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Abstract:- Cordyceps sinensis, a revered traditional
Chinese medicine, has garnered significant attention for
its  diverse pharmacological properties.  This
comprehensive review delves into its potential health
benefits, focusing on its bioactive compounds, clinical
efficacy, and underlying mechanisms of action. Key
findings reveal its anti-cancer properties, including anti-
proliferative, anti-metastatic, and immune-boosting
effects against various cancer cell lines. Additionally, its
anti-inflammatory properties are evident in its ability to
suppress inflammation by regulating key signaling
pathways and reducing oxidative stress. Furthermore,
Cordyceps sinensis  exhibits anti-tumor  activity,
particularly through compounds like cordycepin, which
induce apoptosis and cell cycle arrest in cancer cells. The
anti-fibrotic potential is highlighted by its capacity to
mitigate inflammation, reduce fibrosis, and regulate key
proteins involved in tissue repair. Cellular protection
against oxidative damage is attributed to the antioxidant
properties of its polysaccharides and other bioactive
compounds. Additionally, its anti-proliferative effects are
reflected in the inhibition of cell growth and proliferation.
While these findings are promising and encouraging,
more extensive clinical research is required to completely
clarify its effectiveness and safety in human populations.
However, Cordyceps sinensis offers a promising
supplemental or alternative medicine and a natural
approach to a number of medical disorders.
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I INTRODUCTION

Cordyceps Sinensis, a traditional Chinese medicine, has
recently attracted much attention due to its various
pharmacological actions. In recent years, Cordyceps sinensis
has been widely accepted for various diseases such as
pulmonary hypertension, cancer, and neuropsychiatric
disorders. This bioactive fungus comprises cordycepin and
polysaccharides that have has promising pharmacological
effects. With the further study of its effects, the natural
adaptogen, Cordyceps sinensis is establishing itself as a
potential candidate for a modern pharmacological supplement.
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One of the most popular topics to explore has been the
efficacy of Cordyceps Sinensis in the treatment of primary
pulmonary hypertension. Cordyceps sinensis, particularly
Yarsagumba, is found to contain potent anti-proliferative and
vasorelaxant activities. These effects are significant because
pulmonary hypertension is defined by narrowing of the small
blood vessels and sclerosis leading to excessive cell growth
within the wvessels. Several studies have shown that
Yarsagumba could prevent these pathophysiological
processes, meaning that it could be used to treat pulmonary
hypertension [10]. At the end, the use of Cordyceps sinensis is
suggested to be a natural source of therapy that can be used as
an alternative to the conventional therapies for the patients
seeking for an alternative therapy to use together with the
conventional ones. In cancer treatment, Cordyceps sinensis
has received much interest because of its bioactive constituent
named cordycepin. Aside from its immunomodulatory
properties, cordycepin has been credited with anticancer and
antimetastatic properties capable of restraining the growth and
metastasis of many forms of cancers. Cordycepin significantly
inhibits the metastasis of breast cancer cells with low density
lipoprotein receptor-related protein [1]. From the viewpoint of
the molecular mechanisms of cancer cell migration and
invasion that have been modulated by cordycepin, there is a
clear indication that cordycepin could be very meaningful in
how cancer is handled, especially in the prevention of cancer
metastasis. Such anticancer properties make it essential to
incorporate  Cordyceps Sinensis into other traditional
therapeutic plans for cancer patients. Cordyceps sinensis has
other benefits, not restricted in its usage to pulmonary and
oncological health, it also offers benefits in mental health.
Different previous investigations have shown that
polysaccharides derived from Cordyceps sinensis possess
some features of antidepressant activity. From these
observations, these studies propose that Cordyceps sinensis
polysaccharides can alter neurochemical dopamine dynamics
related to mood disorders such as depression and anxiety [21].
This points to potential as Cordyceps sinensis on physical and
mental health thus, offering to be an all-embracing therapeutic
entity. The existing research on Cordyceps sinensis has led to
many studies exploring the universality of its health benefits,
including the immune system regulation and anti-
inflammatory effects in different diseases and tumor growth
inhibition [23]. Studies point to its potential antifibrotic
bioactivity, suggesting a role in mitigating tissue damage [18].
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Nonetheless, there are divergent views regarding the
effectiveness and safety of Cordyceps sinensis. These
different approaches indicate that a comprehensive meta-
analysis needs to be conducted with a view of compiling
present information to present clearer outcomes. This
systematic review aims to comprehensively summarize the
current understanding of Cordyceps sinensis’ effects on
human health, encompassing its pharmacological properties,
clinical efficacy, and the quality of supporting research. By
synthesizing and critically analyzing information from
numerous studies, this meta-analysis seeks to bridge the gap
between traditional folk use and modern scientific evidence,
thereby illuminating the true potential and limitations of this
revered natural remedy.

