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Abstract: On the basis of our previous studies that Electroacupuncture (EA) pretreatment exerts protection on brain 
by inhibiting the autophagy, but the mechanism how it to modulate the autophagy is only poorly understood. We 
aimed to identify the effect of EA pretreatment on mTOR pathway. We mainly evaluated the effect of EA on the 
autophagic upstream protein mammalian target rapamycin (mTOR), the AMP-activated protein kinase (AMPK), the 
protein kinase B (AKT) and the two mTOR complex (regulatory associated protein of TOR, mTORC1) and rapamycin-
insensitive companion of mTOR, mTORC2). First, EA at the acupoint “baihui (GV20)” 30 min/day, for five consecutive 
days before the ischemia reperfusion significantly increased the level of the phosphorylation of mTOR (p-mTOR) 
especially the site of 2481, and inhibited the expression of autophagy. While the specific inhibitor of mTOR Rampay-
cin inversed the inhibition of EA on p-mTOR, and upregulated the expression of autophagy, as a result, weaken the 
protection of EA on brain ischemia/reperfusion (IR). In addition, EA obviously raised the mTOR complex Raptor, but 
almostly have no effect on the other mTOR complex (Rictor). Second, EA increased the level of phosphorylation of 
AKT (p-AKT), and the p-AKT and p-mTOR (2481) were positively correlated (r = 0.897, P < 0.05). This study demon-
strated that EA pretreatment of Baihui leads to the phosphorylation of AKT, thereby promoting mTOR phosphoryla-
tion and ultimately inhibiting autophagy and protecting the brain.

Keywords: Ischemia/reperfusion, electro-acupuncture pretreatment, autophagy, mammalian target of rapamycin 
(mTOR), middle cerebral artery occlusion (MCAO)

Introduction

Many studies including our previous studies 
have shown that the autophagy plays an impor-
tant role in the homeostasis of cerebral cell 
suffering the ischemia/reperfusion [1]. Auto- 
phagy is a catabolic process by which cells’ 
own components are degraded with the ly- 
sosomal machineries. In normal conditions, 
autophagy occurs at low levels for turnover of 
damaged or long-lived proteins, macromole-
cules, and organelles such as mitochondria, 
endoplasmic reticulum etc. Autophagy provides 
a necessary source of energy for the cell during 
the early cerebral ischemia. However, autopha-
gy sometimes concurs with apoptosis in the 
process of programmed cell death during the 
severe ischemia and/or reperfusion. As early 

as 1995, Nitatori et al. observed the presence 
of multiple bubble-like autophagic structures 
before cell death [2]. On this basis, they sug-
gested that autophagy may promote cell sur-
vival. Currently, it is believed that autophagy 
plays a dual role in cell regulation. When the 
body suffers mild to moderate ischemia, it first 
recruits an autophagy marker protein, ATG8, to 
autophagic vacuoles, thereby initiating autoph-
agy and ultimately repairing damaged cells. 
However, when the body undergoes strong 
adverse external stimulation that reaches the 
damage threshold for autophagy, the cells are 
committed to the apoptosis pathway [3]. For 
example, current studies suggest that autopha-
gy induced by ischemia-reperfusion has dam-
aging effects [4, 5]. Autophagy, as an important 
metabolic pathway, is subject to strict regula-
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tion. Autophagy regulatory pathways can be 
categorized into mammalian target of rapa- 
mycin (mTOR) regulatory pathways and mTOR-
independent regulatory pathways [6, 7]. mTOR 
is an atypical serine/threonine protein kina- 
se and a member of the phosphatidylinositol 
kinase-related kinase (PIKK) family of proteins. 
The activity of mTOR is mainly regulated by  
two major upstream pathways: (1) AMPK/mT- 
OR, activation of AMP-activated protein kinase 
(AMPK) negatively regulates the expression  
of mTOR and ultimately enhances autophagy, 
and (2) PI3K/Akt/mTOR, this pathway activates 
mTOR activity, thereby inhibiting autophagy. 
Therefore, the purpose of this study was to 
determine whether EA pretreatment regulates 
autophagy through the mTOR pathway. If so, we 
aimed to identify the main upstream signaling 
pathway.

Cerebrovascular disease is a common disease 
that poses a serious threat to human health. 
Worldwide, it is the primary cause of disability 
and the third leading cause of death. Clini- 
cal research on Traditional Chinese medicine 
(TCM) shows that electro-acupuncture (EA) pre-
treatment can effectively reduce reperfusion 
injury. Furthermore, our preliminary study indi-
cates that the anti-reperfusion injury effect of 
EA pretreatment is related to the inhibition of 
autophagy [1]. 

