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Preface
The goal of this book is to provide a review, as thorough and up-to-date as pos-
sible, of the state-of-the-art herbal therapy for strong human immune systems and 
research-based information on medicinal plants used for this purpose. A large num-
ber of people around the world suffer from daily inconvenience and unpleasantness 
of a deficient immune system. Tiredness, frequent colds, infections, allergies, mood 
swings, and premature ageing are all common manifestations of a weakened immu-
nity. The human immune system is an invisible bodyguard, fighting off invasion 
and working tirelessly around the clock to keep the human body fit and healthy. The 
immune system is responsible for responding when anyone is exposed to viruses, 
bacteria, or other microbes, has a cut or a broken bone, or when cells begin to change 
in an abnormal way, as in the early stages of cancer. The immune system also plays 
the vital role of differentiating the live materials belonging to the body from those 
coming from outside, and quickly eliminating the foreign proteins from bacteria, 
virus, or other microbes. It is also responsible for inflammation, the natural pro-
cess that occurs in response to injury and is incredibly important to initiate healing, 
although too much of it can be detrimental and is linked to heart disease, diabetes, 
cancer, and many other illnesses.

In this connection, medicinal plants and their products are able to affect the 
immune system and act as immunomodulators. Numerous medicinal plants are 
popularly used in folk medicine to increase resistance of the body; they strengthen 
the human immune defence and improve body reactions against infectious agents 
or exogenous injuries, suppressing the abnormal immune response occurring in 
immune disorders. Many herbs, shrubs, climbers, or trees, such as Allium fistulo-
sum, Allium sativum, Aloe vera, Andrographis paniculata, Calendula officinalis, 
Camellia sinensis, Catharanthus roseus, Cinnamomum camphora, Curcuma longa, 
Echinacea purpurea, Echinacea angustifolia, Elettaria cardamomum, Emblica 
officinalis, Eucalyptus spp., Glycyrrhiza glabra, Hypericum perforatum, Mentha 
piperita, Nigella sativa, Origanum vulgare, Ocimum sanctum, Ocimum basilicum, 
Panax ginseng, Salvia officinalis, Sambucus nigra, Taraxacum officinale, Thymus 
vulgaris, Withania somnifera, Zingiber officinale, etc., have shown success in 
strengthening immunity against the H1N1 virus, influenza, hepatitis and swine flu-
virus, among others. These plants and their products have some specific properties to 
reduce stress and anxiety, absorb odours and mould, eliminate headaches, improve 
mood and brain function, enhance blood and oxygen circulation, increase energy 
levels, boost healing processes, maintain blood pressure, act as a source of vitamins 
and improve a number of bodily functions. Moreover, these plants have acted as an 
antiviral and antibacterial agent; and boosted the immune system against cancer, 
HIV, and COVID-19. This book addresses these issues and many more. In the future, 
medicinal plant-based products are likely to be in higher demand to facilitate and 
strengthen the human immune system against infections, allergies, and related ail-
ments. Taken together, this book aims to cover both the indigenous and scientific 
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knowledge about medicinal plants, and the protective and therapeutic potential and 
mode of action of plant-based drinks, supplements, nutraceuticals, synergy foods, 
superfoods, and other products. I hope that this book will be a useful resource to 
stimulate further research interest in plant-derived medications and will inspire stu-
dents, industrialists, and policy makers.

With great pleasure, I extend my sincere thanks to all contributors for their timely 
response, and the excellent, up-to-date contributions. I am extremely thankful to Ms. 
Randy Brehm, Dr Julia Tanner, and all associates at Taylor & Francis Group, LLC/
CRC Press for their sustained cooperation. I shall be happy receiving comments and 
criticism, if any, from subject experts and general readers of this book.

Azamal Husen
Wolaita, Ethiopia
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Disclaimer
The author and the publishers of this work have checked the sources and believe 
that the given information presented is genuine. This is only a reference book, not 
intending to offer any nutritional or medical advice. The information on the role 
and uses of medicinal plants does not constitute any recommendation. The author 
and publishers are not responsible if any reader uses these plants for a nutritional or 
therapeutic purpose.
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1

1 Plant-based Potential 
Nutraceuticals for 
Improving the Human 
Immune System

Azamal Husen and Muhammad Iqbal

1.1 � INTRODUCTION

Our immune system uses our body’s own defence mechanisms to guard against dam-
age, disease, and infections. Composed of various tissues, cells, and proteins, the 
immune system is a highly complex and multifaceted system, forming an intricate 
network of cells and proteins that moves throughout the human body via the lymph 
stream and blood stream. A healthy immune system is able to distinguish between 
body cells (self) and foreign materials (non-self), eliminating the latter. It can also 
recognize and destroy abnormal cells derived from host tissues. In an autoimmune 
reaction, however, antibodies and immune cells target the body’s own healthy tissues 
by mistake, signalling the body to attack them (Terrie, 2017). Undernourishment or 
deficiency of zinc, selenium, iron, copper, or vitamins A, C, E, B6, or B9 (folic acid) 
significantly influence immune system responses. On the other hand, overeating 
and being overweight or obese may also hamper the immune response. Moreover, 
chronic stress, lack of sleep, specific medical conditions, prolonged use of cortico-
steroids or immunosuppressive agents, or immune-mediated diseases damage our 
immune system (Terrie, 2017). Immunity decreases and morbidity increases with 
increasing age due to deficiencies of vitamins C, D, E, B6, B9, and elements such as 
zinc, and/or selenium. (Ritz et al., 2009). Use of vitamin D supplements strengthens 
the physical barrier against viruses, stimulates production of antimicrobial peptides, 
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2 ﻿Traditional Herbal Therapy for the Human Immune System

and attenuates formation of inflammatory cytokines, whereas selenium improves 
the function of cytotoxic effector cells and helps in maintaining T-cell functions and 
the production of T-cell-dependent antibodies. Vitamin C enhances production of 
antiviral cytokines and free radicals, thus reducing the virus yield, and also inhibits 
excessive inflammatory responses and/or hyperactivation of immune cells (Bae and 
Kim, 2020). Use of nutraceuticals supports restoration of the immune system, par-
ticularly in the elderly.

Immunomodulators influence the immune system efficiently. These agents 
strengthen the immune defences, improve the body’s reaction against microbial 
infections and/or injuries, and suppress irregular immune responses. Nutraceuticals 
(chemicals from food with health benefits in excess of their nutritional value) are bio-
active compounds naturally present in foods, dietary supplements, and plant prod-
ucts/extracts, which have acknowledged potential health applications (Figure 1.1). 
They play a vital role in maintaining a healthy body by providing necessary supple-
ments required for various metabolic processes in order to regulate bodily functions. 

FIGURE 1.1  Various potential applications of nutraceuticals.
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Herbs or herbal products may not act as precisely as antibiotics but have proven to be 
antibacterial (even antiviral) by boosting our body’s own defence mechanisms (Nasri 
et  al., 2014; Chanda et  al., 2019). Nutraceuticals obtained from plants act as the 
probable immunomodulating agents in such products. Phytochemicals (flavonoids, 
folate, polyamines, alkaloids, terpenoids, etc.) and other, essential nutrients (mainly 
carbohydrates, proteins, fatty acids, minerals, and vitamins) play an important role 
in maintaining a balance between health and disease (Parveen et al., 2020b). Thus, 
nutrition is a crucial factor in modulating immune homoeostasis. Protein–energy 
malnutrition or even subclinical deficiencies of a single micronutrient may impair 
immune responses (Bhaskaram, 2001). Calder et al. (2020) elucidated the signifi-
cance of optimal nutritional status to resist against viral infections, asserting the 
roles of vitamins (such as A, B6, B12, C, D, E, and folate), trace elements (such as 
zinc, iron, selenium, magnesium, and copper) and the omega-3 fatty acids (such as 
eicosapentaenoic acid and docosahexaenoic acid) in supporting the immune sys-
tem. Vitamins A and D have a potential benefit, especially in vitamin-deficient 
populations, while the micronutrients selenium and zinc give favourable immuno-
modulatory effects during viral respiratory infections, and many nutraceuticals and 
probiotics facilitate immune functions (Jayawardena et al., 2020). While proposing 
nutritional strategies to reduce damage to lungs from coronavirus and other infec-
tions, Wu and Zha (2020) asserted that the most promising, fact-acting treatments 
are herbal formulations, which probably address lung, heart, liver, and kidney func-
tions simultaneously. Rathaur et al. (2020) and Parveen et al. (2020a, 2020b) have 
described the usefulness of single and compound herbal drugs used in the Ayurvedic 
and Unani systems of Indian medicine, respectively.

Various food components have the ability to modulate cellular processes and 
stimulate the immune system. For instance, peppermint (Mentha × piperita) and oils 
obtained from this plant are used as antispasmodic, aromatic, and antiseptic agents 
and are used for treating cancers, colds, cramps, indigestion, nausea, sore throat, and 
toothaches (Briggs, 1993). Yellow turmeric powder, a product of Curcuma longa, 
is very active against a range of bacteria, fungi, and viruses, as well as parasites 
(Moghadamtousi et al., 2014; Prasad and Tyagi, 2015). Panax ginseng (Asian gin-
seng) is used as a tonic, is known to promote immunity (Kang and Min, 2012), and 
has protective effects for the treatment of neurological disorders (Ong et al., 2015). 
Astragalus membranaceus (commonly known as Mongolian milkvetch) is rich in 
polysaccharides, flavonoids, and saponins (Auyeung et al., 2016), and exhibits pow-
erful immunity-enhancing, antioxidant, hepatoprotective, antidiabetic, and antican-
cer activities (Zhao et al., 1990; Auyeung et al., 2016; Wu et al., 2017). The most 
common and widely used herbal plants, such Allium sativum (garlic), Allium cepa 
(onion), and Zingiber officinale (ginger), are the basis of all healing herbal products, 
and can be categorized as food and spice, as well as medicine. In many remote areas, 
various plants and their products are used as ethnomedicines for treatment of all 
physical ailments of the local populations (Anis and Iqbal, 1994; Anis et al., 2000; 
Beigh et  al., 2014). We intend to briefly discuss in this chapter some plant-based 
nutraceuticals and their role in improving the human immune system to ensure and 
maintain a high quality of life.
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1.2 � IMMUNOMODULATORY PHYTOCHEMICALS 
AND ASSOCIATED RESPONSES

Phytochemicals, mainly alkaloids, phenolics, glycoproteins and saponins, can 
exhibit anti-inflammatory and immunomodulatory features. Additionally, terpe-
noids, polysaccharides, fatty acids, minerals, vitamins, etc. also play an important 
role as immunomodulatory agents and help in disease prevention. Polysaccharides 
from plants have shown low toxicity in comparison with immunomodulatory bac-
terial polysaccharides and many synthetic compounds (Albuquerque et al., 2020). 
Therefore, they are the ideal alternative agents to achieve immunomodulation. Since 
ancient times, it has been recognized that plants, plant parts, or their products and 
extracts are the sources of medicinally active compounds (Figure 1.2). For instance, 
alkaloids from plants are utilized as antimalarial agents (quinine), anticancer agents 
(vinblastine, vincristine, and taxol), and to regulate blood circulation, especially 
in the brain (vincamine). The terpenoid steroidal saponins obtained from plants, 
including Solanum aethiopicum (Ethiopian eggplant), Capsicum annuum (capsicum 
peppers), Panax ginseng (ginseng), and Yucca schidigera (Mojave yucca) (Hussain 
et al., 2015), have shown hypoglycaemic, antioxidant, antifungal, neurotrophic, neu-
roprotective, and viricidal effects. Such saponins are also involved in the reduction 
of low-density lipoprotein (LDL)-cholesterol and serum cholesterol levels, inhibition 
of cancer cell proliferation, and fortification of the cell-mediated immune system 
(Ding et al., 2019). Reports have also suggested that carotenoids, another class of 
terpenoids, significantly decrease the risk of prostate, lung, and breast cancers (Mills 
et al., 1989; Ziegler et al., 1996; Zhang et al., 1997) and provide protection against 
eye diseases (Yeum et al., 1995).

Many plants, such as vegetables (broccoli, green bell pepper, kale, onion, spinach, 
and tomato), fruits and herbs, mainly Citrus grandis, Hypericum perforatum, and 
Sophora japonica, are a rich source of flavonoids (a subclass of plant phenolics). 
Flavonoids play a defensive role in coronary heart diseases, and exhibit antiviral, 
anti-allergenic, anti-cholinesterase, anticancer, and antioxidant activities (Ren et al. 
2003; Ullah et  al. 2020). Quercetin, a plant flavonol from the flavonoid group of 

FIGURE 1.2  Major plant-based nutraceuticals.
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polyphenols, is an effective antioxidant, and plays a significant role against cardio-
vascular disease (Finotti and Di Majo, 2003), diabetes, and HIV (Li et al., 2000). 
Likewise, tannins (water-soluble polyphenol derivatives), which are naturally syn-
thesized and accumulated in various plant parts, are a secondary metabolic product 
exhibiting numerous useful healthy properties, showing anti-inflammatory, antimi-
crobial, antileishmanial, immunomodulatory, analgesic, anti-lymphocytic, neuro-
protective, antidiarrhoeal, and antihypertensive activities (Uritu et al., 2018). Garlic 
is rich in sulphur compounds, which stimulate the immune system and decrease 
atherogenesis, platelet stickiness, and cancer (Arreola et  al., 2015; Shang et  al., 
2019). Sulphoraphane (an antioxidant and stimulator of natural detoxifying enzymes, 
abundantly found in Brassica oleracea var italica (broccoli), is an effective phase 2 
enzyme inducer, and produces D-glucarolactone, which is an important breast can-
cer inhibitor (Ghazanfari et al., 2002). Some common plant-based nutraceuticals and 
their roles in stimulating the immune system are listed in Table 1.1.

1.3 � SYNERGISTIC EFFECT OF HERBAL AND 
OTHER PLANT PRODUCTS

Many nutraceuticals act together synergistically, exhibiting superior performances 
when co-delivered (Leena et al., 2020). For instance, the interactive herbal combina-
tion, known as Triphala (“three fruits”), is prepared by mixing Terminalia bellirica, 
Terminalia chebula, and Emblica officinalis together for use as a nutritive tonic. 
This herbal preparation, based on synergy, benefits almost all organs/systems of the 
human body, most specifically skin, liver, eyes, and the digestive and respiratory 
systems. It is therapeutically useful in terms of immunomodulation, and as an anti-
bacterial and antimutagenic product (Belapurkar et al., 2014; Peterson et al., 2017). 
Phytochemicals from tomatoes (Solanum lycopersicum) and olive oil from Olea 
europaea also have synergistic effect, as tomatoes contain carotenoids (principally 
lycopene), which are fat-soluble and their absorption into the bloodstream is higher 
in a lipid medium, such as olive oil. Lycopene, with its powerful antioxidant nature, 
minimizes the risk of cardiovascular diseases by improving the serum lipid profile 
in a high-fat diet. Lycopene bioavailability increases between five- and six-fold fol-
lowing cooking of tomatoes, compared with eating them raw (Fielding et al., 2005; 
Ahuja et al., 2006; Story et al., 2010). Black grapes are rich in catechins, polyphenol 
antioxidants that can reduce the risk of obesity, cardiovascular disorders, cancer, 
and neurological problems. In combination with onion, consumption of black grapes 
causes a synergistic anti-proliferative effect, compared with consuming onions or 
grapes alone. The combination inhibits blood clots, improves blood circulation, and 
boosts cardiovascular health (Wang et al., 2013). Foods like green tea and black pep-
per also work in a synergistic way, with black pepper increasing the bioavailability 
of epigallocatechin-3-gallate (EGCG), a useful component of green tea. Piperine, 
a major alkaloid present in black pepper, inhibits the glucouronidation of EGCG, 
thereby lowering the transit rate of EGCG in the gastrointestinal (GI) tract and thus 
increasing its residence time, which ensures maximum absorption. The high catechin 
content of green tea improves immunotolerance, thereby reducing the possibility of 
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cancer incidence, cardiovascular disease, and elevated cholesterol (Lambert et al., 
2004). Similarly, lemon juice, consumed with green tea, enhances the absorption 
of EGCG ten-fold, as compared with the absorption when green tea is taken alone 
(Tewari et al., 2000). Furthermore, ascorbic acid (vitamin C), present at high con-
centrations in lemon, acts synergistically with catechins to stimulate the absorption 
and utilization of the antioxidant components of green tea five-fold, in comparison 
with green tea taken alone (Majchrzak et al., 2004; Intra and Kuo, 2007). All these 
combinations of nutraceuticals boost our immune system in one way or another and 
enable our body to fight against diseases and disorders.

Honey and garlic each have remarkable antibacterial properties, stimulating the 
immune system and exhibiting antibacterial activity, while acting synergistically to 
reduce bacterial growth, an effect which is further enhanced by the presence of phe-
nolics and fatty acids (Natarajan et al., 2019). The combination of honey and garlic is 
also well known for lowering blood cholesterol and triglyceride levels and providing 
relief of cardiovascular problems (Shoba et al., 1998). Garlic increases the production 
of gastric juices and helps in increasing iron absorption (Shoba et al., 1998). Chen 
et al. (2005) reported that the flavonoids from almond skin acted synergistically with 
vitamins C and E to protect LDL-cholesterol oxidation. Similarly, a combination of 
green leafy vegetables and lemon is effective at increasing haemoglobin concentra-
tion in iron-deficient anaemic patients, as vitamin C accelerates the dietary absorp-
tion of non-haem iron (Hallberg et al., 1989). Furthermore, Fernandez and Marette 
(2017) suggested that bananas energize growth of beneficial bacteria in yoghurt, with 
the combination increasing immunity and regulating digestion. Inulins, prebiotic 
polysaccharides in a number of plants, are present in bananas, promoting the growth 
of probiotic (good) bacteria in yoghurt, which improves immunity and help in regu-
lating our digestion. This banana–yoghurt combination also increases the level of 
calcium in our body. Studies on the interaction between turmeric and fish revealed 
that curcumin, the active component in turmeric, acts synergistically with the poly-
unsaturated fatty acids (PUFA), docosahexaenoic acid or eicosapentaenoic acid, in 
fish, decreasing the production of inflammatory eicosanoids and reactive oxygen 
species (ROS) to relieve oxidative stress (Saw et  al., 2010). Piperine, the hot and 
active component of black pepper, increases the bioavailability of curcumin 1000-
fold when added to turmeric or turmeric-based foods (Shoba et al., 1998). Piperine 
inhibits the metabolic breakdown of curcumin compounds in the gut and liver, thus 
promoting the bioavailability of curcumin compounds in the body.

In-vitro and in-vivo animal studies have shown that ginger (Z. officinale) has 
excellent anti-inflammatory, antioxidant, anti-platelet, hypotensive, and hypolipi-
daemic effects. Human trials with low ginger doses have demonstrated significant 
anti-platelet activity (Nicoll and Henein, 2007), although some recent studies have 
emphasized the need for more clinical trials (Marx et al., 2015). Evidence from ani-
mal studies suggests that ginger may help prevent ischaemia–reperfusion injury (IRI) 
in the heart. Hasanvand et al. (2019) have reported that the use of ginger reduced 
chest pain during coronary angioplasty, but its effect on the release of biochemical 
markers of myocardial damage was unclear. Pharmaceutical industries dealing in 
herb-based Ayurvedic and Unani medicines have developed several combinations 
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of garlic juice, ginger juice, lemon juice, honey, and apple cider vinegar for manag-
ing cardiovascular ailments and maintaining the overall physical and physiological 
health of the patient. Lipikyure, from Ekyure Herbals in India, is one such prepara-
tion with markedly positive results in lowering cholesterol and triglyceride levels, 
reducing body weight, improving blood circulation, and preventing cardiovascular 
disorders (e-Kyure, 2021). In addition, Lipikyure also strengthens the digestive sys-
tem, lowers blood sugar, and ensures skin health due to the inclusion of apple cider 
vinegar as one of its components.

Recently, Jampilek and Kralova (2020) have suggested a special kind of food 
supplemented with various types of nanoparticles (nanonutraceuticals) for greater 
stability, bioavailability, and efficacy. However, it is important to make sure that all 
these combinations are safe, and do not have any adverse side-effects.

1.4 � CONCLUSION

Nutraceuticals are foods based on plants and/or their products/extracts that have an 
established positive effect on human health. Plants are rich in bioactive constitu-
ents (phenolics, alkaloids, terpenoids, folates, polyamines, etc.) and other, essential 
nutrients (carbohydrates, proteins, fatty acids, minerals, and vitamins), which play a 
significant role in maintaining the balance between health and disease. Upgrading 
food products with nutraceuticals is highly desirable to reload the missing vitamins 
and other health-promoting substances in foodstuffs. Furthermore, the concept of 
food component synergy is beneficial as an immunity booster for disease control and 
other health benefits. However, due to limited information, more intensive research 
on this subject is both highly desirable and of vital importance. Additionally, the 
concept and practice of using synergistic food combinations for specific health ben-
efits also require thorough investigation.
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2.1 � INTRODUCTION

There are various types of disease-causing microorganisms in nature which can cause 
infectious diseases in human beings. The main cause of morbidity and mortality is 
still microbial contagious diseases and microbial disease remains a dominant threat 
to the world (Cos et al. 2006). According to the World Health Organization (WHO, 
2014), microbial infections are responsible for approximately half of the deaths each 
year, occurring mostly in developing and tropical countries worldwide (Fankam et al. 
2011). The occurrence of drug-resistant bacterial pathogens leaves many bacterial 
infectious disease cases untreated and causes a major health problem in the world, 
resulting in morbidity and morbidity due to such failures of treatment (Levy and 
Marshall 2004; Ghosh and Haldar 2015). Inappropriate use of antibiotics is the main 
cause for the development of multidrug- resistant (MDR) pathogens (Bologa et  al. 
2013). The occurrence of MDR bacteria throughout the world results in ineffective 
treatment (Djeussi et al. 2013). This has an overwhelming effect on patients suffering 
from MDR bacterial infections, with the increased treatment cost also making it dif-
ficult to afford, as well as causing long-lasting illness and even death (World Health 
Organization 2014). Some infections diseases, such as cholera, diphtheria, gonor-
rhoea, meningitis, syphilis, tetanus, and tuberculosis, cause large numbers of deaths 
annually, especially in developing countries, as a result of antibiotic resistance prob-
lems (Wang et al. 2008). Some research has indicated that, by 2050, the annual num-
ber of deaths annually due to MDR bacteria will increase to ten million each year, at a 
cost of one hundred trillion dollars (Anand et al. 2019). Reports on the significance of 
drug-resistant bacteria causing untreatable infections showed that the requirement for 
the development of new antibacterial therapies is more pressing than ever (Cushnie 
et al. 2014). To alleviate this problem, the use of natural active ingredients obtained 
from medicinal plants is one of the alternatives (Dhama et al. 2014). Recently, the 
interest in and awareness of medicinal plants as an alternative source of bioac-
tive compounds against drug-resistant microorganisms have been growing (Uche-
Okereafor et  al. 2019). For instance, the bioactive compound berberine, extracted 
from Berberis vulgaris, is active against bacteria and protozoa, and piperine, isolated 
from Piper nigrum, is active against some fungi and bacteria, such as  Lactobacillus 
spp., Micrococcus spp., Escherichia coli, and Enterococcus faecalis. Moreover, some 
infectious diseases caused by bacteria, fungi, and viruses can be treated by using tan-
nins isolated from Rhamnus purshiana (Khameneh et al. 2019) (Figure 2.1). Bioactive 
compounds isolated from Dorstenia spp., such as amentoflavone and prenyl flavones, 
showed marked antibacterial activities against Bacillus cereus with minimum inhibi-
tory concentration (MIC) values of 3 and 2.4 μg/ml, respectively (Kuete et al. 2007; 
Mbaveng et al. 2008) and, from flower extracts of Retama raetam, bioactive flavo-
noids called licoflavones also showed antibacterial activities against E. coli, with a 
MIC value of 7.81 μg/ml via the formation of complexes with soluble and extracellular 
proteins (Edziri et al. 2012). The alkaloids isolated by ethanol extraction of Datura 
stramonium tissue showed in vitro-antibacterial activities against some bacterial spe-
cies, such as Klebsiella pneumoniae, Proteus mirabilis, Staphylococcus aureus, E. 
coli, and Pseudomonas aeruginosa, using the agar well diffusion method. The Datura 
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extract showed greater antibacterial effect than that achieved by standard antibiot-
ics (Altameme et al. 2015). Adukwu et al. (2016) indicated that the components of 
essential oils (EOs) obtained from Cymbopogon citratus reduced the growth of S. 
aureus and Acinetobacter baumannii. According to Lahmar et al. (2017), synergistic 
antibacterial activity was achieved by mixing antibiotics and different EO compo-
nents derived from Thryptomene calycina, Clausena anisata, Callitris glaucophylla, 
Melaleuca alternifolia, and Eucalyptus spp. The results showed a marked inhibitory 

FIGURE 2.1  Antimicrobial activity of some plants and their extracts.
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effect against Alcaligenes faecalis, E. coli, Salmonella typhimurium, S. aureus and 
Ps. aeruginosa. Nanoparticles synthesized from plant have been used for antibacterial 
activities, especially MDR bacteria (Alavi and Rai 2019). Nowadays, because of the 
presence and growing impact of antibiotic-resistant bacteria and the failure of con-
ventional chemotherapy to treat infectious disease, the burden of bacterial infectious 
diseases is increasing. The behaviour of only a few phytochemicals from medicinal 
plants has been studied and the possible modes of action are not fully understood. The 
aim of this chapter is to provide up-to-date information on the use of medicinal plants 
as antibacterial agents and the challenges associated with this approach.

2.2 � COMMON BACTERIAL DISEASES AND THEIR PATHOGENESIS

Bacteria are single-celled microbes (Bilombele 2019), coming in different sizes and 
shapes, and being very diverse (Yang et al. 2016). Bacteria can exist in any envi-
ronment, such as in or on our bodies, in water, or in soil (Seiler and Berendonk 
2012). Worldwide, they are the main cause of human morbidity and mortality. The 
inappropriate and excessive use of antibacterial and antibiotic drugs has caused the 
emergence of resistance in bacterial populations, which results in increases in the 
risks of health problems, such as the inability to treat illnesses caused by antibiotic-
resistant bacteria (Asadi et al. 2019). Some examples of bacterial diseases include 
Legionnaires’ pneumonia, bacterial vaginosis, gonorrhoea, chlamydia, syphilis, 
anthrax, tetanus, botulism, cholera, Lyme disease, bacterial meningitis, pneumococ-
cal pneumonia, whooping cough, tuberculosis, listeriosis, etc. (Centers for Disease 
Control and Prevention 1997).

Different types of disease are associated with, if not definitively caused by, bac-
teria. For instance, Lyme disease and its complications by the tick-borne bacterium 
Borrelia burgdorferi (Diuk-Wasser et  al. 2012), atherosclerosis is associated with 
Chlamydia pneumoniae (Watson and Alp 2008), Sudden Infant Death Syndrome 
(SIDS) with Clostridium perfringens (Deixler 2009), and bloodstream infections 
with Klebsiella pneumonia (Trecarichi et  al. 2016). Additionally, Parachlamydia 
acanthamoebae in the human lung acts as an agent of pneumonia causing inflamma-
tion of the air sacs (Casson et al. 2008).

Another bacterial disease is cholera, caused by consuming drinking water or eat-
ing food contaminated with the bacterium Vibrio cholerae. It is an acute diarrhoeal 
infection, which induces disease exclusively in humans (Moore et al. 2014). Pelvic 
inflammatory disease (PID) is another bacterial disease that commonly occurs in 
females aged under 24 years of age. It is caused by bacterial vaginosis and results in 
infection and inflammation of the female genital tract, which can result in ectopic 
pregnancy, infertility, and serious reproductive morbidity (Kamwendo et al. 2000; 
Taylor et al. 2013). The common sexually transmitted disease (STD) gonorrhoea is 
caused by the bacterium Neisseria gonorrhoeae. This disease is transmitted from 
one person to another person via contact with contaminated clothes or bedsheets, or 
by sexual intercourse (Torpy et al. 2013). Some other common bacterial diseases are 
listed in Table 2.1.
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2.3 � ORIGIN-BASED CLASSIFICATION OF MEDICINAL 
PLANTS FOR TREATMENT OF BACTERIAL DISEASES, 
AND THEIR IMPORTANT PHYTOCONSTITUENTS

2.3.1 � African Medicinal Plants

Approximately 80% of people in Africa cannot afford conventional drugs for treat-
ment of bacterial infections. Nowadays, considerable attention is paid to finding 
new antibacterial drugs from local medicinal plants (Sieberi et al. 2020). In South 
Africa, the bioactive compounds from Teucrium trifidum, like phenolic compounds 
such as tannins and flavonoids, showed antibacterial activity against Bacillus sub-
tilis, Streptococcus pyogenes, K. pneumoniae, P. aeruginosa, B. cereus, S. aureus 

TABLE 2.1
Common Diseases Caused by or Associated with Different Bacterial Species

Bacterium Disease Reference

Bartonella henselae Cat-scratch fever Florin et al. (2008)

Borrelia burgdorferi Lyme disease and its 
complications

Diuk-Wasser et al. (2012)

Campylobacter jejuni Gastroenteritis Sails et al. (2003)

Chlamydia pneumoniae Atherosclerosis Watson and Alp (2008)

Clostridium perfringens Sudden Infant Death 
Syndrome (SIDS) 

Deixler (2009)

Clostridium difficile Antibiotic-induced diarrhoea and 
pseudomembranous colitis

Wilcox (2003)

Corynebacterium amycolatum Hospital-acquired endocarditis Knox and Holmes (2002)

Escherichia coli Haemorrhagic colitis and 
haemolytic uraemic syndrome

Ameer et al. (2020)

Ehrlichia chaffeensis Human ehrlichiosis Mogg et al. (2020)

Helicobacter pylori Duodenal and gastric ulcers Ahmed and Belayneh (2019)

Klebsiella pneumoniae Blood stream infections Trecarichi et al. (2016)

Legionella pneumophila Legionnaires’ pneumonia Edelstein et al. (2020)

Enterococcus faecalis Nosocomial infections Noskin et al. (1995)

Listeria monocytogenes Listeriosis Todd and Notermans (2011)

Methicillin-resistant 
Staphylococcus aureus (MRSA)

Nosocomial and community-
associated infections

Alvarez et al. (2010)

Salmonella enterica Salmonellosis Dallap Schaer et al. (2010)

Staphylococcus aureus Toxic shock syndrome Tang et al. (2006)

Streptococcus pyogenes Necrotizing and streptococcal 
toxic shock syndrome

Tang et al. (2006)

Vibrio cholerae Epidemic cholera Moore et al. (2014)

Vibrio vulnificus Wound infection, septicaemia, and 
gastrointestinal disease

Tacket et al. (1984)
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and V. cholerae (Mazhangara et al. 2020). In Ethiopia, the antibacterial activity of 
Jasminum floribundum, Euphorbia hirta, Euphorbia abyssinica, Sarcophy tepiriei 
or Commiphora myrrha extracts are used in traditional treatment of infections of 
common human wounds by E. coli, Ps. aeruginosa, S. aureus, S. pyogenes, P. mira-
bilis, and K. pneumoniae. The results confirmed that the extracts exhibited growth 
inhibition zones on bacterial plates ranging from (mean ± standard deviation) 
10 ± 2 mm to 24.9 ± 0.9 mm in diameter (Mahammed et al. 2020). Phytochemicals 
such as glycosides (6.29 mg/g), flavonoids (6.51 mg/g), tannin (9.14 mg/g), sapo-
nins (10.54 mg/g), terpenoids (19.72 mg/g), and alkaloids (30.63 mg/g) were isolated 
from Dacryodes edulis leaf extracts, which showed antibacterial activities (Hassan-
Olajokun et  al. 2020). The polyphenols derived from four medicinal plants from 
Burkina Faso, namely Sida acuta, Pterocarpus erinaceus, Khaya senegalensis, 
and Combretum micranthum, were tested for their antibacterial activities against 
pathogenic bacteria such as Klebsiella ozenae, S. aureus, Salmonella paratyphi, and 
Shigella dysenteriae. The results showed antibacterial activities with MIC values in 
the range of 20–2000 mg/ml (Karou et al. 2005). Phytochemicals that were extracted 
in Kenya from Centella asiatica, such as terpenoids, flavonoids, tannins, saponins, 
cardiac glycosides, and alkaloids, showed antibacterial properties. For instance, fla-
vonoids like catechins inhibited the growth of Streptococcus mutans and V. chol-
erae (Tapas et al., 2008), whereas quercetin caused growth reduction of S. aureus 
(Zwenger and Basu 2008). Alkaloids extracted from Aspidosperma ramiflovum were 
found to be significantly inhibitory toward E. faecalis and S. aureus (Tanaka et al. 
2006), whereas those from Sida acuta showed antibacterial activity against E. coli, 
E. faecalis, B. cereus, S. dysenteriae, and S. aureus (Oyekunle et al. 2006). Tannins 
from extracts also showed inhibition against Bacillus subtilis and S. aureus (Kumar 
and Pandey 2013). Saponins from Sorghum bicolor were reported to be active 
against S. aureus (Anantharaman et al. 2010). In Nigeria, extracts of some plants, 
like Acanthus montanus, Carica papaya, Acalypha fimbriata, Bauhinia variegata, 
Azadirachta indica, and Berlinia grandiflora, have been used to treat syphilis (Abd 
El-Ghani 2016).

2.3.2 � Medicinal Plants From the Americas

In the Americas, 20% of deaths annually are due to infectious diseases caused by 
bacteria. Approximately 2,600 species of vascular plants have been used as tradi-
tional medicines by people from North and South America (Mahady 2005). In Belize 
in central America, methanol, chloroform or hexane extracts of herbal plants were 
tested for the treatment of skin infections. Extracts of bark of Bursera simaruba, 
leaves and bark of Syngonium podophyllum and Aristolochia trilobata, leaves of 
Hamelia patens, and bark of Guazuma ulmifolia were tested against the bacteria E. 
faecalis, S. aureus and Ps. aeruginosa (Camporese et al. 2003). In New York state in 
the USA, the Haudenosaunee peoples used the medicinal plants Solidago canaden-
sis, Hieracium pilosella, Ipomoea pandurata, and Achillea millefolium for the treat-
ment of diseases caused by different bacterial species. The result of a study showed 
that aqueous leaf extracts were strong enough to inhibit some species of bacteria, 



19Antibacterial Activity of Medicinal Plant﻿

such as E. coli and S. typhimurium, with predicted MIC values in the range of 1 μg/
ml to10 μg/ml. However, the value was 100–1000 μg/ml against Lactococcus lactis 
and S. aureus (Frey and Meyers 2010). Medicinal herbs in North America, such as 
Allium sativum, Hyptis suaveolens, Syzygium aromaticum, Artemisia absinthium, 
Murraya koenigii, Datura metel, Lippia alba, and Chrysopogon zizanioides, were 
used to treat Lyme disease and other tick-borne infections (Yarnell 2016).

2.3.3 �C hinese Medicinal Plants

Currently, the uses of Chinese herbal medicinal plants is receiving great attention. 
These herbal medicines are used in traditional Chinese medicine (TCM) to treat dif-
ferent infectious bacterial diseases (Wang et al. 2018). In Northwest Yunnan, China, 
some traditional medicinal plants, such as Potentilla fulgens, Geranium strictipes, 
Elsholtzia blanda, and Elsholtzia rugulosa, exhibited inhibition of S. aureus (Zuoa 
et al. 2008). McMurray et al. (2020) described the antibacterial activities of some 
Chinese medicinal plants, such as Iris domestica, Anemone chinensis, Smilax 
glabra, and Agrimonia pilosa, against E. coli and L. monocytogenes. The results 
showed MIC values in the range between 7.81 and 125 mg/l, compared with ampi-
cillin. However, ampicillin MIC range was between 0.25 and 8 mg/l. Ginsenosides, 
bioactive compounds extracted from Panax ginseng, a common plant important in 
traditional Chinese medicine, also show a good antibacterial effect against L. mono-
cytogenes, Ps. aeruginosa, and Helicobacter pylori (Kim et al. 2017), while flavonol 
glycosides extracted from another Chinese medicinal plant, Ginkgo biloba, indi-
cated antibacterial activities against E. coli and C. perfringens (Lee and Kim 2002). 
Twelve A-type proanthocyanidins, isolated from Ephedra sinica using ethanol as the 
solvent, exhibited high bacterial inhibition (MIC values in the range 0.00515–1.38 
mmol/l) against bacterial species, such as S. aureus and Ps. aeruginosa (Zang et al. 
2013). Phenolic compounds isolated from the TCM plant E. sinica also showed con-
siderable antibacterial activity against Gram-positive (S. aureus) and Gram-negative 
bacteria (Ps. aeruginosa) (Khan et al. 2017). Janovska et al. (2003) examined the 
antibacterial activities of ethanolic extracts of Tussilago farfara, Salvia officinalis, 
and Chelidonium majus, which are all TCM plants, the extracts showing very high 
activity against the bacteria B. cereus, E. coli, S. aureus, and Ps. aeruginosa, and the 
fungus Candida albicans.

2.3.4 �I ndian Medicinal Plants

The antibacterial activities of some Indian medicinal plants have been investi-
gated. For instance, extracts of the plants Woodfordia fruticosa, Mesua ferrea, 
and Manilkara hexandra exhibited significant antibacterial activity against several 
Staphylococcus species (Hasan et  al. 2013). Bioactive chemicals, like flavonoids, 
steroids, saponins, and/or tannins, from leaf extracts of Cassia auriculata exhibited 
strong antibacterial activities against five bacterial species, namely P. mirabilis, S. 
aureus, P. aeruginosa, K. pneumoniae and E. coli (Murugan et al. 2013). Shihabudeen 
et al. (2010) reported the antimicrobial effects of methanol extracts of C. auriculata 
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or Eugenia jambolana, containing phytochemicals, such as steroids, saponins, tan-
nins, phenols, glycosides, coumarins, and flavonoids. The results revealed the great-
est toxicity against the bacteria E. coli, Staphylococcus epidermidis, Ps. aeruginosa, 
K. pneumoniae, and S. aureus, and the fungi C. albicans and Aspergillus niger, using 
the disc diffusion method. South Indian traditional medicinal plants, like Adhatoda 
vasica, Aegle marmelos, Ocimum gratissimum, and Ocimum sanctum, were exam-
ined for their antibacterial activities against K. pneumoniae, S. paratyphi, S. typhi, 
S. aureus, and E. coli. The methanolic extract of some of those plants, such as O. 
sanctum and O. gratissimum. indicated antibacterial effects, with maximum zone of 
inhibition diameters of 25.5 mm and 30.0 mm diameter, respectively, against S. typhi 
(Prasannabalaji et al. 2012).

Swain and Rautray (2021) examined the antibacterial activities of regularly con-
sumed Indian medicinal plants. The greatest antibacterial activities were observed 
in methanol extracts of turmeric (Curcuma longa) tested against Ps. aeruginosa, K. 
pneumoniae, and S. aureus, whereas some inhibition zone was observed in response 
to extracts of ginger (Zingiber officinale) against the same bacteria. Some Indian 
plants that had not previously been shown to be medicinal plants, such as Pterygota 
alata, Murraya paniculata, Holigarna caustica, Acacia pennata, Elaeocarpus ser-
ratus, Bischofia javanica, Trema orientalis, Syzygium praecox, Smilax zeylanica, 
and Cinnamomum glaucescens, have been used to control the formation of S. aureus 
biofilms (Panda et al. 2020).

2.3.5 �E uropean Medicinal Plants

Different plants have been studied in European countries for treatment of bacterial 
diseases (Toth et al. 2011). In a review of well-known medicinal plants in Italy used 
between 1850s to 1950s to treat bacterial skin diseases, some bioactive compounds, 
such as phenolics extracted from the root of Beta vulgaris, sulphides from the essen-
tial oil of garlic cloves (A. sativum), and alkaloids from the methanolic extract of the 
leaves of lettuce (Lactuca sativa) were used to treat skin infections caused by bacteria 
such as E. coli, S. typhimurium and Providencia stuartii (Mazzei et al. 2020). Aqueous 
and alcoholic extracts of aerial parts of Achillea millefolium, which grows in Europe, 
showed antibacterial activity against E. faecalis, Micrococcus luteus, Salmonella 
enterica, S. aureus, Shigella flexneri, and Ps. aeruginosa, although the aqueous extract 
exhibited low inhibition against M. luteus and Ps. aeruginosa. The greatest inhibitory 
effect of the alcoholic extract was against M. luteus, S. aureus, and Ps. aeruginosa 
(Hasson 2011). In another study, which was carried out on medicinal plants grown in 
the warmer part of southern Europe, the aqueous, chloroform or ethanolic extracts 
of Tribulus terrestris showed a marked inhibition of bacterial growth (Al-Bayati and 
Al-Mola 2008). The fruit of the plant had significant antibacterial activity towards 
Bacillus subtilis, Corynebacterium diphtheriae, and S. aureus, with effective MIC 
values of 0.15, 0.31, and 0.62 mg/ml, respectively (Al-Bayati and Al-Mola, 2008). In 
Poland, aqueous extracts of members of the Rosaceae family, such as Rosa canina, 
Fragaria vesca, Rubus fruticosus, Rubus idaeus, and Agrimonia eupatoria, have been 
widely used to neutralize the cholera toxin (Komiazyk et al. 2019) (Table 2.2).
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2.4 � RECENT PROGRESS IN BACTERIAL 
ACTIVITIES OF MEDICINAL PLANTS

2.4.1 � Medicinal Plants for Treating Bacterial Pneumonia

Bacterial pneumonia is an infectious disease characterized by lung inflammation. 
It is not a single disease but can be caused by many species of bacteria, such as 
Streptococcus pneumoniae, S. aureus, P aeruginosa, Moraxella catarrhalis, K. 
pneumoniae and Haemophilus influenzae (Brooks, 2020; Cock and Van Vuuren 
2020). Different medicinal plants and parts which have been used for the treat-
ment of bacterial pneumonia include the root of Abutilon angulatum, Combretum 
platypetalum, Rhynchosia caribaea, and Terminalia sericea, leaves of Acacia eri-
loba, Dodonaea viscosa, and Trichilia emetica, essential oils from the wood of 
Cinnamomum camphora, tubers of Pelargonium sidoides, branches of Rhamnus 
prinoides, the bark of Urtica urens, twigs of Dodonaea viscosa, and whole plants 
of Oncosiphon suffruticosum (Cock and Van Vuuren 2020). Bioactive compounds 
isolated from peel waste of Opuntia ficus-indica fruits, like isorhamnetin, isorham-
netin 3-O-glucoside, quercetin 5,4’-dimethyl ether, and flavonols, were shown to be 
the most potent active fractions against pneumonia pathogens (Elkadya et al. 2020). 
In the Himalayan region, the plant families most commonly used for the treatment 
of pneumonia are the Fabaceae, Bignoniaceae, and Asteraceae, of which Justicia 
adhatoda, Punica granatum, and Curcuma longa exhibited the greatest inhibitory 
potential (Adnana et al. 2019).

2.4.2 � Medicinal Plants for Treating Cholera

Cholera is an infectious bacterial disease of the intestine. The disease is caused by 
the bacterium V. cholerae (Sousaa et al. 2020). In developing countries, it is an acute, 
diarrhoeal illness, although it is rare in the developed world. The distribution of the 
disease globally shows that it still occurs in Africa, South America, and Eastern 
Asia, with the incidence increasing since 2005 (Mandal et al. 2011). The WHO has 
encouraged the investigation of medicinal plants as alternative strategies for the 
control of various diarrhoeal diseases, including cholera (Laloo and Hemalatha 
2011). Flavonoids extracted from the leaves of Maytenus buchananii using methanol 
showed a potential anticholera chemotherapeutic agent (Tebou et al. 2017). Kayira 
and Nakanoa (2020) showed that cholera can be treated using methanol extracts 
of Syzygium aromaticum, Corymbia citriodora, Glycyrrhiza glabra, Salvia ros-
marinus, Salvia officinalis, or Thymus praecox. Their results indicated significant 
activity against V. cholerae with diameters of inhibitory zone of between 11.3 mm 
and 25 mm. The antibacterial activity was in the order S. aromaticum > S. offici-
nalis > T. praecox > C. citriodora > G. glabra. Jose et al. (2017) also showed that 
methanolic extracts obtained from the plants Holarrhena antidysenterica, Camellia 
sinensis, Elephantopus scaber, or Centella asiatica exhibited promising antibiofilm 
activity against V. cholerae. In some studies, aqueous extracts of members of the 
Rosaceae family, such as Rosa canina, Fragaria vesca, Rubus fruticosus, Rubus 
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idaeus, and Agrimonia eupatoria, have been widely used to neutralize the cholera 
toxin (Komiazyk et al. 2019).

2.4.3 � Medicinal Plants for Treating Diphtheria

Diphtheria is another bacterial infectious disease that can result in mortality. 
Among infected people, 5–10 % of cases result in death. The mortality rate in peo-
ple with ages of 40 years old and above and 5 years old and below is approximately 
20% (Holy et  al. 2017). In developed countries, because of advances in medical 
treatment, outbreaks of diphtheria are rare, although they are more common in 
continents like Africa and South America (Truelove et  al. 2019). The disease is 
caused by the bacterium Cornyebacterium diphtheriae (Dover et al. 2004). Parts of 
different plant species, such as leaves of Carissa edulis, Artemisia afra, Dodonaea 
viscosa, Eucalyptus globulus, Carpobrotus edulis, Ficus carica, Mentha longifo-
lia, and Olea europea, the sap of Astridia velutina, the roots of Carissa edulis, 
Ficus carica, Mentha longifolia, twigs of Dodonaea viscosa, stems of Mentha lon-
gifolia, and fruit of Vitis vinifera, have been used to prevent diphtheria (Cock and 
Van Vuuren 2020).

2.4.4 � Medicinal Plants for Treating Gonorrhoea

Gonorrhoea is the second most common sexually transmitted infectious disease 
(Chinsembu 2016), and is caused by the bacterium Neisseria gonorrhoeae (Rice 
et al. 2017). In the work of Silva et al. (2020), some traditional medicinal plants, 
such as Prunus serotina (bark), Rhodiola rosea (root), Terminalia macroptera (root 
and leaves), Senna podocarpa (root), Guiera senegalensis (leaves), and Bersama 
engleriana (bark) were shown to be the most active in preventing gonorrhoea infec-
tion. In different countries, medicinal plants Adenia gummifera, Agave sisalana, 
Anredera cordifolia, Jacaranda mimosifolia, Lantana camara, Opuntia stricta, 
Senna didymobotrya, and Solanum mauritianum in South Africa (Maema and 
Potgieter 2019), Abelmoschus moschatus, Abroma augustum, Acacia farnesiana, 
Acalypha hispida, Aegle marmelos, Alternanthera sessilis, Arachis hypogaea, 
Asparagus racemosus, Benincasa hispida, Boerhavia diffusa, Caesalpinia bon-
ducella, and Calophyllum inophyllum in Bangladesh (Rahmatullah et  al. 2011), 
and Centella asiatica, Curculigo orchioides, Gloriosa superba, Grewia subinae-
qualis, Ocimum gratissimum, Pedalium murex, Phyllanthus fraternus, Pouzolzia 
zeylanica, Premna arborea, and Scoparia dulcis in India (Das et  al. 2013) have 
been used for gonorrhoea treatment. In Tanzania, for treatment of the disease, a 
decoction made from roots of Achyranthes aspera is given to a patient, whereas, in 
the Philippines, a decoction of the whole plant of Centella coriacea and or roots of 
Amaranthus spinosus is given. In addition, Centella asiatica is very important for 
treatment of gonorrhoea in the folk medicine of South Africa. The plant Grewia 
asiatica is also used in the Himalayan traditional medicinal system of India to treat 
gonorrhoea (Hossan et al. 2010).
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2.4.5 � Medicinal Plants for Treating Lyme Disease

Lyme disease is a well-known tick-borne bacterial disease in humans. In the United 
States, about 300,000 new cases of Lyme disease occur each year (Alinia-Ahandani 
et al. 2020). In most cases of Lyme disease, a bacterium, such as Borrelia burgdor-
feri, Borrelia afzelii, or Borrelia garinii, are responsible (Aguero-Rosenfeld et al. 
2005). Essential oils from several common herbs and medicinal plants show strong 
activity against the bacterium that causes Lyme disease (Feng et al. 2018). Essential 
oils from cloves of Allium sativum, berries of Pimenta officinalis, seed of Cuminum 
cyminum, resin of Commiphora myrrha, flowers of Hedychium spicatum, wood of 
Amyris balsamifera, leaves of Eucalyptus citriodora or Thymus vulgaris, and fruit 
of Litsea cubeba have shown potent activities against Borrelia burgdorferi (Feng 
et al. 2018). In some studies, medicinal herbs such as Hyptis suaveolens, Lippia alba, 
Allium sativum, Syzygium aromaticum, Artemisia absinthium, Murraya koenigii, 
Datura metel, and Chrysopogon zizanioides have been used to treat Lyme disease 
and other tick-borne infections (Yarnell 2016).

2.4.6 � Medicinal Plants for Treating Bacterial Meningitis

Meningitis is an acute inflammation of the protective membranes covering the brain 
and neural structure. The inflammation can be caused by infection with bacteria, 
viruses, or other microorganisms (Priya et al. 2019). Tijani et al. (2019) studied the 
potential medicinal values of Allium sativum on bacterial meningitis pathogens such 
as K. pneumoniae, E. coli, S. pneumoniae, Neisseria meningitidis, and Haemophilus 
influenzae. Their results showed that the plant extracts reduced bacterial growth, 
with MIC values in the range 0.04–1.56 mg/ml. In the work of Akpo et al. (2020), 
the antibacterial activity of Alchornea cordifolia and Moringa oleifera against four 
meningitis-causing bacteria, namely E. coli, Micrococcus spp., B. subtilis, and S. 
aureus were examined. The results indicated that an aqueous extract of  A. cordifolia 
inhibited all the bacteria tested, with a range of zones of inhibition from 7.0 mm to 
17.5 mm in diameter, whereas the ethanolic extract of M. oleifera inhibited S. aureus 
and B. subtilis, with zones of inhibition in the range of 3.0–9.0 mm diameter.

2.4.7 � Medicinal Plants for Treating Syphilis

Syphilis is a common disease caused by the bacterium Treponema pallidum. The 
disease can be transmitted via sexual activities or by contact with an infected person 
(Santacroce et al. 2020). The disease can be treated using different medicinal plants, 
such as Streblus asper (leaves, roots, and stems) or Plumbago indica (leaves and 
stems). A tincture of the roots of Plumbago indica is also used to treat secondary 
syphilis in India (Hossan et al. 2010). In Nigeria, parts of traditional medicinal plants, 
such as leaves of Acanthus montanus, Carica papaya, Acalypha fimbriata, Bauhinia 
variegata, or Azadirachta indica, the root of Bauhinia variegata or Berlinia grandi-
flora, the bark of B. variegata, B. grandiflora, and A. indica, seed of Carica papaya 
or A. indica, the stem of B. grandiflora or A. indica, fruits of Carica papaya, and the 
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whole plant of Ambrosia maritima, Centaurea perrottetii, or Adenia venenata, have 
been used to treat syphilis (Abd El-Ghani 2016). In Jharkhand state in India, some 
of the traditional medicinal plants used for the treatment of syphilis are Cynodon 
dactylon (whole plant), Benincasa hispido (fruit), Benincasa hispida, and Fumaria 
parviflora (aerial parts) (Pandey et al. 2020). An ethnomedicinal survey of plants 
used by Abagusii traditional healers of Southwest Kenya indicated that the root of 
Agave americana and Tabernaemontana stapfiana, whole plants of Achyranthes 
aspera, leaves of Cassia didymobotrya, and stems of Cassia floribunda are used for 
treatment of syphilis (Charles and Bonareri 2020).

2.4.8 � Medicinal Plants for Treating Tetanus

Tetanus is a serious, life-threatening infectious disease caused by a bacterial toxin 
that affects the nervous system, leading to painful muscle contractions; if not diag-
nosed and treated at an early stage, it can result in death (Lakonawa et al. 2020). In the 
developing world, tetanus has a high mortality rate but, in the developed world, the 
disease is rare (Cook et al. 2001). Indian medicinal plants, such as Lantana camara, 
are used to treat tetanus infections, possibly due to the presence of phytochemicals 
like saponins, flavonoids, alkaloids, tannins, anthocyanins, flavones, isoflavones, 
coumarins, lignans, catechins, carotenoids, carbohydrates, proteins, glycosides, and 
steroids in the plant extract (Poddar et  al. 2020). Hymenocardia acida extract is 
used to treat tetanus in Benin (Novotna et al. 2020) and Aristolochia esperanzae, 
Copaifera langsdorffii, Capsicum frutescens, and Nicotiana tabacum are also used 
for treatment of the disease in Brazil (Ribeiro et al. 2017).

2.4.9 � Medicinal Plants for Treating Tuberculosis

Tuberculosis (TB) is one of the most serious infectious bacterial diseases of the 
respiratory system, caused by the bacterium Mycobacterium tuberculosis (Floyd 
et al. 2018). It is one of the top ten diseases in terms of number of deaths caused. 
Nowadays, it is very difficult to control the disease, with the evolution of drug-resis-
tant bacteria making ineffective the use of medications previously used to control 
the bacterium. This has resulted in an urgent search for new medicines from local 
traditional medicinal plants (Tabuti et al. 2010). Flowers, leaves, roots, and the whole 
plant of Taraxacum officinale can be used to treat TB. Furthermore, bark extracts of 
Cryptocarya latifolia, Acacia xanthophloea, Berchemia discolor, Bridelia micran-
tha, Cassia petersiana, and Cassine papillosa, and leaf extracts of Artemisia afra, 
Bauhinia petersiana, Chaetachme aristata, Clerodendrum glabrum, Combretum 
molle, and Conyza scabrida have been used to treat TB (Cock and van Vuuren 2020). 
Acalypha indica has proved to be important in treatment against M. tuberculosis. 
Various phytochemicals, like gallic acid, myricetin, quercetin, piperine, vasicine, 
curcumin, and ascorbic acid, obtained from A. indica have been shown to exhibit 
antibacterial activities (Adnana et al. 2019). In addition, aqueous extracts of pure gel 
from Aloe vera leaves, cloves of Allium sativum, bulbs of Allium cepa, Adhatoda 
vasica, and Acalypha indica were examined in vitro for their potential activity 
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against multidrug-resistant M. tuberculosis. Extracts of all five species exhibited 
anti-tuberculosis activity with inhibition of 95, 32, 37, 72, and 32%, respectively 
(Gupta et al. 2010).

2.4.10 � Medicinal Plants for Treating Typhoid

Typhoid is an infectious disease of concern throughout developing countries around 
the world (Khadka et al. 2020). It is a systemic infection caused by the bacterium 
Salmonella enterica ssp. enterica serotype typhi, by ingestion of contaminated water 
or food (Iroha et  al. 2010). Different solvent extracts of the bark of Azadirachta 
indica, leaves of Crinum purpurascens, Bidens pilosa, Carica papaya, Cymbopogon 
citratus, Mangifera indica, Momordica charantia, and Psidium guajava, and fruit 
of Aegel marmelous, Punica granatum, Myristica fragrans, and Solanum lycop-
ersicum have been used to treat typhoid (Syarif et al. 2020). Traditional medicine 
practitioners have described that the root of Vitex doniana, the leaf of Cassia tora, 
the bark of Alstonia boonei, and the leaf of Stachytarpheta jamaicensis and Carica 
papaya are also beneficial for effective treatment against typhoid fever (Abbas and 
Ain, 2020). Roger et al. (2015) described Bidens pilosa antibacterial activity as being 
effective against Salmonella. B. pilosa contains many phytochemicals, such as por-
phyrins, flavonols, chalcones, phenols, acetylenic hydrocarbons, aliphatic carboxylic 
acids, saturated carbohydrates, tannins, triterpenoids, steroids, alkaloids, phenyl-
acetylenes, and flavonoids. According to Iroha et  al. (2010), typhoid can also be 
prevented by using medicinal plant extracts such as both crude cold and hot water 
extracts and ethanol extracts of Carica papaya (leaf), Stachytarpheta jamaicensis 
(leaf), Alstonia boonei (bark), Cassia tora (leaf), and Vitex doniana (root). More fre-
quently used medicinal plants to treat typhoid and the associated fever are Aconitum 
gammiei, Neopicrorhiza scrophulariiflora, Abelmoschus manihot, Mussaenda fron-
dosa, Asparagus racemosus, Rubus ellipticus, Iris domestica, Begonia picta, and 
Achyranthes bidentata (Khadka et al., 2020).

2.5 � SIGNIFICANCE OF ANTIBACTERIAL DRUGS 
FROM NATURAL SOURCES

Antibacterial drugs may be naturally derived from living organisms, such as plants, 
actinomycetes, and fungi, and prepared semi-synthetically or synthetically in the 
laboratory. Natural antibacterial drugs exhibit some remarkable properties, such as 
the low possibility of the evolution of bacterial resistance, long-lasting antibacte-
rial effects, low cost, high solubility in the bodily fluids, nontoxicity to the human 
body, and long shelf life (Moellering 1981). Over the past ten years, the develop-
ment of antimicrobial resistance (AMR), which started after the widespread use of 
antibiotics, has focused attention on the sustainability of current modern medical 
practices in the global arena (Moloney 2016). Each year, approximately 8,000 people 
die from antibiotic-resistant infections; synthetic antibiotics or drugs could make a 
significant contribution to reducing these deaths. Because of increasing resistance to 
man-made antibiotics, there is a vital need to change the focus to naturally occurring 
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plant-derived antibacterial products because their vast chemical diversity not only 
possesses a potent therapeutic effect but also makes the microbes unable to adapt 
to them to achieve resistance (Naqvi et  al. 2019). Natural occurring antibacterial 
drugs will be used to supplement the body’s natural ability to fight off bacterial 
infections in the future. Unlike pharmaceutical antibiotics, with a single, specific 
point of action, plant-derived antibacterial drugs have multiple points of action, so 
that drug resistance does not develop in the target bacteria (Naqvi et al. 2019). Also, 
they will not kill beneficial bacterial species that exist in our gut microbiome to help 
break down the food we eat (Corrêa et al. 2020), to benefit our immune system and 
to improve other aspects of our physiological and mental health. The effectiveness 
of traditional medicines is becoming widely accepted because of their fewer side 
effects, better cultural acceptability, and greater compatibility with the human body 
(Mustafa et al. 2017).

2.6 � MECHANISM AND MODE OF ACTION OF 
PLANT-BASED ANTIBACTERIAL DRUGS

In many countries, synthetic antibacterial drugs have been widely used, but the 
importance of plant-derived drugs is increasingly attracting the attention of many 
researchers (Khameneh et al. 2015). In nature, plants are rich in phytochemicals. 
These plant-derived chemical compounds have advantages for controlling bacteria 
through their antibacterial properties (Barbieri et al. 2017). Some of the bioactive 
compounds in plants used as antibacterials are glucosinolates, lignans, tannins, 
essential oils, terpenoids, flavonoids, alkaloids, phenolics, quinines, and other sec-
ondary metabolites (Chandra et al. 2017). Plant-based constituents may affect bacte-
rial cells in many ways (Figure 2.2), such as inhibiting bacterial enzymes involved in 
the synthesis of essential structural bacterial components or in the production of cel-
lular energy, or by increasing the permeability of the cell, resulting in the loss of cel-
lular constituents (Kotzekidou et al. 2008), interrupting the communication between 
normal cells, inducing the coagulation of cytoplasmic constituents, affecting RNA/
DNA function, interrupting cell component synthesis, disrupting the structure and 
function of membranes, and interfering with intermediary metabolism (Radulovic 
et al. 2013), plus synergistic effects (Wagner and Ulrich-Merzenich 2009).

In general, the mode of action of antibacterial phytochemicals is considered to 
involve the coagulation of cell components, disturbance of active transport mecha-
nisms and electron flow, and disruption of the proton motive force and the cytoplas-
mic membrane function (Kotzekidou et al. 2008). Phytochemicals affect the stability 
and structure of the phospholipid bilayer of the membrane, increasing its perme-
ability to ions as a result of damage or disturbed membrane integrity. The effect also 
alters the electrochemical potential of membranes and membrane-associated enzyme 
activities. Some phytochemicals can also affect the transfer of protons across the 
membrane of the cell by interrupting the synthesis of ATP, inhibiting anabolism/
catabolism and respiration, and decreasing active transport (Radulovi et al. 2013).

Different phytochemicals vary in their mechanism of action (Omojate Godstime 
et  al. 2014). For instance, flavonoids have the following modes of action against 
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bacteria: attenuation of pathogenicity, change in membrane permeability, inhibi-
tion of nucleic acid synthesis, reduction in cell attachment and biofilm formation, 
inhibition of energy metabolism, and change in the function of the cytoplasmic 
membrane (Farhadi et  al. 2019). Flavonoids like epigallocatechin, myricetin, and 
robinetin (Figure 2.3) exhibit antibacterial activities against Proteus vulgaris due 
to inhibition of DNA synthesis, by the formation of hydrogen bonds between the 
B-ring of flavonoids and nucleic acid bases, preventing the synthesis of bacterial 
DNA (Mori et  al. 1987; Cushnie and Lamb, 2005). Sophoraflavanone G and nar-
ingenin (Figure 3) exhibit considerable antibacterial activity against methicillin-
resistant Staphylococcus aureus (MRSA) and streptococci. A change of membrane 
fluidity in the region of hydrophobic and hydrophilic may be attributed to flavonoids, 
decreasing the fluidity of the inner and outer components of membranes (Cushnie 
and Lamb 2005). Anthraquinones from Cassia italica showed antibacterial activi-
ties against Burkholderia pseudomallei, P aeruginosa, Corynebacterium pseudo-
diphthericum, and Bacillus anthracis because of their ability to make a complex 
between the bacterial cell wall and extracellular soluble proteins (Al-AlSheikh 
et al. 2020). Quercetin flavonoids, derived from the skin of yellow onion, reduced 
the effect on antibiotic-resistant Helicobacter pylori by obstructing the DNA super-
coils from achieving DNA scission by forming the gyrase DNA-quercetin cleavable 

FIGURE 2.2  Possible mode of action of plant-based metabolic products on bacterial cell 
growth, damage, or death.
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complex. Other flavonoids, such as kaempferol, daidzein, and apigenin, act to reduce 
the growth of some bacteria, like Vibrio harveyi, E. coli, and B. subtilis, by imposing 
drastic effects on bacterial RNA and DNA synthesis (Naqvi et al. 2019).

Alkaloids also have different mechanisms in different classes of alkaloids, such 
as polyamines, agelasine, quinolone, isoquinoline, and indolizidine alkaloids. A 
class of phenanthroindolizidine alkaloids, including tylophorinidine and pergula-
rinine (Figure 2.4), operate by inhibiting the enzyme dihydrofolate reductase and 

FIGURE 2.3  Structures of epigallocatechin (1), myricetin (2), robinetin (3), naringenin (4), 
sophoraflavanone G (5), and quercetin (6).
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blocking nucleic acid synthesis (Cushnie et al. 2014), whereas a class of isoquino-
line alkaloids, including isoquinolines, protoberberine, and benzophenanthridine 
(Figure 2.4), reduce the growth of bacteria by inhibiting cell division and by per-
turbing the Z ring at the site of cell division (Cushnie et al. 2014). In another study, 
berberine (Figure 2.4), which is obtained from plants like Rhizoma coptidis and 

FIGURE 2.4  Structures of the alkaloids berberine (7), pergularinine (8), tylophorinidine 
(9), indolizidine (10), tylophorinidine (11), and protoberberine (12).
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Cortex phellodendri, showed antibacterial activity against Streptococcus agalactiae 
by increasing the membrane permeability of the bacteria, by intercalating with DNA 
(Chandra et al. 2017). Antibacterial activity was also exhibited by alkyl methyl qui-
nolone alkaloids against Helicobacter pylori through a respiratory inhibitory effect 
(Tominaga et al. 2002). Moreover, squalamine, a polyamine alkaloid, has the same 
mode of action as a detergent. It depolarizes Gram-positive bacteria membranes, 
leading, in Gram-negative bacteria, to the disruption of their outer membranes 
(Alhanout et al. 2010).

Essential oils in different extracts from various plants have been used by exploit-
ing their antibacterial activities (Akthar et  al. 2014). The chemical structure of 
an essential oil enables it to have antibacterial activity against different bacteria. 
Essential oils, like thymol, eugenol, and carvacrol, originating from various plants, 
are highly active against many microorganisms (Saad et al. 2013). The hydroxide 
group present in essential oils shows strong antibacterial activity (Guimaraes et al. 
2019). Ultee et al. (2002) explained that the carvacrol phenolic hydroxyl group was 
responsible for its antibacterial activities against Bacillus cereus by enhancing 
membrane fluidity and reducing the pH gradient across the cytoplasmic membrane, 
causing bacterial cell death by the resulting collapse of the proton motive force and 
depletion of the ATP pool. Essential oils result in bacteria cell death by increas-
ing cell membrane permeability for K+ and depleting intracellular ATP. A study 
on the mechanism of antibacterial activity towards E. coli by thymol and carvacrol 
(Figure 2.5) showed the leakage of protons and potassium ions, increased membrane 
permeability, and the disruption of membrane integrity (Xu et al. 2008). Some essen-
tial oil components, like terpenoids and terpenes, exhibit a particular mechanism to 
kill bacterial cells. The passage of lipophilic compounds through the cell wall and 
disruption of cytoplasmic membranes are part of the mechanism. Permeabilization 
is also involved in the mechanism of bacterial cell death by initiating a cascade of 
reactions as a result of a collapse of proton pumps and depletion of the ATP pool, 
reduction of the membrane potential, and damage to the cell wall and membrane, 
resulting in leakage of macromolecules and subsequent cell lysis (Oussalah et  al. 
2006). Diterpenoid essential oils, like aethiopinone and salvipisone (Figure 2.5), 
obtained from the roots of Salvia sclarea, kill bacterial cells, in combination with 
betalactam antibiotics, as a result of increased cell surface hydrophobicity or greater 
cell wall permeability (Walencka et al. 2007).

