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Diabetic kidney disease (DKD) is the major reason of chronic kidney disease (CKD)-caused
end-stage renal failure (ESRF), and leads to high mortality worldwide. At present, the
treatment of DKD is mainly focused on controlling the hyperglycemia, proteinuria, and
hypertension, but is insufficient on the effective delay of DKD progression. Cordyceps
sinensis is a kind of wild-used precious Chinese herb. Its extracts have effects of
nephroprotection, hepatoprotection, neuroprotection, and protection against ischemia/
reperfusion-induced injury, as well as anti-inflammatory and anti-oxidant activities.
According to the theory of traditional Chinese medicine, Cordyceps sinensis can tonify
the lung and the kidney. Several Chinese patent medicines produced from Cordyceps
sinensis are often used to treat DKD and achieved considerable efficacy. This review
summarized the clinical usage of Cordyceps sinensis, as well as its mainly biological
activities including anti-hyperglycemic, anti-inflammatory, immunomodulatory, anti-
oxidant, anti-fibrotic activities and regulation of apoptosis.

Keywords: Cordyceps sinensis, diabetic kidney disease, hyperglycemia, inflammation, oxidative stress

INTRODUCTION

The prevalence of chronic kidney disease (CKD) is gradually increasing worldwide. If not treated
timely, CKDmay lead to heavy economic burden and poor prognosis by turning into end-stage renal
failure (ESRF), which has no alternative treatment but renal replacement (Glassock et al., 2017).
Diabetic kidney disease (DKD) has become the major reason of CKD-caused ESRF. DKD occurs in
approximately 30% of patients with type 1 diabetes mellitus (T1DM) and 40% of patients with type 2
diabetes mellitus (T2DM), and about 50% of cases are in developed countries (Tuttle et al., 2014;
Alicic et al., 2017). Moreover, DKD is often associated with cardiovascular disease and causes high
mortality. Therefore, early diagnosis and treatment of DKD are highly essential. Several medicines
are demonstrated to mitigate the progress of DKD via reducing the proteinuria, such as the renin-
angiotensin system (RAS) antagonists, sodium glucose co-transporter 2 (SGLT-2) inhibitors, the
glucagon like peptide-1 (GLP-1) receptor agonists (Mayer et al., 2019; Sarafidis et al., 2019; An et al.,
2021; Wheeler et al., 2021). However, applications of these agents can be limited by their adverse
effects. For example, RAS antagonists may raise the risk of hyperkalemia and hypotension, and
SGLT2 inhibitors might result in mycotic genital infections, diabetic ketoacidosis, and acute kidney
injury in patients who have volume depletion or borderline arterial pressure (Fitchett, 2019; Lu et al.,
2019).

Increasing studies have been conducted on the pathogenesis of DKD over the past years, and it has
been demonstrated that inflammation, oxidative stress, apoptosis, and fibrosis play vital role in the
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pathogenesis of DKD (Jha et al., 2016; Pichler et al., 2017; Xu
et al., 2020). Applications of traditional Chinese medicine (TCM)
in the treatment of DKD have become hot topics because of its
advantage of muti-target therapy, which can reduce the side
effects caused by other agents and increases efficacy. Based on
it, TCM is used as an adjunctive treatment for DKD, improving
the symptoms in patients with DKD, and alleviating the
inflammation, oxidative stress, renal fibrosis, and so on (Ekor,
2014; Lu et al., 2019).

Cordyceps sinensis (BerK.) Sacc (Figure 1), also called
Cordyceps sinensis (C. sinensis), is a kind of ascomycetes
parasitic fungi which belongs to family clavicipitaceae, and it is
mainly parasitic on insects and other arthropods (Olatunji et al.,
2018). In China, C. sinensis is a precious Chinese herb with a
medical history of hundreds of years. C. sinensis is first mentioned
from Ben Cao Bei Yao (written by Wang Ang, tracing back to
1694AD). C. sinensis is wildly used in clinic, especially for
nourishing the kidney and tonifying the lung. Furthermore,
several medicinal preparations produced from C. sinensis are
extensively used as auxiliary agents for the clinical treatment of
DKD (Kai et al., 2015; Sheng et al., 2020). Nowadays, increasing
researches have identified the bioactive ingredients in C. sinensis
which can induce various effects on the treatment of DKD, such
as anti-hyperglycemia, anti-inflammatory, anti-oxidant activities
(Kiho et al., 1993; Shin et al., 2009b; El Zahraa Z El Ashry et al.,
2012; Xiao et al., 2012). There are many mechanisms supporting
the role of C. sinensis for the treatment of DKD. Therefore,
keeping in view of the above facts, this review summarizes the
recent studies pertaining to the chemical constituents,
pharmacology, and toxicity of C. sinensis, and the biological
activities of C. sinensis in DKD treatment to provide evidence
for better clinical use of C. sinensis.

2 TOXICITY, CHEMICAL CONSTITUENTS,
AND PHARMACOLOGY

The genus of cordyceps is abundant. More than 400 species of
cordyceps distributed widely, mainly in North America, Europe,
East and Southeast Asia. At present, some studies have

demonstrated that C. sinensis has a variety of pharmacological
effects, such as nephroprotective, hepatoprotective,
neuroprotective, anti-inflammatory, and anti-oxidant activities
(Yue et al., 2013; Cao et al., 2020). Due to the harsh environment
in which it grows, C. sinensis is rare and precious, so it is
important to explore its main active ingredients for better
utilization.

