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ABSTRACT

The entomopathogenic fungus Cordyceps militaris is famous in traditional Chinese medicine for its
medicinal properties, which are used to fight inflammation, immunomodulatory, cellular, and organ
repair, antiviral activities, and other restorative purposes. Advanced research of C. militaris has proven
that several compounds from this fungus have active anti-Coronavirus activity and recovery from its
effects. Cordyceps has a long history of use as a tonic for the lungs and kidneys, as well as for the
treatment of chronic bronchitis, asthma, tuberculosis, and other diseases of the respiratory system. The
antiviral activities of cordyceps against Influenza Virus, HIV, Murine leukemia, plant viruses, Epstein-
Barr Virus, etc., and anti-tumor activity against gastric carcinoma and EBV have been confirmed in
previous studies. Cordycepin, a bioactive compound from cordyceps, is under clinical trials
(NCTO00709215) and has similar properties to adenosine except that, it does not have a 3 ' hydroxyl
group in ribose moiety and acts as a poly (A) polymerase inhibitor and disconnect prematurely. protein
synthesis. Additionally, it is known that the active RARS of the SARS-CoV-2 genome are highly 3'-
polyadenylated and lead to the formation of all viral proteins and when cordycepin is unable to activate
SARS-CoV-2 RNAs by inhibiting the polyadenylation. proceed further by preventing viral repetition
and host duplication. In addition, cordycepin showed strong binding affinity with SARS-CoV-2 spike
protein (-145.3) and larger proteases (-180.5) further strengthening the therapeutic potential against
COVID-19. Spike proteins and SARS-CoV-2 primary proteases have been identified as potential
therapeutic targets and their inhibition may result in delayed viral entry and repetition in the host body.
This study aims to discuss how metabolites of C.militaris provide a promising therapeutic potential for
COVID-19 treatment given previous studies.
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1. INTRODUCTION
The outbreak of highly contagious, mutagenic, novel coronavirus, the causative agent of Severe Acute
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breathing distress syndrome as well as multiple organ failure and long-term side effects. It has raised
concerns about health worldwide. Although epidemics of the previous coronavirus SARS-CoV and
MERS-CoV have raised awareness of the need for clinical or preventive interventions, to date, no
proven effective treatment is available. The ambiguity and the highly mutagenic nature of the virus,
make it very difficult to treat for doctors. [1,2]

Cordyceps militaris

Cordyceps militaris naturally grows in more than 3,500 feet [3,500 m] in the Himalayan region of
Nepal, Bhutan, India, and Tibet. It can be grown artificially in an environment that provides the
conditions for it to yield better and be more productive.

Active Ingredients in Cordyceps Militaris

Cordyceps Polysaccharides[exist only in C. militaris]-

A galactomannan structure with many branches with various connections between nearby
monosaccharides [small rings and helical structures] [12].

Cordyceps polysaccharides contains a wide variety of organisms that include: Immunomodulation,
Anti-oxidant, Anti-tumor, Eliminate inflammation, Hypoglycemic effects, Hypocholesterolemic
effects A large amount of experimental evidence has proved that Anticancer effects of cordyceps
polysaccharides have been widely used in medical practice. It arises from the development of
antibodies and metastasis rather than cytocidal effects. Cordyceps polysaccharides improve the
immune system by activating immune and cellular immune systems and promoting cytokine
production. [16]. Cordyceps polysaccharides can help diabetic patients by reducing their symptoms
and complications. It can stimulate islet cells to release insulin, protect and repair islet cells, increase
insulin levels in blood serum and speed up hepatic glucose metabolism (improves glucose oxidation)
to directly lower blood sugar levels. [10] [31] Several studies in mice have shown that Cordyceps
polysaccharides can improve immune response, mammary gland, thymus index, and phagocytic
activity of monocyte-macrophages and lower blood sugar. [31]

Cordycepin(3’-Deoxyadenosine) [exist only in Cordyceps militaris]

It is Nucleoside, Water-insoluble organic compound and structural analog of the nucleoside adenosine
Cordycepin was first isolated from C. militaris in 1950. Based on in vitro and in vivo studies
conducted to date, this combination has been confirmed to exhibit the following functions:
immunostimulating, anti-inflammatory, antiviral, antitumor, ergogenic, hypolipidemic, hypoglycemic
and steroidogenesis, spermatogenesis, and antioxidant activity has been described in scientific studies
based on the biological mechanisms of polysaccharide compounds contained in C-fruit bodies.

