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Abstract: Infectious diseases have been a threat to human health globally. The relentless efforts and 

research have enabled us to overcome most of the diseases through the use of antiviral and antibiotic 

agents discovered and employed. Unfortunately, the microorganisms have the capability to adapt 

and mutate over time and antibiotic and antiviral resistance ensues. There are many challenges in 

treating infections such as failure of the microorganisms to respond to the therapeutic agents, which 

has led to more chronic infections, complications, and preventable loss of life. Thus, a multidiscipli-

nary approach and collaboration is warranted to create more potent, effective, and versatile thera-

pies to prevent and eradicate the old and newly emerging diseases. In the recent past, natural med-

icine has proven its effectiveness against various illnesses. Most of the pharmaceutical agents cur-

rently used can trace their origin to the natural products in one way, shape, or form. The full potential 

of natural products is yet to be realized, as numerous natural resources have not been explored and an-

alyzed. This merits continuous support in research and analysis of ancient treatment systems to explore 

their full potential and employ them as an alternative or principal therapy. 
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1. Introduction 

It has been over two years since the COVID-19 pandemic took the world by a storm, 

killing millions of people, destroying economies, and causing misery. Given that almost 

all nations suffered in some form and scientists worldwide came together, a comprehen-

sive cure is yet to be found. However, many antivirals and vaccines are being used cur-

rently with varying degrees of success [1]. Prevention of the disease is the only measure 

to avoid its ferocious effects. The immune system can be modulated using multiple vac-

cines that have been developed, and also with natural supplements. During the COVID-

19 pandemic, communities around the world have also been advised to adhere to the set 

health protocols in their localities to avoid getting infected and transmitting the virus to 

others. Nutrition-based interventions have shown to play a pivotal role in preventing and 

managing viral infections, particularly those affecting the respiratory system [2]. 

As more research is carried out on the effects of the nutrition-based interventions in 

the treatment and management of COVID-19, publications that discuss the role of tradi-

tional medicine, botanicals, and nutraceuticals are plentiful [3]. Studies have suggested 

that the suppression of immunity is discernible in individuals who have micronutrient 

deficiencies [4]. The immune system functions are greatly influenced by the T cell-medi-

ated immune responses and the adaptive responses of the antibodies. Enhanced immun-

ity enables the host to fight viral respiratory infections adequately [2]. 
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Individuals around the world were overwhelmed with the information overload 

while the search for a vaccine and a specific antiviral was still underway, and not much 

was known about the novel virus itself. Unfortunately, much of the information available 

on the internet was not necessarily data-driven or research-based. Statistics showed that 

in March of 2020, when the surge of the COVID-19 infections was at the zenith, the pur-

chase of elderberry and zinc supplements was on the rise too; this had increased by 255% 

and 415%, respectively [5]. The governments and other pertinent health organizations of 

a country had the role of verifying the information that their citizens were exposed to. 

Multiple organizations and companies had been warned on issuing misleading and false 

information related to the cure and the treatment of COVID-19 [6]. 

Using natural products, which is part of various traditional medical systems to pre-

vent and/or treat diseases, dates back thousands of years in different parts of the world 

[7]. The popularity of natural therapy has been on the rise all around for maintaining good 

health, as it plays a role in the prevention of diseases and illnesses. It has been used as 

both complementary and conventional therapy in managing both curable and incurable 

diseases [7]. More emphasis has been placed in using natural products as complementary 

and alternative therapies (Figure 1). Approximately 25% of the contemporary drugs are 

derived from plants and 60% of the anti-infectious drugs in the market and under devel-

opment are of natural origin [8]. About 75% of liver disease patients in the US and Europe 

consume herbal medications. In Germany alone, the use of silymarin, a hepatoprotective 

and antioxidant natural product, has surpassed $180 million [9]. 

 

Figure 1. “Determinants for the use of Traditional Medicines”. Reprinted under the terms of the 

Creative Commons Attribution License from, Stanifer, J.W.; Patel, U.D.; Karia, F.; et al. The deter-

minants of traditional medicine use in Northern Tanzania: a mixed-methods study. PLoS One 2015, 

10(4), e0122638. doi:10.1371/journal.pone.0122638. 

Some natural products are abundantly available without synthesizing them in the 

laboratories; this has reduced the production costs [10]. Multiple phytochemicals and their 

derivatives have been studied and have exhibited the potential in becoming successful 

remedies. Some examples are glycyrrhizin, which has been used in the management of 

viral hepatitis; ellagic acid, which has been used to manage fibrosis; and hepatitis B has 

been managed with phyllanthin [11]. The compounds have different mechanisms of 
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action and characteristics, usually presenting an intrinsic beneficial or toxic effect, and 

have been used as hepatoprotective agents and as antioxidants [12]. 

Studies show that collectively, plants produce more than 100,000 secondary metabo-

lites that can be differentiated based on their composition, biosynthetic pathway, or chem-

ical structure [13]. Three groups have been used as a simple classification of these com-

pounds. The first group is the terpenoids synthesized from mevalonic acid and composed 

of only carbon and hydrogen. The second group is the phenolic compounds synthesized 

from simple sugars composed of benzene rings, oxygen, and hydrogen. Lastly, the alka-

loids are nitrogen-containing compounds [14]. 

Not all potential benefits from natural products have been realized, as a vast majority 

of them have not been explored [15]. Based on the available studies and data, the contin-

uous evaluation of various natural products will enhance our knowledge, perception, and 

attitude towards the use of plant-derived products as therapies for different conditions 

[15]. Herein, we explore traditional Chinese and Indian medicine, and other natural prod-

ucts, for preventing and managing microbial infections, including COVID-19. 

2. Traditional Indian Medicine 

2.1. Ayurveda 

Traditional Indian medicine has been in existence since antiquity and is inarguably 

among the most ancient systems of traditional medicine still in existence [16]. It has been 

proven to date back tens of thousands of years; the longest period determined for any 

traditional system (Figure 2). 

 

Figure 2. Traditional systems of medicine (TSMs) of India. Reproduced with permission from Else-

vier. Figure obtained from an article published in Journal of Traditional and Complementary Med-

icine, 7 (1), Jaiswal YS, Williams LL, A glimpse of Ayurveda—The forgotten history and principles 

of Indian traditional medicine, 50–53, Copyright Elsevier (2016). 

Some other arguments have held that the Ayurveda system is the core base of the 

widely renowned Tibetan medicine, traditional Chinese medicine, and the Unani (Arabic) 

medicine systems [17]. All these systems ascribe to a common and accepted body–mind–

spirit orientation; that holds that disease and health are a product of the interaction of 

these three fragments. They are also based on the heating and cooling energy processes. 

There is also an apparent relationship between yoga and Ayurveda [18]. The popularity 

of both has been on the rise in current times; they are almost inseparable; one cannot be 

mentioned without the other. History has shown that the spiritual teachers who first in-

troduced Ayurveda combined it with other morally accepted practices such as vegetari-

anism, which has become acceptable as a harmonious pivotal system for the former, rather 

than an established holistic healing system which it truly is [19]. 
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Since the introduction of Ayurveda in the West, the system has gained popularity 

and has been accepted as one of the prominent medical systems. Clinical trials, teachings, 

and writings related to Ayurveda have played a tremendous role in popularizing it. Some 

of the most prominent Westerners who have helped make the system known worldwide 

include David Frawley and Robert Svoboda, whose works have had an immense effect on 

the knowledge of the system. The relevance of Ayurveda in the modern world remains as 

it was since the commencement of printing of the protagonist classic texts that were com-

piled in the fifth and sixth centuries [20]. The recommendations and prescriptions are dy-

namic and not limited to specific people based on ethnicity, belief, or religion. 

The influence of Ayurveda in the medical world has been so immense, it has come to 

be referred as ‘the mother of healing’. It goes without saying that for one to understand 

the basis of contemporary medicine, one needs first to understand the roots of Ayurveda 

[21]. Most of the natural products utilized in traditional Chinese medicine (TCM) and the 

modern-day era are also found in Ayurveda. However, even though traditional Indian 

medicine has been in existence for thousands of years, there is still more to be discovered 

with the application of modern technology and science. The world we live in is constantly 

evolving and so is our body, thus, to accommodate these changes. The systems of medicine 

available, including Ayurveda, will also change to meet the needs and gaps in these changes. 

Regardless of the enthusiasm to find new and better remedies for various diseases 

and the vast armamentarium available to the medical community nowadays, challenges 

still exist, as there is a lack of sources of literature about the history and the basic principles 

of the systems in the different ethnicities [22]. This knowledge gap would have perhaps 

addressed issues that remain a mystery to this date. 

The Ayurveda system holds that the whole universe consists of five main elements, 

being Vayu (air), Jala (Water), Aakash (space or ether), Prithvi (earth), and Teja (fire). The 

latter (referred to as Pancha Mahabhoota in Ayurveda) is composed of three vital body 

humors in different amounts. The three humors are collectively referred to as “Tridoshas,” 

including Vata dosha, Pitta dosha, and Kapha dosha. Each of the elements contain five 

sub-doshas that control the most important physiological functions of the body. Accord-

ing to this system, the human body contains Saptadhatus (seven tissues), Rakta (blood), 

Rasa (tissue fluids), Meda (fat and connective tissue), Asthi (bones), Mamsa (muscle), 

Majja (marrow), Shukra (semen) and three Malas (waste products) of the body, viz. Puru-

sha (feces), Mutra (urine), and Sweda (sweat) [23]. The Vata dosha oversees the body’s 

electrolyte balance, transport of cellular components, and getting rid of waste products. 