2.1 The Safety and Toxicity of Cordyceps
sinensis
C. sinensis is widely used as the medicinal plant and health food.
For the moment, there is still debate about whether we should
worry about the toxicity of C. sinensis. The most prominent
concern is about the accumulation of heavy metals, especially
arsenic (As) in C. sinensis due to the impact of global
environmental pollution. In 2016, it was warned by the
National Medical Products Administration (NMPA) that long-
term use of C. sinensismay lead to health risks, based on that total
As in C. sinensis and its related products is 4.4–9.9 mg/kg (Li Y.
et al., 2019a). However, As in C. sinensis is hard to be absorbed by
human body (Liu et al., 2016). Besides, limited intake of C.
sinensis cannot cause significant harm to human body (Zhou
et al., 2018). Generally, the recommended dose of C. sinensis
should not exceed 4 g per day and should not be used for more
than 5 months per year (Li Y. et al., 2019a). Based on the existing
studies, a clinical use of C. sinensis 3–6 g/day in patients with
chronic renal failure was safe and could slow the progression of
renal function (Zhu et al., 1998). Allen et al. found that daily taken
3.15 g of the synthetic compound of C. sinensis for 5 weeks had no
additional adverse reactions compared with placebo (Parcell et al.,
2004). Moreover, cultured C. sinensis has higher controllability on
their growth environment, so it has certain advantages over
natural C. sinensis in the control of heavy metal content, and
Li et al. used the xanthine oxidase assay, the induction of
hemolysis assay and the lipid peroxidation assay to confirm
the strong anti-oxidant activity of both natural C. sinensis and
cultured Cordyceps mycelia (Li et al., 2001), suggesting that
natural C. sinensis can be replaced by cultured C. sinensis (Liu
et al., 2016). So, C. sinensis is considered to be safe. In brief, the

FIGURE 1 | Cordycepin sinensis in the soil (left). Traditional Chinese herb Dong Chong Xia Cao decoction pieces (right).
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toxicity of C. sinensis is controllable by rational intake and
replacement by cultured ones.

The Main Chemical Constituents and
Pharmacology of Cordyceps sinensis
A variety of C. sinensis derivatives have been applied to the clinic.
The strains isolated from C. sinensis have been artificially
cultivated and fermented into various products are in clinical
use in China (Yang et al., 2018). There are 9 kinds of productions,
among them, Jinshuibao capsule, Bailing capsule, and Zhiling
capsule are wildly used to ameliorate the kidney function in
patients with chronic renal failure, renal transplant and DKD
(Wang et al., 2013; Zhang et al., 2017; Lu et al., 2018; Yang et al.,
2018). Many active components have been identified from C.
sinensis, including cordycepin, adenosine, sterols, and many
polysaccharides (Liu et al., 2015; Olatunji et al., 2018; Ashraf
et al., 2020). The main biological effects of those active
components are concluded in Table1. Cordycepin (3′-
deoxyadenosine) is considered as the most representative

bioactive constituents and the marker of the quality of C.
sinensis (Shashidhar et al., 2013). Cordycepin is a nucleoside
analogue composed of a purine molecule linked to a ribose sugar,
with a content ranged from 0.0076% to 0.029% (w/w) in C.
sinensis (Hu et al., 2015). Cordycepin is involved in the process of
transcription and activation of polymerases, exerting the anti-
hyperglycemia, anti-inflammatory, and immunomodulatory
effects via interfering in mTOR signal pathway, then
repressing apoptosis and alleviating the kidney injury in DKD
(Tuli et al., 2014; Yoon et al., 2018; Ashraf et al., 2020).

Adenosine is another main bioactive constituents of C.
sinensis. The best-known effects of adenosine are anti-
inflammatory and anti-convulsant activities (Shashidhar et al.,
2013). Adenosine exerts biological effects and signal transduction
via binding to adenosine receptors distributed on cell
membranes, which are widely expressed in metabolic
regulatory organs and kidney (Oyarzún et al., 2017).
Adenosine plays a critical role in regulating glomerular
perfusion pressure, filtration rate and renal tubular
reabsorption, as well as influencing insulin secretion and

TABLE 1 | The main active extracts in Cordyceps Sinensis.

Classification Constituent Therapeutic Effect Reference

Nucleosides Cordycepin Ant-itumor, anti-inflammatory, anti-microbial, anti-
hyperglycemia, inhibition of platelet aggregation,
hypolipidemic, analgesic, immunomodulatory, antileukemic,
neuroprotective activities

Ashraf et al. (2020)

Adenosine Anti-convulsant, anti-inflammatory, inhibition of
neurotransmitter release, modulation of adenylate cyclase,
immunomodulatory, cardioprotection activities

Shashidhar et al.
(2013)

Guanosine Immunomodulatory effect Kim, (2010)
Cordysinin A-E Cerebroprotective, superoxide anion inhibition, anti-

inflammatory effects
Chen et al. (2013)

Polysaccharides Exopolysaccharide fraction (EPSF) Anti-tumor, anti-oxidant, anti-inflammatory,
Immunomodulatory activities

Zhang et al. (2005a)

Acid polysaccharide (APS) Anti-oxidant, Immunomodulatory effects Chen et al. (2010)
CPS-1 Anti-oxidant, anti-inflammatory, immunomodulatory,

metabolic regulation, nephroprotective, anti-hyperglycemia
activities

Kwon et al. (2001)

CPS-2 Cell proliferation inhibition, protection of chronic renal failure Wang et al. (2014)
Mannoglucan Anti-tumor, cytotoxicity activity Wu et al. (2007)
CME-1 Anti-oxidant activity, platelet activation Chang et al. (2015)
PS-A Inhibitory activity against cholesterol esterase Kim, (2010)
Cordyglucan Anti-tumor, immunomodulatory activities Yalin et al. (2005)
D-mannitol (Cordycepic acid) Anti-inflammatory, anti-fibrosis, diuretic, improve the plasma

osmotic pressure, anti-free radical, anti-tussive activities
Hu et al. (2015)

Sterols Ergosterol Anti-tumor, cytotoxicity, antimicrobial activities Matsuda et al.
(2009)

H1-A Inhibit mesangial proliferation, regulation of apoptosis,
immunomodulatory, reduce the production of anti-dsDNA

Yang et al. (2003)

β-sitosterol Anti-tumor, anti-hyperglycemia, hypolipidemic, anti-arthritic,
hepatoprotective activities

Ponnulakshmi et al.
(2019)

Cerevisterol Anti-inflammatory, anti-oxidant, anti-microbial, anti-hypoxia
activities

Wang et al. (2019)

5α,8α-epidioxy-24(R)-methylcholesta-6,22-dien-3β-D-
glucopyranoside and 5α,6α-epoxy-24(R)-methylcholesta-
7,22-dien-3β-ol

Anti-tumor Chen et al. (2013)

Amino acids and
Polypeptides

Cordymin Anti-inflammatory, anti-nociceptive, using for diabetic
osteopenia

Qian et al. (2012)

Cyclodipeptides A Anti-malarial, cytotoxic activities Jia et al. (2005)
Cordycemides A and B cytotoxic activity Jia et al. (2009)
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regulating glucose homeostasis (Peleli and Carlstrom, 2017).
Modulating adenosine receptor signal transduction is a new
strategy for the treatment of DKD. Adenosine contributes to
protecting DKD-related renal insufficiency by reducing the
production of pro-inflammatory cytokines (e.g. TNF-α, IL-12,
INF-γ) and increasing the expression of anti-inflammatory
cytokines, such as IL-10 (Haskó et al., 1996). Although there
is still ongoing research about its anti-oxidant activities. Previous
study have shown that adenosine could prevent oxidative stress
damage to cells by inducing an increase of glutathione peroxidase
1 (Zhang Y. et al., 2005b).

