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Natural medicine has proven its effectiveness against various illnesses. Most of the pharmaceutical agents currently used
can trace their origin to the natural products in one way, shape, or form. Using natural products, which is part of various
traditional medical systems to prevent and/or treat diseases, dates back thousands of years in different parts of the world.
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| 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 . 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 determined as a pure compound in 1842 [, There have been
numerous studies showing this as a powerful medicinal agent including antimicrobial properties !,

The geographical locations of its growth have tremendous effects on the quality of the plant and its nutrition composition
[ 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 orange-yellowed color, which is the most potent
component &, Studies on the plant have determined that curcumin has antimicrobial, antioxidant, anti-inflammatory,
antiangiogenic, antiplatelet, and antimutagenic properties. These properties have preventive 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 &,

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 .

Curcumin has limited bioavailability due to its insufficient absorption, high speed of metabolism, and elimination from the
body. These properties make it have limited therapeutics 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
[6]

Curcumin has been used in the Jiawei-Xiaoyao, a Chinese traditional treatment system, 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 effective
against the pathogenesis of molecular targets to treat and prevent diseases . 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 factors, metastatic, receptors, and apoptotic molecules in most phases during most diseases’
development. The curcumin structure’s inclination increases its free radical scavenging activities to low-level
hydrogenation and a high level of methoxylation €. The structure additionally enables the curcumin to have antioxidant,
anticancer, and anti-inflammatory effects.



Studies have shown that curcumin has been effective against the COVID-19 variant . The supplementation with
curcumin modulates pathogens’ inflammation and oxidative 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 2.

| 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 recession, and
hyperlipidemia. The flowers and the plant’s berries contain antibacterial, antioxidant, glucose-lowering anti-inflammatory,

and immune-modulating properties. It can be used alone or combined with other agents to treat various health conditions
[11]

The elderberry is an excellent source of free and conjugated amino acids, proteins, fiber fractions, vitamins, antioxidants,
and unsaturated fatty acids. Its study shows biological activity elements, primary polyphenols, proanthocyanidins, phenolic

acids, and flavonols. The presence of phenols makes the elderberry an ideal medicine and has high antioxidant properties
2

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 content 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 flavonols and phenolic acids. Isorhamnetin,
kaempferol, and Quercetin are the most predominant 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 131141,

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 elderberry to
manage respiratory illnesses such as cold and catarrh, influenza. It is also a laxative, 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 151,

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 activities are exhibited by the elderberry’s extract, it scavenges hydroxyl
radicals and 2,2-diphenyl-1-picrylhydrazyl radical (DPPHs) while inhibiting the lipid peroxidation in the linoleic acid
emulsion. Nitric oxide radicals have also been effectively scavenged by the extracts 811271,

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 oxidative 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 protection against vascular disease is its ability
to penetrate the endothelial cells 18!,

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 HIN1 Viruses led to preventing their entry into the cells and
subsequently prevent an infection 28], 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 inhibitory effects of the extracts on the feline immunodeficiency virus. The extracts have antibacterial activity
against Gram-positive bacteria that cause frequent upper respiratory infections. 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, including
methicillin-resistant S. aureus. The antimicrobial activity of the flower extracts was more pronounced than that of the fruit
extracts (19,

The elderberry extracts stimulated the secretion of proinflammatory cytokines IL-1f, IL-6, IL-8, and TNF-a (tumor necrosis
factor) and cytokine IL-10. It increased the production of IFN-B interferon associated with upregulation of TLR-3 (toll-like
receptor 3). Elderberry-derived polyphenols caused a 50% decrease in the levels of IL-1f that is responsible for the long-
term inflammation in chronic illnesses. The elderberry also can increase the number of lymphocytes in the body 29,