Its effects on the body are resonated by dryness [24]. The different tissues interact with 

one another to maintain the normal physiological functioning of the body. The blood cir-

culation and production of the important blood components in the body are performed 

by the Rakta Dhatu. On the other hand, the Mamsa Dhatu (Muscle tissue) maintains the 

support of the skeletal muscles for the adipose tissue (Meda Dhatu). The bones are made 

up by the Asthi Dhatu, while the Majja Dhatu consists of the fluids that oleate the bones 

and the bone marrow. The Shukra Dhatu controls the reproductive functions of the body 

[24]. 

The Pitta dosha regulates the body temperature, thirst, hunger, and coordination of 

the optic nerves. The Kapha dosha is affected by fatty and sweet foods; it enables the lu-

brication of the body’s joints for proper coordination. It is believed that the Vata controls 

the body’s catabolism; the Kapha oversees the metabolism, while the Kapha controls the 

anabolism of the body. For the body to maintain a healthy state, the three doshas and 

other related factors and their interactions must have a balance. If there are any significant 

imbalances between the three, disease or illness will likely result. A balance of the three 

doshas can be maintained if one follows the basic principles of divine wisdom; this is a 

major belief of the Ayurveda system [25]. 
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The rich medicine systems in India comprises six systems, albeit Ayurveda is the 

most prominent, most widely accepted, practiced, and established. The other five systems 

of medicine include Siddha, Unani, Homeopathy, Yoga, and Naturopathy [26]. 

2.2. Siddha System 

Protagonists and inheritors of the Siddha system of traditional medicine proclaim 

that it provides ‘Holistic health’ to all its users. The system provides rejuvenating, reha-

bilitative, promotive, and preventive care through a holistic and scientific approach. Sid-

dha is rooted in “Citti,” which means achieving accomplishment, internal bliss, and per-

fection. The system entails philosophical concepts with four components: medical prac-

tice, yogic practice, iatrochemistry, and wisdom. These revolve around the intellectual, 

psychological, physical, and physiological aspects of all human beings. Some of them are 

regarded as the most fundamental unit of all the components of the body and the entire 

cosmos [27]. 

The Siddha system include theories of five elements (Aimpootham) that constitute 

the universe (in terms of properties), three forces/faults (Mukkuttram) that help maintain-

ing homeostasis, and eight methods of examination (Envakai Thervukal) that help in 

proper diagnosis and treatment. The body’s physical components identified by this sys-

tem are also highlighted in the Ayurveda system. The pathological and physiological as-

pects of these components have been described in the literature of this system and heavily 

relied upon in practice [28]. The cornerstone of the treatment of Siddha is based on a ho-

listic approach. The system’s interventions aim to restore the normalcy of the vital factors 

of life. For instance, the taste of foods and the medicines used are considered important in 

treatment. The taste is accorded much attention, as it is the basis of selecting the drugs 

used for treatment. It has been used to treat both acute and chronic illnesses that include, 

but are not limited to, diabetes mellitus, obesity, hemiplegia parkinsonism, muscular dis-

orders, skin diseases, digestive disorders, respiratory diseases, and arthritis [28]. 

2.3. Unani System 

Unani is also known as Unani Tibb and is believed to have originated from Greece; 

its doctrines have been found in the writings of the ancient Greek physicians Galen and 

Hippocrates. The system was refined and developed with time through experimentation 

by the Arabs and was made prominent by the Muslim teacher Avicenna. Part of the med-

icine's principles was adopted from this system during the Muslim political-religious re-

gime in 632 CE. This system has been established through contributions from the Middle 

East and South Asia; it has become acceptable in different parts of the globe. Healing from 

the system relies upon principles of balance and harmony that include uniting the spir-

itual, mental, and physical realms together [29]. 

The system holds that the health of the body is maintained by the orderly arrange-

ment of the seven vital physiological principles as stated by the Unani doctrine. These 

principles are arkan (elements), mizaj (temperament), akhlat (bodily humors), aaza (or-

gans and systems), arwah (vital spirit), afaal (functions), and quwa (faculties or powers). 

All these components interact with one another to maintain the balance of the normal and 

natural makeup of the human body. Every human constitution has the capacity and 

power to regulate itself and maintain the seven components’ equilibrium [30]. 

There are four entities, thenar (fire), arz (earth), Hawa (air), and maa (water), that 

make up the basic components of the body and the entire creations of the Earth. The four 

entities can interact to create consequences that are predictable by man. The elements act 

upon and rely on each other; they continuously change deterioration and generation due 

to the body’s reaction to the medicines administered. Only skilled healers can observe 

such changes in the body [31]. 

The temperament states are the following four; moist, cold, dry, and hot. The four 

components are contained in balance by all the entities of the cosmos, such as plants, ani-

mals, and minerals. The health of the human body and other entities depends on 
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temperament’s balance. Any changes in the different states may cause ferocious effects on 

the human body. The temperament has been determined to play a vital role in determin-

ing the person’s normal state (the social, mental, and physical states) and the natural dis-

ease process [31]. 

The process of treatment in the Unani system is orderly. Initially, establishing the 

therapeutic regimen to normalize the balance of external factors (i.e., food, water, and air) 

involved in diseases and ailments takes priority. Other means that involve treatment with 

natural medicines are recommended if the latter does not bear any fruits. The prescrip-

tions by the healer are meant to boost and restore the health and well-being of the patients 

[32]. The healer also uses various therapeutic approaches. One of them is dietotherapy 

(Ilaj-bi-ghiza), which involves recommending a specific diet to the patient. It is usually a 

natural course of treatment in the simplest form. In the illustration, in case of fever, the 

hakim may recommend a nutrient-rich and low-roughage remedy composed of porridge 

(Daria) and milk broth (kheer). The therapy takes into consideration the amount and the 

quality of food. Another intervention that may be used is organotherapy, which entails 

using organs from healthy animals to heal the same diseased organ in the human body. 

The tissue of the diseased organ is extracted from the healthy organ in the animal [32]. 

Similarly, pharmacotherapy (Ilaj-bi-dawa), involving the use of medicines, has iden-

tified pharmacotherapy to be natural, less intrusive, more effective, and more environ-

mentally friendly than most methods used. Studies have established that more than 2000 

medicines are utilized in this system and extracted from different animal, mineral, and 

herbal sources [33]. 

2.4. Homeopathy 

Homeopathy has been utilized as a healing system in the traditional Indian medical 

system for over a century [34]. The renowned Dr. Samuel Hahnemann is the protagonist 

of this system, who popularized it in the mid 17 and 18 centuries. The basic principle of 

this system is, “like can cure like.” If a substance can elicit symptoms in the human body, 

it can also cure the same symptoms in sick people. The principle has been around for some 

time, but it was until 200 years ago that it was applied in medicine. Hahnemann believed 

that the correct and accurate remedy presented the body’s vital force with mild disease. 

For instance, if the disease itself is so strong, it overwhelms the ability of the vital force of 

the body to correct it. The used substances to treat the initial infections are gentle so that 

it mounts a response that can correct the imbalance existing in the body due to the disease. 

Since the symptoms produced by the disease are similar to those induced by the medical 

disease, the body’s responses can lead to healing. The principles of this system are like 

those of vaccination. A response caused by the disease will protect the body against any 

amount of disease that can stimulate the body’s response. The difference between vac-

cination and homeopathy is that the body responds to the vibration of energy instead of 

a product of disease, preventing both infectious and non-infectious diseases [35]. 

2.5. Yoga 

Yoga has become popular in all parts of the world in recent decades. The practice 

dates to antiquity and has been established as useful to establish physical and spiritual 

balance in the body. The relevance of yoga in health care has increased as more attention 

has been paid to the practice. Published reports have indicated that yoga has helped many 

master the challenges in their lives and to develop confidence and control of their lives. 

The roots of yoga trace back to ancient India. In describing the meaning of the word yoga, 

union, mastery, and control are of particular importance. Cultural and individual factors 

influence the practice of yoga. The practice of yoga requires the subject’s willingness to 

practice and study while being dedicated and compliant to yoga. Lifestyle changes may 

be necessary to meet the objectives set [36]. Multiple studies examined the effects of yoga 

on the physical fitness aspects such as muscular endurance, balance, flexibility, and spinal 
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mobility. Cognitive functions have also been studied, such as attention span, memory, 

processing speed, and executive function [36]. 

Different forms of yoga such as Iyengar and Hatha yoga combined with different 

measures such as the standard sit and reach test have been used to assess the physical 

flexibility [37]. After several weeks of observation, it was found out that the flexibility of 

the involved muscles increased over time. Two studies focused on particular postures and 

the effects they had on specific muscles of the body. One of these studies after three 

months determined that surface electromyographic signals, while performing the differ-

ent poses, suggested that the downward facing poses were the most effective to 

strengthen abdominal muscles [38]. The gluteus maximus muscles could be strengthened 

by the upward facing poses. Another study that focused on the flexibility of the joints 

showed that there was increased flexibility and balance in those who performed yoga than 

those who did not. The practice has been compared to other exercises like stretching and 

strengthening exercises and calisthenics. Slow movements have been determined to be 

more effective. At the end of some studies, the mobility of the spine and flexibility of the 

hamstring had increased. Similarly, yoga also increased the cognitive functioning and the 

execution speed, and thinking had increased in those who practiced yoga [38]. 