2.7 � MEDICINAL PLANT-BASED ANTIBACTERIAL CHEMICALS

Plant-based antibacterial chemicals, either alone or in combination with antibiot-
ics, can be used to solve the problem of controlling infectious bacterial disease 
caused by antibiotic resistance. A chemical compound obtained from saffron crocus 
(Crocus sativus) has been studied by Carradori et al. (2016). The result indicated that 
the plant extracts exhibited antibacterial activity to control multidrug-resistant S. 
aureus. Also, the diverse effects of clinical isolates of MRSA in Kolkata, India were 
resolved by using ethanolic extract of the stem bark of Cinnamomum verum (Mandal 
et al. 2011). The result concluded that the plant can be used for the preparation of 



38 ﻿Traditional Herbal Therapy for the Human Immune System

potential antibacterial agents against MRSA. Pandaa et al. (2020) prepared a novel 
antibiotic drug from Indian plant extracts, such as those of Beilschmiedia roxburghi-
ana and Mikania micrantha. The bacterium Porphyromonas gingivalis is the key-
stone pathogen of periodontitis, a chronic inflammatory disease that results in the 
deterioration of gingival tissues and causes tooth loss (Hajishengallis et al. 2012). 
Carrol et al. (2020) showed that, to maintain oral hygiene and to prevent tooth loss 
and deterioration, extracts of some plants, such as Sassafras albidum, Morella cerif-
era, Zanthoxylum armatum, Citrus sinensis, Juglans regia, Carya alba, and Vicia 
faba, can be used as antibacterial agents. Their results indicated a promising collec-
tion of resources of natural products that could be further explored for use for the 
development of oral hygiene care products and for pharmaceutical development.

The work of Fadhel et al. (2012) investigated, for the first time, the antibacterial 
effects of leaf extracts of Eucalyptus cinerea and Eucalyptus odorata, applied on 
wool or woven cotton fabrics, against E. coli and S. aureus. The results indicated that 
the E. odorata extract showed good antibacterial activity when applied to a piece of 
wool fabric. These effects remained without change until the wool was washed ten 

FIGURE 2.5  Structure of the essential oil chemicals carvacrol (13), eugenol (14), thymol 
(15), salvipisone (16), and aethiopinone (17).
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times, although loss of antibacterial activity occurred after only three washes of the 
cotton fibre.

The antibacterial activities of some phytochemicals are very important for food 
preservation and cosmetics. For instance, the bioactive compounds cinnamaldehyde 
and eugenol eliminate or reduce bacterial degradation and decrease the incidence 
of infection of cosmetics and food (Nabavi et  al. 2015). Plant-based antibacterial 
products also showed their importance in cleaning products, such as hand lotions, 
disinfectants, toothpaste, cleaning cloths, soaps and detergents, and rubbish bags and 
plastic wrap (Lewis and Elvin-Lewis 2003) (Figure 2.6). The antibacterial proper-
ties of extracts of different plant species can also be used for improved oral health 
against P. gingivalis. For example, Syzygium aromaticum essential oil (mouthwash) 
and Salvadora persica twigs (toothbrush) are very important for oral hygiene in 
Africa and the Middle East. Also twigs of Azadirachta indica are used as tooth-
brushes, tongue cleaner, toothache reliever, and oral deodorant in Asia (Carrol et al. 
2020). In India, Zanthoxylum armatum and Juglans regia bark and wood are used 
as chewing sticks to control P. gingivalis bacteria, and, in the Americas, Sassafras 
albidum is also used as a chewing stick (Lewis and Elvin-Lewis 2003).

2.8 � PLANT-BASED NANOPARTICLES FOR 
ANTIBACTERIAL ACTIVITY

The emergence of MDR bacteria and other drug-resistant pathogenic bacteria has 
become a global health concern because of the inability to treat infectious diseases 
caused by these bacteria (Tomasz 1994). Treatment of the illness using the available 
antibiotics is insufficient to arrest the increasing incidence of multidrug-resistant 
bacteria (Olaitan et  al. 2014). Combined with plant-derived antibacterial drugs, 
the development of nanotechnology offers an alternative means for treating and 
curing an infectious disease caused by these bacteria (Yuan et al. 2018). Various 
metal and metal-oxide nanoparticles (NPs) with different morphological features 
have been synthesized (Siddiqi and Husen 2016, 2017; Siddiqi et al. 2016; 2020). 
They have shown several uses, including antibacterial activities against a number 
of Gram-positive and Gram-negative bacteria (Husen et  al. 2019; Bachheti et  al. 
2019; Siddiqi et al. 2019, 2020; Bachheti et al. 2020a, 2020b, 2020c; Husen 2020a, 
2020b, 2020c). NPs are designed at the atomic or molecular level, and as extremely 
small-sized nanospheres. Hence, they can move more freely in the human body in 
comparison to larger materials. Silver nanoparticles (AgNPs) exhibiting antibacte-
rial activities against Gram-negative and Gram-positive bacteria in combination 
with different plant extracts were investigated by Mohanta et al. (2020). According 
to their results, AgNPs prepared by using a leaf extract of Glochidion lanceolar-
ium exhibited MIC (IC50) values of 43.94 mg/ml, 68.6 mg/ml, and 44.02 mg/ml 
against S. aureus, Ps. aeruginosa, and E. coli, respectively, whereas AgNPs pre-
pared from extracts of Semecarpus anacardium showed corresponding MIC val-
ues of 33.77 mg/ml, 12.9 mg/ml, and 23.49 mg/ml. Moreover, AgNPs synthesized 
with an extract of Breynia retusa also showed significant antibacterial activities 
towards the test pathogens, with MIC values of 43.94 mg/ml, 12.90 mg/ml, and 
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64.13 mg/ml for E. coli, Ps. aeruginosa, and S. aureus, respectively. In another 
study, a preparation of zinc oxide NPs (ZnONPs) with aqueous Prosopis juliflora 
extract was carried out by a straightforward green synthetic approach by Mydeen 
et al. (2020), according to which the synthesized nanoparticles exhibited significant 
MIC values against four different bacterial species, namely E. coli, V. cholerae, B. 
subtilis, and Rhodococcus rhodochrous. A study on the green synthesis of chro-
mium oxide (Cr2O3) nanoparticles, using Abutilon indicum leaf extract as a capping 
and reducing agent, showed significant antibacterial activities against B. subtilis, 
S. aureus, E. coli, and Bordetella bronchiseptica, using the agar well diffusion 
assay (Khan et al. 2021). In addition, the preparation of AgNPs, using an extract 
of Allium giganteum, exhibited higher antibacterial activity than AgNPs without 
the extract towards pathogenic bacteria such as Ps. aeruginosa, E. coli, B. subtilis, 
and S. aureus (Taghavizadeh et al. 2019). Mubarak Ali et al. (2011) examined plant 
extract-mediated synthesis of AgNPs and AuNPs and their antibacterial properties 
towards clinically isolated pathogens, such as E. coli and S. aureus. The results 
showed very strong antibacterial activities. Cavallo et al. (2021) examined the anti-
bacterial activities of polylactic acid (PLA) and PLA nanocomposite films contain-
ing 3 % wt of lipid nanoparticles (LNPs) against E. coli and Micrococcus luteus. 
The results indicated that, for either bacterium, PLA/LNPs caused a decrease in the 
growth of the microorganism, compared with PLA alone. In addition, the LNPs, 
which were delivered by linen fabrics, using ultrasonic treatment, also exhibited 
antibacterial characteristics for bacteria, such as Ps. aeruginosa, E. coli, K. pneu-
moniae, S. aureus, Staphylococcus haemolyticus, Micrococcus flavus, Bacillus 
licheniformis, and Corynebacterium xerosis (Zimniewska et al. 2008). The biologi-
cal synthesis of gold nanoparticles (AuNPs) with essential oils (EOs) from Nigella 
sativa (NsEO-AuNPs) exhibited antibacterial activities against Gram-positive bac-
teria, like S. aureus, and Gram-negative bacteria by reducing the hydrophobicity 
index by 46% and 78%, respectively (Manju et al. 2016). In an alloy nanoparticle 
antibacterial study against S. aureus and E. coli conducted using the agar well dif-
fusion assay, the bactericidal effect of the alloy nanoparticles has been shown to be 
prominent against E. coli with an inhibition zone diameter of 28 mm at a concentra-
tion of 150 μl (Vilas et al. 2016).

2.9 � CONCLUSION AND FUTURE PERSPECTIVE

Worldwide, especially in developing countries, the occurrence of human illness due 
to different bacterial pathogens has become a great burden, resulting in huge eco-
nomic loss and social losses. For many years, the development and mass produc-
tion of chemically synthesized antibiotics have been very important in improving 
health by controlling different bacterial pathogens in different parts of the world. 
The evolution of drug-resistant bacteria due to the overuse and abuse of synthetic 
antibiotics has increased the burden on people and society to treat bacterial diseases. 
The presence of MDR bacteria is a global problem with respect to different bacteria 
infectious diseases, such as pneumonia, cholera, diphtheria, gonorrhoea, meningitis, 
syphilis, tetanus, tuberculosis, etc. MDR bacteria are continuously challenging the 
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scientific community, especially in the developing world, and particularly in African 
countries. The reduction in efficacy of synthetic drugs is aggravating the problem and 
has forced researchers to look towards plant-derived bioactive antibacterial drugs to 
alleviate the effects of diseases caused by bacteria, because plant-derived products 
are safer, have fewer side effects, are cheap, offer new or alternative modes of action, 
improve the body’s natural ability to fight off bacterial disease, and do not select for 
resistant bacteria. For instance, berberine, which is extracted from Berberis vulgaris, 
is active against bacteria and protozoa, and piperine, isolated from Piper nigrum, is 
active against some bacteria, like Micrococcus spp. and E. coli. Alkaloids isolated 
from Datura stramonium are active against E. coli, Ps. aeruginosa, S. aureus, P. 
mirabilis, and K. pneumoniae. The antibacterial activities of nanoparticles, com-
bined with extracts of medicinal plants, also show great potential for addressing 
the problem of MDR bacteria. However, only small numbers of combinations of 
phytochemicals from medicinal plants and nanoparticles have been investigated and 
the modes of action of different bioactive compounds have still not been widely 
investigated. Great attention must be paid to evaluating and exploring molecular 
characterization of the potential bioactive compounds found in plants to identify less 
toxic and more effective drugs that will benefit the global population.
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3.1 � INTRODUCTION

Viruses are extremely small, infectious organisms surrounded by a protein coat, 
composed of either DNA or RNA as the genetic material, and requiring a host for 
multiplication (Wasik et  al., 2019). Compared with bacteria, fungi, and parasites, 
viruses are not individual, autonomous organisms and need to replicate within living 
cells. Therefore, most replication processes require specific cellular host metabolic 
pathways, making it almost impossible to design a therapy that directly targets the 
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virion or inhibits it with no associated harmful effects on the injured host cells. 
Numerous medicinal plants have shown inhibition of the herpes simplex virus 
(HSV), hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency 
virus (HIV), poxvirus, or severe acute respiratory syndrome coronavirus (SARS-
CoV) (Chen, 2020). Certain viruses can replicate and contribute to host cell lysis and 
then further infect and propagate the condition, while others integrate into a host 
chromosome and stay latent for years. A shortage of specific treatments and the min-
imal clinical effectiveness of most medications for viral diseases have contributed 
to a reliance on vaccination as a viral disease prevention treatment. Viral diseases 
are usually handled with various antiviral drugs, but the development of resistance 
to such drugs by certain infectious viruses intensifies the situation, with these drugs 
also often having undesirable effects on patients (Nathanson, 2008).

Viral pathogens continue to evolve new methods of evading the host immune 
system. These are the challenges that researchers developing antiviral treatments 
face, since it is challenging to identify specific biochemical properties of viruses 
that can be selectively targeted. Much information is needed to understand plant 
anti-virus remedial qualities from the available knowledge of conventional 
Indian, Chinese, and other ethnic plant-derived medicines that can be evalu-
ated as possible drugs for different viral diseases (Boukhatem and Setzer, 2020). 
However, improved knowledge of the molecular occurrence of virus infections 
has ensured that potential antiviral medications can be scanned for particular 
targets more rationally. Because of the overall burden of virus-related diseases, 
novel and more efficient antiviral drugs are desperately required. At present, 
medicinal plants and their bioactive metabolites are of particular importance, 
which may provide desirable medical options for citizens in developing countries 
where the bulk of the population cannot afford expensive Western therapeutics 
(Boukhatem and Setzer, 2020).

The term “antiviral agent/drug” is generally defined as ‘substances, other than 
attenuated viruses or virus-containing vaccines, or unique antimicrobial antibodies, 
which offer protective or therapeutic effect to the virus-infected host”. Plants pos-
sess tremendous biosynthetic capabilities, synthesizing a rich collection of natural 
compounds that are commonly employed as promising phytotherapeutics in human 
viral disease control. Medicinal plants have been directly employed for years as 
therapeutic agents in various traditional medicine practices. The recent development 
of sophisticated analytical instruments has rendered medicinal plants an invaluable 
resource for modern drug exploration (Saklani and Kutty, 2008). Plant-based anti-
viral medicines offer a stable worldwide market and antiviral medicinal plants tend 
to be an important source of new medications and lead compounds. Global com-
merce in the plant-derived antiviral chemicals is a growing market. The worldwide 
market is estimated to trade in approximately 2000 species of medicinal plants (Ma 
and Yao, 2020). This chapter intends to report on the antiviral medicinal plants and 
their metabolites commonly employed as safer alternatives to conventional antiviral 
drugs, mainly due to their limited side effects and their substantial overall therapeu-
tic effect.
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3.2 � COMMON HUMAN VIRAL DISEASES 
AND THEIR PATHOGENESIS

Viruses (sizes in the range 100–1000 nm) cause diseases and spread from one 
individual to another. They have distinct characteristics which differentiate them 
from other pathogens. Using the host’s own cell machinery, viruses synthesize pro-
teins and nucleic acids to produce new virus particles. Based on the genome type, 
viruses are broadly classified into two types, namely RNA viruses and DNA viruses. 
Examples of RNA viruses include dengue virus, while DNA viruses include HSV 
and poxvirus (Payne, 2017). The most important RNA viruses that cause diseases in 
humans include influenza, rotavirus, arbovirus, HCV, SARS, Nipah virus, Hendra 
virus, and Ebola virus (Virgin, 2014).

Although the pathogenesis of each virus is unique, they all share common steps 
during their life cycle (Nathanson, 2008). The virus’s entry into the host depends on 
its interaction with specific molecules or receptors on the host cell’s surface. Virus 
interaction with the host cell receptor is crucial because it determines the cell or tis-
sue tropism of the viruses and the efficiency of the virus to cause disease (Rossmann 
et al., 2002; Spear, 2004). Viruses interact with the host cell’s different cell surface 
structures; for example, rhinoviruses bind to ICAM-1 to promote entry, whereas 
HSV interacts with heparin sulphate to achieve infection. Infection of HIV into a 
host cell depends on CD4 and CCR5, which allow virus interaction with viral gp120. 
CD4 is a protein expressed in a subset of T cells within the host and its expression is 
limited in other cell types, like macrophages. In addition to the binding of gp120 to 
the CD4 molecule, HIV binding to CCR5/4 is also essential for viral fusion. Some 
individuals have a non-functional form of CCR5, so are HIV resistant (Vicenzi et al., 
2007; Akram et al., 2018). Zoonotic viruses interact with humans only if they have 
conserved receptors that can be recognized in humans. Also, the zoonotic viruses 
need to mutate to effectively interact with cell receptors in humans (Rose et al., 2011). 
SARS-CoV, a zoonotic virus typically seen in bats, infects human cells through their 
spike proteins, interacting with angiotensin-converting enzyme 2 (ACE2) receptors. 
Studies show that a mutation in this virus receptor-binding domain leads to its infec-
tion of humans (Hamming et al., 2004).

The target tissue of infection of any virus also depends on other factors, such as 
proviral factors. Proviral factors are molecules in the host system that help to achieve 
efficient viral replication. HCV infection provides an example of the importance of 
virus-specific proviral factors that interact with the host microRNA, miR-122. HCV is 
a single-stranded RNA virus that infects the liver, resulting in organ failure and liver 
cancer. The specificity of HCV in causing infection in the liver and its ability to repli-
cate in the hepatocyte depends on the host miR-122. miR-122 is expressed explicitly in 
the hepatocytes, increasing the levels of HCV RNA in the liver. Lanford et al. (2010) 
showed that administration of an antagonist specific to miR-122 led to decreased HCV 
viral load in the liver and a reduction in the incidence of associated diseases.

During a viral infection, the host system also executes several defence mecha-
nisms to prevent the virus from entering and causing infection. One such defence 
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mechanism is provided by host restriction endonucleases that actively inhibit virus 
replication. A restriction endonuclease from Rhesus macaque, TRIM-5α, is known 
to interact with HIV to prevent its replication and subsequent disease progression 
(McNab et al., 2011). The host immune system is another factor that prevents the 
virus from infecting the host. Like the type 1 interferons (IFN) and CD8-positive T 
cells, the innate immune system prevents the virus from replicating within the host 
and clears the virus particles from the host. Therefore, for successful infection, rep-
lication, and dissemination, within-host infecting viruses should have the ability to 
invade the host and evade the immune system. Numerous viruses can inhibit the host 
immune system. For example, the SARS-CoV inhibits the host type 1 IFN through 
nucleocapsid proteins present on the SARS-CoV (García-Sastre et al., 1998; Lanford 
et al., 2010).

Once a virus enters a cell, the type of cell or tissue it affects and its impact on 
the tissue determines the type of disease it causes. Some viruses kill the target host 
cell after infection, while others do not. Examples of viruses that directly kill the 
host cell upon infection and replication are the Venezuelan equine encephalitis virus 
(VEE) and the Sindbis virus. Both these viruses directly infect the neuron, replicat-
ing, causing neuron cell death and inhibiting neuron functions (Kimura and Griffin, 
2003; Spear, 2004). As mentioned above, some viruses are not cytopathic, where 
they cause diseases associated with a viral infection. Examples include HBV, which 
cause acute and chronic inflammation in hepatocytes in infected humans. This is 
because of the over-expressed target host immune system for clearing the viruses, 
where the immune system becomes less effective and leads to the viral disease 
(Chisari et al., 2010). HCV infection induces immune reactions, where complexes 
of viruses and antibodies precipitate in small blood vessels, leading to inflammation 
(Mutz et al., 2018).

3.3 � ORIGIN-BASED CLASSIFICATION OF 
ANTIVIRAL MEDICINAL PLANTS

3.3.1 �E uropean Medicinal Plants with Antiviral Activity

Practically every culture around the world relies on the use of medicinal plants for 
therapeutic purposes. Numerous medicinal plants are reported to have antiviral 
activity and are widely used to treat humans and animals suffering from viral dis-
eases. In Europe, research into antiviral agents began after World War II. Two hun-
dred and eighty-eight plant species were screened for their antiviral activity against 
the influenza A virus by the Boots drug company in Nottingham, England, finding 
that 12 showed antiviral potential (Chantrill et al., 1952). Veronica persica, a plant 
native to Eurasia, was reported to exhibit antiviral activity against HSV-1 and HSV-2 
viral strains in Vero cells (Sharifi-Rad et al., 2018). Sambucus nigra, also known as 
a black elder, is a shrub or small tree native to Europe and North America and is 
approved by USFDA as Generally Recognized as Safe (GRAS) for use as a flavour-
ing agent. It has been reported to exhibit antiviral activity against influenza viral 
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infections (Porter and Bode, 2017). Verbascum thapsus, native to Europe and North 
Africa and naturalized in North America, showed antiviral effect against HSV-1 
(McCutcheon et al., 1995; Jassim and Naji, 2003).

3.3.2 �C hinese Medicinal Plants with Antiviral Activity

Traditional Chinese medicine includes numerous herbal medicines, as well as acu-
puncture, nutritional therapy, and massage techniques, which are based on more 
than 2000 years of historical usage. Aqueous extracts of Morus alba and Dryopteris 
crassirhizoma exhibited anti-dengue potential with a half-maximal inhibitory con-
centration (IC50) values of 130 and 221 µg/ml, respectively (Maryam et al., 2020). In 
a study conducted against RSV, 27 Chinese herbs were among the 44 which exhibited 
the greatest antiviral activity. Other important Chinese herbal plants that have shown 
antiviral activity are Sophora flavescens and Scutellaria baicalensis, containing 
active ingredients, such as anagyrine, sophoranol, oxymatrine, wogonin, and oroxy-
lin A (Ma et al., 2002). Extracts of Agrimonia pilosa, Pithecellobium clypearia, and 
Punica granatum from China exhibited inhibitory activity against HSV-1. Extracts 
of Blumea laciniata, Elephantopus scaber, Laggera pterodonta, Mussaenda pube-
scens, Schefflera octophylla, and Scutellaria indica showed anti-RSV activity with 
IC50 values ranging from 12.5 to 32 µg/ml (Li et al., 2004). Plants of the Aglaia genus, 
which typically grow in Southeast Asia, are widely used in traditional Chinese medi-
cine, containing phytochemicals known as flavaglines. Flavaglines exhibit activity 
against several viral diseases, such as coronavirus, Ebola, dengue, and chikungunya 
(Nebigil et al., 2020). Illicium verum, a medicinal plant from China, exhibited dose-
dependent antiviral activity against iridovirus infection (Liu et al., 2020).

3.3.3 � Medicinal Plants from the Americas with Antiviral Activity

Ethanol extracts of Heisteria acuminata and aqueous extracts of Eupatorium articu-
latum displayed antiviral activity against vesicular stomatitis virus (VSV) and HSV-
1. Aqueous extracts of Tagetes pusilla (native to Venezuela), Baccharis teindalensis 
(Ecuador) and Eupatorium glutinosum also prevented VSV replication (Abad et al., 
1999). Other plants from South America such as Limonium brasiliense, Psidium 
guajava, and Phyllanthus niruri were reported to exhibit antiviral activity against 
HSV-1 with IC50 values of 185, 118, and 60 µg/ml, respectively (Faral-Tello et al., 
2012). In another study, the antiviral activity of 100 medicinal plant species from 
British Columbia, Canada, were screened against seven viruses. Extracts from Rosa 
nutkana (Canada) and Amelanchier alnifolia (North America) were found to be 
potent against coronavirus. Extracts of Potentilla arguta root and Sambucus rac-
emosa branch tips inhibited infection from the respiratory syncytial virus (RSV) 
whereas Ipomopsis aggregata inhibited infection by parainfluenza virus type 3 
infection. Proliferation of rotavirus was prevented by root extract from Lomatium 
dissectum from North America. Cardamine angulata, Lysichiton americanum, 
Polypodium glycyrrhiza, Conocephalum conicum (all native to North America), and 
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Verbascum thapsus (native to Europe but naturalized in North America) showed 
antiviral effect against HSV-1 (McCutcheon et al., 1995; Jassim and Naji, 2003).

3.3.4 �I ndian Ayurvedic Plants with Antiviral Activity

Ayurveda is a product of India’s rich tradition of herbal knowledge, with the term 
meaning “the experience of life”. Many medicinal plants are used in Ayurveda to 
treat viral diseases, and now research has been initiated to develop a scientific vali-
dation for the antiviral activity of these medicinal herbs (Kalyani, 2013). Aqueous 
extracts and freeze-dried powder of Punica granatum displayed antiviral activity 
against HSV infections and demonstrated the highest selectivity index (the ratio 
between antiviral activity and cytotoxicity) of 14 and 12.5, respectively (Jadhav 
et al., 2012). Aqueous extract of leaves and stem of Swertia chirata showed antiviral 
activity against HSV, confirmed by the plaque reduction assay and the time kinetics 
of the HSV-1 antigen expression assays (Verma et al., 2008). Balasubramanian et al. 
(2007) surveyed the viral white spot syndrome in shrimp and screened 20 medici-
nal plants for antiviral activity, finding that Aegle marmelos, Cynodon dactylon, 
Lantana camara, Momordica charantia, and Phyllanthus amarus exhibited potent 
activity. A study on the antiviral activity of medicinal plants from southern India 
found that several, such as Sphaeranthus indicus, Cassia alata, Indigofera tinctoria, 
Vitex trifolia, Clerodendrum inerme, Leucas aspera, and Clitoria ternatea, showed 
antiviral activity against mouse coronavirus and HSV infections (Vimalanathan 
et al., 2009). In addition to these plant extracts, many individual active phytochemi-
cals, such as andrographolide from Andrographis paniculata and curcumin from 
turmeric (Curcuma longa), have also undergone clinical evaluation studies against 
viral diseases (Dhawan, 2012). Embelia ribes, also known as false black pepper, is 
used in Ayurveda to promote longevity and to treat diabetic ulcers, etc. An ethyl 
acetate fraction of fruits of E. ribes showed antiviral activity against the influenza 
virus. Its primary active compound, embelin, exhibited greatest activity when used 
at the early stages of infection (Hossan et  al., 2018). Dried seeds of Azadirachta 
indica possesses many medicinal properties, such as anti-inflammatory, antiviral, 
antibacterial, anti-hyperglycaemic activities, etc. In a study conducted using Vero 
cells, a petroleum ether extract of A. indica oil (50 µg/ml) showed antiviral effects 
against poliovirus multiplication, whereas Baccharis trinervis exhibited antiviral 
activity against HSV-1 replication at concentrations of 50–200 µg/ml (Sai Ram et al., 
2000). Arisaema tortuosum is widely found in India’s Himalayas and Western Ghats 
and has been commonly used in traditional medicine to treat various ailments for 
many years. A chloroform-soluble fraction of leaves of A. tortuosum exhibited anti-
HSV type 2 activity. The extract also showed antiviral activity against acyclovir-
resistant HSV-2 and HSV-1. It was found that the flavones apigenin and luteolin 
are the two significant bioactives present in the extract responsible for this antiviral 
activity (Rittà et al., 2020). Some of the frequently studied medical plants have been 
shown to contain antiviral compounds, and their details are shown in Figure 3.1 and 
Table 3.1.
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3.4 � RECENT INSIGHTS ON ANTIVIRAL 
ACTIVITIES OF MEDICINAL PLANTS

3.4.1 � Medicinal Plants for Treatment of Viral Hepatitis

The viral liver disease hepatitis is triggered by an inflamed liver and causes var-
ious infections, named hepatitis type A, B, C, D, and E. Although susceptibility 
to these viruses results in acute illness, types B, C, and D are uniquely correlated 
with a chronic condition. Conventional viral hepatitis medicines are based primar-
ily on plants from the Euphorbiaceae family, particularly the genus Phyllanthus. 
Venkateswaran et al. (1987) showed that active components in the aqueous extract of 
Phyllanthus niruri inhibited replication of HBV and the woodchuck hepatitis virus 
(WHV). 3-Hydroxy caruilignan C (3-HCL-C), isolated from Swietenia macrophylla 
stems, exhibited potent anti-HCV activity by inhibiting HCV replication (Wu et al., 
2012). Embelia ribes plant extracts enriched with quercetin inhibited non-structural 
protein 3 (NS3) which exhibits RNA helicase and serine protease activities, and 
heat shock proteins, thereby inhibiting HCV (Bachmetov et  al., 2012). Wahyuni 
et  al. (2013) conducted a study in Huh7.5 cells using nine strains of HCV (1a to 
7a, 1b and 2b) with different genotypes. The ethanol extracts prepared from Toona 
sureni leaves, Melicope latifolia leaves, Ficus fistulosa leaves, and Melanolepis mul-
tiglandulosa stem prevented replication of all the nine genotypes of HCV. Niranthin 
extracted from P. niruri showed strong anti‐HBV efficacy in both cell lines and 
animal models. Subsequently, niranthin demonstrated a defensive role against liver 

FIGURE 3.1  Plant-based antiviral compounds and their applications.
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damage induced by HBV in ducklings (Liu et al., 2014). The ethanol fraction of P. 
niruri, enriched with ellagic acid, exerted cytotoxic effects against HepG2/C3A cells 
infected with HBV (Yong Li et al., 2017).

3.4.2 � Medicinal Plants for Treatment of HSV

HSV (both HSV-1 and HSV-2) are human pathogenic viruses that primarily affect 
adults. After latency has been developed, HSV can reactivate and cause repeated 
infections in some patients, whereas most people have few, if any, repeat episodes 
(Yoosook et al., 1989). Podophyllotoxin, a phytochemical extracted from the aque-
ous extract of Podophyllum peltatum, inhibited HSV-1 (Bedows and Hatfield, 1982). 
Helichrysum litoreum plant extracts (1.35 mg fresh weight/ml) exhibited antiviral 
activity against HSV-1 in human lung fibroblasts (Guarino and Sciarrillo, 2003). Lyu 
et al. (2005) performed a study to determine the anti-herpetic activities of flavonoids, 
using Vero cells infected with HSV-1 and HSV-2. Of the 18 flavonoids tested, epi-
catechin (EC), galangin, epicatechin gallate (ECG), and kaempferol showed potent 
antiviral activity against HSV-1. Aqueous and ethanolic extracts from Pelargonium 
sidoides demonstrated anti-HSV activity (Schnitzler et al., 2008). Opuntia strepta-
cantha blocked virus multiplication and down-regulated extracellular viruses, such 
as HSV, equine herpes virus, pseudorabies virus, etc. Bidens pilosa extract showed 
potent virucidal activity against HSV-1 and HSV-2 (Marina et al., 2018).

3.4.3 � Medicinal Plants for Treating Influenza Virus

Influenza viruses are universal and show marked annual morbidity and mortality 
worldwide (Cannell et al., 2008). Among the three types of influenza viruses, type 
A has caused significant health concerns to humans (Hudson, 2009). Song et  al. 
(2005) demonstrated that aqueous extracts of Camellia sinensis (green tea) affected 
influenza A and B virus strains by inhibiting viral RNA synthesis, viral haemagglu-
tinin and neuraminidase. Aqueous and alcoholic extracts of Geranium sanguineum 
aerial roots showed antiviral activities against influenza A virus, mainly by prevent-
ing virus multiplication (Serkedjieva et al., 2008). Cistus incanus extracts, rich in 
catechins, achieved its antiviral activity by reducing the replication of the influenza 
A virus (Ehrhardt et al., 2007). Haidari et al. (2009) showed that polyphenol-rich 
extracts of pomegranate exerted effects against the influenza virus by preventing 
virus replication and its entry into the host cell. Fructans isolated from a hot aqueous 
extract of the leafy part of Allium fistulosum inhibited virus replication in a mouse 
model and exhibited anti-influenza virus activity (Lee et al., 2012). Administration 
of concentrated elderberry juice (Sambucus nigra) to mice infected with influenza 
virus showed anti-influenza virus activity, with viral replication being suppressed 
(Kinoshita et  al., 2012). Hokari et  al. (2012) showed that Shahakusan, a Kampo 
(Japanese herbal) medicine, exhibited an anti-influenza virus effect in mice through 
NK cell action by altering immunomodulating activity. Five South African medici-
nal plants, extracted using methanol, ethanol (100% and 30%), acetone, hot and cold 
water, were screened for anti-influenza activity using Madin–Darby canine kidney 
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(MDCK) cells. Among the five plant species tested, Rapanea melanophloeos and 
Pittosporum viridiflorum showed strong anti-viral activity (Mehrbod et al., 2018). 
An ethanolic extract of the traditional Korean herbal preparation Geranii Herba, 
made from Geranium sp., showed higher anti-influenza activity in MDCK by inhib-
iting neuraminidase than was achieved with oseltamivir, the commercial synthetic 
anti-viral medication (Choi et al., 2019).

3.4.4 � Medicinal Plants for Treating SARS-CoV

The first coronavirus (SARS-CoV) outbreak was reported in 2002. MERS-CoV, 
first reported in 2012, has shown that coronaviruses can cross between hosts of dif-
ferent genera and appear as highly pathogenic viruses in humans (Lu et al., 2015). 
Recently, a very large number of cases of COVID-19 have been witnessed in many 
countries around the world since 2020. Hispidulin, a flavonoid found in Salvia offi-
cinalis, Helichrysum bracteatum, Grindelia argentina, Crossostephium chinense, 
and Artemisia spp., exhibits pharmacological activities, such as antioxidant, anti-
fungal, anti-inflammatory, antimutagenic, and antiviral activites (Kavvadias et al., 
2004). Studies in mice showed that hispudilin (50–150 mg/kg) prevented bromo-
benzene-induced liver damage and lipid oxidation, thereby acting against viral 
toxicity (Ferrándiz et  al., 1994). Cirsimaritin is a bioflavonoid present in many 
medicinal plants, including Cantuarea pseudosinaica, Micotea debilis, Salvia 
palaestina, and Scorparia centaurea (Adeem Mahmood and Hamad Alkhathlan, 
2020). An in-silico study evaluated the efficacy of phytochemicals against SARS-
CoV-2 Mpro and ACE2, compared with hydroxychloroquine, showed that hispid-
ulin, quercetin, and cirsimaritin exhibited greater inhibitory ability in terms of 
virus-binding affinity than did hydroxychloroquine (Shah et al., 2020). Jensenone 
is a monoterpenoid found in eucalyptus essential oil (Goodger et al., 2016). The 
potential of Jensenone as an inhibitor of SARS-CoV-2 Mpro was evaluated using 
an in-silico method, finding that Jensenone had a sizeable binding affinity with 
low binding energies (Sharma and Kaur, 2020). Glycyrrhizin, a triterpene sapo-
nin present in Glycyrrhiza glabra, could be a potential candidate for COVID-19 
inhibition, based on its potential to bind to ACE2, thereby down-regulating levels 
of pro-inflammatory cytokines, preventing the accumulation of intracellular reac-
tive oxygen species, inhibiting thrombin accumulation, and activating endogenous 
interferon (Luo et al., 2020).

3.5 � SIGNIFICANCE OF ANTIVIRAL DRUGS 
FROM NATURAL SOURCES

The identification, supply, and use of effective medications are among the necessities 
for primary health care quality. Plants have long been an important source of drugs, 
be it in the context of conventional tissue extracts or as pure active constituents. For 
decades, the natural origin of medical substances, with many valuable medicines 
produced from plant sources, pioneered treatments against many important diseases 
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(Mushtaq et al., 2018). Consequently, it is appropriate for decision makers to include 
commonly available plants or plant extracts on the national list of medicinal prod-
ucts or to use them to substitute for those prescription preparations that need to be 
bought and imported. Around 12,000 secondary metabolites have been extracted 
from medicinal plants, but this amount is estimated to be only a small proportion 
(<10%) of the total phytochemicals, such as quinine, atropine, galantamine, vinblas-
tine and vincristine, terpenoids, flavonoids, etc., which are a tremendous resource for 
human health researchers.

3.6 � CLINICAL RATIONALE FOR ANTIVIRAL MEDICINAL PLANTS

There are many benefits to using natural medicines. Medicinal plants appear to be 
more successful for treating long-term health conditions which do not react ade-
quately to conventional medication. Medicinal plants typically have adequate ben-
eficial health effects and can be used more safely over time. For severe and abrupt 
infections, on the other hand, mainstream medicine usually prevails. New conven-
tional treatments for treating disease and injuries are regarded as being far safer 
than natural or alternative therapies (Craig, 1999). Herbal medicine is now mostly 
regarded as an unsubstantiated, flawed topic. Whereas the past history of herbal 
medicine provides anecdotal evidence from many decades, centuries, or even mil-
lennia of use, the systematic research of herbal medicine is still in its adolescence. 
Although modern-day medical practitioners remain dismissive of herbal medicine, 
many conventional medicines used in practice today were originally extracted from 
plant resources.

3.7 � CHALLENGES AND FUTURE PERSPECTIVES

Plant-based herbal antiviral drugs are released to the market without any compulsory 
protection or toxicological review of the impact of the medication. Many countries 
still lack reliable machinery for governing the activities and quality requirements of 
herbal medicines. Problems linked to regulatory status, protection, and effectiveness 
evaluation, quality management, and safety compliance abound, and incomplete or 
poor awareness of traditional, complementary or alternative medicines is prevalent 
in many countries (Zhou et  al., 2013). The concept of dietary supplement is that 
of a food which is consumed which is meant to supplement the diet and includes a 
“dietary” ingredient, in which various vitamins, minerals, herbs, or other botanicals 
needed by the body can be used as a dietary supplement. No additional toxicity tests 
are usually needed under the Dietary Supplement Health and Education Act of 1994 
(DSHEA) of the United States if the herb was on the market prior to 1994 (Dietary 
Supplements | FDA, 2020). The other significant problem in many countries is the 
reality that regulatory knowledge on herbal medicinal goods is often not exchanged 
amongst regulators and centres of safety testing or pharmacovigilance. No one can 
refute that the protection and efficacy assessment of herbal medicinal products, as 
well as the corresponding testing procedures, criteria, and methods, are far more 
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complicated than those needed for conventional single-chemical pharmaceuticals 
(Dietary Supplement Fact Sheets, 2020).

There can be hundreds of natural constituents in a single herbal remedy or medic-
inal plant species, and a herbal medicinal substance blended from several herbal 
plant species can include many times the number present in a single species. It can 
be practically impossible to assess the effects, including safety, of individual active 
constituents, particularly if the herbal product consists of a mixture of two or more 
herbs. The consistency of the raw materials used in the manufacture of herbal medic-
inal products primarily determines the consistency of the safety and effectiveness 
of the preparation. The nature of the source or raw material depends not only on 
intrinsic (genetic) influences, but also on external factors, such as environmental 
conditions, farming and medicinal plant collecting practices, like selection of the 
correct plant and plant part, and cultivation conditions. This combination of sev-
eral variables makes quality controls on the raw materials of herbal pharmaceutical 
goods impossible to carry out (Rodrigues and Barnes, 2013). A variety of causes are 
responsible for harmful effects resulting from the use of herbal medicinal products, 
including the use of incorrect plant species, adulteration of herbal products, unde-
clared medicinal products, poisoning, overdose, abuse of herbal medicinal products 
by health care practitioners or customers, and the use (and subsequent interaction) 
of herbal medicinal products with other medicinal products. There is a shortage of 
proper information on the significance of taxonomic botany and documentation in 
most herbal medicinal products manufacturers, which presents unique challenges in 
identifying and harvesting herbal plants (Farah et al., 2000; Bhardwaj et al., 2018).

3.8 � CONCLUSION

The global disease burden caused by viral infection has encouraged researchers world-
wide to develop novel and more effective antiviral drugs. Medicinal plants have pro-
vided ample scope for researchers to explore and establish viable alternative treatments 
for many emerging viral infections. In this chapter, the significance and treatment 
options of medicinal plants for managing various viral diseases have been discussed. 
Although the molecular mechanisms behind the antiviral effects of medicinal plants 
are often well documented, controlled human clinical trials are still warranted. Overall, 
this chapter should help current and future researchers to find, understand, and assess 
new molecules from the numerous antiviral medicinal plants available.
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4.1 � INTRODUCTION

In humans, the immune system is a unique, complex network that helps to deal 
with various stresses, foreign particles, insults, and illnesses (Anywar et  al. 
2020). It regulates different pathways and interconnection processes involving 
microbial recognition, inflammation, microbial clearance, cell/tissue damage, 
and healing. This homoeostatic system entails the well-organized interplays 
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of different classes of immune cells and their crosstalk with particular tissue 
microenvironments to sustain immune homoeostasis. The immune responses are 
rapid or slow, depending upon infection halting, infection rate, severity, and the 
memory of functions. In homoeostasis, immunity plays a pivotal role and can be 
categorized into two types: adaptive immunity or innate immunity (Singh et al. 
2016). The acquired or adaptive immune system responses are relatively slow 
(and are coordinated by B cells and T cells) compared with the innate immunity 
system, (which includes basophils, dendritic cells, eosinophils, mast cells, mac-
rophages, neutrophils, and invariant natural killer cells). Together, both immune 
systems help in regulating the activity of cells responsible for the elimination of 
pathogens and damaged cells, as well as tumour cells (Kumar et al. 2011; Uttpal 
et al. 2019).

Over the past few decades, paradigm shifts in the medical system have been 
reported, with changes in interest towards disease prevention. Interest has been 
boosted to a new level due to the recent catastrophic pandemic situation of COVID-
19 (Khanal et al. 2020; Ahmad et al. 2021). In the traditional medicinal system, the 
disease ailment is based only on primary symptoms and not according to its evalua-
tion or clinical diagnosis, in order to improve the overall quality of life and the main-
tenance of human health. Based on herbal formulations, various plant parts, ranging 
from roots, leaves, stems, berries, flowers, buds, twigs, barks, seeds to fruits and 
whole plants, are used in the treatment of diseases by naturally enhancing the human 
immune system as a result of supplying vitamins, flavonoids, carotenoids, alkaloids, 
or other secondary metabolites present in the herbal plant preparation (Archana et al. 
2011; Thangadurai et al. 2018; Tuy et al. 2020).

Traditionally, inflammation is considered to be the first symptom and is char-
acterized by pain, swelling, redness, heat, and other functional disturbances. 
During treatment, medicinal practitioners target such primary symptoms and pre-
scribe herbal formulations (Cundell 2014). Conventional medical research expects 
that a single chemical compound confers low toxicity, high potency, and selectiv-
ity towards targeted cellular diseases. However, understanding the pathways of 
compounds involved in the immune response is difficult and needs more thorough 
research (Sultan et al. 2014; Sharma et al. 2017; Singh 2020). Overall, the present 
chapter highlights the potential of conventional medicinal plants, including members 
of the same family, major bioactive molecules, and their associated therapeutic role 
in a strong immune system in humans.

4.2 � HISTORY OF MEDICINAL SYSTEMS

Folk or conventional medicine is based on the strategic utilization of basic ingre-
dients of the traditional medicine system, i.e., herbal material and other herbal 
products that are enriched with bioactive phytochemicals. For example, aspi-
rin was originally obtained from Filipendula ulmaria (as the herbal preparation 
Spiraea Ulmaria), which has been recommended for fever and pain swelling since 
being prescribed by Hippocrates as presented on Egyptian papyri. The medicinal 
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practical system started in Iraq about 60,000 years ago and about 8,000 years ago 
in China. The medicinal practitioners used to gain knowledge through their par-
ents/grandparents and recommended the specific herbal medicine formulations (or 
their products) without any hesitation to the various patients in local communities. 
Even after so many years of being in use, the conventional medicinal system still 
requires answers to a variety of questions related to the exact mechanism, func-
tional response, and facts relying on the response of the immune systems, directly 
or indirectly (Thangadurai et al. 2018).

The concept of immunomodulation has been practiced by the Ayurvedicists 
for many decades (Sharma et  al. 2017). The objective of Ayurvedic practices for 
immune systems is achieved via the implementation of Vajikarana and Rasayana 
therapy. Disease prevention is acceptable but how they regulate it is unclear and 
creates an enthusiasm for the endorsement of the traditional medicinal system. The 
conventional medicinal system is followed by many medicinal systems such as 
Ayurveda, Chinese, Siddha, Amachis, and Arabic herbal medicines, but the most 
widely accepted ones are the Ayurvedic and Chinese medicinal systems, which are 
described in the following sections.

4.2.1 � Ayurvedic Medicinal System (AYMS)

The Charaka Samhita is considered to be a primary record that is fully devoted 
to practical and conceptual medicinal health care and longevity systems. AYMS 
believes that “every plant can be a medicinal plant’’ and has been deeply explained in 
the Indian culture. Medicinal practitioners have utilized these extensive collections 
of herbs, shrubs, climbers, lianas, etc. and have described their roles meticulously 
(Tripathi et  al. 1999; Sharma et  al. 2017). Reference to such plants was reported 
earliest in the publication known as Rig Veda in the Sanskrit literature. Another 
one is Bhava Prakasha (1550 Before the Common Era, BCE), which lists 470 Indian 
herbal medicines (IHMs), and is an important textbook on plants/herbs written by 
Bhava Mishra, which is held in great esteem by medicinal practitioners (Khodadadi 
et al. 2015; Anywar et al. 2020). Other important textbooks explaining IHMs are 
Sushruta Samhita (600 BCE), which describes 516 IHMs, Yajurveda (1000–600 
BCE), that lists 87 IHMs, and Atharva Veda (4500–2500 BCE), which records 290 
IHMs. Currently, 8,000 herbal remedies are confirmed in AYSM and are explained 
in Materia Medica of Ayurveda (Chulet and Pradhan 2010; Ven et al. 2010; Kumar 
et al. 2012; Anywar et al. 2020; Figure 4.1).

4.2.2 �T raditional Chinese Medicinal (TCM) System

In the 18th century, a book known as Mian Yi Lei Fang or “Formulas for the 
Immunity from Plague” referred to a Chinese word for “immune” for the first time. 
For example, the variolation incubation against the smallpox method, in which the 
patient inhales the powdered vaccine via the nostrils with the aid of silver tubes, is 
of Chinese origin. However, the terminology from the Western world provided an 
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explanation of immunology (Wang and Ren 2002). The TCM has various concepts, 
which are listed below:

•	 Holism and TCM immunology. The TCMs are based on holistic approaches 
and consider that the human body is composed of organic matter. The inte-
gral stability, balance between physiological equilibria, and disturbance in 
the organization of specific orders are the root cause of blockages of the 
the immune systems. According to Zheng Qi, healthy energy is the vital 
manifestation of immune functions (Wen et al. 2010).

•	 Internal energy and the immune system. Different types of resistance, such 
as genuine qi, protective qi, and primordial qi, are explained by TCMs for 
internal energy as the natural resistance mechanism of the body against 
disharmonized energy and diseases (Figure 4.1).

•	 Immune modulation effect and immune functionality. TCM’s focus on 
energy flow is known as innate immunity, which works on its own, not to a 
specific system, but heals the whole body.

According to the yin yang theory, the equilibrium between yin and yang adjusts con-
tinuously and is most important to keep the body disease free. The approaches are 
mainly based on the possession and regulation of holism modulation that re-balance 
and remove extreme deficiencies. The TCM therapeutic immune system functions 
in dual states, including excessive hyper-functioning states and deficient or under-
functioning states. The rehabilitation of the body occurs from an under-functional 
state to a Mohan normal state or from a hyper-functioning state to a normal state 
(Archana and Jatawa 2011; Venkatalakshmi et al. 2016).

FIGURE 4.1  Contributions of different medicinal systems and their immunoprotective role.



79Conventional Medicinal Plants﻿

This strategy manages to enhance our immune functions and to eliminate inter-
nal pathogenic factors with dual modulation effects. TCM has a unique assumption 
regarding immune functionality and regulatory properties in different actions; “to 
nourish when deficient”, “to rise when collapsed”, and “to depress when stimulated” 
(Cundell 2014; Tuy et al. 2020).

4.3 � IMPORTANCE OF CONVENTIONAL MEDICINAL SYSTEMS

In modern-day disease management, immunomodulators of plant origin have been 
established to be the most potent tool, as they promote the non-specific activation of 
immune responses against pathogens. As a result, it became a scientific concept that 
has gained much attention in recent years (Thatte et al. 1997; Singh et al. 2016). The 
Ayurvedic principles (such as Ojas, Vyadhi-ksamatva, and Bala) and modern medi-
cine concepts, including circadian rhythms, neuro-endocrine immune axis, seasonal 
variations, the influence of exercise, and different physiological states, are much closer 
to unfolding issues of immune systems (Chulet and Pradhan 2010; Doshi et al. 2013; 
Pan et al. 2014; Jantan et al. 2015; Utpal et al. 2019). The Vyadhi-ksamatva is regarded 
as immunity and is highly acceptable in Ayurveda, and also known as Vyadhibala. 
Charaka has also mentioned Bala as the component that eradicates the pathogens 
by killing them inside the body. The first action of Bala helps to inhibit, counter-
act, and overcome the disease-causing factors that cause degradation and cell death, 
such as anaemia, pulmonary tuberculosis, diabetes mellitus, premature senility, and 
malignant and other tumours. The second action of Bala relates to both humoral and 
cellular immunological factors that neutralize or destroy disease-causing agencies 
which attack the body. Furthermore, in clinical conditions, pathogen entry results in 
moderate or severe impairment of tissue, distribution in vessels, altered composition, 
and sometimes certain deficiencies. In addition, mental, physical, severe degenerative 
and wasting diseases, psychological diseases, starvation, and malnutrition also reduce 
immune functions (Sharma et al. 2007; Kulkarni et al. 2012).

The combination of four important medicinal plants are explained in Ayurveda, 
namely Tulsi (Ocimum sanctum), Amalaki (Emblica officinalis), Ashwagandha 
(Withania somnifera) and Guduchi (Tinospora cordifolia), mixed in equal propor-
tions, is taken to elevate humoral and cellular components of the immune system 
(Reis et al. 2008; Rachh et al. 2014; Table 4.1). This preparation directly enhances 
the microbiocidal action of the neutrophil cells and increases the levels of globulin 
components in the circulatory system. Intake of the above medicinal plant prepara-
tion with the given composition results in increased levels of lymphocytes, which 
increase the memory of the T cells along with enhanced cell number and size of 
the macrophages (phagocytic cells) . The preparation is also helpful in improving 
our immune response and accelerating recovery when used as an adjunct to various 
immune-related disorders, such as multidrug-resistant tuberculosis, chronic wast-
ing therapy, cancer, and other immunocompromized disorders (Chatterjee and Dass 
1996; Tillu et al. 2020). The concept of Bala for innate immunity, acquired immu-
nity, or immunological capabilities, playing a central role in disease and health, have 
to be appreciated and understood by Western immunologists. There is a wide range 
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of these herbal formulations and their derived drugs available in India, focusing on 
the nutritional dynamics that help to enhance the ability of the immune system to 
protect the body from infectious and communicable diseases and to act as a promoter 
of the treatment of the immunocompromized condition (Gan et al. 2003; Sharma 
et al. 2007; Archana et al. 2011; Derouiche 2020).

4.4 � IMMUNITY-ENHANCING PLANT-DERIVED DRUGS

Plants synthesize a remarkably wide range of secondary metabolites. These second-
ary metabolites are mainly non-essential for the primary metabolism of plants, but 
play significant roles in defence by creating a strong immune response to patho-
gen infections, stress conditions, and environmental effects (Piasecka et  al. 2015; 
Lokhande et al. 2019). The literature has tended to identify the active phytochemi-
cals that are responsible for the therapeutic effects of most immunity-boosting 
plants, including Greco-Arab herbs (Venditti et al. 2016). They include flavonoids, 
tannins, terpenoids, steroids, and polysaccharides. Furthermore, the main immunity-
enhancing drugs originated from plants are alkaloids, such as sophocarpine, cheler-
ythrine, curcumin, peperine, sinomenine, quercitin, matrine, tetrandrine, berberine, 
capsaicin, colchicine, leonurine, gelselegine, pseudocoptisine, andrographolide, 
koumine, rhynchophylline, lycorine and genistein (Table 4.2). These chemicals can 
also be further categorized into other categories, such as:

•	 Essential oil: Tetramethylpyrazine and Z-ligustilide.
•	 Flavonoids: Dihydroxanthohumol, mallotophilippens C, D, E, licochal-

cone E, chalcone, butein, and xanthohumol.
•	 Flavones: Apigenin, baicalein, chrysin, oroxylin A, luteolin, nobiletin, and 

wogonin.
•	 Flavonols: Quercetin, rutin, and kaempferol.
•	 Flavanols: Epigallocatechin-3-gallate.
•	 Isoflavones: Daidzein, puerarin, and genistein.
•	 Phloroglucinols: Arzanol and myrtucommulone.
•	 Quinones: Emodin-8-O-β-D glucoside, shikonin, and thymoquinone.
•	 Other Apocynins: Piceatannol, resveratrol, and stilbenes.
•	 Terpenoids: Asiaticoside celastrol, demethylzelasteral, ginsan, oleanolic 

acid, echinocystic acid, triptolide, 11-keto-β-boswellic acid, 14-de​oxyan​
drogr​aphol​ide,1​4-deo​xy-11​,12-d​idehy​droan​drogr​aphol​ide, and madecasso-
side (Table 4.2) (Cook and Samman 1996; Fernandez et al. 2001; Petronelli 
et al. 2009).

In all medicinal systems over the centuries, the treatment and prevention of disease, 
using plant-derived drugs, have been long-term processes but, using the immunity 
enhancer plants provides a better and more efficient way of achieving these goals 
than was previously possible in human history. Traditionally, these compounds  
were considered to be solely responsible for a strong immune system but valida-
tion by pre-clinical trials is needed (Kumar et al. 2011). As a result, much research 
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still focuses on the single compounds as the key compounds that focus on a spe-
cific target associated with a particular disease (Thoppil et al. 2011; Swallah et al. 
2020).

4.5 � POTENTIAL OF LOCAL MEDICINAL PLANTS 
AS AN IMMUNITY ENHANCER

The immune system is the working house of the human body to maintain homoeo-
stasis. The function and efficacy of the immune system are regulated by several 
endogenous and exogenous factors in order to achieve immunostimulation or immu-
nosuppression. The agent which has the potential to modulate or normalize the 
pathophysiological processes is known as an immunomodulator (Jantan et al. 2015). 
Over the past several years, the immunomodulatory properties of numerous plant-
derived compounds have been confirmed. The plant-based immunomodulators have 
a selective advantage over synthetic immunomodulators because of their minimal 
side effects and toxicity. There is a need for the discovery, identification, and iso-
lation of specific immunomodulatory agents of plant origin with the potential to 
overcome the side effects of high-cost synthetic compounds. Thus, natural immuno-
modulators have great potential as substitutes for use in therapeutic procedures. The 
organic or synthetic biomolecules able to stimulate, suppress, or modulate the com-
ponents of innate or adaptive immunity are known as immunomodulators, immune-
augmenters, immunorestoratives, or biological response modifiers.

There are approximately 122 plant-derived chemicals which have been identi-
fied as therapeutic substances, which are used as commercially exploited drugs 
(Sorokina et al. 2020). For instance, willow tree bark is rich in the salicylic acid 
phytohormone, which is related to an active compound (acetyl salicylate) of aspi-
rin. In the traditional medicinal system, the bark has been used as a painkiller 
and antipyretic substance from ancient times. The most frequent drugs prescribed 
by physicians are derived from plant sources, such as opium, quinine, digoxin, 
aspirin, etc. The immunomodulatory chemicals derived from plants are alkaloids, 
terpenoids, flavonoids, lactones, polysaccharides, and glycosidic products (Tiwari 
et  al. 2018). The immunomodulators can be classified into immunostimulants, 
immunosuppressants, or immuno-adjuvants, examples of which have been listed 
in Table 4.2.

4.5.1 �I mmunostimulants

The chemicals that induce or activate the components or mediators of the immune 
system are known as immunostimulants (Paul et  al. 2020). Immunostimulants 
enhance the resistance against infection, allergy, cancer, and autoimmunity. 
Immunostimulants can be categorized into two categories, namely a) specific and 
b) non-specific immunostimulants. Specific immunostimulants can trigger the 
immune response, particularly with respect to antigenic type. Non-specific immu-
nostimulants are not antigen-specific and are generally used for treatment of chronic 
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infections, immune-deficiency diseases, and malignant or auto-immune diseases. 
The immunostimulants are recognized by the Toll-like receptors (TLR) to induce 
the TLR signalling for immune system initiation. Extracts of plants showing 
immunostimulant activity are Allium sativum, Asparagus racemosus, Achyranthes 
aspera, Azadirachta indica, Aloe vera, Abutilon indicum, Andrographis panicu-
lata, Aristolochia indica, Berberis aristata, Clitoria ternatea, Catharanthus roseus, 
Cymbopogon martini, Hyoscyamus niger, Nardostachys jatamansi, Picrorhiza kur-
roa, Cynodon dactylon, Curcuma longa, Embelia ribes, Ocimum sanctum, Sida 
cordifolia, Punica granatum, Piper longum, Nuctanthes arbor-tristis, Panax gin-
seng, Phyllanthus emblica, Saussurea costus, Withania somnifera, and Tinospora 
cordifolia (Figure 4.2; Table 4.2).

4.5.2 �I mmunosuppressants

Immunosuppressants are the chemicals that inhibit the immune system and can be 
used to prevent pathological immune reactions after organ transplantation. These 
substances are used to treat infections related to immunopathology, auto-immune 
diseases, and hypersensitive reactions (Romanelli and Mascolo 2020). The activation 
of B and T lymphocytes, macrophages, and the imperfect apoptosis of immune effec-
tor cells play important roles in the pathogenesis of various disorders (Turner et al. 
2016). Plants showing immunosuppressant activity include Linum persicum, Salvia 
mirzayanii, Stachys obtusicrena, Andrographis paniculata, Bupleurum falcatum, 
Glycyrrhiza glabra, Dracocephalum kotschyi, Periploca sepium, Tripterygium wil-
fordii Echium amoenum, Salvia miltiorrhiza Argyrolobium roseum, Clerodendron 
trichotomum, and Campylotropis hirtella (Figure 4.2).

4.5.3 �I mmuno-adjuvants

Immuno-adjuvants are the specific stimulators of the immune system which boost 
the efficacy of a vaccine and hence can be considered to be true modulators of the 
immune response. They can be exploited as immunoprotectives, immunodestructives, 
or selectors between the cellular and humoral helper (Th1 and Th2) cells (Banstola 
et  al. 2020). The plants showing such activity include Ziziphus jujube, Withania 
somnifera, Achyranthes bidentata, Astragalus membranaceus, Allium sativum, 
Calliandra pulcherrima, Hedera taurica, Aesculus hippocastanum, Bupleurum 
falcatum, Andrographis paniculata, Anemone raddeana, Echinacea purpurea, 
Grifola frondosa, Nigella sativa, Panax ginseng, Tinospora cordifolia, Platycodon 
grandiflorum, Astragalus membranaceus, Asparagus racemosus, Curcuma longa, 
and Hypericum perforatum (Table 4.2; Figure 4.2) (Goldman 2001; Balunas 2005; 
Licciardi and Underwood 2011; Patel 2012; Banstola et al. 2020).
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4.6 � PHYTOCHEMICAL EVIDENCE ASSOCIATED 
WITH TRADITIONAL MEDICINAL SYSTEMS

Plant-derived natural products have been used in medicine for more than 5,000 years, 
whereas Western medicines date back only a few hundred years ago (Goldman 2001; 
Atanasov et al. 2015). The medicinal use of > 85,000 plant species has been docu-
mented throughout the world (Balunas and Kinghorn 2005). According to WHO, 
more than 80% of people in the world rely on herbal medicines for treating several 
disorders, including immune disorders, mostly in the developing countries (Licciardi 
and Underwood 2011). Approximately 30% of the drugs approved by the Food and 
Drug Administration (FDA) of the USA are of botanical origin. Thus, it is crucial to 
determine the chemical structures of traditionally used phytomedicinal compounds 
to assess their potential for immunomodulatory activity against immune disorders.

Biochemists in the past developed an interest in extracting the active chemical 
molecules from traditional herbal medicines and examining them for their potential 
activities, and they began to notice additional roles for phytochemicals. Numerous 
phytochemicals have been identified with potential as an immunomodulator, a che-
moprotective, or an adaptogenic. These chemicals include saponins, terpenoids, fla-
vonoids, and polysaccharides, such as pectin and arabinogalactan (Sharma 2006; 
Rajput et al. 2007; Thoppil et al. 2011; Islam et al. 2020).

4.6.1 � Phytochemistry

4.6.1.1 � Flavonoids
More than 4,000 different kinds of flavonoids have been reported in plants and are 
known to contribute to leaf and flower colour. They are members of the phenolic 
group of secondary plant metabolites and are derivatives of the shikimic acid path-
way (Cook and Samman 1996). This category of phytochemicals has gained much 
attention due to their antioxidant activity in scavenging oxygen free radicals and they 
have proven to be promising agents for anticancer therapy and anti-ageing properties 
(Bose et al. 2018). Apigenin poses tumour-suppressing activity by inhibiting TNF-α 
intra-cellular adhesion to inhibit tumour metastasis, while also suppressing angio-
genesis (Patel et  al. 2007). Plant genera such as Artemisia, Achillea, Tanacetum, 
and Matricaria belong to the family Asteraceae, which acts as the main source of 
apigenin (Table 4.1). Additionally, members of the Lamiaceae, such as Sideritis 
and Teucrium, and species of Genista from the Fabaceae also show the presence 
of apigenin in its aglycone form (Venditti et al. 2015, 2016a, 2016b, 2017; Ornano 
et  al. 2016; Sharifi-Rad et  al. 2018; Venditti et  al. 2018). Apigenin decreases the 
expression of cytokines (IL-1α, IL-8, TNF-α) (in the case of Cynodon dactylon) 
and reduces the response of Th1 and Th17 cells (in the case of Salvia officinalis), 
as well as downregulating the expression of pro-inflammatory mediators such as 
inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) (in Portulaca 
oleracea). Additionally, apigenin reduces the expression of the intracellular adhe-
sion molecule (ICAM) and vascular cell adhesion molecule (VCAM) (in Mentha 
longifolia), resulting in lowered neutrophil chemotaxis (Nicholas et al. 2007; Kang 
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et al. 2009). Similarly, quercetin decreases the expression of pro-inflammatory fac-
tors, such as cytokines, NF-κB, and iNOS. Luteolin (a type of flavone) adjusts the 
inflammatory environment of the brain by targeting brain chemistry. It inhibits the 
release of microbial IL-6 and mimics the activity of the brain-derived neurotrophilic 
factor. There is a decrease in the secretion of INF-γ, IL-6 inflammatory mediators 
and in the expression of COX-2 and ICAM-1 following exposure to a preparation of 
Lonicera japonica (Ziyan et al. 2007; Chen et al. 2014).

4.6.1.2 � Terpenoids
Terpenoids are considered to be the largest family of natural phytochemicals, con-
sisting of more than 30,000 compounds that vary and show specificity to particular 
plants (Dubey et al. 2003; Stephane and Jules 2020). Many herbal medicines include 
combinations of terpenoids and saponins (examples of triterpenes) that inhibit the 
faulty immune inflammation response during the development of neoplastic dis-
ease. Similarly, limonene, the monoterpene obtained from apricots, cherries, and 
citrus fruits, suppress NF-kB activation (Berchtold et al. 2005; Younis et al. 2020). 
Genopsida, obtained from Gardenia jasminoides fruits, can suppress the expression 
of iNOS and NF-kB expression, and is traditionally used in the treatment of headache, 
fever, inflammation, and hepatic disorders (Koo et al. 2004). Sesquiterpene lactones 
are potent medicinal phytochemicals and are used against inflammatory diseases and 
cancers (Salminen et al. 2008). The artemisinin isolated from the leaves of Artemisia 
annua (a traditional Chinese medicinal plant) is used as an effective antimalarial 
drug. Artemisinin and its derivatives show anticancer, antifungal, anti-angiogenesis, 
and immunosuppressive properties. It inhibits the NF-kB signalling system, with 
strong inhibition of inflammation (Cui and Su 2009). The elephantopin derivatives 
(isodeoxyelephantopin and deoxyelephantopin) isolated from Elephantopus scaber 
induce anti-inflammatory activities and anticancer activities via negatively targeting 
NF-kB activation (Huang et al. 2010; Su et al. 2011a). Similarly, paclitaxel, marketed 
under the brand name Taxol, is a polyoxygenated diterpenoid alkaloid originating 
from Taxus brevifolia (Pacific yew) bark, being used clinically as a drug against 
ovarian cancer and other cancers (Weaver 2014). Tanshinone IIA (a diterpenoid qui-
none), extracted from the roots of Salvia miltiorrhiza, is traditionally used against 
immunological disorders, osteoporosis, breast cancer, and cardiovascular diseases. 
It inhibits NF-kB signalling in the inflammation pathway (Gao et al. 2012). Carnosol 
and carnosic acid (abietane-type diterpenoids) are abundant in Rosmarinus offici-
nalis and are frequently used traditionally as a result of their activity in inhibiting 
NF-kB signalling and inducing expression of the Nrf-2-activated HO-1 (Pan and Ho 
2008; Yousef et al. 2020). Celastrol (a quinone methide pentacyclic triterpenoid) has 
shown anticancer and anti-inflammatory activities (Pinna et al. 2004). It suppresses 
NF-kB signalling in tumour growth and inflammation (Kim et  al. 2009). Ursolic 
acid (a pentacyclic triterpene) is the main active ingredient in some traditional rem-
edies used as an anticancer agent, with hepatoprotective activities, and for antihy-
perlipidaemia (Ikeda et  al. 2008; Salminen et  al. 2008). Ursolic acid inhibits the 
NF-kB activation that is involved in the inhibition of TPA-induced skin tumours and 
lipid polysaccharide (LPS)-induced pro-inflammatory mediators (Ikeda et al. 2008). 
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Betulinic acid (a lupane-type triterpenoid) and its derivatives show therapeutically 
potent activity against cancer, pathogen infections, and various kind of inflamma-
tions (Fulda 2009). Lupeol (a triterpenoid derivative) inhibits the Akt-dependent 
pathway, contributing to anti-inflammatory and anticancer activities (Fernandez 
et al. 2001; Salminen et al. 2008; Wang et al. 2020). The tetraterpenoid derivatives, 
such as lutein, lycopene, and β-carotene, modulate the redox-sensitive signalling 
pathways, including ROS signalling and NF-kB signalling pathways (Chew and Park 
2004; Huang et al. 2007).

4.6.1.3 � Organosulphur Compounds
The organosulphur compounds, derived from garlic and onion, have been shown to 
result in suppressed activities of cyclooxygenase and lipooxygenase (inflammatory 
enzymes) and decreased levels of inhibitory iNOS expression in the inflammatory 
macrophages (Dirsch et al. 1998; Ali et al. 2000; Ruhee et al. 2020). Garlic extract 
inhibits receptor NF-kB activity induced in response to receptor agonists, such as 
TNF-an and LPS, under anti-inflammatory responses (Keiss et  al. 2003; Jo et  al. 
2020). Garlic extract can also modulate inflammatory responses through inhibition 
of TLR activation (Youn et al. 2008; Table 4.2; Figure 4.3).