1. METHODOLOGY

A systematic review design was used in this study.
Publications discussing the possible health benefits of
Cordyceps sinensis were chosen using the Preferred
Reporting Items for Systematic Reviews and MetaAnalyses
(PRISMA System) as a guideline.

A. Data sources

All of the published and scientific papers pertaining to
the aforementioned studies were methodically chosen and
examined from three widely used search databases—Google
Scholar, ScienceDirect/Elsevier, and the National Center for
Biotechnology Information—using the PRISMA guidelines
for conducting this study.

B. Literature Search

The aforementioned databases' search engines employed
phrases and words to help choose a suitable and successful
search approach. To find relevant references, a variety of
keyword sets were employed and searched in online
databases. Cordyceps sinensis-related terms including
"Hirsutella sinensis," "Ophiocordyceps sinensis”,
“Yarsagumba”, “Caterpillar fungus," and "Cordyceps" were
included in the first batch of keywords. Terms pertaining to
health benefits, such as "health benefits" and "body effects,"
were utilized in the second group of keywords.

C. Inclusion and Exclusion Criteria

The following criteria were used to categorize all
relevant articles included in this review: (1) studies that
mention the target organ, cells, and tissues; (2) studies that
mention the type of illness; (3) studies that mention the effect
or effects on the body; (4) studies that mention the bioactive
compound present in Cordyceps sinensis; (5) studies that
mention the dosage of Cordyceps sinensis being used in the
experiment; (6) the study must be a quantitative scientific
paper; (7) original studies published as research articles or
review articles; (7) original studies published in English or
with an English translation; and (9) the study papers can
come from multiple countries.

Exclusion criteria for studies include if they are (1) case
series, case reports, systematic reviews, or narrative reviews;
(2) lack of related research data or outcome factors; (3) lack
of complete text available; or (4) lack of English translation.
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D. Search Results

Using combinations of search phrases from the three
research directories (13 from Elsevier, 14 from Google
Scholar, and 8 from NCBI), 35 studies pertaining to the
previously described study were first found. 18 studies were
removed from the initial findings of these web directories
because they only included review and research articles
written in English and had to be published between 2009 and
2024. After three duplicate studies were eliminated, 10
review and research articles were left, and they underwent a
final screening process in accordance with the inclusion
criteria. After additional screening and evaluation of the
research and review papers' eligibility based on the titles,
abstracts, and availability of research data, ten in all were
eventually included in the quantitative analysis. The
PRISMA flow diagram (see Fig. 1) displays the selection and
outcome stages.

E. Data Extraction

A thorough summary of the health advantages of
Cordyceps sinensis and its bioactive component is included
in this article. The collected literature was evaluated, and
pertinent information relevant to the review objectives was
entered into Google Sheets. The following information is
collected from each article for the quantitative analysis:
author and year of publication, target organ, tissue, or cell,
target disease, effect or effects on the body, bioactive
substance, and dosage.

F. Data Analysis

The selected literature is assessed for eligibility for
quantitative analysis based on its qualitative features. To
measure the health advantages of Cordyceps sinensis, various
relevant literature and publications that show the effects on
the body were included.