2.6. Naturopathy 

Naturopathy is a healing system that utilizes natural remedies to treat diseases and 

illnesses. It entails different methods like nutritional counseling, herbs, massage therapy, 

exercising, and acupuncture to solve health problems. The major objective of this therapy 

is to bring healing to the entire persona. This includes the spirit of the person, mind, and 

body. Additionally, the ultimate goal is to cure the base issue or the root cause of the 

illness and not only the presenting symptoms. The expert takes about an hour or two to 

examine the patient before identifying the treatment remedy. The patient may be ques-

tioned on their entire health history, lifestyle patterns, quantum, and any reason that may 

lead to the acquisition of an illness [39]. 

In contemporary practice, a naturopathic physician must complete a four-year grad-

uate-level course approved by the council of naturopathic medical education. The entire 

effort of the physician is to utilize the advantages of traditional medicine and other re-

sources to heal the patient. Additionally, it aims to weed the disease from its basic cause 

and superficial symptoms. At the end of the treatment, the physician explores the emo-

tional, physical, mental, and mental aspects of one’s health [39,40]. 

Some of the interventions carried out include changes in the diet patterns of the pa-

tient, lifestyle behavior, adoption of hydrotherapy, and some minor surgical procedures. 

The initial naturopathic appointment tends to be longer, where the physician asks lengthy 

questions that include the history of the illnesses and the lifestyle habits. He or she can 

carry out laboratory tests to conclude the diagnosis. The cost of drug therapy and inter-

ventions differ from one physician to another. 

The massage intervention is used to help the patient to be stress-free. It relieves the 

client of any tension accumulated in the mind and the body via the massage of the speci-

fied areas or even the whole body. Acupuncture may induce a little discomfort on the 

patient, but it has been shown to help reduce the stress that may have accumulated in 

some part of the body and that triggers any issues related to health. The patient may also 

go soaking in the sun or a mud bath for some time. The latter does not involve any dis-

comfort but takes time to realize the results [40]. The traditional allopathic procedures 

utilized by this system may entail some surgical procedures to cure the disease. However, 

they may be some side effects [41,42]. 

The effects of the COVID-19 pandemic on the healthcare system have been immense; 

there are limited health facilities, resources, and medical therapeutics to address the 

symptoms [43]. The current interventions are environmental- or pathogen-focused. Opti-

mizing the host’s immunity is important to regulate the effects of the host and reduce the 

potency of the agent. Apart from the use of vaccines, other ways can also be used to 
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increase the host’s immunity to fight against the viruses. Alternative interventions have 

made it easier for traditional medicine like Ayurveda and yoga to come into play. There 

has been immense research into the effects of yoga and Ayurveda on respiratory health, 

immunity, and mental health. Inarguably, traditional medicine has played a prophylactic 

and add-on management option for the pandemic [44]. 

In territories that relied on traditional medicine like Kerala, a state in India success-

fully flattened the COVID-19 curve in its initial stages. Kerala is the home of Ayurveda 

medicine, and it heavily implemented its use to fight the malady. The government advised 

and empowered Ayurveda medicine in the country. The principles of Ayurveda teach the 

treatment of potent viral and bacterial agents that cause disease. Modern medicine focuses 

on boosting immunity against potential foreign attacks from agents; the Ayurveda is fo-

cused more on the host. It encourages them to adopt a holistic approach to a healthy life-

style rather than just curing the disease through therapeutic agents [45]. 

The use of Ayurveda invigorates the users to adopt lifestyle changes and use natural 

therapies to take control of the balance between the mind, environment, spirit, and body. 

It usually commences with an internal process of purification, then a special diet, herbal 

remedies, massage, yoga, and meditation. The healer pays particular attention to the 

doshas and prescribes herbal medicine and non-pharmacological interventions like med-

itation and yoga where needed. The Indian Ayurveda, Yoga and Naturopathy, Unani, 

Siddha, and Homeopathy (AYUSH) ministry advocated using Kadha of natural sub-

stances such as ginger, curcumin, honey, and cumin seeds during the day to boost one’s 

immunity [45]. Based on these preliminary results, the local Kerala government has col-

laborated with other public health organizations to expand the use of traditional medicine 

in the treatment of the COVID-19 pandemic. It has helped shorten the recovery time and 

reduce the complications usually experienced [46]. 

One popular case published from an Ayurvedic doctor in Tamil Nadu, a state in In-

dia, where a 43-year-old male, reported to be the first COVID-19 patient to undergo Ayur-

vedic treatment, has gained much attention. The patient consulted the doctor through the 

phone and lost taste and smell, had abdominal pains, and body pain. The patient was 

administered the treatment on 29 March 2020, for seven days. There was a discernible 

release from the symptoms by day two. On the fifth day, all of the symptoms previously 

reported were absent, and the nasopharynx test was negative [46]. 

Despite millions of people receiving Ayurvedic therapy across the globe for treat-

ment or prophylaxis, not much information has been published about it. Several lessons 

can be learned from the use of the therapies. One is that patients’ health did not deteriorate 

during the use of the therapy. On average, the time to recover from the symptoms was 

about seven days. This was a short time compared to the recovery periods reported by the 

CDC, which was 3 to 6 weeks. The dosha balance was reported to have been maintained 

effectively by consuming a regulated diet. The slower digestion time induced by the diet 

stimulated the body’s digestive powers and helped maintain adequate nourishment. The 

ayurvedic formulations needed may not be available to most of the patients residing out-

side India; however, the potency of the available formulations cannot be dismissed [47]. 

AYUSH has established that the benefits of Yoga and Ayurveda to patients in dire 

need of pulmonary rehabilitation are many, as the therapy does not only focus on relief 

of symptoms but also improving the quality of life the function of lungs [48]. Consump-

tion of hot food and water plays a significant role in ensuring that digestion and waste 

removal are effective. The removal of waste from the body is particularly important be-

cause it plays a significant role in one’s susceptibility to viral and bacterial infections. To-

gether with the reliance on medication, other medical conditions that lead to allergy, 

asthma, fever, and medication issues can be treated. Spices such as ginger, nut-grass rhi-

zomes, coriander, fennel seeds, catechu barks, and cinnamon can be added to boiling wa-

ter and consumed during the day to provide prophylactic protection to the patients [49]. 

On close observation, many herbs used in Ayurveda medicine have been shown to 

interact with ACE2 receptors and spike glycoprotein and have since caused a 
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pharmacologic effect on SARS-CoV-2; they can therefore be relied upon as potent agents 

to fight the virus. The WHO also confirmed the importance of using alternative medicine 

to adjuvant therapy in managing COVID-19 [50]. 

3. Traditional Chinese Medicine 

This system dates back several thousand years. It is grounded in multiple philoso-

phies, including Buddhism, Taoism, and Confucianism and focuses on maintaining and 

regaining the holistic balance of the body by utilizing natural medicines obtained from 

minerals, and plants (Figure 3). 

 

Figure 3. Some of the herbs used in Traditional Chinese Medicine. Reproduced under the terms of 

the Creative Commons Attribution License: Zhang XR, Li TN, Ren YY, et al. The Important Role of 

Volatile Components From a Traditional Chinese Medicine Dayuan-Yin Against the COVID-19 Pan-

demic. Front Pharmacol 2020, 11, 583651. doi:10.3389/fphar.2020.583651. 

Physical maneuvers like acupuncture, massage therapy, among others, are also in-

corporated in the treatment [51]. One of the most prominent beliefs held by the system is 

the prevention of disease and secondary infections after the treatment. This system also 

holds the theory that the body contains four different systems: Wei (defense), qi (vital 

energy), ying (nutrients), and Xue (blood) [52]. The interaction of these four components 

can describe a pathology and guide the interventions accordingly. Concentrations of med-

icines obtained from various plants and herbs, usually boiled, are also used in the treat-

ment process. The system seeks to reinforce qi and is made strong by boosting the defense 

mechanism and maintaining the body’s homeostasis at equilibrium. This system’s diag-

nostic tools include some modern techniques integrated with traditional Chinese methods 

such as listening, physical inspection of the clients, and touching to identify the causes of 

disease [52]. 
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Two basic ideologies represent the whole process. Homeostasis focuses on maintain-

ing the body’s integrity and the establishment of the closely knitted relationships between 

the body and the natural and social environment. The second ideology focuses on the 

dynamic balance that occurs in maintaining integrity. The TCM uses cybernetic ways and 

discrimination of the systems to recognize the human body. The audio-visual information 

obtained from the body is analyzed based on the discrimination approach. The human 

body contains different but complicated systems that interact to maintain integrity. The 

integrity between the body and the external social and natural environment makes it pos-

sible to make inferences from the external information obtained from the body [53]. 

As an illustration, the heart is the center of the cardiovascular system; other compo-

nents include the blood, blood vessels, the mind, and the small intestines that collectively 

form the cardiovascular system and interact with one another to maintain a balance 

needed in the body. Any information obtained from any part of the system can be used to 

make conclusions on how the entire system works. In the cybernetic approach, the TCM 

considers the body as a network of a self-controlled system. The meridians connect the 

systems, and they are spread throughout the body. The connection of the different parts 

is affected by the flow of blood and vital energy [53]. The body is divided into different 

parts in the TCM based on five elements: wood, fire, water, metal, and earth. All these 

systems have different features that can be understood by analyzing the five elements. 

The body’s physiology is explained by observing the movement and interchanging among 

the five elements [53,54]. 