4.6.2 � Pharmacology

The use of plants as medicines for treating disease has been recorded since ancient 
times (Singh et al. 2016). In India, in particular, it has become an important system 
of health care, and approximately 70% of rural people in India use the traditional 
herbal medicinal system for treating disease. There are various medicinal systems 
mentioned in Vedas and other scriptures, dating from ancient times. Many conven-
tional systems, such as Siddha, homoeopathy, naturopathy, Unani, Yoga, Ayurveda, 
Chinese, or Amachi medicines, have been well known and widely adopted for many 
years. Ayurveda is also known as the “science of longevity” because it helps to main-
tain a long, healthy life for any individual (Kumar et al. 2012).

In the conventional medicine system, there are easy and cheap treatment methods 
(derived from herbs and various plant parts) to treat many common diseases, such 
as cancer, food allergies, and another immune diseases, for which there are few 
modern treatments. The medicinal attributes of many plants are found in leaves, 
rhizomes, and roots, and can be used as a tonic, diuretic, blood purifier, and antiphlo-
gistic. These are used as remedies for treating various diseases, like chronic eczema, 
chronic rheumatism, chronic nervous diseases, cholera amenorrhoea, chronic ulcers, 
etc. The powder of dried leaves of plants like Catharanthus roseus, Clitoria ter-
natea, etc., is used for the treatment of depression and for improving memory when 
the powder is consumed with milk. Similarly, the juice of the leaves of plants like 
Ocimum sanctum and Tinospora cordifolia are used as an alternative treatment of 
cases of jaundice, fever, or gonorrhoea. These plants are also helpful in improving 
the nervous system in children and for treating cutaneous diseases. There are more 
than 3,000 medicinal-value plant species in India that are used to prepare medicinal 
drugs, of which a number have been highlighted in Table 4.1.
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The effectiveness of medicinal plants varies from species to species and for the 
treatment of different conditions. For example, in the treatment of nervous dis-
orders, the brain tonic, brahmi, is more effective than mandukparni. The brahmi 
plant is also used to reduce fatigue, and to treat asthma and depression. It energizes 
the central nervous system and improves the circulatory system, soothes and mini-
mizes varicose veins, and helps to minimize scarring. Brahmi also proves useful 
in repairing skin and connective tissues in the body as well as smoothing out cel-
lulite. In India, this plant has been used by Ayurvedic medicine for 3,000 years. The 
Ayurvedic treatise, the Charaka-samhta (100 AD) recommends Brahmi in formu-
lations for a range of mental conditions, including treating anxiety and improving 
concentration.

Most of the valuable medicinal plants, like punarnava (Boerhaavia diffusa), 
gokhru (Tribulus terrestris), and ark (Calotropis procera), etc., grow in the wild, 
mainly because of the favorable climatic and edaphic conditions, as well as the 
reduced urbanization in these regions. Another important plant, ashwagandha 
(Withania somnifera) is widely used in the treatment of psoriasis, arthritis, and rheu-
matism. It is rich in valuable phytochemical constituents, like alkaloids (isopelle-
tierine and anaferine), steroidal lactones (withanolides, withaferins), and saponins 
(sitoindosides VII and VIII). For treatment of arthritis, ginger (Zingiber officinale) 
is used because of its chemical constituent zingiberene, which is mainly responsible 
for reducing pain and inflammation by inhibiting the cyclooxygenase (COX) and 
lipoxygenase (LOX) pathways. Onion (Allium cepa) is also widely used to decrease 
the numbers of cancer cells, to effectively heal stomach ulcers, and inhibit the pro-
liferation of cultured ovarian, breast, and colon cancer cells. This plant also reduces 
levels of cholesterol and blood pressure, and decreases symptoms associated with 
diabetes mellitus, inhibits platelet aggregation, and prevents inflammatory pro-
cesses associated with asthma (Upadhyay et al. 2016). The fruit extract of the plant 
Phyllanthus emblica possesses antidiarrhoeal and spasmolytic activity, which is 
mediated possibly through the dual blockage of muscarinic receptors and Ca2+ chan-
nels, thus explaining its medicinal use in the treatment of diarrhoea. In addition, P. 
emblica has great potential to check cancer and tumour growth. In addition, extracts 
of sunflower (Helianthus annuus) seeds are used as a diuretic and to effectively cure 
coughs and lung infections. They are also used as an antiseptic, aphrodisiac, emol-
lient, and as an anti-malarial. Leaves of neem (Azadirachta indica) are used in the 
treatment of numerous diseases, like eczema, ringworm, and acne, and they possess 
anti-inflammatory and antihyperglycaemic activities (Srivastava et al. 2020). Neem 
is used to treat chronic wounds, diabetes, and gangrene. It also helps to remove tox-
ins from the body, quench free radicals, and to purify the blood (Dubey et al. 2014).

The high value of the conventional medicinal system, and its application in terms 
of derived drug phytochemistry, gained much attention in 2011 following a paper 
published by Dr. YY Tu in Nature Medicine. The discovery of artemisinin, from 
Artemesia annua plant, for the treatment of malaria resulted in the author win-
ning the Lasker Award for medicinal research in 2011. The article explained the 
need for the re-recognition of the traditional medicinal system and its background 
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to the identification of immunity boosters. In another report, published in Science 
Translation Medicine by YC Cheng and coworkers, highlighted the use of TCMs 
containing multiple formulations, including extracts of more than three or four 
plants, for the treatment of cancer instead of the use of a single chemical constituent. 
This report described experiments that provide strong evidence for identification of 
preparations with anti-inflammatory, anticancer, and molecular patterning activities 
based solely on metabolite profiling. The above reports, supported by clinical trials, 
attracted greater belief and interest from the medical community. In a case study, 
a methanolic extract of Ocimum sanctum samples (100 mg/kg body wt.) showed 
increased concentration of red blood cells (RBC) in sheep. The extract had a pro-
motional effect on humoral-mediated immunity and expressed an immunomodula-
tory effect, enhancing the level of RBCs in sheep, and decreasing the amount of 
histamine released from the mast cells. The findings indicated the responses of both 
humoral- and cell-mediated immune responses to this herbal plant preparation. An 
alcoholic extract of Achillea millefolium (100 mg/kg, i.p.) exhibited a significant 
stimulatory effect on both cellular and humoral function in mice. The enhanced 
carbon clearance and neutrophile adhesion, and the decreased level of cyclophospha-
mide-induced neutropaenia reflects an immunomodulatory effect (Licciardi et  al. 
2011; Kumar et al. 2012) In mitogen-induced lymphocyte proliferation, the androgra-
pholide compounds from Andrographis paniculata act as an inhibitor of TNF-an 
and a stimulator of both non-specific and antigen-specific types of immunostimula-
tory response in mice, exhibiting responses to a range of oncogenic and infectious 
agents. Treatment with an extract of Gymnema sylvestre showed immunomodulation 
in vivo and in vitro, with significant immunostimulatory activity, affecting the activi-
ties of neutrophils and phagocytes, as well as chemotaxis responses (Kumar et al. 
2012; Table 4.3). The herbs used in conventional formulations or Rasayana seem to 
function by affecting the effector arm that regulates immunosuppressants, immu-
noadjuvants, and immunostimulant activities. Immunomodulation activities can be 
used to create a pathogen-free state inside the body of a diseased person.

Immunomodulation mechanisms are mainly regulated via the activities of various 
cellular functions, such as macrophage activation, increased antigen-specific immu-
noglobulin production, enhanced numbers of non-specific immunity mediators and 
natural killer cells, increased cellular immune function, increased non-specific cel-
lular immune system effect, phagocytosis stimulation, immunostimulatory effect 
on peritoneal macrophages, lymphoid cells stimulation, reduction in chemotherapy-
induced leukopaenia, and increased total white cell counts via circulating and inter-
leukin-2 levels (Kumar et al. 2012).

It has become our main responsibility to highlight these valuable plant species, 
which would help herbal practitioners, conservationists, and environmentalists to 
narrow down their focus to such indigenous plant species, thereby ensuring protec-
tion of the medicinal flora. Many commercial products derived from herbal plants 
are sold in the markets these days (Table 4.3) and their demand, production, and 
consumption have been significantly boosted in the present COVID-19 situation.
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4.7 � CONCLUSION

Herbalists widely recommend the use of specific traditional medicinal plants to 
enhance immunity and restrict the activities of cancer, HIV, and other conditions 
associated with pathogenic microbes. The reason for the importance of these 
medicinal-value plants is that they contain chemicals exhibiting important phar-
macological properties. The repeated, conclusive findings on the various proper-
ties, including anti-inflammation, antioxidant, antitumour activities, serve as an 
effective way of boosting the immune system. Modern-day validations are based 
on the activities of secondary plant metabolites. As a result, the true specificity 
of the traditional medicinal system was questioned by Western medicine, which 
later confirmed it on the basis of bioactive plant extracts containing physiologically 
active phytochemicals. In a nutshell, the potent immunity-based anti-inflammation 
and anti-tumour activities can be harmful if not evaluated over a range of doses. 
By the same token, different herbal formulations are often recommended in con-
ventional medicines for the treatment of specific diseases by targeting particular 
cellular and molecular pathways. The use of many plants in a single drug prepara-
tion in a conventional medicinal system lacks information on the primary drug, 
the adjuvant, and the delivery systems within the body. Therefore, it cannot be 
specific for particular targets and treats the problem indirectly. Firstly, the incom-
plete understanding of the chemical constituents and their mode of action needs 
clinical trialling, to identify the exact profile of immunomodulatory activities of 
various herbal formulations used in the conventional medicinal system. Secondly, 
the majority of herbal formulations and their extracts are typically considered to be 
less toxic than modern-day single-chemical pharmaceutical products. Thirdly, the 
drawback of the conventional medicinal system is hypersensitivity and allergies, 
such as skin allergies caused by the intake of products from chamomile and other 
members of the Asteraceae due to the high concentration of sesquiterpene lactones, 
although this response occurs in only a few patients. Fourthly, there is an issue with 
the misidentification of plants with similar phenologies, such as compendia by most 
of the herbalists which confuse the identity of Parthenium integrifolium. Fifthly, 
herbal formulations can effectively penetrate dermal regions and their immuno-
modulatory region as a drug delivery system. However, several compounds, such 
as ginsenosides and anolides, are able to enhance the inflammatory system dur-
ing healing, infections, and to suppress chronic inflammation. The importance of 
ethnobotanists is underrated as much usage of the knowledge on medicinal plants 
comes from early cultures, which evaluated the potential role and effectiveness of 
herbal preparations based on information passed down from the ancestors. Most of 
these properties of medicinal herbs are positive, but why they are not completely 
accepted by the modern-day medicinal system is an unsolved question which needs 
resolution in the future. Properly conducted research and clinical trialling, carried 
out under strict guidelines, must be performed that will ultimately result in the 
acceptance of the value of medicinal herbs to Western medicine, in particular as 
well as in the appropriate recognition of ethnobotanists.
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5 Medicinal Plants for 
Strong Immune System 
and Traditional Skin 
Therapy in South Africa
An Overview 
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5.1 � INTRODUCTION

Without a doubt, skin care/therapy is one of the leading global markets and con-
tributes significantly to economies today. The global value is estimated at 128.38 
billion USD and is expected to rise to 189.3 billion USD by 2025 (Statista 2020a). 
The South African market, which was valued at 581.7 million USD in 2017, will 
have an estimated value of 839.2 million USD by the year 2023 (Statista 2020b). In 
fact, South Africa holds the largest share of the market in Africa. The major divi-
sions of this market include anti-ageing, antipigmentation, antidehydration, and sun 
protection, with applications in beauty salons, medical institutions, and retail stores, 
among others. These figures are reflective of the role of the skin in the human body. 
The skin is indeed the human body’s largest organ and acts as a gateway to the rest 
of the body. It is the body’s first line of defence against pathogens and water loss, 
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regulating temperature and sensation, and providing insulation among its myriad 
functions. Nevertheless, the skin is also home to millions of complex communities 
of fungi, viruses, and bacteria, with most of the bacteria playing a beneficial role to 
the body and immune system. The communities of fungi, viruses, and bacteria are 
informed by a host of factors, which depend largely on environmental conditions 
and the ecology of the skin surface itself (Grice and Segre 2011). More specifically, 
Chen and Tsao (2013) reported that skin moisture content, temperature, skin physi-
ology, including sebaceous gland density, and host genetics, as well as exogenous 
environmental factors are the major determinants of the composition of these com-
munities. Furthermore, adaptive and cutaneous immune responses can moderate 
microbial communities, while they also inform the immune system (Grice and Segre 
2011). An understanding of the skin microbiota would therefore open a window into 
the microbiota–skin interactions which lead to diseases and abnormalities, so that 
researchers can develop appropriate treatment approaches. Since the dawn of time, 
visible alterations of the skin surface have been recognized, with some being treated 
and others not.

Although medicinal plant use is as old as the story of civilisation, the specific 
modes of action involved in individual treatments have not always been fully under-
stood (Grierson and Afolayan 1999). Mantle and Gok (2001) reported that almost 
one-third of known herbal medicines are used in the treatment of wounds and an 
assortment of skin disorders. The antioxidant and antimicrobial properties of the 
volatile compounds of these plants have proven effective in many herbal medicines 
used for dermatological purposes when topically applied to the skin (Quave et al. 
2008). These compounds inhibit and/or eliminate pathogenic activities in the cells 
(Perumal Samy and Gopalakrishnakone 2010). The protective effects of antioxidants 
against cell damage caused by free radicals generated by metabolic processes have 
been widely reported (Adedapo et al. 2008), with antioxidants having a neutralizing 
effect on the free radicals. More recently, however, due to the recognized role of 
plant antioxidants in ameliorating skin damage from UV light, plants containing 
phytochemicals with antioxidant activity are receiving increased attention (Katiyar 
et al. 2001). Some of the compounds found in these plants also ameliorate the nega-
tive reactions caused by stings or insect bites by restricting diffusion of toxins, while 
they also reduce the effects of skin irritation and itching (Dawid-Pać 2013).

Statistics indicate that, currently, the largest antiretroviral (ARV) program glob-
ally is administered in South Africa. In fact, it is estimated that, in 2019, about 7.5 
million people were infected with HIV and 70% (5,250,000) of these were on ARVs 
(UNAIDS 2020). However, the first-line ARVs, such as stavudine, lamivudine, and 
efavirenz, have been linked to both cutaneous and subcutaneous tissue disorders 
because of hypersensitivity reactions (Ranbaxy 2006; Adcock Ingram 2007). In 
addition to post-inflammatory hyperpigmentation and serious discomfort, some of 
the side effects of these ARVs include eczema, fungal dermatitis, itches, irritations, 
nail disorders, lesions and skin rashes, skin nodules, skin ulcers, herpes simplex 
pustular rush, and herpes zones (Pharmacare Limited 2003).

The global use of folkloric herbal medicines for ritual purposes and improve-
ment of skin complexion and texture, as well as in the treatment of skin diseases, is 
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prevalent, including in South Africa. The use of herbal medicines such as Cassipourea 
flanaganii in reducing blemishes, as well as pimples, and increasing complexion 
clarity and skin lightening have been widely reported in South Africa (Cocks and 
Dold 2000). Furthermore, annually, in various provinces/ regions in South Africa 
and according to traditions, young initiates (Abakhwethwa – Eastern Cape prov-
ince; nghomeni – xiTsonga; bagadikana – siPedi) are circumcised, and the resultant 
wounds are treated and dressed using medicinal plants. The use of Western medi-
cine and practices in traditional circumcision ceremonies is viewed as meaningless, 
unacceptable, and a taboo. South African traditional herbal medicinal knowledge 
has been handed down through generations and for centuries, making the country a 
rich source of this knowledge (Thirumalai et al. 2009). Herbalists, traditional heal-
ers, and spiritualists, including ordinary local people, exploit this knowledge in the 
treatment of various ailments. This knowledge is known to have been passed down 
through generations by oral tradition without the need for documentation (Perumal 
Samy and Ignacimuthu 2000). Therefore, fears that this knowledge might be lost 
because of the lack of documentation or if the current holders of the knowledge die 
without passing it on are not far fetched. In the worst cases, there are fears that the 
rural healthcare systems in South Africa could eventually fail.

Nevertheless, one of the most effective and reliable methods of bioprospecting for 
herbal medicines and their uses is through ethnobotanical surveys. These surveys 
have led to the incorporation of numerous herbal medicines into the mainstream 
healthcare systems. Interestingly, the use of herbal medicines, which are effective 
as well as affordable, is gaining attention in both urban and rural areas (Katewa 
et al. 2004). According to Grierson and Afolayan (1999), to protect traditional herbal 
knowledge from extinction, its documentation is essential. Although the ethnobo-
tanical documentation may not provide an exhaustive list, these studies are essential 
not only in ensuring the continued existence of this important knowledge but also for 
biodiversity conservation and the sustainable utilization of scarce resources (Revathi 
and Parimelazhagan 2010).

Although several articles have documented some of these ethnobotanical sur-
veys to reveal the plants of dermatological significance in South Africa, they have 
largely been regional, with a comprehensive national study being lacking. This chap-
ter seeks, therefore, through an extensive literature survey, to reveal and document 
plants of dermatological significance in South Africa at a national level. To achieve 
this, Google Scholar, Europe PMC, PubMed, and Science Direct search engines 
were used. Phrases such as “plants used for the treatment of skin/wounds in the 
Eastern Cape/ Western Cape/ Northern Cape/ North West/ Gauteng/ Free State/ 
Limpopo/ Mpumalanga/ KwaZulu Natal”, “plants of dermatological significance in 
South Africa”, “herbal medicines for skin treatment in South Africa”, “skin lighten-
ing in South Africa”, “skin care in South Africa”, “cosmetics in South Africa”, and 
“herbal plants and the immune system”, as well as “the skin, human immune system 
and herbal medicines”, were used, among others. Although each search generated 
millions of hits at a time, these were further streamlined until, eventually, a total 
number of 26 articles published over a period of 21 years (1999–2020) were consid-
ered relevant and therefore used for purposes of the present study. Altogther, a total 



126 ﻿Traditional Herbal Therapy for the Human Immune System

number of 57 articles are cited in the entire manuscript. Although these additional 
citations are relatively modern, some of the original ethnobotanical surveys cited in 
the present work date back fifty years.

5.2 � CLASSIFICATION OF SKIN DISEASES

Diseases affecting the skin are so diverse and complex that there is a need to 
classify them. In fact, the Scottish Dermatological Society (2020) estimates that 
over 11,000 individual skin disease cases have been recorded, based on Thomas 
McCall Anderson's work, as shown in Table 5.1 (1887). The British Association of 
Dermatologists (Dermnet-NZ 2008) developed an index of twenty-five classifica-
tion codes, whereas the American Academy of Dermatology (1999) developed six-
teen classification codes. Furthermore, Dermnet-NZ (2008) considered (i) the site of 
involvement, (ii) the pathogenesis and (iii) the main structure affected as their main 
parameters for classification of skin diseases. The work to classify skin diseases 
is seemingly never ending. Tabassum and Hamdani (2014) reported nine common 
types of infections, including rashes, viral, bacterial, fungal, and parasitic infec-
tions, pigmentation disorders, tumours and cancers, and traumas, as well as other 
conditions that could not neatly be classified. These latter conditions include rosacea, 
spider and varicose veins, and wrinkles. But, more recently, due to advances in tech-
nology and the use of data mining and machine-learning techniques, some research-
ers have developed what are known as dermatological predictive classifications, 
which, in effect, classify skin diseases more accurately and effectively. For example, 
Verma et al. (2019) merged the Gradient Boosting Decision Tree, Random Forest, 
Decision Tree, Support Vector Machines, and the Classification and Regression Tree 
data mining techniques to develop an ensemble supervised learning model to predict 
skin diseases. These authors concluded that, although the individual data mining 
techniques worked in terms of skin disease prediction, the ensemble model was more 
accurate than the individual techniques.

Permanent skin diseases and conditions can be treated or managed using various 
means. Treatment can either be topical (application of creams to the affected body 

TABLE 5.1
Major Classes of Skin Diseases

Organic Functional 

Inflammations Affections of the skin

New formations and tumours Affections of hair

Haemorrhages Affections of the sebaceous glands

Diseases produced by uniform causes:
•	 Parasitic affections
•	 Syphilitic affections
•	 Strumous affections
•	 Eruptive fevers

Affections of the sudoriparous glands
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part) or by oral ingestion of medication. Topical applications include antibacterials, 
anthralin, antifungal agents, benzoyl peroxide, coal tar, corticosteroids, retinoids, 
and salicylic acid (Tabassum and Hamdani 2014). Oral treatments include the use of 
antibiotics, antifungal agents, antiviral agents, immunosuppressants, and corticoste-
roids. More recently, some new oral therapies, known as biologics, have been devel-
oped to treat conditions such as psoriasis. Biologic drugs are produced from living 
organisms, such as microorganisms, animals and/or humans using biotechnology, or 
might themselves contain components of living organisms. Some common examples 
of biologics are Amevive, Enbrel, Stelara, Remicade and Humira. However, biolog-
ics are not exclusive to skin treatment but treat a host of other diseases and conditions 
that may not be related to the skin. On the other hand, temporary and/or cosmetic 
skin conditions can be treated by the application of medicated makeup, over-the-
counter skin care products, good hygiene practices, and lifestyle adjustments, such 
as dietary changes. Medicinal plants, therefore, become the basis of development of 
the treatments.

5.3 � LITERATURE SURVEY OF PLANTS OF DERMATOLOGICAL 
SIGNIFICANCE IN SOUTH AFRICA

Numerous South African studies have reported on the pharmacological aspects of 
some common plants used in skin therapy, while a handful of ethnobotanical surveys 
have been conducted under the same theme. The ethnobotanical surveys are notably 
provincial/ regional, with a lack of a comprehensive national study. We present here 
the first comprehensive list of plants of dermatological significance in South Africa 
(Table 5.2). The literature search revealed 431 species from 117 families that have 
been documented to date in South Africa as being used in skin therapy (Figure 5.1). 
In general, South Africa contains some 41,983 flowering plant species, of which well 
over 2,000 are of medicinal value or use (Street and Prinsloo, 2013; Raimondo 2015; 
SANBI 2020). Of the nine provinces, the Eastern Cape and KwaZulu Natal dominate 
this list, with the Gauteng and Northern Cape provinces being barely mentioned.

5.4 � INDIGENOUS KNOWLEDGE OF SOUTH 
AFRICAN PLANTS FOR USE IN SKIN BEAUTY, 
THERAPY, AND THE IMMUNE SYSTEM

Although most plants reported in this survey are used for the treatment of skin dis-
eases and conditions, about 8% are used for cosmetics. This is a significant proportion 
against the backdrop of the percentage of plants used for the treatment of wounds, 
making up 18% in the present study. Skin beauty plays an important role in current 
South African society, as it has for years. According to Davids et al. (2016), the per-
ceived social benefits, including beauty, historical racism, and marketing strategies 
of multinational companies drive this industry’s growth. The marketing strategies 
often involved local celebrities from whom most young people draw inspiration. In 
fact, despite the toxic systemic effects of skin lighteners, South Africa remains the 
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world’s largest documented consumer of these products (Davids et al., 2016). The 
use of chemicals, such as mercury and hydroquinone, are the major causes of these 
toxic effects. This led to the banning of hydroquinone in cosmetics in draft legisla-
tion in 1988 (Thomas, 2012). Nevertheless, history indicates the use of medicinal 
plants for skin lightening with little or no side effects. However, the use of herbs to 
boost the immune system achieves this goal by softening the skin and protecting the 
skin against ultraviolet (UV) radiation from the sun. Some compounds from these 
medicinal plants have been shown to inhibit UV-induced development of squamous 
cell carcinomas, or simply to guard against cutaneous damage caused by UV irradia-
tion (Tabassum and Hamdani 2014). The study of Heo et al. (2001) was able to show 
that the ethanol extract of Prunus persica was able to inhibit UVB- or UVC-induced 
lipid peroxidation in skin fibroblast cells. Perhaps the revitalization of medicinal 
plant use in cosmetics could lead to other avenues, such as their domestication and 
eventual cultivation. These plants have little or no side effects, even after long-term 
use, in comparison with the harsh synthetic chemicals that often leave the skin with-
out melanin and damaged beyond any prospects of repair. Most of the users of skin 
lightening products are poor and cannot afford the expensive treatment regimes. 
Some of the medicinal plants, such as lemons, avocados, potatoes, sorghum, and 
others reported in this work, are common foods which are highly nutritious and 
therefore play a dual role, as topical skincare applications and as a source of nutri-
tion to boost the immune system. Orally administered medicines have, in times past, 
been reported to also possess nutritional benefits, so that, whereas the compounds 
target the pathogens, the nutritional composition of the medicine boosts the immune 
system, leading to a quicker recovery.

FIGURE 5.1  Some plant species of dermatological significance in South Africa. 
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5.5 � COMMON METHODS OF PREPARATION

The literature survey revealed that the medicinal plants identified as being effec-
tive in skincare strategies are used for wounds (18%), sores (11%), cosmetics (8%), 
burns (8%), allergies (8%), boils (6%) and eczema (5%), among other conditions, as 
shown in Figure 5.2. Other conditions that are treated by these medicinal plants and 
that appear in the literature search, as shown in Table 5.2, include leprosy, impe-
tigo, condylomata acuminata, madura foot, painkilling effect on skin, sore throat, 
corns, drawing out pus, sore mouth, keratosis, pearl penile papules, and molluscum 
contagiosum.

Topical administration (84%) is the most common form of administering the 
medicinal plant preparation, followed by bathing (6%) and oral consumption (3%), 
as shown in Figure 5.3. The same plant preparation can be administered both topi-
cally and orally or in a bath and orally. However, Albizia anthelmintica, a plant 
mentioned in the treatment of lymphatic filariasis is also administered orally. Other 
orally administered plants are used either for cleaning teeth or for the treatment of 
gums, sore throat, oral thrush, and/or mouth ulcers. A total of six plant species are 
reportedly mixed with lotion/ glycerin to ensure that the product sticks to the skin. 
Several authors, including Lordani et al. (2018), reported on this mode of application 
of medicinal plant preparations.

5.6 � SUSTAINABLE UTILIZATION AND CONSERVATION 
OF PLANTS FOR SKIN THERAPY

This current literature survey reveals that the leaves are the plant parts most used 
for herbal preparations, accounting for 47% of usage, while the bark (14%) and roots 

FIGURE 5.2  The medicinal uses of the plants.
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(13%) also play a significant role (Figure 5.4), with other plant parts contributing 
less than 10% each. The use of the whole plant and roots is of significance. This is 
because these harvesting methods are destructive and therefore pay little attention 
to biodiversity conservation. In fact, the greatest proportion of documented plant 
species becoming extinct in the world has been reported in South Africa. A total of 
sixty-four plant species has not been seen in more than fifty years and their habitat 
has been destroyed, while thirty-nine species are extinct (Raimondo et al. 2013). As 
of 2020, SANBI (2020) lists South Africa’s threatened flora in the order: Western 
Cape (63.8% species are threatened) > Northern Cape (13.9 %) > Eastern Cape 
(9.7%) > KwaZulu Natal (8.1%) > Mpumalanga (4.6%) > Limpopo (3.3%) > Gauteng 
(0.8%) > North West (0.7%) > Free State (0.2%). As of 2014, about 172 plant taxa 
had been listed as “protected” under the South African National Environmental 
Management: Biodiversity Act (NEMBA); Act No. 10 of 2004 (Raimondo 2015). 
However, the updated list (SANBI 2020) shows the proportion of protected taxa 
in each of South Africa’s nine biomes as follows: Albany Thicket (11.9%), Desert 
(30.3%), Forest (40.8%), Fynbos (22.7%), Grassland (4.5%), Indian Ocean Coastal 
Belt (7.1%), Nama Karoo (1.6%), Savanna (13.4%), and Succulent Karoo (7.8%). 
Habitat loss, habitat degradation, invasive alien species, overharvesting of medici-
nal plants, demographic factors, pollution, climate change, and natural disasters are 
the major driving forces behind medicinal plant extinction in South Africa. Current 
SANBI (2020) statistics indicate that, between 1990 and 2018, about 5% of the taxa 
increased in threat status. Furthermore, about 40% of the increased threat to medici-
nal plants over the past twenty years has been caused by invasive species. Other 
threats, such as habitat invasion due to livestock overgrazing, urban development, 
and crop cultivation, has contributed 11, 20, and 33%, respectively.

FIGURE 5.3  Mode of administration of medicinal plants.
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The need for protection of South Africa’s biodiversity and for implementation 
of the various conservation strategies is clear. In fact, the draft policy on African 
Traditional Medicine Notice 906 of 2008 (South Africa 2008) is an attempt to 
protect not only biodiversity but also the African traditional herbal medicine 
knowledge. This legislation specifically makes it illegal to harvest plants from the 
wild without permission from the relevant authorities. To ensure protection of bio-
diversity due to habitat loss or degradation, in-situ and ex-situ conservation strate-
gies have been put in place. South Africa currently has seventeen national parks, 
eight natural Transfrontier Conservation Areas, and numerous private parks, wild 
nurseries, and forest reserves. These in-situ conservation areas play a huge role 
in the protection of biodiversity, including that of medicinal plants. Ex-situ con-
servation strategies in place in South Africa include seventeen national botanic 
gardens and numerous seed banks. Research on the domestication of medicinal 
plants in South Africa has been on-going for more than ten years. This research 
aims to bring medicinal plants under cultivation to put less pressure on harvest-
ing these resources from the wild. Although these strategies may not be able to 
replicate the exact growing conditions of plants in the wild, this a step in the right 
direction. Researchers now know that the polyphenolic compounds produced by 
plants in the wild change when these plants are cultivated either under controlled 
conditions or in environments other than their original habitats. Scientists there-
fore need to focus more on how to stimulate the production of specific bioactive 
compounds under controlled environments or in other habitats. More importantly, 
biodiversity protection rules and regulations put in place by the government need 
to be adhered to.

FIGURE 5.4  Plant parts used of plant species of dermatological significance in South 
Africa. 
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5.7 � CONCLUSION

South Africa is richly endowed with numerous medicinal plants that are used in 
the treatment of various skin-related diseases and conditions. Most of the plants are 
used to treat wounds, although a sizeable proportion has immunological functions, 
for use, for example, in cosmetics. The preferred mode of administering medicinal 
plant preparations is topical, and the leaves are the most used plant parts. Although 
South Africa contains more than 400 species with dermatological uses, care needs to 
be taken to ensure that the legislation put in place by the government to protect these 
species is adhered to and administered. Habitat degradation and/or loss, overhar-
vesting and natural disasters are some of the major threats to these plants’ survival. 
There is therefore a need to constantly raise awareness of these important species 
by educating the public on the importance of protecting them. If these species are 
neglected and their knowledge is not passed on to future generations, their risk of 
extinction, which is already high, will increase further, and this will leave future 
generations with nothing.
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6 Traditional African 
Medicinal Plants for 
a Strong Immune System

Anywar Godwin

6.1 � INTRODUCTION

Africa is disproportionately affected by diseases such as HIV/AIDS, which attack 
and destroy the immune system. More than 68% of the 38 million people globally 
affected by HIV/AIDS reside in sub-Saharan Africa (UNAIDS 2020). Furthermore, 
many of them do not have access to modern treatment facilities or medicines.

The immune system consists of a highly complex mechanism for defending the 
body against disease by identifying and killing pathogens or tumour cells (Gertsch 
et  al. 2011; Wen et  al. 2012; Wynn et  al. 2013). It is composed of the innate and 
adaptive immune systems. The former is characterized by a non-specific response 
of cells via molecular interactions and the expression of inducible cytokines and 
chemokines, whereas the latter consists of specialized effector cells (T and B cells) 
which recognize antigens, that are processed and presented by macrophages and 
dendritic cells. This leads to the activation of cytotoxic T cells and generation of 
antibodies which are pivotal in eliminating or preventing pathogenic insults (Gertsch 
et al. 2011; Kuwabara et al. 2017).

Conventionally, disorders of he immune system are categorised as: (i) primary 
immune deficiencies, which occur when one is born with a weak immune sys-
tem, such as severe combined immunodeficiency (SCID), (ii) acquired immune 

Traditional Herbal Therapy for the Human Immune System African Medicinal Plants and Immunity

CONTENTS

6.1	 Introduction................................................................................................... 173
6.2	 Immunomodulatory Agents from Plants....................................................... 174
6.3	 Mechanisms of Action of Immunomodulatory Agents from Plants............. 175
6.4	 Medicinal Plants Used in African Traditional Medicine for 

Immunomodulation....................................................................................... 175
6.5	 Commercial Formulations of African Medicinal Plants for 

Strengthening Immunity................................................................................ 186
6.6	 Conclusion..................................................................................................... 186
References............................................................................................................... 187

DOI:  10.1201/9781003137955-6

10.1201/9781003137955-6

https://doi.org/10.1201/9781003137955


174 ﻿Traditional Herbal Therapy for the Human Immune System

deficiencies, which occur when one catches a disease that weakens the immune 
system, such as HIV/AIDS, (iii) overactive immune systems, which occur when 
one’s immune system is too active, e.g., in allergic reactions, and (iv) autoimmune 
diseases, which occur when one’s immune system attacks itself, e.g., type 1 diabetes 
and rheumatoid arthritis (Murphy and Weaver 2016). However, in African tradi-
tional medicine, diseases of the immune system are looked at from the perspective 
of immune deficiencies, particularly HIV/AIDS or cancer. This chapter focuses on 
the use of medicinal plants on immune disorders only in the category of acquired 
immune deficiencies.

Immunomodulators are biological or synthetic biomolecules which have the 
ability to regulate, suppress, or stimulate any components of the immune system 
(Puri et al. 1994; Jantan et al. 2015). They are also referred to as immunorestor-
atives, immunoaugmentors, or biological response modifiers (Jantan et  al. 2015). 
Immunomodulators are categorized as immunostimulants, immunoadjuvants, or 
immunosuppressants. Immunostimulants activate or stimulate the immune system 
mediators, resulting in improved resistance against various infections and resto-
ration of compromized immunity (Saxena et al. 2008; Kumar et al. 2011; Jantan 
et al. 2015; Raj and Gothandam 2015). Immunomodulators can be used to stimu-
late the immune system to reduce drug side effect (Prendergast and Jaffee 2007). 
Immunoadjuvants are specific immune stimulators which boost vaccine efficacy 
(Leroux-Roels 2010). Immunosuppressants inhibit the immune system and can be 
used to control pathological immune reactions (Chatterjee et al. 1988; Jantan et al. 
2015). Overall, the present chapter explores the most recent scientific evidence sup-
porting the employment of some widely used African medicinal plant species with 
proven immunomodulatory activity. Additionally, the phytochemistry, mode of 
action, and toxicity of these plant species are discussed in relation to traditional 
uses of these plant species.

6.2 � IMMUNOMODULATORY AGENTS FROM PLANTS

Unfortunately, most immunostimulants and immunosuppressants in clinical use are 
cytotoxic (Leroux-Roels, 2010; Jantan et al. 2015). Many of the immunomodulating 
biological agents approved for use by the Food and Drug Authority in the USA have 
been reported to have a wide array of unintended, sometimes fatal side effects. For 
instance, rituximab use was associated with a higher incidence of serious infections, 
particularly in patients with profound CD4 lymphopaenia (Koo et al. 2010). On the 
contrary, natural products are known to have many advantages, such as nontoxicity, 
ease of preparation and application, and greater safety, and accessibility (Oršolić & 
Bašić 2003; Lotter-Stark et al. 2012; Mukherjee et al. 2014).

Several plant species have been regularly used in traditional medicine to treat 
immune system disorders (Fernandez et al. 2002; Sultan et al. 2014; Anywar et al. 
2020a) and are a potential source of immunomodulating agents (Williams 2001). 
Different studies have shown novel and significant immunomodulatory activities 
from various plant species (Puri et al. 2000; Reis et al. 2008; Karunai Raj et al. 2012; 
Arthanari et al. 2013; Sultan et al. 2014; Mukherjee et al. 2015; Raj & Gothandam 2015; 
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Hasson et al. 2019; Olwenyi et al., 2021). This emphasizes the need to search for novel 
immunomodulatory agents from natural sources (Raj and Gothandam, 2015).

6.3 � MECHANISMS OF ACTION OF IMMUNOMODULATORY 
AGENTS FROM PLANTS

A compromized immune system can lead to the development of several serious 
chronic diseases (Gertsch et al. 2011; Wen et al. 2012; Abbas et al. 2019) such as 
AIDS, the most widespread immunosuppressive disease globally (Gea-Banacloche 
2006). In such cases, maintenance of the immune system by means of medication 
can be achieved, using herbal medicines. Herbal medicines which function as immu-
nomodulators alter the activity of immune function through the dynamic regulation 
of informational molecules, such as cytokines (Spelman et al. 2006).

Cytokines are secreted proteins that regulate immune responses through growth, 
differentiation, and activation functions. They are involved in almost all aspects of 
immunity and inflammation. Different combinations of cytokines are produced in 
response to specific immune insults (Steinke and Borish 2006). The modulation of 
cytokine secretion may offer novel approaches in the treatment of a variety of dis-
eases. The cytokines include interleukins (IL), such as IL-2, IL-4, IL-17 (Vitetta 
et al. 1985; Dembic 2015; Kuwabara et al. 2017), interferons (IFNs) such as IFN-γ 
(Tau and Rothman 1999; Kak et al. 2018) and TNF-α (Pfeffer 2003; Bradley 2008). 
Some of the better known and more widely used medicinal plant species in Africa 
for stimulating or modulating the immune system exert their immunomodulatory 
effects through various mechanisms, as illustrated in Table 6.1. Some of these mech-
anisms include the induction of various cytokines, such as IFN-α and -β (Beuscher 
et al. 1994; Ngure et al. 2014), triggering the alternative complement pathway, raising 
the number and distribution of white blood cells, stimulating phagocytosis, T-cell 
production, or lymphocytic activity (El-Ashmawy et al. 2015), inducing apoptosis, 
suppression of cell proliferation, inhibition of pro-inflammatory cytokine/chemo-
kine production, and increasing anti-inflammatory cytokine production (Rieder 
et al. 2010).

6.4 � MEDICINAL PLANTS USED IN AFRICAN TRADITIONAL 
MEDICINE FOR IMMUNOMODULATION

This review was carried out on the relevant articles, books, theses, dissertations, 
patents, and other English-only reports on ethnobotany, immunomodulatory pro-
files, pharmacological or biological activity, toxicity, or phytochemistry, of selected 
medicinal plant species in Africa used by herbalists in boosting or modulating the 
immune system. We searched databases, such as PubMed, Web of Science, Scopus, 
and Science Direct, and search engines, such as Google Scholar. Table 6.1 shows 
nineteen medicinal plant species with proven immunomodulatory activity used in 
African traditional medicine for immune-related disorders. The table also shows their 
mode of action, the identity of their bioactive molecules, as well their toxicity in vitro.
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All the medicinal plant species recorded are either traditionally used to treat an 
immunity-related disorder, such as immunodeficiency, especially HIV/AIDS, or 
to treat symptoms associated with low immunity and cancer. All the plant species 
are also widely used across the continent and have been scientifically researched 
to confirm their immunomodulatory properties and modes of action. However, 
despite several other medicinal plant species being recorded as immune boosters in 
African traditional medicine, they have not been subjected to any scientific investi-
gations to verify these claims (Nalumansi et al. 2016; Anywar et al. 2020b, 2020c). 
Unfortunately, even when some plant species have been scientifically shown to pos-
sess immunomodulatory properties, such as Tamarindus indica, they have generally 
not been fully exploited and are often underlitilised (Tugume et al. 2020).

6.5 � COMMERCIAL FORMULATIONS OF AFRICAN MEDICINAL 
PLANTS FOR STRENGTHENING IMMUNITY

Different herbal formulations of African medicinal plants have been tested for improv-
ing immunity and approved by regulatory authorities in some countries. Such prod-
ucts are now commercially available in different countries. Two prominent examples 
from South Africa are a traditional energy tonic formulation and uMakhonya®.

A traditional South African energy tonic formulation of equal measures of six dif-
ferent medicinal plants (Eriosema salignum E. Mey., Tragia meyeriana Müll.Arg., 
Gladiolus sericeovillosus Hook.f., Rapanea melanophloeos (L.) Mez, Grewia occi-
dentalis  var. occidentalis L., and Zanthoxylum capense (Thunb.) Harv.) produced 
immunomodulatory effects on isolated immune cells and modulated the immune 
response of rat models infected with Staphylococcus aureus. It further stimulated 
secretion of cytokines and increased sIL-2R levels at doses of 10–100 µg/ml. It also 
caused an increase in Nuclear Factor Kappa Beta (NF-κβ) transcription in lipopoly-
saccharide-stimulated THP-1 cells with minimal cytotoxicity in mitogen- and pepti-
doglycan-stimulated PBMCs, with no significant toxicity at doses of up to 2000 mg/
ml/kg of body weight (Ngcobo et al. 2017).

Another herbal immune booster from South Africa called uMakhonya®, contain-
ing Artemisia afra Jacq., menthol, guava (P. guajava), the seaweed Chondrus crispus, 
and Uncaria tomentosa induced a significant increase in secretion of chemokines in 
unstimulated THP-1 cells when compared with untreated or cyclosporine-treated cells 
at lower doses. The lowest dose of uMakhonya® increased transcriptional activity of 
the NF-κβ gene in both unstimulated and lipopolysaccharide-stimulated THP-1 cells. 
This may explain the increase in chemokines secretion observed. However, uMak-
honya® significantly induces dose-dependent cytotoxicity with high-dose cytotoxicity 
to monocytes (half maximal inhibitory concentration, IC50 = 100.08 and 107.68 μg/
ml for normal and LPS- stimulated THP-1 cells, respectively( (Ngcobo et al. 2016).

6.6 � CONCLUSION

Medicinal plant species with proven immunomodulating properties have great 
potential in treating cancer patients or people with low or compromized immune 
systems, without having to resort to expensive and sometimes toxic conventional 
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medicines. Such medicinal plants have the potential to be developed into modern 
drugs or improved herbal medicine products, as has been demonstrated with indi-
vidual medicinal plant species, such as P. sidoides, in polyherbal formulations, espe-
cially in poor African nations.
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7.1 � INTRODUCTION

On the South American continent, Brazil is the largest country, with regard to both 
its population size and its geographic dimensions. Brazil is not only a large country, 
but, because of its diverse topographic conditions and habitats, it also has a diverse 
flora, which are of medicinal interest and are strongly associated with human and 
animal immunity in general.

Public knowledge of the extreme and unique plant diversity, as well as the rich 
traditions of their use by the native, and later settler, populations in Brazil is rela-
tively scarce in relation to its value. The aim of the present chapter is to serve as 
a modest introduction to this wonderful natural resource, with a special focus on 
medicinal plants and the immune system. In this sense, Brazil is presented as the 
richest country in terms of flora, with 40,989 species, of which 18,932 are endemic, 
according to Mathé and Silva (2018).

We can highlight that all plants contain bioactive chemicals which can be use-
ful for conventional and/or traditional medicine. Even plants called weeds in the 
diverse biomes of Brazil can have an important function, and can be valued accord-
ing to their specific contribution to the development of the ecosystems present there. 
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An herbaceous plant in a pasture can be invasive, whereas, in another context, it can 
heal an animal or a human being. On the other hand, it can be toxic at high dosages, 
whereas, in lower dosages, it can function, say, as a vermifuge or as a booster of 
immunity.

The Brazilian nation, having indigenous roots in people who valued and healed 
diseases and other conditions through their knowledge of the many useful species 
from the local flora, has, in its health system, many plants authorized for use in tradi-
tional medicine. In the Atenção Básica à Saúde (Primary Health Care) system, some 
native species have been recognized for treatment of certain conditions as the first 
step of emergency care. Local populans use teas and infusions of specific medicinal 
plants, for example, for the treatment of inflammatory symptoms.

This chapter provides a quick overview of the Brazilian medicinal flora and of 
those species that have an important phytotherapeutic property to treat particular 
conditions, as a source of drugs and useful substances for treating people, with par-
ticular reference to the maintenance of immunological health.

7.2 � BRAZILIAN MEDICINAL FLORA: NATIVE AND EXOTIC

Endemic Brazilian plants, that compose much of its flora, have medicinal tenden-
cies or are suppliers of substances of value in medicine. The fact that there are no 
scientific references to the medicinal function of a particular plant does not mean 
that it cannot be used with these objectives in the future. In principle, all plants from 
the Brazilian flora could have active components that are essential for the develop-
ment of either medicines or nutrition, which, consequently, could strengthen human 
immunity; even toxic plants could have a function in parasite control. Most plants 
that compose the Brazilian medicinal flora are species endemic to South America, 
particularly from the biomes of the Atlantic Forest, the cerrado, and the caatinga, 
with some being from the Pantanal tropical wetlands or the Amazon tropical rain-
forests. Some plants can carry out important immunological functions through their 
active principles, acting in a partial or indirect way, combating diseases, particularly 
those related to the urban environment. Some of these species are listed in Table 7.1, 
with their scientific and popular names and the conditions which they are used to 
treat.

In this sense, plants with the ability to stimulate the immunoregulatory action of 
the liver and pancreas present themselves as natural, cheap alternatives, that, in safe 
dosages, contribute to the preventive balance of the health of many organs. However, 
for this to happen, it is necessary to return to the traditions of using plant teas and 
infusions to promote natural health. These immunity regulators need to be present 
daily in the diet of both the urban and rural people, in the form of refreshing drinks, 
without preservatives or industrialized products, so that they can regulate, slowly and 
in keeping with the body’s timing, any dysfunctions provoked by the consumption of 
fibre-free food, by excessive work, sleepless nights, and the fast-paced routine which 
is part of the modern day. Daily breaks can be accompanied by teas and infusions 
that reduce inflammation of the cardiovascular, hepatic, pancreatic, and urinary sys-
tems, as healthy organs and bowels are rarely affected by infections and diseases. As 
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a reflection of the power of the native and exotic plants of the Brazilian flora plants, 
Table 7.1 lists some species that have medicinal properties that can strengthen the 
immune system.

7.2.1 �E thnobotanic Aspects of Brazilian Medicinal Plants

Ethnobotany involves the study of human societies, with its main characteristic 
being the direct contact with traditional populations through knowledge of the inter-
action between people and local plants from a community, and their mores, uses, 
and peculiarities, searching for information that can be beneficial with regard to the 
use of the medicinal plants (Rodrigues and Andrade 2014; Tomazi et al. 2014). This 
relationship involves ecological, evolutionary, genetic, and cultural interactions, and 

TABLE 7.1
Native and Exotic Brazilian Plants With Medicinal Potential to Strengthen 
the Immune System (adapted from Americano 2015)

Scientific Name Popular Name in Brazil Principal Use

Aloe vera arborensis Miller Babosa Immunological, vitamin A, B and 
C tonic

Annona muricata L. Graviola Antibiotic, anticancer, 
hypotensive, hypoglycaemic

Annona sylvatica A. St. Hill. Araticum-do-campo Immunogenic, antihypertensive

Baccaris dracunculifolia DC Alecrim silvestre General tonic, digestive

Baccharis trimera (Less) DC Carqueja Immunity control, cardiovascular, 
and glycaemic

Bidens pilosa L. Picão Antibiotic, hypoglycaemic, 
hypotensive

Chiococa racemose Jacq. Cainana, Cainca Anti-inflammatory and antibiotic

Cochlospermum insigne St. Hill. Algodão-do-campo Anti-inflammatory and antibiotic

Copaifera officinalis L. Copaiba Anti-inflammatory, immunogenic

Dipteryx alata Vog. Baru Antitumour, anti-inflammatory

Hancornia speciosa Muell. Mangabeira Hormonal control, protective 
effect on the liver and pancreas

Lychnophora ericoides Mart. Arnica campestre Anti-inflammatory, general tonic

Macrosiphonia velama St. Hill. Velame Antibiotic, tonic, immunoregulator

Maytenus ilicifolia Martius ex Reiss Espinheira santa Antibiogenic, liver tonic

Myracrodruon urundeuva Allem. Aroeirinha-do-campo Anti-inflammatory, anti-diarrhoeal

Ocimum gratissimum Fr. All. Alfavaca General tonic, antimicrobial

Persea americana Will. Abacateira Antioxidant, cholesterol control

Rosmarinus officinalis L. Alecrim Hepatotonic, digestive

Stryphnodendron adstringens 
(Mart.) Coville

Barbatimão Anti-inflammatory, antibiogenic

Vernonia condensata Baker Alumã Protective of the liver
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contributes to our understanding of the many plant species with medicinal properties 
(Alves and Povh 2013).

In the communities, local knowledge about the use of medicinal plants is trans-
mitted from generation to generation, through contact between older and younger 
members, socialization within the family group, or between individuals from the 
same generation (Amorozo 1996; Lozada et al. 2006). However, the conservation of 
this local knowledge represents a medicinal alternative for families, particularly for 
those with low purchasing power, since herbal medicine is cheaper and more acces-
sible than pharmaceutical medicines (Silva and Proença 2008).

In this context, Brazil stands out as the country with the greatest diversity of bio-
logical species in the world, and its importance for ethnobotanical research is related 
to its botanical and cultural diversity, represented by indigenous peoples, quilombola 
communities of artisanal fishermen, family farmers, sertanejos and riverside dwell-
ers, that, through their human and environmental relationships (Albuquerque et al. 
2011), discover the potential of local plants for the development of new drugs, and 
develop information on the different ways of the handling and use of plant prepara-
tions (Feijo et al. 2013; Ribeiro et al. 2014; Vasquez et al. 2014).

Research shows that most of the medicinal species known and studied today were 
identified with the help of ethnobotanical surveys. The contribution of these studies 
highlights the practices of medicinal plant use, explaining the traditional medicinal 
systems of the local populations (Albuquerque et al. 2010; Oliveira and Menini Neto 
2012; Ribeiro et al. 2014). However, some medicinal plants require special care in 
their administration, and this care is directly related to their medicinal and toxico-
logical characteristics, and to the way the natural remedy is prepared and applied 
(Rehman et al. 2017).

According to the Brazilian Institute of Geography and Statistic (IBGE, in 
Portuguese), Brazil is formed of six natural regions, known as biomes (the Amazon, 
caatinga, cerrado, Atlantic forest, pampa, and wetland). These biomes harbor dif-
ferent types of vegetation, each with their own characteristics, and this biodiversity 
has allowed separate ethnobotanical studies to be carried out in different Brazilian 
regions (Albuquerque and Andrade 2002; Pasa et al. 2005; Miranda and Hanazaki 
2008); among the many categories of use of these plants, the work with medici-
nal plants dominates (Oliveira et  al. 2009). The approach to this topic allows the 
research to be planned from a pre-existing empirical knowledge, confirmed many 
times by regular medicinal use of these plants, which should then be tested on a 
scientific basis (Amorozo 1996).

7.3 � MEDICINAL PLANTS WITHIN THE SCOPE 
OF THE BRAZILIAN HEALTH SYSTEM

Brazilian’s Health System, SUS in Portuguese, is one of the world’s largest and most 
complex systems of public health. It was created in 1998 by the Brazilian Federal 
Constitution to address the constitutional article that classifies health as a people’s 
right and a state duty, regulated by the law nº. 8.080/1990 (Brasil 2000).

From the creation of the Brazilian Federal Constitution, all of the Brazilian popu-
lations were guaranteed the right to universal free healthcare, financed by the Union 
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resources, the states, the Federal District, and the counties, according to article 195 of 
the Constitution, that establishes five basic principles: the universality (article 196), 
integrality (article 198–II), equity (article 196–‘universal and egalitarian access’), 
decentralization (article 198–I), and social participation (article 198–III).

SUS care is performed in health centres and unities, in public hospitals, includ-
ing the university hospitals, and the laboratories and blood banks in the service of 
the health, epidemiological, and environmental departments, other than academic 
and scientific research foundations and institutes. With the goal of offering a wider 
service to the population, SUS has been opening opportunities for treatments with 
alternative medicine, such as aromatherapy, meditation, and yoga, and expanding 
the accessibility to patients of medicines based on medicinal plants and herbal medi-
cines (http://bvsms​.saude​.gov​.br).

For the Ministry of Health, the benefits of natural treatments are recognized 
throughout the country for their relevance in preventing diseases, promoting health, 
and aiding recuperation from illness. To this end, the federal government published, 
in 2006, the National Policy of Integrative and Complementary Practices (PNPIC, 
in Portuguese), and, two years later, approved the National Program of Medicinal 
Plants and Phytotherapies, that details the guidelines of the policy in the form of 
concrete actions. The goal of this regulation is to guarantee safe access to medici-
nal plants and phytotherapy for the population, to assure the rational use of these 
resources, to promote the sustainable use of the biodiversity, and to develop the chain 
of production and the national industry.

To the National Health Surveillance Agency (Anvisa, in Portuguese), a medicinal 
plant is every plant or part of a plant that contains substances or classes of substance 
responsible for therapeutic action (Brasil 2009), and phytotherapy is the result of the 
transformation of the properties of a medicinal herb into a medicine.

Medicinal plants and phytotherapy are important for treatment of numerous con-
ditions (infection, inflammation, pain, and control of blood pressure, among others). 
The regulation of the medicinal herbal products is done by Anvisa and by the County 
and State Health Surveillance agencies; therefore, all industrialized phytotherapies 
are regulated by Anvisa before being made available on the market. Nowadays, SUS 
lists 71 medicinal plants and phytotherapies that are disseminated by the National 
Program of Medicinal Plants and Phytotherapies from the Health Ministry.

SUS phytotherapies are approved by Anvisa, and are considered safe and effective 
for the population. This list has the goal of guiding studies and research that can sub-
sidize the preparation of phytotherapies available to the population to be used safely 
and effectively for the treatment of a certain condition (http://bvsms​.saude​.gov​.br).

7.4 � IMMUNOMODULATORY PROPERTIES OF MEDICINAL PLANTS

From what has been described here, it is undeniable that the Brazilian flora contains 
a wide range of species with considerable medicinal potential, capable of generating 
innovative products, and which has benefitted many people throughout the national 
territory. Popular wisdom on the therapeutic effects of many Brazilian plants, espe-
cially those associated with the immune system, has been confirmed by numerous 
scientific studies (Zandonai et al. 2010; Seyfried et al. 2016; Ribeiro Neto et al. 2020).

http://bvsms.saude.gov.br
http://bvsms.saude.gov.br
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The ability that the human body has to respond, in a protective way, against many 
biotic attacks, especially by bacteria, viruses, fungi, and parasitic infections (protozoa, 
helminths, and ectoparasites), is essential for its maintenance (Coelho-Castelo et al. 
2009; Chen et al. 2018). The functional complexity of the immune system involves 
molecules, cells, and organs, integrating two types of immunity, the innate, and the 
acquired or adaptive, that act simultaneously during the control of an infection.

The innate response constitutes the first defensive line in a tissue, with the 
involvement of physical, chemical, and biological barriers, as well as the effects of 
local cells and molecules. In this way, the inflammatory response, phagocytosis (by 
dendritic cells, neutrophils, and macrophages), and the liberation of mediators (com-
plement system molecules, cytokines, and chemokines) are mechanisms of innate 
immunity. In addition to acting as an alert for the immune system, innate immunity 
allows a quick response against the pathogen, until the activation of the adaptive 
immune response can happen (Nunes-Pinheiro et  al. 2003; Coelho-Castelo et  al. 
2009; Cruvinel et al. 2010).

In turn, the adaptive immunity response involves humoral and cellular immune 
actions. The first is characterized by the production and secretion of antibodies by 
B lymphocytes. The antibodies facilitate phagocytosis and activate cytotoxicity 
mechanisms mediated by the complement system, neutrophils, macrophages, and 
natural killer cell (NK). The cellular immune action, on the other hand, is mediated 
by various types of T lymphocytes (Nunes-Pinheiro et al. 2003; Cruvinel et al. 2010).

In popular herbal medicine, numerous phytochemicals stand out, such as peptides, 
polysaccharides, lectins, terpenoids, saponins, oils, alkaloids, flavonoids, and others, 
with properties that act on the immune system (Nunes-Pinheiro et al. 2003; Seyfried 
et al. 2016). The immunomodulatory activity of primary and secondary metabolites 
from extracts of medicinal plants has been confirmed by research from Brazil and 
around the world (Zandonai et al. 2010; Seyfried et al. 2016; Wangchuk et al. 2018; 
Andrade et al. 2020). In this modulation process, the substances act as immunoregu-
latory, immunostimulatory, and/ or immunosuppressive factors, heightening or lower-
ing the immune response (Amirghofran et al. 2009; Zandonai et al. 2010).

Pereskia aculeata Miller is a scrambling plant from the Cactaceae family, com-
mon in the Atlantic forest, and popularly known in Brazil as Ora-pro-nobis. Its 
leaves, apart from being used in cooking, are used to help in the reduction of signals 
and inflammatory symptoms, and in wound healing (Pinto and Scio 2014; Ribeiro 
Neto et al. 2020). The immunomodulatory effect of this plant’s leaves has been dem-
onstrated by Andrade and collaborators (Andrade et al. 2020), and is related to its 
capacity to stimulate the proliferation of human peripheral blood mononuclear cells.

Plantago major L., known as tanchagem in Brazil, is an herb native to Europe, 
but naturalized in the south of Brazil. In addition to immunostimulatory biologi-
cal properties, the P. major extract exhibits healing, analgesic, antioxidant, anti-
ulcerogenic, antibiotic, and anti-inflammatory activities (Samuelsen 2000; Lorenzi 
and Matos 2002). Studies show that polysaccharides extracted from the African 
locust bean (Parkia biglobosa), the cashew nut (Anacardium occidentale), and from 
noni (Morinda citrifolia) show promising immunomodulatory properties, regulat-
ing mainly the activity of macrophages and the release of effector cell mediators 
(Hirazumi and Furuzawa 1999; Zou et al. 2014; Yamassaki et al. 2015). Table 7.2 



205Traditional Brazilian Medicinal Plants ﻿

TABLE 7.2
Immunomodulatory Activities of Herbaceous, Shrub, and Tree Plants of 
Native and Exotic Brazilian Flora

Type of Plant/ 
Popular Name in 
Brazil Scientific Name

Immunomodulatory 
Activity References

Herbs
Salsa-de-praia, 
pé-de-cabra

Ipomea pés-caprae 
(L.) R. Br.

Increased proliferation of 
T lymphocytes

Zandonai et al. (2010)

Unha de gato Uncaria tomentosa 
(Willd.) DC

Immunostimulatory 
activity in macrophages, 
T and B lymphocytes 
with induction of 
cytokine production

Lenzi et al. (2013); 
Domingues et al. 
(2011)

Marcela Achyrocline 
satureioides 
(Lam.) DC.

Operates in the 
complement system

Puhlmann et al. 
(1992) 

Tanchagem Plantago major L. Immunostimulant. 
Complement system 
activator

Samuelsen (2000); 
Michaelsen et al. 
(2000)

Shrubs
Ora-pro-nobis Pereskia aculeata 

Miller
Proliferation of human 
peripheral blood 
mononuclear cells

Andrade et al. (2020)

Amoreira-rosa Rubus imperialis 
Cham. & Schltdl.

T lymphocyte inhibition Zandonai et al. (2010)

Malva branca Althaea officinalis L. Effect on the complement 
system

Al-Snafi (2013) 

Erva-preá, 
Erva-de-são-Simeão 

Vernonia scorpioides 
(Lam.) Pers.

Reduces T lymphocyte 
proliferation

Zandonai et al. (2010)

Trees
Guanandi or jacareúba Callophyllum 

brasiliensis 
Cambess.

Induces T lymphocyte 
proliferation

Zandonai et al. (2010)

Noni Morinda citrifolia L. Production of cytokines 
by macrophages. 
Stimulates the release of 
chemical mediators

Hirazumi and 
Furuzawa (1999); 
Mufidah et al. (2013)

Miguel-pintado, 
Cambuatá-branco

Matayba 
elaeagnoides Radlk.

Stimulates T lymphocyte 
proliferation

Zandonai et al. (2010)

Cajueiro Anacardium 
occidentale L.

Regulation of macrophage 
activity

Yamassaki et al. 
(2015)

Coração-de-bugre, 
cafezinho-do- mato

Maytenus robusta 
Reissek. 

T lymphocyte inhibition Zandonai et al. (2010)

(Continued)
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lists various herbaceous, shrub, and tree species, native and exotic, in the Brazilian 
flora that contain substances with immunomodulatory properties. Countless plant 
species have been indicated and used in traditional medicine and have had their 
medicinal properties confirmed, but many are still unknown, especially with refer-
ence to those with immunomodulatory activity. Conducting medicinal plant research 
focused on immunomodulatory activity is essential, though challenging, since it 
involves high costs, considering that such research requires both in vivo and in vitro 
experiments. To achieve developments in this scientific field, greater investment is 
needed, whether from governmental or other funding agencies.

7.5 � CONCLUSION

Medicinal Brazilian flora is a source of powerful therapeutic chemicals capable of 
acting on the molecular and cellular mechanisms of organic defence, either stimulat-
ing or inhibiting the immune system. Biologically active compounds can be obtained 
from fruit plants, ornamental plants, and species of no current economic impor-
tance, which are used daily for medical purposes by the local populations distrib-
uted throughout the national territory. In view of the great botanical diversity in this 
country, studies on the immunomodulatory properties of Brazilian plant extracts are 
still preliminary, representing a research niche that urgently needs to be expanded 
and increasingly explored.
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8 Traditional 
Himalayan Plants
Nature’s Gift for Maintaining 
a Strong Immune System

Antul Kumar, Anuj Choudhary, Harmanjot Kaur, 
Atul Arya, Baljinder Singh, and Sahil Mehta

8.1 � INTRODUCTION

In the past fifty years, climate change has become the most recognized challenge to 
Sustainable Development Goal 15 (or Global Goal 15) that relates to the halting of 
biodiversity loss. It not only affects plant distribution, global temperature, and ice 
cover, but also pushes the vulnerable species towards extinction (Mehta et al. 2019; 

Traditional Herbal Therapy for the Human Immune System Traditional Himalayan Plants

CONTENTS

8.1	 Introduction................................................................................................... 211
8.2	 Background.................................................................................................... 213
8.3	 Traditional Himalayan Medicinal Plants....................................................... 215
8.4	 Roles of Himalayan Medicinal Flora in Disease Treatment......................... 229

8.4.1	 Astragalus membranaceus................................................................230
8.4.2	 Allium sativum...................................................................................230
8.4.3	 Tylophora asthmatica........................................................................230
8.4.4	 Withania somnifera........................................................................... 231
8.4.5	 Panax ginseng................................................................................... 231
8.4.6	 Tinospora cordifolia.......................................................................... 231
8.4.7	 Boerhaavia diffusa............................................................................ 232
8.4.8	 Picrorhiza scrophulariiflora.............................................................. 232
8.4.9	 Actinidia eriantha.............................................................................. 232
8.4.10	 Rhus toxicodendron...........................................................................234

8.5	 Ethanopharmacology.....................................................................................234
8.6	 Recent Advances in Immunomodulatory Research...................................... 235
8.7	 Himalayan Medicinal Plants and Their Decline........................................... 236
8.8	 Conclusion..................................................................................................... 236
References............................................................................................................... 237

DOI:  10.1201/9781003137955-8

10.1201/9781003137955-8

https://doi.org/10.1201/9781003137955


212 ﻿Traditional Herbal Therapy for the Human Immune System

Sharma et al. 2020; Bharti et al. 2021). The Himalayas (‘Third Pole of the Earth’), 
harboring around 600 BT (billion tons) of ice glaciers, seems to have been affected 
by unpredictable changes in temperature since the 20th century, where the global 
warming trend began at 0.16°C (Viste and Sorteberg 2015). Later on, the tempera-
ture increase rate doubled by the start of the 21st century leading to further melting 
of glaciers. This has been highlighted by reports presented by many agencies and 
international organizations. For example, China, India, Bhutan, Nepal, and Pakistan 
account for the most glacier losses, occurring at a pace that has been accelerating 
since the year 1975. Significant increases in surface temperature have been reported 
from each of the past six decades and currently there is an annual mean temperature 
increase of 0.2°–0.3°C across the Hindu Kush Himalayan (HKH) Region (Mohamed 
et al. 2017; Islam et al. 2018). The Tibetan Plateau and the Himalayas have experi-
enced a temperature increase of 0.5°C/decade, termed the EDW (elevation-dependent 
warming). The resulting increase in the glacial melt (especially of the HKH) has also 
resulted in increased (by nearly 17.4%) river flows for ten major Himalayan-region-
dependent rivers, namely the Tarim, Amu Darya, Indus, Brahmaputra, Irrawaddy, 
Yangtze, Yellow, Mekong, Salween, and Ganges. Together, these rivers contribute 
more than 50% of the total utilizable water. The changes in the glacier melting pace 
and water levels, coupled with varying rainfall, climate, and soil degradation, have 
resulted in the Himalayan region rapidly losing its precious flora and fauna (Ridley 
et al. 2013; Hui et al. 2018; Dimri and Allen 2020).

One of the most frightening recent observations is the influence of ice melting, 
inadequate water supply, dry summers, and intense climatic conditions on the flow-
ering of many medicinal plants in the Himalayan regions. All these factors together 
affect the plant’s morphology, phenology, reproduction, and ability to complete their 
life cycle. Furthermore, these factors indirectly impact tree lines, ecosystem compo-
sitions, tribal livelihoods, and faunal diversity (Durcan et al. 2016; Bitew et al. 2019). 
In this regard, conserving the medicinal plants of the Himalayan regions under the 
changing climate is of utmost priority. The reason lies in the fact that many medici-
nal plants, including Fritillaria roylei, Lilium polyphyllum, Habenaria edgeworthii, 
Habenaria intermedia, Malaxis muscifera, Malaxis acuminata, Polygonatum verti-
cillatum, and Polygonatum cirrhifolium (together termed Astavarga), have been used 
in Ayurveda for many centuries. Astavarga is important in treating seminal weak-
ness, abnormal thirst, and fever, in healing fractures, reducing elevated body fat, and 
improving diabetic conditions. Plants listed in Astavarga are described as having 
rich antioxidant properties and can restore a range of health issues (Dhyani et al. 
2010). Due to their potent medicinal properties, Astavarga plants are used in various 
forms, such as powder (churana), butter (clarified butter), extracted oils (taila), and 
other herbal formulation in the conventional herbal medical system (CMS), such 
as chyavanprasha, a well-known, immunostimulatory, and health-promoting agent. 
Taking together, these species are regarded as valuable ‘Rasayana’, with considerable 
health-improving and rejuvenating properties that together strengthen the immune 
system, including the capacity for cell regeneration.