1. RESULTS AND DISCUSSION

A. Scientififc Studies and Authoritative Records on the
Health Benefits of Cordyceps

The collection of scientific articles and reviews on the
health benefits of Cordyceps indicates that research has
focused on its various therapeutic properties yet remains
limited in scope due to constraints in large-scale clinical trials
and long-term studies. The studies analyzed and reviewed by
the researchers, largely sourced through databases like Google
Scholar and Elsevier. These studies have highlighted
Cordyceps’ bioactive components, such as cordycepin, which
have shown promising effects in animal models and in vitro
experiments but require more evidence for widespread clinical
application. A systematic review was conducted on available
research published between 2009 and 2024, encompassing 10
studies to assess specific health effects, such as anti-
inflammatory, antioxidant, immunomodulatory, anti-cancer,
anti-tumor, and anti-fibrotic activity. Most of these studies
involved laboratory and animal testing, with limited human
clinical trials. The collected findings were organized and
tabulated to evaluate the overall efficacy and understand their
significance to the review study. Table 1. summarizes the
pharmacological and therapeutic potential of Cordyceps
species, a medicinal fungus known for a wide range of health
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benefits. Cordyceps demonstrates promising effects in treating
various diseases, particularly cancers, inflammatory
conditions, and cardiovascular issues. It has anti-cancer
properties, including anti-proliferative, anti-metastatic, and
immune-boosting effects, making it effective against multiple
cancer cell lines such as breast, colon, and melanoma. In
addition, Cordyceps shows anti-inflammatory properties,
aiding in conditions like inflammation and tissue recovery, as
well as cardiovascular benefits by reducing platelet
aggregation, which helps prevent clot formation. These
therapeutic effects are attributed to bioactive compounds in
Cordyceps, including  polysaccharides, cordycepin,
nucleosides, and ergosterol, which work at the cellular level to
produce beneficial outcomes. The table also highlights that
different dosages of Cordyceps are used depending on the
desired effect, indicating its versatility and potential for
tailored treatments. Overall, Cordyceps offers a promising
natural approach to managing a wide range of diseases,
particularly cancer, inflammation, and cardiovascular health,
suggesting its value in both complementary and alternative
medicine.

B. Therapeutic potential of Cordyceps in human Health

Previous studies on Cordyceps have shown its potential
for various health benefits, including anti-Inflammatory,
antioxidant, anti-cancer, anti-tumor, anti-fibrotic activity, and
anti-proliferation.

» Anti-Cancer

There are several excellent works about the anticancer
effect of Cordyceps militaris polysaccharide (CMPs). The in
vitro anticancer activity of the polysaccharide was further
investigated through cell morphology studies and live/dead
cell imaging experiments. As a result, the polysaccharide
effectively induced cancer cell death. Additionally, a cell
apoptosis study revealed that the polysaccharide suppressed
cell proliferation by triggering apoptosis (Li et al.).
Cordycepin reduced hematogenic metastasis of cancer cells
by inhibiting ADP-induced platelet aggregation without
affecting the interaction between cancer cells and platelets.
This paper demonstrated that ADP, a platelet aggregation
inducer, accelerated hematogenic metastasis of B16-F1 cells
in mice, while cordycepin reduced the number of metastatic
lung nodules, potentially through the inhibition of ADP-
induced platelet aggregation.  This study indicated that
cordycepin exerted an anticancer effect by stimulating
adenosine A3 receptor on cancer cells [20].

» Anti-Inflammatory

The study revealed that EPS-LM, an exopolysaccharide
derived from Cordyceps sinensis, significantly inhibits the
TLR4/MyD88/NF-kB signaling pathway, a crucial pathway
involved in inflammatory responses triggered by LPS in
macrophage cells. Additionally, EPS-LM effectively
suppressed LPS-induced ROS production in these cells.
These findings collectively demonstrate the multifaceted
anti-inflammatory properties of EPS-LM, making it a
promising candidate for further research and development as
a potential therapeutic agent for various inflammatory and
oxidative stress-related conditions. However, further in vivo
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and clinical studies are essential to fully establish its efficacy
and safety in humans [23].