Studies have shown that low concentration of cordycepin can effectively block the oxidation reaction
of free radicals. Studies in mice have shown that the immunostimulatory activity of cordycepin results
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in its ability to induce immune responses to cellular and humoral infections. The study revealed an
increase in the concentration of interleukins 1L-4, 1L-10, and IL-12, as well as Th1 and Th2 cytokines,

decreased IL-2 concentration, and altered B (TGF-B) growth, and increased of T. lymphocyte levels

(CD4 and CD8).
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It is one of the most important types of active biological metabolites.

Cordycepin was first isolated from C. militaris in 1950. Based on in vitro and in vivo studies
conducted to date, this combination has been confirmed to exhibit the following functions:
immunostimulating, anti-inflammatory, antiviral, antitumor, ergogenic, hypolipidemic, hypoglycemic
and steroidsgenesis, spermatogenesis, and and antioxidant activity has been described in scientific
studies based on biological mechanisms of polysaccharide compounds contained in C-fruit bodies.
militaris.

Studies have shown that low concentration of cordycepin can effectively block the oxidation reaction
of free radicals. Studies performed on mice have shown that the immunostimulatory activity of
cordycepin results in its ability to induce cellular and humoral immune responses. The study revealed
an increase in the concentration of interleukins IL-4, IL-10, and IL-12, as well as Thl and Th2
cytokines, decreased IL-2 concentration, and altered p (TGF-B) growth, and and an increase in T
lymphocyte levels (CD4 and CD8). One of the mechanisms of action of cordycepin is to increase the
“produced” energy in the form of adenosine-5'-triphosphate (ATP) molecules. Cordycepin can also
increase nitric oxide (NO) levels [3] [5] [6]

Cordycepin is also a 2/3 phase third-line treatment for patients with refractory acute lymphoblastic
leukemia  [ALL]  expressing enzyme terminal  deoxynucleotidyltransferase @ [TDT]

(http://www.Clinical Trials.gov certified by OncoVista, OncoVista. Inc., 2009).

It has various advantages:

» Having antimicrobial, anticancer, antimetastatic, insecticidal, and immunomodulatory properties;
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* Prevent cell proliferation;

* Stimulation of cellular apoptosis;

* Reducing platelet aggregation;

* Reducing invasion / cell migration;

* Prevention of inflammation;

* Reducing polyadenylation of mRNA;

* Reducing plant growth and development;

* Antiretroviral activities against Influenza Virus, HIV, Murine leukemia, plant viruses, Epstein-Barr
Virus [10]

» Like cordyceps polysaccharides, cordycepin also has anti-tumor but interacts directly with Tumor
DNA and RNA and has a positive effect on tumor inhibition.

* In experimental tuberculosis studies, Cordycepin has been shown to inhibit the growth of many types
of human cancer cells, including lung, colon, skin, and liver cancers.

Cordycepin may also reverse the side effects associated with multiple cancer treatments.

Ex: Leukopenia [decreased WBC, decreased immune response leading to increased risk of infection]
Interestingly, Cordycepin reversed leukopenia and helped alleviate some of the problems associated
with certain cancer treatments [17]. In addition, it has shown cytotoxicity against leukemic cell lines in
vitro, promotes cell division, promotes lymphocyte transformation, and enhances the phagocytic
function of the body's macrophage system thereby enhancing the immune response. [1] [6] [11] [12]
Adenosine

The adenosine contained in the Cordycepsmilitaris combines with phosphates to produce energy-
producing molecules, such as AMP [ADENOSINE MONOPHOSPHATE] and ATP [ADENOSINE
TRIPHOSPHATE]. [9]
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Adenosine is produced from damaged lung tissue and plays a key role in regulating inflammation and
regeneration of tissues. It acts as an anti-inflammatory molecule by suppressing the production of

cytokine storms, preventing damage to the organ, and repairing damaged tissue in serious lung

diseases such as pneumonia. [18]
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The American clinic and doctors use adenosine and its derivatives for a variety of medical purposes.
Taken under the tongue, swallowed, or injected, other therapeutic uses of AMP and ATP include
treatment:

» Herpes zoster infection (shingles); High pulmonary hypertension; Multiple organ failure; Cystic
fibrosis; Lung and / or skin cancer; Cachexia and cancer-related weight loss; Arrhythmia; Nervous
pain; Varicose veins; Multiple sclerosis; Tendonitis; Cold sores and genital herpes; Poor Circulation
etc.