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 promote glucose and insulin metabolism. Some of the side effects that have been reported upon its
use include nausea and vomiting, hypokalemia, dehydration, tachycardia, hypotension, and diarrhea 24,

| 3. Glutathione

This is an endogenous peptide that possesses both metabolic and oxidative properties. It has been used to prevent
neurotoxicity induced by oxaliplatin and cisplatin 2. 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 elements,
corneal disorders, eczema, and liver disorders (23, 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 different lung disorders. Patients with idiopathic
pulmonary fibrosis and cystic fibrosis treated with glutathione had better results over time [24],

Two cytosolic enzymes, glutamylcysteine glutamate and GSH synthetase, catalyze glutathione synthesis from cysteine,
glycine, and glutamate. Feedback inhibition, availability of cysteine, and enzyme activity have all been shown to affect
glutathione synthesis. 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 (23],

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 indirectly via enzymatic actions. The GSH is oxidized to GSSG and then
reduced to GSH by NADPH-dependent glutathione reductase. Glutathione peroxidase catalyzes GSH reduction of
hydrogen peroxide and other peroxides. Secondly, GSH reacts with several electrophiles 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 lipids. GSH serves as a substrate for formaldehyde dehydrogenase that
converts GSH and formaldehyde to form S-formyl-glutathione. Formaldehyde is a carcinogen, and its removal from the
body, is of great physiological importance as it is produced from the metabolism of choline, methanol, sarcosine,
xenobiotics, and methionine 28],

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 methylglyoxal 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 production 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 [,

Glutathione has been used as adjuvant therapy in the treatment of COVID-19 28 There are immunoinflammatory
mechanisms that have been implicated in the pathophysiology 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 proteins to the ACE2 receptor proteins in the



cells of the hosts that have been implicated in the COVID-19 infection 22, 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 epithelial lining of the lower respiratory tract 29,

The concentrations of GSH in the epithelial fluids are 140 times higher than those found in the serum 22, _ow amounts of
endogenous GSH have been implicated to be the cause of the pathogenesis of most illnesses that act through
inflammation and oxidative stress, COVID-19 being one of them B, COVID-19 is more established in populations 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 22,

| 4. Medical Mushrooms

Edible mushrooms are known for their nutritional properties, therapeutic potential, and biological activities. They have
emerged as important sources of compounds demonstrating antitumor, antioxidant, and antimicrobial properties B3, |ts
bioactive properties enable them with an antioxidant capacity to prevent diseases related to increased oxidative stress
and the formation of free radicals. The antimicrobial activities of the compounds 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 mycelium is cultivated in the fermenters with solid or liquid
substrates. Components in the mushroom can mitigate assaults that make the body vulnerable to cardiovascular
illnesses, cancer, and neurodegenerative and metabolic disorders 4],

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 3. The therapeutic effects of the
traditionally used species 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 present many health
benefits to the body. The medicinal and dietary uses of the edible mushrooms are supported by the fact that they contain
numerous health-promoting and biologically active compounds. They have secondary metabolites that have a range of
benefits, 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 28137,

The glucans and the chitosans have shown antilipemic effects as they decrease the LDL cholesterol levels and the
absorption of fat in the gut [38]. They also regulate glycemia; therefore, they prevent the development of obesity, diabetes,
and cardiovascular diseases. The B-Glucans, usually contained in the Basidiomycota species, are the biological response
modifiers because of their broad-spectrum activities in the immune system B9, Additionally, they have antioxidant
properties, decrease carcinogenic elements’ metabolite levels, and prevent DNA damage. They have also been shown to
play a role in producing 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’ maturation and proliferation, stimulation, and activation of the natural killer cells and the macrophages can
be activated by B-glucans. Lentinan from the Lentinula species is one of the most typical -glucan and has been used for
along in the medical realm 32,

The amino acids content in the edible mushrooms is also linked to the anti-inflammatory effects of the medical
mushrooms; they have been shown to play a role in the metabolism of prostaglandins ¥%. The anti-inflammatory
properties of the oyster 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 derivatives in A. bisporus has been attributed to relieving oxidative stress. Ergothioneine is chemo and radio-
protective and has antimutagenic activities B7[41],

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 properties. Lectins
that have been extracted from the mushrooms have been established as inhibiting 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 glaucoma and diabetes 41142,