Polysaccharides are important and complex active
components of C. sinensis, and the different types of
polysaccharides separated from C. sinensis also have the
activities of anti-inflammatory, anti-oxidant, metabolic
regulation and so on (Paterson, 2008; Yan et al., 2014). CPS-1,
a polysaccharide constituent detected in C. sinensis, is reported to
has an insulin-like effect and promote the secretion of insulin,
and it is expected to be developed as an agent to anti-diabetes
(Kwon et al., 2001). Besides, various polysaccharides (such as
EPS, CPS-F) exert anti-inflammatory and anti-oxidant activities
via inhibiting the expression of pro-inflammatory cytokines,
promoting the secretion of anti-inflammatory cytokines and
scavenging free radicals to slow the progression of DKD
(Wang et al., 2015; Li et al., 2020). In addition to focusing on
a single component, it is also deemed that the effect of C. sinensis
comes from a combination of various components. The anti-
oxidant activity of C. sinensis may be related to the combined
effects of polysaccharides, flavonoids, and polyphenols (also
called the hydrogen-donating anti-oxidants) (Li et al., 2001;
Yu et al., 2006). In order to clarify the mechanism of C.
sinensis, further exploration is needed in the future.

3 THE BIOLOGICAL ACTIVITIES OF
CORDYCEPS SINENSIS IN TREATING
DIABETIC KIDNEY DISEASE
Persistent hyperglycemic environment enhances the protein
glycation reaction, and increase of advanced glycation end
products (AGEs), which can stimulate the production of
reactive oxygen species (ROS) (Abou-Hany et al., 2018).
Accumulated ROS induces oxidative stress and inflammation,
meanwhile activates various signaling pathway, such as mitogen-
actived protein kinases (MAPKs) and nuclear factor-κB (NF-κB)
pathway, which in turn aggravated oxidative stress and
inflammation (Tomás et al., 2002; Abou-Hany et al., 2018, Jia
et al., 2018, Yan et al., 2020). Besides, excessive ROS could attack
the unsaturated fatty acids in the biofilm phospholipid bilayer,
causing lipid peroxidation and insulin resistance and then
triggering multiple cascading reactions (Wei et al., 2019). The
role of the signal mechanism in the treatment of DKD by C.
sinensis will be discussed separately below.

3.1 Anti-Hyperglycemic Activity
The most important target for DKD treatment is to control
hyperglycemia as early as possible. Long-term hyperglycemia

is considered to be the main reason for abnormalities of tissue
and microvascular. The role of C. sinensis in the treatment of
DKD has been demonstrated (Luo et al., 2015). Jinshuibao
capsule, a kind of cordyceps preparation, had additional
beneficial effects on the DKD patients treated with angiotensin
receptor blockers (ARB), and ameliorating the outcomes of
patients (Cao et al., 2007). Several active constituents
contribute to the anti-hyperglycemic activity. High fiber in the
fruiting body of C. sinensis could improve glucose intake and
insulin resistance of cells, which might due to its influence on
glucose absorption (Lo et al., 2004). Moreover, polysaccharides
are also the pivotal active constituents in anti-hyperglycemia.
Polysaccharides-enriched extract could lower glycemic levels by
60–70% (Zhang et al., 2006). CS-F10, a polysaccharide derived
from C. sinensis hot water extracts, significantly reduced the
glucose levels both in normal and hyperglycemic mice by
increasing the activity of glucokinase in livers (Kiho et al., 1999).

Besides, metabolic factors such as insulin levels and resistances
may also be the central factors in DKD (Reidy et al., 2014). Insulin
resistance can act on the glomeruli by mediating metabolism and
hemodynamics, resulting in intraglomerular hypertension and
thus influencing the progression of DKD (Karalliedde and Gnudi,
2016). Moreover, insulin resistance can also lead to the high salt-
sensitivity, which associates with albuminuria and impairment of
renal function, increasing the risk of macrovascular dysfunction
(Karalliedde and Gnudi, 2016). Therefore, boosting insulin
sensibility is imperative. It was shown that both the
fermentation mycelia and the fermentation liquid of C.
sinensis could significantly improve glucose response in OGTT
and boost the insulin level in nicotinamide and streptozotocin
(STZ)-induced diabetic rats (Lo et al., 2006). Several studies
demonstrated that polysaccharides in C. sinensis could
significantly decrease the blood glucose, and increase the
insulin sensitivity in diabetic models (Kiho et al., 1993; Lo
et al., 2006). In the state of insulin resistance, the impairment
of insulin signaling in mesangial cells (MCs) might cause
hypertrophy, proliferation, and matrix deposition of MCs
(Artunc et al., 2016). Normally, relying on the actin
cytoskeleton of podocytes, the glucose transporter 4 (GLUT4)-
rich vesicles can be translocated, which helps the insulin-induced
glucose uptake, while the destruction of insulin signaling leads to
damage of the actin cytoskeleton, and the GLUT4 nuclear
translocalization function is missing, eventually contributing to
the loss of podocytes and the production of proteinuria (Coward
et al., 2005; Artunc et al., 2016). β-sitosterol, an effective anti-
oxidant and anti-hyperlipidemia plant sterol in C. sinensis, was
reported to lower lipid levels, restore insulin sensitivity, and
activate insulin receptors and GLUT4 in adipose tissue and
eventually exert anti-hyperglycemia activity in diabetic rats
(Ponnulakshmi et al., 2019). Cordycepin also plays a vital role
in attenuating insulin resistance. It could improve insulin
sensitivity by monitoring serum insulin levels and homeostasis
model assessment of the insulin resistance index (Niu et al.,
2010).

