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Abstract Cordymin is a peptide purified from the medici-
nal mushroom Cordyceps sinensis. The present study inves-
tigated the effects of Cordymin in prevention of focal
cerebral ischemic/reperfusion (IR) injury. The right middle
cerebral artery occlusion model was used in the study. The
effects of Cordymin on mortality rate, neurobehavior, grip
strength, glutathione content, lipid Peroxidation, glutathione
peroxidase activity, glutathione reductase activity, catalase
activity, Na+K+ATPase activity glutathione S transferase
activity and on the regulation of C3 and C4 protein level,
polymorphonuclear cells, interleukin-1β and tumor necrosis
factor-α in a rat model were studied respectively. Treatment
(orally) of Cordymin significantly boosted the defense
mechanism against cerebral ischemia by increasing antiox-
idants activity related to lesion pathogenesis. Restoration of
the antioxidant homeostasis in the brain after reperfusion
may have helped the brain recover from ischemic injury.
Moreover, Cordymin significantly inhibited infiltration of
polymorphonuclear cells and IR-induced up-regulation of
the brain production of C3 protein level, interleukin-1β and

tumor necrosis factor-α. Cordymin significantly improved
the outcome in rats after cerebral ischemia and reperfusion
in terms of neurobehavioral function. Our findings suggest
that cordymin have a neuroprotective effect in the ischemic
brain, which is due to the inhibition of inflammation and
increase of antioxidants activity related to lesion pathogen-
esis. Cordymin can be used as potential preventive agent
against cerebral ischemia-reperfusion injury.
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Introduction

Cordyceps sinensis (Caterpillar fungus) (CS) has been used
as a tonic for longevity, endurance, and vitality for
thousands of years by the Chinese (Guo et al. 2010, 2011;
Zhu et al. 1998). Ischaemic brain injury is associated with
inflammatory reaction, which consists of inflammatory cells
(including the early accumulation of polymorphonuclear
neutrophils and later monocytes/macrophages) and inflam-
matory mediators (including cytokines, chemokines, adhe-
sion molecules and other inflammatory molecules)
(Lindsberg and Grau 2003; Wang and Feuerstein 2000).
Our former studies have shown that administration of
Cordyceps sinensis extract significantly reduced focal cere-
bral ischemic/reperfusion (IR) injury (Liu et al. 2010),
inhibited IR-induced up-regulation of NF-kappaB activation
and the brain production of IL-1β, TNF-α, iNOS, ICAM-1,
and COX-2 (Liu et al. 2011). However, there is little amount
of information available about the constituents of CS which
are responsible for the inhibition of IR injury. We undertook
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the present study to ascertain if cordymin, a peptide purified
from the medicinal mushroom Cordyceps sinensis, could be
account for the inhibition of IR injury.

The N-terminal sequence of cordymin is AMAPPY-
GYRTPDAAQ, with a molecular mass of 10,906 Da (Wong
et al. 2011). The present study investigated the effects of
cordymin on mortality rate, neurobehavior, grip strength,
glutathione content, lipid peroxidation, glutathione peroxi-
dase activity, glutathione reductase activity, catalase activity,
Na+K+ATPase activity and glutathione S transferase activity
in a rat model. We also investigated the anti-inflammatory
effect of cordymin in experimental middle cerebral artery
occlusion/reperfusion (MCAO/R) model. These data may
help in the development of effective and widely applicable
pharmacological treatments for ischemic stroke patients
with traditional medicines.

Materials and methods

Animals

Adult male wistar rats (2 months old and weighing 225±
25 g) were used in the study. This study was performed
in accordance with the Guide for the Care and Use of
Laboratory Animals. Care was taken to minimize discomfort,
distress, and pain to the animals.

Preparation of cordymin

Cordymin was prepared by the way introduced by Wong et
al. (2011). Briefly, Cultured CS mycelium was obtained
from Shandong Lukang Pharmaceutical Co., Ltd. (Shan-
dong, China). Crude C. sinensis mycelium (100 g) were
homogenized in liquid nitrogen with a pestle, extracted in
distilled water and centrifuged. To the resulting supernatant,
ammonium acetate buffer (pH 4.5) was added until a final
concentration of 20 mM was attained. The sample was
loaded on an SP-Sepharose column. The adsorbed fraction
was eluted with 1 M NaCl in 20 mM ammonium acetate
buffer (pH 4.5), then dialyzed against distilled water and
lyophilized. Then it was dissolved in 20 mM NH4OAc
buffer (pH4.5) and applied on a Mono S column and eluted
with the same buffer. The fraction containing Cordymin was
concentrated and then purified on a Superdex 75 column in
the same buffer. The single peak eluted constituted purified
peptide designated as Cordymin.

