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Abstract

In contemporary times, herbal medicine is used as an adjunct to conventional therapy and for health promotion. Herbs that have
long been considered curative or prophylactic should be further studied in clinical trials. Can these time-tested natural therapies be

used and trusted in exceptional circumstances, such as the ongoing COVID-19 pandemic?

Traditional medicines have led to a revolution in and evolution of modern medicine. Herbs, such as Echinacea purpurea, Curcuma
longa, Allium sativum, Althaea officinalis, Andrographis paniculate, Commiphora molmol, Cymbopogon citratus, Eucalyptus globulus,
have shown immunomodulatory effects. Many plant-based formulations with potential immunomodulatory activity have been isolat-
ed and utilized—even without supportive evidence-based findings. Thus, more initiative toward human trials should be undertaken

to understand better how herbs promote human health and prevent or cure specific illnesses and diseases.

Moreover, and most importantly, the interests of indigenous communities—which are the primary source of rich traditional

knowledge and the natural reserve of herbal plants—should be safeguarded.
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Introduction

Etymologically, “herb” is derived from the Latin word herba and the French word herbe—referring to any part of a woody or non-
woody plant [1]. In the absence of scientific knowledge, the early human civilization turned instinctively toward nature, searching for

cures for their ailments [2].

The immeasurable value of plants in healthcare became known with the gradual technological advancement and expansion of sci-
entific knowledge. Presently, herbal medicine is no longer folklore; it has become a distinct branch of medicine, reinforced by scientific
evidence. Ethnobotany is the study of traditional plants regarding their medicinal properties [3]. However, herbal combinations with

chemically defined active substances or isolated constituents are not categorized as herbal medicines [4].

The practice of alternative and complementary medicine is flourishing. Traditional therapies and allopathic care have joined forces,
searching for preventions and cures for numerous illnesses and diseases. Many mainstream drugs are derived from plant sources, such as

aspirin, digoxin, quinine, opium, morphine, salicylic acid, and dicoumarol.
History of herbal medicines

Until the sixteenth century, which introduced us to iatrochemistry, plants were the main ‘drugs’ used to prevent and cure diseases [5].
Even now, the study of phytochemicals is an intriguing aspect of the pharmaceutical industry’s research and development. About 80% of

the world’s population depends on herbal medicines, and the global market for herbal remedies is growing [6].

The late-nineteenth and early-twentieth centuries saw the regression of medicinal plants from therapeutic science. During this period,
the shortcomings of herbal medicine and the harmful actions of enzymes due to the inadequate or improper processing of medicinal
plants were identified and considered potentially harmful. Moreover, herbal medicines or phytotherapeutic agents generally do not have
immediate or substantial pharmacological action; hence, they are not recommended for emergency treatment. Instead, these are used

more often to treat chronic diseases.

The early-twentieth century saw the inventions for the preservation and stabilization of medicinal plants, specifically those with labile
components. Efforts were extended in cultivating medicinal plants, applying effective manufacturing techniques, and employing favorable

processing methods to extract the ingredients [4].
The “early footprints” of traditional medicine

The archaeological find of Sumerian clay tablets depicts that humans have been using medicinal plants for millennia [7]. (Sumer is a
venerable Mesopotamian civilization). An ancient Chinese book (circa 2500 BCE) recorded numerous remedies made of dried plant prod-
ucts. The Indian Vedas mention the medicinal properties of spices. A papyrus, written in 1550 BCE, lists plant-based therapeutic remedies.

The Iliad and Odyssey (by Homer, circa 8" century BCE) also refer to medicinal plants [5].