In addition, pathogenic oxygen free radicals caused by
hyperglycemia play an important role in the pathogenesis of
DKD (Sailaja Devi et al., 2000). CSP-1, a polysaccharide which
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was separated from C. sinensis, had the effects of scavenging free
radicals, and exerted anti-hyperglycemia effect via significantly
decreasing the level of glucose by inducing the release of insulin in
the remainder pancreatic cells and/or reducing the insulin
metabolism (Li et al., 2006). The metabolic process of glucose
involves varieties of reactions and participations of cytokines.
Among them, as an important endocrine organ, adipose tissue is
closely related to inflammation and insulin resistance by secreting
various hormones, pro- and anti-inflammatory adipokines,
which can affect glucose, lipid metabolism and energy
homeostasis (Snel et al., 2012). Patients with T2DM have
more visceral subcutaneous fat than normal individuals,
hyperglycemia causes macrophages in adipose tissue to secrete
pro-inflammatory factors, and stimulates the accumulation of
ectopic fat, so that the secretion of pro- and anti-inflammatory
adipocytokines is imbalanced (Snel et al., 2012). The increase of
pro-inflammatory adipocytokines, such as leptin, can aggravate
inflammation via stimulating the secretion of inflammatory
factors (TNF-α, IL-6, IL-12), and the increase of resistin
reduces the anti-inflammatory effect of adiponectin, meantime
inducing the aggravation of insulin resistance (Tilg andMoschen,
2006). Using C. sinensis could significantly improve the insulin
sensitivity and boost the expression of adiponectin within plasma
and adipose tissue in STZ-induced diabetic mice (Huang et al.,
2016). Thus, C. sinensis might become an effective adjuvant
medicine in the treatment of DKD by its anti-hyperglycemic
function and improving insulin resistance.

3.2 Anti-Inflammatory Activity
Chronic low-grade inflammation, also known as
metaflammation, is a factor associated with the initiation and
development of DKD. Metaflammation activates macrophages,
and then secretes cytokines such as TNF-α, IL-1β to regulate
immunity, afterwards the excessive activation of immune cells
will also stimulate the inflammatory response (Li et al., 2020).
There is a causal relationship between inflammation and insulin
resistance, pro-inflammatory cytokines have been shown to
mediate insulin resistance (Hotamisligil et al., 1993; Rotter
et al., 2003). A meta-analysis suggested that C. sinensis
combined with ACEI/ARB in patients with III to IV stage of
DKD was effective to alleviate proteinuria, inflammation, and
dyslipidemia by comparing 24-h proteinuria, urinary albumin
excretion rate, microalbuminuria, serum creatinine, blood urea
nitrogen, C-reactive protein, serum triglycerides, total cholesterol
(Luo et al., 2015). Recent DKD studies have focused more on
inflammation, thus studying the anti-inflammatory mechanisms
of TCM has also provided a new perspective on treatment
progress. The extracellular polysaccharides (EPS) extracted
from C. sinensis mycelial fermentation could suppress the
inflammatory NF-κB pathway by inhibiting the expression of
pro-inflammatory cytokines TNF-α and iNOS, and improving
the expression of the anti-inflammatory regulator IL-10 in LPS-
induced mice models (Li et al., 2020).

NADPH oxidase (NOX) plays a prominent role in
inflammation, and is one of the main sources of ROS in
biological systems (Gorin and Wauquier, 2015). As one of the
members of NOX family, NOX4 is highly expressed in kidney,

and recently, NOX1 has also been found in kidney (Sedeek et al.,
2013). Exposure to hyperglycemia, the expression of NOX4 in
mouse proximal renal tubular cells is increased, using NOX1/4
inhibitors (GKT136901) or NOX4 siRNA could block the damage
of hyperglycemia to kidney, and reduce the production of
proteinuria (Sedeek et al., 2013). Cordycepin could reverse the
albumin-induced epithelial-to-mesenchymal transition (EMT) in
HK-2 cells via reducing the expression of Rac1, NOX4, p22phox,
p47phox, and inhibiting the formation of ROS to alleviate
inflammation and oxidative stress (Xiao et al., 2012). TNF and
TNF receptor-1 (TNFR1) participate in the recruitment of NOX1,
which is involved in inflammation, cell proliferation, and
immune defense, the binding of TNF homotrimer to TNF-R1
initiates the binding of the adaptor protein, then recruits other
effector proteins to form the TNF-R1 signaling complex, leading
to the activation of multiple pathways, and then producing ROS
to initiate inflammation (Chen and Goeddel, 2002; Kim et al.,
2007). Based on a network pharmacological study, TNF is the
crucial target in the treatment of DKD by C. sinensis (Li et al.,
2021). And CPS-F, which was extracted from C. sinensis, could
reduce the expression of pro-inflammatory cytokines and the
production of ROS in human MCs by relying on TNF-R1, and
inhibiting the activity of NOX1 to exert anti-inflammatory
activity (Wang et al., 2015).

In recent years, it has been demonstrated that the activation of
purinergic 2X7 receptor (P2X7R) and nucleotide-binding
oligomerization domain-like receptor protein 3 (NLRP3)
inflammasome in podocytes are associated with the
pathogenesis of DKD (Vonend et al., 2004; Shahzad et al.,
2015). Robert et al. identified that P2X7R was highly expressed
in renal biopsy specimens from patients with DKD, and the
expression rate of glomerular P2X7R was about 50% (Menzies
et al., 2017). The activation of P2X7R on M1 polarized pro-
inflammatory macrophages, inducing the assembly of NLRP3
inflammasome, and then resulting in the release of pro-
inflammatory factors and generation of inflammation (Olefsky
and Glass, 2010). Therefore, antagonizing P2X7R may become a
new type of anti-inflammatory therapy. Extensive evidence on C.
sinensis involved improving DKD via inhibiting P2X7R/NLRP3
inflammasome axis activation. It could down-regulate the
expression of P2X7R, and NLRP3 inflammasome (including
NLRP3, ASC, caspase-1) in vivo and in vitro experiments, and
the expression of downstream factors IL-1β and IL-18 was also
significantly decreased, C. sinensis exerted an anti-inflammatory
effect by antagonizing the P2X7R/NLRP3 inflammasome axis to
relieve podocytes damage in DKD (Wang et al., 2018). C. sinensis
can alleviate inflammation in varieties of ways to delay the
progression of DKD, and the active constituents contained in
it are vital to the anti-inflammatory agents in the pipeline.