Cordymin molecular mass determination

The molecular mass determination of cordymin was
analyzed by means of SDS-PAGE and Matrix-assisted laser
desorption ionization time-of-flight mass spectrometry

(MALDI-TOFMS) in an Applied Biosystems 4700 Proteomics
Analyzer (Wong et al. 2008).

Cordymin amino acid sequence analysis

The N-terminal amino acid sequence of cordymin was ana-
lyzed by means of automated Edman degradation using a
Hewlett Packard 1000A protein sequencer equipped with an
HPLC system (Wong et al. 2008).

Experimental design

The animals were separated into five groups of eight rats
each. The first group served as sham (SHAM). The second
group was the ischemic group (MCAO). Group I and group
II were treated orally (gavage) by distilled water for 30 days
respectively. Group III (Cordymin -1), Group IV (Cordymin
-2) and Group V (Cordymin -4) were treated orally (gavage)
by cordymin (1, 2and 4 mg/kg/day respectively) for 30 days
followed by MCAO induced cerebral ischemia.

The right middle cerebral artery occlusion (MCAO) was
performed using an intraluminal filament model and the
method described by Longa et al. (Longa et al. 1989). In
brief, the rats were anesthetized with chloral hydrate
(400 mg/kg, i.p.), a 4-0 nylon monofilament with a blunt
end was introduced into the external carotid artery (ECA)
and advanced into the middle cerebral artery via the internal
carotid artery (ICA) (17–20 mm), until a slight resistance
was felt. Successful occlusion was confirmed by an 87–90%
reduction in cerebral blood flow (CBF), as measured by
laser-Doppler flowmetry (Shah et al. 2006).

Two hours after the induction of ischemia, the filament
was slowly withdrawn and the animals were returned to
their cages for a period of 22 h of reperfusion. Throughout
the procedure, the body temperature was maintained at
37°C, with a thermostatically controlled infrared lamp. In
sham rats, the ECAwas surgically prepared for the insertion
of the filament, but the filament was not inserted. The final
number of rats was as follows: SHAM group n08; MCAO
group n05; Cordymin -1 group n06; Cordymin -2 group
n07 and Cordymin -4 group n08.

Neurobehavioral test

The sensorimotor integrity was conducted to assess the
neurobehavior at 24 h after MCAO in rats (Lee et al.
2002). Five categories of motor neurological findings were
scored: 0, no observable deficit; 1, forelimb flexion; 2,
forelimb flexion and decreased resistance to lateral push;
3, forelimb flexion, decreased resistance to lateral push and
unilateral circling; 4, forelimb flexion, unable or difficult to
ambulate. Animals that showed the features of the higher
scores also showed all the features of the lower grades.
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Grip strength study

Grip strength in all the animals was measured for evaluation
of neuromuscular strength, as described by Ali et al. (2004).
The neuromuscular strength tests were carried out between
9:00 a.m. to 4:00 p.m. under standard laboratory conditions.

Tissue preparation

After grip strength measurement, blood samples were drawn
from the tail vein from all the groups without anesthetizing
the animal and serum was separated for biochemical esti-
mations. Thereafter, the animals were sacrificed by cervical
dislocation and their brains were taken out quickly for
infarct size measurement. Then hippocampus (HIP) and
Post-mitochondrial supernatant (PMS) was obtained for
the estimation of various parameters related with oxidative
stress and inflammatory cells and inflammatory mediators.
The cerebral infarction was examined using 2-mm-thick
slices of the cerebrum 24 h after MCAO reperfusion in rats
through TTC staining.

Biochemical estimations

The PMS and HIP were used for the assay of glutathione
(GSH) content, Lipid peroxidation (LPO), glutathione per-
oxidase (GPx) activity, glutathione reductase (GR) activity,

catalase (CAT) activity, Na+-K+-ATPase activity and gluta-
thione S transferase (GST) activity (Caliborne 1985;
Svoboda and Mosinger 1981; Kamboj et al. 2008;
Wheeler et al. 1990; Carlberg and Mannerviek 1975; Habig
et al. 1974).