Over the past two decades, many exploration-cum-documentation surveys have 
been conducted on tribal and conventional knowledge of Himalayan medicinal 
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plants (Samal and Dhyani 2006; Kala and Sajwan 2007; Singh et al. 2018; Kumar 
et al. 2020). Findings indicate that the western Himalayas (including India, Pakistan, 
Nepal, and Bhutan) hold a prime position in harbouring high concentrations of 
medicinal plant species, as compared with the global distribution of such plants. 
This knowledge has been conserved and passed on to the next generation by the 
tribal communities as a result of the area’s inaccessibility to tourism, its harsh envi-
ronmental conditions, difficult survival conditions, and comparatively low rate of 
development (Kala et al. 2006; Rai 2017).

8.2 � BACKGROUND

The tradition of treating diseases with preparations of plants growing at high altitude 
is not a new concept. The use of Himalayan medicinal plants was already docu-
mented early in the Vedic period in the Charaka Samhita (300 BC), Sushruta Samhita 
(1300 BC), Atharvaveda (2000 BC), and other Brahminic treatises (Figure 8.1.). 
Over the years, the tribal communities relied on traditional practitioners who devel-
oped medicinal plant preparations of various compositions to treat a number of dis-
eases, like diabetes, renal disorders, hepatic ulcers, sexual debility, and neurological 
disorders that suppress immune function. The Himalayas are often known as the 
“Rooftop of the World” and contain a very high biodiversity of medicinal plants, 
and they are considered to be repositories of unique medicinal plants (Hemant and 
Aitken 2003; Yadav et al. 2017). Due to the remoteness of the area and the lack of 
conventional medical resources and facilities, the local communities are treated by 
traditional medicinal healers, known as Amachis or vaids, who are experts in herbal 
formulations based on local plants. According to a Chinese proverb:

‘If you are thirsty and digging a well is like you start boosting your immune system 
when you are ill’.

Archaeological findings on folk medicines which are still in use, such as Papaver 
somniferum, date back more than 8,000 years. Concomitantly, the documentation 
on traditional plants obtained from the Himalayas is also found in the Atharvaveda, 
Rigveda, and Ayurveda. Hippocrates (c.460–c.370 BC) explained the role of a wil-
low tree in curing fever, cold, and energy flow via an elevated immune system. Even 
before the 19th century, these plants were the major agents used by communities to 
treat sick people, and still, their importance is immense. Several plant-derived drugs, 
such as colchicine (an immunomodulator, preventing the development of a ‘cytokine 
storm’), ephedrine (an immunostimulant), and quinine (an antimalarial drug), which 
were used in herbal preparations by tribal communities, are currently being manu-
factured by pharmaceutical companies commercially. Various other conventional 
healing therapies based on Himalayan plants, like Rauwolfia serpentina (to treat 
hypertension), Mucuna pruriens (Parkinson’s disease), Artemisia annua (an anti-
malarial), Holarrhena sp. (amoebiasis), and Commiphora (an hypolipidaemic) are 
currently being used too. Furthermore, some renowned bioactive compounds present 
in Himalayan medicinal plants are also used in folk medicine practices, including 
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guggulsterones (an hypolipidaemic), curcumin (an anti-inflammatory), asclepias 
(for mental retention), psoralens (for vitiligo), asarone (against hallucinations and 
for mental stability), picrosides (as a cardiotonic), withanolides (anticancer agents) 
and dirubin (an anti-tumour agent and to treat other immunomodulatory disorders). 
According to charaka system of medicine, exogenous diseases, or Agantuja Vyadhi 
and Rasayana chikitsa, are explained in Ayurveda in terms of diseases related to the 
immune system (Dhyani et al. 2010; Rana and Samant 2011; Sharma et al. 2017). At 
the medical level, modulation of cytokine activity is seen to be primarily targeted in 
both in-vivo and in-vitro studies that were conducted to assess the effect of herbal 
formulations on the immune system. These cytokines are glycoproteins or extracel-
lular soluble proteins in the form of chemokines, interferons, and interleukins (ILs), 
which play a central role in both acquired and innate types of immune response 
(Joshi et al. 2010; Sharma et al. 2010). Furthermore, immunomodulation mediated 
by Himalayan medicinal plants was also observed to be associated with polysaccha-
rides in the preparation, which caused a release of cytokines from IDCs (intestinal 
dendritic cells), reduced the levels of IL-6, IL-10, IL-1, IL-12, IL-8, IL-6, MCP-1 
(monocyte chemoattractant protein-1), and lipopeptides. There was also an increase 
in levels of CD3-CD4-CD8-triple-negative thymocytes and natural killer (NK) cells, 
as well as in the activity of B lymphocytes, helper, and killer T cells (Ernst 2003; 
Namtak et al. 2018).

8.3 � TRADITIONAL HIMALAYAN MEDICINAL PLANTS

More than 130 chemical compounds derived from medicinal plants have been rec-
ognized as valuable therapeutic agents and a number are established as well-known 
drugs in conventional medicine. For example, salicylic acid, extracted from the bark 
of the willow tree, is an important ingredient of skin ointments, pain killers, and as 
an antipyretic substance, marketed as aspirin. The bark has been used as an impor-
tant herbal preparation for treating fever and pain by local communities since ancient 
times. Many drugs like opium, quinine, digoxin, etc. are frequently used by both 
herbal medicinal practitioners and conventional physicians for treating the same 
diseases.

Extracts of a number of medicinal plants have been used for studies on tumour 
necrotic factors, interleukins 1, IL-6, and interferons (Spelman et al. 2006; Wu et al. 
2007; Dhyani et  al. 2010; Chaurasia and Singh 2010; Kumar et  al. 2019; Janifer 
et al. 2020), and are listed in Table 8.1: Aconitum heterophyllum, Tinospora cordifo-
lia, Atropa acuminata, Acalypha wilkesiana, Rheum australe, Fritillaria cirrhosa, 
Picrorhiza kurroa, Withania somnifera, Dactylorhiza hatagirea, Podophyllum 
hexandrum, Acanthopanax gracilistylus, Swertia chirayita, Allium sativum, 
Saussurea gossypiphora, Pleurospermum brunonis, Harpagophytum procumbens, 
Dioscorea deltoidea, Nardostachys grandiflora, Echinacea purpurea, Saussurea 
royleii, Uncaria tomentosa, Saussurea obvallata, Ananus comosus, Cissampelos 
sympodialis, Valeriana hardwickii, Silybum marianum, Polygala tenuifolia, 
Codonopsis ovata, Polygonatum cirrhifolium, Curcuma longa, Poria cocos, Jurinea 
dolomiaea, Smilax glabra, Panax ginseng, Grifola frondosa, and Coriolus versicolor 
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These reports validate the therapeutic success of traditional medicinal theories in 
treatment of a range of autoimmune illnesses and cytokine-associated syndromes or 
diseases. The treatment based on conventional medicinal plants, including immuno-
modulation, is effective due to the presence of different phytochemical compounds 
in a single dose of the preparation given to the patient. So, researchers are working 
on the isolation of single compounds that target particular diseases, using phytother-
apy. Herbal practitioners use herbal compositions; single compounds may not work, 
and this has always been a point of criticism for conventional medicinal systems 
(Kala et al. 2006; Sharma et al. 2010; Rai 2017). The hypothesis underlying multi-
component remedies proposes that dilute mixtures of more than four or five tradi-
tional medicinal plants representing the ‘crude drug’, consisting of many chemical 
constituents, show therapeutic and pharmacological effect as a result of synergistic 
activity. Equally, this complex combination of compounds is reflected in the effect 
of many compounds, regulating signalling cascades, cytokine receptors, and protein 
regulation. Studies on the dilution of biologically active chemical compounds sug-
gest that subclinical concentrations of oral interferon-α can provide a wide range 
of useful benefits (Sharma et  al. 2010). The strategy of using multiple immuno-
modulatory compounds in a single dose regulates the activity of various cytokines. 
Currently, this knowledge is restricted to phytochemicals used by people in tribal 
regions in treatments based on multi-component plant extracts. Recently, due to the 
onset of the global COVID-19 pandemic, there has been increased attention being 
paid towards employing such immunomodulatory plants to boost the immune system 
(Ernst 2003; Rastogi et al. 2020).

8.4 � ROLES OF HIMALAYAN MEDICINAL 
FLORA IN DISEASE TREATMENT

Plant extracts of various Himalayan herbal formulations have been regularly evalu-
ated for their role as chemoprotective and immunomodulation agents (Mohan et al. 
2019). The compounds in these plants modify and induce anti-tumour effects by 
enhancing the activities of the host immune response against the tumour. These 
plants show direct antiproliferative roles on cyst-like cells and also increase the abil-
ity of the host cells to resist or counteract toxic damage that may be crucial to the 
damage caused by the tumour cells (Janifer et al. 2020).

Immunomodulatory therapy could offer an efficient and effective approach over 
conventional chemotherapy for numerous conditions resulting from poor immune 
responsiveness or where targetted immunosuppression has to be initiated to treat the 
condition, as in auto-immune disorders, inflammatory diseases, or following bone 
marrow or organ transplantation. Numerous medicinal plants from temperate and 
sub-temperate zones have been claimed to exhibit immunostimulatory activities, 
supporting the evidence of local herbal medicinal practitioners. These well-known 
medicinal plants include Achillea wilhelmsii, Caesalpinia bonducella, Astragalus 
membranaceus, Jatropha curcas, Picrorhiza scrophulariiflora, Bergenia ciliata, 
Tinospora cordifolia, Plantago asiatica, Panax ginseng, Sophora subprostrata, 
Mangifera indica, Morus alba, and Withania somnifera (Singh et al. 2018; Kumar 
et al. 2020; Niraj and Varsha 2020). Several of these plants are described below:
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8.4.1 � Astragalus membranaceus

In the Chinese medicine system, the roots are well known as a spleen tonic and for 
treating different wasting or deficiency conditions. Using an extract of A. membra-
naceus, in-vitro experiments showed lower levels of interleukin-6, one of the best-
known signalling compounds involved in inflammatory disorders. The decline in 
content of interleukin-6 validates the long-held rationale of their role in wasting and 
deficiency disorders. Moreover, increased concentrations of C-reactive proteins and 
interleukin-6 are associated with significant increases in cardiovascular disorders 
(Hong et al. 2018; Riaz et al. 2019). The tribal communities use these plants in the 
treatment of oedema and respiratory syndromes, which could be associated with car-
diovascular disorders due to poor immune response. Thus, a predictable mechanism 
of reduced interleukin-6 content in cardiovascular disorders underlines the effective 
role of A. membranaceus as an immunomodulatory agent (Rios 2010; Sharma et al. 
2017; Niraj and Varsha 2020).

8.4.2 � Allium sativum

Allium sativum, or garlic, is one of the most commonly used cooking ingredients as 
well as one of the most widely used medicinal plants available in the temperate, sub-
temperate, and tropical areas of Asia. Garlic is effective at regulating the functions 
of multiple cytokines. Studies on the addition of garlic extract to in-vitro cell cultures 
showed a lowering in the concentration of interleukin-6 and lower antioxidant activ-
ity, lower cholesterol level, and lower acetylcholinesterase (ACE)-inhibition activity, 
which are associated with improved cardiovascular activity (Sharma et  al. 2017). 
However, in another model, the use of A. sativum extract caused a decrease in the 
concentration of the pro-inflammatory cytokine-like interleukin-1 that is involved in 
the elimination of pancreatic β cells. Garlic extract also induced changes in alloxan-
based diabetes and activity towards hypoglycaemia, which may cause inhibition of 
IL-2. It also reduced the activities of interleukin-1, IL-8, and TNF but increased 
the production of IL-10 (an antiproinflammatory cytokine). Moreover, interleukin-10 
also plays a role in immunopathological (inflammatory bowel and microbial infec-
tion) and immunomodulatory disorders (Alzheimer’s disease), both of which support 
the finding that A. sativum acts as a cytokine stimulatory agent (Villinger 2003; 
Spelman et al. 2006; Rastogi et al. 2020).

8.4.3 � Tylophora asthmatica

This medicinal plant is traditionally used for treating respiratory disorders, such 
as asthma, chest infections, allergies, and other immune-related disorders. In the 
Ayurveda medicinal system, T. asthmatica is known as anthrapachaka and is used 
to boost circulation in terms of internal energy flow. T. asthmatica shows a biphasic 
effect in in-vitro studies; it increases the interleukin-2 level when used at a lower 
dosage, but a decline in interleukin-2 level is observed on application of high dosages 
of T. asthmatica extract (Nair et al. 2004; Chlubnova et al. 2011; Jantan et al. 2015; 
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Abbas et al. 2016). This paradoxical effect of the plant suggests that researchers need 
to maintain an optimum concentration during drug formulation (Sotto et al. 2020). 
However, the high dosage may lead to activation of the mechanism that upregulates 
cytokine activity. The T. asthmatica dosage recommended by herbal practitioners 
is still questionable, given the contradictory effects of other plant compounds in a 
single dose (Ganguly et  al. 2001; Gilbert and Alves 2003; Villinger 2003; Nazar 
et al. 2020).

8.4.4 � Withania somnifera

W. somnifera (ashwagandha) has held a prime position in terms of health benefits 
from ancient times and its use is well documented in Ayurveda, Chinese, Siddha, 
Unani, and almost all medicinal systems, as well as being a well-known immunity 
booster plant. W. somnifera also shows biphasic dosage-response effects, and influ-
ences TNF expression in a concentration-dependent manner, thus restoring chemo-
tactic activity (Cundell et al. 2014; Chandran et al. 2017; Kalra and Kaushik 2017). 
An in-vitro investigation showed the suppression of TNF and IL-1 activity against 
murine macrophages, using the carcinogenic ochratoxin A (OTA). The immuno-
suppressive action of ochratoxin A, elevating TNF expression, confirms the che-
motactic role of W. somnifera (Singh et al. 2016). The above findings confirm the 
immunological properties of an extract of W. somnifera, which is exploited as an 
immunomodulatory agent in folk medicinal systems (Davis and Kuttan 1999; Niraj 
and Varsha 2020).

8.4.5 � Panax ginseng

Ginseng plant parts are one of the most common ingredients of many local Chinese 
herb formulations used by the Tibetan herbal practitioners, the Amchis, and are 
also well represented in the soya-rigpa medicinal systems of Ladakh. The ginsen-
osides are active constituents and are believed to have a diverse role in addressing 
health issues. P. ginseng is prescribed to treat inflammation and is thus predicted 
to exert possible functionality in terms of immunomodulatory activities. In clinical 
studies, the ginseng extract inhibits the stimulation of cytokine-like TNF-α levels 
and decreases the expression and secretion expression of C-X-C motif chemokine 
ligand 10 (CXCL-10) (Sun et al. 2018). In another study, seven out of nine ginsen-
osides (Rh1, Rf, Rg1, Rb1, Rb2, Rd, Rg3, Rc, and Re) caused stimulation of the 
cytokine-like TNF-α and decreased the production and secretion of CXCL-10. Such 
suppression of CXCL-10 can directly be inter-linked with the inactivation of several 
oncogenes and could ultimately activate immune responses (Singh et al. 2016; Sotto 
et al. 2020).

8.4.6 � Tinospora cordifolia

Historically, guduchi (or giloy) is considered to be the first medicinal plant 
that appeared in the Vedic period during samundra manthna, as explained in 
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bhagavata-purana (the oldest Hindu scripture), so is referred to as amrita booti. T. 
cordifolia is used in many traditional healing therapies, conferring chemoprotectiv-
ity and treating immunological disorders (Aranha et  al. 2012). The diverse range 
of functionalities of T. cordifolia is well known and helps to treat hyperglycaemia, 
alopecia, diabetes, hirsutism, hyperuricaemia, hyperkalaemia, renal dysfunction, 
hypercholesterolaemia, hypertension, elevated low-density lipoprotein (LDL) cho-
lesterol, hyperlipidaemia, gum hyperplasia, nephrotoxicity, pulmonary toxicity, 
hepatic fibrosis, lymphoma nephrotoxicity, neurotoxicity, and to lower the risk of 
infection. Studies confirmed that macrophage activation and lymphoproliferative 
activities occurred in response to giloy preparations in the various herbal formu-
lations, supporting the concept of an immunoprotective agent (Kumar et al. 2019; 
Sotto et al. 2020; Figure 8.2).

8.4.7 � Boerhaavia diffusa

Punarnavine is a commercial drug obtained from B. diffusa and is considered to play 
a valuable role in immunity enhancement. Several folk communities ingest leaves of 
this plant in the form of a herbal formulation as well as in the raw form. In sheep, 
treatment with the punarnavine extract causes increases in the circulation of anti-
bodies, red blood cell (RBC) count, and numbers of plaque-forming cells (PFC) 
in spleen tissue. It also results in an increased number of bone marrow cells and 
thymocytes, as well as increased splenocyte proliferation under both in-vitro and 
in-vivo conditions. Punarnavine significantly reduces the concentrations of various 
proinflammatory cytokines like interleukin-6, IL-1β, and TNF-α in mice. The above 
findings suggest an immunomodulatory function of B. diffusa extracts (Rios 2010; 
Sharma et al. 2017; Thangadurai et al. 2018; Sotto et al. 2020).

8.4.8 � Picrorhiza scrophulariiflora

Species of the genus Picrorhiza are mainly found in high-altitude regions and are 
utilized by tribal people of the Himalayan regions. The scrocaffeside A present in 
the P. scrophulariiflora extract induces immunostimulatory functions under labora-
tory conditions. The compound scrocaffeside A increased splenocyte proliferation 
and their effect on lipopolysaccharides (LPS) and ConA (concanavalin A), along 
with increased activity of NK (natural killer) cells, mature T cells, and peritoneal 
macrophage cells. The concentration of interferons and interleukins (IL12, IL-2, 
IL-4) responded via splenocytes to the extract containing scrocaffeside A, identify-
ing a functional role for scrocaffeside A in stimulating the immune system (Spelman 
et al. 2006; Aranha et al. 2012; Singh et al. 2016; Smit 2020).

8.4.9 � Actinidia eriantha

This plant species has been used for treating several serious diseases, such as cancer, 
as described in the traditional Chinese medicine system. The roots of A. eriantha 
are rich in polysaccharides, that suppress tumour activity in mice, indicating their 
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positive role in the immunostimulatory mechanism. In mice, the extract shows anti-
tumour activity via improving immune response and is rich in uronic acid, several 
monosaccharides, and polysaccharides, which exhibit immunostimulatory activities 
(Thangadurai et al. 2018; Hasson et al. 2019; Sotto et al. 2020).

8.4.10 � Rhus toxicodendron

This plant is present in the Rhus Tox herbal formulation used by homoeopathic 
medicine practitioners and is used for the treatment of oedematous, inflammatory, 
and immune-related disorders. Treatment of mice with various concentrations of 
the derived compounds resulted in stimulation of both cellular and humoral types 
of immune response. Similar findings were also reported in humans, showing 
enhanced phagocytosis and chemotactic activities, confirming R. toxicodendron to 
be an important plant in conventional medicinal systems (Singh et al. 2000; Rios 
2010; Hasson et al. 2019; Sotto et al. 2020).

8.5 � ETHANOPHARMACOLOGY

Himalayan medicinal plants, such as Inula racemosa, Rosa macrophylla, Mentha 
longifolia, Nepeta podostachys, Peganum harmala, Origanum vulgare, Utrica hyper-
borea, Gallium pauciflorum, Heracleum pinnatum, Rosa webbiana, Hippophaë rham-
noides, Dracocephalum heterophyllum, Tanacetum gracile, Artemesia dracunculus, 
Achillea millefolium, Bidens pilosa, Carum carvi, Ferula jaeskiana, Rubia cordifolia, 
Rhodiola imbricata, and Rhodiola heterodenta, are endemic to high-altitude regions 
and are well utilized by folk medicinal practitioners, such as Amachis and Ladhakis 
(Wangchuk et al. 2018; Sotto et al. 2020). These plants are rich in flavonoids, tannins, 
alkaloids, steroids, saponins, terpenoids, cardiac glycosides, and other phytochemical 
compounds. These compounds have demonstrated promising results in the treatment of 
microbial infections, wounds, deficiencies, syndromes, and immune-related disorders. 
The herbal formulations of high-altitude plants contain phenolic compounds like flava-
nones, flavones, isoflavones, flavonols, and chalcones that help in the treatment of sev-
eral diseases; these preparations include roots of Ferula jaeskiana (to treat rheumatism), 
Heracleum pinnatum (inflammation), and Hippophaë rhaminoides (to achieve immu-
nostimulation). Therapeutic and ethnobotanical studies report the claims by traditional 
healers of the potential of these preparations to treat diseases like diabetes, cancer, and 
immune-related syndromes. Saponins in root extracts show anti-diabetic properties, 
whereas root extracts show other medicinal effects, as with Dracocephalum hetero-
phyllum and Inula racemosa (to treat coughs, cold, and fever) and Peganum harmala 
(to treat cardiac arrhythmia and cardiac arrest). Tannins and flavonoids show astrin-
gent properties (leaves of Achillea millefolium), antifungal, and antimicrobial proper-
ties, and are used to treat toothache, menstrual problems (Artemisia dracunculus), gum 
problems (resin and stem gum of Ferula jaeskiana), and circulatory system problems, 
and to increase blood cell concentrations (Rubia cordifolia) (Surya et al. 2017). Some 
other pharmacological activities reported are antimicrobial effects, and protection from 
mutagenesis, carcinogenesis and ageing (Rhus parviflora), as well as anti-inflammatory 
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effects, maintenance of blood glucose level, and treatment of hypertension (Inula rac-
emosa). Polysaccharides show immunomodulatory properties, activating macrophages, 
dendritic cells, NK cells, B cells, T cells, and inflammatory pathways, and regulating 
cytokine gene expression (Joshi et al. 2016; Rastogi et al. 2020).

8.6 � RECENT ADVANCES IN IMMUNOMODULATORY RESEARCH

Recently, the interest in immunity booster plants has gradually increased, and sales 
of such herbal plant-based medicines have increased, with annual growth of 20% in 
the Indian market, as well as increases in the international herbal market via indige-
nous and ethnopharmacological expansion. With enhanced conventional herbal ther-
apies based on Himalayan plants, the documents confirming their efficacy require 
the verification of modern-day phytochemical extraction. The tribal therapies, based 
on diet, drug, and treatment, have been questioned, due to scarce research, poor doc-
ument evaluation, and limited in-vivo studies. Several Himalayan plants which have 
recently been overexploited for immunomodulatory drug extraction include Rubus 
ellipticus for its abortifacient activity and its action as an anti-implantation agent, 
whereas the caterpillar fungus, Ophiocordyceps sinensis, is used to enhance memory, 
as a haemostatic, anticancer, anti-asthamatic, antioxidant, mycolytic, or antitumour 
agent, as well as stimulating the immune response (Janifer et al. 2020). Another plant 
species, Plantago major, is used in herbal medicine for its antibacterial, oestrogenic, 
anti-inflammatory, antitumour, and antiviral activities, and its functions as a wound 
healer, diuretic, as an agent to achieve renal stone disintegration, and to treat hypo-
tension,. Tinospora cordifolia is used to inhibit COX‑2, IL‑6, IL‑1 β, and TNF‑α, 
increase the level of NF‑κB in the blood, increase TNF‑α/ DNA binding, cell-cycle 
arrest, and to treat Parkinsonism. The immunomodulatory drug derived from T. cor-
difolia enhances the number of T cells (Spelman et al. 2006; Chaurasia and Singh 
2010; Haque et al. 2017; Kumar et al. 2019). Boerhaavia diffusa is a well-known 
immunomodulatory plant that inhibits cell proliferation, while the root extract inhib-
its the production of tumour necrosis factors, shows cytotoxicity towards natural 
killer cells, and interleukins (Janifer et  al. 2020). Centella asiatica increases the 
concentration of antibodies, phagocytosis cells, and white blood cells (Kumar et al. 
2020). A rhizome extract of Rhodiola imbricata causes stimulation of TNF‑α and 
IL-6, and inhibits expression of the NF-κB transcription factor, demonstrating the 
immunosupportive properties of R. imbricata (Niraj et al. 2020). Boswellia serrata, 
a Chinese herb, is used to treat inflammatory arthritis and to inhibit the cellular tox-
icity of various cytokines, like IFN-γ, TH2, IL-2, IL-4, and IL-10. The inhibition is 
based solely on the anticancer properties that help to suppress carcinogenic cells via 
influence on the immune system (Sotto et al. 2020). Ginsenosides obtained from the 
ginseng plant Panax ginseng regulate the gene expression involved in cell growth, 
coagulation, cell adherence, and vascular contractions, and stimulates signalling by 
TNF‑α (Sun et al. 2018; Riaz et al. 2019). In Astragalus membranaceus, the poly-
saccharides in the extract increase the nitrous oxide concentration in macrophage 
cells to increase phagocytic activity via activating transcription factors like NF-κB. 
Furthermore, the extract enhances the activity of NK cells, complement defence 
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systems in peripheral lymphocytes, and upregulated B lymphocyte proliferation 
(Zheng et  al. 2020). Andrographia paniculata shows antinociceptive, anticancer, 
antiplatelet-aggregation, anti-inflammatory, and antihyperglycaemic pharmacologi-
cal activities and is also used for treating encephalomyelitis immune diseases, sup-
pressing LPS-induced expression, and inhibiting levels of IL-6, TNF, and IL-1. To 
date, labdane diterpenes, polysaccharides, and fatty acids are mainly responsible for 
the immunomodulation properties from A. paniculata, where labdane diterpenes 
and polysaccharides are immunosuppressors, and fatty acids show immunostimula-
tory and immunosuppressive activities (Hong et al. 2018; Riaz et al. 2019). Much 
research of higher quality is needed to support the concepts and validity of the use 
of these plants in the fields of immunology and pharmaceutical sciences (Islam et al. 
2017; Thangadurai et al. 2018; Sotto et al. 2020).

8.7 � HIMALAYAN MEDICINAL PLANTS AND THEIR DECLINE

The survival of humans depends upon their capability to defend themselves against 
foreign particles or organisms, external factors, and toxic or allergenic compounds 
via a strong immune system. Once the infectious agent penetrates the host after 
suppressing its defence barriers, only the immune system can protect the body from 
severe damage. Without doubt, the native medicinal plants have a great ability to 
heal diseases exogenously as well as endogenously. The various plant parts, such 
as roots, shoots, leaves, and fruits, are used to increase the concentrations of spe-
cialized cell types associated with boosting the immune system and hence cope 
with disease and energy loss (Abbas et al. 2016). The fragile melting glacier in the 
Himalayas has resulted in the decline of many wild species, evolving into subspecies 
that remained stationary. The combination of habitat isolation, elevation gradient, 
and climate compression often increase endemism at a single topographical level. 
Among species, the endemic plants of some regions in the Himalayas face barriers 
to migrating further up the mountains to avoid the increasing temperatures, and 
become extinct (Ayati et  al. 2018). Plant genera, such as Meconopsis, Aconitum, 
Pedicularis, and Pleurospermum, and many more, face the situation of ‘climb or 
die’: either they trek towards higher altitudes or die out at their native growing level 
(Khuroo et  al. 2020). The species extinction rate in high-altitude regions is high, 
with two drug plants disappearing from their native habitat globally.

Climate change, overgrazing, and the unsustainable overexploitation of medicinal 
plants are major threats concerning the ecology of these high-altitude regions. As 
the global market for herbal plants expands, the population pressure on native herbal 
farming becomes more intense. The increase in farming of vegetables and exotic 
varieties also affects the farming of local wild medicinal plants.

8.8 � CONCLUSION

At present, the global warming trends are visible in Himalayan regions in terms 
of the loss of species habitat, species shifts, and increasing dominance of sub-
temperate species, habitat fragmentation, and endemism at high altitudes. These 
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warming changes threaten not only the local ecology but also the survival of tribal 
communities that depend on local resources for their livelihood. Across the globe, 
but especially in the Asian Himalayas, communities living at high altitude, and 
which depend primarily on local flora for their disease treatment systems, are fac-
ing many problems. These plant resources are used effectively and sustainably by 
local communities and are an integral part of their life cycle. The use of medici-
nal plants also depends upon reachable sources, livelihood strategies, customs, and 
spiritual mythologies. Immunostimulation using Himalayan medicinal plants can 
achieve valuable treatment sources for chemotherapy of several diseases involving 
poor immune responses or immune-related disorders. In modern times, the pharma-
cological analysis of traditional immunomodulatory plants are playing an important 
role in the inhibition of several inflammatory factors, such as interleukins, tumour 
necrotic factors, cyclooxygenase, lipoxygenase, prostaglandins, and leukotrienes. 
These plants hold promise for the development of new drugs capable of relieving, 
reducing, or suppressing inflammation as well as pain. Still, many high-altitude 
plants are unavailable for research due to their endemicity to tribal regions, and 
these can have properties that antagonize the effects of interleukins and cytokines by 
improving the immune system. Conventional herbal formulations are very effective 
and act in multiple ways to target different ligands associated with various cellular 
receptors. However, the hidden fact of potency and effectiveness of the herbal formu-
lation is that many chemical constituents are involved in treatment, rather than a sin-
gle, active compound. Advances in biotechnologies and genetics can help to decipher 
the concept of ethnomedicine in terms of differential gene expression involved in an 
immune response. Polysaccharides show immunomodulatory properties, by activat-
ing macrophages, dendritic cells, natural killer cells, B cells, T cells, and inflam-
matory pathways, and by regulating cytokine-related gene expression. In the future, 
proper research with strict guidelines needs to be carried out that will ultimately 
result in conserving every Himalayan medicinal plant as well as generating a curated 
compendium of Himalayan medicinal herb knowledge, combining local medicinal 
knowledge with modern, pharmacological, and genetic knowledge, to include their 
bioactives, medicinal uses, and growing areas.
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9 Traditional South Indian 
Herbal Plants for a Strong 
Immune System

Mani Divya and Sekar Vijayakumar

9.1 � INTRODUCTION

In recent times, the World Health Organization (WHO) estimated that approxi-
mately 80% of people globally depended on herbal medicines for primary health 
care requirements (WHO 1993). Approximately 21,000 plant species have poten-
tial for use as medicinal plants. The use of plants is mankind’s oldest approach to 
health care. Herbal remedies are occasionally called traditional medicines. Various 
herbal plants which are recognized in the traditional structure of medicine contain 
a large number of pharmacologically active chemicals bioactives (Ford and Roach, 
2009). In the period of globalization, health-conscious individuals around the world 
began to emphasize the use of medicinal herbs of Indian origin (Sarkar et al. 2015). 
Increasingly, herbal plants have gained a good reputation as a result largely of the 
work of local traditional herbal practitioners. It is noteworthy to point out here that 
the majority of the Indian herbal plants are found throughout South India (Rajan 
et  al. 2005). In light of the significance of traditional herbal medicinal plants of 
southern India as a resource to fight against infectious diseases, there is the likeli-
hood that some function by stimulating the immune response of the host. As a con-
sequence, plant extracts used in traditional herbal remedies should be assessed for 
immunomodulatory activities (Upadhyay, 1997).
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The basic structural design of the immune system is multifaceted, with forti-
fications at several different stages (Kumar et  al. 2012). If pathogens have effec-
tively entered the body of the host, then they are faced with the rapid but short-lived 
non-specific innate immune response or the slower-acting but longer-lasting spe-
cific adaptive immune response (Hofmeyr, 2001). It should be obvious that there 
are many healing plants that make use of immunomodulatory activity. The range of 
phytochemicals in herbal formulations may lead to a cooperative effect in achiev-
ing greater defence through inducing both innate and adaptive immunities, with 
both defensive antibodies and the development of effective cell-mediated immune 
responses (Vimalanathan et al. 2009). There are a large number of herbal products 
with prospective therapeutic applications because of their high effectiveness, low 
cost, and low toxicity. Such herbal formulations may consequently be recommended 
as a positive immunomodulator. The exhibition of increased immunity by the use of 
herbal plants and their extracts or derivatives shows potential as a promising health 
care strategy for the future (Singh et al. 2016).

9.2 � HERBAL PLANTS

‘Herbs’ refer to the use of some or all parts of the plant, such as seed, bark, stem, 
leaf, stigma, flower, fruit, root, or whole plant. Over the past two decades, there has 
been a marked increase in the use of herbal medicines. Consequently, since 1999, 
WHO has published three volumes of monographs on herbal plants (http://WHO). 
Treatment with preparations of confirmed medicinal herbs increases the resistance of 
the patient to disease and other conditions. Plant-based herbal therapies are potent, 
with low toxicity and low cost, and are accessible to the local community. Problems 
of traditional herbal medications are often associated with the presence of natural 
or man-made contaminants, which may result in poor response by the patient and 
even death (van Wyk and Prinsloo, 2020). Studies on traditional healing plants have 
turned out to be even more valuable with respect to the expansion of healthcare pro-
grammes throughout the world (Shil et al. 2014). Traditional medicine systems are 
based on plant-derived bioactive molecules with pharmaceutical activities (Rehechoa 
et al. 2011). Treatment of some diseases by means of herbal plant preparations is 
considered to be superior to conventional medicines because of the negligible side 
effects. Medicinal herbs can show therapeutic superiority over conventional single-
compound medicines, especially with respect to hard-to-treat or chronic diseases. 
Numerous modern pharmaceutical drugs are derived in some way from phytochemi-
cals. The use of conventional herbal medicines occurs predominantly in develop-
ing countries (UNESCO, 1996), though their adoption in the developed countries is 
increasing markedly. Current estimates list more than 9,000 plants with recognized 
therapeutic relevance in different traditions and countries.

9.3 � IMMUNE SYSTEM

In recent times, there has been steady progress in our understanding of the immune 
system, and its ability to defend the body from infection, identifying each phase of 
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immunology (Murphy et al. 2007). The immune system involves a network of genes, 
molecules, cells, and pathways to defend the membrane, intestinal tract, respiratory 
channel, and other parts from antigens from the attacker (Figure 9.1).

The innate and adaptive immune systems are expressed via different pathways, 
though they typically perform as one. The innate reaction reflects the initial barrier 
of the host defence, with the adaptive immune reaction peaking later, by which time 
antigen-specific T and B cells have undergone clonal extension (Huston, 1997). The 
innate immune  system uses receptors that are encoded by intact genes inherited 
through the germline, whereas the adaptive immune system uses antigen receptors 
encoded by genes that are assembled from individual gene segments during lympho-
cyte development, a process that leads to each individual cell expressing a recep-
tor of unique specificity (Holmskov et al. 2003). A major problem faced with the 
immune classification involves recognition of host cells that have been contaminated 
by microorganisms (Chaplin, 2010). Innate and adaptive immunities are not recip-
rocally elite methods of host defence, although they can quite harmonize together. 
Innate immunity is the initial immunological, non-specific means for defending 
against a pathogen (Turvey and Broide, 2010). This resistant reaction is rapid and is 
carried out between numerous cells, including eosinophils, phagocytes, basophils, 
and the complement system. Adaptive immunity expands through innate immunity 
to eradicate transferable agents (Bonilla and Oettgen, 2010).

9.4 � TRADITIONAL SOUTH INDIAN HERBAL 
PLANTS AND THE IMMUNE SYSTEM

Some of the important traditional herbal plants distributed within India, and par-
ticularly in India, are listed in Table 9.1. The plants are recognized to exhibit several 

FIGURE 9.1  Traditional herbal plants which suppress disease-causing pathogens and stim-
ulate the human immune system.
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TABLE 9.1
Traditional South Indian Herbal Plants and their Healing Properties

South Indian 
Herbal Plant Diseases Treated and Activities Exhibited References

Andrographis 
paniculata

Anti-inflammatory, immunostimulant, 
antiparasitic, hepatoprotective, 
antihyperglycaemic and antihypoglycaemic

Sagadevan and 
Suresh, (2015)

Acalypha indica Anthelmintic, antibacterial, anti-ulcer, to treat 
wounds, asthma, and bronchitis 

Zahidin et al. (2017)

Cassia auriculata Anti-tumour, anti-diabetic, and 
immunomodulatory 

Chakraborthy, (2009)

Calotropis gigantea Antifertility, vermicidal activity, and pregnancy 
interceptive 

Kumar et al. (2013)

Cardiospermum 
halicacabum

Immunomodulatory and anti-arthritic activities Saravandaa et al. (2018)

Catharanthus roseus Anti-helmintic, pesticidal, and antidiabetic 
activities

Kaushik et al. (2017)

Cynodon dactylon Immunomodulatory effects Mangathayan et al. (2009)

Datura metel Antimicrobial, antipyretic, anti-asthmatic, 
analgesic, and nephroprotective activities

Alam et al. (2020)

Euphorbia 
susanholmesiae

To treat skin cancer and actinic keratosis Ernst et al. (2015)

Gloriosa superba Antidote for snake bite, as a laxative, to treat 
ulcers, arthritis, cholera, colic, kidney 
problems, and typhus

Zahir et al. (2012); 
Kavithamani et al. (2013) 

Lufa acutangula Immunomodulatory, analgesic, and 
gastroprotective effects

Al- Snafi, (2019)

Lyngodium flexuosum Jaundice, wound healing, and eczema Esha et al. (2011)

Morinda pubescens Antimicrobial activity Ravikumar et al. (2012); 
Tyagi et al. (2015)

Myrtus communis Immunostimulant Taee et al. (2017)

Opuntia ficus-indica Anti-inflammatory and hypoglycaemic effects, 
delay of stomach ulceration, and 
neuroprotective effects

Kaur et al. (2012)

Phyllanthus emblica Antiviral, antimicrobial, anticancer, 
hepatoprotective, and antidiabetic properties

Khan (2009)

Phyllanthus niruri Antispasmodic, analgesic, anticonvulsant, 
aphrodisiac, and contraceptive activities

Kamruzzaman and Hoq 
(2016); 

Physalis angulata Antitumour and immunomodulatory effects Chiang et al. (1992); Lin 
et al. (1992)

Piper longum To treat cough, stomach-ache, diseases of the 
spleen, bronchitis, and tumours

Kumar et al. (2011)

Ruellia tuberose To treat stomach cancer, gonorrhoea, and 
bladder diseases

Chothani et al. (2010)

(Continued)
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activities which enables them to treat human diseases, including stimulation of the 
immune system (Nath et al. 2011). The goal of this study was to screen the metha-
nol or acetone extracts of four plant species from South India for antileishmanial 
activity. This provided the primary details on the in-vitro activity of certain plants 
towards the intracellular human parasite Leishmania donovani. The effectiveness 
of the effective herbal plants will be further explored extensively with regard to a 
number of activities, because it is obligatory to follow up these findings with phar-
macological and phytochemical analysis of the traditional herbal plants. The major 
focus of these traditional herbal plants on the immune system highlights the need 
to evaluate the potential of South Indian herbal plants to offset the side effects of 
modern therapies by stimulating the immune systems of the host.

9.4.1 � Medicinal Value of Herbal Plants

Medicinal plants have been used since ancient times to treat a wide range of dis-
eases, ailments and conditions. Herbal medicinal plants are gaining a positive repu-
tation among individuals in both urban and rural areas (Katic, 1980). The most 
famous author on plant drugs was Dioscorides, “the father of pharmacognosy,” who, 
as an army doctor and pharmacognosist with Nero’s army, studied medicinal plants 
everywhere he travelled with the Roman Army (Nikolovski, 1961). Subsequently, 
as society and cultures evolved, the curative properties of confirmed herbal plants 
were noted, recognized, and directed towards the appropriate age group (Petrovska, 
2012).

The significance of the contribution of herbal plants to human health cannot be 
overestimated. These plants contain curative phytochemicals in individual organs or 
in several of them. The use of these plants is increasing globally in terms of the expan-
sion of established medicine and the increasing interest in herbal medicine. Plants 
are used as a source of natural drugs to sustain and expand the patient’s physical 
and mental condition (Idu, 2009). For instance, the use of herbal medicine to treat 

TABLE 9.1 (CONTINUED)
Traditional South Indian Herbal Plants and their Healing Properties

South Indian 
Herbal Plant Diseases Treated and Activities Exhibited References

Thevetia peruviana Larvicidal, antidiabetic, antifertility, 
antimicrobial, and anticancer properties

Ahmad et al. (2017)

Tridax procumbens Immunomodulatory effects Tiwari et al. (2004)

Vitex negundo Anti-inflammatory and antioxidant activities Utpalendu et al. (1999); 
Tiwari (2007)

Withania somnifera Chemopreventive, used to treat Alzheimer’s 
disease and Parkinson’s disease, as a memory 
enhancer and an immunomodulator 

Umadevi et al. (2012)
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diseases related to asthma, cancer, neurological and hepatic diseases is estimated to 
be approximately 80%, 55%, 42%, and 90% of people, respectively (Al-Moamary, 
2008; Jazieh et al. 2012; Mohammad et al. 2015) (Figure 9.2). Each part of the medici-
nal plant possesses healing properties, including activities, such as anti-inflammatory, 
anti-insecticidal, antioxidant, antibiotic, antiparasitic, and antihaemolytic properties, 
and so on (Neelam Bamola et al. 2018). The medicinal value of plants lies in their 
secondary plant metabolites for treatment of numerous illnesses (Modak et al. 2007).

Phytochemicals are pharmacologically active compounds of several different types: 
terpenoids, which are recognized for their antihelmintic, antiviral, anticancer, antibac-
terial, anti-inflammatory, and antimalarial properties; alkaloids, which have antispas-
modic, analgesic, antimalarial, and diuretic activities; and phenolics and flavonoids, 
which have antioxidant, antibacterial, and antiallergic properties (Maurya et al. 2008). 
In addition, saponins (a type of terpenoid) are known to exhibit anti-inflammatory, 
antiviral, and plant defence activities, whereas glycosides of other groups of second-
ary metabolites can show antifungal and antibacterial properties (Chopra et al. 2002). 
Thus, traditional knowledge of herbal plants assists the pharmaceutical industries in 
developing novel drugs and to employ them to achieve the treatment of different dis-
eases (Forouzan et al. 2012; Bahmani et al. 2013; Divya et al. 2020).

9.5 � CONCLUSION

As our way of life becomes increasingly dominated by technology, we are becoming 
more widely separated from the natural world. As herbs are natural products, their 
availability is reasonably secure, recyclable, and accessible. By tradition, there are 

FIGURE 9.2  Herbal plants which helps to inhibit the pathogen and combat several diseases.
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groups of herbs used for treating particular disorders during a specific season of the 
year. Herbs had been exploited for flavouring, medicinal, and scented characteristics 
for centuries, but the synthetic chemicals used for the same ends in the modern age 
have become predominant. This chapter deals only with the traditional knowledge 
of medicinal plants from the South Indian region, as directly related to medicinal 
research with respect to the practice of traditional medicines in that region as well as 
in neighbouring areas. To conclude, this book chapter focuses on a range of natural 
traditional herbal medicines to stimulate the immune system of humans. This also 
emphasizes the progress achieved in medicinal innovation dealing with the medic-
inal plants of South India, with a number of suggestions, recommendations, and 
future goals for this aspect of herbal medicine.
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10.1 � INTRODUCTION

India, the second most heavily populated country in the world, with twenty-eight 
states and eight Union territories, is also one of the most diverse nations in the world 
in terms of religions and cultures. Religion plays a vital and absolute role in the 
life of many of its people. Although India is a secular country, it has several differ-
ent religions, i.e., Hindus, Muslims, Christians, Sikhs, Buddhists, Jains, and various 
tribal populations in India. According to the census of India (2011), the Indian popu-
lation comprises 79.80% Hindus, 14.23% Muslims, 2.3% Christians, 1.72% Sikhs, 
0.70% Buddhists, 0.4% Jains, and 0.9% others (Anonymous 2004). Every religion 
has their ‘Sacred’ books and places, which demand deep respect and are ‘set aside’ 
for purposes of the spiritual or religious.

In the Qur’an, the holy book of Muslims, many plants, like Teen (Ficus carica), 
Zaitoon (Olea europaea), Khurma (Phoenix dactylifera), Munaqqa (Vitis vinifera), 
Anar (Punica granatum), Kafoor (Cinnamomum camphora), Ber (Zizyphus jujuba), 
Mauz (Musa paradisiaca), and Kalonji (Nigella sativa), etc., are quoted as being part 
of a diet for the preservation of health and the management of diseases. According 
to Vedas in Hindu mythology, various ‘Sacred’ plants are described for improv-
ing health and for curing diseases, such as Tulsi (Ocimum sanctum), Peepal (Ficus 
religiosa), Bael (Aegle marmelos), Neem (Azadirachta indica), Sandal (Santalum 
album), Bhang (Cannabis sativa), and Ashok (Saraca asoca), etc. Similarly, in 
the Bible, the holy book of Christians, Teen (Ficus carica), Nard/Sumbul-ut-Teeb 
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(Nardostachys jatamansi), Zoofa (Hyssopus officinalis), Foful (Areca catechu), and 
Nilofar (Nymphaea alba), etc. are mentioned for the maintenance of health.

These medicinal plants have been given so much importance for health mainte-
nance that people even worship them, an act which attracted scientists from differ-
ent fields, namely botanists, pharmacologists, biochemists, and pharmacognosists, to 
determine the science behind these sacred medicinal plants. They tried to identify the 
active ingredients and the molecular mechanisms between these phytochemicals and 
health issues, which not only cause the health benefits and health-promoting effects 
but which are also used in the management of diseases. This chapter highlights some 
of the readily accessible sacred plants mentioned in the holy Qur’an/Ahadith and other 
religious books to identify established immunomodulatory and other medicinal effects.

10.2 � PLANTS MENTIONED IN SACRED BOOKS

The sacred book of Islam, the Qur’an, is the Word of God, as it was revealed to 
Prophet Muhammad (PBUH). With its unique composition and style, the Qur’an is 
also considered to be the pre-eminent literary masterpiece of the Arabic language. 
Its contents provide the basics of the doctrinal tenets and principles of Islam. The 
Qur’an comprises 6,236 verses (ayahs) which are divided into 114 chapters or surahs, 
each of which takes its name from a prominent event, theme, or topic relevant to 
the chapter. A report of the sayings or actions of Muhammad or his companions, 
together with the tradition of its chain of transmission, is called Ahadith.

The Hindu sacred text has been divided into the revealed and the remembered 
texts, and the original language of the early Hindu sacred books is Sanskrit. The 
revealed texts are found in the Veda, which may be divided into four parts, the Rig 
Veda, the Yajur Veda, the Sama Veda, and the Atharva Veda, while the remem-
bered texts consist of post-Vedic texts, including two epics, the Mahabharata and the 
Ramayana; the Bhagavad Gita, based on the god Krishna, a script inserted into the 
Mahabharata, and the Dharam sastras based on dharma. The Bible for Christians, 
the Guru Granth Sahib for the Sikhs, the Tipitaka for the Buddhists, and the Agam 
Sutras for the Jains are the sacred books of different religions practised in India.

In Islam, according to the Qu’ran and Ahadith, the importance of various plants 
is mentioned, e.g., Teen (Ficus carica), Zaitoon (Olea europoea), Khurma (Phoenix 
dactylifera), Maweez (Vitis vinifera), Anar/Rumman (Punica granatum), Balsan 
(Ocimum basilicum), Kafoor (Cinnamomum camphora), Miswak (Salvadora per-
sica), Khardal (Brassica nigra), Ber (Zizyphus jujuba Lam.), Hanzal (Citrulus colo-
cynthis), Mauz (Musa paradisiaca), and Kalonji (Nigella sativa).

The Qur’anic verses which contain description of plants and their parts are to 
inspire people to think about Allah’s creation and to aid them to reach a level of faith 
based on conviction. These verses also remind people of Allah’s blessings and the 
need to thank Him for what He has offered them.
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‘And from the fruits of the palm trees and grapevines you take intoxicant and good 
provision. Indeed, in that is a sign for a people who reason’. (Qur’anic Verse, 16:67)

‘By the fig and the olive’ (Qur’anic Verse, 95:1)

‘And [recall] when you said, “O Moses, we can never endure one [kind of] food. So, 
call upon your Lord to bring forth for us from the earth its green herbs and its cucum-
bers and its garlic and its lentils and its onions”. [Moses] said, “Would you exchange 
what is better for what is less? Go into [any] settlement and indeed, you will have what 
you have asked”. And they were covered with humiliation and poverty and returned 
with anger from Allah [upon them]. That was because they [repeatedly] disbelieved in 
the signs of Allah and killed the prophets without right. That was because they dis-
obeyed and were [habitually] transgressing’. (Qur’anic Verse, 2:61)

‘It is He Who sends down water [rain] from the sky, and with it We bring forth vegeta-
tion of all kinds, and out of it We bring forth green stalks, from which We bring forth 
thick clustered grain. And out of the date palm and its spathe come forth clusters of 
dates hanging low and near, and gardens of grapes, olives, and pomegranates, each 
similar (in kind) yet different (in variety and taste). Look at their fruits when they 
begin to bear, and the ripeness thereof. Verily! In these things there are signs for people 
who believe’. (Qur’anic Verse, 6:99)
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‘And He it is who causes gardens to grow, [both] trellised and untrellised, and palm 
trees and crops of different [kinds of] food and olives and pomegranates, similar and 
dissimilar. Eat of [each of] its fruit when it yields and give its due [zakah] on the day of 
its harvest. And be not excessive. Indeed, He does not like those who commit excess’. 
(Qur’anic Verse 6:141)

According to Hindu mythology, various ‘Sacred’ plants and herbs are described 
for improving health and for curing diseases, e.g., Tulsi (Ocimum sanctum), Peepal 
(Ficus religiosa), Bael (Aegle marmelos), Neem (Azadirachta indica), Sandal 
(Santalum album), Bhang (Cannabis sativa), Ashok (Saraca asoca), and Coconut 
(Cocos nucifera).

‘We cleanse and wipe away, through Apamarga, the harm caused by hunger, harm 
caused by thirst, debility of limbs, and childlessness’. (Atharvaveda, 4, 17, 6)

‘The praiseworthy germicidal shatavara [the name of herb which prevents one hundred 
diseases] mounting over the disease with splendour vanishes the tuberculosis and its 
germs with power’. (Atharvaveda, 19, 36, 1)

‘These Piper longum, as if confabulating mutually tell them that from their origin, 
the alive man whom they were applied to, does not feel troubled by rheumatic pain’. 
(Atharvaveda, 6, 109, 2)

यथाह﻿﻿्﻿﻿यल﻿﻿्पनयत﻿﻿्﻿﻿ननच﻿﻿ ्छद﻿﻿्﻿﻿यतेतर﻿﻿ुणस﻿﻿्र﻿﻿ु।

सएवाऽ​ति प﻿﻿्﻿﻿र​वृध﻿﻿्​स﻿﻿्तच​्छिद ​्यतेऽत​ि प﻿﻿्﻿﻿रय​त﻿﻿्﻿﻿नतः​॥

एवमेववि कारोऽपि तर﻿﻿ुणःसाध﻿﻿्तेसुखम्।

वि वृध﻿﻿्दसाध﻿﻿्तेकृ छ﻿﻿्﻿﻿रदसाध﻿﻿्यवाऽपि जायत॥े

‘Just as a tender plant is easy to cut down, the same requires much more effort when 
fully grown. Likewise, any disease is manageable in the early stage; it becomes 
almost incurable when it grows’ (Charak Nidaan 5/13–16).

Some plants with medicinal value are mentioned in the Bible, such as Teen (Ficus 
carica), Nard/Sumbul-ut-Teeb (Nardostachys jatamansi), Zoofa (Hyssopus offi-
cinalis), Ood Balsan (Commiphora opobalsamum), and Foful (Areca catechu). In 
Buddhism, some flowers, like Nilofar (Nymphaea alba), Champa (Michelia cham-
paca), and Chameli (Plumeria rubra), are also said to have medicinal value.
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‘Now Isaiah had said, “Let them take a cake of figs and apply it to the boil that he 
may recover’. (Isaiah 38:21 ESV/157)

‘Mary therefore took a pound of expensive ointment made from pure nard and 
anointed the feet of Jesus and wiped his feet with her hair. The house was filled with 
the fragrance of the perfume’. (John 12:3 ESV/9)

‘Purge me with hyssop, and I shall be clean; wash me, and I shall be whiter than 
snow’. (Psalm 51:7 ESV/39).

The different parts of these sacred plants have been used medicinally by indig-
enous people to treat different ailments. These plants have also been mentioned by 
the ancient Hakims and Vaids for the treatment of several diseases, as well as to 
improve immunity or to act as a tonic. While centuries of use of these sacred medici-
nal plants is the basis of the testimony, nowadays, more specific and reproducible 
results are needed to certify the quality, safety, and reliability of the phytomedicines, 
as well as scientific evidence in relation to health claims, according to international 
guidelines. These plants have been scientifically evaluated for different activities, 
e.g., immunostimulant, cardioprotective, anti-arrhythmic, spasmolytic, hypotensive, 
antihyperglycaemic, antimicrobial, and anti-inflammatory effects.

According to the World Health Organization (WHO), 80% of the world’s popu-
lation still relies on botanical medicines for primary health care (Mukherjee et al. 
1998a; Mukherjee 2002a). There is a need for experimental data, proper documen-
tation on mechanisms of action, standardization and fractionation by modern tech-
niques, and in-vitro and in-vivo studies to check safety and efficacy assurance and 
to identify the molecular mechanism behind the medicinal effects of these sacred 
plants. Therefore, evidence for the potential immunomodulatory effects of these 
sacred medicinal plants, based on research demonstrating a biological activity in 
relevant in-vitro and/or in-vivo bioassays, using animal models, is necessary. These 
plants have been studied scientifically to establish the link between traditional 
knowledge and modern science. Various investigations on these sacred plants have 
confirmed the immunomodulatory effects of these plants.

10.2.1 � Khajoor

Botanical Name Phoenix dactylifera L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Super division/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Liliopsida/Arecidae
Order/Family – Arecales/Arecaceae
Genus/Species – Phoenix/dactylifera

Vernacular Names
Arabic – Tammar, Nahal, Balah, Rutab
Urdu – Khajur
Hindi – Khajoor
English – Date palm
Persian – Khurma
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Khajoor (P. dactylifera) is one of the sacred plants mentioned in the Holy Qur’an 
and belongs to the Arecaceae family. It has been cultivated in the deserts of Iraq, the 
Arab world, North Africa, Pakistan, and India. The fruit is commonly available and 
is a rich source of dietary fibre, and also contains large amounts of lipids, minerals, 
protein, and certain essential vitamins (Figure 10.1a). It is used in the diet to improve 
health. The dates have also been used to treat a variety of ailments in the various 
traditional systems of medicine, e.g., heart diseases, skin diseases, as an antidote, 
to treat intestinal colic, as a wound healer, to treat diarrhoea, stomach-ache, sexual 
weakness, piles, physical debility, a shrill voice, and liver disorders (Anonymous 
1986; Qarshi 2011).

10.2.1.1 � Evidence-based Research
Khajoor (P. dactylifera) were evaluated scientifically for immunomodulatory effects. 
Polyphenols, identified as chlorogenic acid, caffeic acid, pelargonin, and ferulic 

FIGURE 10.1  Sacred medicinal plants for a strong immune system: (a) Phoenix 
dactylifera – Khajoor, (b) Olea europaea – Zaitoon, (c) Punica granatum – Rumman, (d) Nigella 
sativa – Kalonji, (e) Cinnamomum camphora – Kafoor, (f) Zingiber officinale – Zanjabeel, 
(g) Ficus carica – Anjeer, (h) Zizyphus mauritiana – Ber, and (i) Ocimum sanctum – Rehan.
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acid, from the hot water extract of matured fruit of the date palm tree, stimulated 
the expression of interferon IFN-γ mRNA significantly in experimental animals by 
stimulating the cell-mediated immune mechanism (Koji 2011). Similarly, the immu-
nomodulatory effects of hot water extracts of date, prune, or fig were investigated, 
and it was observed that date extract stimulated the cellular system more than did the 
prune or fig extracts (Mansouri 2005). Khajoor extract at a dosage of 50 mg/kg body-
weight showed an immunostimulatory effect on the reticulo-endothelial system and 
antioxidant activity (Eddine 2014). It was also observed that Khajoor extract normal-
ized the level of circulatory CD161 natural killer (NK) cells, and breast tissue TNF-
alpha, cell size, and proliferation, and improved overall survival rates (Elhemeidy 
2018). Tahneeq is a traditional method in which premasticated Ajwa palm dates are 
rubbed manually onto the palatal mucosa of newborn babies. A study was conducted 
to investigate the effects of Ajwa palm dates on interleukin IL-12 expression in den-
dritic cells and blood T lymphocytes expressing CD8+ in experimental rats. They 
were divided into three groups of neonatal Wistar rats immediately after birth: the 
control group received breastmilk, the first treatment group (T1) received breast 
milk and mild-scratched intensity of tahneeq, whereas the second treatment group 
(T2) received breast milk and strong-scratched intensity of tahneeq on the palatal 
and gingival mucosa. It was observed that treatment groups 1 and 2 had significantly 
higher interleukin-12 (IL-12) expression than the control group. The increased IL-12 
expression in T2 group was significantly higher than IL-12 expression in the T1 and 
control groups.

10.2.2 �Z aitoon

Botanical Name Olea europaea L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/ Subclass – Magnoliopsida/Asteridae 
Order/Family – Scrophulariales/Oleaceae
Genus/Species – Olea/europaea

Vernacular Names
English – Olive
Hindi – Jaitoon
Urdu – Zaitoon
Arabic – Zaitoon
Persian – Zaitoon

Zaitoon (O. europaea) plants have religious importance and are usually found in 
northern Iran, coastal areas of the eastern Mediterranean region, south-eastern 
Europe, the western part of Asia, and northern Africa (Ali 2004). Olives are men-
tioned many times in the Bible, both in the New and Old Testaments. The olive tree 
has also been praised as a blessed tree and fruit in the Holy Qur’an. The Prophet 
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Muhammad (PBUH) recommended various plants e.g., dates, black seed, and olive, 
for the management of different diseases (Anonymous 2000; Maryam et al. 2009). 
The plant has laxative, mouth cleanser, tonic, and vasodilator properties, and is 
known to reduce blood sugar, cholesterol, and uric acid levels (Figure 10.1b). It has 
also been used to treat various disorders, e.g., hypertension, diabetes, inflamma-
tion, haemorrhoids, diarrhoea, respiratory diseases (including bronchial asthma), 
urinary tract infections, gastrointestinal disorders, and musculo-skeletal disorders 
(Nadkarni 1986; Anonymous 1999; Nigrami 2009).

10.2.2.1 � Evidence-based Research
Leaves, fruits, and oil of Zaitoon play an important role in the management of differ-
ent diseases, which may be due to the presence of simple phenolics (hydroxytyrosol, 
tyrosol) and polyphenols. Different research studies conducted on in-vitro and ex-
vivo models have revealed that phenolics present in olive oil have antioxidant activity 
towards lipids and DNA oxidation greater than the industrial standard, vitamin E  
(Owen 2000). Extracts of leaves collected from three olive cultivars were investi-
gated for phenolic compounds, using a high-performance liquid chromatography 
system coupled to a diode array detector time-of-flight mass spectrometer (HPLC-
DAD-TOF-MS). Thereafter, an in-vitro study was carried out on RAW 264.7 mouse 
macrophages to investigate the immunomodulatory properties of the crude phenolic 
extracts. A total number of 28 phenolic compounds were identified in the olive leaf 
extracts. It was also observed that all olive leaf extracts exhibited immunomodula-
tory properties, as they inhibited the release of nitric oxide from RAW 264.7 cells 
treated with lipopolysaccharide (LPS), which is a pro-inflammatory mediator. It 
may be concluded that the inhibition of nitric oxide by the leaf extracts of Zaitoon 
depends more on the type of phenolic compounds present in the extract than on the 
total phenolic concentration (Talhaoui 2015).

10.2.3 � Maweez

Botanical Name Vitis vinifera L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Rosidae
Order/Family – Rhamnales/Vitaceae
Genus/species – Vitis/vinifera

Vernacular Names
Arabic – lnab
Persian – Kishmish
Urdu – Maweez, Zabeeb, Munaqqaa, Kishmish
Hindi – Angur
English – Grape
Sanskrit – Draksha
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Maweez (V. vinifera) is a woody and shrubby climber, which is usually found in 
Southeastern Europe, but nowadays is widely cultivated in Europe, Australia, 
California, and other parts of North America. It is cultivated for agricultural pur-
poses in many states across India, e.g., Punjab, Rajasthan, Delhi, Uttar Pradesh, 
Maharashtra, Karnataka, Andhra Pradesh, and Tamil Nadu. The flowers are small, 
pale, and green in colour which appear in the summer season, followed by bunches 
of green to purple-black berry fruits. Ripe berries are often used as a mild laxa-
tive and nutrient, while unripe berries are used to neutralize excessive bile and thus 
improve ailments of the gastro-intestinal system. Dried berries have stomachic, anti-
emetic, hepatoprotective and blood-purifying properties. Maweez is used to treat 
coughs and other respiratory tract diseases. It is also beneficial in the treatment of 
liver disorders, gastro-intestinal problems, haemorrhagic diseases, and gout, as well 
as dyspnoea (Ghani YNM; Gruner 1970; Nadkarni 1976, 1982).

10.2.3.1 � Evidence-based Research
An in-vivo and an in-vitro study were conducted to explain the molecular mecha-
nisms involved in the immunomodulation effects and antitumour therapeutic effect 
of grape seed proanthocyanidins (GSPs). The in-vivo study revealed that GSPs inhibit 
the growth of Sarcoma 180 tumour cells significantly and increase the thymus and 
spleen weight of Sarcoma 180-bearing mice remarkably, elevating the secretion level 
of serum Tumour Necrosis Factor-α (TNF-α). It was also observed that exposure 
to GSPs could increase the lysosomal enzyme activity, stimulate the lymphocyte 
transformation and the phagocytic capability of peritoneal macrophages, and mark-
edly promote the production of TNF-α. The results of this study suggest that GSPs 
improve the immune system (Tong 2011).

10.2.4 �R umman

Botanical Name Punica granatum L.
Kingdom – Plantae
Division – Spermatophytina
Class – Magnoliopsida
Superorder/Order – Rosanae/Myrtales
Family – Lythraceae
Genus/species – Punica/granatum

Vernacular Names
Arabic – Rummän, Shajarätur-Rummän
Urdu – Anar Mitha
English – Pomegranate tree
Hindi – Anaar, Dhalim
Persian – Darakht-e-Anar, Gulnar, Anar
Sanskrit – Bijapura, Dadima, Shuka-dana, Kuchaphala

Anar/Rumman (P. granatum) is an ancient, mystic, distinctive fruit, borne on the 
long-lived pomegranate tree. It is a large, deciduous shrub or small tree, having 
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smooth grey bark, and is often armed with small axillary or terminal thorns. It is 
found throughout India from the Balkans to the Himalayas. Nowadays, it is culti-
vated in most regions of the world, e.g., Iran, Spain, Italy, Afghanistan, USA, India, 
China, Russia, Uzbekistan, Morocco, and Greece (Figure 10.1c). Pomegranate is 
used to treat various ailments in the Unani system of medicine. Extract of pomegran-
ate flowers acts as an astringent, checking haemorrhage from all internal organs. Its 
desiccant properties dry up morbid bodily secretions. Application of the powder or 
its decoction is useful in treating stomatitis, and also prevents various oro-dental dis-
orders, like bleeding gums, shaky teeth, bad odour, mouth ulcer, etc. The ointment is 
effective in wound healing because of its cicatrizing (scar development) properties. 
It is also effective in the treatment of diarrhoea and dysentery. The flower extract is 
also beneficial in treating skin diseases, such as scabies, pruritus, etc. Either root or 
stem bark, being anthelmintic in action, expel intestinal worms when administered 
in the form of decoction. Whole fruit is used as a cardiac and liver tonic and as an 
aphrodisiac in cases of sexual debility. Seeds are anti-emetic and diuretic in action 
(Ghani 1921; Momin YNM; Baitar YNM; Hamdani 2001).

10.2.4.1 � Evidence-based Research
Investigations on fruit rind powder were carried out to evaluate the immunomodula-
tory activity of Rumman. An aqueous suspension of fruit rind powder in a dose of 
100 mg/kg bodyweight was administered orally, which stimulated the cell-mediated 
and humoral components of the immune system. Antibody titre to the typhoid-H 
antigen (HA) was also increased (Ross et  al. 2001). An in-vitro assay, using four 
separate antioxidant testing methods, demonstrated that extracts of pomegranate 
juice and seed exhibited two to three times the antioxidant activity (Gil et al. 2000). 
The immunomodulatory effect on cell-mediated immunity of an ethanolic extract of 
the peel and fruit juice of P. granatum was evaluated. The neutrophil adhesion test 
and cyclophosphamide-induced myelosuppression activity assay were also used as 
testing methods. HA titres were used to determine the effect on antibody-mediated 
immunity. It was observed that the effects of the extract on the percentage neu-
trophil adhesion, cyclophosphamide-induced myelosuppression, and HA titre were 
significant, when compared to the standard (Levamisole) group. The study revealed 
that the peel extract and the fruit juice had significant effects on cell-mediated and 
humoral immunity (Ittiyavirah 2014). In-vitro studies were conducted to investigate 
the radical scavenging and antitumour activities of polysaccharides (PSP001) iso-
lated from P. granatum. It was shown that an in-vitro growth stimulatory effect on 
isolated normal lymphocytes, and a proliferative index of 1.21±0.01 at a concentra-
tion of 1000 µg/ml was obtained, indicating immunomodulatory activity. The results 
of this study indicated that further studies are required on PSP001 in order to use this 
compound as an antitumour agent (Joseph et al. 2012).