D-Mannitol / Cordycepic Acid

. Carbohydrate

. Classified as polyhydric alcohol (polyol).

. D-Mannitol from C. militaris is commonly referred to as cordycepic acid.

It is used by C. militaris as a carbohydrate reserve and as a transporter of other compounds in several
processes like osmoregulation and control of metabolic pathways. Due to the osmotic activity of D-

Mannitol, it can be used in clinical practice as a diuretic and anti-edematous drug.

D-Mannitol is an osmotic diuretic compound that makes metabolically inert to people and occurs
evidently in sugar or sugary alcohol from fruits and vegetables. Mannitol increases the blood plasma
osmolality, main to improved fluid float from the tissues, which includes the mind and cerebrospinal
fluid, into the valuable fluid and plasma. As a result, cerebral edema, high intracranial stress, and
cerebrospinal fluid quantity and pressure may be decreased. Mannitol can be used to improve diuresis
earlier than it is recognized with irreversible renal failure; merchandising of urine excretion; as an
Antiglaucoma agent; and as aresource in diagnosing kidney function.

On October 30, 2020, mannitol become permitted through the FDA as an extra dietary treatment to
manipulate lung symptoms related to cystic fibrosis in adult patients and is currently advertised as a
emblem under BRONCHITOL® via ChiesiAmericalnc.eight

Mannitol, as a purposeful polyol with fantastic houses, has been broadly used within the
pharmaceutical and food industries.
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Researchers have discovered that it does have effects on:

- Diuretic, enhancing plasma osmotic pressure, Anti-loose radical, lowerldl cholesterol and
triglyceride ranges and prevent thrombosis (indicated by way of reduced Ca + concentration) [1] [3].
SOD [Superoxide Dimutase]

It eliminates superoxide-free radicals in the body. It has the function of:

0 Fatigue resistance

0 Anti-aging

0 Beauty maintenance

0 Immunity enhancement

0 Digestive and nerve system improvement

Furthermore, it has been experimentally proven that Cordyceps itself can improve the absorption of
the SOD and strengthen the effect of SOD.

0o + @ —~ o5

Superoxide Superoxide Hydrogen
Anion(-0:) Dismutase  Peroxide (H:0:)

According to chemical analysis, Cordyceps also contains Crude fats, Proteins, Fiber, Carbohydrates
and series of vitamins. Animal research and scientific research statistics show that Cordyceps has a
protecting impact on liver patients. Improves organic cell immunological characteristic, restores
HBeAg-superb to HBeAg-poor, improves liver function, prevents hepatic fibrosis. The effects on the
kidneys, coronary heart, and respiration device were shown to be widespread. Numerous studies have
found that Cordyceps will increase antioxidants in older mice, assisting to improve reminiscence and
patience. One study discovered that rats given cordyceps lived some months longer than placebo-
handled mice. One look at found that cordyceps prolongs the lifestyles of flies, in addition supporting
the notion that they've anti-growing older advantages. Cordyceps will increase ATP production. this
will enhance the body's oxygen intake. Recent studies shows that cordyceps has an anti-rejection
impact in an experimental observe of organ transplants.

Ergosterol

The antitumor compound became purified from the extraction of n-hexane by synthetic produced
organism C. militaris became also recognized as ergosterol peroxide

(fivea, 8a —epidioxy— 24 (R) —methylcholesta— 6,22 —dien— threef— ol, C28H4403) (5a,
8a—epidioxy— 24 (R) thmethylcholesta— threef— 1p— 6,22, C28H440 ) specifically in Spectroscopic
approach of 1Hand13C — NMR1Hand13C — NMR. Ergosterol comes in two forms, free ergosterol,
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and esterified ergosterol, which have extraordinary frame capabilities. Simultaneous management of
loose and esterified ergosterol with a gradient reversed-phase high-performance liquid
chromatography (HPLC) approach. Checks for cell function and inhibition of nitric oxide (NO)
production of Lipopolysaccharide (LPS) initiated BV2 microglial cells, which had been extracted from
the solvent of Cordycepsmilitarisstroma powder. [15]