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 regulation in the muscles, nerve cells, the immune system, and the blood vessels. They maintain an
equilibrium between the anti-inflammatory and inflammatory responses. Therefore, having an adequate supply of fatty
acids in the diet helps prevent cardiovascular diseases. a-Linolenic acid (ALA) has been an essential component for
normal health and basic nutrition; it is a precursor of long-chained PUFAs 443,

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 y (PPARY). 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 442431 They inhibit insulin-resistance development; 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 synthesis of estrogen 44,

Among the important secondary metabolites, phenolic compounds are the most useful; 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 generators. 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 mushrooms
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 421,

Dried edible mushrooms contain high levels of vitamin C, folic acid, thiamine, niacin, and relatively low amounts of a-
tocopherol, riboflavin, and B-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 carotenoids.
These compounds have powerful anti-inflammatory and anticancer protection of the body. They also inhibit cellular
membranes from peroxidation. The carotenoids are very vital for the normal functioning of the eyes with an added role as
powerful antioxidants [B7[46],

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-inflammatory
properties. It inhibits the translocation of NF-kB to the nucleus of the cells; this prevents the expression of the pro-
inflammatory genes (48],

Due to the well-known antiviral properties of the medical mushroom, they have been explored as potential therapy in fight
against COVID-19 [4748][49]

| 5. Astaxanthin

Astaxanthin (AX) pigment belongs to the xanthophylls family, the oxygenated carotenoid 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 B2, Apart from the induction of pigments, it has antioxidant properties that have been reported to be
stronger than those caused by a-tocopherol and (-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 [211,



The normal aerobic metabolism in the body produces free radicals and reactive oxygen species. AX reacts with the free
radicals to generate innocuous compounds by inhibiting the oxidation reactions B2, However, apart from acting as
antioxidants, the carotenoids can also induce oxidative stress on the cells. The AX antioxidative activity is more than ten
times stronger than the other carotenoids 23], It reacts vigorously with other free radicals, depending on the polyene
system length and the terminal rings 241,

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 3. 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 28I571[58]

| 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, respiratory tract infections, and
pharyngotonsillitis in modern medicine. It also contains anti-inflammatory, anti-microbial and anti-hyperglycemic, anti-
sclerosis, antiplatelet, anticancer, choleretic, and anti-hyperglycemic properties. Its leaves and stems contain active
phytochemicals such as flavonoids and diterpenoids B9,

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 receptor,
inducing the nuclear factor, subsequently inactivating GSK3B, which causes the upregulated expression of heme
oxygenase 1. The process regulates the body against oxidative 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 inflammatory disease of the intestines with
limited treatment options. A. paniculata mitigates the extension of inflammation of the intestine in colitis induced by
transfer of naive 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-y + T cells within 4-7 weeks of undergoing
treatment [6A61],

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 cerebrum and the expression of TNF-a
mRNA in the mesencephalon only. Andrographolide can decrease the LPS-induced expression of the cortical C-X-C and
C-C subfamily chemokine in vivo 2. |t 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 compound has also shown neuroprotection on the regulation of the synaptic
proteins, reduction of the phosphorylated tau proteins, and the maturation of the amyloid-beta aggregate in the aged
degus (62,

Recently, peroxisome proliferator-activated receptor-gamma (PPARYy) agonism has been shown as a new strategy to
address alcohol use disorder (AUD) and possibly to other addictive substances 3. The administration of A. paniculata
extract or andrographolide activates the transcription factor PPARy [64],

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 63661,



| 7. Propolis

This is a resinous material well known and collected by the bees from the plant exudates 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 chemical and biological compositions have been studied to gain more
insight into it (671681,

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 [,

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 ability of propolis to decrease the resistance of the walls of the bacteria to the therapeutically
administered antibiotics and caused synergistic effects when administered with antibiotics on the ribosome but do not
have any interaction with drugs acting on the DNA or folic acid 8. It also shows antiviral properties. It exerts the antiviral
action by partially 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
percentage of germination of conidia in isolates of flavus. Some of the different types also exerted effects against Candida
albicans 69,