Inflammatory cells and inflammatory mediator estimations

Meloperoxidase (MPO) activity in the brain was measured
to assess the extent of PMN infiltration in the ischemic
cerebrum. The right middle cerebral artery (MCA) cerebrum
was dissected and stored at −70°C until assay for MPO (Xu
et al. 1990). The method of assaying MPO activity was
according to the guide of the assay kit (Nanjing Jiancheng
Bioengineering Co Ltd, China).

Protein concentration of IL-1β and TNF-α were
measured by the way introduced by Cai et al. (2003). The
brain concentration of IL-1β, TNF-α was then determined
using a commercial ELISA kit as decscribed previously
(Guo et al. 2009).

Measurement of C3 and C4 complement proteins

C3 and C4 complement proteins were measured using standard
diagnostic tests and a semi-auto Biochemical Analyzer
(SBA-733, Sunostik Medical Biotechnology, Jilin, China).

Statistical analysis

The data are expressed as mean ± SEM. Statistical differences
between means were determined by one-way analysis of
variance (ANOVA) and multi-factor ANOVA respectively,
followed by Dunnett t-test. The values of P<0.05 were
considered as significant.

Results

Molecular mass of Cordymin was determined by SDS-PAGE
and mass spectrometry. It was 10,906 Da. The N-terminal
sequence of Cordymin is AMAPPYGYRTPDAAQ. Both of
them are consistent with the results of Wong et al. (2011).

In this study, the cerebroprotective effect of Cordymin on
ischemic neuronal damage was demonstrated using focal
ischemia model rats. The behavioral tasks adopted in this
study were designed to assess impairments consistent with
the known functional architecture of the rat brain. Twenty-
four hours after MCAO in rats, neurological deficit scores
were reduced in Cordymin -2 -treated rats and Cordymin-4 -
treated rats. The neurobehavior for the SHAM group was
0.9 (0.6–1.1), the MCAO group was 3.7 (2.6–5.3), the
Cordymin -1 group was 3.2 (2.8–4.5), the Cordymin -2
group was 2.3 (1.6–4.1) and the Cordymin -4 group was
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Fig. 1 Effect of Cordymin on the Development of Behavioral Abnor-
malities after middle cerebral artery occlusion. Values are shown as
means ± SEM. *p<0.05 vs. MCAO group, **p<0.01 vs. MCAO
group

Table 1 Effect of
Cordymin on basal
grip strength

Values are shown as
means ± SEM. *p<0.05
vs. MCAO group, **p<
0.01 vs. MCAO group

Different groups Grip strength
(Kg Units)

MCAO group 0.598±0.004

SHAM group 0.963±0.006**

Cordymin -1 group 0.663±0.012

Cordymin-2 group 0.776±0.004*

Cordymin -4 group 0.890±0.003**
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2.5(1.6–4.5). It is clear that the behavioral abnormality
was significantly developed in the MCAO group as
compared with the sham (Fig. 1). In contrast, the Cor-
dymin -2 group and Cordymin -4 significantly sup-
pressed the development of behavioral abnormality as
compared with the MCAO group (P<0.05 and P<0.01
respectively).

The grip strength in the SHAM group was found to be
0.963±0.006 kg units. A significant decrease in the grip
strength was observed in the MCAO group, as compared
to the sham rats (P<0.01). Cordymin -1, Cordymin -2 and
Cordymin -4 treated rats showed a (P>0.05, P<0.05 and
P<0.01 respectively) increase in grip strength, as compared
to the MCAO group (Table 1).

The infarction in representative sections from different
groups is shown in Fig. 2. In the MCAO group (Fig. 2b), a
marked infarction (white unstained tissue) was found in the
cerebrum, as compared to the sham group (Fig. 2a). The
Cordymin -4 group (Fig. 2c) showed significant reduction in
the infarct size (pink stained tissue), as compared to the
MCAO group.