Dioscorides is known as the father of “pharmacognosy”—pharmacognosy being the study of drugs and substances of plant origin. In
77 CE, Dioscorides wrote De Materia Medica, which recorded 944 drugs, of which 657 are of plant origin [8]. Unani, Indian Vaids, and Eu-
ropean and Mediterranean traditional medicine practitioners have used herbs for over 4,000 years. Even the early civilizations of Rome,
Egypt, Iran, Africa, and America used herbs for healing (as well as in rituals and ceremonies). The more developed and systemic traditional

systems, such as Indian Ayurveda and Traditional Chinese Medicine, utilized herbal plants almost exclusively, as noted in ancient texts [1].
Herbal medicine in immunotherapy

Pathogenic microorganisms are constantly presenting new challenges, such as in the recent COVID-19 pandemic. It is well recognized
that specific medicinal plants exert immunomodulatory effects by stimulating immune cells and organs—enhancing cytokine production,

inhibiting inflammation, and exerting antiallergic effects [9]. Table 1 lists some herbs with immunomodulatory properties.
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Herb

Mechanism of action

Ophiocordyceps lanpingensis (a tonifying
Chinese medical plant) [11]

Ameliorates renal dysfunction by inhibiting oxidative stress and enhancing IgG
immune response

Mahuang Fuzi Xixin decoction (a Chinese
formula) [11]

Exerts a therapeutic effect on allergic inflammation by regulating Th1 and Th2
immune responses

Withania somnifera (powdered root) [12]

Enhances WBC count, improves antibody titer, inhibits delayed hypersensitivity,
and enhances phagocytic activity of peritoneal macrophages

Allium sativum (garlic) [13]

Lowers IL-1, IL-6, TNF, IL-8 and boosts IL-10

Aloe vera [14]

Reduces TNF-a and IL-6

Chlorophytum borivilianum (root extract)
[15]

Improves both humoral and cell-mediated immunity

Curcuma longa (turmeric/curcumin) [16]

Inhibits nuclear factor kappa B pathway and target of rapamycin (TOR) pathway,
thus controlling the release of pro-inflammatory cytokines

Echinacea purpurea [17]

Regulates pro-inflammatory cytokine release

Table 1: Herbs having immunomodulatory properties.

Traditional herbal therapy has recently been revived, and various herbs are being scientifically investigated for potential therapeutic
applications. The bioactive components of specific herbs increase host defense mechanisms. This increase in intrinsic immunity protects
the body against infections and has an antitumor effect. Moreover, the herbal constituents have an antiproliferative effect on tumor cells,
helping the host endure damage by toxic chemicals (that are used to destroy cancer cells). Immunomodulatory therapy has proven to be a

valuable alternative to conventional chemotherapy, significantly when host defenses mechanisms are impaired, or selective immunosup-

pression must be induced [10].

The polyphenolic compounds of green tea are antiangiogenic, preventing tumor growth. Soy isoflavones detoxify pro-carcinogens.
Vitamin C modulates immune function and has a therapeutic effect in neurodegenerative diseases. Cancer risk is mitigated by green tea,

soy food, and Brassica vegetables [9]. However, there are some fundamental differences between herbal medicines (HMs) and chemically

synthesized drugs (SDs) as listed in Figure 1.

Figure 1: Fundamental differences between herbal medicines (HMs) and synthetic drugs (SDs).
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Herbal medicine against COVID-19

The capacity to mutate makes a virus unaffected by or impervious to specific synthetic drugs, and is the leading cause of drug resis-
tance. Controlling the persistent COVID-19 pandemic has become a race against time—with truncated timeframes to develop novel antivi-
ral mediators. Thus, medical researchers are looking towards nature for a cure or determent. Moreover, they have been able to repurpose

many herbal medicines that are effective against SARC-CoV-2 (Table 2).

Herb How does it act?
Echinacea purpurea Acts on the virus membrane and shows a direct virucidal activity
Curcuma longa Reduction in pro-inflammatory cytokines (symptomatic relief)
Allium sativum [24] Symptomatic relief from the common cold, proven antiviral activity (against cytomegalo-

virus, influenza B virus, Herpes simplex virus type 1 and type 2, the human parainfluenza
virus (HPIV) type 3, vaccinia virus (VACV or VV), the human rhinovirus type 2 (HRV2))

Althaea officinalis [25] Suppresses cough and has a soothing effect on the upper respiratory tract
Andrographis paniculata [26] Alleviates symptoms of uncomplicated upper respiratory tract infections
Commiphora molmol [27] Anti-inflammatory or antinociceptive action
Cymbopogon citratus [28] Relief therapy for the flu, having an anti-inflammatory effect on the respiratory tract
Eucalyptus globulus [26] Relieves symptoms associated with upper respiratory infection by exerting a soothing ef-

fect on the respiratory tract

Table 2: Potential herbal agents to combat COVID-109.

