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Abstract. (-)-Epigallocatechin-3‑gallate (EGCG), the 
predominant constituent of green tea, has been demonstrated 
to be neuroprotective against stroke in rats. However, the 
precise mechanism of EGCG responsible for neuroprotec-
tive activity remains unclear and no established treatment 
for decreasing the resulting neurological damage of stroke 
exists. The present study was designed to investigate the 
neuroprotective mechanism of EGCG on transient focal 
cerebral ischemia in rats. EGCG, when applied immediately 
following ischemia, significantly decreased the expression 
of endoplasmic reticulum stress (ERS)‑related markers, 
[glucose‑regulated protein 78 (GRP78), C/EBP‑homologous 
protein (CHOP) and caspase‑12] and apoptosis 24  h 
following reperfusion. EGCG treatment also significantly 
reduced infarct volumes and increased neurological scores 
which was correlated with elevated levels of TRPC6 and 
phosphorylation of cAMP/Ca2+ response element‑binding 
protein (p‑CREB) activity, and decreased calpain‑specific 
aII‑spectrin breakdown product (SBDP145) activity. When 
mitogen‑activated protein kinase kinase (MEK) activity was 
specifically inhibited, the neuroprotective effect of EGCG 
was attenuated and a correlated decrease in CREB activity 
was observed. In conclusion, the results clearly demonstrated 
that intracerebroventricular injection of EGCG immediately 
following ischemia, inhibits ERS and improves the neurolog-
ical status of rats that have undergone middle cerebral artery 
occlusion via the inhibition of calpain‑mediated TRPC6 

proteolysis and the subsequent activation of CREB via the 
MEK/extracellular signal-regulated kinases (ERK) pathway.

Introduction

The endoplasmic reticulum (ER) is an organelle that folds 
and synthesizes transmembrane, intraorganellar and secretory 
proteins. The disequilibrium of ER homeostasis, including 
glucose deprivation, disturbance of the redox environment, 
perturbation of calcium homeostasis and exposure to free 
radicals disrupts the normal function of the ER and induces 
ER stress (1). Pro‑apoptotic proteins are expressed under ER 
stress, including CHOP and caspase‑12 and -3, which results in 
neuronal cell death. ER stress plays a role in the pathogenesis of 
a variety of human diseases, including neuronal degenerative 
diseases, ischemia/reperfusion injury, and heart diseases (2‑4).

The transient receptor potential cation channels (TRPC) 
are a subfamily of nonselective cation channels permeable 
to Ca2+, which are present in numerous cell types including 
neurons (5,6). The TRPC6 channel is involved in the promo-
tion of neuronal survival following focal cerebral ischemia. 
Activation of calpain leads to TRPC6 degradation and 
neuronal damage in ischemia  (7). Previous studies have 
determined that the TRPC6 channel is essential in promoting 
neuronal survival and indicates that the activation of CREB is 
a key downstream effector for the neuronal protective effect 
of the TRPC6 channel in vitro and in vivo (7,8). Therefore, it 
may be a used as a novel therapeutic strategy to protect against 
ischemic brain damage as the inhibition of TRPC6 degrada-
tion preserves neuronal survival.

EGCG is the predominant constituent of green tea (9). It 
has been shown to promote neuronal plasticity (10) and to 
improve cognitive function and learning ability (11,12). In 
addition, EGCG has also been demonstrated to reduce delayed 
cell death near the hippocampus and the excitotoxic neuronal 
damage that occurs in ischemic lesions following transient 
ischemia (2,13,14). However, the precise mechanism of the 
neuroprotective activity of EGCG remains unclear. Previous 
studies have not fully demonstrated the effects of EGCG on 
TRPC6/CREB-mediated neuroprotection.

The aim of this study was to investigate whether the admin-
istration of EGCG immediately following ischemia exhibits 
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a neuroprotective effect on ischemic neurons in a middle 
cerebral artery occlusion (MCAO) rat model. This study also 
aimed to determine whether EGCG inhibits ER stress (ERS) 
and improves the neurological status through the inhibition 
of calpain‑mediated TRPC6 proteolysis and the subsequent 
activation of CREB via the mitogen‑activated protein kinase 
kinase (MEK)/extracellular signal-regulated kinases (ERK) 
pathway.