Reduced glutathione (GSH) is one of the primary endog-
enous antioxidant defense systems in the brain, which
removes hydrogen peroxide and lipid peroxides. Decline
in GSH levels could either increase or reflect oxidative
status (Coyle and Puttfarcken 1993; Bains and Shaw
1997). Cordymin produced the increase in the level of
GSH. Concentrations of GSH were lower in MCAO group
than those in SHAM group (Table 2). It can be attributed to
several factors such as cleavage GSH to cysteine,

Fig. 2 Effects of Cordymin on
the infarct size. Representative
photographs of brain sections
showing the neuroprotective
effect of vanadium on focal
cerebral ischemia. a SHAM
group, b MCAO group, c
Cordymin-4 group

Table 2 Effect of Cor-
dymin on GSH

Values are shown as
means ± SEM. *p <0.05
vs. MCAO group, **p<
0.01 vs. MCAO group

Different
groups

Hippocampus
GSH (nmol
GSH/mg protein)

SHAM group 1.508±0.011**

MCAO group 0.668±0.016

Cordymin -1 group 1.014±0.011

Cordymin-2 group 2.368±0.023**

Cordymin -4 group 2.231±0.022**

Table 3 Effect of Cor-
dymin on LPO level

Values are shown as
means ± SEM. *p <0.05
vs. MCAO group, **p<
0.01 vs. MCAO group

Different groups nmol LPO/g protein

MCAO group 22.22±1.40

SHAM group 14.20±0.58**

Cordymin-1 group 20.02±0.22

Cordymin-2 group 16.33±0.11*

Cordymin-4 group 15.20±0.11*
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decrease in the synthesis of GSH and the formation of
mixed disulfides, causing their cellular stores to be
depleted (Shivakumar et al. 1995).

Lipid peroxidation (LPO) can inhibit the function of cell
membrane bound receptors and enzymes. The level of LPO
content adds to the proof of the increased peroxidative
damage during cerebral ischemia (Love 1999). A significant
increase (P<0.01) in the content of LPO was observed in the
MCAO group when compared with the SHAM group. In the
Cordymin -2 and Cordymin -4 group, a significant decrease
(P<0.05) was seen in the level of LPO when compared with
the MCAO group (Table 3).

Measurement of endogenous antioxidants enzymes i.e.
GPx, GR, CAT and GST as well as Na+K+ATPase had been
performed to estimate the amount of oxidative stress. Ac-
tivities of various antioxidant enzymes and Na+K+ATPase
of different groups have been listed in Table 4. The activity
of endogenous antioxidant enzymes was decreased signifi-
cantly (P<0.01) in the MCAO group, as compared to the
sham group, whereas in the Cordymin -2 and Cordymin -4
group, Cordymin treatment showed a significant (P<0.05–
0.01) restoration in the level of various enzyme as compared
with MCAO group.

The present study was undertaken to determine whether
Cordymin reduce the number of polymorphonuclear cells
(PMN) in the ischemia/reperfusion-injured cerebral tissue.
The activity of MPO was determined as an indicator of
PMNs migration. In this study, the MPO activity was rela-
tively low in the sham group, and significantly increased in
the MCAO group. Treatment with Cordymin -2 and Cordy-
min -4 significantly reduced MPO activity in the ischemia/
reperfusion injured cerebral tissue (Table 5). Thus, cordy-
min resulted in a substantial decrease in the extent of PMN
infiltration in the cerebral ischemia/reperfusion.

Cytokines are thus upregulated in the brain in a variety of
diseases, including ischaemic brain injury. Among these
inflammatory mediators, IL-1β and TNF-α are of particular
importance because they play a major role in coordinating
mechanisms that command pro-inflammation. Fig. 3 shows
that cerebral ischemia/reperfusion significantly increased
protein concentration of IL-1β in the brain. Cordymin -2
and Cordymin -4 treatment decreased the level of IL-1β by
55.6% and 58.3% as compared to the MCAO group respec-
tively (P<0.01). As shown in Fig. 4, the levels of TNF-α
elevated significantly after cerebral ischemia/reperfusion.
Cordymin -2 and Cordymin -4 suppressed this response
(P<0.05). However the same result did not occur in the
Cordymin -1 treated group.

A significant rise in C3 in the MCAO group relative to
the sham group is observed. However, C3 drops in the
Cordymin -2 and Cordymin -4 groups (Table 6). On the
contrary, the C4 value drops in the MCAO group relative to
the sham group (P<.005). However, statistical analysis does
not demonstrate an essential difference in the variation of
cordymin doses (Table 6).