Chemical evaluation of the ethyl acetate fraction has resulted in ergosterol concentrations beneath the
fraction of CE3. BV2 cells confirmed no cytotoxic consequences when dealt with with a fraction of
ethyl acetate and a small fraction of CE3 at a attention of 0.1 pg / ml-a hundred pg / ml in comparison
to controls. At 10 pug / ml, element ethyl acetate and a small fraction of CE3 had a high reduction of
forty eight.zero% and forty four.7% of nitric oxide manufacturing, respectively. the main compound in
subfraction CE3 was ergosterol, diagnosed by means of the GCMS and purity tested by way of HPLC.
The reduction in nitric oxide in LPS brought on by BV2 cells become nearly threefold in comparison
with commercially to be had ergosterol. [14] [15]

Whilst the antitumor pastime of ergosterol peroxide was measured against tumor cellular 3 traces from
Korean cancer sufferers, it showed the maximum strong interest in opposition to SNU-I belly most
cancers cellular line three days after remedy. 50% inhibitory concentrations (IC50) (IC50) of
ergosterol peroxide 6 days after treatment had been 75.eightpg / ml75.8ug / ml of human
gastrointestinal line of SNU-1, 39.7ug / m139. 7ug / ml in human SNU-mlI colorectal C4 tumor cellular
line and 32.7pg / m132.7ug / ml hepatoma cellular line SNU-354. [7]

RESULT and DISCUSSION

Cordycepin can selectively inhibit the formation of messenger RNA polynucleotide A chains
Cordycepin can be phosphorylated to generate 3’°- deoxytriphosphateadenosine, this can interact with
RNA polymerase to stop the synthesis of polyadenylated RNA strands, which is vital practice for
constraining RNA viruses. The coronavirus is a positive, single-stranded RNA virus with a
polyadenylic acid tail, which is similar to poliovirus. Experiments have revealed that its reproduction

can be inhibited by cordycepin. Cordycepin inhibits virus replication and synthesis.
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Figurel. “Coronavirus Covid-19 reproduction and how cordycepin may inhibit the poly-A tail
formation as a mechanism to block Covid-19 virus synthesis.” [5]

Cordycepsmilitaris enriches the immune cell function of lymphocytes and monocytes

Studies have shown that cordyceps can promote the proliferation and production of lymphocytes T and
B. Cordycepin accelerates T lymphocytes activity, regulates T cell activity, and boosts the release of
active body lymphokines: interleukins, interferon, and others. Cordycepin directly stimulates the
proliferative response in B lymphocytes or increases and regulates the response of B lymphocytes. It
also stimulates the production of fer interferon (IFN-y), which is highly effective as an antiviral with
broad-spectrum antibodies, the development and proliferation of B-lymphocytes, and the
strengthening of resistance to bacteria, viruses, and other viruses. [5]

Cordycepin improves respiratory tract inflammation, as an adenosine receptor agonist

As an A3 adenosine receptor agonist, Cordycepin attains its anti-inflammatory effects by restricting
the production of pro-inflammatory cytokines. “Studies have revealed that cordycepin inhibits the
production of NO and pro-inflammatory cytokines (IL-1p, IL-6, TNF-a) produced by LPS in
macrophages from animals. Cordycepin increased the expression of the anti-inflammatory interleukin-
10 (IL-10) in human mononuclear cells, which plays a role in regulating inflammation. Cordycepin
inhibited NF-kB activation, thereby reducing tumor necrosis factor-o. (TNF-a), interleukin-6 (I1L-6),
IL-12, and macrophage inflammatory protein -1o. (MIP-1a)). "Cordycepinenhanced the expression of
MIP-2, suggesting the impression of preventing autoimmune inflammation.” [5]

Cordyceps prevents viral entry into the host

Molecular interaction simulations between potent antiviral compounds, cordycepin, and SARS-CoV-2
target proteins were studied by using MD 2010.4.0 software for Windows (Bitencourt-Ferreira & De
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Azevedo, 2019; Kusumaningrum et al., 2014). The post docking protein-ligand complex along with
chemical interaction was further analyzed and visualized by Chimera software. [19] [20]

