]

Retained 
afterbirth

Munhanzva 
(Pauzzoziamixta)

Fresh leaves are crushed and the slippery 
paste inserted into the vagina

[11, 42, 46, 
47]

Lumpy skin 
disease

Muhumbakumba 
(Bridellia mollis)

Boil leaves in water and administer orally [48]

Snake bite Munyoka 
(Amaranthusgneizaus)

Add water to crushed fresh roots; animal 
made to swallow mixture

[11, 42]

Mubhanana (Musa 
paradisiacal)

Add water to crushed dried roots; animal 
made to swallow mixture

[11, 42, 47]
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some herbs are available only in certain seasons often limits the use of herbal plants. 
Moreover, some of the preparations are mixtures of many kinds of plants which may 
be difficult to find at the same time.

Disease/
symptom

Local and scientific 
names of remedies

Method of treatment References

Foot and mouth Nhengeni (Annona 
senegalensis)

Administer sap from fruit orally [48]

Dystocia Munanzva (Pouzolzia 
mixta)

Crush bark, soak and administer orally [48]

Fertility Gomarara (Loranthus 
spp.)

Feeding fresh leaves to cows improves 
calving rate

[11, 42]

Delayed 
parturition

Murenja (Cassius 
quandrangularis)

Crush fresh stem and leaves, place in the 
vagina to hasten parturition

[11]

Fleas Rutapatsikidzi 
(Aneilema hockii)

Branches of plant are placed near sleeping 
animals. Fleas are attracted by the herb and 
leave the animal.

[11]

Poor milk flow Baobab (Adanonsia 
digitata)

Inner core of dried fruit is removed, added 
to water; animal made to swallow mixture

[11]

Diarrhoea/
Gastrointestinal 
problems

Gavakava (Aloe spp.) Grind fresh leaves and add to drinking 
water

[10, 43, 46, 
47]

Mufandichimuka 
(Myrothamnus 
flabellifoilius)

Animal made to drink root powder and 
water mixture

[47]

Rusungwe/
Nyakadombo 
(Sarcostemma viminale)

Animal made to drink stem powder and 
water mixture

[47]

Mhiripiri (Capsicum 
annum)

Animal made to drink crushed fruit and 
water mixture

[47]

Muchakata (Parinaria 
curatellifolia)

Animal made to drink bark powder and 
water mixture

[47]

Murumanyama 
(Xeroderris stuhlmannii)

Animal made to drink crushed bark and 
water mixture

[47]

Fractures Batanai (Bulbophylum 
spp.)

Bark is tied around fracture as supporting 
pad

[47]

Foot rot Mushozhiwa 
(Pseudolachnostylis 
maprouneifolia)

Leaves or bark infusion taken through the 
mouth

[47]

External 
parasites

Murunjurunju (Cissus 
quadrangularis)

Crush stems and mix with water to spray [49]

Mopane 
(Colophospermum 
mopane)

Burn branches and twigs and apply ashes 
on animal skin

[49]

Gavakava (Aloe excelsa) Crush leaves, mix with water for 24 hours 
and spray

[49]

Croton gratissimu Use leaves and twigs [46]

Lippia javanica Water leaf extracts sprayed on cattle [50]

Table 2. 
IKS remedies used to manage cattle health in Zimbabwe.
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Ethnoveterinary medicines are often not as fast working and potent as allopathic 
medicines and their use is time consuming in their preparation and use. The ethnovet-
erinary medicines may therefore be less suitable to control and treat epidemic and 
endemic infectious diseases and acute life-threatening bacterial infections. Paucity of 
treatment against the infectious epidemic diseases is another limitation of ethnoveteri-
nary medicines. The preparation and use of ethnoveterinary medicines is often difficult 
and has inconveniences [5].

There is still need for the validation, documentation and acknowledgement of 
EVM in Zimbabwe among other tropical countries [42]. Additionally, socio-economic 
factors as population pressure, agricultural expansion into the veld, and other stress 
on the land may cause unsustainable consumption [5] It is not easy to standardise 
herbal therapies as the concentration of active ingredients varies in different parts of 
the plants [9]. Cases of toxicity and underdosing are more as there is no exact dosage 
in relation to body weight. That some herbs are available only in certain seasons often 
limits the application of ethnoveterinary medicines. In the absence of regulatory 
control, product quality becomes variable.

Research and scientific validation of IKS, including EVM are therefore important 
to increase their adoption in livestock health management. The knowledge of tradi-
tional healers and experienced elderly people should be tapped to gather information 
on these practices so that the future generations can enjoy the same benefits [5]. The 
knowledge of traditional healers, stockmen, hunters, and other experienced elderly 
people may be the only ones with appropriate information regarding, for instance, 
the forms in which the drug has to be given for a particular disease: this information 
needs to be documented for the benefit of future generations [5, 42].

5. Conclusion

Conventional veterinary services have played a paramount role in the control of 
livestock diseases. The conventional veterinary services cannot yet deliver complete 
coverage in preventive and curative health care practices because of inadequate labor, 
logistical problems, erratic supply of drugs, and the high cost of drugs and equip-
ment. In Zimbabwe, there is evidence that ethnoveterinary medicines are gaining 
recognition at the expense of conventional drugs especially because of greater 
accessibility, lower costs and apparent effectiveness. A practical solution to cutbacks 
in veterinary services is to develop socially acceptable and effective remedies from 
reasonably inexpensive sources that can complement modern medicine like ethnovet-
erinary medicines.
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