3.3 Immunomodulatory Activity on
Macrophages
C. sinensis regulates immunomodulatory activity to improve
DKD may be primarily concentrated on its polysaccharides
and nucleoside components. The immunomodulatory effect of
natural plant polysaccharides has been recognized (Yan et al.,
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2014). The activation of macrophages is an important event in
immune response, and the infiltration of macrophages is related
to the progression of DKD to ESRF (Tang and Yiu, 2020). Plant
polysaccharides can regulate the balance of pro- and anti-
inflammatory cytokines secreted by macrophages to normalize
the immunity (Műzes et al., 2012; Yin et al., 2019).
Polysaccharides activate macrophages by binding to specific
receptors on the surface of macrophages, then initiating a
series of intracellular signaling cascade reactions. They exert
immunomodulatory effects by regulating the production of
ROS, secretion of cytokines and chemokines, cell proliferation
and phagocytic activity of macrophages (Yin et al., 2019).
Activated macrophages can be polarized into classically
activated M1 and alternatingly activated M2 forms, where M2
cells have anti-inflammatory activity, abrogate the Th1 response,
promote the Th2 response, release inflammatory substances, and
promote epithelial and vascular repair (Belska et al., 2010; Wada
and Makino, 2013). C. sinensis could promote macrophages
polarize towards an M2 phenotype to inhibit the inflammatory
response, and regulate the production of cytokines in RAW264.7
cells through the MAPK and PI3K/Akt signaling pathways,
exerting immunomodulatory activity on macrophages (Liu
et al., 2021). The balance of pro- and anti-inflammatory
activities exerted by M1/M2 macrophages plays a pivotal role
in the regulation of immune system (Mantovani et al., 2007),
cordycepin and adenosine could alter the phenotypic conversion
of macrophages by reducing the expression of pro-inflammatory
factors and chemokines, such as IL-1β, IL-6, TNF-α, RANTES,
CX3CL1, and increasing the expression of anti-inflammatory
cytokines, such as IL-1ra, IL-10, TGF-β (Shin et al., 2009b). By
the way, the polarization of M2 macrophages can induce the
occurrence of EMT and fibrosis, and M2 macrophages can
promote the secretion of TGF-β, which is generally recognized
as the typical pro-fibrosis factor and an anti-inflammatory factor
(Zhu et al., 2017; Srivastava et al., 2019). C. sinensis up-regulated
the mRNA levels of anti-inflammatory mediator (IL-10), and
suppressed the mRNA levels of pro-inflammatory mediator (IL-
1β) and the production of NO in LPS-induced RAW264.7 cells,
regulating pro- and anti-inflammatory mediators to balance M1/
M2 macrophages and avoiding excessive polarization of
macrophages to exert immunomodulatory effect (Liu et al.,
2021). It was demonstrated that cordycepin could inhibit the
expression of TNF-α, IL-6, IL-1β, and mediate the immune
responses in macrophages, decrease the expression of diabetes
regulating genes (11β-HSD1, PPARγ) in activated macrophages,
finally play the immunomodulatory effect (Shin et al., 2009a). In
summary, C. sinensis is closely linked to anti-inflammatory
activity in regulating the immunity of macrophages. The C.
sinensis preparations and their extracts are expected to become
potential therapeutic agents for regulating metabolic
inflammatory diseases.

Under the guidance of TCM theory, as a tonic, C. sinensismay
also have a certain relationship with its regulation of T cells. The
balance between effector T cells and regulatory T cells plays a
regulatory role in the pathogenesis of DKD (Sabapathy et al.,
2019). Lo et al. found that the polysaccharides extracted from the
fermented mycelium of C. sinensis could increase the weight of

the thymus gland in diabetic rats, and enhance the immunity (Lo
et al., 2006). One study has reported thatC. sinensis could regulate
the ratio of CD4+CD25+FoxP3+ regulatory T (T reg) cells and
Th17 cells in spleen and pancreatic lymph nodes of non-obese
diabetic mice, thereby inhibiting DM (Shi et al., 2009). However,
the regulation effect of C. sinensis on the balance of T cells in
DKD is less, and further researches remain to be studied.

3.4 Anti-Oxidant Activity
Due to long-term exposure to high glucose environment,
excessive amounts of superoxide, NO and other reactive
oxygen substances are produced in cells, resulting in the
decrease of endogenous and exogenous anti-oxidants, which
cannot interact with ROS to counteract oxidative damage of
cells (Di Vincenzo et al., 2019; Urner et al., 2020). The
overproduction of ROS contributes to the microvascular
damage, combines with oxidative stress, inducing the cellular
apoptosis in DKD (Di Vincenzo et al., 2019). Hence, it is crucial
to reduce the production of ROS by using anti-oxidant agents. It
has been reported that C. sinensis has anti-oxidant effect (Dong
and Yao, 2008). Fatma et al. found that C. sinensis could exert
powerful anti-oxidant effect to significantly reduce the pancreatic
malondialdehyde levels and increase the serum anti-oxidant
property in vitro and in vivo experiments (El Zahraa Z El
Ashry et al., 2012). And the anti-oxidant effect of C. sinensis
might due to inhibit the production of ROS via the interference of
C. sinensis extracts in ERK and Akt pathways (Wang et al., 2015).