Methods

Animals and groups

All experiments were approved by the Medical 
Ethics Committee of Changzhou No. 2 People’ s 
Hospital of Nanjing Medical University. One 
hundred fifteen male SD rats weighing be- 
tween 280 and 320 g were provided by the 
Animal Center of Nanjing University of Tradi- 
tional Chinese Medicine. The rats were housed 
under a 12 h day/night cycle at 21 ± 2°C and 
60-70% relative humidity. The animals were 
allowed to adapt for at least one week prior to 
surgery. The rats were randomly divided into 
five groups: a sham group, an ischemia/reper-
fusion (IR) group, an EA pretreatment (EA + IR) 
group, an mTOR inhibitor (rapamycin)-specific 
(Rap + EA + IR) group, and a vehicle (Veh + EA 
+ IR) group. Each group contained 23 rats. We 
used middle cerebral artery occlusion to model 
focal cerebral ischemia. The carotid arteries of 
the sham group were exposed under anesthe-

sia, but embolization was not performed. The 
rats were preoperatively anesthetized with 
sodium pentobarbital but did not receive EA 
pretreatment. The carotid arteries of the IR 
group of rats were exposed under anesthesia, 
and the rats received embolism with a thread 
for two hours followed by reperfusion for 12 
hours. The rats were also preoperatively anes-
thetized with sodium pentobarbital but did not 
receive EA preconditioning. The carotid arteries 
of the EA + IR group of rats were exposed under 
anesthesia. They received thread embolism  
for two hours and then perfusion for 12 hours. 
The rats were preoperatively anesthetized with 
sodium pentobarbital and underwent EA pre-
treatment. The carotid arteries of the Rap + EA 
+ IR group of rats were exposed under anesthe-
sia, thread embolism was performed for two 
hours, and reperfusion was performed for 12 h. 
The rats were preoperatively anesthetized with 
sodium pentobarbital and underwent EA pre-
treatment. In addition, they were injected with 
rapamycin (a specific inhibitor of mTOR) in the 
lateral ventricle of the brain 30 min prior to 
ischemia. The Veh + EA + IR group of rats 
received dimethyl sulfoxide (DMSO) instead of 
rapamycin.

Preparation of the middle cerebral artery 
model 

We used the method described by Zheng’s 
paper [8]. 

Intracerebroventricular injection of rapamycin

The rats were anesthetized and fixed on a rat 
brain stereotaxic instrument. We then disinfect-
ed the skin, cut the scalp, and maintained the 
level position of the skull. The scalp was opened 
to expose the skull, and the bregma was treat-
ed with H2O2. A hole was drilled at the left ven-
tricle of the brain, 0.8 mm behind the bregma, 
1.5 mm from the side, and 3.5 mm down from 
the skull surface, with a 1.5-mm drill bit. A cath-
eter was implanted and fixed once smooth 
drainage of cerebrospinal fluid was ensured. 
The catheter was sealed for later use. In these 
experiments, 30 min before reperfusion, we 
injected 35 pmol rapamycin or sterile saline.

Electroacupuncture pretreatment 

EA pretreatment was performed at the acu-
point “Baihui (GV20)” [9]. The “Baihui” acupoint 
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is located at the intersection of the sagittal 
midline and the line between the two ears [10]. 
Animals were anesthetized and stimulated at 
an intensity of 1 mA and a frequency of 2/15  
Hz for 30 min, using the Hwato Electronic 
Acupuncture Treatment Instrument (Model No. 
SDZ-V, Suzhou Medical Appliances Co., Ltd., 
Suzhou, China) [11, 12].

TUNEL assay

The TUNEL assay was performed according to 
the manufacturer’s instructions. Brain sections 
were stained with diaminobenzidine (DAB), 
counterstained with hematoxylin, dehydrated 
in alcohol gradients, cleared with xylene, and 
mounted with neutral resin. The staining mix-
ture was replaced with phosphate-buffered 
saline (PBS) in the negative control. The nucle-
us was blue, and the apoptotic nucleus was 
brownish-black or brown. Four slices from each 
rat were observed, and five fields (magnifica-
tion, ×400) on each slice were counted. The 
percentage of positive apoptotic nuclei of the 
total number of cells per field was calculated, 
and the mean value was recorded as the apop-
totic index of cerebral neurons.