The TCM’s main focus is on the pathogenicity of the social and natural factors that 

have a close relationship with humans as they affect integrity. Some of these factors are 

non-direct and non-specific and cannot be easily discerned as agents like viruses and bac-

teria. The system focuses on analyzing the symptoms and the signs presented by the pa-

tient to identify the disturbances among the self-controlled systems, unlike contemporary 

medicine that seeks to identify the specific pathogens that cause the diseases. Any dis-

turbances on the parts that make up a system can explain the disturbances of the whole 

system. It is also important to compare the pathologies that occur at different times to 

obtain more information. The TCM monitors any connections and changes in different 

parts of the body [53]. 

The Zheng theory is a diagnostic tool in the TCM. It is a detailed summary of the 

cause, location, nature, and the development tendency of a condition at a certain phase 

during its course. It clarifies the interaction between the body’s reactions and the patho-

genic factors that lead to illness. It includes multiple basic features; at the macro level, it 

is composed of interrelated medical signs and symptoms; this includes the pulse condition 

and the tongue picture. Secondly, it reflects on the constitutional tendency of the patient, 

disturbances of the organs of the zangfu, qi, blood, channels, and the collaterals. The pat-

terns of the illness are also likely to change at the different stages of the illness due to a 

change in the conditions of the body during the disease [55]. Different stages of the illness 

may have the same patterns due to the similarity of the pathogenesis during the disease’s 

progress. Apart from using the physical cues, the healer may also ask the patients to state 

how they feel. The practice utilizes the following four major diagnostic methods; listening 

and smelling, asking, palpation, and inspection to obtain more information. The practi-

tioner is expected to apply their skills to identify the correct Zheng while also considering 

subjective information. Recently, scientific studies have been carried out to make the four 

diagnostic tools more objective [56]. The Zheng theory is utilized in the TCM to treat in-

fections with similar patterns (Zhengs). One phenomenon observed in the system is that 

one preparation can treat several diseases. If the disease shows different Zhengs, different 

interventions may be used to treat it. It is very common for one disease to be treated with 

multiple therapies. The healer identifies the correct Zheng by utilizing the observed symp-

toms and signs obtained by observation and feeling; they are not completely accurate [57]. 

An illustration of the Zheng theory, dysmenorrhea (menstrual cramps), can be used 

to exemplify how a diagnosis is made. Women usually present to the clinic before the 
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onset of their menstrual flow with complaints of severe lower abdominal pain, clots in the 

menstrual flow, and a disinclination to cold. The woman also states that warmth on the 

lower abdomen alleviates the pain. The practitioner notes a tight pulse and a purplish 

tongue. Application of the principles of Zheng to identify the illness deduces that it is an 

interior Zheng and as an excess of cold Zheng based on the location and presentation of 

the illness [58]. The exact location of the Zheng needs to be established before carrying 

forward with treatment. This can only be possible through Zangfu Zheng identification. 

The condition of the illnesses can be summarized by the nature and the location of the 

illness. Some of the interventions that can be used to treat the Zheng, in this case, include 

warming of the uterus to mitigate the cold, relieve pain, and decrease the stasis. Most of 

the practitioners have adopted at least two methods to identify the accurate Zheng 

[55,58,59]. 

The city of Wuhan in China was the epicenter of the COVID-19 pandemic. In fighting 

the virus, the China National Health Commission identified specific guidelines that can 

be used to manage the infection that entails the symptomatic treatment, the use of antiviral 

agents, and the application of the principles of traditional Chinese medicine [60]. Fifteen 

specific oral and injectable TCM agents were identified to be used against the virus. Stud-

ies have shown that these agents have compounds that contain broad antiviral and anti-

bacterial properties, and they are more advantageous in treating pneumonia and other 

diseases [61]. 

One of the vital principles of TCM utilized in the treatment is the differentiation of 

the syndromes of the disease. The drugs also contain active ingredients with multi-target 

effects that make it hard for drug resistance to develop. Several clinical pathways are in-

volved in the modes of action of the TCMs. These properties have made it possible for the 

TCMs to be used to manage COVID-19 in China and different parts of the world. The role 

of TCM in treating COVID-19 cannot be overlooked [62]. 

The National Health Commission (NHC) guidelines have summarized the clinical 

symptoms of the patients and the corresponding treatment. The clinical stages of disease 

identified are divided into the observation and clinical stages of treatment (light, medium, 

severe, critical, and recovery stages) that manifest differently. Based on the TCM, COVID-

19 is classified as a “cold-dampness plague” [63]. The virus affects the lungs, the liver, 

spleen, and the stomach as it develops and spreads throughout the body. The TCM per-

spective holds that the virus has an expeditious onset, spreads expressively, presents 

strong infectivity, and has seasonal symptoms. There are several TCMS recommended in 

the guidelines [64]. 

4. Miscellaneous Natural Products 

4.1. Curcumin 

Curcumin is one of the essential compounds in the turmeric rhizome (Curcuma 

longa), a yellow-orange crystalline material. It does not have a lot of different kinds. This 

product has been used as medicine for the last 4000 years, especially in South Asia [65]. It 

has been named the “Indian saffron” and the “Golden spice” because of its use as a potent 

agent in medicinal applications. The compound has been used in Unani, Ayurveda, and 

Chinese medicine. The discovery of the compound dated back 200 years when it was de-

termined as a pure compound in 1842 [66]. There have been numerous studies showing 

this as a powerful medicinal agent including antimicrobial properties [67]. 

The geographical locations of its growth have tremendous effects on the quality of 

the plant and its nutrition composition [68]. It has been used to add flavor to rice, meat, 

pasta, and vegetable dishes. It is speculated that it has been used for over 2500 years to 

treat different diseases and illnesses. It has been used in Ayurveda and traditional Chinese 

medicine for different conditions. The importance of the plant in treatment is from its or-

ange-yellowed color, which is the most potent component [69]. Studies on the plant have 

determined that curcumin has antimicrobial, antioxidant, anti-inflammatory, 
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antiangiogenic, antiplatelet, and antimutagenic properties. These properties have preven-

tive and protective abilities against various diseases such as autoimmune, neurological, 

metabolic, liver, lung, and cardiovascular. The examination of the effects of curcumin on 

health is therefore necessary [69]. 

Studies on curcumin’s physical, organic, and inorganic chemistry have established 

that the substance acts through various mechanisms; this knowledge has been used to 

develop nutraceuticals and curcumin-based therapeutic agents. The studies showed that 

curcumin could react with free radicals, form, and break down nonconjugated substances 

in the body. Curcumin has been established to be effective in treating lifestyle and chronic 

illnesses through its pharmacological and chemo-preventive abilities. It has also been 

used in traditional Indian medicine to expulse gas, strengthen the body’s energy, alleviate 

arthritis, improve digestion, and dissolve gall stones. In modern medicine, it has been 

used to heal wounds, stimulate the immune system, and decelerate aging [70]. 

The IUPAC name of curcumin is 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hepta-

dien-3,5-dione and known as diferuloylmethane (C21H20O6). The compound has a melt-

ing point of 183 degrees Celsius. Keto in an acidic or neutral medium is the most promi-

nent form of curcumin; in an alkaline medium, it exists as enol. The color of the compound 

changes in different pH. It is bright yellow in a pH between 2.5 and 7.0 while it exists in 

red color above a pH of 7. Despite the chemical advantage of the curcumin molecules in 

structure and form, the principal characteristic is their ability to undergo reduction activ-

ities and conjugation. This property makes it have poor availability of the compound in 

the new formulations of the product. The first step in the chemical reaction of the curcu-

min is reduction and glucuronidation reactions that yield four molecules of heptadiene-

3,5-dione. The curcumin reductase in the liver tissues catalyzes the reduction process. In 

the second metabolic process, UDP glucuronosyltransferases and sulfotransferase cata-

lyze the conjugation reactions of curcumin through sulfation and glucuronidation [71]. 

Curcumin has limited bioavailability due to its insufficient absorption, high speed of 

metabolism, and elimination from the body. These properties make it have limited thera-

peutics effects in the body. However, new methods have been developed to increase its 

bioavailability. One of the commonly used interventions is in combination with piperine. 

The bioavailability of curcumin significantly increases with a combination of piperine; the 

mechanism is through the decreased glucuronidation of curcumin. The structural analogs 

of curcumin have been established to increase its bioavailability too [70]. 

Curcumin has been used in the Jiawei-Xiaoyao, a Chinese traditional treatment sys-

tem, to treat several diseases such as stress, depression, and dyspepsia for thousands of 

years now. It has also been established that it is effective in treating neurological disease, 

cardiovascular disease, and other inflammatory diseases. It is also hypothesized to be ef-

fective against the pathogenesis of molecular targets to treat and prevent diseases [72]. 

The modulation of the molecular targets has a role in the development of the disease. 

Curcumin has been shown to play vital roles in regulating cytokines, kinases, growth fac-

tors, metastatic, receptors, and apoptotic molecules in most phases during most diseases’ 

development. The curcumin structure’s inclination increases its free radical scavenging activ-

ities to low-level hydrogenation and a high level of methoxylation [71]. The structure addi-

tionally enables the curcumin to have antioxidant, anticancer, and anti-inflammatory effects. 