» Anti-Tumor Activity

Cordyceps sinensis (natural or cultured) has been
documented to display the capability to restrain the growth of
tumors due to various bioactive compounds present. Few
studies demonstrated that cordyceps have an anti-tumor
effect. Cordycepin combined with ADAI or developing stable
cordycepin derivative compound is therefore a potential
adjuvant used for leukemia therapy [6].

> Anti-Fibrotic Activity

Reference [22] provided some findings of insight into
the preventive and therapeutic potentials of Cordyceps for
treating lung fibrosis. Cordyceps has shown potential in
reducing inflammation and fibrosis by mitigating the
infiltration of inflammatory cells, decreasing fibroblast and
collagen deposition, reducing reactive oxygen species
production, and regulating cytokines. Treatment with
Cordyceps also helped restore the balance of matrix
metalloproteinase-9 (MMP-9) and tissue inhibitor of
metalloproteinase-1 (TIMP-1) in fibrotic rat models, with
both preventive (initiated from the day of BLM
administration) and therapeutic (starting 14 days post-BLM)
approaches. In fibrotic human lung epithelial A549 cell
models, induced by transforming growth factor-beta 1 (TGF-
B1), Cordycepin, a primary component of Cordyceps, was
able to partially reverse epithelial-mesenchymal transition
(EMT). This was evidenced by reduced vimentin expression
and increased E-cadherin levels, highlighting Cordyceps'
potential therapeutic value in lung fibrosis treatment [22].

> Antioxidant

A study investigates the potential bioactivities of a
specific strain of Cordyceps sinensis, named Ophiocordyceps
sinensis OS8. The research focuses on the antioxidant,
anticancer, and immunomodulatory properties of cultured
mycelial enriched p-D-glucan polysaccharides extracted from
this strain. IT also mentions that polysaccharides derived
from Cordyceps sinensis have demonstrated significant
antioxidant properties. However, the main finding of the
study is that the B-D-glucan polysaccharides extracted from
Ophiocordyceps sinensis OS8 possess strong antioxidant
properties. These polysaccharides were able to scavenge free
radicals and inhibit DPPH radical activity. Overall, the study
suggests that Ophiocordyceps sinensis OS8 is a potential
source of natural antioxidants due to the presence of B-D-
glucan polysaccharides with strong free radical scavenging
activity [2].

> Anti-Proliferation

A study found that Cordyceps sinensis has anti-
proliferative effects on aortic smooth muscle cells and
pulmonary artery smooth muscle cells. This effect is thought
to be due to the decreased expression of cyclins and cyclin-
dependent kinase (CDK), induction of G1l-phase cell-cycle
arrest and upregulation of CDK inhibitor p27kipl.
Additionally, Cordyceps sinensis has been shown to reduce
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the proliferation of pulmonary artery smooth muscle cells in
the context of hypoxia-induced proliferation [10].

C. The Primary Bioactive Compounds Responsible for the
Therapeutic Effects of Cordyceps

The genus Cordyceps, particularly its extracts, is a rich
source of various bioactive compounds with potential
therapeutic benefits. Major compounds include cordycepin,
adenosine, polysaccharides (EPSF and APS), and amino
acids like cordymin and tryptophan. These compounds
contribute to various health effects: cordycepin is noted for
its immunomodulatory and antitumor activities, adenosine for
anti-inflammatory and analgesic effects, and polysaccharides
for antioxidant benefits. [10]

» Polysaccharides

The polysaccharide CPS1, isolated from cultured
Cordyceps sinensis, is a complex molecule with a backbone
primarily composed of glucose and mannose linked by
(1-2) and (1—4) glycosidic bonds. Additionally, galactose
residues are present and likely contribute to branching in the
structure. The precise arrangement of these sugars and the
nature of the branching patterns remain to be fully elucidated.
This polysaccharide has been shown to possess significant
antioxidant properties, including scavenging hydroxyl
radicals, reducing power, and chelating ferrous ions. These
activities suggest its potential role in mitigating oxidative
stress and its potential therapeutic applications. However,
further research is necessary to fully understand the structure-
activity relationship and the exact mechanisms underlying its
antioxidant effects [16]

» Nucleosides

Cordyceps sinensis has a variety of nucleosides,
including adenosine, uridine, and guanosine. Adenosine, a
fundamental building block for RNA, is crucial for energy
transfer within cells and might contribute to Cordyceps'
potential benefits like improved blood flow and reduced
inflammation. Uridine, another vital RNA component, plays
a role in brain function and cognitive health. Guanosine is
commonly found in Cordyceps sinensis and is essential for
cell signaling and protein synthesis, potentially bolstering the
fungus's overall health benefits [8].