Materials and methods

Middle cerebral artery occlusion (MCAO) model. Male 
Sprague‑Dawley rats (weight, 200‑250 g) were purchased 
from Hunan Weasleyg Scene of Experimental Animals Co., 
Ltd. (Hubei, China). The experiments were approved by the 
Committee of Experimental Animals of Tongji Medical 
College (Hubei, China) and conformed to internationally 
accepted ethical standards (Guide for the care and use of 
laboratory animals; NIH Publication 80-23, revised 1978). 
Briefly, rats were anesthetized with an intraperitoneal (i.p.) 
injection of chloral hydrate (400 mg/kg) and placed in the 
supine position with the limbs taped to the operation table. 
A midline skin incision was performed, the right external 
carotid artery was exposed and its branches were ligated. A 
4‑0 monofilament nylon suture (Beijing Shandong Industrial 
Corp., Beijing, China) with a rounded tip was introduced into 
the internal carotid artery through the common carotid artery 
and advanced until faint resistance was felt. Following 2 h of 

transient MCAO, blood flow was restored by the withdrawal 
of the nylon thread to allow reperfusion, which was confirmed 
by a laser Doppler flowmeter; Periflux system 5000, Perimed, 
Stockholm, Sweden. Sham‑operated rats underwent the same 
procedure without the filament insertion. Throughout the 
experiments, body temperature was maintained at 37±0.5˚C 
with a homeothermic (RWD Life Science Co., Ltd., Shenzhen, 
China). Regional cerebral blood flow (rCBF) was monitored 
by a laser-Doppler flowmeter prior to, during and following 
MCAO, as well as prior to death (Fig. 1). Animals that did 
not show a CBF reduction of ≥70% and animals that died 
following ischemia induction were excluded from the 
experimental group. Prior to reperfusion, rats with incomplete 
MCAO (~10%) were excluded from further study by a blinded 
observer.

Drug treatment. Rat intracerebroventricular (ICV) injection 
was performed under anesthesia using a stereotaxic instru-
ment (RWD Life Science Co., Ltd.) with a microsyringe 
pump (Shanghai Guangzheng Medical Equipment Co., Ltd., 
Shanghai, China). A scalp incision was perfomed and a burr 
hole was made in the right parietal skull, 1.8 mm lateral and 
1.0 mm posterior to the bregma. A syringe was inserted into the 
brain to a depth of 4.2 mm below the cortical surface. EGCG 
or PD98059 was dissolved in dimethyl sulfoxide (DMSO) (all 
obtained from Sigma‑Aldrich, St. Louis, MO, USA). EGCG 
(1  mg/ml; 5  µl) or 1% DMSO (5  µl) was injected slowly 
(0.5 µl/min) into the right ventricle immediately following 

Figure 1. Experimental protocol. (A) Rats were randomly divided into 6 groups, and each group was again divided into 3 subgroups according to the time of 
reperfusion following ischemia (6, 12 and 24 h following reperfusion) (n=12 per subgroup). (C) Another 45 rats were randomly divided into four groups. (B and 
D) Change in regional cerebral blood flow (rCBF) in rats. Right common carotid artery (CCA) occlusion reduced CBF to ~50% of the baseline, and additional 
middle cerebral artery (MCA) occlusion further decreased rCBF to ~20%. Group S (subgroup S6, S12 and S24), Sham-operation; group I (subgroup I6, I12 
and I24), middle cerebral artery occlusion (MCAO); group E (subgroup E6, E12 and E24), ischemia combined with EGCG treatment; Group P (subgroup P6, 
P12 and P24), ischemia combined with EGCG plus PD98059 treatment; Group K (subgroup K6, K12 and K24), ischemia combined with EGCG plus KN62 
treatment; group C (subgroup C6, C12 and C24), ischemia combined with EGCG plus PD98059 and KN62 treatment; group M, ischemia combined with 
PD98059 treatment; Group Ca: ischemia combined with KN62 treatment; Group D: ischemia combined with PD98059 plus KN62 treatment. R, reperfusion; 
CCAO, CCA occlusion; MCAO, MCA occlusion; MCAR, MCA remove.