In the quest to find the cure for the novel Coronaviruses, scientists have considered 

using natural therapies that contain antiviral pharmacological properties in the prophy-

laxis against the malady. Curcuma longa (Curcumin), the perennial herbaceous, rhizoma-

tic plant of the ginger family, has been in the limelight. The antiproliferative, anti-inflam-

matory and medical properties have made it possible to monitor its effects on the COVID-

19 pandemic. There are three main curcuminoids in the spice bisdemethoxycurcumin, de-

methoxycurcumin, and curcuminoids-curcumin. Curcumin (diferuloylmethane) is the 

principal bioactive element in turmeric. It elicits different pharmacological activities, in-

cluding anti-inflammatory, antiviral, antioxidant, and antibacterial properties. It has effec-

tively treated enveloped viruses that cause influenza A and other respiratory illnesses [73]. 
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Studies have shown that curcumin has been effective against the COVID-19 variant 

[74]. The supplementation with curcumin modulates pathogens’ inflammation and oxi-

dative stress on the respiratory system. Studies have shown a direct effect of curcumin on 

the COVID-19 variant. It has been predicted that curcumin interacts with ACE2 protein 

and S protein and intervenes by inhibiting the entry of the virus into the lung cells. It has 

been postulated that curcumin may prevent the entry of the virus into the body and its 

replication [75]. 

4.2. Elderberry (Sambucus nigra) 

This flowering plant belongs to the Adoxaceae family and is used as a supplement to 

treat flu and cold symptoms. The berries of this plant contain anthocyanin that has been 

shown to possess powerful antioxidant properties. Its therapeutic use has effectively 

treated obesity, influenza, upper respiratory infection, metabolic syndrome, gingival re-

cession, and hyperlipidemia. The flowers and the plant’s berries contain antibacterial, an-

tioxidant, glucose-lowering anti-inflammatory, and immune-modulating properties. It 

can be used alone or combined with other agents to treat various health conditions [76]. 

The elderberry is an excellent source of free and conjugated amino acids, proteins, 

fiber fractions, vitamins, antioxidants, and unsaturated fatty acids. Its study shows bio-

logical activity elements, primary polyphenols, proanthocyanidins, phenolic acids, and 

flavonols. The presence of phenols makes the elderberry an ideal medicine and has high 

antioxidant properties [77]. 

Many factors affect the composition of the elderberry, such as the degree of ripeness, 

the variety, and climatic and environmental conditions. The protein nutrient composition 

is 2.7–2.9% in the fruits, 2.4% in the flowers, and the leaves contain 3.3%. The amino acids 

occur in the free or conjugated form in the leaves and the flowers. The protein component 

of the elderberry is complete; among 16 of all the amino acids that belong to the plant 

cannot be synthesized in the body and must be supplied in the diet, while there are nine 

amino acids in the leaves and the flowers. The lipids of the plant are usually located in the 

seeds. The seeds have an oil content of around 22.4%, and in meals produced from the 

seeds, around 15.9%. The fatty acids are dominantly made up of unsaturated fatty acids; 

linolenic, linoleic, and oleic acids. The dietary fiber is 7.4% of the total carbohydrate con-

tent of 18.4%. Some of the fiber fractions found in the fruit include pectic acid, pectin, 

calcium pectinate, and pectin. An amount of 6.8–11.5% of the fruits are made up of sugars. 

Vitamins A, B, and C are found in high amounts. Elderberry is an excellent source of fla-

vonols and phenolic acids. Isorhamnetin, kaempferol, and Quercetin are the most pre-

dominant ones. Polyphenolic compounds are found in the leaves, flowers, and fruits. The 

flavanols are tenfold more in the flowers than the fruits and the leaves [78,79]. 

Studies established that the processing and storage of the products derived from the 

elderberry altered the amounts of polyphenols. When fresh fruits are blanched, their com-

position of polyphenols is decreased, while the anthocyanin content increases; this phe-

nomenon has also been observed in the juices. In the first 30 days, polyphenols decreased 

by around 40%. In the subsequent days, the amount remained unchanged. Wine from the 

elderberry showed that anthocyanin content decreased while the flavanols and phenolic 

acids rose. However, the flavonols and phenolic acids from the plant were relatively stable 

during the 21-month storage time. These amounts of the content often remain higher in 

the presence of glucose but lower in ascorbic acid and fructose [80]. 

The elderberry has been used in folk medicine to treat many ailments and diseases. 

It has been heavily applied in managing respiratory infections, mainly in colds and cases 

of flu, but also in dislocations, burns, skin rashes, hemorrhoids, stings, insect bites, and 

swellings, among others. Traditional medicine recommends the utilization of the elder-

berry to manage respiratory illnesses such as cold and catarrh, influenza. It is also a laxa-

tive, anti-inflammatory, diuretic, and diaphoretic agent. Its components tackle the levels 

of reactive oxygen species in the body, reactive chlorine species, and reactive nitrogen 

species through its antioxidant activity [5]. 
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A diet consisting of elderberry fruits is likely to be a potential protective agent against 

the unwanted effects of oxidative stress on the body and growth. The antioxidant activi-

ties are exhibited by the elderberry’s extract, it scavenges hydroxyl radicals and 2,2-diphe-

nyl-1-picrylhydrazyl radical (DPPH•) while inhibiting the lipid peroxidation in the lino-

leic acid emulsion. Nitric oxide radicals have also been effectively scavenged by the ex-

tracts [81,82]. 

The elderberry has many beneficial effects on increasing the activity of antioxidant 

enzymes in the plasma, such as glutathione and reducing uric acid levels, reducing oxi-

dative stress, and affecting the blood system. A positive effect of uric acid activity at higher 

levels has been shown to have antioxidative properties. Uric acid can scavenge ROS and 

chelate metals such as Fe and Cu. One of the properties that make it important for protec-

tion against vascular disease is its ability to penetrate the endothelial cells [83]. 

There is enough evidence suggesting that treatment of colds and influenza has been 

effective with elderberry extracts. The extracts have exhibited antiviral and antibacterial 

activity. At higher concentrations, the elderberry inhibited the activity of influenza A. The 

compounds are directly bound to the H1N1 Viruses led to preventing their entry into the 

cells and subsequently prevent an infection [81]. The extracts have been observed to help 

the host avoid losing any weight in the disease process. It also stimulated the local and 

systemic immune system responses. Other studies have helped to show the strong inhib-

itory effects of the extracts on the feline immunodeficiency virus. The extracts have anti-

bacterial activity against Gram-positive bacteria that cause frequent upper respiratory in-

fections. The infusions made from the leaves showed great inhibitory effects on the 

growth of bacteria (Bacillus subtilis, Bacillus megaterium, Escherichia coli, and Staphylococcus 

aureus) and against yeast. There was also antibacterial against nosocomial pathogens, in-

cluding methicillin-resistant S. aureus. The antimicrobial activity of the flower extracts was 

more pronounced than that of the fruit extracts [84]. 

The elderberry extracts stimulated the secretion of proinflammatory cytokines IL-1β, 

IL-6, IL-8, and TNF-α (tumor necrosis factor) and cytokine IL-10. It increased the produc-

tion of IFN-β interferon associated with upregulation of TLR-3 (toll-like receptor 3). Eld-

erberry-derived polyphenols caused a 50% decrease in the levels of IL-1β that is respon-

sible for the long-term inflammation in chronic illnesses. The elderberry also can increase 

the number of lymphocytes in the body [85]. 

The consumption of the elderberry is considered safe if it is eaten when cooked and 

consumed moderately. It is dangerous to consume it uncooked because of the potential 

cyanide toxicity. The intake should be cautiously monitored in diabetic patients to pro-

mote glucose and insulin metabolism. Some of the side effects that have been reported 

upon its use include nausea and vomiting, hypokalemia, dehydration, tachycardia, hypo-

tension, and diarrhea [86]. 

4.3. Glutathione 

This is an endogenous peptide that possesses both metabolic and oxidative proper-

ties. It has been used to prevent neurotoxicity induced by oxaliplatin and cisplatin [87]. It 

has also been used to prevent other adverse effects caused by radiation therapy and 

antineoplastic agents and other disorders like poisoning by heavy metals and other ele-

ments, corneal disorders, eczema, and liver disorders [88]. Furthermore, glutathione has 

been employed treat peripheral vascular disorders and idiopathic pulmonary fibrosis. It 

is a vital extracellular antioxidant of the lungs, and there is a high concentration of the 

substance in the epithelial lining fluid of the lungs. It has been shown that a deficiency of 

glutathione can contribute to the damage of the epithelial lining that is witnessed in dif-

ferent lung disorders. Patients with idiopathic pulmonary fibrosis and cystic fibrosis 

treated with glutathione had better results over time [89]. 

Two cytosolic enzymes, glutamylcysteine glutamate and GSH synthetase, catalyze 

glutathione synthesis from cysteine, glycine, and glutamate. Feedback inhibition, availa-

bility of cysteine, and enzyme activity have all been shown to affect glutathione synthesis. 
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The role of substances in the metabolism of nutrients, defense against free radicals, and 

regulation of cellular events are all vital for the body. Deficiency of the substance leads to 

oxidative stress that plays a role in aging and the pathogenesis of many other illnesses 

such as liver disease, parkinsonism, Alzheimer’s disease, and sickle cell anemia, among 

others [90]. 

There is a panoply of the roles played by glutathione in the body. First, it helps to get 

rid of free radicals and other reactive species of oxygen from the body directly and indi-

rectly via enzymatic actions. The GSH is oxidized to GSSG and then reduced to GSH by 

NADPH-dependent glutathione reductase. Glutathione peroxidase catalyzes GSH reduc-

tion of hydrogen peroxide and other peroxides. Secondly, GSH reacts with several elec-

trophiles and physiological metabolites such as prostaglandins, leukotrienes, melanins, 

and estrogen to form mercapturates. Glutathione-S-transferase initiates these reactions. 