SARS-CoV-2 utilizes a spike glycoprotein trimer for recognition and binding to the host cell surface
receptor angiotensin-converting enzyme 2 (ACEZ2) glycoprotein and facilitates targeting and entry into
the host cell. Spike proteins on Coronavirus surface are often targeted as immunogens for vaccines to
generate neutralizing antibodies and are frequently targeted for inhibition by small molecules that
might block host receptor binding and/or membrane fusion.[28] The molecular interaction study
exposed that cordycepinvigorously bonds with the SARS-CoV-2 and has a high binding affinity (-
145.3). RBD domain of spike protein. Cordycepin has shown chemical interactions (H-bond) in RBD
domain-human ACE2 interface with Asn33, His34, and Lys353.[29] It is worth mentioning that all
these amino acids are localized in the interface region of spike glycoprotein and host receptors that
ultimately facilitate receptor-mediated endocytosis during primary infection. In a recent study, it has
been reported that pan-coronavirus fusion inhibitor (EK1C4), targeting spike protein successfully
restricted viral entry into the host body in many coronaviruses such as SARS-CoV, MERS-CoV,
SARS-CoV-2, HCoV-0C43, and SARS-CoV. [24]
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Figure2. “Docking structure and chemical interactions of cordycepin along with ligand atoms and
interacting amino acids in the binding sites of the SARS-CoV-2 spike protein RBD.” [21]

Cordyceps in cleavage of the functional viral polyproteins

Cordyceps in cleavage of the functional viral polyproteins an interesting and additional drug target in
coronavirus species is the ~306 amino acid long main protease (Mpro, 3CLpro).[23] Mpro is essential
for processing the polyproteins that led to the proteolytic activation of the viral functional proteins in
SARS-CoV-2. An in silico analysis exposed that the cordycepin bind robustly (interaction score:
—180.5) with Mpro. The Mpro active site amino acids such as Thr26, Glyl43, Cys145, Ser144,
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Leul4l, Hisl72, Phel40, Glul66, His163, and His164 play a major role during chemical interactions

with cordycepin, thus can be used to restraint the spread of disease. [1][23]
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Figure3: “Docking structure and chemical interactions of cordycepin along with ligand atoms and
interacting amino acids in the binding sites of Mpro” [1][21]

Cordycepin mediated biological response for SARS-CoV-2 RNA degradation

Polyadenylation is a crucial process mutual among all viruses for increasing the half-life of the
polyadenylated transcripts by protecting the RNA from degradation by the exonucleases.
Polyadenylation at the 3’ end in COVID-19 plays a major role in pathogenesis and viral
multiplication.[22] Cordycepin possesses structural similarity with adenosine except that; it lacks a 3’
hydroxyl group in its ribose moiety, due to this some enzymes fail to discriminate between the two.
This asserts that it can participate in certain biochemical reactions including poly(A) polymerase
inhibition, shortening of poly(A) tails, destabilization of mMRNAs, purine biosynthesis inhibition, and
also resulting in premature termination of protein synthesis.[23]

Several researchers have reported that cordycepin possesses antiviral activity against several viruses
including influenza virus, human immunodeficiency virus, murine leukemia virus, plant viruses, and
Epstein-Barr virus. Cordyceps militaris has been used for making lung and kidney tonic, and for the
treatment of continual bronchitis, bronchial asthma, tuberculosis, and other illnesses and disorders of

the respiratory system in ancient medicine.
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The non-structural protein 13 (nspl3) helicase is a promising target for drug development
against COVID-19.

A unique collection of nucleoside analogs was screened as anti SARS-CoV-2 helicase protein. [32] A
molecular docking experiment was conducted between Cordycepin and Pritelivir (ligand- SARS-
COV-2 helicase protein) to depict binding affinity, protein’s binding site’s conformational stability,
flexibility, and interaction with the ligands. Based on docking scores, Significant nucleoside ligands
were selected for pharmacokinetic analysis. [33] Nominated ligands (cordycepin and pritelivir)
expressed exceptional pharmacokinetics and were well stabilized at the proteins’ binding site all
through the MD simulation.