» Cordycepin

A study shows evidence for the anti-proliferative effects
of cordycepin, a bioactive compound derived from
Cordyceps sinensis. Specifically, the study demonstrates that
cordycepin induces apoptosis and G2/M phase cell cycle
arrest in esophageal cancer cells through the activation of the
ERK signaling pathway. Cordycepin's mechanism of action
involves the inhibition of RNA polymerase Il, leading to the
premature termination of RNA transcription. This disruption
in RNA synthesis results in cell cycle arrest and apoptosis.
Additionally, cordycepin has been shown to upregulate pro-
apoptotic proteins and downregulate anti-apoptotic proteins,
further promoting cell death. The study's findings suggest
that cordycepin may have potential as a novel therapeutic
agent for the treatment of esophageal cancer. However,
further research is necessary to elucidate the precise
molecular mechanisms underlying these effects and to
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evaluate its efficacy and safety in clinical settings. Exploring
the potential synergistic effects of cordycepin with other
bioactive compounds in Cordyceps sinensis could also
enhance its therapeutic potential [17].

» CPS-2

CPS-2, a Cordyceps sinensis polysaccharide, was found
to be mostly of a-(1 —4)-D-glucose and a-(1 — 3)-D-
mannose, branched with a-(1 — 4,6)-D-glucose every twelve
residues on average. A monosaccharide analysis conducted
by the PMP precolumn derivation method showed that CPS-2
was composed of mannose, glucose, and galactose with the
ratio of 4:11:1. CPS-2, which appeared as white powder,
has been demonstrated to have significant therapeutic activity
against chronic renal failure. Recently, the underlying
molecular mechanism has been explored by scientists. Wang
et al. found that CPS-2 could reduce PDGF-BB-induced cell
proliferation through the PDGF/ERK and TGF-bl/Smad
pathways. As a result, CPS-2 inhibits PDGF-BB-induced
human mesangial cells (HMCs) proliferation in a dose-
dependent manner. [15]

» Ergosterol

Ergosterol, a precursor to vitamin D2, plays a crucial
role in maintaining fungal cell membrane integrity. Upon
exposure to UV-B radiation, ergosterol converts to vitamin
D2, which is essential for calcium and phosphorus
absorption, bone health, and immune function. Additionally,
ergosterol possesses antioxidant properties, helping to
neutralize harmful free radicals and protect cells from
oxidative stress. While the specific anti-proliferative effects
of ergosterol in Cordyceps sinensis may require further
investigation, its potential role in maintaining cellular health
and immune function suggests that it contributes to the
overall health benefits associated with this medicinal
mushroom [12].

V. CONCLUSION

In conclusion, this review shows Cordyceps sinensis'
great pharmacological promise in treating a variety of
disorders, including primary pulmonary hypertension and
cancer. According to the literature, Cordyceps sinensis and
its bioactive components, particularly cordycepin and
polysaccharides, have significant therapeutic benefits,
including anti-proliferative, vasorelaxant,
immunomodulatory, anticancer, and  antimetastatic
properties. These findings highlight its dual role as a
promising natural adaptogen and a potential supplement to
conventional treatment. For primary pulmonary hypertension,
the vasorelaxant and anti-proliferative properties of
Cordyceps sinensis components may provide an innovative
approach to preventing or mitigating pathophysiological
processes that cause excessive cell proliferation in blood
vessels, which is characteristic of the disease. This shows that
Cordyceps sinensis may be a potential natural therapy for
individuals with pulmonary hypertension, either as an
alternative or in addition to current medications. The
available data clearly supports Cordyceps sinensis as a
promising natural medicinal agent with numerous uses. Its
incorporation into current pharmacology may result in
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significant advancements in the treatment of pulmonary
hypertension, cancer, and maybe other disorders. More
controlled clinical trials are encouraged to confirm its
effectiveness and improve its medicinal uses.
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Table 1: This Table Shows the Summary of Various Pharmacological and Therapeutic Effects of Cordyceps Sinensis.