The substance also conjugates with nitrogen oxide to form an S-nitrosoglutathione adduct 

cleaved by thioredoxin to release NO and GSH. NO and GSH are vital in the hepatic action 

of insulin-sensitizing agents that regulate the utilization of amino acids, glucose, and li-

pids. GSH serves as a substrate for formaldehyde dehydrogenase that converts GSH and 

formaldehyde to form S-formyl-glutathione. Formaldehyde is a carcinogen, and its re-

moval from the body, is of great physiological importance as it is produced from the me-

tabolism of choline, methanol, sarcosine, xenobiotics, and methionine [91]. 

It is required to convert prostaglandin H2 to prostaglandin D2 and E2 catalyzed by 

Endoperoxide isomerase. It is also involved in the glyoxalase system that converts methyl-

glyoxal to D-lactate, a pathway often presents in microorganisms. Due to the vital role of 

glutathione in the body, adequate concentrations are essential for the proliferation of the 

cells, including the intestinal epithelial cells and lymphocytes. It is also involved in the 

process of spermatogenesis in males and the maturation of sperms. Similarly, glutathione 

is important in activating T-lymphocytes and polymorphonuclear leukocytes and the pro-

duction of cytokines to mount immune responses against foreign pathogens. Since GSH 

affects the oxidative, which is an important aspect of the disease process, it can prevent 

ferocious effects induced by the produced chemicals [92]. 

Glutathione has been used as adjuvant therapy in the treatment of COVID-19 [93]. 

There are immunoinflammatory mechanisms that have been implicated in the pathophys-

iology of COVID-19. Oxidative stress is still a key factor in almost all disease processes; it 

affects the body’s homeostasis. Glutathione and its precursors such as N-acetylcysteine 

have been considered for treatment because they influence the binding of the viral pro-

teins to the ACE2 receptor proteins in the cells of the hosts that have been implicated in 

the COVID-19 infection [94]. The SGH is found in the cytosol of most cells in the body. It 

comprises three substances: glutamate, cysteine, and glycine. It also plays a role in DNA 

synthesis, a foreign mechanism that viruses used to replicate and induce an infection. It is 

the first line of defense against oxidative stress caused by foreign pathogens in the epithe-

lial lining of the lower respiratory tract [95]. 

The concentrations of GSH in the epithelial fluids are 140 times higher than those 

found in the serum [94]. Low amounts of endogenous GSH have been implicated to be 

the cause of the pathogenesis of most illnesses that act through inflammation and oxida-

tive stress, COVID-19 being one of them [96]. COVID-19 is more established in popula-

tions with natural or pathological depletion of GSH. The precursor is also important in 

activating other mechanisms that lodge attacks against the pathophysiological pathways 

of the vital attacks and the inflammation that follows. It can increase the response of the 

T cells and decrease the plasma levels of TNF. The precursor also has mucolytic properties 

that strengthen the protection against pulmonary diseases [97]. 

4.4. Medical Mushrooms 

Edible mushrooms are known for their nutritional properties, therapeutic potential, 

and biological activities. They have emerged as important sources of compounds demon-

strating antitumor, antioxidant, and antimicrobial properties [98]. Its bioactive properties 
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enable them with an antioxidant capacity to prevent diseases related to increased oxida-

tive stress and the formation of free radicals. The antimicrobial activities of the com-

pounds and extracts from the mushrooms have been well documented over the years. The 

use of medical mushrooms has a long tradition in Asian countries. Medicinal compounds 

from the mushrooms are extracted in multiple ways, through cultivation in the farms or 

collection from the wild. The fruiting bodies of the mushroom are harvested, or the my-

celium is cultivated in the fermenters with solid or liquid substrates. Components in the 

mushroom can mitigate assaults that make the body vulnerable to cardiovascular ill-

nesses, cancer, and neurodegenerative and metabolic disorders [99]. 

The mushrooms have been an important therapeutic raw material in folk medicine; 

for instance, the reishi mushroom (Ganoderma lucidum) was regarded as a panacea in 

traditional Chinese medicine [100]. The therapeutic effects of the traditionally used spe-

cies have been corroborated with modern research. The species used for food have good 

amounts of carbohydrates; their structure has chitin that fills the dietary role. They also 

have large amounts of proteins that contain essential amino acids and may be alternated 

with animal products. They have low-fat content making them a good source with low 

calories, but they have adequate stores of polyunsaturated fatty acids (PUFAs) which pre-

sent many health benefits to the body. The medicinal and dietary uses of the edible mush-

rooms are supported by the fact that they contain numerous health-promoting and bio-

logically active compounds. They have secondary metabolites that have a range of bene-

fits, such as antiviral, antibacterial, antioxidative, anticancer, the ability to improve the 

functioning of the cardiovascular system, and anti-inflammatory properties. The most 

profound application of medical mushrooms is to prevent inflammation [101,102]. 

Studies have shown that fungal polysaccharides have a positive effect on human 

health. A disaccharide contained in the edible mushrooms, trehalose, is composed of re-

serve material and induces protective properties to the cells against denaturation of the 

proteins. Experiments show that trehalose inhibits the pro-inflammatory proteins, such as 

cyclooxygenase-2 and inhibits the degeneration of the inhibitors of nuclear transcription 

factors. Additionally, trehalose decreases the peroxidation of lipids and arachidonic acid 

from the phospholipids cell membrane induced by oxygen species. Agaricus bisporus, the 

most common species of mushroom in the world, has around 1–3% of trehalose when 

dried. The mushroom hyphae are composed of polysaccharides that enhance immunity 

and the modulation of the immune system’s defenses, the chitin, glucans, and the chi-

tosans. Apart from the components being sources of fiber to the body, they also protect 

the intestinal mucous membranes. The normal functioning of the immune system de-

pends on the roles of the probiotic bacteria. The fungal polysaccharides are regarded as 

prebiotics; they stimulate the growth of the normal bacteria in the body [103]. 

The glucans and the chitosans have shown antilipemic effects as they decrease the 

LDL cholesterol levels and the absorption of fat in the gut [104]. They also regulate glyce-

mia; therefore, they prevent the development of obesity, diabetes, and cardiovascular dis-

eases. The β-Glucans, usually contained in the Basidiomycota species, are the biological 

response modifiers because of their broad-spectrum activities in the immune system [105]. 

Additionally, they have antioxidant properties, decrease carcinogenic elements’ metabo-

lite levels, and prevent DNA damage. They have also been shown to play a role in pro-

ducing anti-inflammatory and pro-inflammatory cytokines in the body. They have a high 

binding affinity to the surface of the immune cell receptors with the pattern recognition 

receptors in the form of pathogen-associated patterns of molecules. Such receptors include 

dectins-1, toll-like receptors, and complementary receptor 3. Thus, the immune cells’ mat-

uration and proliferation, stimulation, and activation of the natural killer cells and the 

macrophages can be activated by β-glucans. Lentinan from the Lentinula species is one of 

the most typical β-glucan and has been used for a long in the medical realm [105]. 

The amino acids content in the edible mushrooms is also linked to the anti-inflam-

matory effects of the medical mushrooms; they have been shown to play a role in the 

metabolism of prostaglandins [106]. The anti-inflammatory properties of the oyster 
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mushroom have been explained by the presence of isoleucine, tyrosine, phenylalanine, 

and leucine amino acids. The arginine can inhibit the growth of tumor cells and decrease 

the risk of developing metastases. Patients who have cancer and who are under arginine 

supplementation have shown to have a stronger immune system, gained body weight, 

and have a favorable prognosis than patients who are not under any supplementation. 

Ergothioneine in mushrooms is an essential amino acid and acts as an antioxidant. It is 

absorbed by the tissues from the food and is essential for cells prone to oxidative stress 

like the lens of the eye, semen, skin, and the erythrocytes. The presence of histidine deriv-

atives in A. bisporus has been attributed to relieving oxidative stress. Ergothioneine is 

chemo and radio-protective and has antimutagenic activities [102,107]. 

Lectins contained in medical mushrooms can bind selectively with the membrane 

carbohydrates of different types of cells, playing an important role in the regulation of the 

immune system. They promote the process of adhesion of cells, and some of them have 

been shown to activate the lymphocytes, while others have strong anti-proliferative prop-

erties. Lectins that have been extracted from the mushrooms have been established as in-

hibiting the proliferation of tumor cells, especially in breast cancer, without inducing any 

toxicity. It has also been tested for use in treating psoriasis, eye disorders, especially glau-

coma and diabetes [107,108]. 

The fatty acids of the mushrooms can support human anti-inflammatory processes 

due to their high composition of unsaturated fatty acids. The PUFAs are precursors of 

eicosanoids which play a role as signaling molecules necessary for cellular response reg-

ulation in the muscles, nerve cells, the immune system, and the blood vessels. They main-

tain an equilibrium between the anti-inflammatory and inflammatory responses. There-

fore, having an adequate supply of fatty acids in the diet helps prevent cardiovascular 

diseases. α-Linolenic acid (ALA) has been an essential component for normal health and 

basic nutrition; it is a precursor of long-chained PUFAs [107,109]. 

It also has potent anti-inflammatory activities. Extracts of chanterelle revealed the 

presence of fatty acids that showed antagonistic activities towards the receptors activated 

by peroxisome proliferator-activated receptor γ (PPARγ). The latter plays a vital function 

in the metabolism of carbohydrates and lipids, in the differentiation of the adipocytes, and 

in monitoring the inflammation processes [107–109]. They inhibit insulin-resistance de-

velopment; they are efficient against diabetes. They showcase a strong ability to the tumor 

and inflammation-associated diseases. The fatty acids present in the A. bisporus and other 

mushrooms can protect the body against hormone-dependent cancers of the breasts. The 

mechanism of action is by inhibiting aromatase activities, an enzyme involved in the syn-

thesis of estrogen [110]. 