10.2.5 � Kalonji

Botanical Name – Nigella sativa L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
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Class/Subclass – Magnoliopsida/Magnoliidae
Order/Family – Ranunculales/Ranunculaceae
Genus/Species – Nigella/sativa

Vernacular Names
Arabic – Kamun Aswad, Habbatussauda
Persian – Shooneez
Hindi – Kalonji, Mungrela
Urdu – Kalonji
English – Black Cumin, Small Fennel, Nigella Seed 

Kalonji (N. sativa) is an annual flowering plant which grows to 20–90 cm tall. It 
is commonly grown in Saudi Arabia, northern Africa, and Asia. Kalonji seeds are 
widely used as spices and food preservatives, as well as being used as medicine for 
centuries around the world. The leaves are finely divided. The flowers have 5–10 
petals and are yellow, white, pale blue, or pale purple in colour (Figure 10.1d). Seeds 
are dark, thin, and crescent shaped, with a pungent smell and a bitter taste. Prophet 
Muhammad (PBUH) stated that Habbatus sauda/Kalonji (Nigella seeds) can cure 
every disease except death. Seeds were prescribed by ancient Unani physicians to 
treat headache, nasal congestion, toothache, and intestinal worms, as well as acting 
as a diuretic, to regulate menstruation, and to promote milk production (Maseehi 
2008; Husain 2010; Bashir et al. 2018).

10.2.5.1 � Evidence-based Research
Methanolic extracts of the shoots, roots, or seeds of Kalonji were assessed for 
antioxidant, anti-inflammatory, anticancer and antibacterial activities. The results 
showed that all these extracts exhibited strong antioxidant activity (Bourgou et al. 
2008). It was also observed that Kalonji powder inhibited the oxidative stress caused 
by administration of oxidized corn oil to experimental animals (Al-Othman et al. 
2006). Thymoquinone (TQ) is one of the major bioactive components extracted 
from the volatile oil of N. sativa seeds. It was evaluated for antioxidant and anti-
arthritic activity in collagen-induced arthritis. It was found that oral administra-
tion of TQ reduced the levels of pro-inflammatory mediators [IL-1β, IL-6, TNF-α, 
IFN-γ and PGE (2)] and increased the IL-10 level (Umar et al. 2012). It was also 
observed that treatment with Nigella seed for six weeks protected the liver of broiler 
chicks from oxidative stress by increasing the activities of enzymes such as gluta-
thione-S-transferase, myeloperoxidase, adenosine deaminase, and catalase and by 
decreasing hepatic lipid peroxidation (Sogut 2008). The crude methanolic extract 
of Nigella seed cake was found to exhibit significant antioxidant properties under 
an in-vitro system (Mariod 2009). The effect of N. sativa oil on the selected T cell 
subset percentage in females with rheumatoid arthritis (RA) was investigated. A 
significant decrease was observed in serum high-sensitivity C-reactive protein (hs-
CRP) level and DAS-28 score and there was a decreased number of swollen joints 
compared with baseline and placebo groups. A comparable CD4+T-cell percentage 
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was observed in the N. sativa and placebo groups either in the baseline or at the end 
of the study. The treatment also resulted in a reduction in CD8+, and an increase in 
CD4+CD25+T cell percentage, with the CD4+/CD8+ ratio being observed in the 
treatment group as compared with the placebo (Kheirouri et al. 2016). The effects of 
three different concentrations of each of the ethanolic extract of N. sativa, thymoqui-
none (TQ), dexamethasone, and saline were investigated, and it was observed that 
the ethanolic extract of N. sativa and TQ had cytotoxic activity and immunomodula-
tory effects, especially at the higher concentrations. The highest concentration of N. 
sativa extract increased the IFNγ/IL-4 ratio in both non-stimulated and stimulated 
cells, while the higher concentrations of TQ increased the IFNγ/IL-4 ratio in stimu-
lated cells only (Gholamnezhad et al. 2015). The immunomodulatory effect of N. 
sativa was studied, and it was observed that extracts of N. sativa had an immuno-
stimulating effect on non-PHA (Phytohaemagglutinin)-stimulated proliferation of 
human PBMCs (Peripheral blood mononuclear cells) (Alshatwi 2014).

10.2.6 � Kafoor

Botanical Name Cinnamomum camphora L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Magnoliidae
Order/Family – Laurales/Lauraceae
Genus/species – Cinnamomum/camphora

Vernacular Names
Arabic – Kafoor 
Urdu – Kafoor
English – Camphor tree
Hind – Kapoor   

Kafoor or camphor is a white, crystalline substance with a strong odour and a pun-
gent taste. It is obtained from the wood of camphor laurel and other related trees of 
the laurel family. The Kafoor tree (C. camphora) is found in India, China, Mongolia, 
Taiwan, and Japan, with a variety of this fragrant, evergreen tree being grown in the 
southern United States, especially in Florida (Figure 10.1e) (Frizzo 2000). Kafoor is 
obtained by steam distillation, purification, and sublimation of wood, twigs, and bark 
of the tree (Zuccarini 2009). There are many pharmaceutical activities of Kafoor, 
such as a topical analgesic, and anti-inflammatory, antispasmodic, antiseptic, anti-
pruritic, anti-infective, contraceptive, rubefacient, nasal decongestant, mild expec-
torant, cough suppressant activities, etc. (Chelliah 2008; Zuccarini 2009). Kafoor is 
easily absorbed through the skin and can also be administrated by injection, inhala-
tion, or ingestion (Sydney 1978; Zuccarini 2009). It is used in medicine in prepara-
tions of toothpaste, powder, as a diaphoretic or antiseptic, and to treat hysteria and 
dysmenorrhoea (Kabeeruddin 2009; Jurjani 2010; Lone 2012).
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10.2.6.1 � Evidence-based Research
Immunomodulatory effects of Kafoor and Kakuti (Ziziphora tenuior) were studied, 
and it was found that the extracts had a non-significant macrophage cytotoxicity 
in the dimethylthiazol-diphenyltetrazolium bromide (MTT) cell metabolic activity 
assay (Kanan 2020).

10.2.7 �Z anjabeel

Botanical Name Zingiber officinale Roscoe
Kingdom – Plantae
Division – Magnoliophyta
Class/Sub Class – Liopsida/Zingiberidae
Order – Zingiberales
Family – Zingiberaceae
Genus/species – Zingiber/officinale

Vernacular Names
Arabic – Qafeer, Zanjabeel
Urdu – Sonth, Zanjabeel
Persian – Sahangrez, Zanjabil
English – Ginger
Hindi – Sonth, Adrak
Sanskrit – Naara, Visva, Adraka, Anupama

Zanjabeel (Z. officinale) is an important medicinal plant which is cultivated on a large 
scale in different parts of India, especially in the warm, moist regions, e.g., Chennai, 
Cochin, and Travancore, and, to a somewhat lesser extent, in Bengal and Punjab. It is 
also found at some places in the western Ghats. Ginger requires a warm and humid 
climate. The plant thrives well from sea level up to an altitude of 1500 m in the 
Himalayas, the optimum elevation being between 300 and 900 m. The crop needs 
adequate rainfall and high temperatures during the growing period (Figure 10.1f). 
According to Unani literature, ginger acts as carminative, digestive, expectorant, 
and detergent (Ghani 1921). Many commentators have said that Arabs were pleased 
with drinking wine mixed with ginger, because it made the wine tastier. Now, the 
Holy Qur’an speaks about ‘a cup (of pure drink)’ which is mixed with Zanjabeel, 
but it is obvious that this mixed drink is completely different from that of wine. In 
other words, the difference between these two kinds of drink is as far as the distance 
between this world and the next world (Kabeeruddin 1954, 1994).

10.2.7.1 � Evidence-based Research
Z. officinale has antioxidant activities as it scavenges peroxide and hydroxyl ions, 
as well as suppressing lipid peroxidation (Kabuto 2005). The immunomodulatory 
effects of Z. officinale and some other plant oils were evaluated by studying humoral 
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and cell-mediated immune responses, and it was found that ginger essential oil 
recovered the humoral immune response in immunosuppressed mice (Carrasco et al. 
2009). An in-vitro study was conducted to determine the immunomodulatory effect 
of Z. officinale and it was found that the plant extract inhibited lymphocyte prolifera-
tion, which was mediated by reductions in IL-2 and IL-10 production (Wilasrusmee 
et al. 2002). An aqueous extract of ginger was investigated for immunomodulatory 
effects, and significant increases in the production of IL-1β, IL-6, and TNF-α were 
observed in activated peritoneal mouse macrophages, and increases occurred with 
respect to splenocyte proliferation and cytokine production (Ryu and Kim 2004). 
Ginger rhizome powder was found to be capable of improving non-specific immune 
response in rainbow trout (Haghighi and Rohani 2013). The therapeutic efficacy and 
mechanisms of action of ginger on key immunopathogenic mechanisms was relevant 
to psoriasis treatment (Nurul et al. 2013). The successful isolation of pure bioactive 
compounds from Z. officinale confirmed the traditional use of the plant to stimulate 
the immune system (Tan and Vanitha 2004).

10.2.8 � Anjeer

Botanical Name Ficus carica L.
Kingdom – Plantae
Division – Magnoliophyta
Class – Magnoliopsida
Order – Urticales
Family – Moraceae
Genus – Ficus

Vernacular Names
Arabic – Teen
English – Common Fig, Fig
Indian – Anjir

Anjeer (F. carica) is a large tree or shrub 4.5–9.0 m high, which has been culti-
vated throughout the world since ancient times, both for its decorative purposes as 
well as for the usefulness of its fruit. The plant produces several branches from the 
trunk, and the bark of the tree is grey or dull white, smooth or hairy. The leaves are 
broad, lobed, ovate or nearly orbicular, with a blade 10–20 cm long and petioles 
5.0–7.5 cm long with a rough surface (Figure 10.1g). In classical Unani literature, 
it has been mentioned that fruits of Anjeer can be eaten fresh as well as dried and 
used as jam. It has a high nutrititive value and provides energy to the human body. 
Pharmacologically, Anjeer fruit has diuretic, detergent, laxative, de-obstruent, and 
anti-inflammatory properties, and it can be used in the treatment of chickenpox, 
measles, respiratory diseases, palpitations, etc. (Kabeeruddin 2006; Qamri 2010; 
Khan 2011).
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10.2.8.1 � Evidence-based Research
An ethanolic extract of the leaves of F. carica was assessed for immunomodulatory 
effect and it was revealed that the extract of the leaves had significantly amelio-
rated the cell-mediated and humoral antibody response. The results indicated that 
the extract possessed immunostimulant properties (Patil 2010). Anjeer fruits from 
six commercial fig varieties of different colours (black, red, yellow, or green) were 
evaluated for total polyphenols, total flavonoids, antioxidant capacity, and profile of 
anthocyanins, and it was found that the fruits contained the highest levels of poly-
phenols, flavonoids, and anthocyanins, and exhibited the highest antioxidant capac-
ity (Çalişkan 2011). The antioxidant potential of fig extract was determined by the 
ABTS assay and it was found to be very high (19.8 mg/ml) (Soni et  al. 2014). A 
novel polysaccharide (FCPW80-2) was isolated from F. carica through hot water 
extraction and several chromatographic methods. The results showed that MAPK 
and NF-κB signalling pathways contributed to FCPW80-2-induced macrophage 
activation, so that FCPW80-2 has potential to be used as an immunomodulating 
functional food (Du et al. 2018). Antioxidant activity and the effect on the immune 
response by fermented fig extracts were investigated in mice. It was observed that the 
extracts enhanced immune organ indexes, improved immune organ injuries, helped 
in the production of immune-related cytokines, and improved the histopathological 
state of immune organs (Zhao et al. 2020).

10.2.9 � Mauz

Botanical Name Musa paradisiaca L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/ Subclass – Liliopsida/Zingiberidae
Order/Family – Zingiberales/Musaceae
Genus/Species – Musa/paradisiaca 

Banana (M. paradisia ca) is a very important fruit crop in India. Its accessibility, 
affordability, taste, range, nutritional, and medicinal values make it the favourite 
fruit among all classes of people. Bananas are spread over almost the entire world. 
In India, it is cultivated in particular in Andhra Pradesh, Assam, Gujarat, Jharkhand, 
Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa, Tamil Nadu, and West 
Bengal. It is used as food, medicine (Ilaj Bil Ghiza) for treatment of several diseases, 
like diarrhoea, dysentery, constipation, etc. The fruit is a very rich source of valuable 
phytochemicals, including phenolic compounds and vitamins. (Khare 2007; Imam 
2011; Deepthi 2012; Sampath 2012).

10.2.9.1 � Evidence-based Research
A study was carried out on powdered CandI banana (M. × paradisiaca) extracted 
with ethanol or ethyl acetate in an ultrasonic bath and it was observed that these 
extracts had antioxidant activities which were higher in the ethanolic extract than 
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in the ethyl acetate extract (Laeliocattleya 2018). Flavonoids isolated from peels 
of M. × paradisiaca were investigated for immunomodulatory properties. It was 
revealed that these flavonoids showed dose-dependent increases in antibody titre at 
higher doses, which confirmed the immunomodulatory activities of these flavonoids 
isolated (Abhijit et al. 2017).

10.2.10 � Ber

Botanical Name Ziziphus mauritiana (Lamk.)
Kingdom – Plantae
Division/Subdivision – Magnoliophyta/Angiosperm
Class – Magnoliopsida
Order/ Family – Rosales/Rhamnaceae
Genus – Ziziphus/mauritiana

Vernacular Names
Urdu – Annab, Baer, Ber, Unab, Unnab
Arabic – Annab, Aunnab e hindi, Nabig, Nabiq
Persian – Kanar, Kunar 
English – Chinese Apple, Cottony Jujube, Indian Cherry, Indian Jujube
Hindi – Ber
Sanskrit – Ajapriya, Badara, Karkandhu

Ber (Z. mauritiana) is a very common plant, which is cultivated throughout India and 
other countries on the Indian subcontinent. It is a spiny, evergreen shrub or small tree 
with a height up to 15 m, with a trunk diameter of 40 cm or more, a spreading crown, 
stipular spines, and many drooping branches. It is a multi-purpose tree grown mainly for 
its fruits. Bearing of fruits starts after 6–8 years of growth. The fruit can be eaten fresh 
or dried like dates, candied, salted, or pickled (Figure 10.1h). It can also be used as flour 
meal, paste, juice, syrup, or as a beverage. It may be used in the treatment of insomnia, 
chronic bronchitis, constipation, liver diseases, fever, bronchial asthma, urinary diseases, 
and gastro-intestinal disorders (Mediratta 2002; Tabri 2003; Akassh 2020).

10.2.10.1 � Evidence-based Research
Root of Z. mauritiana were investigated and it was found that the root extract, par-
ticularly that extracted in dichloromethane, had immunomodulatory, cytotoxic, and 
antioxidant activities (Afzal 2017). Twenty-eight varieties of Indian jujube were inves-
tigated for different compounds, e.g., ascorbic acid, total phenolics, flavanols, total 
flavonoids, and dihydric phenol. It was observed that cv. ZG3 was found to exhibit 
the highest DPPH free radical scavenging activity, followed by ‘Katha Phal’ and 
‘Thar Sevika’. Variation in relation to their phenolic content and antioxidant activ-
ity among the genotypes was also observed (Krishna 2013). Ficus religiosa (sacred 
fig) and Z. mauritiana were investigated for immunostimulatory effect and it was 
found that both extracts in higher doses increased paw oedema in comparison with 
the control group. This revealed the immunostimulatory effect of the selected plant 
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extracts on the cell-mediated immune response (Maity et al. 2012). The aqueous or 
ethanolic extracts of Z. mauritiana seed were studied for immunomodulatory activi-
ties, with results indicating that up-regulation of cell-mediated humoral immune 
response, as well as in Th-1-mediated cytokine IFN-gamma levels, and decreases 
in Th-2-mediated cytokine IL-4 were the most significant changes (Mishra 2010).

10.2.11 �R ehan

Botanical Name Ocimum sanctum L.
Kingdom/ Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Asteridae
Order/Family – Lamiales/Lamiaceae
Genus/species – Ocimum/sanctum

Vernacular Names
Urdu – Rehaan
Arabic – Rehan
Persian – Jasaspermum 
English – Holy Basil, Sweet Basil
Hindi – Tulsi
Sanskrit – Tulsipatr, Tulsidal, Vrinda

Rehan (O. sanctum) is a tropical plant which grows as a weed or is cultivated. Rehan 
or Tulsi is worshipped by Hindus and is considered to be very important in the Hindu 
faith. It is a branched, fragrant, and erect herb which has hairs all over. Mature plants 
may grow up to a height of 75–90 cm (Figure 10.1i). Different parts (leaves, stems, 
flowers, roots, seeds, and even whole plants) of Tulsi have been used widely by the 
traditional medical practitioners for the treatment of various diseases in their day-to-
day practice, such as malaria, bronchial asthma, bronchitis, diarrhoea, chronic fever, 
dysentery, arthritis, skin diseases, painful eye diseases, insect bite, etc. (Anonymous 
1989; Hakeem 2002; Zaidi 2011; Gupta 2018).

10.2.11.1 � Evidence-based Research
O. sanctum seed oil was evaluated for immunomodulatory activity in both non-
stressed and stressed animals, and it was revealed that O. sanctum seed oil modu-
lated humoral and cell-mediated immune sensitivity (Mediratta 2002). An aqueous 
extract of O. sanctum leaves has shown immunotherapeutic potential in sub-clinical 
trials, and there was a reduction in the total bacterial count, and an increase in neu-
trophils and lymphocytes with good phagocytic activity (Mukherjee 2005). Aqueous 
and ethanolic extracts of O. sanctum leaves were evaluated for immunomodulatory 
activity, which stimulated both specific and non-specific responses assessed by the 
Haemagglutination Antibody (HA) titre assay, the neutrophil adhesion test, and the 
Delayed Type Hypersensitivity (DTH) test (Das et al. 2015). The aqueous or metha-
nolic extracts of O. sanctum leaves produced clinically significant immunostimu-
lation of the humoral immunological response (Godhwani 1988). Methanolic and 
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aqueous extracts of O. sanctum leaves exhibited immunoregulatory activity (Kelm 
2000; Dashputre 2010). Aqueous leaf extracts of O. sanctum were investigated 
in vitro and in vivo for immunomodulatory activity and it was observed that the 
extract increased the DTH response, the TLC (Total Leukocyte Count) and the DLC 
(Differential Leukocyte Count) count significantly, with the extract at 200 mg/kg 
bodyweight showing only a significant effect but a dose of 400 mg/kg and the stan-
dard treatment showing highly significant effects, compared with the control group 
(Venkatachalam 2013). A study was conducted to compare the immunomodulatory 
effects of O. sanctum with those of Ocimum basilicum in mice and it was observed 
that neither preparation caused any mortality or any signs of behavioural changes 
or toxicity at the dose level of 2000 mg/kg bodyweight in mice, but O. sanctum 
improved the DTH reaction in mice in T cell-dependent antigen response, which 
may be due to the stimulatory effect of O. sanctum on T cells (Jeba 2013).

10.2.12 � Peepal

Botanical name Ficus religiosa L.
Kingdom/Subkingdom – Plantae/Viridaeplantae
Class/Subclass – Magnoliopsida/Dilleniidae
Order/Family – Urticales/Moraceae
Genus/species – Ficus/religiosa

Vernacular Names
Hindi – Pipli, Papal, Pipar
Sanskrit – Asvattha
English – Peepal Tree, Sacred Fig

Peepal (F. religiosa) is one of the oldest trees mentioned in Indian literature. The tree 
is described in the holy books of Hinduism, such as Arthasastra, Puranas, Upanishads, 
Ramayana, Mahabharata, and Bhagavad Geeta, and in Buddhist literature. The tree 
is native to India and is believed to have originated mainly in northern and eastern 
India. It is also grown in neighbouring countries, like Bangladesh, Pakistan, Nepal, 
Sri Lanka, and China. The tree grows very large, with wide spreading branches and 
brown-coloured bark. The plant has thin shiny leaves and the fruit is flattened and 
circular in shape (Figure 10.2a). Young immature leaves are reddish-pink in colour, 
turning deep green on maturity. Fruits are known to cure various diseases, such as 
bronchial asthma and digestive disorders. The leaves are effective in the treatment 
of different diseases like hiccoughs, vomiting, gonorrhoea etc. The bark also shows 
beneficial effects with respect to diseases such as diarrhoea, dysentery, inflamma-
tion, bacterial infections, paralysis, and bleeding (Azmi 1995; Anonymous 2006).

10.2.12.1 � Evidence-based Research
An alcoholic extract of the bark of F. religiosa was investigated for immunomodula-
tory activity and it was observed that the extract ameliorated both the cell-mediated 
and the humoral antibody response to a great degree. It was concluded that the 
extract possessed promising immunostimulant properties (Mallurvar 2008). The 
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aqueous extract of F. religiosa reduced oxidative stress in rats with experimentally 
induced type 2 diabetes (You 2006).

10.2.13 � Bael

Botanical Name Aegle marmelos (L.) Correa
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Rosidae
Order/Family – Sapindales/Rutaceae
Genus/Species – Aegle/marmelos

Vernacular Names
Urdu – Bel
English – Apple wood, Bengal Quince, Golden Apple, Japanese Orange

FIGURE 10.2  Sacred medicinal plants for a strong immune system: (a) Ficus religiosa – 
Peepal, (b) Aegle marmelos – Bael, (c) Santalum album – Sandal, (d) Cannabis sativa – Qinnab, 
(e) Saraca asoca – Ashok, (f) Nordostachys jatamansi – Sumbul ut Teeb, (g) Hyossopus offi-
cinalis – Zoofa, (h) Areca catechu – Foful, and (i) Nymphaea alba – Nilofar.
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Hindi – Sir Phal, Bel
Sanskrit – Shree Phal, Bilva, Asholam
Gujrati – Billi (Baghdadi 2005)

Bael (A. marmelos) is a very common spiritual and religious plant, which is a native 
of India and Bangladesh but is cultivated throughout SouthEast Asia. Bael is sweet, 
aromatic, and astringent in nature (Bashir et al. 2018). It is one of the few Unani 
plants where all the different parts, from roots to leaves, are used for medicinal 
purposes against different diseases (Figure 10.2b). Due to its digestive and carmina-
tive properties, it is used for curing chronic diarrhoea and dysentery. It is also used 
to treat intermittent fevers and heart disorders (Bashir et al. 2018; Bhar et al. 2019).

10.2.13.1 � Evidence-based Research
A study was carried out to assess the immunomodulatory activity of a methanolic 
extract of A. marmelos fruit in an experimental model of immunity. The results showed 
that the fruit extract at 100 and 500 mg/kg bodyweight produced significant increases 
in adhesion of neutrophils and an increase in phagocytic index in the carbon clearance 
assay in the test animals (Patel et al. 2010). Pratheepa and colleagues carried out a 
study where fish were challenged with pathogens through the water medium for thirty 
days and the immunomodulatory effect of the A. marmelos leaf extract was evaluated 
on blood samples every five days until fifteen days after infection. The results obtained 
from the study showed that the dosage of 25 g leaf extract/kg of feed was found to be 
capable of achieving the optimum immune response (Pratheepa et al. 2011).

10.2.14 �N eem

Botanical Name Azadirachta indica
Kingdom/Subkingdom – Plantae/Tracheobionta
Order/Suborder – Rutales/Rutinae
Family/Subfamily – Meliaceae/Melioideae
Genus/Species – Azadirachta/indica

Vernacular Names
Urdu – Neem
Sanskrit – Nimbah, Arista, Arkapadapa
English – Indian lilac, Margosa tree
Tamil – Vepamaram, Vemu, Vembu
Hindi – Balnimb, Nim, Neem, Nimb
Persian – Azad Darakth-e-Hind, Nib, Neeb

Neem (A. indica) is a popular, evergreen tree, which is found commonly in India, 
Africa, and USA. It grows to a height of 12–18 m, with a girth of 1.8–2.4 m. Its 
straight, long, and spreading branches form a broad crown. (Brahmachari 2004) The 
leaves are alternate, imparipinnate, and 20–38 cm long. The leaflets are 8–19 cm 
long, alternate or opposite, and the fruit is one seeded. Neem is used in Ayurveda, 
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Unani, homoeopathy, and modern medicine for the treatment of many infectious, 
metabolic, or cancer diseases. It is a multipurpose tree with immense potential. It 
possesses more useful non-wood products (leaves, bark, flowers, fruits, seed, gum, 
oil, and neem cake) than any other tree in India. Various properties of Neem have 
been mentioned in classical Unani literature, such as antiseptic, antipyretic, antitus-
sive, cicatrizant, carminative, etc., which can be used to treat skin diseases, arthritis, 
dropsy, earache, and other diseases (Ahmedullah 1999).

10.2.14.1 � Evidence-based Research
An aqueous extract of the flowers of A. indica was evaluated for immunomodulatory 
activity on humoral and cell-mediated immune response to ovalbumin. Treatment 
with the extract showed a significant increase in phagocytic index, which reflects 
activation of the reticulo-endothelial system through release of the mediators. The 
extract also resulted in an increase in antibody titre against ovalbumin, with a signifi-
cant effect on stimulation of T cells at the dose of 400 mg/kg bodyweight (Abhishek 
2009). It was confirmed that a methanolic extract of the leaves of A. indica exhibited 
antioxidant activity (Pokhrel 2015). A study was conducted to evaluate the immuno-
modulatory effects of Neem oil in experimental animals, which revealed that Neem 
oil works as a non-specific immunostimulant by selectively activating the CMI (Cell-
Mediated Immunity) mechanisms (Upadhyay et al. 1992). NIM-76, a volatile fraction 
from Neem oil, was assessed for its immunomodulatory properties and it was found 
that NIM-76 acts through cell-mediated mechanisms by activating macrophages and 
lymphocytes (Ram et al. 1997). An aqueous extract of the stem bark of A. indica 
showed strong anticomplement effects, which were dose- and time-dependent and 
most pronounced in the classical complement pathway assay (Van der Nat et  al. 
1987). The growth-promoting and immunomodulatory effect of a Neem leaf infusion 
was evaluated on broilers and it was observed that the Neem infusion significantly 
increased antibody titre, growth performance, and gross return (Durrani et al. 2008).

10.2.15 �S andal

Botanical Name Santalum album
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Rosidae
Order/Family – Santalales/Santalaceae
Genus/species – Santalum/album

Vernacular Names
Arabic – Khashab ul Sandal
English – Sandalwood
Hindi – Chandan
Persian – Chob Sandal
Sanskrit – Shrigandha
Urdu – Sandal
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Sandal (S. album) is one of the most precious trees in the world, with great sacred 
value. Ancient history reveals that sandalwood has been referred to in Indian 
mythology, folklore, and ancient scriptures. The finest sandalwood grows in the dri-
est regions, mainly on red or stony ground; on rocky ground, the tree often remains 
small but gives the highest yield of oil. It is an evergreen tree that grows up to 20 m, 
attaining a girth of up to 2.4 m, with slender drooping branchlets (Figure 10.2c). A 
wide range of articles, such as boxes, jewel cases, picture frames, combs, pen hold-
ers, card cases, hand fans, and bookmarks, are made from sandalwood. As medicine, 
sandalwood is regarded as a coolant, sedative, astringent, and disinfectant in the 
genitourinary and bronchial tracts, and as a diuretic, expectorant, and stimulant. The 
wood, root, bark, and leaves of the tree are used to treat liver diseases, such as jaun-
dice, by the tribal healers (Duke 2002). It is used by the Jews, the Buddhists, and the 
Hindus, as well as adherents to almost every other belief system for its vast diversity 
of attributes (Joshi 2003; Sina 2010; Arun 2012).

10.2.15.1 � Evidence-based Research
The FRAP (Ferric Reducing Antioxidant Power Assay) antioxidant assay of an 
aqueous extract of S. album confirmed the antioxidant activity of the plant (Shamsi 
et al. 2014).

10.2.16 � Qinnab

Botanical Name Cannabis sativa
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Hamamelididae
Order/Family – Rosales/Cannabaceae
Genus/Species – Cannabis/sativa

Vernacular Names (Kalam 2020)
Arabic – Banj, Qinnab, Warq al-Khiyal
Persian – Bang, Hashish, Falaksair, Arshnuma, Falaktaz, Kinnab
Bengali – Bhang
English – Indian hemp.
Gujarati – Bhang, Gajna
Hindi – Bhang, Bhanga, Ganja, Charas, Shiv Booti

Qinnab (C. sativa) is a native of Persia, western and Central Asia. Nowadays, it is 
cultivated all over India and is wild in the western Himalayas from Kashmir to East 
of Assam. The drug is mentioned in early Hindu and Chinese works on medicine. 
It is an erect, much-branched 40–75 cm tall herb, which commonly grows along 
roadsides and on waste ground. The leaves have a strong, characteristic odour, with 
a somewhat acrid and pungent taste (Figure 10.2d). Because of its soothing proper-
ties, it is effectively used for the treatment of diseases related to the brain and nerves 
(Samarqandi 1906; Killestein 2003).
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10.2.16.1 � Evidence-based Research
Cannabidiol is one of the key pharmacologically active compounds of C. sativa. 
It was clinically tested on patients suffering from multiple sclerosis, and a mod-
est increase in TNF-alpha in lipopolysaccharide (LPS)-stimulated whole blood was 
found in the treatment group, although no changes in other cytokines were observed 
(Killestein 2003). Cannabidiol protects lipids and proteins against oxidative stress 
damage by modulating the level of oxidative stress, by participating in cell signalling 
pathways (Atalay 2019).

10.2.17 � Ashok

Botanical Name Saraca asoca L.
Kingdom/Subkingdom – Plantae/Tracheophyta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class – Magnoliopsida
Order/Family – Fabales/Fabaceae
Genus/Species – Saraca/asoca

Vernacular Names
Urdu – Ashok Chaal
Bengali – Asok, Asoka
English – Asoka Tree.
Gujarati – Ashopalava
Hindi – Ashok, Asok
Sanskrit – Apashoka, Ashok, Chitra, Doshahari, Gandhapushpa

Ashok (S. asoca) is a medium-sized, evergreen tree with glabrous branches. It is 
generally found in hilly areas of Assam, West Bengal, and the western Ghats of 
Maharashtra in India. The leaves are pinnate and rigidly coracious (Figure 10.2e). 
Moist and well-drained soil is very suitable for the growth of the plant. It is a moder-
ately shade-loving tree. The bark of the plant has been described in classical Unani 
literature as a uterine tonic, antimenorrhagic, refrigerant, vermicidal, nervine tonic, 
and anti-inflammatory, which may be used in uterine debility, leucorrhoea, etc. 
(Kabiruddin YNM; Kirtikar 1991; Rushd 1997; Tariq 2010).

10.2.17.1 � Evidence-based Research
A methanol extract of the bark of S. asoca showed the highest radical scaveng-
ing activity, using the DPPH assay, at a concentration of 200 µg/µl, which confirms 
the antioxidant activity of plant extracts of S. asoca (Mohan 2016). The antioxi-
dant potential of the petroleum ether, ethyl acetate, benzene, ethanol, and metha-
nol extracts of the flowers of S. asoca was also evaluated. The results showed that 
ethanol extract of the flowers of the plant exhibited the highest antioxidant activity 
(Tresina et al. 2018).
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10.2.18 �S umbul-ut Teeb

Botanical name Nardostachys jatamansi (D. Don) DC
Kingdom – Plantae
Division – Mangnoliophyta
Class – Mangnoliopsida
Order – Dipsacales
Family – Caprifoliaceae
Genus – Nardostachys

Vernacular Names
Urdu – Sumbul-ut-teeb, Balchar
Arabic – Sumbul-ut-teeb
Persian – Sumbul-ut Teeb
English – Muskroot, Indian Spikenard, Spikenard
Hindi – Balchar, Balchir, Jatamansi
Sanskrit – Mansi, jati, jatila Jatamansi, Janani Jatamansi

Sumbul-ut Teeb (N. jatamansi) is a perennial plant commonly cultivated in the hilly 
regions of Himachal Pradesh, Sikkim, Uttaranchal, and Jammu and Kashmir. The 
plant is up to 60 cm in height, with long woody rootstocks. Dark grey rhizomes are 
crowned with reddish brown tufted fibres internally. These rhizomes are elongated 
and cylindrical in shape, from 2.5 to 7.5 cm in length (Muzafar 2017). The radical and 
elongated leaves are sessile, oblong, or sub-ovate (Figure 10.2f). Flowers are pale pink 
or blue in colour. According to classical Unani literature, Sumbul-ut Teeb acts as an 
emmenogogue, carminative, diuretic, cardiotonic, and brain tonic and can be used to 
treat insomnia, hypertension, asthma, and epilepsy (Razi 1991; Rizwan 2010).

10.2.18.1 � Evidence-based Research
A methanolic extract of Sumbul-ut Teeb exhibited antioxidant activity, using the 
FRAP (10.18 mg ascorbic acid equivalent (AAE)/100 g dry weight, DW) and ABTS 
assays (4.87 mg AAE/100 g DW); on the other hand, the 2,2-diphenyl-1-picrylhydra-
zyl (DPPH) assay showed significantly higher antioxidant activity (5.84 mg AAE/100 
g DW; Bhatt et al. 2012). The antioxidant activity of the essential oil and of differ-
ent extracts of N. jatamansi roots, measured by DPPH radical scavenging and the 
chelation power assay, showed that the methanolic extract had definite antioxidant 
properties, which may be due to the presence of high concentrations of polyphenols 
and flavonoids (Sakshima et al. 2014).

10.2.19 �Z oofa

Botanical Name Hyssopus officinalis L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
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Class/Subclass – Magnoliopsida/Asteridae
Order/Family – Lamiales/Lamiaceae
Genus/Species – Hyssopus/officinalis

Vernacular Names
Urdu – Zufa khushk
Sanskrit – Jupha
Persian – Ushnan-e Dawood
Hindi – Zupha
English – Hyssop, Holy herb

Zoofa (H. officinalis) is an aromatic perennial plant which is found in the western 
Himalayan region from Kashmir to Kumaun. It grows to a height of 120 cm. The 
plant has been used for culinary and medicinal purposes since ancient times. The 
plant leaves are often used for their minty flavour and as a condiment in the food 
industry (Figure 10.2g). The oil extracted from the aerial part of the plant is used 
as a flavouring agent for alcoholic beverages and meat products. The benefits of 
Hyssop have been documented in the primary texts of Christianity and Judaism. 
Medicinally, it is used as a carminative, tonic, antiseptic, expectorant, and cough 
reliever (Rafeequddin 1985; Fathiazad 2011).

10.2.19.1 � Evidence-based Research
The antioxidant activity of an ethanolic extract of Zoofa (H. officinalis) was 
determined and it was found that appreciable antioxidant activity was present 
in the extract as assayed by DPPH radical scavenging test, the Trolox equivalent 
antioxidant capacity assay, the electron paramagnetic resonance radical detection 
assay, and the haemoglobin ascorbate peroxidase activity inhibition assay (Vlase 
et al. 2014).

10.2.20 �F oful

Botanical Name Areca catechu L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Liliopsida/Arecidae
Order/Family – Arecales/Arecaceae
Genus/species – Areca/catechu

Vernacular Names
Urdu – Chalia, Supari
Arabic – Fufal, Fofal
English – Betel Palm
Hindi – Supari
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Persian – Popal
Sanskrit – Ghonta, Kramuka, Gubak, Poogaphalam
Unani – Fufal, Chhalia, Supari (Anonymous 2007)

Foful (A. catechu) is a tree of up to 20 m in height, found on plains and hilly regions. 
In India, it is commercially cultivated on the western Coast, West Bengal, and Assam. 
The nut has a rounded cone-shape, 2–3 cm in height (Figure 10.2h). Its seeds can be 
used to strengthen the teeth and gums, can act as an anthelmintic, and improves the 
digestive system as it is both a digestive and a stimulant (Anonymous 2007; Rashid 
et al. 2015).

10.2.20.1 � Evidence-based Research
An experimental study conducted on rats showed that areca nut extract increased 
the number of while blood cells (WBCs) and improved the activity and capacity of 
macrophages in rats infected with the bacterium Staphylococcus aureus. The immu-
nomodulatory ability may be due to the presence of phytochemicals in the areca nut 
(Sari et al. 2020).

10.2.21 �N ilofar

Botanical Name Nymphaea alba L.
Kingdom/Subkingdom – Plantae/Tracheobionta
Superdivision/Division – Spermatophyta/Magnoliophyta
Class/Subclass – Magnoliopsida/Magnoliidae
Order/Family – Nymphaeales/Nymphaeaceae
Genus/Species – Nymphaea/alba

Vernacular Names
Urdu – Nilofar
Hindi – Nilkamal, Nilpadma
English – European White Water lily, White lotus
Tamil – Karuneythal
Bengali – Nilshapla, Nilpadma
Gujarati – Nilkamal
Tamil – Karuneythal

Nilofar (N. alba) is a perennial aquatic plant which is found in ponds and lakes 
in Bangladesh, Africa, and warmer parts of India (Figure 10.2i). It is an impor-
tant and well-known medicinal plant, which has been advocated by various 
systems of medicine, like Unani, Ayurveda, and Siddha, for the treatment of dia-
betes, inflammation, liver disorders, urinary disorders, menorrhagia, menstrual 
problems, and as an aphrodisiac, brain tonic, and cardiotonic (Doli et al. 2012; 
Lakshmi 2013).
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10.2.21.1 � Evidence-based Research
An ethanolic extract of the rhizomes of Nilofar (N. alba) has shown significant anti-
oxidant activity, which may be due to the presence of tannins and other phenolic 
compounds (Bose 2012). Aqueous and ethanolic extracts of the flowers of N. alba 
were investigated for antioxidant ability by performing the DPPH radical scavenging 
assay, the hydroxyl radical scavenging assay, and the nitric oxide scavenging assay. 
The results of all three assays concluded that ethanolic extract of N. alba had signifi-
cant antioxidant activity in comparison with the aqueous extract (Madhusudhanan 
et al. 2011).

More information related to sacred medicinal plants is presented in Table 10.1.

10.4 � CONCLUSION AND FUTURE PERSPECTIVES

Different plants have long been believed to be sacred by communities all over the 
world. Various religions have different religious books, describing plants for the 
maintenance and the preservation of health. India has a very extensive and diverse 
flora, which has a special place in our rituals, worship, myths, epics, and daily life. 
Diseases are cured in two ways in Islam: cure of the soul through prayers and cure of 
ailments through medicines. The Holy Qur’an described the importance of different 
plants for treating various ailments. Khajoor (P. dactylifera) has the greatest num-
ber of references in The Holy Book. Many food products are prepared from dates 
these days. Zaitoon (O. europaea) also has many references in the Holy Qur’an and 
Ahadith. In the Holy Qur’an it is mentioned: ‘Your God is that who has made dif-
ferent kinds of orchids and gardens for you, those have colourful crops of Khajoor, 
Zaitoon and Anar/Rumman. Eat these fruits when ripe but keep the share for poor 
relatives and the needy and do not waste them’. (Holy Qur’an: 141, Surah- Al-Anam). 
Lord Buddha meditated on the path to enlightenment under Peepal (F. religiosa); 
Sita sheltered in a grove of Ashok (S. asoca), when she was detained by Ravana, 
and no Hindu household is considered complete without Tulsi (O. sanctum), with the 
leaves of Bael (A. marmelos) being used for the worship of Shiva.

The need for exploration of such useful data from the Holy Qur’an, Ahadith, 
Vedas, and the Bible has long been felt, with the increasing need for drugs, medi-
cines, and other useful products. This approach was adopted to record the medicinal 
uses of sacred plants for the welfare of human beings.

This chapter may supply the scientific knowledge of the medicinal plants men-
tioned in the Holy Qur’an, Vedas, and other religious books to the botanists prac-
tising both basic and applied aspects of plant research. This may ensure essential 
ethno-pharmacological investigations of most of these plants and may correlate 
botanical clarification with the unique sacred books or may denote an additional 
biological theme to the list of important independent subjects learned from the Holy 
book.

Various uses of sacred plants for food and animal feed, folk medicine, and for nor-
mal life are reported in more than one verse in the Holy Qur’an and other religious 
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books. The scientific studies of these sacred plants have shown the promising effect 
in many cases to be immunomodulatory, antioxidant, and tonic in nature. In addi-
tion, these sacred plants also possess other properties, such as anti-inflammatory, 
analgesic, antipyretic, blood purifier, haemopoietic, wound healing, antifungal activ-
ity, anticancer, and antidiabetic, etc., which have been confirmed by modern scien-
tific research.

Although the research data of many eminent researchers have been included in 
this document, many gaps still remain to be filled, but we hope that this chapter 
will inspire future scientists and research scholars to take up the task of preserving, 
documenting, and re-establishing sacred groves to a new level, supported by scien-
tific evidence. These findings may reach the great masses living in the Urban areas. 
This will also benefit the underprivileged persons residing in the remote areas of the 
world where it is difficult to buy expensive medicines.
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11.1 � INTRODUCTION

The survival of human beings is greatly influenced by the defensive mechanism 
of the immune system against various types of harmful pathogens and some of 
the elements. The immune system potentially helps the host cells to prevent the 
entry of microorganisms and the development of major health issues like cancer 
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(Mak et  al. 2014). The occurrence of defects in the immune system leads to 
response impairment against various infectious agents and cancer. Both extrin-
sic and intrinsic pathways heavily influence the impairment of the immune sys-
tem. Some of the pathogens, including human immunodeficiency virus or the 
advanced stage of some of the chronic diseases, may cause impairments (Chinen 
and Shearer 2010; Abbas et  al. 2016). Several medical systems, like Chinese 
traditional medicine, traditional Thai medicine, African traditional medicine, 
along with Indian traditional medicine, are currently practiced all around the 
world by using potential medicinal plants for treating the diseases. In particular, 
microbial infections, insect, and reptile bites are well treated through the use of 
available medicinal plants. Due to the range and diversity of the various second-
ary plant metabolites, herbal remedies are also strongly involved in the develop-
ment of conventional drugs. Most secondary metabolites are significantly active 
as potent immunomodulators and improve cell- and humoral-mediated immu-
nity. Secondary metabolites with immunomodulatory properties induce immune 
modulation in organisms and trigger immune system stimulation against a vari-
ety of harmful pathogenic microbial infections. Similarly, they also cause the 
activation of specialized cells, such as macrophages, natural killer (NK) cells, 
and granulocytes, subsequently activating the production of cytokines. These 
cytokines are of core importance for the enhancement of immune response 
(Lesourd 2006; Vigila and Baskaran 2008). For example, the plant extract of 
Mentha longifolia (mint) has been extensively used in the pharmaceutical indus-
try and in the food and chemical industries. It has potent activities, including 
antimicrobial, antioxidant, and immunomodulatory effects, with no side effects 
(Mikaili et al. 2013).

Many plant-derived compounds have been identified from their source plant and 
their structure elucidated and subsequently used as potential lead molecules for the 
development of commercial, single-chemical drugs to treat a number of diseases. 
For example, the widely used drug aspirin was purified from the willow tree bark 
extract and used as an important painkiller and antipyretic activity (Dias et al. 2012). 
The major bioactive components of traditionally used plants, including quinine and 
opium, are commonly used as powerful drug molecules for the treatment of several 
diseases (Wadood et al. 2013). As a consequence of the successful use of medici-
nal plants for an extended period into the current day has resulted in a number of 
researchers focusing on plant-derived lead molecules that have immunomodulating 
effects to find and develop novel and effective drug molecules to reduce the usage 
of toxic synthetic chemicals and to reduce the high risk of many chronic diseases. A 
wide variety of secondary plant metabolites, including flavonoids, terpenoids, phe-
nolics, and curcumins, have potent effects in inhibiting DNA synthesis and stimu-
lating the action of several protective enzymes, such as phase II enzymes. Many 
medicinal plants are rich in antioxidant molecules that provide efficient protection 
against chronic disease, maintain low-density lipoprotein (LDL)-cholesterol, and 
also inhibit both lipoxygenase and cyclooxygenase enzymes to prevent lipid per-
oxidation (Kyo et al. 2001; Gebreyohannes and Gebreyohannes 2013). This support 
from the scientific literature provides support for herbal medicines and their effective 
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action against a variety of infectious diseases as an effective alternative approach to 
current chemotherapy (Dutt 2013). Moreover, it is well known that plant compounds 
with immunomodulatory effects may also act as highly effective adjuvants to vac-
cines (Wilson and Warise 2008). Hence, this present book chapter describes the vari-
ous plant-derived immunomodulatory compounds and their source, mode of action, 
and their crucial role in immune response to stimulate the immune system.

11.2 � ROLES OF MEDICINAL PLANTS

11.2.1 �R ole in Modern Medicine

In recent years, medicinal plants are often used as the alternative healthcare system 
in both developing and developed countries. The mixture of natural compounds 
primarily derived from plants has great potential to treat a wide range of diseases. 
However, owing to poor absorption, herbal medicines have less effectiveness than 
other modern, synthetic medicines (Gauttam et al. 2003; Sagar et al. 2005). WHO 
(the World Health Organization) states that about 80% of the world population 
have been using medicinal plants in the traditional herbal medicine herbal medi-
cine system for primary health care. The evaluation of modern drugs since the 
beginning of the 19th century led to the isolation of the first active compound, 
morphine, purified from the opium poppy by a German pharmacist, followed by 
the isolation and characterization of a number of plant-based compounds as effec-
tive molecules (Hamilton et al. 2000; Joo et al. 2014). Among them, a number are 
still used in traditional medicine. After the invention of advanced chemical tech-
nologies, the development of synthetic compounds has significantly reduced the 
usage and importance of natural products, although natural products are still used 
to find potent novel lead molecules in the treatment of cancer, hypertension, and 
other diseases (Newman et  al. 2003). The identification of novel lead molecules 
in most of the pharmaceutical companies is well developed, with high-throughput 
synthesis and combinatorial chemistry-based approaches since the 1980s. Some of 
the pharma industries are facing challenges to develop novel drugs, and, over recent 
decades, they have focused their attention on natural products for the development 
of novel drugs with help of modern technology, including high-throughput screen-
ing (Zhu et al. 2012; Ngo et al. 2013).

11.2.2 �R ole in Traditional Chinese Medicine

In addition to Ayurveda and Siddha, Chinese medicine plays a significant role in 
boosting the immune system and its activity and function. Traditional Chinese medi-
cine was considered to be the most advanced medical science in the late 17th century, 
and around 12,000 medical classics were distributed through China. In the Chinese 
medicinal system, several surgeries were practised, like Ayurveda, though, in recent 
years, only acupuncture and herbal-based therapy are used as major branches of 
the Chinese medicine system. Basically, two important therapeutic approaches have 
attracted particular attention in the field of complementary and alternative medicine. 
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The combination of one or more herbs in a single formulation was one of the most 
prominent steps in Chinese medicine. The ‘Theory of the Five Elements’ is widely 
used in Chinese medicine to describe the relationship between the human body and 
the five elemental qualities, namely earth, metal, water, wood, and fire. Before the 
20th century, Chinese medicine was intensively used for the treatment of various 
pathological diseases (Xue 1991; Zhang et al. 1996).

Several studies demonstrated that Chinese medicines are highly effective at 
stimulation of the immune system. Wang et al. (2015) reported that the polysaccha-
rides isolated from the medicinal plant ginseng (Panax ginseng) exhibited anticancer 
properties and also had the ability to improve the size of the organs associated with 
the immune system; for instance, PGFP1 is a polysaccharide from Panax ginseng 
with potent inhibitory activity in cancer-bearing mice, which reduced the size of the 
spleen and thymus, also suppressing lipopolysaccharide (LPS) or Concanavalin-A 
(ConA) -mediated T cell proliferation. The interactions between several compounds 
in Chinese herbal medicine result in good therapeutic effects, so that the isolation 
and purification of major active compounds from herbal plant preparations are 
carefully studied both in preclinical and clinical trials to develop potent novel anti-
cancer natural compounds (Zhou et al. 2014). Polysaccharides are among the most 
important active molecules used in Chinese medicine, with significant anticancer 
and immune-enhancing properties with fewer side effects, hence the significance of 
polysaccharides in the widely used Chinese medicine system.

11.2.3 �R ole in Ayurveda

Ayurveda is one of the oldest traditional medicinal systems in India, which has been 
applied and organized since around 1500 BC. The system of Ayurveda is literally 
defined as the ‘Science of Life’ and contains 114 hymns and their associated formu-
lations for the management of a number of diseases. Two major schools, Dhanvantari 
Sampradaya and Atreya Sampradaya, have been nurtured and have gathered the 
knowledge of Ayurveda over the centuries. The school Atreya Sampradaya represents 
the compilation of Charaka Samhita with another school of medicine and surgery 
(Sushruta Samhita). More than one thousand five hundred plant-derived molecules 
and potent molecules from animal and mineral sources have been described in this 
medical system. Since the medieval period, only the Ayurveda medicine system 
existed in the Indian sub-continent for healthcare requirements, and that period is 
considered to be the golden period of Ayurveda. In the 20th century, the system 
of Ayurveda received official recognition and a national healthcare network, based 
on Ayurveda was set up to treat various diseases. After independence, the Indian 
Government initiated several procedures to enhance the position of Ayurveda as 
a major health system. Recently, several colleges and hospitals for Ayurveda have 
been established, regulating the education and registration of Ayurveda, Siddha, and 
Unani systems of medicine. The use of medicinal plants in the Ayurvedic system has 
a strong effect on the body and activates the immune system. The classical prepa-
rations of Ayurvedic medicines are 90% made from plants with combinations of 
several plant products for optimal effect. Studies have demonstrated that, compared 



305Molecular Features of Potential Herbal Products﻿

with a single herbal formulation, the polyherbal preparation shows a longer-lasting 
effect. Approximately thirty plant species are used in a polyherbal combination in 
the Ayurveda system of medicine and the major active components are accurately 
combined in such a way as to make an effective formulation. In the polyherbal 
formulation, one or more constituents plays the main role and others will support 
and show different properties, or, in some cases, act as a catalyst for the proper 
absorption and transportation of major active molecules, to reduce the toxic effects. 
Generally, the Ayurvedic formulations are safer and show fewer side effects (Kurup 
2004; Ravishankar and Shukla 2007).

For instance, the widely used plants, such as pippali, tulsi, and guduchi, show 
strong and potent activity against infectious diseases. All the plant parts, including 
leaves, flowers, bark, roots, and seed are selected, with the selection of a specific 
part of the plant also being important for the development of a good formulation. 
A particular combination of the plant parts results in the formulation achieving the 
greatest effect (Jagetia 2004). Polyherbal formulations have the potential to enhance 
their therapeutic effects compared to single plant products, with this interactive 
phenomenon being called synergy. Most of the active components of medicinal 
plants and some in the herb extract have potent pharmacological actions. There 
are two basic mechanisms of synergistic action, namely pharmacokinetic syn-
ergy and pharmacodynamic synergy, which have been employed to facilitate the 
ADME (absorption, distribution, metabolism, and elimination) properties of the 
active plant molecules (Parasuraman et al. 2014). Later, this synergistic effect of 
molecules can be exploited to target similar receptors. Several factors are involved 
in most of the disease-oriented pathways, the polyherbal formulation targetting the 
multiple receptors at the same time, thus providing lasting relief (Chorgade 2007). 
Most of the conventional medicines are preferably administered after food, but, 
in Ayurveda, medications are directed to be taken on an empty stomach, with the 
absorption of drugs occurring as part of normal metabolism. The most advanced 
scientific techniques are used for the identification and characterization of major 
active compounds from the polyherbal formulation. A combination of three herbs, 
like long pepper, black pepper, and ginger, significantly improves their mucus-
reducing effects, whereas another combination, of neem and ginger, positively off-
sets any extreme effects (Ponnusankar et al. 2011).

11.2.4 �R ole in Siddha

The medicinal practice belonging to the Siddha system is considered to be a great 
achievement of Tamil culture, which is derived from Dravidian culture and prac-
ticed in the time of the civilization of the Indus Valley, Chinese culture, and Taoism. 
Since ancient times, the Siddha system of medicine combines proper diet and health 
measures (Ajmal et al. 2017). In Tamil culture, Siddha categorized human diseases 
into 4448 different types, and used medicinal plants as the main source by which to 
treat different types of diseases. Medicinal plants greatly influence the characteristic 
features of physiology and have been used to alleviate the effect on the number of 
pathophysiological states of immunity and immunomodulatory for more than several 
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centuries in the history of medicine. The potent immunomodulator can significantly 
influence the immune system components and its associated function in either spe-
cific or non-specific ways, including both immune responses (innate and adaptive) 
(Figure 11.1). Hence, the immunomodulators are referred to as substances that can 
modify and improve the defence mechanism of host cells against pathogenic organ-
isms, to reduce the impact of diseases. The major active components of the medici-
nal plants regulate the immune system by interacting with different types of immune 
cells and effector mechanisms. For example, the basic functions involved in the 
immune systems destroy the non-self cells to induce the mechanisms to detect and 
eliminate the harmful pathogens (Hubbard et al. 2006). Siddha medicine in India is 
still used to treat various diseases, including respiratory disease (asthma and chronic 
obstructive pulmonary disease (COPD)), which are the most important causes of 
human mortality (Viegi et al. 2006).

Three main sources of natural products are used in the Siddha medicinal sys-
tem: products from plants (mulavargam), from an animal source (jivavargam), and 
inorganic materials (thathuvargam), based on the five characteristic features like 
the taste, quality, potency, post-digestive taste, and action (Zysk 2008). Of the three 
sources, plant products are dominantly used in the Siddha system and the plant 
sources predominantly use 108 herbs (karpa mooligai) to treat human ailments. 
The traditionally used medicinal plants include Withania somnifera, Solanum tri-
lobatum, Cuminum cyminum, Aloe barbadensis, Azadirachta indica, Zingber offi-
cinale, Phyllanthus emblica, and Phyllanthus amarus, which represent a few of 
those dominantly used in the Siddha system (Ram et al. 2009). These plants greatly 
influence the immune response and prevent chronic diseases. The medicinal plant 
formulations are also used in the Siddha system. In recent years in India, more plant 

FIGURE 11.1  Schematic representation of phytochemical effects in terms of direct and 
indirect benefits towards the immune cells.
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formulations are used and manufactured commercially by various pharmaceutical 
companies, including TAMPCOL, IMCOPS, and SKM SIDDHA, and prescribed by 
Siddha physicians (Ram et al. 2009).

11.2.5 �R ole in Other Regional Medicinal Systems

The growing popularity of traditional remedies, along with its massive commercial 
potential, has attracted the attention of the pharmaceutical industry, which are eye-
ing each medicinal system operating around the world. As stated above, the WHO 
reports that about 65% to 80% of the world’s population uses traditional medicines. 
Apart from above-discussed medicinal systems, African traditional medicine is also 
a notable holistic discipline that uses ethnic herbalism, combined with spirituality 
aspects. Much research suggests that modern medicine rooted in this ancient medi-
cine, and exploiting the traditional medicinal practice based on African biodiversity 
will provide new remedies to the world in the future. This policy is not limited to 
African traditional medicine but is also appropriate to all the regional traditional 
medicinal systems.

11.3 � MEDICINAL PLANTS AND IMMUNOLOGICAL REGULATION

The body’s immune system plays a key role in defence mechanisms and is com-
posed of central immune organs where unique immune cells can develop and exert 
the effects that subsequently impact host immunity. The major immune system is 
composed of immune organs like bone marrow and peripheral immune organs, pro-
ducing numerous immune cells like lymphocytes and a number of phagocytes that 
monitor cancerogenesis and influence the expression of cytokines to exert antican-
cer activity, becoming the principal target for cancer treatment. Hence, the status 
of immune organs is more important for developing novel drug molecules against 
cancer and other chronic diseases (Wu et al. 2016). The common assembly of the 
immune system is depicted as being multilayered, achieving a high level of defence. 
For example, the skin is recognized as a primary immune system, acting as a potent 
barrier against various infectious diseases as well as being involved in maintaining 
the temperature and pH of the body, providing an inappropriate environment for 
harmful organisms. Once the pathogenic microorganism has entered the host body, 
it is addressed by either an innate and/or an acquired immune system, which has a 
multitude of cells and molecules which interact with each other to form a complex to 
detect and attack the pathogen (Hofmeyr, 2001). Several in-vitro and in-vivo reports 
have demonstrated the effects of herbal medicines on cytokines, showing that they 
significantly influence many cytokines. Cytokines are a group of proteins present 
in the form of interleukins, interferons, and chemokines, which are essential for 
maintaining physiological stability and their secretion in cells via intermolecular 
crosstalk (Mogensen 2009). Numbers of novel molecules are needed as antagonists, 
agonists, and initiators. Interferons act as an agonist for hairy cell leukaemia, and 
tumour necrosis factor has been proposed as an agonist for rheumatoid arthritis 
(Gomes et al. 2016). Cytokines have diverse pleiotropic characters and play a crucial 
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role in some disorders which are not related to the immune system. In some cases, 
interferon leads to depression and fatigue due to this adverse effect on patients; 
recently, phytotherapy has been used as an alternative to modifying the expression 
of cytokines. The medicinal plant Astragalus membranaceus is often used in the 
Chinese medicinal system to cure several diseases. The extract obtained from root 
of this plant significantly reduced the level of interleukin IL-6 in an in-vitro assay 
(Suzuki et al. 2008; Denzler et al. 2010). Another plant widely and commonly used 
in Indian herbal medicine is garlic (Allium sativum), which reduces the levels of 
IL-1 and IL-6 and acts as a potent anti-inflammatory, antioxidant, and angiotensin-
converting enzyme inhibitor (Singh et al. 2001). Both innate and adaptive immune 
systems work together functionally, where the innate immune system distinguishes 
the signals from the infection, the adaptive system is involved in antigen production 
and is responsible for major histocompatibility complex proteins. The innate cells 
secrete the chemical signals, including cytokines and chemokines, to stimulate the 
adaptive immune system. Specifically, the B and T lymphocytes are well-known 
regulatory cells that maintain the immune response (Josefowicz et al. 2012; Mauri 
and Bosma, 2012).

11.3.1 �I mmunomodulator Agents

Any biological or synthetic substance which can modulate the expression and aspect 
of the immune response is known as an immunomodulator, having the capability 
to stimulate or suppress both the innate and acquired immune systems. Clinically, 
immunomodulators are classified into three major categories, namely immunostimu-
lants, immunosuppressants, and immunoadjuvants. Immunostimulants are non-spe-
cific agents that significantly improve the body’s resistance to infection via an innate 
and adaptive immune response. In some cases, immunostimulants act as prophylac-
tic and promoting agents to enhance the basic level of the immune response (Casa 
et al. 2014). Immunoadjuvants are effectively used for the enhancement of vaccine 
efficacy and can result in promising effects on the immune response. It has been 
reported that the immunoadjuvants may be active as selectors among the cellular and 
humoral helper cells 1 and 2 (Th1 and Th2). Another type of immunosuppressant 
is a heterogeneous group often concomitantly administered to cure several forms of 
organ transplant rejection and autoimmune disorders (Casa et al. 2014). A number 
of medicinal plants have been used as potent immunomodulators in the traditional 
medicine system of Rasayana to enhance the body’s resistance. The medicinal plants 
also have various pharmacological activities, including antioxidant, anti-inflamma-
tory, cardiotonic, hepatoprotective and antifungal properties. Various major active 
constituents from medicinal plants and their immunomodulatory role are listed in 
Table 11.1. Glycosides are one of the classes of plant-derived immunomodulators 
involved in enzymatic and acid hydrolysis to yield sugar molecules; structurally, 
they are sugar ethers which can interact with hydroxyl groups of both sugar and 
non-sugar molecules. A number of glycosides are known to influence immunomod-
ulatory action, such as iridoid glycosides from Picrorhiza scrophulariiflora, anthra-
quinone glycosides, from Andrographis paniculata, and sesquiterpene glycosides 
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from Dendrobium nobile, a widely used plant in Chinese medicine. Dendrosides A 
and B from D. nobile caused significant stimulation of the proliferation of murine T 
and B lymphocytes (Dinesh Kumar et al. 2012).

11.3.2 � Mechanism of Action of Immunomodulators

Immunomodulators are nutritional supplements that exert strong activity against vari-
ous diseases owing to the presence of high concentrations of antioxidants. They also 
have antagonistic action and are involved in the formation of different free radicals. 
Hence, immunomodulators are mainly used to fight the effects of ageing factors, cancer, 
diabetes, and autoimmune diseases. The medicinal effect of this Rasayana herb is effec-
tively mediated via activities of immunostimulants and immunosuppressants or is medi-
ated through disturbing the effector arm of the immune response (Chulet and Pradhan, 
2010). The mechanism of action of these immunomodulatory activities mainly occurs 
through the basic cellular process, including phagocytosis and macrophage activation. 
In addition, lymphoid cell stimulation, increase in cellular immune function, increased 
antigen-specific immunoglobulin production, and increases in the number of natural 
killer cells and white cells also play a key role in Rasayana-mediated cell response and 
its effect on immune systems (Singh et al. 2007; Anonymous, 2009; Vaghasiya et al. 
2010). The modulatory activity of medicinal plant extracts on the immune response 
operates via stimulatory and suppressive effects and plays a crucial role in maintaining 
the disease-free state in normal and unhealthy persons. Phytochemicals show significant 
activity towards host defence mechanisms, even in an impaired immune response, and 
can provide supportive therapy to chemotherapy (Wagner et al. 1984). The increased 
level of cell proliferation in bone marrow cells is considered a potentially sensitive tar-
get for the various cytotoxic drugs because the bone marrow is one of the organs most 
affected during immunosuppression therapy. The plant-derived saponins play a signifi-
cant role in various pharmacological activities, including antitumour, antiviral, immu-
nomodulating, antihepatotoxic, and antifungal activity. Recently, the saponins isolated 
from Paris polyphylla showed active immunostimulant properties. Several studies have 
demonstrated that the saponins are considered to be important immunomodulating 
agents (Bafna et al. 2006; Xiu-feng et al. 2007).

11.3.3 �I mmunosuppressive Agents

Medicinal plants having strong immunosuppressive activity can be used as an alter-
native to conventional chemotherapy. The currently used chemotherapeutic agents 
shows various adverse effects. Several plant species have the ability to inhibit both 
the innate and the humoral immune response by activating the B and T lympho-
cytes. For example, Cannabis sativa significantly suppresses the hyperactivity of 
the immune system via activating the cannabinoid receptors such as CB1 and CB2 
(Cannabinoid receptor 1 and 2). CB1 receptors are abundantly present in brain 
cells and CB2 are present in immune cells, which are used for the management of 
cancer and inflammatory disorders (Bettini and Vignali 2009). The phytochemi-
cal brasilicardin-A, purified from Nocardia brasiliensis IFM0406, shows effective 
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immunosuppressive activity; it contains amino acids and perhydro-phenanthrene as 
important chemical moieties, which may influence the immunosuppressive effect of 
the molecule. Another compound isolated from green tea (Camellia sinensis) acts 
as a potent immunosuppressive agent and is used for the treatment of autoimmune 
arthritis. The major active constituent of green tea is catechin, a phenolic compound 
possessing significant anti-inflammatory action (Kunz and Ibrahim, 2009). The 
extract of Artemisia annua has been extensively used in the treatment of autoim-
mune diseases, including rheumatoid arthritis and lupus erythematodes, due to the 
existence of major bioactive compounds artemisinins; the derivatives of artemisinin, 
such as artesunate and artemether, also have a significant immunomodulatory effect 
(Perretti et al. 2009). The steroids of the sarsaparilla plant, such as smilagenin, sapo-
nins, stigmasterol, and sarsasapogenin, are the major beneficial components exten-
sively used in the treatment of arthritis owing to their inhibitory effect on TNF-α 
(De Bosscher et al. 2008). The Zingiberaceae family member turmeric (Curcuma 
longa) is one of the most widely and often used medicinal plants in Indian traditional 
medicine, as well as in the Indian diet. It possesses strong antimicrobial activity 
and significant anti-inflammatory effect. Curcumin is the major bioactive compound 
present in C. longa; it is a yellow pigment that effectively regulates the immune 
response via cell- and humoral-mediated immunity (Kunz et al. 2009). Ashwagandha 
is another widely used medicinal plant that has diverse inhibitory activities. The 
alkaloids derived from Ashwagandha, such as iso-pelletierine anaferine, lactones 
(withanolides, withaferin), saponins (sitoindoside VII and VIII), and withanolides 
are main constituents of Withania somnifera, which greatly influence the activa-
tion of B and T cells and produce immunosuppressive action. Another important 
medicinal plant used both as medicine and in the diet is ginger (Zingiber officinale), 
mainly used for the reduction of pain in arthritis (Dooley and Nair, 2008). The major 
bioactive component zingiberene is effectively involved the anti-inflammation effect 
via inhibiting the major pathways such as cyclooxygenase (COX) and lipoxygenase. 
Figure 11.2 shows that the major active compound has an immunosuppressive effect.