ROS can induce the influence of unsaturated fatty acids, and
then induce the occurrence of lipid peroxidation, subsequently
resulting in a decrease in fluidity of podocytes membranes,
eventually with consequent damage of the structures and
functions of the cell membranes (Li et al., 2001; Su et al.,
2019; Sidhom et al., 2021). The extracts of C. sinensis could
attenuate lipid peroxidation and scavenge free radicals, while the
enriched fraction of polysaccharides had even stronger anti-
oxidant activity (Li et al., 2001). A current study indicated that
the anti-oxidant activity of C. sinensis was achieved by melanin, it
could scavenge DPPH• and the chelating ability on ferrous ions
(Dong and Yao, 2012). A study found that the phenols and
flavonoids contained in Indian Himalayan isolate of C. sinensis
(AECS) maybe the main components to exert anti-oxidant
activity, AECS could significantly inhibit the release of TNF-α
and IL-1β, and suppress the production of NO in LPS-induced
THP1 cells (Rathor et al., 2014). Moreover, the rich unsaturated
fatty acids in low-density lipoprotein (LDL) are susceptible to
oxidative degeneration under cyclic oxidative conditions, and C.
sinensis could reduce the occurrence of cardiovascular events in
DKD by protecting the oxidation of LDL (Yu et al., 2006).

There were accumulating evidence demonstrated that
excessive albumin could activate NOX via Rac1, thus
stimulating the production of ROS, and overproduction of
ROS and NOX maybe take part in EMT induced by albumin
(Whaley-Connell et al., 2007; Xiao et al., 2012). Cordycepin could
suppress oxidative stress damage and protect HK-2 cells by
significantly inhibiting the expression of NADPH system
constituent proteins, the production of ROS and the activity of
NOX (Xiao et al., 2012). C. sinensis can scavenge free radicals and
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relieves the hyperactive oxidative systems in oxidative stress to
protect the impaired kidney.

Anti-Fibrotic Activity
Renal interstitial fibrosis (RIF) is the ultimate outcome of DKD.
The interaction of hemodynamic and metabolic factors leads to
increased intraglomerular pressure and actives vasoactive
hormone pathway, which activates the secretion of
proliferation and fibrosis-promoting cytokines, such as
prosclerotic cytokine, TGF-β and the permeability enhancing
growth factor, vascular endothelial growth factor (VEGF),
ultimately leads to changes in kidney permeability and
accumulation of extracellular matrix (ECM) and results in
fibrosis (Zatz et al., 1986; Soldatos and Cooper, 2008). EMT
plays an imperative role in the progress of fibrosis formation, and
TGF-β is the key promoter of EMT. TGF-β induces the tubular
epithelial cells turn into myofibroblasts, chronic inflammation,
and leads to the production and accumulation of ECM (Gu et al.,
2013; Kanasaki et al., 2013). At present, the anti-fibrotic
treatment of C. sinensis mainly focused on regulating EMT
and TGF-β. The nucleoside/nucleobase-rich extract from C.
sinensis could significantly alleviate the development of DKD

by inhibiting the progression of EMT and the accumulation of
ECM via suppressing p38/ERK signaling pathway, together with
decreased expression of fibrosis-related protein such as
fibronectin and collagen Ⅰ (Dong et al., 2019). Similarly, C.
sinensis could mitigate the fibrosis by inhibiting the expression
of Bcl-2-associated athanogene 3 (BAG3) and α-SMA in
unilateral ureteral obstruction (UUO) rats, and regulating the
formation of EMT (Du et al., 2015).

As an anti-inflammatory factor, TGF-β1 is also a typical pro-
fibrotic factor and involved in the TGF-β/Smad signaling
pathway, regulating the transcription of TGF-β1-reactive
genes, interruption of any step in this cascading process may
lead to the blocking of TGF-β1 signaling pathway, which leads to
the blocking of myofibroblast activation (Wotton and Massagué,
2001). Hence, the agents for blockage TGF-β1/Smad signaling
pathway are important to alleviate fibrosis. C. sinensis could exert
anti-fibrotic activity by mediating TGF-β1/Smad signaling
pathway, and attenuate renal fibrosis in 5/6 nephrectomy rats
by abrogating the expression of TGF-β1, Smad2/3, TβRⅠ, TβRⅡ,
p-Smad2/3, α-SMA, and FSP1, and upregulated Smad7 to inhibit
EMT (Pan et al., 2013). As mentioned above, 3′-deoxyadenosine,
also known as cordycepin, was identified as the mainly anti-

TABLE 2 | Major effects and targets of Cordyceps Sinensis in Diabetic Kidney Disease.

Effects Materials Subjects Targets Reference

Anti-hyperglycemia
effects

CS-F10 STZ-induced and epinephrine-induced
hyperglycemic mice

GLUT2 Kiho et al. (1999)

β-sitosterol high-fat diet and sucrose-induced type-2
diabetic rats

SOD, GST, CAT, GR, GSH, GPX, IRβ, GLUT4 Ponnulakshmi et al.
(2019)

Anti-inflammatory
effect

EPS LPS-induced THP-1 cells, LPS-induced
RAW264.7 cells, LPS-induced mice

NO, NF-κB, TNF-α, IL-1β, IL-10, iNOS Li et al. (2020)

CPS-F PDGF-BB induced HMCs ROS, TNF-α, TNF-R1, MCP-1, NOX1, PDGFRβ Wang et al. (2015)
C. sinensis STZ-induced DKD rats, high-glucose

exposed podocytes
P2X7R, NLRP3, ASC, caspase-1, IL-1β, IL-18,
nephrin, podocin, WT-1, desmin

Wang et al. (2018)

Cordycepin Albumin-induced EMT in HK-2 cells E-cadherin, α-SMA, ROS, NOX4, p22phox,
p47phox, Rac1-GTP

Xiao et al. (2012)

Immunomodulatory
effect

Intracellular
polysaccharides

LPS-induced RAW264.7 cells TNF-α, IL-6, IL-1β, IL-10, TGF-β1, iNOS, NO,
ERK, JNK, p38, AKT

Liu et al. (2021)

Cordycepin, adenosine LPS-induced RAW264.7 cells IL-1β, IL-6, TNF-α, RANTES, CX3CL1, IL-1ra, IL-
10, TGF-β

Shin et al. (2009b)

C. sinensis Non-obese diabetic mice CD4+CD25+FoxP3+ T reg cells, Th17 cells Shi et al. (2009)
Cordycepin LPS-induced RAW264.7 cells NO, IL-1β, IL-6, TNF-α, 11β-HSD1, PPARγ,