A potential pharmacological approach to treat COVID-19 aims at downstream effectors like p21-activated kinases. Caffeic
acid phenethyl ester (CAPE), one of the most beneficial components of propolis, has shown the ability to downgrade the
RAC, a signaling protein in human cells 22, 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 considered when using it for treatment 22721,

| 8. Probiotics

Probiotics are living nonpathogenic microorganisms taken to maintain microbial balance, especially in the gastrointestinal
tract. They are composed of Saccharomyces boulardii yeast or lactic acid bacteria such as Bifidobacterium and
Lactobacillus species, usually 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 [Z2Z3174],

Not all species of probiotics have all the beneficial effects. The best-documented effectiveness 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 diarrhea related to the use of antibiotics, irritable bowel syndrome, Crohn’s disease, vulvovaginal 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 Z5I78] A recently published report
on a randomized, quadruple-blinded, placebo-controlled trial reported a notable increase in specific IgM and 1gG against
SARS-CoV-2 using a four-strain probiotic composition, indicating its effects on host's immune system. The COVID-19
outpatients and early viral and symptomatic remission [ZZ,

| 9. N-Acetyl Cysteine (NAC)

For decades, N-acetyl cysteine has been used to treat multiple disorders such as intoxication of paracetamol, stable
angina pectoris, acute respiratory distress syndrome, doxorubicin-induced cardiotoxicity, HIV/AIDS, radio-contrast induced
nephropathy, toxicity from heavy metals, and psychiatric disorders such as bipolar, addiction, and schizophrenia. 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 (78],



Studies on the NAC have shown that it interacts with several pathways of metabolism that include regulation of apoptosis
and the cell cycle, progression of tumors, expression of genes, immune modulation, and mitochondrial functions. Its half-
life is an average of 5.6 h, and it is cleared in the kidneys. This low bioavailability is due to its N-deacetylation 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 2. The latter goes through the epithelial cell membranes and helps synthesize glutathione, an
important antioxidant in several physiological processes in the body Y. 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 8282

N-acetyl cysteine is also known to exhibit antiviral properties [ not surprisingly, it has also shown great promise in
addressing the COVID-19 pandemic mostly by diminishing the cytokine storm and thus preventing acute respiratory
distress syndrome (ARDS), the leading cause of death from SARS-CoV-2 infection [BAIBSIESIE7]

| 10. Quercetin

Quercetin is an aglycon flavonoid and is widely found in various fruits, plants, medicinal 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 reported to exhibit useful pharmacological properties such antioxidant, antiprotozoal, anticancer,
antiviral, anti-inflammatory, immunoprotective, antidiabetic, etc. B883  Quercetin exhibits low oral bioavailability (~2%)
and gets rapidly eliminated in urine and feces. The absorbed Quercetin goes through Il metabolism and gets excreted in
urine through kidney and bile through liver 29,

Due to its known antiviral properties 24, Quercetin was also extensively evaluated as possible adjuvant therapy and a
preventive measure against COVID-19 2213311941951 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 2887, Quercetin has prevented various
zoonotic coronaviruses as well as other viruses’ entry into host cells 883, 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 Il 2. Quercetin has shown strong inhibitory activity against human
angiotensin-converting enzyme 2 receptors (hACEZ2) expression, thus blocking the SARS-CoV-2 entry in the human cells
(2011 Fyrther, querceitin has been shown to target the Chymotrypsin-like Protease (3CLP™), Papain-like protease (PLP™),
and Spike protein (S protein) of the SARS-CoV-2 102,

Since Quercetin is a safe and known natural product that has previously demonstrated antiviral capabilities including the
novel SARS-CoV-2, it was evaluated in various clinical trials 193], The results show, using Quercetin alone and in
combination with other natural products (curcumin, zinc, vitamin C, etc.) and drugs, results in lessening the clinical
manifestations (2311104
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