Among the important secondary metabolites, phenolic compounds are the most use-

ful; they are found in fungal fruits. They contain both anti-inflammatory and antioxidative 

properties. They do this through multiple mechanisms. They can donate electrons that 

neutralize the reactive oxygen species and protect the cells against any damage. They can 

also chelate elements such as iron and copper, which are potential oxygen species gener-

ators. They protect the body against free radicals like lipoxygenase, NADH oxygenase, 

cyclooxygenase, and microsomal monooxygenase. Most of the enzymes are involved in 

inflammation processes. Some of the phenolic compounds found in the different mush-

rooms include gallic, cinnamic, caffeic acids, and protocatechuic. Caffeic acids are the 

most prominent phenolic compound in most mushroom species. The latter exhibited both 

inflammatory and antioxidative properties [111]. 

Dried edible mushrooms contain high levels of vitamin C, folic acid, thiamine, niacin, 

and relatively low amounts of α-tocopherol, riboflavin, and β-carotene. Dietary deficiency 

of folic acids is a common problem; therefore, these diets can be supplemented with edible 

mushrooms. The mushroom species are also excellent sources of tocopherols and carote-

noids. These compounds have powerful anti-inflammatory and anticancer protection of 

the body. They also inhibit cellular membranes from peroxidation. The carotenoids are 
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very vital for the normal functioning of the eyes with an added role as powerful antioxi-

dants [102,112]. 

Several mushroom species contain vitamin D precursor ergosterol, ergocalciferol, 

and other sterols. Lately, as per studies, vitamin D deficiency has been on the rise. Vitamin 

deficiency can be attributed to diabetes, hypertension, cancer, and inflammation of the 

intestines that all are characterized by inflammation. Vitamin D is known for its anti-in-

flammatory properties. It inhibits the translocation of NF-κB to the nucleus of the cells; 

this prevents the expression of the pro-inflammatory genes [112]. 

Due to the well-known antiviral properties of the medical mushroom, they have been 

explored as potential therapy in fight against COVID-19 [113–115]. 

4.5. Astaxanthin 

Astaxanthin (AX) pigment belongs to the xanthophylls family, the oxygenated carot-

enoid derivatives from the plants by lycopene synthesis. It is one of the major components 

included in the feeds of crustaceans and salmonids. The main role of the pigment is to 

provide a desirable reddish color to the organisms reared, as most of them do not have 

access to natural carotenoids [116]. Apart from the induction of pigments, it has antioxi-

dant properties that have been reported to be stronger than those caused by α-tocopherol 

and β-carotene. Due to these properties, it has been said to protect the organisms from a 

wide range of diseases such as different types of cancer, cardiovascular-related illnesses, 

and diseases related to the immune system [117]. 

The normal aerobic metabolism in the body produces free radicals and reactive oxy-

gen species. AX reacts with the free radicals to generate innocuous compounds by inhib-

iting the oxidation reactions [118]. However, apart from acting as antioxidants, the carot-

enoids can also induce oxidative stress on the cells. The AX antioxidative activity is more 

than ten times stronger than the other carotenoids [119]. It reacts vigorously with other 

free radicals, depending on the polyene system length and the terminal rings [120]. 

AX has been proven effective in managing Helicobacter pylori infections that induce 

gastritis, stomach cancer, and peptic ulcers in humans. The exact mechanism of action 

against these microorganisms is not known [121]. Due to known regulatory properties of 

AX for the expression of pro-inflammatory factors as well as antiviral effects, it has been 

explored as potential adjuvant therapy for COVID-19 disease [122–124]. 

4.6. Andrographis paniculata 

Andrographis paniculata, commonly referred to as creat or green chiretta plant has 

been used as a medicinal food for many centuries now. The roots and leaves of the plants 

have been used for various medicinal purposes in Asia and Europe. It has been used for 

medicine because of its ‘cold property’ to remove heat and expel toxins from the body. It 

is being used to stimulate the immune system and manage myocardial ischemia, respira-

tory tract infections, and pharyngotonsillitis in modern medicine. It also contains anti-

inflammatory, anti-microbial and anti-hyperglycemic, anti-sclerosis, antiplatelet, anti-

cancer, choleretic, and anti-hyperglycemic properties. Its leaves and stems contain active 

phytochemicals such as flavonoids and diterpenoids [125,126]. 

The major constituent of the plant is andrographolide (a labdane diterpenoid) and 

has been used as an herbal medicine in Asia for a long time. It has beneficial effects against 

virus infection, bacteria dysentery, fever, laryngitis, herpes, and rheumatoid arthritis. The 

compound protects the body against inflammation by binding to the adenosine A2A re-

ceptor, inducing the nuclear factor, subsequently inactivating GSK3β, which causes the 

upregulated expression of heme oxygenase 1. The process regulates the body against ox-

idative stress from diseases like diabetes, neurodegenerative diseases, and osteoporosis. 

It can also control inflammation by regulating the expression of proteins (Dai et al., 2019). 

The plant’s active compound has been implicated in treating colitis, long-term in-

flammatory disease of the intestines with limited treatment options. A. paniculata miti-

gates the extension of inflammation of the intestine in colitis induced by transfer of naïve 
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T cells. It does this by affecting the early proliferation and differentiation of the T cells. 

Additionally, it decreases cytokine expression and splenic cell counts and CD4+ IFN-γ + 

T cells within 4–7 weeks of undergoing treatment [126,127]. 

The active compound of A. paniculata has been shown to protect the body against 

infectious agents that destroy the central nervous system. In the process of a CNS disease, 

the immune responses that protect the body may turn against the host leading to death 

and morbidity. The plant can prevent the anti-nociceptive activity on hyperalgesia caused 

by nitroglycerine administration by inhibiting the action of interleukin 6 (IL-6) in the cer-

ebrum and the expression of TNF-α mRNA in the mesencephalon only. Andrographolide 

can decrease the LPS-induced expression of the cortical C-X-C and C-C subfamily chem-

okine in vivo [128]. It can also decrease inflammation of the astrocytes and oxidative stress 

by mediating the out of the cell signal-regulated kinase and Nrf2-p38-MAPK signaling 

pathways in the primary astrocytes. Regulating the p38-MAPK signaling pathway can 

protect the MCAO-induced brain injury. It is also involved in suppressing the generation 

of free radicals, brain infarction, and the blood-brain barrier disruption. It has also shown 

tremendous benefits in Alzheimer’s diseases; patients prescribed with andrographolide 

recover spatial memory, learning performance, and synaptic basal transmission. The com-

pound has also shown neuroprotection on the regulation of the synaptic proteins, reduc-

tion of the phosphorylated tau proteins, and the maturation of the amyloid-beta aggregate 

in the aged degus [128]. 

Recently, peroxisome proliferator-activated receptor-gamma (PPARγ) agonism has 

been shown as a new strategy to address alcohol use disorder (AUD) and possibly to other 

addictive substances [129]. The administration of A. paniculata extract or andrographolide 

activates the transcription factor PPARγ [130]. 

The extractions from A. paniculata have been implicated in the studies concerning 

the management of the virus. In the studies, the post-infection treatment of the Calus-3 

cells significantly prevented the production of infectious virions as per the assays used. In 

summary, the experimental evidence favored the andrographolide and A. paniculata for 

the advanced users as a monotherapy and combination with other drugs against the 

COVID-19 virus [131,132]. 

4.7. Propolis 

This is a resinous material well known and collected by the bees from the plant exu-

dates and the buds. It is mixed with the wax, the pollen, and the bee enzymes. The bees 

use it in smoothening the out internal walls, carver the carcasses of the intruders in the 

hive to prevent them from decomposing, and sealing the holes present in the honeycombs. 

Due to its antimicrobial and antiseptic properties, it protects the colonies of bees from 

infection. Since antiquity, propolis has been used by different civilizations to manage 

colds, ulcers, and wounds because of its local anesthetic and antiseptic properties. It was 

used to embalm the death by the Egyptians and recently in the Boer War to regenerate the 

tissues and heal wounds. Its uses have also been applied in contemporary medicine owing to 

its anti-inflammatory, antioxidant, antitumor, and immune-modulatory activities. Its chemi-

cal and biological compositions have been studied to gain more insight into it [133,134]. 

The use of propolis has not shown any notable side effects after administration. No 

alterations in enzyme activities were reported. After administration, only a few minor side 

effects have been reported in treating stomatitis, prevention of otitis media, and mouth 

ulcers. It protects the renal tissue against free radicals, toxicity, and other adverse effects 

caused by diatrizoate. Some of the different forms of propolis from Taiwan protected the 

liver from developing fibrosis [134]. 

Propolis may directly act on microorganisms in vitro. It can stimulate the immune 

system in vivo and activate the mechanisms involved in killing microorganisms. The use 

of antimicrobial drugs with propolis is still being investigated. Findings indicated the abil-

ity of propolis to decrease the resistance of the walls of the bacteria to the therapeutically 

administered antibiotics and caused synergistic effects when administered with 
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antibiotics on the ribosome but do not have any interaction with drugs acting on the DNA 

or folic acid [135]. It also shows antiviral properties. It exerts the antiviral action by par-

tially blocking the entry of viruses within the cells; this affects the replication steps of the 

virus into the cells and leads to the degradation of the RNA before the virus enters into 

the cells or after supernatant is released by the cells. Antifungal properties of propolis 

have been documented as well; it inhibits the aflatoxigenic fungi, decreasing the percent-

age of germination of conidia in isolates of flavus. Some of the different types also exerted 

effects against Candida albicans [135]. 