The severity of the disease is associated with the pro-inflammatory response of the human body. The cytokine storm is related to viral
virulence and host resistance, leading to the release of mediators, such as interleukin-2, interleukin-7, granulocyte colony-stimulating fac-
tor, interferon-c, inducible protein-10, monocyte chemoattractant protein-1, macrophage inflammatory proteinl-a, and tumor necrosis

factor o (TNF-a) [11]. In this regard, herbalists apply the herbs as prophylaxis and to control the symptoms of the disease.

The plants used in Traditional Chinese Medicine are effective against SARS-Cov and Middle East Respiratory Syndrome (MERS) [18].
Another well-known herb is curcumin (Curcuma longa), which is also a popular Indian spice. Nano encapsulated curcumin has been
reported to lessen COVID-19 symptoms (fever, cough, and dyspnea) and reduce mortality [19]. Curcumin inhibits the activation of the
nuclear factor kappa B pathway, which stimulates the production of pro-inflammatory cytokines. It also inhibits the target of the rapamy-
cin pathway, which is another regulator of nuclear factor kappa B [18]. The roots of this perennial herb have antiviral and antimicrobial

properties, anti-inflammatory potential, and relieve and prevent respiratory disorders [16].

Echinacea purpurea (purple coneflower) has antiviral activity. However, its primary mode of action has yet to be confirmed by human
studies. It is claimed by some health care profeesionals to be immunostimulatory (enhances the release of pro-inflammatory cytokines

(such as IL-1, IL-10, and TNF-a) [20] and is considered an immunosuppressant and virucidal [17].

Liquid elderberry extract (Sambucus nigra) has an in vitro antiviral action against the influenza virus and other respiratory bacterial
pathogens. Preclinical evidence shows that it inhibits the replication and viral attachment of the human coronavirus NL63 (HCoV-NL63)
and, thus, may be helpful in the initial stages of the infection [21].

Golden root (Rhodiola rosea) demonstrates an immunoregulatory effect, governing the differentiation of immune cells and inflamma-

tory signaling pathways and controlling the secretion of inflammatory factors [22].
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E. purpurea reduces the severity of acute respiratory infections. It also lowers the risk of recurrent infections and the incidence of

complications [23]. Thus, it should be taken at the first signs of a respiratory infection.
Traditional Thai herbs with immunomodulatory action

The most significant ethnic minorities in Thailand—the Karen and the Hmong—have vast traditional knowledge regarding medicinal
plant uses [29]. Since ancient times, they have been using various herbs for symptoms, such as fever (Strobilanthes cusia and Acorus cala-
mus) and cough (Zingiber officinale, Blumea balsamifera, and Elephantopus scaber), which are, incidentally, the most common features in
mild COVID-19 [30]. Thus, these plants are potential adjuvant therapies against the SARS-CoV-2 virus.

Andrographis paniculate has been shown to have antiviral activity, specifically against coronaviruses [31].

Sesame (Sesamum indicum), known as the “queen of oilseeds”, is an annual herbaceous plant cultivated for its edible seed. Its essential
oil modulates T-cell immune responses, lowers interferon-gamma, and increases interleukin-4 [32]. Also, it contains polyunsaturated
fatty acids (linoleic acid, oleic acid, palmitic acid, and stearic acid), while its bioactive components (sesamin, sesamolin, and sesamol) act

as antioxidants [33].

A study that specifically considered Thai herbs found that Boesenbergia rotunda and its purified compound, panduratin A, have a po-
tent inhibitory effect against SARS-CoV-2 replication. The compound was found to be effective in both the pre-entry and post-infection
stages [34].