Transmission electron microscopic examina-
tion 

Twelve hours after reperfusion, the rats were 
perfused with pre-cooled PBS (pH 7.4) follow- 
ed by PBS containing 4% paraformaldehyde 
and 0.25% glutaraldehyde after anesthetiza-
tion. The brains were removed and kept over-
night in 2% paraformaldehyde and 2.5% glutar-
aldehyde in 0.1 M PBS (pH 7.4). On the next 
day, the brains were cut with a vibratome into 
50-mm-thick slices. The parietal lobe cortex in 
the ischemic core area was selected for analy-
sis, and selected areas were processed by 
post-fixation in 1% osmium tetroxide for one 
hour, dehydrated in ethanol gradients, and 
embedded in epoxy resin. Polymerization was 
performed at 80°C for 24 hours. The blocks 
were cut with a Reichert ultramicrotome into 
ultrathin sections (60-70 nm), which were then 
post-stained with uranyl acetate and lead 
citrate and viewed under a Hitachi 7100 el- 
ectron microscope (Nikon, Tokyo, Japan). For 
quantitative analysis of the number of autopha-
gosomes, 10 fields from each rat (three rats in 
each group) were examined using the protocol 
described previously [13].

Western blotting 

Twelve hours after reperfusion, the ischemic 
parietal lobe cortex of the right middle cerebral 
artery territory and the corresponding area of 
sham-operated rats were homogenized, and 
the total proteins were extracted with a lysis 
buffer (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 
1% Triton-100, 0.1% SDS, 5 mM EDTA, 1 mM 
PMSF, 0.28 U/ml aprotinin, 50 μg/ml leupeptin, 
1 mM benzamidine, and 7 μg/ml pepstatin A). 
The protein concentrations were determined 
using a spectrophotometer (UV-2540, Shima- 
dzh Corp., Kyoto, Japan). A 60-μg aliquot of to- 
tal proteins from each sample was separated 
using 10% SDS-PAGE and subsequently trans-
ferred to a nitrocellulose membrane. Next, the 
membranes were incubated with specific anti-
bodies against LC3, p-mTOR, mTOR, Raptor, 
Rictor, p-AMPK, AMPK, p-AK, and AKT (Cell 
Signaling Technology, Inc., Danvers, MA, USA) 
at 4°C overnight and were then incubated  
with corresponding horseradish peroxidase-
conjugated secondary antibodies at room tem-
perature for one hour. Immunoreactivity was 
detected by enhanced chemiluminescent auto-
radiography in accordance with the manufac-
turer’s instructions. The membranes were rep-
robed with β-actin after stripping. The films 
were used for the final determination of protein 
expression by a Sigma scan (scan PDF15, 
Sigma-Aldrich) and were normalized to the load-
ing control [14].

Statistical analysis 

The statistical analysis was conducted with 
SPSS 13.0 statistical software. The measure-
ments were tested using one-way ANOVA, and 
the pairwise comparisons were tested using an 
independent t test. We conducted a Pearson 
correlation analysis for p-AMPK and p-mTOR 
(2481), p-AMPK and p-mTOR (2448), p-AKT and 
p-mTOR (2481), and p-AKT and p-mTOR (2448) 
post-EA pretreatment.

Results

Anti-brain reperfusion injury of electroacu-
puncture pretreatment 

Compared to the sham group, apoptotic cells in 
the rat cerebral cortex were increased in the IR, 
EA + IR, Rap + EA + IR, and Veh + EA + IR groups 
(P < 0.05). However, compared to the IR group, 
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the EA + IR and Veh + EA + IR groups showed 
significantly fewer apoptotic cells (P < 0.05), 
whereas the Rap + EA + IR group showed no 
statistically significant difference (P > 0.05) 
(Figure 1). 

Changes in the infarction area of rats from 
different groups 

Compared to the IR group, the EA + IR and Veh 
+ EA + IR groups showed significantly reduced 
infarct sizes (P < 0.05), whereas the Rap + EA + 
IR group exhibited no statistically significant 
difference (P > 0.05) (Figure 2).

gy in the Rap + EA + IR group was not signifi-
cantly different (P < 0.05) (Figure 4).

Changes of p-mTOR expression in the cortex 
of rats 

Compared to the sham group, all other groups 
showed increased phosphorylation on two ser-
ine sites of mTOR in the rat cortex. However, 
compared to that of the IR group, phosphoryla-
tion of the 2481 site of the EA + IR group was 
increased (P < 0.05), while phosphorylation of 
both sites in the Rap + EA + IR group was 
decreased (Figure 5).