  D

  C

  B

  A



MOLECULAR MEDICINE REPORTS  9:  69-72,  2014 71

ischemia. PD98059 (0.75 mg/rat, i.p.) or 1% DMSO (0.5 ml, 
i.p.) was administered to rats 20 min prior to the operation.

The rats were randomly divided into four groups and 
each group was again divided into three subgroups (n=12 
per subgroup) according to the time of reperfusion following 
ischemia. The experimental groups and subgroups were as 
follows: Sham-operation (group S; subgroup S6, S12 and 
S24); MCAO (group I; subgroup I6, I12 and I24); ischemia 
combined with EGCG treatment (group E; subgroup E6, E12 
and E24) and ischemia combined with EGCG plus PD98059 
[a mitogen‑activated protein kinase kinase (MEK) inhibitor]
treatment (group C; subgroup C6, C12 and C24). Another 27 
rats were randomly divided into 3 groups (n=9 per group): 
Sham-operation; MCAO (Group I) and ischemia combined 
with PD98059 treatment (Group P).

Measurements of infarct volume. At 24 h following reper-
fusion, rats were decapitated and the brains were rapidly 
removed and frozen at ‑20˚C for 10 min. Sliced brain tissues 
were stained with 2% 2,3,5‑triphenyltetrazolium chloride 
(TTC; Sigma‑Aldrich) for 30 min at 37˚C followed by over-
night immersion in 4% paraformaldehyde. The extent of 
ischemic infarction was traced and the integrated volume was 
calculated using ImageJ 1.45 software (National Institutes of 
Health, Bethesda, MD, USA). The relative infarction volume 
was calculated by the following equation, giving a correction 
for edema: {[Total lesion volume -  (ipsilateral hemisphere 
volume - contralateral hemisphere volume)]  / contralateral 
hemisphere volume} x100.

Neurological scoring. Neurological scores were evaluated by 
a blinded observer 24 h following reperfusion with a scoring 
system as described previously (15,16).

Western blot analysis. The rats were euthanized by decapita-
tion at 6, 12 and 24 h following reperfusion and the infarct 
side of the cortex was harvested. Total protein extraction was 
performed according to the manufacturer's instructions in the 
kit (KGP250; Keygen Biotech, Nanjing, China) for western blot 
analysis of TRPC6 and aII-spectrin. Nuclear protein extraction 
was performed according to the manufacturer's instructions in 
the kit (Fisher Scientific, Pittsburgh, PA, USA) for p-CREB. 
Protein levels in the extracts were quantified using a bicincho-
ninic acid (BCA) assay. Equal quantities of total or nuclear 
protein extracts were separated by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis and transferred to polyvi-
nylidene difluoride membranes by electrophoresis. Membranes 
were incubated in Tris-buffered saline, TBS containing 1% 
Tween‑20 (TBST) blocking buffer and 5% non‑fat dry milk 
for 1 h at room temperature. Membranes were incubated over-
night at 4˚C with either a mouse monoclonal anti‑aII‑spectrin 
(dilution, 1:1000; Enzo Biochem, New York, NY, USA), rabbit 
polyclonal anti-TRPC6 (dilution, 1:1000; Abcam Cambridge, 
MA, USA), rabbit monoclonal anti‑p‑CREB (dilution, 1:1000) 
mouse monoclonal anti‑CHOP (dilution, 1:1000), rabbit poly-
clonal anti-GRP78 (dilution, 1:1000; Cell Signaling Technology 
Inc., Beverly, MA, USA), rabbit polyclonal anti‑caspase‑12 
(dilution, 1:200; Beijing Biosynthesis Biotechnology Co., Ltd, 
Beijing, China), rabbit polyclonal anti-Lamin B1 (dilution, 
1:500; Bioworld Technology Inc., Harrogate, UK) or mouse 

monoclonal anti‑glyceraldehyde 3‑phosphate dehydrogenase 
(GAPDH) antibody (dilution, 1:1000; Proteintech Group, 
Inc., Hubei, China). This was followed by incubation with 
horseradish peroxidase‑labeled secondary anti-mouse IgG 
or anti-rabbit IgG antibodies (dilution, 1:5000; Proteintech 
Group, Inc.), respectively. Labeled proteins were detected 
with the ChemiDocXRS+ chemiluminescence imaging system 
(Bio-Rad, Hercules, CA, USA) and bands were quantified 
using lab imaging software. The experiments were repeated 
in triplicate.