Several studies investigating the use of propolis against COVID-19 are reported. 

Prior studies investigated the in vitro effect of flavonoids on several viruses, including 

coronavirus. Kaempferol and chrysine were highly potent in preventing the replications 

[89]. Special attention has been paid to quercetin, a flavanol in propolis; in combination 

with vitamin C, it has been shown to inhibit aminopeptidase. Quercetin and some of its 

derivatives inhibit in vitro the proteases involved in COVID-19 pathogenesis. The deriv-

ative also modulates the cellular unfolded protein response (UPR). Through the modula-

tion of this pathway, Quercetin may have potential anti-coronavirus effects [136,137]. 

A potential pharmacological approach to treat COVID-19 aims at downstream effec-

tors like p21-activated kinases. Caffeic acid phenethyl ester (CAPE), one of the most ben-

eficial components of propolis, has shown the ability to downgrade the RAC, a signaling 

protein in human cells [90]. It is hypothesized to act as a RAC/CDC42-activated inhibitor 

of the kinase. This experimental evidence suggests that CAPE can help inhibit fibrosis 

induced by the COVID-19 virus. However, hypersensitivity reactions should be consid-

ered when using it for treatment [136,138]. 

4.8. Probiotics 

Probiotics are living nonpathogenic microorganisms taken to maintain microbial bal-

ance, especially in the gastrointestinal tract. They are composed of Saccharomyces bou-

lardii yeast or lactic acid bacteria such as Bifidobacterium and Lactobacillus species, usu-

ally through diet supplements and foods. They exert their beneficial effects via various 

mechanisms like lowering the pH of the intestines, preventing and decreasing invasion 

by pathogenic organisms, and modifying the hosts’ immune response [139–141]. 

Not all species of probiotics have all the beneficial effects. The best-documented ef-

fectiveness of probiotics is in treating acute diarrhea caused by pouchitis and rotavirus. 

However, there is a knowledge gap in clarifying the roles of probiotics in preventing di-

arrhea related to the use of antibiotics, irritable bowel syndrome, Crohn’s disease, vulvo-

vaginal candidiasis, and traveler’s diarrhea. When ingested, there is no consensus on the 

least number of microorganisms to obtain a beneficial effect. Some scientists are looking 

into using probiotics to address COVID-19 [142,143]. A recently published report on a 

randomized, quadruple-blinded, placebo-controlled trial reported a notable increase in 

specific IgM and IgG against SARS-CoV-2 using a four-strain probiotic composition, indi-

cating its effects on host’s immune system. The COVID-19 outpatients and early viral and 

symptomatic remission [144]. 

4.9. N-Acetyl Cysteine (NAC) 

For decades, N-acetyl cysteine has been used to treat multiple disorders such as in-

toxication of paracetamol, stable angina pectoris, acute respiratory distress syndrome, 

doxorubicin-induced cardiotoxicity, HIV/AIDS, radio-contrast induced nephropathy, tox-

icity from heavy metals, and psychiatric disorders such as bipolar, addiction, and schizo-

phrenia. It is the precursor of amino acid L-cysteine and is available in intravenous, oral, 

and inhalation forms. Its toxicity is relatively low and presents mild side effects such as 

nausea, vomiting, tachycardia, pruritus, and rhinorrhea [145]. 

Studies on the NAC have shown that it interacts with several pathways of metabo-

lism that include regulation of apoptosis and the cell cycle, progression of tumors, expres-

sion of genes, immune modulation, and mitochondrial functions. Its half-life is an average 
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of 5.6 h, and it is cleared in the kidneys. This low bioavailability is due to its N-deacetyla-

tion in the mucosa of the intestines and first-pass metabolism in the liver. The plasma acts 

as a pro-oxidizing medium; a redox exchange reaction occurs between cysteine proteins, 

NAC, and cystine in the plasma to produce NAC–cysteine, NAC–NAC, and cysteine 

[146]. The latter goes through the epithelial cell membranes and helps synthesize gluta-

thione, an important antioxidant in several physiological processes in the body [147]. 

Some of these processes include detoxification of the electrophilic xenobiotics, regulations 

of the immune responses, leukotriene and prostaglandin metabolism, redox-regulated 

signal transduction modulation, antioxidant defense, signaling of neurotransmitters, and 

modulation of the proliferation of the cells [148,149]. 

N-acetyl cysteine is also known to exhibit antiviral properties [150], not surprisingly, 

it has also shown great promise in addressing the COVID-19 pandemic mostly by dimin-

ishing the cytokine storm and thus preventing acute respiratory distress syndrome 

(ARDS), the leading cause of death from SARS-CoV-2 infection [151–154] (Figure 4). 

 

Figure 4. Possible mechanisms of NAC acting as antioxidant and anti-inflammatory agents in SARS-

CoV-2 infection. Reproduced under the terms of the Creative Commons Attribution License. 
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Elhidsi, M., Fachrucha, F., & Yudha Irawan , R. (2021). N-Acetylcysteine for COVID-19: A Potential 

Adjuvant Therapy. Journal of Health Sciences, 11(1), 1–6. https://doi.org/10.17532/jhsci.2020.1156. 

4.10. Quercetin 

Quercetin is an aglycon flavonoid and is widely found in various fruits, plants, me-

dicinal plants including apples, wild berries, brassica vegetables, tea, as well as in many 

seeds, nuts, Ginkgo biloba and elderberry, etc. It is an auxin transport inhibitor and re-

ported to exhibit useful pharmacological properties such antioxidant, antiprotozoal, anti-

cancer, antiviral, anti-inflammatory, immunoprotective, antidiabetic, etc [155,156]. Quer-

cetin exhibits low oral bioavailability (~2%) and gets rapidly eliminated in urine and feces. 

The absorbed Quercetin goes through II metabolism and gets excreted in urine through 

kidney and bile through liver [157]. 

Due to its known antiviral properties [158], Quercetin was also extensively evaluated 

as possible adjuvant therapy and a preventive measure against COVID-19 [159–162]. 

Quercetin is a potent nuclear factor erythroid-derived 2-like 2 (NRF2) agonists and these 

agonists are known to prevent SARS-CoV-2 replication in vitro [163,164]. Quercetin has 

prevented various zoonotic coronaviruses as well as other viruses’ entry into host cells 

[165,166]. Quercetin is a potent immune modulator, it inhibits inflammatory pathways 

leading to cytokine storm, and also reduces the dendritic cells stimulation and expression 

of major histocompatibility complex (MHC) class II [167]. Quercetin has shown strong 

inhibitory activity against human angiotensin-converting enzyme 2 receptors (hACE2) ex-

pression, thus blocking the SARS-CoV-2 entry in the human cells [168]. Further, querceitin 

has been shown to target the Chymotrypsin-like Protease (3CLpro), Papain-like protease 

(PLpro), and Spike protein (S protein) of the SARS-CoV-2 [169] (Figure 5). 

 

Figure 5. Various mechanisms via which quercetin neutralizes SARS-CoV-2 virus. Reproduced from 

reference [170] with permission. 

Since Quercetin is a safe and known natural product that has previously demon-

strated antiviral capabilities including the novel SARS-CoV-2, it was evaluated in various 

clinical trials [170]. The results show, using Quercetin alone and in combination with other 
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natural products (curcumin, zinc, vitamin C, etc.) and drugs, results in lessening the clin-

ical manifestations [160,171]. 

5. Conclusions 

As the year 2022 is coming to an end, the quest for the most versatile vaccine and 

antivirals against COVID-19 and its variants still continues. Given the number of new dis-

eases including animal to human transfer that have emerged within the past two decades, 

it is even more relevant to develop viable, and readily available treatment options to mit-

igate the progression of these diseases. Natural medicinal compounds in the forms of veg-

etable and fruits have been consumed for centuries, some cuisines focus a lot more on 

using spices, condiments, and plant-based oils containing beneficial numerous com-

pounds, leading to a prolonged and healthy life of the consumers. The use of traditional 

medicine and herbs to optimize the immune system is something that needs to be ex-

plored further to bring effective and sustainable therapeutic products into the market 

quicker. Natural products have a demonstrated history of use in a spectrum of health 

conditions, owing to a variety of potent immunomodulatory, anti-inflammatory, and an-

tiviral properties. Consuming many of the natural supplements (pure and safe amounts) 

has shown to decrease susceptibility to viral infections, subsequently improving the clin-

ical outcomes. Medicinal natural products must also be consumed with care and prefera-

bly after consultation with a healthcare provider, as some of them are known to cause 

serious side effects including drug–drug and drug–food interactions. In this article, we 

have briefly surveyed the traditional medicine systems of India and China, various com-

mon nutraceuticals, and natural products, and explored their efficacy in the fight against 

various diseases and microbial infections, including COVID-19. Although nutraceuticals, 

like other supportive care options for COVID-19, may not be the sole solution to this pan-

demic, they may have a profound impact on preventative and supportive measures in 

these unprecedented times. More clinical trials are warranted to determine the effective-

ness of various natural products and capitalize their substantial potential against many 

diseases and microbial infections, including COVID-19 and the unfortunate emergence of 

new diseases in the future. 
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