Figure 1. EA pretreatment decreases the cerebral apoptosis at 12 h 
after IR. Rats were euthanized at 12 h after reperfusion and then pro-
cessed for the TUNEL assay. A. Brown nucleus indicates the occurrence 
of apoptosis (magnification, ×400) in the sham, IR, EA + IR, Rap + EA + 
IR, and Veh + EA + IR groups. B. Quantitative analysis for the percentage 
of cerebral apoptosis. Ten fields for each rat were examined (n = 5 for 
each group). Bars represent the mean ± SD. *P < 0.05 compared with 
the sham group; #P < 0.05 compared with the IR group.

Changes in LC3-II/LC3-I ratio for 
each group of rats

Compared to the sham group, the 
IR, EA + IR, Rap + EA + IR, and 
Veh + EA + IR groups showed 
increased cerebral cortex LC3-II 
protein expression (P < 0.05). 
However, compared to the IR 
group, the EA + IR and Veh + EA + 
IR groups showed a relatively 
lower expression level of LC3-II  
(P < 0.05). The Rap + EA + IR 
group exhibited no statistical sig-
nificance (P > 0.05). In addition, 
there was also no statistically  
significant difference (P > 0.05) 
between the LC3-I protein expres-
sion in each group; thus, the trend 
of the LC3-II/LC3-I ratio was con-
sistent with that of the LC3-II pro-
tein (Figure 3).

Ultrastructure changes in each 
group of rat, assessed by elec-
tron microscopy 

Compared to the sham group,  
all other groups showed visible 
swelling of the mitochondria and 
endoplasmic reticulum, as well  
as an enlarged Golgi apparatus 
filled with liquid or myelin togeth-
er with a white/grey component. 
The endoplasmic debris was sig-
nificantly increased. Some cells 
showed pyknosis. However, com-
pared to the IR group, the EA + IR 
and Veh + EA + IR groups exhibit-
ed relatively lower levels of au- 
tophagy (P < 0.05), and autopha-
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Changes in raptor and rictor protein expres-
sion in the cortex of each group of rats 

Compared to the sham group, other groups 
showed increased expression of Raptor in the 
cortex (P < 0.05), but the expression of Rictor 
showed no significant difference (Figure 6).

p-AKT and p-AMPK expression in groups of 
rats

Compared to the sham group, all other groups 
of rats showed increased cortex AKT phosphor-
ylation levels at the threonine 308 site. How- 
ever, compared to the IR group, the increase in 
p-AKT of the EA + IR group was more obvious. 
Compared to the sham group, other groups did 
not show a statistically significant difference in 
cortex p-AMPK expression (Figure 7).

Pearson correlation analysis

Further analysis of the effects of EA pretreat-
ment on the correlations between p-AKT (308) 
and phosphorylation of the two serines of 
mTOR. Based on the Pearson correlation analy-
sis, we found that p-AKT (308) and p-mTOR 

Figure 2. EA pretreatment reduces brain 
infarct size after IR. A. Representative 
infarcts with TTC staining for different 
groups are shown; B. Quantification of the 
infarct volume for each group at 12 h af-
ter reperfusion. Bars represent the mean 
± SD from eight rats in each group. *P < 
0.05 compared with the IR group.

Figure 3. EA pretreatment reduces the expression of 
LC3-II. Protein extracts from the sham and ischemic 
cerebral cortices were subjected to immunoblotting. 
A. Representative blots for LC3 are shown for differ-
ent groups. B. Quantitative analysis for the ratio LC3-
II/LC3-I. The β-actin protein levels were used as a 
loading control. Bars represent the mean ± SD from 
five rats in each group. *P < 0.05 compared with the 
sham group; #P < 0.05 compared with the IR group.
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Discussion

The theoretical basis of EA is acu-
puncture. Acupuncture’s purpose, 
from the ancient view, is to “treat 
disease before its onset”. Similar  
to acupuncture, the effects of EA 
treatment also depend on the acu-
puncture points, intensity, and fre-
quency. Based on previous find- 
ings, the acupuncture points com-
monly used for brain protection are 
Baihui acupoint (GV20). According 
to Lu et’s study, EA pretreatment  
of Baihui acupoint could induce 
more robust neuroprotection ag- 
ainst cerebral I/R. Similarly, our 
study also showed that EA treat-
ment at Baihui attenuates brain 
injury caused by ischemia-reperfu-
sion. And its mechanism is throu- 
gh increased AKT phosphorylation, 
the consequent phosphorylation of 
mTOR, and finally, the suppression 
of autophagy.