Quantum dot‑based immunofluorescence and immunohis‑
tochemistry. At 24  h following reperfusion, the rats were 
perfused with 250 ml of 0.9% cold saline followed by 100 ml 
of 4% paraformaldehyde in phosphate‑buffered saline (pH 7.4). 
The brains were then rapidly removed, blocked and embedded 
in paraffin. Paraffin‑embedded brains were cut into 4‑µm 
thick sections according to standard procedures. The paraffin 
sections (n=3 for each group) were incubated overnight with 
antibodies against TRPC6 (1:100; Abcam) at 4˚C subsequent to 
blocking with bovine serum albumin (BSA). The samples were 
then incubated with a biotinylated secondary antibody at 37˚C 
for 30 min. Subsequent to blocking with BSA, the paraffin 
sections were incubated with streptavidin‑conjugated QDs605 
(dilution, 1:100; Wuhan Jiayuan Quantum Dots Co., Ltd., 
Hubei, China). The cell nuclei were stained with 4',6‑diamidino-
2‑phenylindole (DAPI). TRPC6-positive cells were measured 
at a magnification of x200 per visual field in the peri‑infarct 
region; three visual fields per section and three brain sections 
per rat were analyzed. Fluorescent signals were detected by 
fluorescence microscopy (BX51; Olympus, Tokyo, Japan) and 
signal intensities were collected for statistical analysis. Images 
were captured with a Doppler imaging system (CRi Nuance Fx; 
Caliper Life Sciences, Hopkinton, MA, USA).

TdT mediated dUTP nick‑end labeling (TUNEL) assay. 
TUNEL staining analysis was used to detect apoptotic cell 
death 24  h following reperfusion. TUNEL staining was 
conducted with a kit (Roche Diagnostics GmbH, Mannheim, 
Germany). TUNEL‑positive nuclei with chromatin conden-
sation and fragmented nuclei were considered as probable 
apoptotic cells. The total number of TUNEL‑positive neurons 
in the ipsilateral hemisphere was counted in three different 
fields for each section (by an investigator who was blinded to 
the studies) by light microscopy at a magnification of x400.

Statistical analysis. GraphPad Prism software (version 5 for 
Windows, GraphPad software Inc., La Jolla, CA, USA) was 
used for all statistical analyses. Values are presented as the 
mean ± standard error of the mean. The neurological score 
data comparison was analyzed using the Kruskal‑Wallis test 
followed by a post hoc Dunn's test. For all other measurements, 
one-way analysis of variance followed by Newman‑Keuls 
multiple comparison test was used. P<0.05 was considered to 
indicate a statistically significant difference.

Results

EGCG blocks calpain-specific aII-spectrin breakdown product 
(SBDP145) formation. Compared with the sham‑operated 
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group the SBDP145 level in the MCAO group was significantly 
increased after 12 h (P<0.05), an increase that was greatest at 
24 h (P<0.01; Fig. 2A and B). When MCAO rats were treated 
with EGCG the SBDP145 level was significantly decreased at 
12 h (P<0.01) and the decrease was greatest at 24 h (P<0.01; 
Fig. 2C and D).

EGCG inhibits calpain‑mediated TRPC6 channel degra‑
dation. Compared with the sham‑operated group, TRPC6 
levels in the MCAO group were significantly decreased at 6 
(P<0.05), 12 and 24 h (P<0.01; Fig. 2E and F). When MCAO 
rats were treated with EGCG, the protein level of TRPC6 
was significantly increased at 12 and 24  h (P<0.05 and 
P<0.01, respectively). Immunofluorescence analysis showed a 
cytomembrane staining pattern of TRPC6 in neurons of the 
cerebral cortex (Fig. 2G).