A similar binding free strength analysis was finished for determination of the binding characteristics of
ligands with Nsp13 the usage of MM-PBSA and MM-GBSA. Free energy calculation through MM-
PBSA and MM-GBSA evaluation suggests that pritelivir can work as feasible therapeutics for
effective drug advancement towards SARS-CoV-2 Nspl3 helicase, doubtlessly arresting the SARS-
CoV-2 replication.[30]

CONCLUSION

Thus, based on strong molecular interactions, binding affinity, and pharmacokinetic analysis between
compounds of Cordyceps militaris and ligands of SARS-CoV-2 spike proteins, proteases; suggesting a
higher potential of cordyceps to exhibit therapeutic effects against Covid-19 as it participates in the
process of inhibition of viral entry, replication and synthesis; in addition to reported polyadenylation
inhibition. Moreover, the remarkable clinical benefits from Cordycepsmilitaris include protective
action on hepatic, renal, cardiovascular, respiratory, nervous, digestive, immunological systems,
besides having anti-cancer, anti-oxidant, anti-inflammatory, and anti-microbial activities also support
the study most times these tissues are affected during the late phase of infection.

REFERENCES

1. Verma A. K.; Cordycepin: a bioactive metabolite of Cordycepsmilitaris and polyadenylation
inhibitor with therapeutic potential against COVID-19; Journal of Biomolecular Structure and
Dynamics, 40:8, 3745-3752, DOI: 10.1080/07391102.2020.1850352

2. KAYMAKCI M. A., GULER E. M. ; Promising Potential Pharmaceuticals from the Genus
Cordyceps for COVID-19 Treatment.: A Review Study COVID-19 ; Bezmialem Science
2020;8(Supplement 3):140-4 DOI: 10.14235/bas.galenos.2020.4532

3. Jedrejko KJ, Lazur J, Muszynska B. Cordyceps militaris: An Overview of Its Chemical
Constituents in Relation to Biological Activity. Foods. 2021 Oct 30;10(11):2634. doi:
10.3390/f00ds10112634. PMID: 34828915; PMCID: PMC8622900.

4. Nallathamby N, Guan-Serm L, Vidyadaran S, Abd Malek SN, Raman J, Sabaratnam V.
Ergosterol of Cordyceps militaris Attenuates LPS Induced Inflammation in BV2 Microglia
Cells. Nat Prod Commun. 2015 Jun;10(6):885-6. PMID: 26197508.

International Journal of Pharmaceutical Technology and Biotechnology n



Available Online at www.ijptb.com Thapa Y.,et al. Int. J. Pharm. Technol. Biotechnol. 2022; 9(3):01-13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

Du J, Kan W, Bao H, Jia Y, Yang J, Jia H, Interactions Between Adenosine Receptors and
Cordycepin (3'-Deoxyadenosine) from Cordyceps Militaris: Possible Pharmacological
Mechanisms for Protection of the Brain and the Amelioration of Covid-19 Pneumonia. Journal
of Biotechnology and Biomedicine 4 (2021): 26-62.

Boone H A, Medunjanin D, Sijercic A, Review on Potential of Phytotherapeutics in Fight
against COVID-19, International Journal of Innovative Science and Research Technology,
Volume 5, Issue 5, May — 2020, ISSN No:-2456-2165

Kim, Ha-Won ;Kim, Young-Ho ;Cai, Xing Fu ; Nam, Kyong-Suk; Lee, Seung-Jung ;An, Hye-
Suk ;Jeong, Eun-Ho ; Yun, Seung-Hyun, Sung, Su-Kyong ; Lee, Sung-Jin ; Hyun, Jin-Won,
In vitro Antitumor Activity of Ergosterol Peroxide Isolated from Cordycepsmilitaris on Cancer
Cell Lines from Korean Patients, The Korean Journal of Mycology, Volume 29 Issue 1, Pages
61-66, 2001, 0253-651X(pISSN), 2383-5249(elSSN)

Yuan J P, Wang J-H , Liu X, Kuang H C , Zhao S Y , Simultaneous determination of free
ergosterol and ergosteryl esters in Cordycepssinensis by HPLC , Food Chemistry 2007,
105(4):1755-1759

Zhang J, Zhang W, Yin Z, Li C, Kang W, Procoagulant constituents from Cordyceps militaris
- Food Science and Human Wellness, Volume 7, no. 4, pp 282-286

DuY, YuJ, Du L, Tang J, Feng WH. Cordycepin enhances Epstein-Barr virus lytic infection
and Epstein-Barr virus-positive tumor treatment efficacy by doxorubicin. Cancer Lett. 2016 Jul
1;376(2):240-8. doi: 10.1016/j.canlet.2016.04.001. Epub 2016 Apr 7. PMID: 27063964.