Autophagy is a process in which a 
cell can provides energy to regener-
ate certain organelles by digesting 
themselves [15, 16], and plays an 
important role in cell maintenance. 
Under normal circumstances, au- 
tophagy is maintained at a low  
level and is only rapidly stimulat- 
ed in response to adverse stimuli 
such as ischemia, hypoxia, hunger, 
vast organelle damage, or accumu-
lation of cell metabolic waste [17-
19]. But whether autophagy pro-
motes cell survival or death of the 
affected cells is dependent on the 
ischemia or reperfusion periods. 
Our team’s early research demon-
strated that increased autophagy 
during ischemia-reperfusion can in- 
duce cell apoptosis. EA pretreat-
ment can play a protective role by 
inhibiting autophagy [20], and the 
results of the present study also 
demonstrated this finding (Figures 
3 and 4).

mTOR is an atypical serine/threo-
nine protein kinase and is a sensor 
of amino acids, ATP, and hormones. 

Figure 4. EA pretreatment decreases the number of autophagosomes 
after IR. Rats were euthanized at 12 h after reperfusion and processed 
for electron microscopic examination. A. Representative images are 
shown for each group. Scale bar: 0.5 μm. Arrows indicate autophago-
somes. B. Quantitative analysis of the number of autophagosomes. 
Ten fields for each rat were examined (n = 5 for each group). Bars 
represent the mean ± SD. *P < 0.05 compared with the sham group; 
#P < 0.05 compared with the IR group.

(2481) were positively correlated (r = 0.897, P < 
0.05), but p-AKT (308) and p-mTOR (2448) 
showed no correlation (r = -0.313, P > 0.05).
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mTOR plays an important regulatory role in cell 
growth. Furthermore, mTOR can inhibit au- 
tophagy, is a negative molecular regulator of 
autophagy, and plays a “gatekeeper” role [21, 
22]. We found that EA pretreatment of Baihui 
increased the phosphorylation of mTOR, there-
by inhibiting autophagy and preventing cere- 
bral ischemia-reperfusion injury. However, prior 
administration of rapamycin, a specific inhibitor 
of mTOR, inhibits mTOR phosphorylation while 
also weakening the protective effect of EA pre-
treatment on the brain. This finding indicates 
that EA pretreatment inhibits autophagy mainly 
by increasing mTOR activity and ultimately 
plays a role in preventing cerebral ischemia-
reperfusion injury (Figure 5). 

Previous studies have shown that the mTOR 
phosphorylation sites mainly include serines 
2481 and 2448 [23]. This study indicates that 

EA pretreatment at Baihui mainly acts on  
the phosphorylation of serine 2481. Further 
analysis of the results also revealed that mTOR 
phosphorylation in the cerebral cortex of the 
ischemia-reperfusion group and the EA pre-
treatment group was increased, indicating in- 
creased autophagy after reperfusion. In addi-
tion, the body may activate endogenous protec-
tion mechanisms to increase the activity of 
mTOR and inhibit autophagy. EA pretreatment 
may further amplify the endogenous protective 
mechanisms. mTOR, as an intracellular hub of 
growth and metabolic regulations, functions 
mainly through the formation of two complex- 
es, mTORC1 and mTORC2. mTORC1 is mainly 
formed by Raptor and the mammalian ortholog 
protein of LST8 (mLST8) [24, 25]. It can re- 
ceive a wide range of cell signals, such as isch-
emia, hypoxia, energy changes, amino acids, 
and growth factors [26]. Previous studies have 
shown that mTORC1 is sensitive to inhibition by 
rapamycin. mTORC2 is mainly formed by mTOR, 
mLST8, Sin1 (also known as Mip1), and Rictor. 
mTORC2 is resistant to rapamycin and plays 
roles that contrast with those of mTORC1 by 
positively regulating autophagy [27, 28]. To fur-
ther observe the major pathway of mTOR under 
ischemic conditions, we examined the mTORC1-
related protein Raptor and the mTORC2-related 
protein Rictor. We found that mTORC1 is the 
major functional complex in rats after ischemia 
and reperfusion (Figure 6).