Andrographis paniculata is another popular medicinal plant that is used in several Asian countries. It is traditionally used as a bitter
tonic in diarrhea and relieves the symptoms of common colds and upper respiratory tract infections [35]. In addition, its antiviral prop-
erties (phytoconstituent andrographolide) have been increasingly investigated for application against specific viruses (dengue, chikun-
gunya, zika, and influenza), which has encouraged numerous reviews on its constituent, andrographolide, as a potential antiviral in the
treatment of COVID-19 [36].

Mangosteen (Garcinia mangostana) is a tropical tree that produces a fruit rich in xanthones. The extracts of mangosteen pericarp (lay-
er surrounding the seed) contain the components a-mangostin and y-mangostin, which are anti-inflammatory, antioxidative, anticancer,
antimicrobial, and neuroprotective. Also, it is abundant in vitamin C, which is vital for building an efficient immune system. Traditionally,
mangosteen has been used as an antimicrobial to treat skin infections, wounds, and dysentery [37]. The evidence in favor is significant; a

randomized control trial in humans revealed the immune-boosting capacity of mangosteen [38].
Quality control

Standardization and quality assurance are critical aspects of pharmacotherapy for chemically synthesized drugs as well as herbal
pharmaceuticals. With the rising demand for herbal remedies, the market for these products has increased multifold. To prevent the influx
of spurious drugs and maintain the optimal chemical ingredient in each product, diverse electrophoretic and chromatographic techniques
are used. These techniques are more pertinent to herbal resources because the chemical components of plants vary with the climate and
soil composition in which they are grown [39]. The World Health Organization (WHO) has established guidelines for identifying and
evaluating these natural medicinal resources. There are many scientific and analytical means of quality controls, such as microscopic
evaluation, identification (to remove adulterants), physiochemical (for example, moisture content helps in assuring preservation), and

pharmacognostic [40].

Newer methods of quality control include DNA fingerprinting and barcoding for plant authentication—although this does not guaran-

tee the clinical potency of herbs [41]. The challenge is more remarkable for products that contain multiple herbal compounds. A signifi-
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cant constraint is a lack of knowledge about the chemical constituents of herbs and their pharmacological actions. An innovative method
is PhytomicsQC, which utilizes liquid chromatography and mass spectrometry for chemical characterization and fingerprinting differen-

tials of cellular gene expression and animal pharmacology [42].
Sustainability of local communities

The Asian continent is well known for its biodiversity and its rich natural health care traditions. Thus, this region has tremendous po-
tential in the field of herbal medicine. Nevertheless, local communities must be more knowledgeable regarding the growing, harvesting,

and processing of these herbs. Furthermore, these ethnic communities and bio-reserves must be protected from exploitation.

With humanity now leaning more towards natural cures, medicinal plants have become a commercial income-generating source.
Moreover, ethnic and underprivileged communities can use herbal medicine skills and mastery to improve their socio-economic condition
[43]. However, this sector needs to be further explored and strengthened because numerous plant species are found in the less accessible

mountainous areas [44].

In some instances, this increasing interest in traditional herbal remedies is creating an imbalance in nature due to the over-harvesting
of certain plants to meet the growing demand for plant-based drugs. Some of these medicinal plants have slow growth rates, are fewer in
number, and have distinct and narrow geographic ranges, making them prone to extinction if due diligence is not observed and practiced

[45]. The concerns and recommendations to save the herbal plant biodiversity are given in Table 3.

Concerns

e The increasing human population reduces forest cover while shrinking the free land for cultivation, and loss of
habitat for plants [46].

e Rising demand for plant-based raw materials is leading to over-harvesting of the plants. Over-harvesting is
more damaging to plants that are slow-growing and habitat-specific [45].

e Laws regulating natural resources are becoming weak in front of socio-economic reforms [47].

e  Natural pathogens and predators deplete the natural store of medicinal plants, profoundly affecting rare ones
[45].

e  Thereis alack of categorization and estimation of plants with medicinal properties - due to inaccessibility of the
terrain, the inherent short life span of plants, and other reasons [48].

e Knowledge on the propagation of medicinal plants and technological advancements in agriculture is not keeping
pace with increasing demand

e  Such as the slow production rate of medicinal plants, long gestation periods, lack of suitable cultivation technol-
ogy, unscientific harvesting, inadequate research on high-yielding varieties, poor quality control procedures,
and scarcity of good manufacturers [49,50].