Ueda Y, Mori K, Satoh S, Dansako H, Ikeda M, Kato N. Anti-HCV activity of the Chinese
medicinal fungus Cordyceps militaris. Biochem Biophys Res Commun. 2014 May
2;447(2):341-5. doi: 10.1016/j.bbrc.2014.03.150. Epub 2014 Apr 12. PMID: 24726408.

Zhou X, Luo L, Dressel W, Shadier G, Krumbiegel D, Schmidtke P, Zepp F, Meyer CU.
Cordycepin is an immunoregulatory active ingredient of Cordyceps sinensis. Am J Chin Med.
2008;36(5):967-80. doi: 10.1142/S0192415X08006387. PMID: 19051361.

Jing Du, Weijing Kan, Hongkun Bao, Yue Jia, Jian Yang, Hongxiao Jia, Interactions Between
Adenosine Receptors and Cordycepin (3'-Deoxyadenosine) from Cordyceps Militaris: Possible
Pharmacological Mechanisms for Protection of the Brain and the Amelioration of Covid-19
Pneumonia. Journal of Biotechnology and Biomedicine 4 (2021): 26-62.

Friebe D, Yang T, Schmidt T, Borg N, Steckel B, Ding Z, Schrader J. Purinergic signaling on
leukocytes infiltrating the LPS-injured lung. PLoS One. 2014 Apr 18;9(4):e95382. doi:
10.1371/journal.pone.0095382. Erratum in: PLoS One. 2014;9(8):€106356. PMID: 24748324;
PMCID: PMC3991673.

Vidyadaran S, Abd Malek SN, Raman J, Sabaratnam V, Nallathamby N, Guan-Serm L.
Ergosterol of Cordyceps militaris Attenuates LPS Induced Inflammation in BV2 Microglia
Cells. Nat Prod Commun. 2015 Jun;10(6):885-6. PMID: 26197508

Wasser SP. Medicinal mushrooms as a source of antitumor and immunomodulating
polysaccharides. Appl Microbiol Biotechnol. 2002 Nov;60(3):258-74. doi: 10.1007/s00253-
002-1076-7. Epub 2002 Sep 10. PMID: 12436306.

Jung, SJ., Jung, ES., Choi, EK. et al. Immunomodulatory effects of a mycelium extract of
Cordyceps (Paecilomyces hepiali; CBG-CS-2): a randomized and double-blind clinical trial.
BMC Complement Altern Med 19, 77 (2019).

Jiang Y, Wong J, Fu M, Ng T, Liu Z, Wang C, |. Isolation of adenosine, iso-sinensetin and
dimethylguanosine with antioxidant and HIV-1 protease inhibiting activities from fruiting
bodies of Cordyceps militaris. , Phytomedicine, Volume 18, Issues 2-3, 15 January 2011,
Pages 189-193

Chimera Software (https://www.cgl.ucsf.edu/chimera/) (Goddard et al., 2007)

Discovery Studio (BIOVIA, D.S., 2017) (https://www.3dsbiovia.com/products/collaborative-
science/biovia-discovery-studio/).

International Journal of Pharmaceutical Technology and Biotechnology n



Available Online at www.ijptb.com Thapa Y.,et al. Int. J. Pharm. Technol. Biotechnol. 2022; 9(3):01-13

21.
22,

23.

24,

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

Bitencourt-Ferreira, G., & De Azevedo, W. F. (2019). Molegro virtual docker for docking.
Boopathi S, Poma AB, Kolandaivel P. Novel 2019 coronavirus structure, mechanism of action,
antiviral drug promises and rule out against its treatment. J Biomol Struct Dyn. 2021
Jun;39(9):3409-3418. doi: 10.1080/07391102.2020.1758788. Epub 2020 Apr 30. PMID:
32306836; PMCID: PMC7196923.