ICAM-1, B7-1/-1
Shin et al. (2009a)

Anti-oxidant effect CPS-F PDGF-BB induced HMCs ROS, TNF-α, TNFR1, MCP-1, NOX1, PDGFRβ Wang et al. (2015)
C. sinensis from India LPS-induced THP1 cells TNF-α, IL-1β, NO Rathor et al. (2014)
Cordycepin Albumin-induced EMT in HK-2 cells E-cadherin, α-SMA, ROS, NOX4, P22phox,

P47phox, Rac1-GTP
Xiao et al. (2012)

Anti-fibrotic effect nucleoside/nucleobase-
rich extract

STZ-induced diabetic mice, high-glucose
exposed HK-2 cells

E-cadherin, α-SMA, FN, Col Ⅰ, p38, ERK, JNK Dong et al. (2019)

C. sinensis UUO rats α-SMA, BAG3 Du et al. (2015)
C. sinensis 5/6 subtotal nephrectomy rats TGF-β1, Smad2, Smad3, TβRⅠ, TβRⅡ, α-SMA,

FSP1, Smad7
Pan et al. (2013)

Cordycepin TGF-β1or BMP-4 induced NRK-52E cells/
MCs, UUO mice

TGF-β, BMP-4, Col Ⅰ, ColⅣ, Smad1, Smad2,
Smad3, eIF2α, CAGA, BRE

Gu et al. (2013)

Cordycepin TGF-β1 induced NRK-49F cells α-SMA, FN, HGF, c-MET, TGF-β1, Smad2,
Smad3

Li et al. (2011)

CPS-2 PDGF-BB induced HMCs α-SMA, PDGFRβ, TGF-β1, Smad3, ERK,
TGFβR1

Wang et al. (2014)

Regulation of
apoptosis

C. sinensis Ang Ⅱ induced NRK-52E cells Kl, p53, p21, caspase-3 Tang et al. (2009)
C. sinensis HBx induced HK-2 cells Capse-3, capse-9, PI3K, Akt, Bax, Bcl-2 He et al. (2020)
H1-A IL-1 and PDGF-BB induced HMCs Bcl-2, Bcl-XL Yang et al. (2003)
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fibrotic active biology constituent in C. sinensis, acting by
interfering with profibrotic Smad signaling in vitro and in vivo
(Gu et al., 2013). Another study indicated that cordycepin could
effectively upregulate the anti-fibrosis factor hepatocyte growth
factor (HGF) at both the gene and protein levels in NRK-49F cells
to mediate the blockage of Smad2/3 transfer from cytoplasmic to
the nucleus, and inhibited the conversion of quiescent interstitial
fibroblasts into myofibroblasts by blocking the nuclear
translocation of Smad2/3 (Li et al., 2011). CPS-2, a
polysaccharide extracted from C. sinensis could inhibit the
PDGF-BB-induced proliferation of MCs through PDGF/ERK
and TGF-β1/Smad signaling pathway, and inhibit the
expression of α-SMA, PDGFRβ, TGF-β1, and Smad3, exerting
the nephroprotection (Wang et al., 2014). Reversing EMT is a
treatment option, which can slow the process of fibrosis and
prevent the progression of DKD to ESRF, and the active
components of C. sinensis, including cordycepin, have an
advantage in mitigating renal fibrosis, especially early
intervention.

Regulation of Apoptosis
Apoptosis is one of the mechanisms of renal parenchymal cell
reduction in the development of DKD, elimination of
functional cells by apoptosis can induce renal insufficiency.
In the progression of DKD, apoptosis can be induced by the
increase of oxidative stress, and in the advanced DKD, with the
progression of glomerular sclerosis, the number of apoptosis is

increased and the renal function is gradually deteriorated
(Sugiyama et al., 1996). It is indicated that C. sinensis can
positively affect the homeostasis of apoptosis (Buenz et al.,
2005), but the specific mechanism of regulating apoptosis in
DKD remains to be explored. Klotho is a highly expressed anti-
aging protein in kidney, which can inhibit oxidative stress by
activating the Nrf2 signaling pathway, thereby protecting
podocytes apoptosis in DKD (Xing et al., 2021). Capase-3
plays an important role in the process of apoptosis, and in the
early stage of apoptosis, the activation of capase-3 can lyse the
corresponding cytoplasmic nucleus substrate, eventually
leading to apoptosis (Alnemri et al., 1996). TANG et al.
demonstrated that the extracts of C. sinensis could suppress
the apoptosis of NRK-52E cells by increasing the expression of
Klotho, decreasing the expression of p53 and p21, and
inhibiting the activation of capsase-3 (Tang et al., 2009).
And C. sinensis had been shown could inhibit Hbx-induced
apoptosis in HK-2 cells by suppressing the PI3K/Akt-Bcl-2
signaling cascades (He et al., 2020). Although it did not occur
in DKD, the regulation of renal tubular epithelial cells
apoptosis could still be used as a reference to lay the
foundation for future research.

The pathological changes of DKD include mesangial
proliferation, which is also an important reason for the
increase of mesangial matrix and the abnormal synthesis and
deposition of ECM (Lei et al., 2019). H1-A, a kind of
polysaccharides extracted from C. sinensis was found to inhibit

FIGURE 2 | The biological activities of Cordyceps sinensis in treating DKD.
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mesangial proliferation and protect MCs from cytolysis at high
concentrations of DMSO, and possibly mediate the tyrosine
phosphorylation of anti-apoptotic factors Bcl-2 and Bcl-XL to
promote apoptosis (Yang et al., 2003). In contrast to inhibiting
apoptosis in renal tubular epithelial cells, C. sinensis can promote
apoptosis in MCs, which may be related to the pathology of DKD
as thickening of the basement membrane and deposition of the
mesangial matrix. Different cells have different pathological
changes in the pathogenesis of DKD, and the effect of
apoptosis has different meanings in different renal cells. In
conclusion, it is necessary to continue to study the mechanism
of C. sinensis regulating apoptosis in different renal intrinsic cells,
and providing a new therapeutic target for the treatment of DKD.