Recommendations

e  The farming of medicinal plants should be encouraged. It would also help produce uniform raw material, lead-
ing to the manufacture of consistent and standardized finished products and drugs. It would also help identify
species, control quality better, and carry the possibility of genetic modification [45].

e  Agroforestry to be encouraged (medicinal plants prefer forest cover) [51].

e Policies and stringent laws should be in place to limit profit-seeking groups looking for medicinal plants. Biodi-
versity should be used in a controlled manner and not overexploited.

e  The patent and compensation system should be more uniform throughout the world so that indigenous people
and herbal medicine practitioners are benefited and protected [52].

e  The production and marketing of medicinal products should be more regulated, and all stakeholders should be
kept in the loop (local farmers, herbal healers, manufacturers, traders, exporters). Naive farmers should receive
proper education so that they know the value of what they are producing. lllegal marketing and scrupulous go-
betweens should be kept at bay.

Table 3: The concern areas and recommendations to save the herbal plant biodiversity.
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Primarily, herbal medicines have a complementary or synergistic action on human physiology. They confer holistic therapy, which in-
volves the mental and spiritual aspects of an individual. A medicinal plant may not cause any specific adverse effect unless toxic or harmful
content is ingested. Specific herbs can help the body recover its strength and augment healing [53]. Also, since plant-based therapies are
generally safer than many pharmaceutical drugs, they resonate with human ideology in contrast to synthetic medicines. Thus, the primary
use of herbal medicines is for health promotion and prevention. Nevertheless, safety concerns should not be ignored. There should be a

clear understanding of the content of each herbal medicine and its mechanism of action.

To enumerate the interactions of herbal medicines with other pharmaceuticals requires a robust data analysis. Unfortunately, there is
a dearth of scientific evidence at this time, although some such interactions have been recorded in the medical literature. Sporadic case

reports with a low level of evidence tend to form the current knowledge base.

The study methods employed to deduce the interactions are not universal. To be considered are 1) the poor characterization of a
specimen, 2) the possibility of adulterants, 3) the extraction procedures employed by researchers, 4) variation of the source of herbs, 5)
seasonal variation in the phytochemical composition, 6) under-reporting, and 7) variation due to genetic factors involved in drug absorp-

tion and their metabolism.

A comprehensive review by Izzo (2012) compiled various articles on herb-drug interaction [54]. Examples of herbs showing interac-

tions and the mechanisms thereof are listed in Table 4.

Herb Mechanism of interaction

Aloe vera: - sevoflurane [55] Inhibits platelet aggregation that causes blood loss during surgery, mainly when
used with the anesthetic agent, sevoflurane.

Uncaria tomentosa (cat’s claw) [56] Inhibits cytochrome P34 A, thus increasing the plasma concentration of prote-
ase inhibitors (atazanavir, ritonavir, saquinavir)
Allium sativum (garlic) [57] Garlic oil selectively inhibits CYP2E1
Zingiber officinale (ginger) [54] Antiplatelet activity
Camellia sinensis (green tea) [58,59] Diminishes the anticoagulant activity of warfarin.

Reduces folic acid and the plasma level of statins.

Table 4: Herbs that show drug interaction.
The Chinese herbal medicine theory uses the following types of herb-herb interaction [41].
e  Reinforcement - Use of herbs with similar action to improve overall efficacy.
e  Potentiation- The addition of an adjunctive herb to a primary herb.

e Restraint and detoxification- The addition of an herb to detoxify another herb. Usually, herbal medicines do not contain any fatal
toxins, but some components may have adverse effects. Nevertheless, these are still used for more significant benefits, with other

herbs that neutralize or diminish the ‘toxic’ symptoms.
e (Counteraction- One herb diminishes the therapeutic effect of another.

e Incompatibility- Combine herbs that are mutually incompatible and cause adverse effects.