Dai W, Zhang B, Jiang XM, Su H, Li J, Zhao Y, Xie X, Jin Z, Peng J, Liu F, Li C, Li Y, Bai F,
Wang H, Cheng X, Cen X, Hu S, Yang X, Wang J, Liu X, Xiao G, Jiang H, Rao Z, Zhang LK,
Xu'Y, Yang H, Liu H. Structure-based design of antiviral drug candidates targeting the SARS-
CoV-2 main  protease.  Science. 2020 Jun  19;368(6497):1331-1335.  doi:
10.1126/science.abb4489. Epub 2020 Apr 22. PMID: 32321856; PMCID: PMC7179937.

Li F. Structure, Function, and Evolution of Coronavirus Spike Proteins. Annu Rev Virol. 2016
Sep 29;3(1):237-261. doi: 10.1146/annurev-virology-110615-042301. Epub 2016 Aug 25.
PMID: 27578435; PMCID: PMC5457962.

Takahashi JA, Barbosa BVR, Lima MTNS, Cardoso PG, Contigli C, Pimenta LPS. Antiviral
fungal metabolites and some insights into their contribution to the current COVID-19
pandemic. Bioorg Med Chem. 2021 Sep 15;46:116366. doi: 10.1016/j.bmc.2021.116366. Epub
2021 Aug 13. PMID: 34438338; PMCID: PMC8363177.

WHO - World Health Organization. WHO Coronavirus (COVID-19) Dashboard; 2021.

Lin Li, Yuzheng Wu, Jiabao Wang, Huimin Yan, Jia Lu, Yu Wang, Boli Zhang, Junhua
Zhang, Jian Yang, Xiaoying Wang, Min Zhang, Yue Li, Lin Miao, Han Zhang,Potential
Treatment of COVID-19 with Traditional Chinese Medicine: What Herbs Can Help Win the
Battle with SARS-CoV-2?, Engineering, 2021, ISSN 2095-8099,

Bibi S, Hasan MM, Wang YB, Papadakos SP, Yu H. Cordycepin as a Promising Inhibitor of
SARS-CoV-2 RNA Dependent RNA Polymerase (RdRp). Curr Med Chem. 2022;29(1):152-
162. doi: 10.2174/0929867328666210820114025. PMID: 34420502.

Nandi R , Bhowmik D, Srivastava R, Prakash A & Kumar D (2021) Discovering potential
inhibitors against SARS-CoV-2 by targeting Nspl3 Helicase, Journal of Biomolecular
Structure and Dynamics,2021

Sun HQ, Yu XF, Li T, Zhu ZY, Structure and hypoglycemic activity of a novel
exopolysaccharide of Cordyceps militaris, International Journal of Biological
Macromolecules, Volume 166, 2021, Pages 496-508, ISSN 0141-8130,

Adedeji AO, Singh K, Kassim A, Coleman CM, Elliott R, Weiss SR, Frieman MB, Sarafianos
SG. Evaluation of SSYA10-001 as a replication inhibitor of severe acute respiratory syndrome,
mouse hepatitis, and Middle East respiratory syndrome coronaviruses. Antimicrob Agents
Chemother. 2014 Aug;58(8):4894-8. doi: 10.1128/AAC.02994-14. Epub 2014 May 19. PMID:
24841268; PMCID: PMC4136041.

Verma A K, Aggarwal R.  Repurposing potential of FDA-approved and investigational drugs
for COVID-19 targeting SARS-CoV-2 spike and main protease and validation by machine
learning algorithm- MEDLINE | ID: covidwho-962881 , Chem Biol Drug Des ; 97(4): 836-
853, 2021 04.

Zhou X, Gong Z, Su Y, Lin J, Tang K. Cordyceps fungi: natural products, pharmacological
functions and developmental products. J Pharm Pharmacol. 2009 Mar;61(3):279-91. doi:
10.1211/jpp/61.03.0002. PMID: 19222900.

Choi YH, Kim GY, Lee HH. Anti-inflammatory effects of cordycepin in lipopolysaccharide-
stimulated RAW 264.7 macrophages through Toll-like receptor 4-mediated suppression of
mitogen-activated protein kinases and NF-«xB signaling pathways. Drug Des Devel Ther. 2014
Oct 16;8:1941-53. doi: 10.2147/DDDT.S71957. PMID: 25342887; PMCID: PMC4206205.

International Journal of Pharmaceutical Technology and Biotechnology n