PD98059 exhibits no effect on ischemic stroke in rats at 24 h 
following reperfusion. To determine the effect of PD98059 in 
the stroke rats, PD98059 was administered 20 min prior to the 
operation. Notably, with the application of PD98059 alone, no 
statistical significance was identified in the protein levels of 
p‑CREB in MCAO rats (Fig. 3A). There was no significant 
difference between the two groups in the measurements of the 
the infarct volumes and neurological scores (Fig. 3B and C).

EGCG maintains phosphorylation of CREB by blocking 
TRPC6 degradation. Compared with the sham‑operated group, 
the level of p‑CREB in the MCAO group was significantly 
decreased at 12 and 24 h (P<0.05 and P<0.01, respectively; 
Fig. 4A and B). Compared with the MCAO group, the level 
of p‑CREB in the EGCG‑treated group was significantly 
increased at 12 and 24 h (P<0.05 and P<0.01, respectively). 

Figure 2. Effect of (-)-epigallocatechin-3‑gallate (EGCG) treatment on the levels of SBDP145 and transient receptor potential cation channel (TRPC6). 
(A and C) Western blot analysis of SBDP145 expression in the ipsilateral cortex at 6, 12 and 24 h following reperfusion. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as a loading control. (B and D) Densitometric analysis of the protein levels of SBDP145 in the ipsilateral cortex at the indicated time 
points in the two groups or with sham operation (n=3). (E) Western blot analysis of TRPC6 expression at 6, 12 and 24 h following reperfusion. The samples 
were prepared from the ipsilateral cortex. GAPDH was used as a loading control. (F) Densitometric analysis of the protein levels of TRPC6 in the ipsilateral 
cortex at the indicated times in the two groups or with sham operation (n=3). (G) TRPC6 immunoreactivity (magnification, x200) (n=3). The nuclei are 
counterstained with 4',6‑diamidino-2‑phenylindole (DAPI). Staining was present within the cell membrane. Group S, sham-operation group; group I, middle 
cerebral artery occlusion (MCAO) group; group E, MCAO treated with EGCG; group C, MCAO treated with EGCG and PD98059. Values are presented as 
the mean ± SEM. *P<0.05 and **P<0.01.
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In the rats treated with PD98059, the level of p‑CREB was 
significantly decreased at 12 and 24 h (P<0.01 and P<0.01, 
respectively) compared with that of the EGCG‑treated group.

EGCG inhibits ERS and apoptosis 24 h following reperfusion. 
In the MCAO group, the protein levels of ERS‑related markers 
GRP78, CHOP and caspase‑12 were significantly increased 
compared with that in the sham‑operation group (P<0.01, 
P<0.01 and P<0.01, respectively; Fig. 5Aa‑c). When MCAO rats 
were treated with EGCG, the protein levels of CHOP, GRP78 

and caspase‑12 were significantly decreased (P<0.01, P<0.01 
and P<0.01, respectively). Subsequent to the administration 
of PD98059, the protein levels were significantly increased 
compared with that of the EGCG‑treated group.

In the TUNEL assay, EGCG significantly reduced apop-
totic cell death in the right cortex compared with that in the 
MCAO group (P<0.01; Fig. 5D and E). Following treatment 
with PD98059, the apoptotic cell death was significantly 
increased compared with that of the EGCG‑treated group 
(P<0.01).

Figure 4. Effect of (-)-epigallocatechin-3‑gallate (EGCG) treatment on the level of phosphorylation of cAMP/Ca2+ response element‑binding protein (p‑CREB). 
(A) Western blot analysis of p-CREB at 6, 12 and 24 h following reperfusion. Samples were prepared from the ipsilateral cortex. Lamin B1 was used as a 
loading control. (B) Densitometric analysis of the protein levels of p-CREB in the ipsilateral cortex at the indicated times in the three groups or with sham 
operation (n=3). Group S, sham-operated group; group I, middle cerebral artery occlusion (MCAO) group; group E, MCAO treated with EGCG group; group 
C, MCAO treated with EGCG and PD98059 group. Values are presented as the mean ± SEM. *P<0.05 and **P<0.01.