Citation: Kerna NA, Anderson II ], Pruitt KD, Holets HM, Carsrud NDV, Nomel R, Nwokorie U, Flores JV. “A Comprehensive Review of
Specific Herbal Medicines with Immunomodulatory Effects, and COVID-19". EC Clinical and Medical Case Reports 4.12 (2021): 50-62.



A Comprehensive Review of Specific Herbal Medicines with Inmunomodulatory Effects, and COVID-19

57

Regulations for manufacturing and marketing

The WHO has established guidelines and policies for “Good Agricultural and Collection Practices 2003” (GACP, 2003), “Good Manu-
facturing Practices” (GMP), appropriate usage, and reporting of adverse events [60]. In 2019, it also released the “WHO Traditional
Medicine Strategy 2014-2023" [61].

The Herbal Anatomical Therapeutic Chemical (HATC) classifies herbal medicines according to nomenclature and therapeutic activ-
ity. This classification also aids in pharmacovigilance. This herbal ATC was developed by the Sweden-based Uppsala Monitoring Center
(UMC) as part of the WHODrug Global [62]. The UMC has listed adverse drug reactions, while the data are available in a single database.

To facilitate international commerce of herbal drugs, international treaties—like the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES—have been laid, regulating the trade, and prohibiting detrimental exploitation of rare species

[63]. Some of the acts that guide and regulate the manufacturing and licensing of herbal products are as follows (for Asian countries):

e InIndia, herbal drugs are regulated under the Drug and Cosmetic Act 1940 and Rules 1945 India. AYUSH is the regulatory au-
thority in the country. Manufacturing or marketing of herbal drugs requires licensing. The act also regulates composition, label-

ing, packing, quality, and export. Good manufacturing practices are described in the ‘T” schedule of the act [64].

e In Malaysia, herbal products must be registered with the Malaysian Business Registrar or Suruhanjaya Syarikat Malaysia before

marketing [65].

e In the Philippines, only traditional herbs that have been used for at least five decades and are well documented are marketed.
These drugs should be registered with the Bureau of Food and Drugs (BFAD) before being manufactured, imported, or marketed.
The Philippine National Museum or any recognized taxonomist of BFAD should first authenticate the plant, while for imported
products, the country of origin should certify the authenticity [63].

e The ASEAN (Association of Southeast Asian Nations) countries follow the guidelines of the Health Science Authority (HSA) [66].
Recommendations for uniform regulation guidelines (URG)

Many countries have national acts, guidelines, and policies to regulate the practice of growing, processing, and marketing many
herbal compounds, yet many other countries do not have defined regulations. There should be global collaboration to ascertain regu-
latory compliance, so those correct procedures are followed at every step—from plant selection to marketing to post-marketing sur-
veillance. Also, the conservation of natural resources should be paramount. Any substandard marketing practices and exploitation of
folk knowledge should be discouraged and controlled. Uniform pharmacopeias should be formulated to overcome these drawbacks.

Standard guidelines for universal practices on herbal therapies are given in Figure 2 [67].

Figure 2: Common guidelines for universal practices on herbal therapeutics.
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Conclusion

Herbal medicine is gaining popularity and acceptance due to its longstanding use and growing efficacy in treating various illnesses
and promoting health. Researchers around the world are increasingly acknowledging herbs’ numerous health benefits. More research
is required to develop a thorough body of evidence for herbal medicine, which will also aid in understanding the pharmacology of the
primary constituents of plant extracts. Combining herbal therapy and allopathic medicine may be a valuable key in combating newly
emerging and resistant microorganisms. Specific herbs—such as curcumin, ginger, aloe vera, and green tea—are used widely for their
health benefits. E. purpurea, S. nigra, and other herbaceous elements have proven immunomodulatory properties. Such herbs and herbal
constituents should be studied further to determine their efficacy. Protocols should be developed for the prevention and treatment of

particular illnesses and diseases.

The global herbal medicine market needs to be a coordinated effort. There should be cooperation among the various governments and
public health departments worldwide. Knowledge on herbs’ efficacy, indications, contraindications, and drug interactions must be sys-

temically investigated and accumulated, while the manufacturing and distribution of the medicines must be regularized to ensure safety.
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