THE CLINICAL USE OF CORDYCEPS
SINENSIS IN TREATING DIABETIC KIDNEY
DISEASE
At present, three major cordyceps preparations, Bailing capsule
(BLC), Zhiling capsule (ZLC), and Jinshuibao capsule (JSBC) has
been approved for clinical treatment of DKD in China (Luo et al.,
2015).

Additional application of all three cordyceps preparations
have been proved beneficial in treatment of DKD. Clinical
studies have found that the combination of cordyceps
preparations (BLC) with ACEI/ARB or SGLT2 inhibitors
could significantly reduce the excretion of urinary protein,
alleviate kidney damage, and delay the progression of DKD
compared with the use of ACEI/ARB or SGLT2 inhibitors
alone (Li Z. et al., 2019b; Li and Gao, 2021). In addition to
improving kidney function, some scholars have made research
on cordyceps preparations in improving inflammation,
oxidative stress, and immune regulation of DKD patients. A
previous study has shown that BLC was able to inhibit aldose
reductase (AR), thereby inhibiting the polyol pathway in DKD
(Luo et al., 2015). Specifically, Li et al. used BLC combined with
dapagliflozin to treat patients with DKD for 12 weeks, the renal
function indicators in the combination treatment group were
significantly better than dapagliflozin alone, and the ocular
vascular lesions of DKD patients were also alleviated (Li and
Gao, 2021). Li et al. indicated that compared with the use of
irbesartan alone, combined with BLC could significantly
improve the micro-inflammatory state and oxidative stress
response of DKD patients, with reduce levels of TNF-α, CRP,
ROS and advanced protein oxidation product (AOPPS), and
increased CD4+ and CD4+/CD8+ levels to regulate immune
disorders (Li Z. et al., 2019b). JSBC combined with ACEI/ARB
could effectively raise the total effective rate, reduce the 24 h
urinary protein (24 h-UTP), urinary protein excretion rate and
serum creatinine (Scr), and regulate glycolipid metabolism, the
common using dose was from 3 to 6 capsules three times daily
based on age (Li and Xu, 2020). The combination of JSBC and
irbesartan could also effectively reduce endothelin-1 (ET-1),
IL-6, TNF-α levels, and increase the expression of NO to
improve vascular endothelial function and alleviate micro-
inflammatory state in patients with DKD (Wu et al., 2019).

Similarly, ZLC combined with telmisartan could significantly
reduce the levels of Scr, 24 h-UTP, TNF-α, CRP, IL-6 and ET,
increase NO levels, improve glomerular vasomotor function,
and delay the progression of DKD (Wang and Qi, 2018). At
present, relevant studies have not found adverse reactions to
the prolonged use of cordyceps preparations (Sheng et al.,
2020), but it still needs to be supported by more high-
quality randomized controlled trials. And there is a lack of
high-quality evidence on the occurrence of cardiovascular
events associated with DKD (Li and Xu, 2020; Sheng et al.,
2020).

Some researched aimed to compare the differences of three
major cordyceps preparations. JSBC, BLC and ZLC are prepared
by the fermentation of Paecilomyces hepiali (strain Cs-4),
Hirsutella sinensis (strain Cs-C-Q80) and Mortierella SP, and
64, 39, and 56 components were identified in the essential oils of
JSBC, BLC, and ZLC, respectively (Zhang et al., 2017). 5,6-
Dihydro-6-pentyl-2H-pyran-2-one (massoia lactone) was the
main component in the volatiles of JSBC, and pyrazinamide
was characteristic in BLC. Besides, ZLC had the highest
proportion of fatty acid compounds up to 27.1%, which could
effectively enhance cell function and improved the metabolic
capacity of cells (Zhang et al., 2017; Song et al., 2018). Meantime,
the analysis of nucleosides and bases in fermented cordyceps
preparations found that the content of guanosine, uridine and
adenosine in ZLC was comparable, and it was higher than that in
BLC and JSBC, while the 3 bases in BLC were the lowest (Zhang
et al., 2009). However, in spite of the differences between
compositions of 3 cordyceps preparations, no clinical studies
are comparing the efficacy of the three preparations in the
treatment of DKD, and whether there are different effects
between them is still worth exploring. The differently using
conditions of the 3 cordyceps preparations remain one of the
problems that need to be explored in clinical and future
experimental studies. It is worth exploring the conditions
among the three preparations which are applied to DKD and
whether there are differences between their effects, in order to
facilitate the best application in clinic.

CONCLUSION

At present, the clinical treatment of CKD is focused on
symptomatic treatment. The first-line treatments are mainly
based on RAS blockers. However, there will be rising
limitations in the use of drugs with the decline of renal
function until it turns into ESRF. The emergence of Chinese
herbal medicines and various Chinese patent medicines as the
adjuvant drugs can effectively alleviate the side effects of drugs
and slow the progression of kidney function. This review focused
on mechanisms of C. sinensis and its extracts in the treatment of
DKD (Table 2, Figure 2). Clinical applications and its efficacy of
Chinese patent medicines made from C. sinensis in treatment of
DKD were also reviewed.

However, some important problems should be further
investigated. For example, in the regulation of apoptosis of C.
sinensis, why different regulatory effects on different renal
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parenchymal cells remain to be explored. And the dose control of the
extracted C. sinensis active substance should also be studied with a
view to selecting the optimal clinical therapeutic dose. Moreover, the
poly-component and multi-target effect of TCM is a double-edged
sword. Although several main active ingredients, such as cordycepin,
adenosine, and various polysaccharides, had been identified, there
are still many components with unclear effects and functions.
Therefore, it is suggested that we should continue to explore the
potential active components and therapeutic effects of C. sinensis in
the future. Pharmacological research on its main active extracts to
candidate new agents and therapeutic targets are also imperative for
its multiple applications in the clinic. Besides, considering the high
prices of C. sinensis, more investigates are needed to reduce the
economic burden on patients, including but not limited to artificial
cultivation and development of new extractionmethods. In addition,
whether there are different effects among them still unclear and
more research should be done to find the best conditions for each
cordyceps preparation. High-quality prospective clinical trials with
follow-up are also needed to provide convincing evidence of its safety

and efficacy. We think that these explorations will provide new
insight into clinical application of C. sinensis in treatment of DKD.
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