11.4 � MEDICINAL PLANTS AS IMMUNE BOOSTERS

Several studies have reported that medicinal plants can strongly boost up the immune 
system, by which they can cure several pathological diseases. Abrus precatorius is a 
member of the Fabaceae, with seed and root being the key parts of the plants, with 
major constituents like gallic acid, hypaphorine, glycyrrhizin, squalene, and 5-beta 
cholanic acid. The plant extract is widely used for the treatment of helminthiasis, 
vomiting, cancer, malaria, and jaundice. In addition, the seed and root extract of this 
plant exhibits the immunosuppression effect by inhibiting the expression of antibod-
ies and delaying the hypersensitivity response. The reports stated that the extract of A. 
precatorius significantly increased the serum immunoglobulin levels and the activ-
ity of phagocytosis, stimulating the cell-mediated immunity (Tripathi et al. 2005). 
Another medicinal plant, Acacia concinna, exhibits an immunostimulatory effect by 
increasing the numbers of Th1 and Th2 helper cells. Pods and leaves are mainly used 
in this plant, containing lupeol, nicotine, spinasterol, ascorbic acid, rhamnose, and 
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spinasterone as major active components that may be responsible for the antimalarial 
and anti-dandruff activity. The saponin extract from pods of A. concinna reported 
significant immunological adjuvant activity (Kukhetpitakwong et al. 2006; Ismail 
and Asad, 2009). The bulb extract of Allium sativum has major active components 
like allin, phytocidin, scordinin, and diallyl-disulphide, and is mainly used for treat-
ing various pathological conditions, including hyperlipidaemia, diabetes, bacterial 
infection, hypertension, cancer, and tuberculosis. It also exhibits antiviral, antirheu-
matic and antispasmodic activity. Garlic extract shows immunostimulatory activity 
by increasing the mitogenic activity of human peripheral blood lymphocytes, murine 
splenocytes, and thymocytes (Clement et al. 2010). It effectively promotes the Th2 
cells like interleukin-4, -10, and -13 subsequently induce the expression of Th1 cells, 
such as INF-γ. The activation of IL-10 significantly suppressed pro-inflammatory 
cytokines like IL1, IL12, which are essential to produce antigen-presenting cells. 
The up-regulation of INF-γ can induce nitric oxide synthase and mRNA expression, 
which produce the NO and destroy Leishmania. Hence, the extract of A. sativum 
generates a potent immunomodulatory effect (Hodge et al. 2002; Liu and Uzonna, 
2012). Andrographis paniculata is another widely used medicinal plant used for the 
management of helminthiasis, cholera, jaundice, and dyspepsia. Extracts of leaf, 
bark, and root of A. paniculata has chemical constituents like apigenin, kalmeghin, 
and andrographolide. Owing to the presence of these active molecules, A. panicu-
lata exhibits an immunostimulatory effect and is also used for its hepatoprotective, 
alterative, and anthelmintic properties. It greatly influences the activation of anti-
body secretion and delayed-type hypersensitivity. The brown seaweed Ascophyllum 
nodosum contains tetraphlorethol C, tetrafucol A, and phlorotannins as major active 
compounds, hence showing a good anti-inflammatory effect, as well as acting as 
an immunostimulant, enhancing the production of natural killer cells. The medici-
nal plant Boerhavia diffusa is used to treat diabetes mellitus, cancer, leukaemia, 
and several bacterial infections. The chemical constituents include sitosterol, tet-
racosanoic acid, triacontanol, ursolic acid, and punarnavine. The pharmacological 
activities of B. diffusa include antioxidant, antiestrogenic, and immunomodulant 
properties. It effectively inhibits the natural killer cells, which prompt the produc-
tion of NO, interleukin IL-2 and TNF-α (Nakano et al. 2012; Mehrotra et al. 2002). 
The widely used medicinal plant Camellia sinensis contains several essential and 
potent active molecules like catechin, saponins, epicatechin gallate, adenine, gallic 
acid, tannic acid, quercetin, and xanthine which are used to treat asthma, cancer, and 
bacterial infections, while also exhibiting an antioxidant effect. The essential chemi-
cal constituents of C. sinensis, the catechin-polysaccharide complexes, showed sig-
nificant immunomodulatory activity in an animal model and in human peripheral 
mononuclear cells.

11.5 � MOLECULAR CHEMISTRY OF PLANT-DERIVED 
IMMUNITY BOOSTERS

Several avenues of scientific research have reported that most of the plant-derived 
active molecules act as an essential source of clinical therapeutics by providing 
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diverse chemical molecules with effective pharmacological activity. For many years, 
medicinal plants have been used in the traditional way to cure various diseases 
(Chattopadhyay et  al. 2012). Most of the natural molecules have the appropriate 
pharmacological activity and are used in drug discovery strategies. Polyphenols 
derived from medicinal plants have potent antioxidant activity, hence these mol-
ecules are often used in the human diet. A number of studies have supported the 
concept of the beneficial and pharmacological activity of medicinal plants (Annuzzi 
et al. 2014; Estrela et al. 2017). In addition, some plants also have the capacity to 
control the immune system response, especially those plants which are rich in poly-
phenols, polysaccharides, flavonoids and alkaloids, which are often studied for their 
immunomodulatory activities (Farzaei et  al. 2015; Ferreira et  al. 2015; Andreicut 
et al. 2018). The plant-derived immunomodulators are inexpensive and more effec-
tive molecules, so have great potential value in medicine, though, due to the lack of 
standardization and characterization of most active components, evaluation of both 
qualitative and quantitative changes and the lack of a suitable test for efficacy are 
limitations to reported results on immunomodulatory effects of traditional medicinal 
systems. The preparation of Echinacea is an effective flower formulation used as an 
herbal remedy and reduces the symptoms of a severe cold, though there are reports 
of both high and low therapeutic efficacy, based on formula preparation. The efficacy 
of this formulation was noted only in certain preparations, mainly from Echinacea 
purpurea (Karsch-Völk et al. 2015). Balan et al. (2016) compared the effects of three 
different formulations, namely IMMUNAL drops prepared from a succus (concen-
trated liquid extract) of E. purpurea, IMMUNAL FORTE tablets prepared from E. 
purpurea herbae succus siccum, and ECHINACEA FORTE drops prepared from 
the juice of fresh flowers of E. purpurea, and the results revealed that the three for-
mulations showed significant differences in immunomodulatory effect in the female 
Balb/c mice model. The formulation IMMUNAL drops and ECHINACEA FORTE 
shows effective immunostimulatory activity, whereas the IMMUNAL tablet showed 
immunoinhibitory activity and ECHINACEA FORTE had no effect on antibody 
production. This study highlights that the type of preparation greatly influenced 
the modulatory effects. However, a lot of studies have supported the concept that 
Echinacea be used as an immunostimulant which effectively enhances both innate 
and specific immunity (Sultan et al. 2014). In addition, Echinacea also exhibits anti-
viral and anti-inflammatory activity and plays a crucial role in traditional medicine. 
This wide range of actions of Echinacea depends on the plant parts extracted in 
particular, leaves, flowers, and roots having several active constituents. The different 
solvents used to create the preparation, like water, alcohol, or oil, also influenced 
the activity due to the different components that are extracted by the different sol-
vents formed. The standardization of preparation and testing methods is also crucial 
before administration for evaluation of effect on the different immune systems. The 
phytochemical profile of each Echinacea product is highly dependent on the choice 
of plant material and extraction methods. The traditional use of Echinacea is mainly 
shown to be effective as a therapeutic agent; Rondanelli et al. (2018) reported that 
the prophylactic use of an Echinacea extract, containing specific bioactive molecules 
(polysaccharides and phenylethanoid), as a source was effective at preventing colds 
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and enhancing the immune response. These reports suggested that Echinacea sig-
nificantly stimulates the immune response in healthy as well in immune-suppressed 
animals (Di Pierro et  al. 2012). It enhances the immune system via activation of 
phagocytosis, production of macrophages, and cytokine production, subsequently 
increasing the expression of TNF-α, interleukins, and interferons. Treatment with 
the Echinacea preparation activates the leukocyte mobility and induces the natural 
killer cells, which are responsible for the immunomodulatory effect on animals and 
humans (Vetvicka et  al. 2014). The polysaccharide-rich Echinacea can stimulate 
the phenotype and maturation of dendritic cells via modulating pathways like JNK, 
MAPK and NF-kB, which favour the polarization of macrophages (Fu et al. 2017). 
The study was carried out by Wang et al. (2006) comparing four different extracts of 
Echinacea (whole plant, root, aerial parts, and flower) on dendritic cells over a 24-h 
period. The results revealed that there was a reduced level of CD32 and HLA-DR 
expression following treatment. Among the four preparations, the cells treated with 
extracts of the whole plant or the aerial parts showed the greatest inhibitory activity 
on CD32 expression, suggesting that, compared with the other extracts, the whole 
plant and aerial parts extracts had greater ability to inhibit dendritic cell matura-
tion. Fu et al. (2017) demonstrated that an extract of Echinacea with a concentra-
tion of 100 µg/ml effectively activated the macrophages of murine bone marrow by 
stimulating the expression of essential markers like CD80, MHCII and CD86, and 
upregulating the macrophages, and was also involved in the production of interleu-
kins, interferons and NO and in enhancing phagocytosis.

11.6 � MOLECULAR CHEMISTRY OF PHYTOCONSTITUENTS

Phytochemicals are chemical compounds that are present in plants. Most of the 
chemical molecules have diverse pharmacology activity and biological significance. 
For instance, the main molecules present, flavonoids, carotenoids, and coumarins 
are considered essential. Approximately 4,000 different phytochemicals have been 
reported, all having potential biological activity. In the early period of the sixteenth 
century, most of the traditional medicinal systems used wild plants as their main-
stream medical system (Venketeshwer Rao, 2015). In garlic extract, more than 200 
chemicals have been reported with diverse properties (Fallah-Rostami et al. 2013), 
being particularly rich in sulphur compounds, which play the key role in the flavour 
of garlic and its various beneficial effects. The main constituents of garlic extract 
are carbohydrate and water, with organosulphur compounds, amino acids, proteins, 
and fibres in smaller but still significant amounts. The active molecules of garlic 
extracts are classified into two major categories, based on their chemical composi-
tion. The first are the nonvolatile sulphur-containing compounds and organosulphur 
compounds. Allin, allyl-L-cysteine sulphoxides, and γ-glutamyl-allyl-L-cysteines 
are the main precursors of nonvolatile sulphur-containing compounds; this category 
contains around 33 sulphur-containing molecules, enzymes, and amino acids, as 
well as lectins and glycosides (Kaku et  al. 1992). The organosulphur-containing 
compounds are synthesized during production of the garlic preparation. Allicin is 
the most biologically active molecule that is not present in the normal condition, 
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but is generated when the garlic is damaged, crushed, pulverized or boiled, which 
activates the production of the enzyme alliinase, which activates metabolism of the 
alliin to allicin (Londhe et al. 2011). The allicin immediately decomposes into the 
other essential compounds, such as diallyl disulphide, ajoene, and the formation 
of allyl-cysteines from γ-glutamyl cysteine (Rana et al. 2011). The organosulphur-
containing compounds are further classified into three subgroups based on their 
chemical nature, such as thiosulphinates, organosulphur volatiles, and water-soluble 
compounds. The thiosulphinates are formed via the conversion of sulphoxides in 
the enzymatic reaction. For example, the allicin is considered as a transient com-
pound that decomposes into sulphur- containing compounds which are not found 
in an active form in undamaged garlic (Amagase et al. 2006). The second group of 
compounds are the organosulphur volatiles, which includes a large variety of mol-
ecules in the processed garlic form, with methyl allyl trisulphide, diallyl trisulphide, 
3-dithiin, 2-dithiin, and (E,Z)-ajones being the major and typical volatiles present 
in the processed garlic. Around twenty sulphides have been reported in the steam-
boiled garlic oil and extract; all have allyl groups and are responsible for the flavor 
and taste of garlic (Amagase et al. 2006). The water-soluble sulphur compounds are 
extracted with water and contain S-allyl-L-cysteine as the major compound formed 
from γ-glutamyl-S-allyl-L-cysteines (Amagase et al. 2006). Other compounds, like 
lectins, pectin, fructan, vitamins, and glycolipids also have important biological 
activities and contribute to the inhibitory effect on cancer and pathogenic microbes 
(Suleria et al. 2013).

Ginger is another widely used spice which is also used in traditional herbal medi-
cine. It has a significant health-promoting effect due to its high concentration of bio-
active molecules (Shukla and Singh 2007). The origin and the form of ginger (fresh 
or dry) greatly influence the number and concentration of the chemical constituents. 
The rhizome contains many phytocompounds, including minerals, carbohydrates, 
and phytochemicals. The proteolytic enzyme zingibain is a potent enzyme present 
in the rhizomes, and there are also a moderate number of vitamins, while oleoresins 
are basic components and are responsible for some pharmacological effects of gin-
ger. The extraction of ginger essential oils by gas chromatography techniques shows 
that sesquiterpenes are the major bioactive compounds, followed by carbonyl com-
pounds, alcohols, and terpenes. In another study, Jolad et al. (2004) reported around 
sixty compounds in fresh ginger, which were categorized as volatile and non-volatile 
compounds, contributing specifically to the spiciness, whereas the sesquiterpene and 
hydrocarbons provide the aroma and taste of the ginger. Gong et al. (2004) reported 
140 and 136 compounds from fresh and dry ginger, respectively, using gas chroma-
tography–mass spectrometric (GC–MS) analysis. Compounds such as α-zingiberene 
and β-sesquiphellandrene are the main volatile components, while other bioactive 
molecules, curcumene, [6]-gingerol and [6]-shogaol, are mainly responsible for the 
spiciness. Gingerols are phenolics present in the ginger to which are mainly attrib-
uted the spiciness, with the concentration of [6]-gingerol acting as a key compo-
nent of spiciness in the fresh rhizome being converted into shogaol during drying, 
with hydration and this conversion being heavily influenced by temperature and pH 
(Wohlmuth et al. 2005).
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11.7 � PHARMACOLOGY AND TOXICITY OF MEDICINAL PLANTS

The development of a drug from traditional plants is valuable and is a potent alterna-
tive to the modern drug development process, but also has a wide context for use in 
non-Western medical approaches and their activities. A single herb or a polyherb for-
mulation usually have several bioactive molecules that have the potential for various 
pharmacological activities. Most of the medicinal plants extensively used, for exam-
ple, have potent inhibitory activity against pathogenic bacteria. For a long period 
of time, medicinal plants were extensively used for maintaining human health. The 
methanol extracts of Acacia nilotica, Withania somnifera, and Sida cordifolia also 
show significant antimicrobial activity against Pseudomonas spp., Staphylococcus 
spp., and Xanthomonas spp. The leaf extracts of T. cordifolia, Z. mauritiana and 
A. flavus show effective antifungal activity (Gupta et  al. 1993). Some medicinal 
plants possess anthelmintic activity, with the alcoholic extract of Wedelia biflora 
showing effective anthelmintic activity against the Indian earthworm. The aque-
ous extract of Thespesia lampas showed inhibitory activity against tapeworms and 
roundworms (Satish and Ravindra, 2009). Most importantly, medicinal plants also 
have potent anticancer properties. The currently employed approaches like chemo-
therapy, surgery, and radiotherapy cause several adverse effects in normal tissues 
while treating cancerous tissues. Hence, there is a need for alternative medicines 
(Veerakumar et al. 2016). A number of studies has supported the anticancer activ-
ity of several medicinal plants in attempts to find novel therapeutic agents without 
toxic effects. In recent decades, herbal medicines and plants have effectively proven 
their anticancer properties with limited side effects. In India, only a few plants have 
attracted enough attention to identify the active biomolecules and assess their role in 
the control/prevention of cancer proliferation (Shaikh et al. 2014). The plant-based 
secondary metabolites such as camptothecin, flavopiridol, resveratrol, vinblastine, 
and vincristine are plant-based compounds used as potent anticancer agents world-
wide (Ghasemzadeh et al. 2011).

11.8 � CURRENT DEVELOPMENTS IN 
IMMUNOMODULATOR RESEARCH

Schisandra chinensis is a Chinese herb used in clinical practice owing to its effec-
tive enzyme-inhibiting and hepatoprotective activity. In the 1960s, Chinese scientists 
started to isolate the potent bioactive molecules from S. chinensis and reported that 
schisandrin C was the major constituent with strong pharmacological activity. It was 
also used to decrease enzyme levels in the treatment of the hepatitis B virus (Yang 
et al. 2009). The structure–activity relationship of bifendate and its analogues was 
studied and a series of novel derivatives were synthesized then subjected to screen-
ing with respect to a number of chemical and pharmaceutical injury modes. It was 
noticed that the derivatives having hepatoprotective activity showed closely related 
dimethylenedioxy functional group in two benzene rings with long carboxyl side 
chains. Finally, a new compound, bicyclol, was synthesized. Due to the presence 
of the carbomethoxy side chain and the hydroxymethyl group, bicyclol has great 
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bioavailability and biological activity (Liu et al. 2010). It also significantly inhibited 
the replication of the hepatitis B virus though it exhibited a more effective and it 
was discontinued due to fewer side effects (Bao et al. 2008; Li et al. 2011). Another 
plant-derived compound, paclitaxel, a potent anticancer compound extracted from 
Taxus brevifolia. Paclitaxel has a unique chemical structure and a radically distinct 
mechanism of action against cancer and has been tested successfully in treatment 
of several cancer types and has been involved in clinical trials. It received US Food 
and Drug Administration (FDA) approval for the treatment of ovarian cancer in the 
year 1992–93. (Wani and Horwitz, 2014). Owing to its low solubility in an aqueous 
medium, however, yields from the natural plant source were low.

11.9 � LIMITATIONS

Several challenges and limitations exist to accurately assess the toxicological and 
epidemiological effects and other activities in the verification of herbal material use. 
The management of risk factors within ranges, pharmacological and clinical docu-
mentation, and an understanding of harmful additives need to be evaluated. The 
limits with clinical trials, standardization, and safety and efficacy assessments need 
to be overcome. The identification of novel herbal products has the following six 
essential steps: identification and characterization of potent molecules, activity of 
the molecule, identification of any side effects or adverse reaction, its pharmaco-
logical activity, and assessment of the toxicity and carcinogenicity in clinical trials. 
Low yields of the active molecules, lack of adequate research on the development of 
domestication of the plant source, insufficient techniques to yield product of consis-
tently high quality, lack of good manufacturing practice, poor quality control mea-
sures, limited marketing, and lack of proper equipment are the major constraints 
associated with handling the medicinal plants in alternative approaches to current 
therapeutic strategies (Rukangira 2000). Another major constraint when dealing 
with herbal medicine is that the extract contains a mixture of organic substances and 
it is often difficult to find which molecules have good biological activity. In addition, 
owing to the complex nature of bioactive molecules, it is difficult to determine the 
structural and functional features. When determining the concentration of major 
components, temperature, dissolution, and atmospheric humidity may alter the con-
centration and sometimes the functions of active ingredients of herbal medicines. 
Other environmental factors affecting the yield of active ingredients from herbal 
plants, like pests/diseases, planting density, seeding time, and generic factors may 
also play an essential role; hence, the collection of plants and the time of harvest are 
important. Several ways are commonly used for adulteration of herbal plant material 
by substituting the target plant with inexpensive but readily available local plant rela-
tives (Thillaivanan and Samraj, 2014).

11.10 � CONCLUSION

Plant-based immunomodulators are naturally available substances that represent an 
interesting tool for the handling the immune system within a clinical setting, owing 
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to their wide range of bioactivities. Medicinal plant products and active compounds 
are effectively studied and characterized to understand the basic phytochemical 
constituents with valid analytical methods and extraction protocols. The bioactive 
components are specifically analyzed and used as active markers to ensure the phar-
macological efficacy of the molecule for comparative studies. The purified molecule 
can then be characterized to understand the beneficial effect of specific components 
of the molecule. For example, polyphenols are highly involved in the immunomod-
ulatory activity due to polyunsaturated fatty acids (PUFA) -enriched fatty acids. 
Hence, the identification of major bioactive molecules with clinical evidence for their 
efficacy and safety is a major task for medicinal plant-induced immunomodulation 
due to limited studies. Hence, the selection of concentration, experimental proto-
cols, and comparative standard compounds are reported in the preclinical studies 
(Heinrich et al. 2020; Izzo et al. 2020). Traditional medicinal systems in India pro-
vide the major bioactive molecules with multiple pleiotropic activities. Most of the 
medicinal plants have immunomodulatory effects achieved by an immune booster 
of the immune system to eradicate the pathogenic microorganisms and exogenous 
injuries. To control the impaired immune response due to autoimmune disorders, it 
is influenced by non-immune targets. In this chapter, we emphasize the immuno-
modulating effect of the traditional medicinal system and its pharmacological effect. 
In addition, molecular chemistry and the mechanism of action are also discussed. 
Traditional medicinal plants and their phytoconstituents are used as promising mol-
ecules for identification of plant-based drugs, and these molecules act as potential 
lead compounds for the development of effective, inexpensive immunomodulatory 
agents.
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12 Specific Plant Nutrients 
and Vitamins that Fortify 
Human Immune System

Kirubel Teshome Tadele and 
Gebeyanesh Worku Zerssa

12.1 � INTRODUCTION

From the instant of birth in the process of joining this world, a living organism’s 
body is bombarded by pathogenic microorganisms, the solitary goal of which is liv-
ing and replicating under favorable conditions based on their natural behaviour and 
a nutrient-rich environment. Harmful microorganisms reproduce and infect a body 
by very specialized mechanisms which may even lead to mortality unless managed 
properly. These microorganisms also use infected bodies as a route for spreading 
to new hosts (Gombart et  al. 2020). Nowadays, the challenging global problems, 
such as environmental and water pollution, provide extra opportunities for infection 
by microorganisms, which is facilitated by the technology-aided high mobility of 
people and commodities around the world. There is no better example than COVID-
19 for this, which spread throughout the world within a couple of months after its 
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outbreak in December 2019 and may be considered to be the most detrimental event 
of the 21st century.

Nature is not passive, allowing microorganisms to attack and damage living organ-
isms at will. There is an immune system whose main functions are to protect the 
host’s body against infection and damage from the pathogens, removing unwanted 
damaged tissues, and providing persistent reconnaissance of harmful cells that grow 
in the body of the host (Wu et al. 2019). The system consists of innate (non-specific) 
and adaptive (specific) immune systems (Li et  al. 2007) as functional branches. 
Although the immune system has a complicated defensive strategy, orchestrated by 
specialized tissues, organs, cells, and chemicals (Rondanelli et al. 2018), their orga-
nization can be described into three core cooperative clusters, including physical 
barriers, and innate and adaptive immunity (Calder and Kew 2002; Maggini et al. 
2007). The first barrier contains physical barriers with an acidic medium due to the 
availability of different fatty acids and enzymes, which are able to limit the growth 
of nearly all bacteria, secreting pathogen-destroying mucus, and enhancing the acid-
ity of the stomach. The second barrier is innate immunity, which contains cells such 
as natural killer (NK) cells, cytokines, macrophages, and neutrophil granulocytes as 
elements for its functions (Rondanelli et al. 2018). The innate immune system takes 
immediate action to distinguish and destroy foreign threats through inflammatory 
processes, resolving the inflammation, and repairing the damage caused (Murphy 
and Weaver 2017). Hence, the innate immune system provides the first line of defence 
against invading pathogens in vertebrates (Narnaware et al. 1994). The problem of 
the innate immune system is its inability to increase the responding efficacy when 
there is a repeated pathogenic attack. Then, the additional help needed opens the 
door for the adaptive (specific) immune system to act subsequently. Antigen-specific 
cells like T lymphocytes, which play a key role in killing virally-infected cells, as 
well as B lymphocytes, that are responsible for secretion of antibodies specific to the 
infecting pathogen after being activated, operate under the adaptive immune system 
(van Gorkom et  al. 2018). Although the adaptive immune system responds more 
slowly than the innate immune system, it is more efficient in eliminating infections 
because of the exquisite specificity of antigen recognition by its lymphocytes. But the 
adaptive immune system is not independent of the innate immune since it interacts 
with, and relies upon, cells of the innate immune system for many of its functions 
(Murphy and Weaver 2017).

Innate immunity is strongly influenced by nutrition and the interconnection 
between nutrition and immunity is considered to be absolute (Mainous and Deitch 
1994). Nutrition, taking into account the content and nature of the nutrients as well 
as the duration of the intake, has a profound impact on human health (Nobs et al. 
2020). However, for the immune system to generate an efficient immune response, 
adequate and balanced nutrition is required to supply it with the necessary com-
ponents (Marcos et al. 2003). In general, nutrition determines the development of 
the immune system in infants and their efficiency in adult life (Sima et al. 2016). 
The enormous influence of nutrition on immune function was confirmed after being 
studied for several decades and transformed research in the field to a specific disci-
pline called nutritional immunology (Wu et al. 2019). The research findings in this 
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area greatly emphasize the use of immunity-boosting plant nutrients asone of the 
most promising methods of controlling diseases (Harikrishnan et al. 2011). Nutrition 
provides certain micronutrients upon which every stage of an immune response 
depends (Gombart et al. 2020). Considering the risk of premature death as a result 
of the persistent infectious diseases globally, the plants containing immune system-
boosting nutrients and vitamins are in great demand. The main aim of this chapter is 
to explore the specific immune system-boosting plant nutrients and vitamins to our 
current understanding of the field. It also describes some suggested mechanisms by 
which the nutrients enhance the efficacy of the immune system, although the mecha-
nism is still not fully understood.

12.2 � SPECIFIC PLANT NUTRIENTS AND THEIR 
IMMUNE SYSTEM STIMULATING EFFECT

The great health benefits of functional and nutraceutical foods are making them popu-
lar around the world (Suleria et al. 2015). The strong interaction between nutrients and 
the immune system has been proved and has attracted particular attention to nutrition. 
Currently, some plants with immune system-boosting specific nutrients, such as gar-
lic, ginger, green tea, echinacea, broccoli, and black pepper are on target to manage 
the morbidity and mortality due to pathogens causing infectious diseases (Table 12.1).

12.2.1 �G arlic

Garlic (Allium sativum) is a bulb-forming annual plant belonging to the genus Allium 
of the Amaryllidaceae family (Lee et al. 2012), native to Central and South Asia 
(Rouf et al. 2020). The numerous health benefits of garlic make it one of the most 
used plants in herbal medicine. Garlic has been used to treat as well as to prevent dis-
eases by the Chinese, Greeks, and Romans for centuries. The efficacy of the plant in 
treating and preventing diseases like cancer, cardiovascular, and obesity is indicated 
in the literature (Miguel 2011; ia-Ul-Haq et al. 2011; Zia-Ul-Haq et al. 2013; Khanra 
et al. 2015). Presently, garlic is cultivated throughout the world, with countries like 
China, India, South Korea, Egypt, and the USA being among the leaders in garlic 
production (Medina and Garcia 2007; Rehman et al. 2019). Garlic is an edible crop 
that has been used as medicine (Gruhlke et al. 2019), a functional food, spice, and 
seasoning herb (Rehman et al. 2019; Rouf et al. 2020) since ancient times. The plant 
is among one of those most widely used for its health-giving benefits and it is also 
used as a flavouring agent, enhancing physical and mental health (Shin and Kim 
2004). Garlic is used to treat common viral diseases, such as the common cold, fever, 
coughs, asthma, and wounds in Asia and Europe (Rehman et al. 2019; Rouf et al. 
2020). The oil extracted from garlic has also been used to mitigate the pain of ear 
infections (Al Abbasi, 2008). In African countries, like Ethiopia and Nigeria, garlic 
has been used as a traditional remedy for the treatment of several infections, such 
as sexually transmitted infections, tuberculosis (TB), respiratory system diseases, 
and wounds due to injuries and damage of different tissues (Gebreyohannes and 
Mebrahtu 2013; Abiy and Asefaw 2016).
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The enormous health benefits of garlic are mainly associated with its organo-
sulphur compounds (Suleria et  al. 2015). The organosulphur compound content 
(1.1–3.5%) content of garlic is much higher than that in other plants, which is the 
main reason behind its superior health- benefits relative to other plants. Glutamyl-S-
allyl-L-cysteines (G-SAC) are the principal organosulphur compounds of intact gar-
lic. These compounds hydrolyze and oxidize, forming S-allyl-l-cysteine sulphoxides 
(alliin) when stored (Matsuura and Lachance 1997).

Alliin is highly unstable, being converted to the chief bioactive components, alli-
cin and other thiosulphates, by an enzyme, alliinase, released by crushing, chopping, 
or chewing of garlic (Amagase 2006).

Allicin is mainly responsible for the medicinal role of garlic (Larry et al. 2018). 
This bioactive organosulphur compound provides the necessary components for the 
immune system to defend the host against pathological microorganisms, making 
garlic the source of numerous health benefits (Gardner et  al. 2007). Fresh garlic 
has a distinctive pleasant flavour, which is also associated with volatile compounds 
released from the unstable alliin by the help of the enzyme allinase (Krest et  al. 
2000). About 10 g of edible garlic (one single clove) produces up to 5 mg of allicin 
(Gruhlke et al. 2019). A diet containing garlic, either raw or crushed, is proved to 
act as an immune modulator, influencing the expression of immunity in humans 
(Abdullah 2000; Charron et al. 2015).

Daily consumption of food containing aged garlic extract (AGE) modulates the 
immune system response of healthy but obese adults by stimulating the immune cells 
and inflammatory mediators (Xu et al. 2018). Although the mechanism by which the 
extract plays the role is still in doubt, a hydrogen sulphide (H2S) -based mecha-
nism is considered to be a potential one. This mechanism deactivates the pathway of 
NF-kappa-beta signaling, facilitating the production of pro-inflammatory cytokines 
(Ha et al. 2015; Rios et al. 2015). The bioactive organosulphur compounds in AGE, 
like S-allyl-L-cysteine (SAC), increase the endogenous production of H2S and act 
as its mediators (Gu and Zhu 2011; Chulah et al. 2007), driving the suppression of 
obesity induced-inflammation (Xu et al. 2018). Aging makes garlic nearly odorless 
by converting its strong organosulphur compounds into hydrophilic compounds, like 
SAC and S-allylmercaptocysteine (SAMC). There are compounds such as lectins 
and fructooligosaccharides in aged garlic with proven immunomodulating activity 
(Chandrashekar and Venkatesh 2009; Chandrashekar et al. 2011). Allicin, the main 
organosulphur compound in garlic, stimulates the immune response by activating 
the release of Zn2+ from proteins to enhance the production of IL-2 in murine EL-4 T 
cells. It inhibits the activity of enolase, a targeted enzyme in cancer therapy. Allicin 
also inhibits some selected S-thioallylated proteins, which are one of the components 
of the garlic action mechanism, causing the actin cytoskeleton disruption.

These activities of allicin and other organosulfur compounds of garlic are respon-
sible for modulating the immune system in humans. The strong immunostimulating 
activity of allicin on mammalian cells at its higher doses is manifested by its abil-
ity to achieve S-thioallylation of 332 proteins in the human Jurkat cell proteome 
(Gruhlke et al. 2019).
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Identification of garlic or lemon aqueous extracts, as well as their combination, as 
antiproliferative in mice indicated the good activity of the two, especially when com-
bined. Thus, the garlic and lemon extract combination is a promising option for anti-
cancer food and therapy development, although the molecular mechanisms need to be 
further studied. The combination of garlic and lemon extracts activated the immune 
system by inhibiting angiogenesis and inducing apoptosis. The combination enhanced 
the immunity-boosting ability of garlic due to the acidic environment provided by 
the lemon extract which activates organosulphur compound production (Talib 2017).

It was reported in a randomized crossover garlic-containing meal feeding study 
that garlic intake up-regulated the nuclear factor of activated T cells (NFAT) activat-
ing protein with the immune receptor tyrosine-based activation motif 1 (NFAM1) 
gene, modulating the immune system (Charron et al. 2015). A study carried out to 
determine the influence of aged garlic dietary augmentation on the immune system 
function, targeting the innate immune NK cell and adaptive immune ɤδ-T cell func-
tions, revealed a lowering of inflammatory cytokine secretion by the garlic-treated 
cells. The significantly lower secretion of IFN-ɤ suggests that the immune system 
easily destroys the pathogens with a smaller amount of the inflammatory cytokine. 
The supplementation also reduced cold and flu symptoms, which might be related to 
lowering in inflammatory cytokine secretion, ɤδ-T and NK cell function, and thiol 
status improvement (Nantz et al. 2012). The modification of the innate immune cells 
by dietary compounds has been reported (Meadows et al. 1992; Percival et al. 2005; 
Hanson et al. 2007; Schink et al. 2007). Garlic powder supplemented as natural feed 
additives for broiler chickens improved their red blood cells (RBC) and haemoglobin 
content (Hb). It also improved the weight of the liver and immune-related organs, 
which was due to the bioactive molecules in garlic powder, enhancing the immune 
system (Ismail et al. 2020).

Garlic, onion lemon, and juice supplementation as natural additives to the diet 
of buffalo calves increased the digestibility of all nutrients. It also significantly 
increased blood components GPT and GOT; erythrocytes and leukocytes numbers 
also increased. Glutamate-pyruvate transaminase (GPT) is highly active glutamate 
degrading enzyme found in the liver and other tissues, while glutamateoxaloace-
tic transaminase (GOT) is found in mitochondrial and cytosolic forms, catalyzing 
amino acid metabolism as well as urea and tricarboxylic acid cycles. Furthermore, 
the increasing immunity (globulin fractions) was manifested by the elimination of 
harmful bacteria, avoiding early infections (Ahmed et al. 2009). Post dietary supple-
mentation of garlic and ginger to Sasso broiler chicks modulated their immune sys-
tem response. The most likely mechanism for this activity included amplification of 
phagocytosis, increased antifungal activity, and minimization of nitric oxide (NO) 
synthesis. Phagocytic cells increased, showing 90% engulfing capacity of Candida 
albicans in broiler chicks treated with the two medicinal plant extracts. The antimi-
crobial activity of garlic which might be associated with its bioactive compounds is 
reported. The suggested mechanism of the action is via hindering the functions of 
the microbial membrane and the associated membrane proteins (Hafidh et al. 2011). 
The antibacterial potential of garlic might be attributed to its increased production 
of TNF-α cytokines and lymphocyte-triggering abilities (Mojani et al. 2016). The 
extracts have bioactive compounds which interact with innate lymphocytes and 
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natural killer cells (Percival 2016). It is also reported that the bioactive compounds 
activate macrophages and B cells, enhance immunoglobulin production, and regu-
late cytokine secretion (Li et al. 2015). The downregulation of NO production after 
treatment of the birds with garlic and ginger additives might reduce the pathological 
damage occurring as a result of excess NO production (Amirghofran et al. 2011).

12.2.2 �G inger

Ginger (Zingiber officinale) is a well-known spice and medicinal plant, which has 
been used throughout the world and is readily accessible in many Asian countries 
(Bauer et al. 2014; Sheikhi et al. 2015). Tropical Asians, especially in southern China 
or India, are believed to have been the first to use ginger (Semwal et al. 2015). Ginger 
rhizome (the actual botanical term for what is referred to as ‘ginger root’) is used 
as a spice globally (Kikuzaki and Nakatani 1996). The typical components of a 
dry ginger root powder are carbohydrates (60–70%), protein (9%), lipid (3–6%), 
fibre (3–8%), proteases (2–6%), volatile bioactive compounds (1–3%), and vitamins 
(Murray 1995). Ginger possesses numerous biological activities, such as antidiabetic, 
anti-inflammatory, and antitumour properties, due to the bioactive compounds such 
as gingerol, gingerdiol, and gingerdione (Kikuzaki and Nakatani 1996). The bioac-
tive compounds of ginger increase host resistance to infectious diseases by stimulat-
ing the immune system response mechanisms of the host (Bauer et al. 2014). It is also 
reported that cell-mediated immune response, as well as the non-specific prolifera-
tion of T lymphocytes, are influenced by ginger oil (Wilasrusmee et al. 2002).

Compounds of phenolic ketone derivatives make ginger a good antioxidant. 
Gingerol is one of the typical volatile compounds of ginger, which is responsible for 
the pungent odour and taste of the plant. This compound also increases the palatabil-
ity of food as well as increasing the secretion of digestive enzymes (Mansour et al. 
2012; Jesudoss et al. 2017; Ahmadifar et al. 2019). Ginger has been used to treat gas-
trointestinal disorders for many centuries (Sheikhi et al. 2015). Ginger is also used as 
a treatment option for nausea and vomiting (Sharifi-Rad et al. 2017; Tóth et al. 2018). 
However, it is not recommended for pregnant women since it has mutagenic effects 
in vitro (Nakamura and Yamamoto 1983; Nagabhushan et al. 1987; Srinivasan 2017; 
Tóth et al. 2018).

Supplementation with ginger powder for patients with active rheumatoid arthri-
tis (RA) decreased the manifestation of the disease by enhancing the expression of 
FoxP3 genes and declining the expression of RORγt and T-bet genes to improve RA 
symptoms. The anti-inflammatory activity of ginger is indicated by its ability to 
reduce T-bet. The immunomodulatory effects of ginger were verified by increases 
in FoxP3 expression in patients who consumed ginger (Aryaeian et al. 2019). The 
increase in FoxP3 expression activated Tregs function, modulating the immune sys-
tem (Nazari et al. 2013). The improvement of RA showed the potential of ginger to 
boost the immune system to prevent the damage caused by autoimmune diseases 
(Aryaeian et al. 2019).

A range of concentrations of feed supplementation with ginger and organic sele-
nium improved the growth and immune system function of broiler chickens. The 
improvement was directly related to the increase in secretion of gastrointestinal 
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enzymes such as disaccharidases, lipase and maltase, which improve digestion 
and food intake (Zhang et al. 2009). The combined feeding of ginger and selenium 
improved immune response with no synergistic effect on the performance of broiler 
chickens (Safiullah et al. 2019).

It was recently reported for the first time that ginger rhizome extract has benefits 
even for smokers. Ginger consumption increased the concentration of haemoglobin 
to compensate for its reduction as a result of smoking, a finding which benefits smok-
ers with anaemia. Ginger consumption enhances the thyroid gland activity in smok-
ers as well as in non-smokers. It also enhanced IgM levels of non-smokers for better 
humoral immunity, antibody response, and defence against infections (Mahassni 
et al. 2019).

Nanoparticles prepared from compounds isolated from ginger protected mice 
from alcohol-induced liver damage. It is suggested that the nanoparticles activated 
nuclear factor erythroid 2-related factor 2 (Nrf2), which plays a key role in the 
expression of liver detoxifying genes. This also inhibits the production of oxygen 
free radicals to support the safety of the liver (Zhuang et al. 2015).

An antiallergic effect of ginger is reported, with the major bioactive pheno-
lic compound 6-gingerol suggested to play the role. The potential of 6-gingerol 
to inhibit the expression of genes encoding Th2 cytokines and IFN-γ was indi-
cated clearly (Kawamotoa et  al. 2016). In addition, feeding with ginger prohib-
ited Th2-mediated immune responses and 6-gingerol suppressed eosinophilia in a 
mouse model (Ahui et al. 2008), so it could be a good option for the prevention of 
IgE-mediated allergic disorders. 6-Gingerol is a proven immunosuppressing agent 
(Kawamotoa et al. 2016).

12.2.3 �G reen Tea

After water, tea is the leading beverage to be consumed globally today (Costa et al. 
2002; Rietveld and Wiseman 2003). A leaf of Camellia sinensis plant is used for 
the preparation of tea. The plant belongs to the Theaceae family and all types of 
tea are prepared from its leaf. The beginning of tea usage goes back 5,000 years in 
Southwest China. In preparing black tea, the basic processes include oxidation, a 
curing process of maceration and exposure to atmospheric oxygen, and black tea is 
the preferred form in Western countries (Graham 1992; Langley-Evans 2002). The 
majority of tea consumed in the USA is black ice tea (Il’yasova et al. 2003). The 
complex chemical composition of dried green tea contains carbohydrates (7–25%), 
proteins (15–20%), minerals (5%), flavonoids (25–35%), xanthic bases (3.5%), pig-
ments (0.5–2%) and aromatic organic acids (Graham 1992; Cabrera et  al. 2006). 
Both tea leaves and the tea beverage obtained by processing the leaves are rich in 
polyphenols (flavonoids), particularly the most biologically active flavanols, the cat-
echins (Crespy and Williamson 2004), and several vitamins (Sato and Miyata 2000; 
Higdon and Frei 2003). Green tea is rich in catechins and also includes phenolic acid, 
theobromine, theophylline, theanine, and caffeine (Barbalho et al. 2019).

In the catechins in green tea, epigallocatechin-3-gallate (EGCG) is the most 
abundant (32–50%), followed by epigallocatechin (EGC) (18–28%), then others 
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like epicatechin (EC) (6%) and epicatechin-3-gallate (ECG) (8–12%). These bioac-
tive compounds are responsible for the biological activities of the plant, such as its 
antioxidant and anti-inflammatory properties. These biological activities are very 
important for the prevention and treatment of numerous diseases such as diabetes, 
cancer, obesity and cardiovascular diseases (Inoue-Choi et  al. 2010; Geetha and 
Santhy 2013; Najeeb et al. 2016; Cazzola et al. 2018). The immune system stimulat-
ing potential of green tea polyphenols has been reported (Shimizu et al. 2010; Kim 
et al. 2016; Sharma et al. 2017).

It has been reported that tea drinkers showed better immune system stimulation 
than coffee drinkers through greater ɤδ-T-T cell proliferation in vivo, which is asso-
ciated with the presence of the unique amino acid, L-theanine, in tea. L-theanine is 
converted to glutamic acid, alkylamine and ethylamine via hydrolyzation (Kamath 
et al. 2003). The most abundant bioactive compound, catechin, increased levels of 
immunoglobulin in the rat model, which demonstrated its potential for stimulating 
the immune system (Ganeshpurkar and Saluja 2018). The immunomodulating activ-
ity of catechins is associated with increasing the level of phagocytic cell production 
in animals (Banacerraf 1978). Supplementation of feed with green tea by-products 
showed a positive impact on immune cell proliferation in goats by increasing the 
proliferation of T and B cells (Ahmed et al. 2015). Anticancer activity of green tea 
catechins has been reported. EGCG showed immune checkpoint inhibition activ-
ity and supported the restoration of T cell activity by mediating PD-L1 inhibition, 
making T cells kill cancer cells more effectively (Rawangkan et al. 2018). The main 
polyphenol in green tea, EGCG, restored the immune system disturbed by overdose 
supplementation of the toxic food contaminant, Perfluorodecanoic acid (PFDA) in 
mice and significantly reduced their mortality (Wang et al. 2020).

Supplementation with green tea for one week stimulated the function of the 
skin barrier by modulating skin metabolites and inhibiting metabolome changes in 
response to UV stress in mice exposed to external UV radiation. It is suggested that 
this effect prevents the formation of skin erythema (Jung et al. 2019). The compo-
nents of green tea, such as epigallocatechin gallate, caffeine, and theanine, defend 
the skin against UV stress by repairing the disturbed immune system caused by UV 
exposure and by enhancing its functions. (−)-Epigallocatechin-3-gallate (EGCG) 
enhanced the immune system in mice through maintaining the normal levels of 
CD4+ and CD8+ lymphocytes and increasing the secretion of sIgA in BALB/c 
mice and blocked infection by microorganisms in the respiratory tract. However, the 
activity of the compound was dose-dependent and the risk of immune suppression 
was reported at overdose levels. In addition, EGCG inhibited the release of the main 
stress hormones in normal mice, preventing the restraint stress to minimize the liver 
injury (Tang et al. 2020).

12.2.4 �E chinacea

Echinacea, commonly known as the purple coneflower, is an herbal medicine that 
was first recognized by Native Americans in the eighteenth century. Today, the plant 
is well distributed all over the world and widely found in the USA and Europe. 
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Echinacea is rich in bioactive metabolites, such as glycoproteins, caffeic acid 
derivatives, alkaloids, flavonoids, polysaccharides, glycoproteins, and volatile oils 
(Mirjalili et al. 2006; Göllner et al. 2013; Balciunaite et al. 2015; Moazami et al. 
2015). Echinacea and its pharmaceutics have been used for the treatment of breath-
ing-system-related illnesses like influenza, cough and sore throat, of immunity-
related cases like sepsis, and animal-related injuries, such as rabies and snake bites 
in the developing as well as in the developed world (Hu and Kitts 2000; Binns et al. 
2002; Jawad et  al. 2012; Rauš et  al. 2015; Li et  al. 2017). The Echinacea genus 
is in the Asteraceae family and has various species, such as Echinacea purpurea, 
Echinacea angustifolia, and Echinacea pallida (O’Hara et al. 1998). E. purpurea is 
the most used species and among the most popular medicinal plants worldwide today 
(Hudson 2012). These species possess several biological activities, such as bacteri-
cidal, free radical scavenging, anti-inflammatory, antiproliferative, antihypertensive, 
and immunomodulation properties (LaLone et al. 2007; Aarland et al. 2017; Chiou 
et al. 2017). E. purpurea is considered to be an efficient medicinal plant due to its low 
toxicity and few adverse effects.

E. purpurea is rich in numerous bioactive compounds, such as polysaccharides, 
alkaloids, glycoproteins, caffeic acid derivatives, and alkylamides. The immuno-
modulatory activities of this plant are also associated with the abundant presence 
of alkylamides, glycoproteins, and polysaccharides in its roots (Balciunaite et  al. 
2015). The immunostimulatory activity of Echinacea has been reported to be associ-
ated with its polysaccharide bioactive compounds (Luettig et al. 1989; Roesler et al. 
1991). Although the immunomodulation mechanisms involving plant metabolites are 
not well understood, it is reported that the immunomodulatory effect of E. purpurea 
is associated with the biochemical changes its phytochemicals cause in immune 
cells (Todd et al. 2015). The potential of certain standardized E. purpurea prepara-
tions to treat viral and microbial respiratory infections has been reported (Sharma 
et al. 2009, 2010).

It has also been reported that ethanolic extracts of E. purpurea showed a dual 
effect on immune system function: activation of production of the pro-inflammatory 
cytokine TNF-α in RAW 264.7 macrophage-like cells to fortify the immune system 
response in one way and it suppresses the generation of TNF- α in response to LPS 
exposure (Todd et al. 2015). Both of the activities are vital for regulation of the host 
immune response.

Children treated with combined Echinacea and Azithromycin showed a low fre-
quency of tonsillitis recurrence, with reduced symptoms (Awad 2020). Echinacea 
has immunostimulating properties, for which alkamides are thought to be respon-
sible among the bioactive constituents of the plant (Rininger et al. 2000). The plant 
can also reduce the severity of symptoms in early infections of the common cold 
and flu, which is believed to be one of the outcomes of its stimulatory effect on the 
immune system (Barrett 2003). Echinacea purpurea supplementations decreased 
the death rates of chickens infected with Escherichia coli bacteria, which might 
be due to the enhancement of immune response by the medicinal plant (Hashem 
et al. 2020). The immunostimulatory potential of Echinacea purpurea is believed 
to increase the resistance of the birds against infection (Gharieb and Youssef 2014). 
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The addition of 2% E. purpurea extracts in the drinking water for broiler chickens 
increased their immune response (Hassan and Sobhan 2017). E. purpurea is the most 
potent immune system stimulator because it has a high potential to increasing the 
non-specific immune system.

The immune system stimulating effect of tetraploid (CPE4) wolfberry fruit and 
diploid (CPE2) Echinacea purpurea polysaccharide was compared and reported. 
The immunoregulatory effect of tetraploid (CPE4) polysaccharide is found to be 
double that of the diploid (CPE2) polysaccharide, a finding which is clearly related to 
chromosome doubling (Yang et al. 2018). Polyploidization oF this bioactive compo-
nent (polysaccharide) of the plant enhanced their biological activities (Shi and Liu, 
1998). Several studies indicated a direct influence of E. purpurea on the immune sys-
tem function (Cech et al. 2010; King et al. 2014). Cellular immunity was promoted in 
young Wistar rats treated with E. purpurea extract, a finding which was confirmed 
by a level of immunoregulatory cytokines and immunoglobulins comparable with 
those in adult rats (Wang et al. 2017).

12.2.5 � Broccoli

Broccoli (Brassica oleracea var. italica) is an edible vegetable plant belonging to the 
family Brassicaceae (Vallejo et al. 2004; Eberhardt et al. 2005). It is indigenous to 
the eastern Mediterranean and Asia Minor, and was distributed to England and the 
USA in the eighteenth century. This fast-growing leafy vegetable has attracted much 
interest recently due to its high value in terms of nutrition and health care (Axelsson 
et  al. 2017). Broccoli has been one of the top research targets (Jones et  al. 2010) 
due to health benefits attributed to phytochemicals such as glucosinolates, gluco-
raphanin, dithiolthiones, isothiocyanates, indoles and its derivatives, and S-methyl 
cysteine sulphoxide (Ruiz-Jiménez et al. 2003; Aguado et al. 2014).

A common and bioactive compound in cruciferous vegetables, including broccoli, 
sulphoraphane is an isothiocyanate formed by glucoraphanin hydrolysis (Fahey et al. 
2002; Ares et al. 2014; Bricker et al. 2014; Baenas et al. 2015). Sulphoraphane is an 
important bioactive compound which possesses various biological activities includ-
ing immunomodulatory activity (Thejass and Kuttan 2007).

Pectin FB extracted from broccoli modulated the immune system of mice in vivo 
in a concentration-dependent way via increasing the number of activated macro-
phages and phagocytic activity. The reported ability of this polysaccharide to modu-
late the immune system makes it a potential contributor to immunomodulating drug 
development (Busato et al. 2020).

Sulphoraphane decreased the secretion of pro-inflammatory cytokines in a dose-
dependent manner. This compound is reported to have the potential of enhancing the 
response of the immune system (Bessler and Djaldetti 2018).

Sulphoraphane is a successful therapy in mice against a T cell-mediated autoim-
mune disease through a suggested inhibition of IL-12 and IL-23 expression (Geisel 
et al. 2014). ESAT-6 protein, obtained from genetically modified broccoli, enhanced 
the humoral immune response in mice against Mycobacterium tuberculosis (Saba 
et  al. 2020). The concentration of the ESAT-6 antigen derived from this plant is 
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higher than that obtained from other edible plants (Uvarova et al. 2013; Permyakova 
et al. 2015), showing its potential for the development of an edible plant-based vac-
cine against tuberculosis.

Dietary supplementation of broccoli in lower concentrations improved response 
in ligand-sensitive Ahrb/b mice and improved the resistance of the intestine to the 
chemical through host-microbiome alteration. This effect of broccoli consumption 
is partly associated with heightened AHR activity. It also significantly modulated 
the expression of numerous genes, like the up-regulation of the expression of cyclin 
and cell cycle regulatory genes. The potential of broccoli to play a therapeutic role in 
intestinal homoeostasis is also suggested (Hubbard et al. 2017).

The water-soluble polysaccharides of broccoli, whose structure has been elu-
cidated for the first time, showed good anticancer activity against HepG2 liver, 
MDA-MB-231 cell line, and Sihacervical carcinoma cells. One of the three mecha-
nisms by which natural polysaccharides act as an anticancer agent is by regulat-
ing the immune system to increase resistance against the cancer (Zong et al. 2012), 
which might be the mechanism by which the polysaccharides acted here. However, 
confirmation of the mechanism requires further investigation (Xu et al. 2015).

Dietary supplementation of young broccoli sprout homogenates for smokers 
decreased viral infection and a similar effect was manifested in a cohort of healthy 
nonsmokers. The observed effect was related to viral replication minimization due 
to oxidative stress reduction in nasal cells. This further emphasizes how much the 
immune system function is influenced by nutritional factors and the broccoli sprout 
homogenates supplied might alter specific host defense responses (Noah et al. 2014).

12.2.6 �R ed Pepper

Red chilli pepper (Capsicum annuum) is a plant species from the Solanaceae family 
which is indigenous to central America. The plant is edible and grown for its fruit 
which can be consumed either fresh or cooked. The fruit can also be processed to be 
used as spices (Jancso et al. 1997). At present, hot red peppers are the most important 
spices in human nutrition globally. However, strong care is needed especially regard-
ing its dose since it is recognized to cause pain to the mucous membranes when 
consumed in surplus (Nwaopara et al. 2004, 2007). They are well known medicinal 
plants with several biological activities (Johann et al. 2010; Freires et al. 2013) which 
are related to their main bioactive component capsaicin (Abdelnour et  al. 2018; 
Puvaca 2018). There are also other bioactive phytochemicals in this herbal plant such 
as capsisin and capsantine. The plant has chemopreventive and chemotherapeutic 
effects, which are due to these bioactive compounds (Al-Kassie et al. 2012). Jancso 
et al. (1997) reported that red pepper exclusively produces the alkaloids known as 
the capsaicinoids, about 50% of which is represented by capsaicin. The pungent 
and irritating effect of hot red pepper is due to capsaicin. The spicy feature of hot 
pepper is also associated with capsaicin (Govindarajan and Sathyanarayana 1991). 
The capsaicinoids and capsaicin of hot red pepper increases metabolism in terms of 
body temperature, oxygen consumption, and energy promotion in humans (Ohnuki 
et al. 2001). There are subclass compounds of capsaicin, such as dihydrocapsaicin, 
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nordihydrocapsaicin, homodihydrocapsaicin, and homocapsaicin (Fattori et  al. 
2016), which also contribute to the medicinal role of the plant. Vitamin C is also 
abundantly found in hot red pepper as well as pro-vitamin A, which contributes 
to the antioxidant and anti-stressor activities of the plant (Lee et al. 2005; Puvaca 
2018; Puvaca et al. 2019). Hot red pepper has potential to decrease cholesterol and 
fat deposition which helps the vascular system through participating in the lowering 
of triglyceride levels (Al-Kassie et al. 2012). Hot red pepper powder supplementation 
as a feed additive for broiler chicks increased their bacterial inhibitory potential and 
villi length, improving their performance. The improved bacterial defense might be 
due to morphological modification of the small intestine via a reduction in the growth 
of pathogenic or nonpathogenic microorganisms in the intestine. This may cause a 
reduction in the inflammatory reactions at the intestinal mucosa, which directs the 
increasing villus area to improve secretion, digestion, and nutrient absorption func-
tions. However, it did not affect the weight of the immune organ, the spleen (Soliman 
and Al-Afifi 2020).

The improvement of immunity parameters, like immunoglobulin G (IgG), by 
feeding hot red pepper to rabbits has been reported. The improvement of immune sys-
tem function is linked with increase in the immunoglobulin (IgM) levels (Abdelnour 
et al. 2018). Moradi et al. (2016) also reported that supplementation with red pepper 
as a feed additive stimulated the immune system function of broiler chicks, suggest-
ing that the bioactive components of the plant controls microbial growth via influenc-
ing biological processes of the key microflora like protein synthesis. The bioactive 
compounds in red pepper further inhibited the multiplication of Methanobacterium 
and Escherichia coli (Ghaedi et al. 2014). Afolabi et al. (2017) reported that addition 
of dried hot red pepper as feed additives for broilers enhanced their performance by 
stimulating their immune system, elevating the leucocyte cell numbers.

12.3 � SELECTED VITAMINS FORTIFYING THE IMMUNE SYSTEM

Vitamins are micronutrients with various roles in the biological system. Several vita-
mins, including vitamins A, C, D, and E, are essential for effective immune system 
functioning (Maggini et al. 2007) (Table 12.2).

12.3.1 �V itamin C

Vitamin C (ascorbic acid) is the most crucial vitamin which humans and other pri-
mates must obtain from fruits and vegetables since they cannot synthesize it (Kumar 
et al. 2013). Any compound carrying out the biological property of L-ascorbic acid is 
categorized under vitamin C (Kumar et al. 2013). The vitamin is also added widely 
to food as a scurvy-preventing food factor (Tee et  al. 1988; Rasanu et  al. 2005). 
The chemical composition of ascorbic acid is rich in hydroxyl groups which makes 
it polar and water soluble. The most important reaction of vitamin C is its oxida-
tion that converts the diol group to a diketo group (Tee et al. 1988). Various critical 
functions of ascorbic acid in the human body make it an essential micronutrient 
for humans. Scurvy is a potentially fatal disease caused by a severe deficiency of 
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vitamin C (Sauberlich 1997), leading to several metabolic disorders, such as collag-
enous structure weakening, delayed recovery from injury recovery, and weakened 
immunity. People suffering from scurvy are easily exposed to dangerous and poten-
tially lethal diseases like pneumonia. The level of vitamin C in the host determines 
the degree of infection since deficiency causes inflammation in the biological system 
(Hemila 2017).

A small amount (~10 mg/day) of vitamin C is enough to combat scurvy (Krebs 
1953), but higher dietary intakes (100–200 mg/day) are recommended since storage 
of vitamin C in the body is low because of its water solubility (Levine et al. 1995; 
Carr and Frei 1999). The essential nature of the vitamin is apparent in high dietary 
intakes of vitamin C, which are much higher than those of other vitamins. Vitamin 
C is a very strong free radical scavenger (antioxidant) and is involved as a cofac-
tor in fifteen mammalian enzyme-catalyzed metabolic reactions via iron-, copper- 
and 2-oxoglutarate-dependent oxidoreductase enzymes. Most mammals synthesize 
ascorbic acid in their liver using gulono-gamma-lactone oxidase, a vital ascorbate 
biosynthesizing enzyme. But many primates and humans depend on dietary sources 
to fulfill their need for ascorbic acid.

Vitamin C has proved to play an extensive role in the immune system (Carr and 
Maggini 2017). Ascorbic acid promotes microbial killing by enhancing chemotaxis 
and phagocytosis of phagocytes, although its role in a diverse subclass of lympho-
cytes is less evident (van Gorkom et al. 2018). However, it is suggested that vita-
min C has a crucial function in lymphocytic cells since these cells obtain vitamin 
C through either its sodium-dependent or -independent transporter (Wilson 2005), 
having intracellular ascorbic acid concentrations higher than plasma levels (Evans 
et al. 1982; Omaye et al. 1987). van Gorkom et al. (2018) reported that ascorbic acid 
contributes to the maturation of T cells. Furthermore, ascorbic acid stimulates Th2 
to Th1 shifting of immune responses, which is confirmed by increasing the inter-
feron (IFN)-γ/interleukin (IL)-5 cytokines secretion ratio percentage in broncho-
alveolar lavage fluid after ascorbic acid supplementation in mice (Chang et al. 2009). 
Although the mechanism of the effect is still in doubt, dendritic cell mediation has 
been suggested. The secretion of more IL-12 and production of more IFN- and less 
IL-5 dendritic cells (DCs) after treatment of dendritic cells with ascorbic acid is an 
indication of this (Jeong et al. 2011).

Supplementation of vitamin C in drinking water for broiler chicks significantly 
augmented the level of lymphocytes and decreased the number of heterophils as well 
as increasing the lymphocyte/heterophil ratio, which indicated the improvement in 
their immune response (Nosrati et al. 2017).

It is reported that even an elevated dose of this vitamin has an encouraging out-
come on Epstein-Barr Virus (EBV)-caused infectious disease as long-term intrave-
nous (IV) infusions of vitamin C reduced EBV EA IgG and EBV VCA IgM antibody 
levels (Mikirova and Hunninghake 2014). The mechanism suggested for this is 
higher cellular glucose uptake rates due to viral infection, leading to increased oxi-
dative stress (Yongjun et al. 2011), which enhances the assimilation rate of ascorbic 
acid as the vitamin enters cells in the form of dehydroascorbate through the same 
glucose transporters (Rose 1988; Vera et al. 1993; Vera et al. 1995).
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Rondanelli et al. (2018) reported that both the duration and severity of the com-
mon cold is reduced by regular supplementation of vitamin C with about a two-fold 
higher positive effect in children than in adults. The level of vitamin C in SARS-
CoV-2 patients was analyzed and the level was found to be undetectable in most 
of the patients. The reduced level of the vitamin might be associated to its higher 
metabolic consumption due to the virus (Chiscano-Camón et al. 2020). Therefore, 
increasing the dose of vitamin C consumption may compensate for the reduced level 
and help the immune system to efficiently fight the virus, minimizing the severity of 
the disease and the need for hospitalization of the patients.

It has been reported that treating high-risk COVID-19 patients of advanced age and 
with multiple comorbidities with IV vitamin C showed a positive effect. The treatment 
significantly decreased the inflammatory markers and FiO2 requirements (Hiedra et al. 
2020). This emphasizes that regular consumption of vitamin C might be a potential 
preventive route for viral infection and a higher dose might be required for patients.

Dietary supplementation of vitamin C for broilers challenged with the bacterium 
Salmonella enteritidis improved the microbial population structure and intestinal 
morphology of the birds. The crucial outcome of the vitamin supplementation was 
the improvement of the immune response. The effect enhanced the intestinal health 
of the birds and increased their productivity, while minimizing their death rate (Gan 
et al. 2020).

12.3.2 �V itamin D

Vitamin D refers to a cluster of fat-soluble secosteroids that play a key role in boost-
ing assimilation of micronutrients such as zinc, calcium, iron, magnesium, and phos-
phate (Holick 2007). Humans obtain vitamin D either from skin exposure to sunlight 
(80–100%) and/or from the food they eat, either as a daily diet or from supplements. 
The two most important compounds from fat-soluble secosteroid groups in humans 
are vitamin D3 and vitamin D2. Particularly, the body can synthesize the former 
one in the skin from a cholesterol-inadequate sunlight UVB-supplying environment, 
unlike other fat- or water-soluble vitamins. Although it is suggested that sunlight 
UVB exposure for vitamin D synthesis is regulated by a negative feedback loop to 
avoid toxicity, the doubt over cancer development due to prolonged sunlight exposure 
has remained a problem when setting the quantity of sunlight exposure needed to 
fulfill vitamin D requirements by national bodies. The adequate synthesis of vita-
min D by many mammals including humans via sunlight exposure means that it 
should not be considered strictly as a vitamin. Rather, it is a vital nutrient required 
in limited amounts and may be considered a hormone after hydroxylation in the 
body to 1, 25(OH)2D since its production and application take place in different sites 
(He et al. 2016). Vitamin D was discovered and its chemical structure elucidated by 
Adolf Windaus, who was awarded the Nobel Prize for Chemistry in 1928 for his key 
contributions (Wolf 2004). The biologically active form, 1, 25(OH)2D, is obtained 
by two-time hydroxylation of the inert vitamin D by the 25-hydroxylase enzyme. 
The main storage form, as well as the chief circulating metabolite of the vitamin, 
is 25(OH)D, and muscles and adipose tissue are its storage sites (Baeke et al. 2010).
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The important effect of the vitamin on the functioning of both innate and adap-
tive immune systems (He et al. 2016) was confirmed after the discovery of its recep-
tor in almost all immune cells (Baeke et al. 2010), which have the potential to change 
25(OH)D to 1, 25(OH)2D by expressing the mitochondrial vitamin D-activating 
enzyme. The conversion is regulated by the major circulating metabolite of vitamin 
D, 25(OH)D (Bikle 2009). It is interesting that vitamin D often prominently up-
regulates immune system-related genes although genes involved in cellular metabo-
lism are less sensitive to the nuclear hormone (Neme et al. 2017). Thus, vitamin D 
deficiency affects the immune system function (Holick 2007) in addition to the bone 
disorders (‘rickets’) it causes (Carlberg 2014).

The occurrence of the initial COVID-19 outbreak in winter and the declining 
of cases in the southern Hemisphere about the end of the summer, when there is 
the highest quantity of 25-hydroxyvitamin D (25(OH)D) in the cell showed that 
higher vitamin D3 doses might be useful to treat COVID-19-infected people. It 
has also been suggested that raising the concentration of 25(OH)D via vitamin D 
supplementation in winter might help in influenza prevention (Grant et  al. 2020). 
Supplementation of magnesium is recommended along with vitamin D supplemen-
tation since it activates the vitamin for better regulation of calcium and phosphate 
homoeostasis. Magnesium is required by all vitamin D-metabolizing enzymes, act-
ing as a cofactor for enzymatic reactions in the liver and kidneys (Uwitonze and 
Razzaque 2018).

A long-term high-dose supplementation of vitamin D resulted in hypercalcaemia, 
rendering T cells more prone to pro-inflammatory activation which can promote the 
worsening of CNS demyelinating disease. It also stimulated the activation as well 
as the division of both myeloid antigen-presenting cells (APC) and T cells in mice 
(Häusler et al. 2019). This novel finding is not in agreement with the previous reports 
suggesting that the moderate dose of the vitamin is safe in short-term supplementa-
tion (Sotirchos et al. 2016). However, the longer-term supplementation of high-dose 
vitamin D in the novel finding might make it more efficient and recommended as it 
broadly activated the immune system cells. It is finally suggested that the moderate 
level may cause an immediate regulatory influence, whereas the continuous high-
dosage supplementation might activate multiple sclerosis disease activity by enhanc-
ing mean levels of T cell excitatory calcium (Häusler et al. 2019).

Treatment of ulcerative colitis patients with vitamin D3 decreased the 
inflammatory cytokines (TNF-α, IFN-ɤ, and IL12p70) levels without affecting the 
circulatory amount of IL-4 and IL-10. This highlighted the inhibition potential of 
vitamin D toward Th1 immune responses but not Th2 responses, suggesting the 
therapeutic immunomodulatory potential of vitamin D (Sharifi et al. 2019).

Addition of vitamin D as a food supplement significantly decreased the level of 
pro-inflammatory cytokines and the elevated production of interleukin-10 (IL-10), 
enhancing the resistance of healthy individuals to DENV-2 infection. The dose-
dependent inhibitory effect of the vitamin against DENV infection indicated its 
influence on the immune response and its ability to act as an immunity modulator 
(Giraldo et al. 2018). Chen et al. (2016) reported that 1,25(OH)2D supplementation 
might regulate the cellular immune response abnormalities caused due to deficiency 
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of vitamin D in patients with recurrent miscarriage (RM). The deficiency of vitamin 
D observed in most of the patients indicated the key role of the vitamin in the modu-
lation of blood lymphocyte subsets.

12.3.3 �V itamin E

Vitamin E comprises eight fat-soluble compounds divided into tocopherols (α-, β-, 
ɤ-, and δ-tocopherol) and tocotrienols (α-, β-, ɤ-, and δ-tocotrienol) (Traber 2006). 
Although all members of vitamin E are bioactive, α-tocopherol (α-TOH) is the most 
biologically active in mammals (Hosomi et al. 1997; Traber 2006), which is related 
to the absence of interconversion between these forms. As a result, the only vitamin 
E form meeting the human requirement is α-tocopherol (Traber, 2007). The tocoph-
erols and tocotrienols have a common chromanol ring and their differences lie in 
their tails: a phytyl tail for tocopherols, but an unsaturated tail for tocotrienols. The 
α -, β-, ɤ-, and δ- forms differ in the quantity and attachments of methyl groups on 
the ring. There is also a difference in stereochemistry between natural and synthetic 
tocopherols: natural tocopherols have a single (RRR) stereochemistry, while the syn-
thetic groups are a mixture of eight stereoisomers (Lee and Han 2018).

Vegetable oils and oils from sources such as cottonseed, soybean, wheat germ, 
corn, walnut, sunflower, palm (Sheppard et al. 1980; Lee and Han, 2018), avocados 
(Dreher and Davenport 2013), olives (Piroddi et al. 2017), and legumes (Soba et al. 
2020) are well-known dietary sources of vitamin E. There is no toxic accumulation 
level of vitamin E in the liver unlike other fat-soluble vitamins since its metabolism 
increases with its intake, resulting in the removal of its catabolic products from bio-
logical system via urine and faeces. The most likely three compartments in the liver 
for the metabolism of the vitamin E (mainly α-TOH) are the endoplasmic reticulum, 
peroxisomes, and mitochondria (Sontag and Parker 2002).