  B

  A

Figure 3. Effect of PD98059 on the stroke rats 24 h following reperfusion. (A) Western blot analysis of phosphorylation of cAMP/Ca2+ response element‑binding 
protein (p‑CREB) (n=3). Nuclear protein extracts were prepared from the ipsilateral cortex. Quantification of p-CREB assessed by western blot analysis was 
normalized to the expression level of Lamin B1. (B) Representative 2,3,5‑triphenyltetrazolium chloride (TTC) staining of the cerebral infarct in the rat brain 
(n=6). (C) Quantification of neurologic scores (n=6). Group S, sham‑operated group; group I, middle cerebral artery occlusion (MCAO) group; group P, MCAO 
treated with PD98059 group. Values are presented as the mean ± SEM. **P<0.01 vs. sham-operated group.
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EGCG significantly reduces infarct volumes and promotes 
functional recovery in ipsilateral ischemic hemispheres 24 h 
following reperfusion. Following ischemia/reperfusion injury, 
a white‑stained infarct area was observed in the MCAO group. 
By contrast, treatment with EGCG significantly reduced 
infarct volumes compared with that of the MCAO group 24 h 
following reperfusion (P<0.01). Following the application of 
PD98059, the infarct volumes were significantly increased 
compared with that of the EGCG‑treated group (P<0.01; 
Fig. 5E).

There was also significant improvement in the neuro-
logical score 24 h following reperfusion with EGCG treatment 
(P<0.01). When treated with PD98059, the neurological 
scores were significantly decreased compared with that of the 
EGCG‑treated group (P<0.01; Fig. 5F).

Discussion

The results clearly demonstrated that ICV injection of EGCG 
at low doses immediately following ischemia improved the 
outcome as measured by TTC staining and neurological 
scoring. EGCG treatment also significantly inhibited ERS 
and apoptosis. EGCG improved the neurological status and 
inhibited ERS, which was correlated with elevated TRPC6 
and p-CREB activity and decreased SBDP145 activity. When 
MEK activity was inhibited, the neuroprotective effect of 
EGCG was attenuated and a correlated decrease in CREB 
activity was observed. These results demonstrated that 

EGCG, is important in the prevention of cerebral ischemic 
injury (17), and may be used as a therapeutic intervention for 
stroke during the acute or subacute period similar to the drug 
edaravone (18).

Calpains are intracellular calcium‑dependent cysteine 
endopeptidases that are activated by cytosolic Ca2+ over-
load (19). The most studied target of calpain is aII‑spectrin, 
a 280‑kDa neuronal protein that localizes to axons and func-
tions in cortical cytoskeleton matrix support. The aII‑spectrin 
breakdown product, SBDP145, results from the sequential 
calpain cleavage of aII‑spectrin which generates SBDP150 
followed by cleavage to remove the additional 5 kDa (20,21). 
In the present study, MCAO rats exhibited elevated levels of 
SBDP145 in the cortical regions of the ipsilateral hemisphere 
in the first 24 h following ischemic injury. EGCG treatment 
significantly reduced SBDP145 formation at 12 and 24 h. The 
results clearly demonstrated that EGCG, when applied imme-
diately following ischemia, inhibited calpain activation and 
induced resistance to ischemia/reperfusion injuries.

TRPC channels are non‑selective cation channels that are 
expressed in numerous multicellular organisms with different 
functions  (5). TRPC6 is involved in brain‑derived neuro-
trophic factor (BDNF)‑mediated growth cone turning, neuron 
survival and spine formation (8,22). TRPC6 was specifically 
degraded in transient ischemia and this degradation occurred 
prior to and during neuronal cell death. In addition, TRPC6 
protein in neurons in ischemia was specifically downregulated 
by calpain proteolysis. Inhibition of calpain proteolysis of 