Discussion

Ischemic hypoxic brain injury often causes irreversible brain
damage. The cascade of events leading to neuronal injury
and death in ischemia includes the release of cytokines and
free radicals, and induction of inflammation, apoptosis, and
excitotoxicity (Kuroda and Siesjo 1997). Reperfusion of
ischemic areas could exacerbate ischemic brain damage

Table 4 Effect of Cordymin on
the activity of various enzymes

Values are shown as means ±
SEM. *p<0.05 vs. MCAO
group, **p<0.01 vs. MCAO
group, ***p<0.001 vs. MCAO
group

Different groups GPx GR GST CAT Na+K+ATPase

SHAM 15.88±1.33*** 33.35±3.50*** 17.30±1.12** 7.23±0.23* 4.54±0.33**

MCAO 8.10±0.32 19.44±2.01 10.37±1.21 4.32±0.33 2.11±0.23

Cordymin-1 group 9.15±0.22 20.91±2.02 11.66±0.77 4.88±0.34 2.32±0.30

Cordymin-2 group 11.56±1.32** 28.01±2.14** 14.61±0.08* 5.88±0.33* 3.33±0.21*

Cordymin-4 group 11.10±1.51* 29.00±2.21** 15.60±0.87* 5.77±0.11* 3.13±0.32*

Table 5 Effect of Cor-
dymin on MPO
activities

Values are shown as
means ± SEM. *p<0.05
vs. MCAO group, **p
<0.01 vs. MCAO group

Different groups (U · g−1)

SHAM group 0.44±0.11 **

MCAO group 2.55±0.34

Cordymin-1 group 2.00±0.04

Cordymin-2 group 1.18±0.15*

Cordymin-4 group 1.17±0.22*
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Fig. 3 Effect of Cordymin on IL-1β concentration in the brain fol-
lowing cerebral ischemia/reperfusion. Values are shown as means ±
SEM. *p<0.05 vs. MCAO group, **p<0.01 vs. MCAO group
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through the generation of reactive oxygen species. A great
deal of effort has been directed toward searching for a new
drug that can be used for protection of cerebral ischemia-
reperfusion injury.

In the current study cordymin -treatment showed
protective effects on brain injuries induced by middle
cerebral artery occlusion followed by reperfusion in rats.
Here we showed supplementation of cordymin signifi-
cantly boosted the defense mechanism against cerebral
ischemia by increasing antioxidants activity related to
lesion pathogenesis. Restoration of the antioxidant ho-
meostasis in the brain after reperfusion may have helped
the brain recover from ischemic injury.

Inflammatory processes not only have fundamental roles
in the pathophysiology of cerebral ischaemia but also are
considered to be a risk or trigger factor for human stroke
(Lindsberg and Grau 2003). Ischaemic brain injury is asso-
ciated with inflammatory reaction, which consists of inflam-
matory cells (including the early accumulation of
polymorphonuclear neutrophils and later monocytes/macro-
phages) and inflammatory mediators (including cytokines,
chemokines, adhesion molecules and other inflammatory
molecules) (Wang and Feuerstein 2000). In the current study
cordymin -treatment showed protective effects on brain
injuries induced by middle cerebral artery occlusion fol-
lowed by reperfusion in rats by inhibiting IR-induced up-

regulation of inflammatory cytokines IL-1β and TNF-α,
blocking a substantial decrease in the extent of PMN infil-
tration in the ischemic brain.

C3 and C4 proteins are complement and acute phase
proteins. The concentration of these proteins changes
during inflammation and tissue damage. The C3 level
rises during the inflammatory reaction. The C4 concen-
tration changes in sinusoid way, which is a result of C4
synthesis and consumption processes (Cakosiñski et al.
2009). In our studies, cordymin significantly reduced
the level of C3 protein. We hypothesized that it is the
result of inhibit the inflammatory process by cordymin.
However, statistical analysis does not demonstrate an
essential difference in the variation of cordymin doses
on the level of C4 protein. It probably need more hours
to show the C4 concentration changes in sinusoid way.

Our findings suggest that cordymin have a neuroprotective
effect in the ischemic brain, which is due to the inhibi-
tion of inflammation and increase of antioxidants activ-
ity related to lesion pathogenesis. Cordymin can be used
as potential preventive agent against cerebral ischemia-
reperfusion injury.
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