The molecular structure of vitamin E has three functionally distinct units: the 
first (I) is a functional unit, the second (II) is a signalling unit, and the third (III) 
is a hydrophobic domain which determines the properties of the vitamin (Wallert 
et al. 2020).

The biological activity, especially the free radical scavenging potential, of vita-
min E is reported (Olcott and Mattill 1931). The most potent form of vitamin E, in 
terms of the above-mentioned activity and ensuring fertility, α-tocopherol has a bio-
logical activity as a result of units I and II (Neuzil et al. 2002). These units possess 
phenolic groups which are good free radical scavengers and the antioxidant potential 
of the vitamin is directly related to this group. The third unit is responsible for the 
hydrophobicity of the vitamin which facilitates the integration into lipoproteins and 
membranes (Neuzil et al. 2002).

The immunomodulating property of vitamin E in animals, including humans, is 
reported in which dendritic cells are suggested to play the role in initiating adaptive 
immune responses by connecting innate and specific immune systems. It is also well 
reported that dietary supplementation with the vitamin enhances humoral immune 
responses in several types of animals via increasing lymphocytic proliferation, the 
level of immunoglobulins, the degree of antibody responses, the activity of NK cells, 
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and interleukin IL-2 production. The increased lymphocytic proliferation in humans 
due to high-dose (above the recommended levels) supplementation of vitamin E 
enhanced delayed-type hypersensitivity (DTH) response, increased IL-2 production, 
and decreased IL-6 production (Lee and Han 2018). Vitamin E greatly supports 
defence against pathogens due to its immunostimulatory activity with a reported 
mechanisms of increased macrophage activity and antibody (Ab) production for 
Streptococcus pneumoniae type 1 (Heinzerling 1974), and higher NK activity and 
Th1 response to the influenza virus (Hayek et al. 1997; Han et al. 2000). Thus, the 
deficiency of vitamin E vastly contributes to the oxidation of unsaturated fatty acids 
to increase oxidative stress which could also happen in the elderly, potentially reduc-
ing the immune system function (Fukui et al. 2001; Muller 2010; Wu and Meydani 
2014; Lee and Ulatowski 2019; Lewis et al. 2019). Furthermore, vitamin E deficiency 
causes abnormal functioning of the central nervous system and the reproductive sys-
tem (Saito et al. 2020).

The immune-system-stimulating potential of vitamin E in chickens has been 
reported. Supplementation of the vitamin with Fetomune Plus® for experimen-
tally AIV H9N2-infected chickens improved their immunological and pathological 
effects through decreasing IFN-gamma expression. The improvement of immune 
system response was further indicated by a significantly reduced mortality rate of 
the chickens (Awadin et al. 2019). Supplementation of vitamin E as a feed additive 
stimulated the immune system function of goats and increased their resistance to 
epsilon toxin D of Clostridium perfringens (Khan et al. 2019).

Treatment of patients with stroke-associated pneumonia with vitamin E increased 
resistance to the disease due to an auxiliary therapeutic effect of the vitamin which 
increased the levels of CD55 and CD47. The effect was dose dependent in which 
the high-dose vitamin E group showed better resistance and shorter duration of hos-
pitalization (Shen and Zhan 2020). The potential of vitamin E in inhibiting PMN 
apoptosis was reported in which the enhancement of CD55 and GPI binding stability 
is suggested as a potential mechanism (Witt et al. 2000). Polymorphonuclear neutro-
phil (PMN) are the most abundant circulating immune cells.

Dietary supplementation with vitamin E improved the immune response by 
increasing the total antioxidant capacity in pigs. However, the effect was insignifi-
cant in pigs fed with peroxidized lipids since the concentration of vitamin E was not 
adequately increased as the vitamin was consumed by peroxidized lipids to save cells 
from oxidative damage caused as a result of oxidative stress by the oxidants. However, 
addition of peroxidized lipids canceled the immune system stimulation by the vitamin 
and no improvement in immune response was recorded (Silva-Guillen et al. 2020).

Dietary supplementation of 30 IU vitamin E/kg for Salmonella enteritidis-chal-
lenged laying hens improved their immunity response by alleviating the oxidative 
and immune stress due to the challenge, decreasing the mortality rate of the birds 
(Liu et al. 2019). Dalia et al. (2018) reported that the combination of vitamin E with 
bacterial organic selenium as a feed additive (ADS18-Se) improved the immune sys-
tem in broiler chickens by regulating some cytokine expression levels and immuno-
globulin levels. The immune system-stimulating activity of the two combined was 
better than that of the bacterial organic selenium alone.
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12.4 � CONCLUSION

The immune system is one of the critical parts of a biological system, with its key 
roles including protection against infection and the removal of damaged tissues. 
However, the system greatly depends on nutrients and vitamins to efficiently per-
form its activities. Although specific bioactive compounds of some medicinal plants 
show immune system strengthening activities, there is still a need to identify the 
mechanism by which they operate in order to improve the use of plants as immune 
system enhancers to cope with the problems caused by infectious diseases and drug 
resistance of pathogenic microorganisms.
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13 Role of Specific Spices 
in Fortifying the Human 
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13.1 � INTRODUCTION

Since ancient times, spices have been known for their medicinal properties and 
health benefits, as well as their culinary impact. In the wake of the COVID-19 out-
break, there is a growing concern in strengthening our immune system in order to 
protect our bodies from infectious diseases. The immune system is a network of bio-
logical processes that protects an organism against disease. It involves many types 
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of cells, tissues, and organs. Immunity is the key mechanism for the protection of 
the host against infectious agents. A very important role in the immune system is 
played by the cytokines, which are a broad group of low-molecular-weight glyco-
proteins, secreted by specific immune system cells and categorized as signalling 
messengers that mediate and regulate immunity, inflammation, and haematopoi-
esis. Basically, immunity is of two types, namely innate immunity, which is the 
first line of protection, in which phagocytic cells and macrophages play an impor-
tant role, and adaptive immunity, which is capable of specifically recognizing and 
selectively removing various foreign microorganisms and molecules. In addition, the 
processing and presentation of antigens is also a complex process mediated by the 
Major Histocompatibility Complex (MHC), which is categorized as either Class-I 
or Class-II MHC. An endogenous antigen can be processed and presented by class-I 
MHC to antigen-presenting cells (APCs), where it can be recognized by CD8+ cells. 
An exogenous antigen can be processed and presented by class-II MHC to APCs, 
where it can be recognized by CD4+/ T cells. Although the immune system does a 
remarkable job of defending our body against disease-causing microorganisms, if it 
is weakened, pathogens will invade successfully and may lead to disease. Is it pos-
sible to intervene in this process and boost our immune system?

Recently, many studies have shown the conclusive role of food-derived substances 
in modulation of immune function, such as nutrients (Field et al. 2002; Amati et al. 
2003), amino acids (Takegoshi et  al. 1998), fatty acids (Kaminogawa and Nanno 
2004), vitamins (Meydani et al. 1990; Coutsoudis et al. 1992), minerals (Sempertegui 
et al. 1996), nucleotides (Nagafuchi et al. 2000), and probiotics (Arak et al. 1999; 
Hatakka et al. 2001).

Correlation study data from 163 countries between COVID-19 incidence and spice 
consumption has revealed the potential of spices to fight COVID-19 (Elsayed and 
Khan 2020). Recently, there has been growing interest in inexpensive natural immu-
nomodulatory molecules, derived from spices, for strengthening and boosting immune 
response. It has been reported that coumarins and flavonoids from some spices exhib-
ited immunomodulatory activity, i.e., directly enhancing lymphocyte activation and/
or secretion of the multipotent cytokine, interferon gamma (IFN-γ) (Cherng et  al. 
2008). Curcumin, a polyphenol derived from the spice turmeric, is reported to acti-
vate the host innate immunity (Catanzaro et al. 2018). Given the proven immuno-
modulatory properties of some spices, the aim of this chapter was to research the 
immune booster properties of spices, such as Turmeric (Curcuma longa), Cinnamon 
(Cinnamomum zeylanicum and Cinnamomum cassia), Black pepper (Piper nigrum), 
Star Anise (Illicium verum), Clove (Syzygium aromaticum), Fenugreek (Trigonella 
foenum-graecum), Black Cumin (Nigella sativa), Garlic (Allium sativum), Ginger 
(Zingiber officinale), Capsicum sp. and Omum (Trachyspermum ammi).

13.2 � SPECIFIC SPICES FOR A STRONG IMMUNE SYSTEM

13.2.1 �T urmeric (Curcuma longa L., family Zingiberaceae)

The use of turmeric has been known in India since the Vedic period, for almost 
4,000 years. In food, it is used as a colouring agent and is often referred to as “Indian 
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saffron” and also “the golden spice”. In the traditional system of medicine, it has 
been widely used for treatment of various ailments, such as respiratory illness (e.g., 
asthma, bronchial hyperactivity, and allergy), liver disorders, anorexia, rheumatism, 
diabetic wounds, sprain, and swelling. Modern interest in turmeric started in the 
1970s when researchers found that the spice may possess biological anti-inflamma-
tory and antioxidant properties and may prove effective in hepatobiliary diseases 
(Hu et al. 2017). Health benefits of turmeric are attributed to curcumin, obtained 
from the rhizome (Nelson et al. 2017).

13.2.1.1 � Curcumin
The transcription factor, nuclear factor-kappa B (NF-κB) has been reported to be 
constitutively active in many types of cancer (Giuliani et al. 2018). Curcumin down-
regulates the constitutive activity of NF-κB and induces apoptosis in novel mouse 
melanoma cells (Marín et al. 2007). Tumour necrosis factor-α (TNF-α) is an inflam-
matory cytokine produced by macrophages/monocytes during acute inflammation 
and the reduction of its concentration is a therapeutic target in several inflamma-
tory diseases. The results of several preclinical studies on the effect of curcumin 
on TNF-α have shown that it effectively blocked TNF-α (Sahebkar et  al. 2016). 
Studies showed that inhibition of the JAK/STAT pathway by curcumin is involved in 
reduced migration and invasion of cancer cells (Ashrafizadeh et al. 2020). Curcumin 
exerts anti‐diabetic, renoprotective, and neuroprotective impacts by normalizing the 
expression of the JAK/STAT signalling pathway (Ashrafizadeh et al. 2020). Several 
studies have demonstrated immunomodulatory properties of curcumin on immune 
cells and mediators, such as various T lymphocytes, dendritic cells, NK cells, mono-
cytes and macrophages, B cells, neutrophils, eosinophils, mast cells, and different 
inflammatory cytokines (Srivastava et al., 2011; Momtazi-Borojeni et al. 2018).

13.2.2 �C innamon (Cinnamomum zeylanicum and Cinnamomum cassia)

The bark of various cinnamon species is used worldwide for cooking and also in 
traditional and modern medicines. Cinnamaldehyde is one of the major constituents 
of cinnamon essential oil, which is known to possess anti-inflammatory properties. 
It was found that cinnamaldehyde inhibits TNF-α-induced inflammation through 
suppression of NF-κB activation (Liao et al. 2008) and TLR4, and NLRP3 signalling 
pathways (Lee et al. 2015).

13.2.3 � Black Pepper (Piper nigrum)

Black pepper has long been used in many cuisines and it holds a very valuable place 
among herbal medicinal plants. Piperine exhibits a strong anti-inflammatory func-
tion. Clinical studies have demonstrated remarkable immunomodulatory potential 
of piperine, together with antioxidant, antitumour, and drug availability-enhancing 
properties. It possesses the potential to treat lipopolysaccharide (LPS)-induced 
inflammation. Results indicated that piperine inhibited LPS-induced expression of 
IRF-1 and IRF-7 mRNAs, inhibited phosphorylation of IRF-3, type1 IFN mRNA, 
and down-regulation of STAT-1 activity (Bae et al. 2010). Similarly, Wang-Sheng 
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et al. (2016) reported that piperine inhibited LPS-induced TNF-α, IL-6, IL-1β, and 
prostaglandin E2 (PGE-2) production in BV2 microglial cells. It found to inhibit the 
production of IL-2, and IFN-γ in activated human peripheral blood mononuclear 
cells (PBMCs) (Chuchawankul et al. 2012). Also, piperine reduced the level of proin-
flammatory cytokines IL-1β, IL-6, and TNF-α, and lowered the expression of COX-
2, NOS-2, and NF-κB in cerebral ischaemia in rats (Vaibhav et al. 2012).

13.2.4 �S tar Anise (Illicium verum)

Star anise (Illicium verum) is an important medicinal plant in traditional Chinese 
medicine and is widely known for its antiviral properties. It is source of shikimic 
acid, which is used in the manufacture of oseltamivir (Tamiflu®), an antiviral medi-
cation for influenza A and influenza B (Patra et al. 2020). Staphylococcus aureus cul-
tures treated with trans-anethole (a terpenoid from anise or from star anise essential 
oils) have shown human neutrophil phagocytic activity as well as IL-8 production, 
suggesting an innate immune response (Kwiatkowski et al. 2020). An extract from 
this plant was found to reduce expression of IL-4, IL-6, TNF-α, TARC, RANTES, 
ICAM-1, and VCAM-1, but not IFN-γ in atopic dermatitis in a mouse model 
(Sung et al. 2012a). The extract inhibited TNF-α/IFN-γ-induced chemokines, pro-
inflammatory cytokines, and adhesion molecules via blockade of NF-κB, STAT1, 
MAPK, and Akt activation (Sung et  al. 2012b), indicating therapeutic properties 
of Illicium verum extract against inflammatory skin diseases like atopic dermatitis.

13.2.5 �C love (Syzygium aromaticum)

Clove (Syzygium aromaticum, from the plant family Myrtaceae) is an aromatic flower 
bud which is native to the small islands of Maluku in Indonesia, also known as the 
“Spice Islands”. Recently, the application of natural spices as immunomodulators has 
attracted increasing attention. Clove shows great potential as an immunostimulant 
(Halder et al. 2011). Eugenol is the major constituent of Syzygium aromaticum. The 
immunomodulatory effect of S. aromaticum essential oil has been attributed to an 
augmentation of humoral and cell-mediated immune responses (Halder et al. 2011). 
Islamuddin et al. (2016) demonstrated antileishmanial activity of a eugenol emul-
sion through potentiating Th1 immunostimulation without adverse side effects, and 
may help to alleviate the depressed cell-mediated immunity and hence complement 
the antileishmanial activity. Inflammation is known as adaptive immunity response 
of the body. Eugenol possesses anti-inflammatory potential, with in-vitro studies 
revealing that clove oil polyphenol inhibits nuclear factor-kB (NF-kB) activation 
in lipopolysaccharide-initiated macrophages induced by inactivated cyclooxygen-
ase activity (COX-2) and tumour necrosis factor (TNF-α) (Kim et al. 2003). Thus, 
eugenol may serve as a plausible lead candidate for developing the COX-2 inhibi-
tor as an anti-inflammatory or anticancer chemopreventive agent. Eugenol reduced 
levels of TNF-α and neutrophils in the mouse during pulmonary inflammation. It 
also protected against nicotine-induced dysfunction of murine macrophages through 
down-regulating the Th1 cytokines (TNF-α, IL-12) with concurrent activation of 
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Th2 responses (IL-10, TGF-β) (Kim et al. 2003). Studies on collagen-induced arthri-
tis in the murine model showed the anti-arthritic property of eugenol. It inhibits 
mononuclear cell infiltration into the knee joints of arthritic mice and also decreases 
the levels of cytokines, such as tumour necrosis factor (TNF-α), interferon (IFNγ), 
and tumour growth factor (TGF-β) within the ankle joints (Grespan et  al., 2012). 
The eugenol shows significant potential against dermatitis as an anti-inflammatory 
molecule which inhibited the release of myeloperoxidase (MPO) in degranulation 
of PMA-stimulated neutrophils (Lopes et al. 2018). It is reported that MPO displays 
cytokine-like properties that can activate leukocytes in an inflammatory response 
(Lau et al. 2005). It prevents neutrophil degranulation and can be used as an anti-
inflammatory compound against dermatitis disease (Sheppard et al. 2005). Han et al. 
(2017) reported significant inhibitory effects of eugenol in human dermal fibroblasts 
that exhibited antiproliferative activity and also significantly decreased the levels 
of inflammatory biomarkers, such as vascular cell adhesion molecule-1 (VCAM-1), 
interferon gamma-induced protein 10 (IP-10), interferon-inducible T-cell α chemoat-
tractant (I-TAC), and monokine induced by gamma interferon (MIG).

13.2.6 �F enugreek (Trigonella foenum-graecum)

Fenugreek (T. foenum-graecum) is an important species of the Fabaceae family. It 
is an annual herb that has been used widely in the Indian (Ayurvedic) system of 
medicine. Medicinal properties of this herb are due to the presence of alkaloids, 
saponins, and flavonoids (Yadav et al. 2011). Apart from its traditional medicinal 
uses, fenugreek is found to have many pharmacological properties, such as antidia-
betic, antinociceptive, anticarcinogenic, antioxidant, anti-inflammatory, and hypo-
cholesterolaemic activities (Goyal et al. 2016). Several studies have shown that seeds 
of fenugreek possess significant immunomodulatory functions. The dietary admin-
istration of fenugreek enhances the humoral immune response and the expression 
of immune-associated genes, particularly IgM gene expression in fish (Bahi et al. 
2017). An extract of this plant elicited a significant increase in phagocytic index and 
phagocytic capacity of macrophages and showed a stimulatory effect on immune 
functions in mice (Bin-Hafeez et al. 2003). Fenugreek extract cured Th2-induced 
allergic skin inflammation by enhancing Th1 differentiation and may prove to be 
a useful therapeutic agent for treatment of allergic inflammatory diseases accord-
ing to traditional use, as well as Th2-mediated allergic response (Bae et al. 2012). 
The seeds of this plant also exhibit anti-inflammatory activity by suppressing the 
production of pro-inflammatory cytokines and IgE-mediated immune response. It 
also regulates the balance between helper T (Th) cells (Piao et al. 2017). The admin-
istration of T. foenum-graecum extract improved metabolic features, and corrected 
inflammatory alterations associated with ovariectomy and helped in reducing the 
metabolic and inflammatory alternations associated with menopause (Abedinzade 
et al. 2015a). Fenugreek seed has been shown to affect immunological responses in 
piglets after weaning. The addition of fenugreek increased the relative concentration 
of the γδ T cell population (TCR1+CD8α−) in the blood with a simultaneous reduc-
tion of antigen-presenting cells (MHCII+CD5-) (Zentek et al. 2013).
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13.2.7 � Black Cumin (Nigella sativa)

Nigella sativa (black cumin) is a medicinal belonging to the Ranunculaceae family 
and is native to Southwest Asia, southern Europe, and North Africa, but it is culti-
vated and used in different parts of the world (Gholamnezhad et al. 2015). Mainly, 
the seeds of this plant are found to possess immunomodulatory functions along with 
other medicinal properties, such as antidiabetic, anticancer, analgesic, antimicrobial, 
anti-inflammatory, gastroprotective, hepatoprotective, and antioxidant properties 
(Abel-Salam, 2012). Phytochemical analyses of N. sativa displayed the presence of 
alkaloids, saponins, sterols, and essential oil (Ghahramanloo et al. 2017).

Thymoquinone (TQ) is one of the main active components of the volatile oil of 
N. sativa seeds and most effects and actions of N. sativa are mainly related to TQ 
concentration (Samarghandian et al. 2018). The oil and extracts of this plant were 
found to suppress humoral immune response while alleviating the cell-mediated 
response (Majdalawieh and Fayyad, 2015). The oil of N. sativa, combined with arte-
mether (ART) and praziquantel (PZQ), was used to check the immune and inflam-
matory response of mice infected with Schistosoma mansoni. Immunity of host was 
improved after administration of N. sativa oil, and levels of cytokines and IgG in 
the blood significantly increased (Sheir et al. 2015). Due to its ability to suppress the 
inflammatory mediators, N. sativa oil was also reported to enhance cell-mediated 
immunity in immuno-suppressed male rabbits (Salem, 2005). Another study revealed 
the immunostimulatory effect of N. sativa seeds on non-phytohaemagglutinin (PHA) 
-stimulated proliferation of human peripheral blood mononuclear cells (PBMCs). 
PHA was used to trigger B and T lymphocyte proliferation by interaction between 
active components of extracts and cell surface molecules or growth factors involved 
in non-PHA activation. N. sativa was reported to have chemopreventive or antican-
cer activities as a result of immunostimulatory activity (Alshatwi, 2014). Elmowalid 
et al. (2013) reported that an extract of this plant showed prominent increases in the 
microbicidal activity of monocyte-derived macrophages against yeast or bacteria, 
enhancing the activity of macrophages (innate immunity) and also regulating adap-
tive immunityto infectious diseases (Elmowalid et al. 2013). Recently, it was also 
observed that N. sativa has potential antiviral activity against COVID-19. The seeds 
and oil of N. sativa can be considered to be a first aid kit as a preventive measure 
against COVID-19. The bioactive compounds, thymoquinone, α-hederin, or nigel-
lidine, could be promising alternative herbal drugs with which to combat COVID-19 
(Islam et  al. 2021). In-silico studies proved that the bioactive constituents of this 
plant can bind with the ACE2 receptors, while the bioactive phytoconstituents are 
involved in molecular pathways like HIF1, VEGF, IL-17, AGE-RAGE, chemokine 
and calcium signalling pathways, which can be particularly helpful in combating 
hypoxia and inflammation caused by a compromised immune system and oxidative 
stress (Jakhmola et al. 2020).

13.2.8 �G arlic (Allium sativum)

Garlic (A. sativum; Amaryllidaceae) originates from Central Asia and has been used 
as a medicinal plant for thousands of years. It contains organosulphur compounds, 
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such as ajoene, allicin, alliin, allixin, γ glutamyl-S-2-propenyl cysteine, diallyl disul-
phide, methyl allyl disulphide, S-allyl-cysteine, and 1,2-vinyldiithin (Martin et al. 
2016). Allicin inhibited TNF-α-induced secretion of IL-1β, IL-8, IP-10, and IFN-γ 
and also achieved suppression of the degradation of the NF-κB inhibitory protein 
IκB in intestinal epithelial cells (Lang et al. 2004). Thus, allicin may have the poten-
tial to attenuate intestinal inflammation. Garlic appears to enhance the functioning 
of the immune system by stimulating certain cell types, such as macrophages, lym-
phocytes, natural killer (NK) cells, dendritic cells, and eosinophils via modulation 
of cytokine secretion, immunoglobulin production, phagocytosis, and macrophage 
activation (Arreola et al. 2015). Several garlic associated compounds, such as ajoene, 
allicin, allyl, methyl thiosulphinate, and methyl allyl thiosulphinate, have been found 
to possess high viricidal activity (Mikaili et al. 2013).

13.2.9 �G inger (Zingiber officinale)

Ginger (Z. officinale; family Zingiberaceae) is widely used in folk medicine and as a 
spice. The bioactive molecules present in ginger include α-zingiberene, α-farnesene, 
β-bisabolene, α-curcumene, [6]-gingerol and [6]-shogaol, paradol, zingerones, and 
allied derivatives (Zhan et al., 2008). Ginger is consumed in many cultures as an 
immune booster (Kannappan et  al., 2011). Ginger extracts have been reported to 
have anti-inflammatory, anti-oxidant, and anti-cancer effects. 6-Shogaol is one of 
the most bioactive components of ginger rhizomes and possesses neuroprotective, 
neurotrphic, and anti-inflammatory properties. It was shown to suppress the release 
of pro-inflammatory cytokines and decreased the level of inducible nitric oxide 
synthase (iNOS), cyclooxygenase-2 (COX-2), and phospho-NF-kB in LPS-treated 
astrocytes, as well as up-regulated histone H3 acetylation and suppressed histone 
deacetylase (HDAC)1 expression (Shim et  al. 2011). [6]-Gingerol inhibits COX-2 
expression by blocking the activation of p38 MAP kinase and NF-κB in phorbol 
ester-stimulated mouse skin (Kim et al. 2005). Ginger ameliorated allergic asthma 
by reducing inflammation of the allergic airway and suppressed Th2-mediated 
immune responses in mice with ovalbumin-induced allergic asthma (Khan et  al. 
2015). An in-vitro study indicated that 6-gingerol could alleviate allergic rhinitis by 
reducing cytokine production for T cell activation and inhibiting the activation of B 
cells and mast cells (Kawamoto et al. 2016).

13.2.10 �C apsicum

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide) is the principal component of 
hot peppers, in the genus Capsicum. It has been employed in pain relief, weight 
loss, and cancer prevention (Luo et  al. 2011). Capsaicin from juice of Capsicum 
baccatum exhibited an anti-inflammatory effect by inhibition of the production of 
pro-inflammatory cytokines (TNF-alpha and IL-1-beta) at the inflammatory site 
in mouse inflammatory immune peritonitis. Furthermore, capsaicin was able to 
inhibit the neutrophil migration towards the inflammatory site (Spiller et al. 2008). 
Capsaicin has been shown to suppress cell proliferation and to trigger apoptosis of 
Multiple Myeloma (MM) cells, by reducing STAT3 phosphorylation and activation 
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(Bhutani et al. 2007). Cytotoxic anticancer therapeutics induce immunogenic cell 
death (ICD), inducing tumour cells to undergo apoptosis while eliciting the emission 
of a spatiotemporally defined combination of damage-associated molecular patterns 
(DAMPs) which is decoded by the immune system to activate antitumour immu-
nity for long-term therapeutic success. The neurotoxin capsaicin (CPS) can induce 
both cancer cell apoptosis and immune-mediated tumour regression (D’Eliseo et al., 
2013). It has been reported that capsaicin reduced the Mcl-1 expression level, leading 
to the capsaicin-mediated cell death and autophagy induction (Granato et al. 2015).

13.2.11 �O mum (Trachyspermum ammi)

Omum (T. ammi), commonly known as ajwain, ajowan, caraway, Bishop’s weed, or 
carom, is an annual herb of the family Apiaceae (previously, the Umbelliferae). It 
has been used in food preparation and also as a traditional medicine in Ayurveda. 
Although a number of pharmacological activities have been attributed to ajowan, its 
role in immunomodulation is not known. Ajowan glycoprotein (Agp) showed effec-
tive mitogenic activity towards splenocytes, induced proliferation of B cell-enriched 
murine splenocytes and activated macrophages to release NO, promoted phagocyto-
sis, and produced pro-inflammatory cytokines (IL-12, TNF-α and IFN-γ) (Shruthi 
et al. 2017). Seed extracts of T. ammi exhibited an immunomodulatory effect on cell-
mediated immunity through the delayed-type hypersensitivity assay skin thickness 
method (Siddiqui et al. 2019). The carvacrol present in ajwain oil showed an inhibi-
tory effect on TNF-α, IL-1β, and TGF-β (Liu et al. 2012). Carvacrol also inhibited 
secretion of TNF-α and IL-1β in porcine alveolar macrophages (Liu 2011).

13.2.12 � Asafoetida (Ferula assafoetida)

Asafoetida (known as Heeng in India), an oleo-gum-resin obtained from the roots 
of Ferula assafoetida, is used in different countries for various purposes. This oleo-
gum-resin has been known to possess antifungal, antidiabetic, anti-inflammatory, 
antimutagenic, and antiviral activities (Iranshahi and Iranshahi 2010). The oleogum-
resin, ferulic acid, and the essential oil of F. assafoetida has shown cytotoxic effect 
on 4T1 breast cancer cells (Bagheri et al. 2017).

13.2.13 �S affron (Crocus sativus)

The dark red stigma of C. sativus has a very long history as a food colouring and 
flavouring agent. The main bioactive metabolites of the saffron spice are the carot-
enoids (Poma et al. 2012; Hosseini et al. 2018). Saffron has an inhibitory effect on 
production of the inflammatory cytokines, IL-1β, IL-4, IL-5, IL-6, IL-8, IL-13, 
tumour necrosis factor alpha (TNF-α), interferon gamma (IFN-γ), TGF-β, and 
VEGF (Umigai et al. 2012; Zeinali et al. 2019). Saffron down-regulates the key pro-
inflammatory enzymes such as myeloperoxidase (MPO), cyclooxygenase-2 (COX-2), 
inducible nitric oxide synthase (iNOS), phospholipase A2, and prostanoids (Zeinali 
et al. 2019).
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13.3 � CONCLUSION AND FUTURE PERSPECTIVES

An ancient Indian text says, ‘aushadham ucchyathe sarvam’, which implies that food 
is the absolute cure and healer. Ayurveda promotes a number of herbs and spices for 
boosting immunity. However, scientific exploration of diet–health linkages is a sig-
nificant area of research. Spices and their active ingredients possess immunomodu-
latory properties acting through activation/or suppression of immune systems via 
interfering with several pathways, culminating in improved immune responses. In 
addition, some of these spices possess antioxidant properties which are important for 
their anti-inflammatory and anticancer activities. Evidence from in-vitro and in-vivo 
studies into the active constituents of spices indicate that many of the active phyto-
chemicals from various spices may reduce the risk or severity of disease by boosting 
immunity. However, before the therapeutic use of spices as immune booster, this 
must be thoroughly investigated and information must be disseminated to the vari-
ous stakeholders with respect to the efficacies and health benefit claims associated 
with the respective spices.
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14 Specific Fruits and 
Berries for a Strong 
Human Immune System

Rakesh Kumar

14.1 � INTRODUCTION

The immune system consists of organs, tissues, cells, and some proteins which col-
laborate to defend the body against attacks by foreign agents. These agents can be 
infectious microbes, such as bacteria, viruses, fungi, and parasites. Many microbes 
and pathogens find our bodies very favourable for their growth, so, they try to enter 
into our body to achieve multiplication but our immune system tries to check their 
entry and destroy them. If the immune system fails to check the entry and multipli-
cation of a pathogen, our body becomes infected. The immune system is able to kill 
each and every pathogen, by recognizing and remembering each different pathogen. 
Several cells and chemicals take part in this mechanism. These cells work in a col-
laborative manner to secrete and move powerful chemicals from one site to another. 
The system automatically upgrades its defences as it is attacked by a new enemy.

Immunity is a complex mechanism which achieves resistance against foreign 
agents by either inbuilt (‘innate immunity’) or acquired means (‘adaptive immu-
nity’), functioning in a collaborative manner. Nutrition plays an important role in 
developing natural resistance. Poor nutrition or, worse, malnutrition badly affects 
our immune system and suppress its function (Coico and Sunshine 2009). Our 
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immune system can be boosted by balanced nutrition, so diet can be very impor-
tant for improving the efficiency of immune system. Immunity functions can be 
damaged by a low-nutrient diet deficient in either macronutrients or micronutri-
ents. The strength of body defence can be enhanced or improved if a balanced diet 
or proper nutrition are provided. Reports indicate that a balanced diet is important 
to carry out the vital role supporting the immune system (Chandra 1997). Negative 
mental state, anxiety, or traumas lead to malfunctioning of the immune system 
and decrease body resistance by destruction of proteins. Malnutrition during child-
hood causes infections and its complications compromise immunity, leading to ill-
ness and premature mortality (Chandra 1997, 2003). This book chapter highlights 
the structure of the immune system and the role of nutrition on immune function. 
It also describes the effect of the intake of specific fruits and berries on immune 
function.

14.2 � STRUCTURE OF THE IMMUNE SYSTEM

The defence system in our bodies that protects us against harmful substances or 
pathogens is called the immune system. It consists of many physical (e.g., skin) and 
biochemical barriers for self-defence (Karacabey 2012). Macrophages and neutro-
phils are non-specific cells that can enhance the defence competency of phagocytes 
and stimulate the immune system. The production of many substances, like inter-
ferons, interleukins, and other sophisticated compounds, is stimulated when these 
substances are added onto the surfaces of phagocytes and lymphocyte cells, so that 
the immune system is activated (Karacabey 2012).

A healthy immune system has the capability to identify and distinguish the body’s 
own cells and foreign cells. The body’s own cells and foreign cells are known as ‘self’ 
cells and ‘non-self’ cells, respectively. The defence system behaves in a friendly and 
peaceful manner with cells that are identified as self cells, but it quickly launches an 
attack against non-self or foreign cells. This type of response of immune system is 
called an autoimmune reaction (Basoglu and Turnagol 2004; Akalin and Unal 2005; 
Coskun 2005; Karacabey 2005; Saygin et  al. 2006; Palmer 2011; Cantorna et  al. 
2012). Technically, an antigen is an element that can trigger the immune response. 
An antigen can be any foreign element, like a bacterium, virus, or any other microbe 
or even a part of it. Tissue or cells from of a different genotype also act as antigens. 
Such behaviour of the immune system explains how the body rejects transplanted 
tissues or organs. But, during abnormal behaviour, sometimes, the defence sys-
tem can make a mistake in distinguishing self and non-self cells and can harm self 
cells; this type of behaviour of body is called an autoimmune disorder or disease. 
Sometimes, in special cases, the defence system reacts against comparatively harm-
less substances like pollen, identifying them as antigens, and this type of antigen 
may be termed an allergen.

Our defence or immune system consists of various parts like the lymphoid organs, 
thymus, spleen, lymphoid nodes, and several cell types located throughout the body. 
As soon as pathogenic substances enter into the body, the immune system starts 
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working against invaders; this type of act of immune system is known as the immune 
response (Keith and Jeejeebhoy 1997; Coico and Sunshine 2009; Bistrian 2011).

14.3 � IMMUNITY: TYPES AND MECHANISMS

The immunity has been conceptually divided into two types, namely innate and 
adaptive immunity. Innate immunity is inbuilt. Basically, it is the first line of defence 
in the form of physical and biochemical barriers and is represented by some special-
ized cells. It activates instantly when the body comes into contact with a foreign 
agent (Medzhitov and Janeway 2000). The mechanism of innate immunity is com-
posed of various specialized cells, like macrophages, neutrophils, dendritic cells, 
and natural killer cells. Its mechanism depends upon the process of phagocytosis, the 
release of inflammatory mediators, activation of proteins of the complement system, 
and synthesis of acute phase proteins (Medzhitov et al. 1997). During the process 
of phagocytosis, the pathogen attaches to surface receptors on the phagocyte, which 
then starts internalizing into vesicles. These vesicles are called phagosomes, which 
later fuse to form a lysosome, and subsequently digestion of the pathogen starts 
(Abbas and Lichtman 2003).

The acquired or adaptive immune response is different from the innate response. 
The acquired immune response basically depends on lymphocyte activation and on 
the production of soluble molecules. The main features of the acquired response are 
specificity and diversity of recognition, memory, specialized response, self-restraint, 
and tolerance of self components of the organism. In the mechanism of acquired 
immune response, antigen-presenting cells play a key role in the activation of lym-
phocytes, and presenting antigens are associated with molecules of the major histo-
compatibility complex (MHC) to the T lymphocytes (Delves and Roitt 2000). The 
outline of immunity, the various types and its components is depicted in Figure 14.1.

14.4 � EFFECTS OF NUTRITION ON THE IMMUNE SYSTEM

Malnutrition is a very serious problem in the world, especially in developing coun-
tries. According to estimates, approximately 6 million children of the world die 
due to infection because of breakdown of the immune system caused by malnutri-
tion. Therefore, our diet must be balanced and rich in adequate proteins to keep 
our immune system strong (Chandra 2003). Vitamins, mineral nutrients, and beta-
carotene are also very important components of our daily diet, which are thought to 
contribute to our first line of defence against free radicals. Our body requires free 
radicals for smooth metabolic functioning but, when present in excessive quantities, 
they become dangerous (‘reactive oxygen species’, ROS). Compounds which provide 
protection against free radicals, and the oxidation and subsequent damage of sub-
stances such as membrane fats are called antioxidants. Antioxidants trap or quench 
ROS and prevent the oxidation of substances like fats (Greiner 2011).

It has been very well reviewed and documented by various researchers and authors 
that micronutrients (vitamins and minerals) play a very important role in boosting 
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the immune system. Various vitamins and minerals has been reported to maintain 
the structural and functional integrity of physical barriers, such as the skin, digestive 
tract, and respiratory tract (Clairmont et al. 1996; Gniadecki et al. 1997; Palmer et al. 
2001; Chew and Park 2004; Gombart 2009; Yin et al. 2011; Haryanto et al. 2015; 
Sirisinha 2015; Biesalski 2016; Clark and Mach 2016; Levy 2016; Carr and Maggini 
2017; Lin et al. 2017; Mihajlovic et al. 2017; Yoshii et al. 2019); to allow differentia-
tion, proliferation, movement, and functioning of innate immune cells (Tanaka et al. 
1991; Sly et al. 2001; WHO 2006; Maggini et al. 2008, 2018; Sheikh et al. 2010; Wu 
and Meydani 2014; Haryanto et al. 2015; Saeed et al. 2016; Carr and Maggini 2017; 
Wishart 2017; Agoro et al. 2018; Gao et al. 2018; Bozonet and Carr 2019; Wu et al. 
2019; MIC 2020); antimicrobial activity (Matsui et  al. 1986; Reichel et  al. 1987; 
Rigby et al. 1987; Inoue et al. 1998; Wang et al. 2004; Gombart et al. 2005; Weber 
and Heilborn 2005; Haryanto et al. 2015; Carr and Maggini 2017; Wu et al. 2019; 
MIC 2020); inflammation and antioxidant activity (Tanaka et  al. 1991; Sly et  al. 
2001; Topilski et al. 2004; Wintergerst et al. 2006; Maggini et al. 2008; Sakakeeny 
et al. 2012; Zhang et al. 2012; Haryanto et al. 2015; Lin and Li 2016; Saeed et al. 
2016; Carr and Maggini 2017; Jarosz et al. 2017; Ueland et al. 2017; Wishart 2017; 
Wu et al. 2019; MIC 2020); differentiation, proliferation, and normal functioning of 
T cells (Penna et al. 2000; Piemonti et al. 2000; Wintergerst et al. 2006; Maggini 
et  al. 2008; Ross 2012; Haryanto et  al. 2015; Bscheider and Butcher 2016; Saeed 
et al. 2016; Carr and Maggini 2017; Sassi et al. 2018; Wu et al. 2019; MIC 2020); 
antibody production and development (Maggini et al. 2008; Haryanto et al. 2015; 
Saeed et al. 2016; Carr and Maggini 2017; MIC 2020); and in antibody response to 
an antigen (Han et al. 2004; Maggini et al. 2008; Saeed et al. 2016; Wu et al. 2019).

Lack of micronutrients represses immune system by weakening individual 
immune functions. Malnutrition weakens the immunity functions by suppressing 
the immune system. Recently, increased cases of repressive immune systems have 
been reported (Palmer 2011). Basoglu and Turnagol (2004) reported that of the fac-
tors related to diet, particularly energy intake, macro- and micronutrients are the 
main effects of malfunction on the immune system.

14.5 � ROLE OF FRUITS AND BERRIES ON HEALTH AND IMMUNITY

In botanical terminology, berries are fruits developed from a single flower containing 
a single ovary, which contain large numbers of seeds. Examples of berry fruits are 
tomatoes, banana, and grapes, but common ‘berries’ in the literature, like strawber-
ries, blackberries, blueberries, cranberries, and raspberries, are not included as botan-
ical berries (Figure 14.2). For the present chapter, both types of fruits, i.e., botanical 
berries and common (but non-botanical) berries are considered. Furthermore, the 
health effects of some common berry fruits, like grapes, have already been reviewed 
extensively by several authors (Yang and Xiao 2013; Georgiev et al. 2014; Singh et al. 
2015a). Kolouchova-Hanzlikova et al. (2004) reported the presence of a key phyto-
chemical, resveratrol, in grapes, which has been found to be beneficial with respect to 
improved health in terms of diseases like cancer and cardiovascular disease. Similar 
results have also been reported by various research groups (Pagliaro et  al. 2015; 
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Singh et al. 2015b; Zulueta et al. 2015; Kursvietiene et al. 2016). Due to the syner-
gistic potential of various berry components, whole berry consumption has shown a 
clear advantage over consumption of phytochemical supplementation of the diet. Our 
digestive system also supports consumption of raw fruits in our diet because bioactive 
compounds (vitamins, minerals, and antioxidants) and beneficial phytochemicals are 
generally readily extracted by the enzymes, microbiota, and epithelium of the gut.

Several researchers have described and reviewed the beneficial effects of berry fruits 
due to their bioactive components in relation to various health conditions and diseases 
like diabetes and obesity (Tsuda 2016), cardiovascular diseases (Basu et al. 2010), 

FIGURE 14.2  Immunomodulator fruits and berries.
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cancer development (Kristo et al. 2016), and metabolic syndrome (Vendrame et al. 
2016). Comparatively little research has been performed on the potential health bene-
fits of berries on the digestive system but in vivo studies have demonstrated that intake 
of berry fruits had direct, positive effects on the health of the digestive tract, i.e., 
mouth, oesophagus, stomach, intestine, microbiota and, ultimately, on the immune 
system. As mentioned in the literature, berries support the function of the diges-
tive system, immune cells, and cellular repair of damage due to cancer. It has been 
reported that immune cells educated in the gut migrated throughout the body and 
resulted in suppression of lung carcinoma (Hong et al. 2004). It is very well proved 
that specific illnesses can be cured by alterations of immune responses, with nutrition 
playing an important role in developing immunity. So, a comprehensive understand-
ing of these alterations and applications of certain bioactive phytochemicals found in 
specific berries and fruits can help in improving the immunity of the body.

Fruits, especially berries, have been reported to contain phytochemicals and bio-
chemicals showing antioxidant properties (Jia et al. 2012). The biochemical analysis 
of fruits shows that berries are excellent source of bioactive compounds like flavo-
noids, phenolics, and tannins, which, individually or in combination, may be help-
ful against chronic diseases such as cardiovascular disease, diabetes, cancer, and 
obesity (Wu et al. 2010). Slavin et al. (2012) and other workers have reviewed and 
described the relationship between fruit intake and the risk of disease development. 
Fruits, especially berries, have been reported for their high concentrations of phy-
tochemicals, micronutrients, sugars, etc. (Table 14.1). Phytochemicals are bioactive 
substances, responsible for colour, aroma, defence, etc. of plants. More than 5,000 
phytochemicals have been identified to date in plants. These may be classified into 
alkaloids, phenolics, nitrogen-containing components, organosulphur components, 
carotenoids, and phytosterols (Liu 2004). Research findings highlight the use of 
phytochemicals in the treatment of diseases, such as cancer metastases (Kim et al. 
2016; Shankar et al. 2016), inflammatory bowel disease (Kaulmann and Bohn 2016), 
and obesity-induced insulin resistance (Younus and Anwar 2016), as well as their 
role in stimulating weight loss (Rupasinghe et al. 2016). Furthermore, studies are 
being conducted to determine the relationship between fruits and immunity and the 
mechanisms responsible for any such association.

The health effects of berries have been analysed in in-vivo and in-vitro stud-
ies conducted in animal and human systems. Both types of study have their own 
merits and demerits, with in-vitro studies being mostly conducted for screening and 
studying the mechanism of action, whereas in-vivo studies can be helpful to anal-
yse the beneficial and harmful effects of berry fruit components. Research find-
ings of in-vivo studies recommend consumption of whole berries for better results 
due to their high concentration of phytochemicals and their increased bioavail-
ability and activity in the presence of other components. The phytochemical con-
centrations of various berries have been identified and listed by the United States 
Department of Agriculture (USDA) database. Several research groups (Wada and 
Ou, 2002; Rimando et al. 2004; Ehala et al. 2005; Mertz et al. 2007; Abe et al. 2012; 
Rodriguez-Mateos et al. 2012) have contributed to the USDA information regarding 
the consumption of berries.
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TABLE 14.1
Various Fruits and Berries and Their Phytochemical and Micronutrient 
Components (adapted and modified from Giancarlo et al. (2011))

Common Name Botanical Name Phytochemicals and Micronutrients

Cornelian cherry Cornus mas Vitamin C, fructose, minerals and tannins

Red raspberry Rubus idaeus Phenols, flavonols, such as kaempferol, myricetin, 
and quercetin

Bilberry Vaccinium myrtillus Vitamin C, minerals (calcium and iron), fibre, and 
some antioxidant compounds such as anthocyanins 
and proanthocyanidins

Sea buckthorn Hippophaë rhamnoides Vitamins (A, C, E, F, K, and B group), flavonols, 
and mineral elements such as iron, calcium, 
magnesium, and copper.

Wild rose Rosa canina Vitamin C, flavonols, proanthocyanidins, 
polyphenols, and antioxidants

Elderberry Sambucus nigra Vitamins A, C, anthocyanins, cyanogenic glucosides

Barbados cherry Malpighia glabra Vitamins (C, A, B1, B6), flavonoids, and minerals 
(calcium, phosphorus, iron, potassium, and 
magnesium).

Guava Psidium guajava Vitamin C, tannins, polyphenols, terpenes, 
flavonoids, fibre, fatty acids, and minerals 
(calcium, phosphorus, iron, and manganese).

Pomegranate Punica granatum Polyphenols, particularly ellagitannins, and 
antioxidants

Tamarind Tamarindus indica Vitamin C, phenolics, and antioxidants

Grape Vitis vinifera Vitamins C, E, A, K, minerals (calcium, iron, 
phosphorus, zinc, manganese) 

Indian gooseberry Phyllanthus emblica Vitamin C, tannins, and polyphenols

Blueberry Vaccinium corymbosum Vitamins C, K, micronutrients, and anthocyanins

Lingonberry Vaccinium vitis-idaea Vitamin C, A, B, minerals (potassium, calcium, 
magnesium, and phosphorus), and anthocyanins 

Blackberry Rubus fruticosus Vitamins C, K, folic acid, minerals (e.g., 
manganese), and anthocyanins 

Blackcurrant Ribes nigrum Vitamins C, E, fatty acids, polyphenols, and 
anthocyanins

Chokeberry Aronia spp. Vitamin C and polyphenols

Cranberry Vaccinium macrocarpon Vitamin C, manganese, and polyphenols 

Raspberry Rubus spp. Vitamin A, thiamine, riboflavin, vitamin B6, 
calcium, zinc, and anthocyanins

Strawberry Fragaria × ananassa Vitamin C, manganese, and polyphenols
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14.6 � ROLES OF FRUITS AND BERRIES IN DISEASE 
PREVENTION AND IMMUNITY

Various research reports have proved that our diet, with adequate fruits and veg-
etables, makes our immune system stronger and protects us against various chronic 
diseases, like cardiovascular disease, eye disease, and cancer of the digestive tract, 
pancreas, and urinary bladder (Crawford et al. 1994; Van Duyn and Pivonka 2000). 
It is also observed that the habit of mothers of regular fruit consumption has a posi-
tive impact on the health and food habits of their children. Studies show that require-
ment for consuming fruits and vegetables of males and females is different (Wardle 
et al. 2000; Wang et al. 2002).

Fruits and vegetables are rich source of micronutrients and provide various essen-
tial vitamins and elements, such as vitamin C, thiamine, niacin, riboflavin, folic 
acid, pyridoxine, calcium, potassium, zinc, phosphorus, and dietary fibre. The phy-
tochemicals and bioactive substances present in fruits are powerful antioxidants, 
which activate metabolism and detoxify carcinogens from our body (Wargovich 
2000). Several research groups have reported the value of fruits and berries in sup-
porting and boosting the immune system (Kushi et al. 2012; Sinha et al. 2012; Calder 
2013). The antioxidant capacity of various fruits and vegetables can vary greatly 
(Kalt 2002), so it is advisable to take a combination of various fruits and vegetables 
in our daily diet. Reports showed that the benefits of consumption of carotenoid-rich 
fruits has been found to be superior over carotenoid dietary supplements in increas-
ing resistance to low-density lipoprotein (LDL) oxidation, and improving repair of 
our body cells and DNA (Southon 2000; Seifried et al. 2003). Normally, consump-
tion of fruits like orange, mango, melon, pineapples, grapes, etc. is recommended for 
a better immune system.

The findings of several studies have shown that intake of fibre from fruit and 
vegetables is inversely proportional to the incidence of coronary heart disease. Meta-
analyses of studies showed that cardiovascular events decreased, when intake of 
fruits was increased, meaning that consumption of fruits has a positive impact on 
cardiac health (Dauchet et al. 2005; He et al. 2006). Clinical and biological investi-
gations also support the protective effect of fruit and vegetable intake against coro-
nary heart disease (CHD), diabetes, dyslipidaemia, and hypertension (Appel et al. 
1997; Ness and Powles 1997; Van Duyn et al. 2000; Ford and Mokdad 2001; Bazzano 
et al. 2003; Alonso et al. 2004; He et al. 2006). Similarly, different population stud-
ies have also observed a negative correlation between intake of adequate fruits and 
incidence rates of CHD. Lock et al. (2005), for example, noted a lower risk of cardiac 
arrest in persons who consumed adequate quantities of fruits.

Studies conducted by Block et al. (1992) and Steinmetz and Potter (1996) have 
indicated that a diet rich in fruits and vegetables can prevent different types of can-
cer, of the digestive tract (oropharynx, oesophagus, stomach, colon, and rectum); 
similarly, Galeone et  al. (2007) reported that a high dietary intake of fruits and 
vegetables can reduce the risk of lung cancer in smokers as well as in non-smok-
ers. Furthermore, adequate intake of fruits and vegetables was shown to reduce the 
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risk of developing cancer by 19% (Van’t Veer et al. 2000). It has been reported that 
dietary supplementation with berry fruits and vegetables is beneficial in arresting 
old-age-related problems in rats (Joseph et al. 1999). A diet rich in carotenoids, like 
lutein and zeaxanthin, can be beneficial in preventing damage to the retina caused 
by light or oxidants (Mares-Perlman et al. 2002). It has been found that these carot-
enoids are helpful to reduce the risk of age-related macular degeneration (Seddon 
et al. 1994; Snellen et al. 2002).

Romieu and Trenga (2001) reported that fruit and vegetable consumption is ben-
eficial in reducing the risk of chronic obstructive pulmonary disease. The consump-
tion of apple fruits has also been reported to be associated with better lung function 
by Tabak et al. (2001) and Butland et al. (2000). Although the actual reason for the 
beneficial effects of fruit intake in reducing the risk of chronic obstructive pulmo-
nary disease is not known, it is suggested that antioxidants like vitamin C or flavo-
noids must be playing an important role in reducing the risk of the disease. Some 
other studies have also demonstrated that a diet rich in antioxidants is found to be 
beneficial in reducing the risk of developing Alzheimer’s disease. This may be due 
to the fact that fresh fruit juice is rich in micronutrients (minerals and vitamins) 
which catalyze metabolic reactions occurring in the body. Fruits rich in vitamin C 
and antioxidants, like citrus fruits, pineapple, grapes, and tomatoes, are helpful in 
detoxifying the body (Cuthbertson 2002). According to the Department of Health, 
South Africa (2001), fruits are an important integral part of a healthy diet as they are 
rich source of vitamins, minerals and other substances that could be useful in boost-
ing the immune function.

14.7 � POSSIBLE MECHANISM OF ACTION OF FRUITS 
IN IMMUNITY AND DISEASE PREVENTION

According to biological concepts, cells are constantly exposed to a range of oxidiz-
ing agents. These oxidants may be produced by metabolic activities or food, air, or 
water may be sources of these agents. However, to sustain optimal physiological con-
ditions, it is important to maintain the balance between oxidants and antioxidants. 
If the number of oxidants is large in comparison with antioxidants, it can lead to 
oxidative stress (Ames et al. 1993; Adom et al. 2003). This oxidative stress is respon-
sible for oxidative damage to macromolecules such as lipids, proteins, and DNA, 
that consequently lead to increased risk of developing chronic diseases like cancer 
and cardiovascular disease (Ames et al. 1993; Liu et al. 1995). To reduce oxidative 
stress or improve the oxidant/antioxidant balance, a high concentration of antioxi-
dants is needed. In order to fulfil the demand for sufficient quantities of antioxidants, 
adequate amounts of fruits rich in antioxidants, such as carotenoids and phenolics, 
need to be consumed. These antioxidant compounds may help to reduce the risk of 
developing chronic diseases by protecting cellular systems from oxidative damage 
(Wang et al. 1996; Vinson et al. 2001; Adom et al. 2003).

Phenolics are secondary plant metabolites of the utmost importance for both plants 
and humans. In plants, they provide support of reproductive functions and protection 
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from enemies like pathogens, parasites, and predators, whereas, in humans, where 
they need to be supplied in our diet, phenolics are associated with reduced risk of 
chronic diseases (Sun et al. 2002). Different species of fruits and vegetables contain 
different phytochemicals in different quantities (Adom and Liu 2002; Adom et al. 
2003). Fruits such as apple, orange, blueberry, and grapes contain diverse types of 
phytochemicals in various quantities, so, in combinations, different fruits show syn-
ergistic effects with respect to antioxidant activity.

Oxidative damage is linked to several mechanisms of tumour formation that lead 
to carcinogenesis (Ames et al. 1993; Liu et al. 1995). Oxidative stress induced by free 
radicals causes DNA damage, gene mutations, or chromosomal aberrations (Ames 
et al. 1993). Recent studies have demonstrated that phytochemicals in fruits and ber-
ries can have complementary and overlapping mechanisms of action. They have anti-
oxidant activity and hence carry out the scavenging of free radicals, as well as the 
regulation of gene expression in determining cell functions. They protect cells from 
abnormal growth and development and boost the immune functions of cells (Ames 
et al. 1993; Liu et al. 1995; Adom and Liu 2002). Fruits and vegetables produce pre-
cursors to bicarbonate ions which form acidic buffers, which help to neutralize acids 
consumed in the diet and maintain the normal pH (New 2002).

14.8 � CONCLUSION

The function of our immune system depends upon various factors like age, gender, 
food and dietary habits, genetics, and the physiology of the host. The nutrition level 
of the host plays an important role in boosting the immune system. Fruits, specifi-
cally berries, are generally considered to be beneficial in improving the health of our 
digestive tract and microbiome due to their phytochemical and micronutrient con-
tent. The studies show that efficiency of our immune system can be improved by con-
suming specific fruits and berries. But an extensive body of research is still needed 
to understand the functioning of our immune system in relation to the dietary intake 
of various fruits and berries. The studies have shown that phytochemicals supplied 
as whole fruits are relatively more beneficial than those in fruit juice or in the form 
of a dietary supplement. Fruits lose their nutrition level after prolonged storage, so it 
is advised to consume seasonal fresh fruits without any additives to strengthen the 
immune system.
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15.1 � INTRODUCTION

Cancer is a disease which leads to uncontrolled cell growth and division, with the 
potential to spread and invade other parts of the body. It is one of the foremost causes 
of death worldwide. It mainly occurs because of genomic alterations in the DNA 
and it starts with a natural cell change, leading to abnormal growth (Krishnamurthi 
2007). The number of cases of cancer is continuously rising and expected to reach 
21 million by 2030 (Siegel et al. 2019). Almost 1,762,450 new cancer sufferers and 
606,880 deaths were estimated in the United States alone in the year 2019. In 2014, 
the world cancer report released the data for year 2003, where around 4.7 million 
women and 5.3 million men were reported to develop a malignant growth annually, 
with 6.2 million people dying of cancer (McGuire 2016).

Nowadays, several methods are used to treat cancers. Some methods are con-
ventional, like surgery, chemotherapy, radiotherapy, stem cell transplants, etc., but 
they all have one major side effect, which is non selectivity between the healthy and 
diseased cells (Sersa et al. 2003). On the other hand, some modern techniques are 
more specific for small populations of abnormal cells, such as proton therapy, robot-
assisted surgery, stereotactic radiosurgery, etc. To avoid the harm to healthy cells 
during these treatments, research is now shifting towards more natural therapies and 
the use of phytochemicals. Phytochemicals are plant-derived chemicals. This pro-
cess requires screening raw extracts of plants for potential anticancer phytochemi-
cals, and then carrying out their purification, identification, characterization, and 
activity towards different cancerous cells.

The immune system can easily be improved through the use of medicinal plants 
as these have high concentrations and diversity of flavonoids, as well as vitamin C. 
These phytochemicals can behave as agents with anti-inflammatory and immunos-
timulant properties. Therefore, it can increase the action of lymphocytes, enhance 
phagocytosis, and stimulate interferon development. For instance, Allium sativum 
(garlic) acts mainly as an immune system booster. Several other plant species act 
as immune system stimulators, which achieve an immune-potentiating outcome by 
exciting usual killer cell action (Khodadadi 2015).

Medicinal plants are significant for cancer management because of the various 
chemical complexes present in the preparations (Ji et al. 2009). These compounds 
are known as secondary plant metabolites which are useful but not essential to the 
plant. Some important secondary plant metabolite classes are alkaloids, polyphe-
nols, terpenoids, pigments, tannins, flavonoids, etc. These compounds have several 
curative properties on the human body, like anti-inflammatory, contraceptive, anti-
cancer, antiseptic etc. Several secondary plant metabolites have been reported for the 
management of cancer. The method for treating cancer is by suppressing the cancer 
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stimulating enzymes, inducing the production of anticancer enzymes, repairing the 
DNA, increasing the immunity of the body, and inducing antioxidant activity, etc. 
(Efferth 2010).

In this chapter, we will attempt to describe some of the more effective antican-
cer medicinal plants including their phytochemicals, herbal preparation, and their 
mechanism of action in cancer treatment.

15.2 � MEDICINAL PLANTS: IMMUNE BOOSTERS

During the infection period, viruses, bacteria, and fungi are attacked by the body’s 
immune system. It identifies the foreign body in the system through the action of 
particular receptors to generate an instant reaction through immune cell activation, 
and the production of cytokines and chemokines (Kumar et  al. 2011). Plants with 
medicinal properties play important roles in the prevention of infection from a range 
of disease-causing microorganisms. Globally, several medicinal plants have been 
reported to act as immune boosters. Some medicinal plants are suggested to improve 
the patient’s physical condition and to sustain natural resistance against illness 
through re-establishing body stability (Das et al. 2014). It is appealing to consider that 
the curative and tonic influences of these herbal medications may be because of their 
direct effect on the human immune system. There are number of medicinal plants 
which have been proposed to improve the natural resistance to various infections.

Certain therapeutic plants are particularly effective immune system boosters. 
Immunomodulator plants are considered to be most effective for the nervous and 
hormonal systems of the body, whereas other medicinal plants have antioxidant, 
antiviral, or anticancer properties, which decrease the ageing effects as well as 
improving immunity. In plant-based medications, preparation of single plant species 
as well as compound formulations of different species have been approved to treat 
illness (Saklani and Kutty 2008).

15.3 � ANTICANCER MEDICINAL PLANTS

Medicinal plants are exploited by extracting their phytochemicals and other com-
pounds, which are in addition to the conventional drugs synthesized to treat tumours 
and other cancerous growths (Desai et al. 2008). Approximately 35,000 plant species 
were selected by the National Cancer Institute (NCI) for their possible anticancer 
actions. Of them, about 3,000 plant species showed activity against cancer cell lines 
(Douros and Suffness 1980).

Some medicinal plants (Figure 15.1) and bioactive compounds derived from them 
have curative properties against cancers and immunity boosting abilities and are 
reported in detail in the next sections of this chapter, with others being presented in 
Table 15.1.

15.3.1 � Allium sativum

Allium sativum (garlic) is a member of the Amaryllidaceae family. A. sativum is a 
native of northern Iran and central Asia. It has been used for several centuries for 
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food flavouring and medicinal purposes. Traditionally, garlic is recognized as a note-
worthy immune booster. Matured garlic extract shows higher immunomodulatory 
results than raw garlic. Extracts of garlic contain high concentration of organosul-
phur compounds, which helps in prevention of cancer of the bladder, breast, colon, 
lung, skin, throat, and larynx.

Numerous papers have verified the therapeutic property of A. sativum extract and 
its essential oil. The major compounds in A. sativum extract are alliin, allylmercap-
tocysteine, allicin, and S-allyl-mercapto-L-cysteine. One additional organosulphur 

FIGURE 15.1  Some important medicinal plants used in the treatment of cancer.
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compound derived from A. sativum is S-allylcysteine, which has been found to 
reduce the growth of tumours. In other research, allicin showed its antitumour char-
acteristics against breast and prostate cancer, inducing programmed death (apopto-
sis) of cancer cells (Madhuri and Pandey 2008). Ajoene (E and Z isomers) is another 
important anticancer compound derived from A. sativum that works against leukae-
mia (Kaschula et al. 2011).

15.3.2 � Annona muricata

The common name of Annona muricata is the soursop fruit. It is mostly found in 
tropical regions of South America, the Caribbean and Southeast Asia (Yajid et al. 
2018). A. muricata belongs to the family Annonaceae (Mishra et  al. 2013). The 
important plant parts that are commonly used as a therapeutic agent in cancer treat-
ment are its leaf, root, bark, and fruits.

The plant parts of A. muricata contain several phytochemicals, such as aceto-
genins 1, 2, 2-hexenoic acid esters, 2-octenoic acid, β-caryophyllene, cineole, lin-
alool, terpineol, and bullatacin, which have antitumour properties (Pieme et  al. 
2014). Rieser and his co-workers (1991) showed the activity of A. muricata seed 
extract, with acetogenin 1 active against the human pancreatic tumour and human 
lung carcinoma, whereas acetogenin 2 was active against human hepatoma carci-
noma (Rieser et al. 1991).

15.3.3 � Astragalus cytosus

Commonly known as milkvetch, A. cytosus belongs to the family Fabaceae. A recent 
studies explains the effect of the related Astragalus mongolicus extract against 
COVID-19 due to the presence of phytosterols, triterpenes, saponins, isoflavonoids, 
etc. (Boone et al. 2020). Other studies showed the effect of A. cytosus extract on 
human lung epithelial carcinoma cell A549, mammary tumour, colon cancer, gastric 
cancer, and urological tumour (Tin et al. 2007).

15.3.4 � Boswellia serrata

The common name of Boswellia serrata is Indian frankincense, and it is found 
mostly in Asia and Africa. The exuded gum is produced from B. serrata plants via 
incisions made on the trunk. The gum appears like a milky resin and has several 
medicinal and immune modulator properties (Khajuria et al. 2008).

According to research conducted by Winking and co-workers, the resin of 
Boswellia species possesses anticancer activity, exhibiting an anti-pro-apoptotic 
nature in rat astrocytoma cell lines (Winking et al. 2000). Further studies showed 
the effect of B. serrata resin constituents on two important cancerous cell lines, 
HepG2 and HCT 116. Furthermore, there are some reports showing the effect of 
Boswellia resins on brain oedema and brain tumours. The main active constituents 
of Boswellia resin are boswellic acids, which are mainly used in cancer treatment 
(Roy et al. 2016).
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15.3.5 � Camellia sinensis

It is an evergreen shrub, generally recognized as the tea plant with the leaves of 
C. sinensis being utilized to produce tea. After water, the next most consumed 
liquid on the planet is the leaf extract of C. sinensis (Sharangi 2009). C. sinensis 
is a very good source of the alkaloids theophylline, theanine, caffeine, and other 
antioxidants. According to the National Cancer Institute, the leaves of C. sinensis 
contain highly effective antioxidants, which can ward off several types of cancer 
(Sharangi 2009).

C. sinensis extract also contains epigallocatechin, epicatechin, epigallocatechin-3, 
and epigallocatechin, which have various therapeutic effects against bacterial/viral 
infections and against cancer-causing cells (Sultan et al. 2014). These polyphenols 
play a significant function in cancer prevention through decreasing oxidative DNA 
injury in the host cells. In one of the studies conducted by Setiawan and colleagues, 
they found that the regular habit of drinking green tea decreased the risk of develop-
ing gastric cancer (Setiawan et al. 2001).

15.3.6 � Centella asiatica

Centella asiatica, commonly known as pennywort, is native to the Indian subconti-
nent. It belongs to the family Apiaceae. The leaves or sometimes the whole plant are 
used for various medicinal purposes and as an immunomodulatory agent. The leaf 
extract of C. asiatica contains several flavonoids including hyperin and its various 
glycosides (Babu et al. 1995).

The purified extract of C. asiatica demonstrated action against Ehrlich tumour 
cell lines and Dalton’s lymphoma ascites cells. Direct inhibition of DNA synthesis 
is the key mechanism underlying the anticancer activity of the C. asiatica extract. 
The oral consumption of C. asiatica leaves also provides protection against oxidative 
damage (Gupta and Flora, 2006).

15.3.7 � Curcuma longa

Curcuma longa is popularly known as turmeric (Yue et al. 2010). The rhizome is the 
most important part of this plant and the main active ingredient present in it is known 
as curcumin (diferuloylmethane), a polyphenol. Other than curcumin, C. longa con-
tains one other group of important constituents known as sesquiterpenoids, which 
also possess some important biological properties.

Curcumin has anticancer properties. It is utilized to prevent different cancers, 
such as blood, ovarian, gastrointestinal tract, lung, liver, skin, prostate, breast, blad-
der, and pancreatic cancers as well as lymphomas (Luthra and Lal 2016). Down-
regulating the expression of genes (encoding lysyl oxidase, NF-kappa β, epidermal 
growth receptors, inducible nitric oxide synthase (iNOS), cyclooxygenase, tumour 
necrosis factor, and matrix metallopeptidase) is the key mechanism behind the anti-
cancer activity of curcumin.
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15.3.8 � Phyllanthus amarus

P. amarus is generally identified as bhui-aamla and it belongs to the family 
Phyllanthaceae. The complete plant, as well as parts, such as root, shoots, and leaves, 
has medicinal properties. The anticancer property of P. amarus is due to the pres-
ence of various flavanoids, lignins, and tannins. The major phytochemicals found are 
gallotannins (corilagin, amariin, phyllanthusiin D, geraniin) and the lignans (phyl-
lanthin and hypophyllanthin) (Sripanidkulchai et al. 2002).

The extract of this plant has a significant effect on reducing the tumour size in 
mice having Dalton’s lymphoma (Rajeshkumar et al. 2002). The mechanism behind 
the anticancer property of P. amarus extract involves its ability to stimulate cell 
cycle arrest or by inhibiting metabolic activation of carcinogenic compounds.