AKIC(')CIe Talzgﬁg (/)E%?P / tlllizr;izz Effect(s) on the body | Bioactive compound Dosage Reference
PASMCs
Human . -
ulmonary artery prol_lferatl_o n,
psmooth muscle Idiopathic
1 cells Pulmonary Anti-proliferation Cordycepin 0.05-2mM Luitel et al.
(hPASMCS), Arterlal_ (2020)
Blood vessels Hypertension
(IPAH)
Breast cancer Breast cancer . . polysaccharide, Cai et al.
2 cells metastasis anti-metastatic nucleosides 50 mg/kg (2017)
CME-1
Platelet . polysaccharide 50 to 100 Luetal.
3 Human platelets aggregation antiplatelet (mannose and ma/kg (2014)
galactose)
galactose (36.40%),
. . . . lucose (28.99%)
Human colon anti-proliferation, anti- 9 o .
4 cancer cell line colon cancer autophagy, anti- mar:nose (24'81 ./0)’ 0-8000 Qietal.
HCT116 apoptosis, anti-cancer galacturonic acid ng/mL (2020)
’ (7.55%0, arabinose
(3.34%)
anti-proliferation, anti-
5 Murine peritoneal breast cancer tumor, anti-cancer, nucleosides, 100 mg/kg to Lietal.
macrophage cells promote macrophage polysaccharide 200 mg/kg (2020)
polarization
extracellular Low dose of
6 THP-1-Dual cell inflammation anti-inflammator polysaccharide, 150 mg/kg, Lietal.
line y glucose, mannose, high dose of (2020)
galactose 300 mg/kg
7 Jeiunum tissues intestinal promotes intestine olvsaccharide 25,40, 50,200 | Yingetal.
J damage tissue recovery poly mg/kg (2019)
inhibitory activity
against PDGF-BB-in-
8 H“”.‘a” proliferation 277 CPS-2 12.5, 25, 50 wang et al.
mesangial cells duced HMC pg/mL (2013)
proliferation
polysaccharide (d-
Glucose, d-galactose
. ' ' 25, 50, 100, Zhu et al.
9 H22 Cells tumor anti-tumor I—rharg_r;ﬁzﬁ,ngézylose, 200 400 pg/mL (2015)
and d-arabinose)
antimetastatic effect, nucleosides
Mouse melanoma | metastatis of Immunoactive action, cordyce in' Yoshikawa
10 antioxidant activity, yeepin, 5, 25 mg/kg
cell cancer cells antiatherosclerotic polysacchariddes, et al. (2009)
oroperty ergosterol,
IJISRT24NOV1751 Www.ijisrt.com 2201



http://www.ijisrt.com/

Volume 9, Issue 11, November — 2024 International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165
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Eligibility Screening

Included

GioogleScholar (n=14), Elsevier
(=13}, NCBI (n=¥)

h 4

Records identified searching from
online dircctories (n=35) r/"' "‘\l
Studies excluded by publication
tvpe {only research articles were
included), language (only English
literatures), and daie resiriciions
{between 2009 1o 2024) (n=18), and
for duplication (n=3)

h 4

Records identified for utle and l\._ _/'"
abstract screening (n=15)

Studies excluded based on relevance
-4 L and inclusion/exclusion criteria (n=5)

h 4

Full-text articles assessed for
Ehgibility (n=10)

( Studies excluded based on the
objectives of the systematic review
(n=0)

Y

Swidies included in the quantitative
synthesis (n=10)
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Fig 1: PRISMA Study Selection Stages Flow Diagram for Related Studies
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