Figure 5. Effect of (-)-epigallocatechin-3‑gallate (EGCG) on the protein expression of endoplasmic reticulum stress‑related markers (A) GRP78, (B) CHOP 
and (c) caspase‑12 in the ipsilateral cortex 24 h following reperfusion (n=3). (B) TdT mediated dUTP nick‑end labeling (TUNEL) assay results (n=3). 
(C) Representative 2,3,5‑triphenyltetrazolium chloride (TTC)‑stained brain sections (n=6). (D) Neurology deficits score (n=6). Application of EGCG signifi-
cantly reduced the infarct volumes and neurological deficit scores compared with middle cerebral artery occlusion (MCAO) group. Group S, sham-operated 
group; group I, MCAO group; group E, MCAO treated with EGCG group; group C, MCAO treated with EGCG and PD98059. Values are presented as the 
mean ± SEM. *P<0.05 and **P<0.01.
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TRPC6 protected animals from ischemic brain damage. In 
the present study, the protein levels of TRPC6 were markedly 
decreased at 6 h and the reduction in TRPC6 protein levels 
remained at 12 and 24 h in the MCAO group, these results 
were consistent with a previous study (7). EGCG treatment 
significantly enhanced the protein levels of TRPC6 at 12 and 
24 h. In addition, EGCG‑treated rats exhibited significantly 
lower infarct volumes and also increased functional recovery 
compared with that of MCAO rats at 24 h. Therefore, the results 
indicated that EGCG treatment protected rats from ischemic 
brain damage through the inhibition of calpain proteolysis of 
TRPC6.

A modest level of Ca2+ influx through TRPC6 channels leads 
to the activation of ERK, which activates CREB to promote 
neuronal survival (8). Inhibition of TRPC6 channel degrada-
tion maintained the phosphorylation of CREB and prevented 
ischemic brain damage (7). CREB activation is a critical event 
in the neuroprotection from ischemic injury (23,24). In the 
present study, the protein levels of p‑CREB were significantly 
increased in the EGCG‑treated group at 12 and 24 h. When 
MEK activity was inhibited, the neuroprotective effect of 
EGCG was attenuated and correlated with decreased CREB 
activity levels. The results demonstrated that EGCG, when 
administered immediately following ischemia, stimulated the 
MEK/ERK pathway that ultimately induced CREB activa-
tion and contributed to neuroprotection at 24 h. In addition, 
EGCG significantly reduced TRPC6 degradation induced by 
ischemia at 24 h. Therefore, the results suggested that EGCG 
blocked calpain‑mediated TRPC6 channel degradation which 
activated CREB through the MEK/ERK pathway and contrib-
uted to neuroprotection.

The ER is an organelle that is important in the maintenance 
of intracellular calcium homeostasis and proper folding of 
newly synthesized secretory and membranous proteins (25). 
ER functions are disturbed by different insults, such as the 
accumulation of unfolded proteins and the disruption of 
intracellular calcium homeostasis (26,27), which result in ER 
stress. However, if ER stress is too severe, the unfolded protein 
response initiates the apoptotic pathway  (28). Increased 
expression of GRP78 is a marker of ER stress (29,30). In addi-
tion, CHOP participates in apoptosis signaling pathways and 
serves as a hallmark of ER stress (31,32). ER stress‑induced 
neuronal cell death is important in stroke pathophysi-
ology (33) and involves the activation of caspase‑12 (34,35), 
which is specific to apoptosis mediated by ER stress (9). In 
the present study, EGCG treatment significantly decreased the 
infarct volumes and improved functional recovery at 24 h. In 
addition, the ER stress was enhanced in the brain following 
ischemia/reperfusion as demonstrated by the significant 
elevation of the ER stress‑related markers GRP78, CHOP 
and caspase‑12 in the cortex and EGCG was demonstrated 
to inhibit this. However, the effect of EGCG was attenuated 
by the MEK inhibitor PD98059. In addition, when treated 
with PD98059, the apoptotic cell death was also significantly 
increased. Thus, this study has demonstrated that ICV injec-
tion of EGCG inhibited ER stress and apoptosis through the 
MEK/ERK/CREB pathway, which contributed to its neuro-
protective effects. The results indicated that EGCG exerted its 
neuroprotective effects by activating ERK/CREB pathways 
and the subsequent inhibition of ERS.

In conclusion, the present study has demonstrated that 
administration of EGCG immediately following ischemia 
inhibited ER stress and improved the neurological status 
through the inhibition of calpain proteolysis of TRPC6 and the 
subsequent activation of CREB via the MEK/ERK pathway.
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