15.3.9 � Withania somnifera

Popularly known as ashwagandha or poison gooseberry, W. somnifera belongs to the 
family Solanaceae. It is a small, perennial shrub, mainly cultivated in drier regions 
of India and is also found in China, Yemen, and Nepal. The roots and leaves of this 
plant have been traditionally used to cure and prevent several diseases (Jayaprakasam 
et al. 2003).

The root extract of this plant has several bioactive phytochemicals (withanolide 
A, withaferin A) which help in inducing apoptosis in cancerous cells. However, the 
synthesis or isolation of withanolides from W. somnifera extract is a serious limita-
tion to their effective use in the medical field (Malik et al. 2007).

15.3.10 � Zingiber officinale

This plant is widely known as ginger and is a member of the family Zingiberaceae. 
It is a herbaceous plant, commonly found in hot and humid regions of India. 
Traditionally, Z. officinale is used as medicine for the cure of a number of diseases, 
such as inflammatory diseases (Afzal et  al. 2001). Z. officinale includes several 
bioactive phytochemicals, such as phenolic compounds (gingerol, paradol, and sho-
goal). These polyphenolic compounds have anti-cancer properties.

Extract of Z. officinale down-regulates transcriptional factors involved in the cel-
lular proliferation of ovarian cancer cells (Nonn et  al. 2007). One of the studies 
reported the rhizome extract of Z. officinale as being effective at chemosensitizing 
certain neoplastic cells.

15.4 � PHYTOCHEMICALS USED FOR CANCER TREATMENT

15.4.1 � Apigenin

Apigenin (4′,5,7-trihydroxyflavone) is a flavone compound available mainly from 
Moringa peregrina and some other vegetables and herbs, such as chamomile, cel-
ery, and parsley. It is a yellow crystalline solid used in several therapeutic products 
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(Patel et  al. 2007). Apigenin has specific effects in normal versus cancer cells in 
comparison with other structurally related compounds. The chemical configuration 
of apigenin is given below (Figure 15.2a).

Apigenin is effective against almost every form of cancer, like breast, colon, cer-
vical, leukaemia, ovarian, prostate, skin, thyroid, neuroblastoma, and lung cancer 
(Patel et  al. 2007). Different action mechanisms of apigenin have been identified 
which include anti-proliferative activity, oestrogenic/anti-oestrogenic activity, apop-
tosis, induction of detoxification enzymes, prevention of oxidation, and regulation 
of the host immune system. It has been shown to have anticancer action on human 
breast cancer cell lines. Apigenin showed growth inhibitory activity against breast 
cancer cells HER2/neu by inducing apoptosis through the phosphatidylinositol 
3-kinase pathway (Way et al. 2004).

15.4.2 �C urcumin

Curcumin (1E, 6E)-1,7-Bis (4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-di-
one) is the major phytochemical of the popular Indian spice turmeric, Curcuma 
longa. Curcumin down-regulates different pro-inflammatory cytokines, like che-
mokines, tumour necrosis factor (TNF- α), interleukins (IL-1, IL-2, IL-6, IL-8, 
IL-12), etc. (Zhou et al. 2011). The chemical structure of curcumin is illustrated in 
Figure 15.2b.

Curcumin has proved to be a potential curative agent against cancer due to 
its property of inducing apoptosis in cancer cells without affecting normal ones. 
Numerous clinical trials have been completed to test its activity on tumorous cells. 
Kuttan and his co-workers in 1987 conducted a clinical trial and observed the 
reduced size of oral cancer and leukoplakia after treatment with curcumin (Kuttan 
et al. 1987). Curcumin also shows activity against different types of cancer, such as 
breast, oral, prostate, lung, multiple myeloma, colorectal, pancreatic, and neck and 
head squamous cell carcinoma (Gupta et al. 2013).

15.4.3 �C rocetin

Crocetin is a natural carotenoid, found in the flower of the Saffron crocus and in 
dehydrated stigmas of Crocus sativus (Gutheil et al. 2012). The structure of crocetin 
has 20 carbon atoms with conjugated double bonds and containing two carboxylic 
acid groups (Fig. 15.2c). Crocetin is a potential agent against skin carcinoma, hepa-
tocellular carcinoma, colorectal cancer cells, a pancreatic cancer cell line, lung can-
cer, and breast cancer.

The action mechanism of crocetin includes inhibiting the synthesis of nucleic 
acid, enhancing the antioxidative system, which induces apoptosis and inhibits the 
growth factor signalling pathways (Figure 15.3). In 2013, Bathaie and his co-workers 
demonstrated the positive effects of crocetin on gastric adenocarcinoma and gastric 
cancer in rats (Bathaie et al. 2013).
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FIGURE 15.2  Chemical structures of some important phytochemicals used against specific 
type of cancer.
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15.4.4 �C yanidins

Cyanidins are a group of pigments extracted from red berries, red onion, apples, 
plums, grapes, raspberry, blackberry, red cabbage, and cranberry. Cyanidin is a nat-
ural organic compound (an anthocyanidin) possessing radical-scavenging and anti-
oxidant effects on cancer cells. The chemical structure of cyanidin is illustrated in 
Figure 15.2d.

Cyanidin shows activity against several cancers, such as colorectal, colon, lung, 
breast, leukaemia, etc. In 2010, a group of researchers concluded in their study that 
the cyanidin preferentially kills cancer cells with highly malignant characteristics 
(Cvorovic et al. 2010). Other research has demonstrated the inhibitory effect of the 
cyanidin glycosides (examples of anthocyanins) cyanidin-3-rutinoside and cyanidin-
3-glucoside on human lung carcinoma cells.

15.4.5 �D iindolylmethane

Diindolylmethane (3,3′-methanediylbis) is a glucosinolate, produced by plant species lim-
ited to the ‘cruciferous’ vegetables (Brassicaceae family) such as cabbage, kale, Brussels 
sprouts, cauliflower, and broccoli (Hong et al. 2002). It is an analogue of indole-3-carbinol 

FIGURE 15.3  Possible chemopreventive mechanisms of crocetin against cancer cells.
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which is formed via condensation in the acidic medium after digestion in the stomach. 
Indole-3-carbinol and diindolylmethane are extremely effective in terms of anticancer 
effects against hormone-responsive cancers like prostate, ovarian, and breast cancers. 
The chemical structure of diindolylmethane is shown in (Figure 15.2e).

Some studies showed the action of diindolylmethane in human cancer cells to 
be by activation of the human protein p53 which results in inducing apoptosis (Ge 
et al. 1996). One of the other studies (Beaver et al., 2012) showed that diindolylmeth-
ane transduced signalling via activating transcription factors like NF-κB, Wnt, Akt, 
mTOR, etc. They also concluded that diindolylmethane and indole-3-carbinol had a 
more efficient activity to cancer at the early phases of prostate cancer.

15.4.6 �F isetin

Fisetin (2-(3​,4-di​hydro​xyphe​nyl)-​3,7-d​ihydr​oxych​romen​-4-on​e) is a polyphenol 
from the flavonoid fraction. It is mostly found in fruits and vegetables such as onion, 
tomato, cucumber, apple, kiwi, peach, strawberries, grape, and persimmon (Lall 
et al. 2015). Fisetin showed effectiveness against different cancers, such as prostate, 
lung, skin, colorectal, bladder, breast, leukemia, and cervical cancers. The chemical 
structure of fisetin is shown in Figure 15.2f.

15.4.7 �G enistein

Genistein (5,7-​dihyd​roxy-​3-(4-​hydro​xyphe​nyl)c​hrome​n-4-o​ne) is an isoflavone 
reported from several plants such as fava beans, psoralea, lupin, kudzu, soybeans (all 
members of the Fabaceae), and coffee. It has been reported to have anti-angiogenic 
effects and may inhibit the uncontrolled cell growth associated with cancer (Yu et al. 
2012). Genistein acts as a tyrosine kinase inhibitor, with a function of inhibiting 
DNA topoisomerase II. The chemical structure of genistein is shown in Figure 15.2g.

According to a study conducted by a group of researchers in 2008, genistein 
inhibits the activation of different transcription factors, such as NF-κB, STAT-3, 
and Akt. These transcription factors are used to sustain a homoeostatic equilibrium 
between its cell cycle and apoptosis (Banerjee et al. 2008). Genistein also showed 
activity against mammary cancer treatment. In 1995, Lamartiniere and his coworkers 
perform an experiment on female Sprague-Dawley rat (which had been chemically 
induced to express breast cancer) by pre-treating them with genistein (Lamartiniere 
et al. 1995). The experiment resulted in a decreased number of terminal ends and 
an increased number of lobular structures. Genistein was reported to be an efficient 
inhibitor against RTK (Receptor Tyrosine Kinase) together with EGFR (Epidermal 
Growth Factor Receptor)(Figure 15.4).

15.4.8 � Kaempferol

Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one) is a natural 
polyphenol of the flavonol type isolated from a variety of fruits and vegetables, such as 
tomato, grapes, apples, grapefruit, tea, squash, broccoli, potato, onions, and Brussels 
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sprouts. Numerous studies have explained the beneficial effects of dietary kaemp-
ferol in decreasing the risk of chronic diseases, particularly cancer. Kaempferol has 
been useful in the treatment of several cancers, like pancreatic, ovarian, colon, and 
lung cancer. Additionally, it is a lot less lethal to regular non-cancer cells in com-
parison with the usual chemotherapy drugs (Chen and Chen 2013). The chemical 
structure of kaempferol is shown in Figure 15.2h).

One of the studies found that the phytochemical kaempferol was useful in the 
treatment of ovarian cancer cells through inhibition of cancer cell proliferation and 
the activation of the human p53 protein. Another report illustrated that kaempferol 
considerably repressed cancerous pancreatic cell proliferation and significantly 
reduced 3H-thymidine incorporation in pancreatic cancerous cell lines.

15.4.9 �R esveratrol

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a stilbenoid, a normal phenolic which 
has been reported from the skin of red grapes, blueberries, raspberries, mulberries, 
and peanuts. Resveratrol is effective in all three stages of cancer, i.e., initiation, 
promotion, and progression. Resveratrol acts by modulating the signal transduction 
pathways that control growth, inflammation, apoptosis, angiogenesis, and metastasis 
of cancerous cells (Bishayee et al. 2009). The chemical structure of resveratrol is 
shown in (Figure 15.2i).

Resveratrol is also involved in the treatment of cancers like, skin, breast, prostate, 
gastrointestinal tract, lung, etc. The anticarcinogenic activity of resveratrol is medi-
ated through several cell signalling pathways. Other activities are also involved, such 
as suppression of tumor cell proliferation, cell cycle arrest, reduction of inflamma-
tion, stimulation of apoptosis, cell differentiation, and reduction of adhesion, angio-
genesis, metastasis, and invasion (Shankar et al. 2007).

15.4.10 �R osmarinic Acid

Rosmarinic acid ((2R)-3-(3,4-dihydroxyphenyl)-2-{[(2E)-3-(​3,4-d​ihydr​oxyph​enyl)​
prop-​2-eno​yl]ox​y}pro​panoi​c acid) is a common antioxidant reported from various 

FIGURE 15.4  Mechanisms of action of genistein to exert anticancer effects.



445Immunity Boosters to Treat Cancer﻿

medicinal herbs, such as rosemary, thyme, lemon balm, oregano, peppermint, and 
sage. Extract of rosemary plays an important role in anti-inflammation, antitumour, 
and antiproliferation in various in-vitro and in-vivo studies (Yesil-Celiktas et  al. 
2010). The chemical structure of rosmarinic acid is shown in (Figure 15.2j).

Rosmarinic acid has been shown to reduce tumour necrosis factor (TNF-α) in 
induced human dermal fibroblasts. It was found that treatment with rosmarinic acid 
considerably sensitized TNF-α and stimulated apoptosis in human leukaemia cells 
through repression of the nuclear transcription factor (kappa-gamma-β). Some stud-
ies reported the successful treatment of human colon carcinoma using rosmarinic 
acid (Xu et al. 2010).

15.5 � PHYTOCHEMICAL PREPARATION

The prospective of medicinal plants as curative agents depends upon the quality and 
quantity of the active phytochemicals in the herbal preparation. Certain phytochemi-
cals have been established for their anti-cancer activities. They were extracted from 
different plant parts using several extraction techniques. The effectiveness of phy-
tochemicals depends upon their successful extraction and purification. A detailed 
scheme of phytochemical extraction, characterization, identification, and clinical tri-
als as a cancer therapeutic agent is shown in Figure 15.5.

15.5.1 � Phytochemical Extraction

The extraction of phytochemicals from medicinal plants is the most important step 
in the preparation of pharmaceutical products. The extraction of phytochemicals can 
be done using fresh, dried, or frozen plant samples. The first step of extraction is 
grinding of the plant sample. Grinding is usually performed after air-drying of the 
plant sample and then milling and homogenization (Abascal et al. 2005).

Solvent extractions are the most frequently utilized method for isolation of plant 
materials due to its easy procedure, wide applicability, and high efficiency. Solvent 
selection is a crucial step for phytochemical extraction, because different phyto-
chemicals have different solubility efficiencies in various solvents (Xu and Chang 
2007). Solvents, such as ethyl acetate, methanol, ether, ethanol, and acetone, alone or 
in combination, have been used for the extraction of phytochemicals.

15.5.2 � Phytochemical Purification

The crude extracts of plants contain a number of impurities, usually carbohydrates 
or lipids, which can result in very low concentrations of phenolics in the crude plant 
extract. To concentrate and obtain phytochemical-rich fractions before analysis, puri-
fication approaches are required. Purification can be done by several methods, such 
as centrifugation, filtration, chromatographic separation (column chromatography), 
and some other methods (solid-phase extraction, liquid-liquid partitioning, sequen-
tial extraction). In general, for the removal of lipid impurities, the crude extract is 
washed with non-polar solvents (Ramirez-Coronel et al. 2004), such as chloroform 
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or dichloromethane (Neergheen et al. 2006), whereas, for the removal of polar non-
phenolic compounds, such as organic acids and sugars, solid-phase extraction is used.

Column chromatography has been also used for the extraction of phytochemi-
cals. Even though this process is time consuming and requires large volumes of 
solvent, it provides generally pure phytochemicals. Different columns used for the 
fractionation of phytochemicals include RP-C18 (Queiroz et  al. 2005), Toyopearl 
(Kandil et al. 2002), LH-20 (Pedreschi and Cisneros-Zevallos, 2006) and, to a less 
extent, polyamide resin (Ranilla et  al. 2007). Eluents used for separation include 
ethanol, acetone, water, or methanol, or combinations thereof. In some cases, pre-
parative-scale HPLC or classical liquid–liquid extraction has also been utilized in 
plant extract purification (Ek et al. 2006). As a substitute for liquid chromatography, 
countercurrent chromatography has also been developed for fractionation of various 
classes of phytochemicals. The main advantage of using countercurrent chromatog-
raphy is the absence of a solid matrix (Berthod et al. 1999).

15.5.3 � Phytochemical Identification

The process of phytochemical identification begins with the confirmation test for 
biological activity of the natural extract. Then, suitable matrices are employed for 

FIGURE 15.5  Detailed scheme of phytochemical preparation.



447Immunity Boosters to Treat Cancer﻿

the fractionation of the active extracts. Bioactivity tests are performed using sev-
eral analytical techniques, such as chromatographic analysis (absorption, ion 
exchange, affinity, partition, High Pressure Liquid Chromatography (HPLC) and 
Gas Chromatography (GC), paper, etc.) (Dai and Mumper, 2010), spectrophotomet-
ric analysis (UV-Vis, MS) (Jac et al. 2006) or physical structural analysis (Fourier-
transform infrared spectroscopy (FTIR), X-ray diffraction analysis (XRD), Nuclear 
magnetic resonance (NMR)) (Pawlowska et  al. 2008) etc. These are used for the 
identification and separation of active fractions.

15.5.4 �C linical Trials

After identification of these phytomolecules, they must be studied to determine in-
vitro or in-vivo anticancer behaviour. If an improved anticancer efficiency is achieved 
by the molecules, then other aspects, like pharmacokinetics, pharmacodynamics, 
immunogenicity, metabolic fate, biosafety and side effects, drug interactions, dose 
concentration, etc. must be considered for future drug design and administration.

15.6 � MECHANISM OF ACTION OF PHYTOCHEMICALS 
ON CANCEROUS CELLS

The mechanism of action involved in cancer treatment using polyphenols is categorized 
in different sections. Some phytochemicals, like quercitin and resveratrol, are used for 
the antioxidant-mediated cancer therapy mechanism. This mechanism involves scav-
enging free radicals and reducing oxidative stress in cancerous cells (Childers et al. 
1995). The second mechanism engaged in cancer treatment is inhibition of activity 
by phytochemicals. The inhibition mechanism involves reduction of cell proliferation, 
oncogene expression, and signal transduction pathways (Singh et  al. 2006). Next is 
induction activity exhibited by plant extracts, such as cranberry extract in breast can-
cer, glutathione in colon cancer (Odom et al. 2009), quercetin in cervical cancer, etc.

Cancer therapy using phytochemicals can also be achieved by enzyme inhibi-
tion and enzyme induction mechanisms. The enzyme inhibition mechanism involves 
phase I enzyme, cyclooxygenase-2 inhibition, inducible nitric oxide synthase inhibi-
tion, or xanthine oxidase inhibition (Rajendran et al. 2011). The enzyme induction 
mechanism involves phase II enzyme induction, glutathione peroxidase induction, 
catalase induction, and superoxide dismutase induction (Hayes et al. 2008).

Finally, some phytochemicals show different regulation activity to treat cancer-
ous cells. Regulation activity involves regulation of steroid hormone metabolism 
(Mandlekar et al. 2006), regulation of oestrogen metabolism (Clarke et al. 1996), 
microRNA (miRNA) regulation (Tilghman et  al. 2013), or regulation of activator 
signal transduction pathway (Frigo et al. 2002).

15.7 � CONCLUSION AND FUTURE PROSPECTS

Several conventional treatments are available for cancer therapy, but they all come 
with severe side effects and symptoms (kidney failure, anaemia, fertility issues, 
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gastrointestinal disorders, etc.). The current major challenges are the increasing inci-
dence of cancer cases, the high expense of conventional treatments, a number of limi-
tations to the traditional remedy, and the high toxicity of current anticancer medicines. 
Therefore, the immediate objective is to propose and develop a substitute, eco-friendly, 
biocompatible and more affordable approach through a greener route. Phytochemicals 
obtained from medicinal plants provide a capable and valuable research field with 
much promise. Anticancer medicinal plants act as natural immune boosters, modulat-
ing the immune response in several disease treatments. The more eco-friendly and 
biocompatible nature of phytochemicals have elevated the effectiveness of these phy-
tochemicals in cancer management. However, detailed studies are still required to gain 
more insights into these phytochemicals to estimate their potential functions, and their 
toxicological and particular genotoxic profiles against different categories of cancer.
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16 Potential of Medicinal 
Plants as Immunity 
Booster against 
COVID-19

Saumya Pandey

16.1 � INTRODUCTION

Over the past twenty years, the world has witnessed several pandemic/epidemic 
viral diseases, such as Ebola virus in 2014–16, Middle East Respiratory Syndrome 
(MERS) in 2012, Severe Acute Respiratory Syndrome (SARS-CoV) in 2002–2003, 
and many more, which have represented serious issues to public health. The new 
contagious virus, named SARS-CoV-2 virus by ICTV (International Committee on 
Taxonomy of Viruses), was first reported on December 31, 2019 to the World Health 
Organization (WHO) office in China and was later declared as pandemic when the 
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number of COVID-19 cases outside China had increased 13-fold, involving more 
than 114 countries, on March 11, 2019 (Cascella et al. 2020).

According to WHO, COVID-19 has caused over one million deaths globally, 
with the maximum number reported from the USA(55%), followed by Europe (23%) 
(Sousa et  al. 2020). Coronavirus disease 2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), is an infectious disease 
transmitted by direct contact, droplet, airborne, fomite, faecal-oral, bloodborne, 
mother-to-child, and animal-to-human (Lei et al. 2020). Since, its first appearance 
in late December 2019 in Wuhan (China), this disease has disrupted the living stan-
dard of billions of people, caused economic losses, and deaths globally. This disease 
leads to mild to severe pneumonia, septic shock, dyspnea, and multiple organ dys-
functions (MOD)/failure (Zaim et al. 2020). The fatality rates were reported to be 
higher among the elderly patients and the patients with pre-existing comorbidities, 
for example, chronic respiratory disease, hypertension, oncological disease, cardio-
vascular disease, and diabetes (Casmella et al. 2020).

Until now, precautionary measures to prevent community transmission and some 
therapeutic approaches for the treatment of infected patients such as nucleoside 
analogues, remdesivir, anti-inflammatory drugs, or lopinavir/ritonavir, are the best 
available weapons to fight against this fatal disease (Vellingiri et al. 2020). WHO 
has suggested several precautionary measures, such as practising social distancing, 
respiratory etiquettes, and hand hygiene, identification and isolation of patients at an 
early stage, environmental cleaning and disinfection, and conveying correct infor-
mation to the public to prevent transmission of disease (WHO 2020).

Several reports suggest a higher mortality rate among patients who are immuno-
compromised and those with preexisting comorbidities; the factors that aid in boost-
ing the immunity could therefore help to combat severe symptoms of COVID-19 
infection (Zheng et al. 2018; Felsenstein et  al. 2020). Medicinal plants have been 
used by mankind for thousands of years, either in a pure form or as crude extracts, 
to boost immunity and treat various diseases. Around 45,000 species of plants have 
been used in traditional medicine systems in India. The various studies have sug-
gested that the immune-stimulating properties of medicinal plants are mainly due 
to the presence of a wide range of phytochemicals, such as flavonoids, lignans, ter-
penoids, polyphenols, carotenoids, curcumins, sulphides, phthalides, plants sterols, 
and saponins (Kumar et al. 2012; Benarba and Pandiella 2020). The broad range of 
medicinal plants possess antiviral and immune booster properties and hence can 
be potentially exploited for the prevention and treatment of COVID-19 infection. 
Recently, the Ministry of AYUSH (Ayurveda, Yoga and Naturopathy, Unani, Siddha, 
and Homoeopathy) of the Government of India has recommended the combined use 
of Kadha and Golden Milk herbal preparations for boosting the immune system 
against severe COVID-19 infection (Khanal et al. 2020).

16.2 � SARS-CoV-2: STRUCTURAL ASSEMBLY AND 
MECHANISM OF ACTION IN HUMAN HOST CELL

The SARS-CoV-2, a member of family Coronaviridae, is an enveloped single-
stranded RNA (ssRNA) virus containing a positive-sense RNA genome (27–32 Kb) 
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with poly-A tail and cap structure at 3’- and 5’- ends, respectively (Chen 2020). 
SARS-CoV-2 is made up of four important structural proteins, namely nucleocapsid 
protein (N), membrane protein (M), envelope protein (E), and spike protein (S) nec-
essary for the regulation of its structure and function (Schoeman and Fielding 2019). 
Based on sequence analysis, SARS-CoV-2 is classified in the genus β-coronavirus of 
CoVs (Cascella et al. 2020). The genome sequence of SARS-CoV-2 has shown 82% 
similarity with the genome of human SARS-CoV (Chan et al. 2020).

As SARS-CoV and SARS-CoV-2 share similarities between sequences of the 
receptor-binding domain (RBD) and the receptor-binding motif (RBM), they probably 
have similar mechanisms for viral infection of the human cell (Yin and Wunderink 
2018; Tai et al. 2020; Zhang et al. 2020). The receptor-binding motif of SARS-CoV-2 
causes the viral S protein to attach to and fuse with the ACE2 receptor of the human 
cell, especially in the respiratory epithelium and alveoli of the lungs (Liu et al. 2020). 
Attachment to the receptor subsequently activates proteases that act on the viral S 
protein and cleave it into two domains, S1 and S2. The S1 domain remains attached 
to the ACE2 receptor of the host cell whereas the S2 domain undergoes a conforma-
tional change and internalizes the membrane, followed by membrane fusion between 
the ACE2 receptor and the viral subunit leading to viral RNA entry into the host cell. 
The entry into the host cell is followed by RNA replication and cleaving and shedding 
of ACE2 into the extramembrane space by ADAM17 (Vellingiri et al. 2020). ACE2 
shedding is possibly responsible for the increased pulmonary vascular permeability 
and alveolar injury observed during viral infection (Le and Clercq 2020).

16.3 � MEDICINAL PLANTS AS IMMUNITY 
BOOSTERS AGAINST COVID-19

Medicinal plants have played a significant role in addressing global healthcare 
demands from ancient times because of the presence of a diverse range of secondary 
plant metabolites with the ability to prevent and treat infectious diseases. The tradi-
tional system of medicines, such as the Indian traditional medicinal systems (includ-
ing Ayurveda, Siddha, Unani, Yoga, Naturopathy, and Homoeopathy), the traditional 
Chinese medicinal system, and Kampo (the traditional Japanese medicinal system), 
is primarily dependent upon plant, animal, and mineral products, and has been prac-
tised for centuries, if not millenia, to cure different ailments in humans (Vaidya 
et al. 2007; Mukherjee et al. 2017). The precise application of plant resources for 
particular conditions requires traditional knowledge about plants and their usage 
(Petrovska 2012). According to a recent WHO report, nearly 80% of the populations 
from underdeveloped countries still rely on traditional medicines (WHO 2019). Out 
of 21,000 medicinal plants listed by the WHO as having therapeutic potential, 2,500 
species of plants have been reported from India (Pundarikakshudu and Kanaki 2019; 
Shukla et al. 2019). Despite extensive therapeutic potential, medicinal plants are still 
overlooked by researchers for the development of modern drugs (Yuan et al. 2016). 
The desired pharmacological effect needed to cure or prevent specific diseases can 
be obtained from phytochemicals purified as single constituents or in combination 
with other phytochemical compounds, as a herbal preparation (Parasuraman et al. 
2014) derived from one or several plant species.
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The plant-based medicines have been proved to be effective in controlling the 
adverse effects of infection in the case of the earlier SARS pandemic caused by 
SARS-CoV (Wen et  al. 2011; Verma et  al. 2020). As SARS-CoV2 (Coronavirus) 
shares homology with SARS-CoV, the medicinal plants can be recommended as a 
potential source to address the existing health crises (Aanouz et al. 2020; Wahedi 
et  al. 2020). The medicinal plants have proved to be efficient in controlling and 
curing viral respiratory infections because they can manage the immune system by 
modulating inflammation and stimulating immunity.

Presently, in the absence of an established regimen against COVID-19, the whole 
world is facing immense uncertainty in the management of this pandemic disease. 
The therapeutic strategies which can be used globally against COVID-19 include: (1) 
an allopathic system: presently broad-spectrum antibiotics, including hydroxychloro-
quine, lopinavir, retinovir, and remsedivir, are used but they pose many adverse side 
effects; (2) vaccination: nearly 13 different vaccines (For Example: Pfizer/BioNtech, 
SII/Covishield, Janssen/Ad26.COV2.S, AstraZeneca/Oxford) have been adminis-
trated to large number of peoples  through mass vaccination programme; (3) herd 
immunity: can be achieved either by vaccinating a large number of people against 
the disease or when a high proportion of the population contracts the disease and 
develops natural immunity; (4) immunity boosting: enhancing the internal power of 
the immune system to minimize symptoms of COVID-19 infections (Ponnam and 
Akondi 2020). Several natural remedies have been suggested as immune boosters 
from the ancient medicine systems, most importantly the use of natural herbs to 
strengthen the natural immunity of the individual.

Considering the present pandemic situation, the Ministry of AYUSH, India, has 
recommended a holistic approach for the treatment and prevention of COVID-19 that 
includes dietary management, symptom management, lifestyle management, and pro-
phylactic measures to boost immunity. The cost-effective decoction known as ‘Ayush 
Kwath’, ‘Ayush Kudineer’, or ‘Ayush Joshanda’ has been recommended by AYUSH, 
and it comprises of five medicinal herbs, namely Ocimum tenuiflorum, Cinnamomum 
verum, Piper nigrum, Zingiber officinale, and Vitis vinifera (AYUSH 2020).

Traditional Chinese medicine system practitioners have also developed sev-
eral formulae containing combinations of natural herbs based on the symptoms of 
COVID-19 infections (Zhao et al. 2020). Among various Chinese formulation, lung 
cleansing and detoxifying decoction (LCDD) is one of the clinically proven and most 
commonly consumed formulations, comprising twenty-one medicinal herbs, namely 
Ephedra sinica, Cinnamomum cassia, Alisma plantago-aquatica, Atractylodes 
macrocephala, Bupleurum chinense, Scutellaria baicalensis, Pinellia ternata, Aster 
tataricus, Tussilago farfara, Iris domestica, Wolfiporia extensa, and the mushroom 
Polyporus umbellatus, as well as wild ginger, Chinese yam, Korean mint, bitter 
orange, licorice, ansu apricot, ginger, and orange peel. The clinical trial with LCDD 
treatment in 1262 COVID-19 patients showed a 99.28% recovery rate; furthermore, 
the severity of infection did not increase in those patients with mild symptoms of 
infection when the treatment started (Weng 2020).

Similarly, the Government of Tamil Nadu has taken initiatives to supply the 
Nilavembu Kudineer Chooranam (NKC) decoction to healthcare centers to control 
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morbidity levels during an outbreak of viral infectious diseases (Ramanathan et al., 
2019). NKC is comprised of nine medicinal plants: Andrographis paniculata, 
Vetiveria zizanioides, Plectranthus vettiveroides, Santalum album, Trichosanthes 
dioica, Cyperus rotundus, Zingiber officinale, Piper nigrum, and Mollugo cervi-
ana. NKC has shown antiviral, antipyretic, antibacterial, anti-ulcer, antioxidant, and 
analgesic properties, etc. (Kavinilavan et al. 2017; Jain et al. 2020). NKC also acts 
as an immunostimulator and an immunomodulator, thus playing important role in 
preventing infection symptoms by enhancing the immune system and modulating 
the defense response of the host (Nakkeeran et al. 2016; Kamalarajan et al. 2019).

El-Alami et al. (2020) has reported Allium sativum, Olea europaea, Allium cepa, 
Zingiber officinale, Thymus maroccanus, Eucalyptus globulus, Foeniculum vul-
gare, Curcuma xanthorrhiza, Phoenix dactylifera, Rosmarinus officinalis, Thymus 
satureioides, Mentha pulegium, and Pimpinella anisum to be the most widely used 
medicinal plants for the prevention of COVID-19 infection in Morocco. The presence 
of a diverse range of bioactive compounds, such as flavonoids, tannins, glycosides, 
lignans, carotenoids, essential oils, etc., results in positive effects on respiratory and 
circulatory functions. The efficiency of some selected medicinal plants in boosting 
the immune response of the human body to prevent COVID-19 infection is given in 
Table 16.1.

16.3.1 � Ocimum sanctum L. (Tulsi, Holy Basil)

Tulsi is known as the ‘Elixir of Life’ and plays a significant role in boosting immu-
nity and thus helps the human body to fight against a wide range of bacteria and 
viruses. It has been widely used in treating various health ailments, such as bron-
chitis, pyrexia, asthma, genito-urinary disorders, fever, microbial and parasitic 
infections, rheumatism, and anxiety because of its analgesic, antidiarrhoeal, anti-
microbial, renoprotective, hepatoprotective, antipyretic, cardioprotective, antioxi-
dant, immunomodulatory, and anti-inflammatory properties (Vasudevan et al. 1999; 
Cohen, 2014).

The immune-boosting property of this herb is due to the presence of various 
bioactive compounds, such as eugenol, cirsilineol, carnosol, ursolic acid, rosma-
rinic acid, apigenin, and cirsimaritin, which play a significant role in major defence 
mechanisms, such as suppressing NF-kB classical pathways, down-regulating 
interleukin-1 beta (IL-1β) and antigen-specific antibodies, up-regulating interleu-
kin 2 (IL-2), interferon gamma (IFN-γ) and tumour necrosis factor alpha (TNF-α), 
enhancing Sheep Red Blood Cells agglutinin titres and haemoglobin concentration, 
and decreasing cyclooxygenase-2 and lipoxygenase-5 enzyme activities (Lo et  al. 
2002). Also, tulsi acts as an efficient immunomodulator as it aids in increasing the 
percentage of T helper and natural killer (NK) cells and enhances the phagocytic 
index and antibody titre (Mondal 2010). Mondal et al. (2011) reported an increase 
in the percentage of T helper cells and NK cells after four weeks in twenty-four 
healthy subjects given 300 mg ethanolic extract of tulsi. Also, the role of seven bio-
active compounds present in tulsi has been shown to inhibit SARS-CoV replication 
by a molecular docking study. As SARS-CoV shares several clinical and genetic 



460 ﻿Traditional Herbal Therapy for the Human Immune System

TA
B

LE
 1

6.
1

Li
st

 o
f M

ed
ic

in
al

 P
la

nt
s 

C
om

m
on

ly
 U

se
d 

as
 I

m
m

un
it

y 
B

oo
st

er
s 

to
 P

re
ve

nt
 C

O
V

ID
-1

9 
In

fe
ct

io
n

C
om

m
on

 
N

am
e

Sc
ie

nt
ifi

c 
N

am
e 

Pa
rt

s 
U

se
d

Ph
yt

oc
on

st
it

ue
nt

s 
Ph

ar
m

ac
ol

og
ic

al
 A

ct
iv

it
ie

s
R

ef
er

en
ce

s

A
m

la
E

m
bl

ic
a 

of
fic

in
al

is
 

G
ae

rt
n.

Fr
ui

t
G

al
lic

 a
ci

d,
 e

lla
gi

c 
ac

id
, e

m
bl

ic
an

in
 

A
, B

, p
hy

lle
m

be
in

, q
ue

rc
et

in
, a

nd
 

as
co

rb
ic

 a
ci

d

A
nt

i-
in

fla
m

m
at

or
y,

 a
nt

im
ut

ag
en

ic
, 

im
m

un
om

od
ul

at
or

y,
 a

na
lg

es
ic

, 
an

tit
us

si
ve

, n
ep

hr
on

- 
an

d 
ne

ur
op

ro
te

ct
iv

e,
 

ch
em

op
re

ve
nt

iv
e,

 a
nt

ic
an

ce
r, 

an
tio

xi
da

nt
 

Su
ja

 e
t a

l. 
20

09

B
ah

ed
a

Te
rm

in
al

ia
 b

el
li

ri
ca

 
(G

ae
rt

n.
) 

R
ox

b.
D

ri
ed

 
fr

ui
t

Ta
in

, t
er

m
ili

gn
an

, t
ha

nn
ili

gn
an

, 
ar

ju
ng

en
in

, b
el

le
ri

c 
ac

id
, 

be
lle

ri
co

si
de

, c
an

no
ge

no

A
nt

iv
ir

al
, a

nt
i-

in
fla

m
m

at
or

y,
 a

nt
ib

ac
te

ri
al

, 
an

tif
un

ga
l, 

an
tid

ia
rr

ho
ea

l, 
an

al
ge

si
c,

 
an

tim
al

ar
ia

l, 
an

tio
xi

da
nt

, a
nt

ic
an

ce
r 

C
oc

k 
20

15

B
al

a
Si

da
 c

or
di

fo
li

a 
L

.
L

ea
ve

s
A

sp
ar

ag
in

e,
 q

ui
na

zo
lin

e,
 e

ph
ed

ri
ne

, 
ch

ol
in

e,
 b

et
ai

ne
, r

ut
in

, β
-s

ito
st

er
ol

, 
hy

pa
ph

or
in

e,
 v

as
ic

in
on

e,
 v

as
ic

in
ol

A
na

lg
es

ic
, a

nt
is

pa
sm

od
ic

, a
nt

i-
in

fla
m

m
at

or
y,

 h
yp

og
ly

ca
em

ic
, 

he
pa

to
pr

ot
ec

tiv
e

Si
va

pa
la

n 
20

15

C
ha

nd
ra

so
or

L
ep

id
iu

m
 s

at
iv

um
 L

.
L

ea
ve

s
Si

na
pi

c 
ac

id
, s

in
ap

in
, l

ep
id

in
e

A
nt

i-
as

th
m

at
ic

, a
nt

i-
in

fla
m

m
at

or
y,

 
ha

em
ag

gl
ut

in
at

in
g

M
al

i e
t a

l. 
20

07

C
lo

ve
Sy

zy
gi

um
 a

ro
m

at
ic

um
 

(L
.)

 M
er

r. 
&

 L
.M

. 
Pe

rr
y

Fl
ow

er
 

bu
d

E
ug

en
ol

, t
hy

m
ol

, c
ar

io
ph

yl
le

ne
A

nt
i-

in
fla

m
m

at
or

y,
 a

nt
iv

ir
al

, a
nt

itu
m

ou
r, 

an
tib

ac
te

ri
al

, a
nt

if
un

ga
l

B
ow

m
ik

 e
t a

l. 
20

12

D
ra

ks
a

Vi
ti

s 
vi

ni
fe

ra
 L

.
Fr

ui
ts

fla
vo

no
id

s,
 p

ol
yp

he
no

ls
, a

nt
ho

cy
an

in
s,

 
pr

oa
nt

ho
cy

an
id

in
s,

 p
ro

cy
an

id
in

es
, 

es
ve

ra
tr

ol
.

an
tio

xi
da

tiv
e,

 a
nt

i‐i
nfl

am
m

at
or

y,
 

an
tim

ic
ro

bi
al

, c
ar

di
op

ro
te

ct
iv

e,
 

he
pa

to
pr

ot
ec

tiv
e,

 n
eu

ro
pr

ot
ec

tiv
e 

N
as

si
ri

‐A
sl

 a
nd

 
H

os
se

in
za

de
h 

20
09

Fe
nu

gr
ee

k
Tr

ig
on

el
la

 fo
en

um
-

gr
ae

cu
m

 L
.

Se
ed

s 
an

d 
le

av
es

tr
ig

on
ol

lin
e,

ch
ol

in
, g

en
tia

ni
ne

, 
di

os
ge

ni
n,

 g
ito

ge
ni

n,
 y

am
og

en
in

A
nt

i‐i
nfl

am
m

at
or

y,
 a

nt
im

ic
ro

bi
al

, 
an

tid
ia

be
tic

, a
nt

ih
yp

er
lip

id
ae

m
ic

, 
an

ti-
ob

es
ity

, a
nt

ic
an

ce
r, 

an
tio

xi
da

nt

Y
ad

av
 a

nd
 

B
aq

ue
r 

20
14

(C
on

ti
nu

ed
)



461Immunity Booster against COVID-19﻿

TA
B

LE
 1

6.
1 

(C
O

N
TI

N
U

ED
)

Li
st

 o
f M

ed
ic

in
al

 P
la

nt
s 

C
om

m
on

ly
 U

se
d 

as
 I

m
m

un
it

y 
B

oo
st

er
s 

to
 P

re
ve

nt
 C

O
V

ID
-1

9 
In

fe
ct

io
n

C
om

m
on

 
N

am
e

Sc
ie

nt
ifi

c 
N

am
e 

Pa
rt

s 
U

se
d

Ph
yt

oc
on

st
it

ue
nt

s 
Ph

ar
m

ac
ol

og
ic

al
 A

ct
iv

it
ie

s
R

ef
er

en
ce

s

K
al

m
eg

h
A

nd
ro

gr
ap

hi
s 

pa
ni

cu
la

ta
 (

B
ur

m
. F

.)
 

N
ee

s.

L
ea

ve
s

an
dr

og
ra

ph
ol

id
e,

 n
eo

an
dr

og
ra

ph
ol

id
e,

 
de

ox
ya

nd
ro

gr
ap

ho
lid

e
Im

m
un

om
od

ul
at

or
y,

 a
nt

iv
ir

al
, i

m
m

un
e 

en
ha

nc
em

en
t, 

an
tio

xi
da

nt
, 

he
pa

to
pr

ot
ec

tiv
e,

 a
nt

i-
H

IV

V
er

m
a 

et
 a

l. 
20

19

K
al

on
ji

N
ig

el
la

 s
at

iv
a 

L
.

Se
ed

N
ig

el
lic

in
e,

 n
ig

el
lim

in
e,

 p
in

en
e,

 
p-

cy
m

en
e,

 c
ar

ve
ne

 
Im

m
un

op
ot

en
tia

tin
g,

 im
m

un
om

od
ul

at
or

y,
 

hy
po

gl
yc

ae
m

ic
, a

nt
ic

an
ce

r, 
an

tim
ic

ro
bi

al
, 

an
ti-

in
fla

m
m

at
or

y,
 a

nt
i-

ul
ce

r

K
oo

ti 
et

 a
l. 

20
16

N
ag

ke
sa

r
M

es
ua

 fe
rr

ea
 L

.
B

ar
k 

an
d 

ro
ot

M
es

uo
l, 

m
es

ua
gi

n,
 m

am
m

ei
si

n,
 

4-
al

ky
lc

ou
m

ar
in

s 
fe

rr
uo

ls
 A

 a
nd

 B
, 

gu
tti

fe
ro

l, 
fe

rr
ax

an
th

on
e,

 β
-s

ito
st

er
ol

.

A
nt

i-
in

fla
m

m
at

or
y,

 im
m

un
os

tim
ul

an
t, 

an
tio

xi
da

nt
, a

na
lg

es
ic

, h
ep

at
op

ro
te

ct
iv

e
C

ha
ha

r 
et

 a
l. 

20
13

N
ut

m
eg

M
yr

is
ti

ca
 fr

ag
ra

ns
 

H
ou

tt.
Se

ed
s

T
ri

m
yr

is
tin

, m
yr

is
tic

 a
ci

d,
 m

yr
is

tic
in

, 
sa

fr
ol

e,
 e

lim
ic

in
A

nt
i-

in
fla

m
m

at
or

y,
 a

nt
io

xi
da

nt
, 

an
tic

on
vu

ls
an

t, 
an

al
ge

si
c,

 a
nt

id
ia

be
tic

, 
an

tib
ac

te
ri

al
, a

nt
if

un
ga

l 

A
sg

ar
pa

na
h 

an
d 

K
az

em
iv

as
h 

20
12

Pa
an

P
ip

er
 b

et
le

 L
.

L
ea

ve
s

H
yd

ro
xy

ch
av

ic
ol

, c
ha

vi
be

to
l, 

es
tr

ag
ol

e,
 e

ug
en

ol
, c

ar
yo

ph
yl

le
ne

A
nt

i-
in

fla
m

m
at

or
y,

 a
nt

im
ic

ro
bi

al
, 

an
tio

xi
da

nt
, a

nt
ic

an
ce

r, 
an

tid
ia

be
tic

M
ad

hu
m

ita
 

et
 a

l. 
20

20

Sa
nd

al
w

oo
d

Sa
nt

al
um

 a
lb

um
 L

.
O

il
α-

, β
-s

an
ta

lo
l, 

be
rg

am
ot

ol
s,

 
cu

rc
um

en
es

, β
-b

is
ab

ol
en

e
A

nt
i-

in
fla

m
m

at
or

y,
 a

nt
iv

ir
al

, a
nt

if
un

ga
l, 

an
tib

ac
te

ri
al

, h
ep

at
op

ro
te

ct
iv

e,
 

an
tip

yr
et

ic
, c

ar
di

op
ro

te
ct

iv
e 

K
um

ar
 e

t a
l. 

20
15

Sa
ta

va
ri

A
sp

ar
ag

us
 r

ac
em

os
us

 
W

ill
d.

D
ri

ed
 

ro
ot

Sh
at

av
ar

in
, a

sp
ar

gi
ni

ns
, c

ur
ill

in
s,

 
as

pa
ro

si
de

s,
 c

ur
ill

os
id

es
A

nt
i-

in
fla

m
m

at
or

y,
 c

ar
di

op
ro

te
ct

iv
e,

 
an

tis
tr

es
s,

 a
nt

id
ep

re
ss

an
t a

ct
iv

ity
H

as
an

 e
t a

l. 
20

16

W
ild

 C
ar

ro
t

D
au

cu
s 

m
ar

it
im

us
 

L
am

.
Se

ed
s

D
au

cu
ca

ro
to

l, 
β-

bi
sa

bo
le

ne
, 

tr
an

s-
β-

ca
ry

op
hy

lle
ne

, t
ra

ns
-α

-
as

ar
on

e,
 β

-s
el

in
en

e,
 β

-b
is

ab
ol

en
e,

 
bi

cy
cl

og
er

m
ac

re
ne

A
nt

iv
ir

al
, a

nt
i-

in
fla

m
m

at
or

y,
 a

nt
id

ia
be

tic
, 

ne
ph

ro
pr

ot
ec

tiv
e,

 h
ep

at
op

ro
te

ct
iv

e,
 

an
tio

xi
da

nt

A
l-

Sn
afi

 2
01

7



462 ﻿Traditional Herbal Therapy for the Human Immune System

similarities with SARS-CoV2, these bioactive compounds could significantly inhibit 
SARS-CoV-2 replication by blocking ACE-2 receptors (Khaerunnisa et al. 2020).

16.3.2 � Piper nigrum L. (Kaali Mirch, Black Pepper)

Also known as the ‘King of Spices’, P. nigrum contains more than 600 different bio-
active compounds, such as lignans, terpenes, alkaloids, neolignans, etc. (Damanhouri 
et al. 2014). Due to the presence of such a vast range of phytoconstituents, it has anti-
oxidant, analgesic, antiplatelet, immunomodulatory, antipyretic, antihypertensive, 
anti-asthmatic, anticarcinogenic, antispasmodic, antimicrobial, antimutagenic, anti-
thyroid, anti-ulcer, antidepressant, hepatoprotective, and antidiarrhoeal properties 
(Nahak et al. 2011; Srivastava et al. 2017). The key alkaloid components, like piper-
ine and piperamides, enhance the defence mechanism of the human body by regulat-
ing the balance between cytokines and T cells, inhibiting the expressions of GATA3, 
IL-4, IL-6, ILβ, I-17A, TNF-α, RORγT, and increasing the activation of macrophages 
and the proliferation of T and B cells (Damanhouri et  al. 2014; Balkrishna et  al. 
2020). Furthermore, it can also inhibit mast cell activation and allergic responses, 
alleviate fibrotic scarring and inflammatory cell infiltration, suppress the release of 
histamine and antibodies IgE, anti-OVA IgG1 in serum, inhibit P glycoprotein and 
CYP3A4 functions, and inhibit NF-kB, CREB, ATF-2, c-Fos and PKCa/ERK path-
ways (Zhai et al. 2016; Bui et al. 2019).

16.3.3 � Zingiber officinale Roscoe (Sunthi, Ginger)

Ginger belongs to the family Zingiberaceae and has potential immune-boosting and 
anti-inflammatory characteristics that enhance the immune responses and metabolic 
activities of the human body and thus provide a shield against infectious diseases. 
Its chemical constituents include gingerdione, 6-gingediol, germacrene, zingiberene, 
6-shogaol, methyl-6-shogaol, β-sitosterol, nevirapine, etc., which play roles in the 
inhibition of viral replication, with β-sitosterol as the most potent inhibitor of the 
reverse transcriptase enzyme (Kharisma et al. 2018). Moreover, the main bioactive 
components of ginger, like the gingerols and shogaols, enhance fibrinolysis, inhibit 
pro-inflammatory cytokines (IL-1, TNF-α, IL-8), inhibit leukotriene and prostaglan-
din biosynthesis, and inhibit cyclooxygenase and lipoxygenase activities. A ginger 
preparation also inhibits the anti-influenza cytokine TNF-α, inhibits platelet aggre-
gation and thromboxane synthetase, down-regulates expression of iNOS and COX-2 
genes, and reduces the production of age-related oxidative stress markers (Habib 
et al. 2008; Mahluji et al. 2013).

Mahassni et  al. (2019) has studied the efficacy of ginger extract in enhancing 
humoral immunity among male smokers and non-smokers and reported a significant 
increase in the IgM concentration and eosinophil count in non-smokers as com-
pared with smokers, whereas the lymphocyte count and haemoglobin concentration 
in smokers were found to be higher than in non-smokers. Thus, ginger has greater 
potential to enhance humoral immunity in non-smokers than in smokers. Also, fresh 
ginger has greater effectiveness in reducing viral infection as compared with dried 
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ginger. Bhat et al. (2010) showed that both the alcoholic extract as well as the crude 
extract of ginger can increase the immune response. The alcoholic extract of ginger 
has caused increased phagocytic activity by macrophages, whereas treatment with 
the crude extract has shown enhanced humoral and cell-mediated immunity in mice. 
The inhibitory potential of fresh ginger against the human respiratory syncytical 
virus was reported to be higher than that of dried ginger. Fresh ginger inhibits viral 
binding and internalization processes as well as stimulating mucosal cells to secrete 
IFN-β, thus promoting a reduction in viral infection (Srivastava et al. 2020).

16.3.4 � Cinnamomum verum J. Presl (Dalchini, Cinnamon)

Cinnamon belongs to the family Lauraceae and contains various bioactive com-
pounds, such as benzaldehyde, cuminaldehyde, cinnamaldehyde, and terpenes 
(Valizadeh et  al. 2015). Because of its immunomodulatory and immune-boosting 
effects, it has been used in preventing and curing various ailments. A study showed 
that both high (100 mg/kg bodyweight) and low doses (10 mg/kg) can enhance the 
immune response, whereas the low dose increased only humoral immunity while 
the high dose enhances both cell-mediated as well as humoral immunity (Niphade 
et al. 2009). Kim et al. (2010) have demonstrated that cinnamaldehyde can inhibit 
the expression of phosphoinositide 3-kinase (PI3K), phosphoinositide-dependent-
kinase-1 (PDK1), and nuclear factor kappa β (NF-kβ) and alleviates the host innate 
immune responses. Further, cinnamaldehyde brings about activation of CD29 and 
CD43 which, in turn, block cell migration and induce cell–cell adhesion apart from 
cell–fibronectin adhesion. Also, cinnamaldehyde suppresses the production of NO 
(nitric oxide) as well as up-regulating the pattern recognition receptors (PRRs) TLR2 
and CR3 and levels of co-stimulatory molecules CD69 and CD80 expressed on the 
surface of cells. Chemicals such as cinnamaldehyde, cinnamophilin, etc. found in 
cinnamon bark have shown anti-atherosclerotic, anticoagulative, and thromboxane 
A2 receptor antagonist properties, preventing unnecessary platelet clumping and 
atherosclerotic cardiovascular diseases (Tsui et al. 2018).

The potency of cinnamon bark as an immunomodulator has been shown by its 
ability to down-regulate the IFN-γ expression in activated T cells with no change in 
IL-2 production through inhibiting the activation of p38, JNK, ERK1/2, and STAT4, 
but not IkBa degradation or STAT6 (Lee et al. 2011). The use of cinnamon is safe for 
daily dietary consumption and medicinal use.

16.3.5 � Tinospora cordifolia (Willd.) Miers (Moonseed, Giloe)

Giloe belongs to the family Menispermaceae and has been used in many tradi-
tional Ayurvedic medicines for therapies against several diseases, such as allergy, 
urinary disorder, rheumatism, leprosy, diabetes, etc. (Sonkamble and Kamble 
2015). Several important bioactive compounds have been reported from parts of 
Tinospora, including steroids, glycosides, alkaloids, aliphatics, phenolics, diter-
penoids, sesquiterpenoids, and flavonoids, which act as immunomodulators and 
support the immune system by increasing resistance of the body against various 
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infections (Singh et  al. 2003). Giloe shows antitoxic, anti-osporotic, anti-HIV, 
wound healing, antimicrobial, anti-allergic, antioxidant, anti-inflammatory, and 
antidiabetic properties (Saha and Ghosh 2012; Sharma et al. 2019). An in-silico 
study, performed using molecular docking, has demonstrated that, among the phy-
tochemicals in Tinospora cordifolia, berberine can serve as a potential inhibitor 
in regulating 3CLpro protein function, subsequently controlling viral replication 
(Chowdhary 2020). The herbal formulations containing a combination of giloe, 
tulsi, ginger, and kali mirch has been proven effective for preventing and curing 
COVID-19 symptoms (Srivastava et al. 2020).

16.3.6 � Panax quinquefolius L. (Ginseng)

Ginseng belongs to the family Araliaceae and has shown a broad range of biologi-
cal activities including antimicrobial, antidiabetic, anti-inflammatory, anticardiovas-
cular, antioxidative, T cell-mediated immune reaction, and anticancer properties. 
It also serves as an immunomodulator by playing an important role in activating 
natural killer cells, antagonistic reactions for immunosuppressive mediators, and 
triggering innate immunity (Im et al. 2016; Ratan et al. 2020). It is a source of vari-
ous bioactive compounds, such as ginse​nosid​es, p​olysa​cchar​ides,​ poly​acety​lenes​, 
phy​toste​rols,​ and essential oils (Wang et al. 2015). Several studies have shown the 
therapeutic potential of ginseng in treating diverse diseases, such as immune system 
disorder, neuronal disease, microbial infections, cancer, and cardiovascular disease. 
Ginseng has also been shown to possess protective activities against different viral 
infections, such as the human herpes virus, immune deficiency virus, rhinovirus, 
influenza virus, enterovirus, rotavirus, coxsackievirus, and norovirus (Iqbal and 
Rhee 2020). The pharmacological activities and stability of heat-processed ginseng 
have been reported to be higher than those of fresh ginseng (Im et al. 2016). The con-
sumption of milk enriched with ginseng (150–300 ml) has been suggested because 
of its potential health benefit in boosting the immunity of the body (Lee et al. 2014).

16.3.7 � Glycyrrhiza glabra L. (Licorice, Sweet Wood)

Licorice belongs to the family Fabaceae and exhibits a broad range of biologi-
cal properties, including antimicrobial, anti-inflammatory, antioxidant anti-ulcer, 
antidiuretic, antidiabetic and antitussive activities (Sharma et  al. 2018). Various 
bioactive compounds, such as glycyrrhizin, glabrin A and B, isoflavones, and glyc-
yrrhetinic acid, are present, that have shown various pharmacological activities 
(Ozturk et al. 2017). Several studies have suggested the use of glycyrrhizin for the 
treatment of SARS infection because of its antiviral properties (Bailly et al. 2020; 
Chen et al. 2020).

Cinatl et al. (2003) has reported on the clinical trials of various chemical com-
pounds present in Glycyrrhiza against two clinical coronavirus isolates; out of all the 
compounds tested, glycyrrhizin was found to be most effective in inhibiting virus 
replication, and was found to be effective against various viruses, including hepatitis 
A, B, C, varicella-zoster, HIV, herpes simplex type-1, and cytomegalovirus (Asl and 
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Hosseinzadeh 2008). Furthermore, the bioactive compounds glyasperin A and glyc-
yrrhizic acid have been used to produce nanomembranes by electrospinning which 
can be used as wound dressing materials, masks, gloves and against skin infection. 
Glycyrrhizic acid binds to the pocket of the spike glycoprotein and prohibits the 
entry of the virus into the host cell, whereas glyasperin A showed higher affinity 
with Nsp15 endoribonuclease and affects coronavirus infection (Sinha et al. 2020).

16.3.8 � Curcuma longa L. (Haldi, Turmeric)

Turmeric belongs to the family Zingiberaceae and its rhizome is used for medicinal 
purposes to treat a number of severe diseases. Turmeric has been used as a natu-
ral cleanser of the respiratory tract and has been employed for curing congestion, 
cough, throat infection, and bronchial asthma. It has anti-inflammatory, antiviral, 
antifungal, and antibacterial properties, and helps to boost the immune system to 
fight against infection (Zorofchian et al. 2014; Praditya et al. 2019). Curcumin, artur-
merone, and zingiberene are the main bioactive constituents that show antiviral 
activities against a diverse range of viruses, such as dengue virus, hepatitis B virus, 
Zika virus (ZIKV), and chikungunya virus (Hesari et al. 2018; Nabila et al. 2020). 
Also, the consumption of golden milk containing one-half of a teaspoon of turmeric 
in 150 ml hot milk has been recommended by the Ministry of AYUSH to boost the 
immune system (AYUSH 2020).

16.4 � IMMUNOLOGICAL RESPONSES ASSOCIATED 
WITH INTERACTION BETWEEN MEDICINAL 
PLANTS AND SARS-CoV-2

SARS-CoV-2 interacts with immune cells and subsequently affects the patient’s 
immune system. Thus, to develop immunotherapies for COVID-19, the most cru-
cial prerequisite is to build up a better understanding of the immunopathology of 
chronic lung conditions in the infected person. The immunological abnormali-
ties evident in patients infected with COVID-19 consist of neutrophilia, increased 
levels of inflammatory markers in the serum, monocyte/macrophage dysfunction, 
and lymphopaenia, which affect CD4+ T cells, CD8+ T cells, natural killer cells, 
and B cells (Figure 16.1). Yang et al. (2005) reported that the ectopic expression of 
the SARS-CoV E protein induces T cell apoptosis and contributes to SARS-CoV-
induced lymphopaenia. The interaction between BH3-like regions (Bcl-2 homology 
domain 3) located in the C-terminal cytosolic domain of the SARS-CoV E protein 
and the cellular oncogene Bcl-xL (anti-apoptotic protein) primarily causes apoptosis 
of T cell lymphocytes. Similar to the SARS-CoV envelope protein, conserved Bcl-2 
Homology 3 (BH3)-like motifs in the C-terminal region, necessary for binding to 
Bcl-xl, protein has been reported in the SARS-CoV-2 envelope (E) protein (Navratil 
et al. 2020).

The symptoms of the disease may be associated with the functional characteris-
tics of IgG antibodies against glycoproteins of the virus envelope. These functional 



466 ﻿Traditional Herbal Therapy for the Human Immune System

characteristics of IgG antibodies leads not only to neutralization of the virus and 
other antibody defensive functions but might also augment the immune cell infec-
tion. A study on dengue virus suggests that the undesirable action of IgG antibodies 
is associated with the alteration in glycosylation profile of the Fc region of IgG, lead-
ing to antibody-dependent enhancement (ADE) of virus uptake via macrophages, 
eventually causing greater secretion of pro-inflammatory cytokines and chemokines 
(Bournazos et al. 2020). Kruse (2020) reported that the ACE2 protein combines with 
the Fc domain of IgG antibodies and thus might play an important role in the treat-
ment of COVID-19.

Several studies on medicinal plants have suggested their role in enhancing natural 
killer (NK) cell activity, increasing the secretions of IL-10 and INF-γ, inhibition of 
ATF-2, IL-4, IL-6, GATA3, down-regulation of Th-17 and Th2-related cytokines, 
etc. Hoffmann et  al. (2020) established that the SARS-CoV-2 enters human cells 
via the ACE2 receptor. Various medicinal plants, such as Berberis integerrima, 
Crataegus laevigata, Onopordum acanthium, and Quercus infectoria, have shown 
ACE2 inhibition, of which Quercus infectoria was found to be the most active (94%) 
in terms of inhibition owing to its higher phenolic content and increased antioxidant 
potential (Sharifi et al. 2013).

Khanal et al. (2020) studied the AYUSH herbal preparation ‘Kwath’ and reported 
that bioactive compounds present in the formulation boost the immune system by 

FIGURE 16.1  Immunity-boosting potential of medicinal plants against SARS-CoV-2 
pathogenesis.
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modulating several signaling pathways such as HIF-1, p53, PI3K-Akt, MAPK, cAMP, 
Ras, Wnt, NF-kappa-β, IL-17, TNF, and cGMP-PKG. Similarly, Andrographis 
paniculata has been reported to suppress the enhanced level of NLRP3, CASP-
1, and IL-1β molecules that play a significant role in the pathogenicity of SARS-
CoV as well as in SARS-CoV-2 (Liu et al. 2020). In another study, the medicinal 
plant Salacia oblonga was found to significantly suppress the angiotensin II recep-
tor type 1 (AT1) signal that is associated with lung damage (He et al. 2011). Thus, 
the immune-boosting and immunomodulatory efficacies of the medicinal plants in 
‘Kwath’ facilitate the prevention of infection as well as ameliorating the symptoms 
of COVID-19 by increasing the innate immunity of an individual.

16.5 � CONCLUSION

Medicinal plants with different pharmacological activities have been used for ages 
as herbal preparations for the treatment of viral infection and enhancement of host 
immune response. The outbreak of the COVID-19 disease has caused a severe 
threat to public health and the global economy. As the SARS-CoV-2 can escape 
innate immune response, an individual with weak immunity can develop a severe 
infection. Also, the unavailability of approved medication to date has intensified 
the pandemic situation. Precautionary measures against virus infection, such as 
social distancing, self-quarantine, respiratory etiquettes, etc., have been recom-
mended by WHO to avoid human contact and thus minimize the risk of trans-
mission and infection. Appropriate medicinal plants can be used as a promising 
resource for managing this pandemic situation owing to their capacity to boost 
the immune response of the human body and fight against viral infection. This 
pandemic situation has raised concern about the healthcare system and greater 
investment in research into infectious diseases is needed to avoid such pandemic 
situations in the future. As the pathways involved in decreasing infection load 
by bioactive compounds from medicinal plants are still not clearly understood, 
further investigation is required for effective utilization of medicinal plants in the 
treatment of such diseases.
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with antiviral activity, 59
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Cholera, 16

medicinal plants for treating, 28–29
Chrysopogon zizanioides, 30
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Cinnamomum sp.

C. camphora, 28, 261, 267–268
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C. verum, 37, 458, 463
C. zeylanicum, 399

Cinnamon, 399, 463
Cirsimaritin, 66
Cistus incanus, 65
Citrus sp.
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C. sinensis, 38

Clausena anisata, 15
Clerodendrum sp.

C. glabrum, 31
C. inerme, 60

Clitoria ternatea, 60
Clostridium perfringens, 16, 381
Clove, 400–401
CMS, see Conventional herbal medical system
Colchicine, 92, 213
Column chromatography, 446
Combretum micranthum, 18
Combretum sp.

C. molle, 31
C. platypetalum, 28

Commercial formulations, of African medicinal 
plants, 186

Commercially available products, derived from 
traditional medicinal plants, 108–112

Commiphora sp., 213
C. myrrha, 18, 30

Concanavalin-A (ConA), 304
Conocephalum conicum, 59
Conventional herbal medical system (CMS), 212
Conventional medicinal plants, 75

conventional medicinal systems, importance 
of, 79–92

history of medicinal systems, 76
Ayurvedic medicinal system (AYMS), 77
traditional Chinese medicinal (TCM) 

system, 77–79
immunity enhancer, local medicinal plants 

as, 99
immuno-adjuvants, 100
immunostimulants, 99–100
immunosuppressants, 100

immunity-enhancing plant-derived drugs, 
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pharmacology, 104–107
phytochemistry, 102

flavonoids, 102–103
organosulphur compounds, 104
terpenoids, 103–104

and their constituent properties, 80–91
Conyza scabrida, 31
Copaifera langsdorffii, 31
Cornyebacterium diphtheriae, 29
Coronavirus disease 2019, see COVID-19
Coronaviruses, 66
Cortex phellodendri, 37
Corymbia citriodora, 28
Corynebacterium sp.

C. diphtheriae, 20
C. pseudodiphthericum, 34

COVID-19, 398, 402
medicinal plants as immunity booster against, 

455, 460–461
Cinnamomum verum J. Presl, 463
Curcuma longa L., 465
Glycyrrhiza glabra L., 464–465
immunological responses, 465–467
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Panax quinquefolius L., 464
Piper nigrum L., 462
SARS-CoV-2, 456–457
Tinospora cordifolia (Willd.) Miers, 

463–464
Zingiber officinale Roscoe, 462–463

COX, see Cyclooxygenase
COX-2, see Cyclooxygenase-2
Crinum purpurascens, 32
Crocetin, 440

chemical structure of, 441
Crocus sativus, 37, 404, 440
Crossostephium chinense, 66
Crude drug, 229
Cryptocarya latifolia, 31
Cuminum cyminum, 30, 306
Curculigo orchioides, 29
Curcuma sp.

C. longa, 3, 20, 28, 344, 398, 438, 465
C. xanthorrhiza, 459

Curcumin, 92, 344, 398–399, 440
chemical structure of, 441

Cyanidins, 442
chemical structure of, 441

Cyclooxygenase (COX), 106
Cyclooxygenase-2 (COX-2), 102, 400, 447
Cymbopogon citratus, 15, 32
Cynodon dactylon, 31, 60
Cyperus rotundus, 459
Cytokines, 175, 307
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Dalchini, 463
Dalton’s lymphoma, 439
Damage-associated molecular patterns (DAMPs), 

404
DAMPs, see Damage-associated molecular 

patterns
Datura sp.

D. metel, 30
D. stramonium, 14, 41

Delayed Type Hypersensitivity (DTH) test, 272
Dendrobium nobile, 343
Deoxyelephantopin, 103
Dermatological and immune significance, 

ethnomedicinal plants of, 128–164
Dermatological significance, plant species  

of, 165
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Dihydrocapsaicin, 374
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oxy}propanoic acid, 444
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chemical structure of, 441
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Diterpenoid essential oils, 37
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Dorstenia sp., 14
Dracocephalum heterophyllum, 234
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DTH test, see Delayed Type Hypersensitivity  

test

EBV, see Epstein-Barr Virus
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Echinacea sp.
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EGC, see Epigallocatechin
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Elephantopin derivatives, 103
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Embelia ribes, 60, 61
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Endemic Brazilian plants, 200
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Ephedra sinica, 19, 458
Ephedrine, 213
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Epigallocatechin (EGC), 370

structure of, 35
Epigallocatechin-3-gallate (EGCG), 5, 370
Epstein-Barr Virus (EBV), 377
Eriosema salignum, 186
Escherichia coli, 41, 372
Essential oils (EOs), 15, 37, 92
Eucalyptus sp., 15

E. cinerea, 38
E. citriodora, 30
E. globulus, 29, 459
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Eugenol, 400

structure of, 38
Eupatorium sp.

E. articulatum, 59
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E. abyssinica, 18
E. hirta, 18
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Fenugreek, 401
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F. religiosa L., 273–274, 274
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Fisetin, 443

chemical structure of, 441
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Flavones, 92
Flavonoids, 4, 7, 92, 102–103
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evidence-based research, 281
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Fruits and berries for strong human immune 
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on health, 415–417
immunity, types and mechanisms of, 413
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components, 418
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Genistein, 92, 443

chemical structure of, 441
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Ginseng, 304, 464
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Glycoproteins, 4
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HBV, see Hepatitis B virus
Hedychium spicatum, 30
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