MTOR itself is also a hub of multiple signaling 
pathways in vivo. Studies suggest that the fol-
lowing two pathways are the closest pathways 
to autophagy: (1) AMPK/mTOR and (2) PI3K/
AKT/mTOR. When the body suffers ischemia or 
hypoxia, the ATP/AMP ratio decreases, and 
AMPK is phosphorylated, which can negatively 
regulate mTOR, ultimately enhancing autopha-
gy [29]. When the body is in the ischemia-reper-
fusion phase, AMPK is mostly inactive. The 
results of the study also showed that the AMPK 
phosphorylation level did not change signifi-
cantly after ischemia-reperfusion (Figure 7). 
PI3K/AKT is an important intracellular signal 
transduction pathway associated with cellular 
activities. After cerebral ischemia-reperfusion, 
activated PI3K can activate AKT, which can 
enhance the activity of mTOR, thereby inhibiting 
autophagy [30]. In this study, we mainly studied 
the phosphorylation of AKT, a downstream sub-

Figure 5. Extracts from the cerebral cortex were sep-
arated for immunoblotting. A. Representative blots 
for p-mTOR, mTOR are shown for different groups. 
B. Bars represent the ratio of p-mTOR (2481)/mTOR. 
C. Bars represent the ratio of p-mTOR (2448)/mTOR 
each group (n = 5). *P < 0.05, **P < 0.01 compared 
with the sham group; #P < 0.05 compared with the 
IR group.
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strate of PI3K. We found that EA pretreatment 
at Baihui can further increase AKT phosphory-
lation and positively regulate mTOR, thereby 
inhibiting autophagy (Figure 7). In addition, we 
further analyzed the effects of EA pretreatment 
on the correlation between p-AKT and p-mTOR. 
The analysis showed that p-AKT and p-mTOR 
(2481) were positively correlated, but p-AKT 
and p-mTOR (2448) were not correlated.

Conclusion

In a word, this study demonstrated that EA pre-
treatment of Baihui leads to the phosphoryla-
tion of AKT, thereby promoting mTOR phosphor-
ylation and ultimately inhibiting autophagy and 
protecting the brain. Of course, this study has 
certain limitations. First, we did not examine 
the effects of EA pretreatment with regard to 
the period of cerebral ischemia because previ-
ous studies have found that, although cerebral 
ischemia and reperfusion both lead to brain 
damage, their mechanisms are not exactly the 
same. Second, this study examined only one 
type of EA parameter and thus could not illus-
trate the cerebral protective effect of different 
acupuncture parameters and their impact on 
the mechanisms. 

Figure 6. Protein extracts from the cerebral cor-
tex were separated for immunoblotting. A. Repre-
sentative blots for Raptor and Rictor are shown 
for different groups; B. Bars represent the ratio 
of Raptor/β-actin; C. Bars represent the ratio of 
Rictor/β-actin each group (n = 5). *P < 0.05, **P 
< 0.01 compared with the sham group; #P < 0.05 
compared with the IR group.

Figure 7. Protein extracts from the cerebral cortex 
were separated for immunoblotting. A. Representa-
tive blots for p-AKT, AKT, p-AMPK, AMPK are shown 
for different groups. B. Bars represent the ratio of 

p-AKT(308)/AKT. C. Bars represent the ratio of p-
AMPK/AMPK in each group (n = 5). **P < 0.01 com-
pared with the sham group; #P < 0.05 compared with 
the IR group.



EA pretreatment and mTOR mediated autophagy

4087 Int J Clin Exp Pathol 2017;10(4):4079-4088

Acknowledgements

This study was supported by Basic Research 
Project of Changzhou (No. ZD201506; No. CZ- 
20140038).

Address correspondence to: Zhiqing Zou, Depart- 
ment of Anesthesiology, The Affiliated Hospital of 
Nanjing Medical University, Changzhou No. 2 peo-
ple’ s Hospital, Changzhou 213000, China. E-mail: 
151897127@qq.com

References

[1] Wu Z, Zou Z, Zou R, Zhou X, Cui S. Electroacu-
puncture pretreatment induces tolerance 
against cerebral ischemia/reperfusion injury 
through inhibition of the autophagy pathway. 
Mol Med Rep 2005; 11: 4438-4446.

[2] Nitatori T, Sato N, Waguri S, Karasawa Y, Araki 
H, Shibanai K, Kominami E, Uchiyama Y. De-
layed neuronal death in the CA1 pyramidal cell 
layer of the gerbil hippocampus following tran-
sient ischemia is apoptosis. J Neurosci 1995; 
15: 1001-1011.

[3] Lockshin RA, Zakeri Z. Apoptosis, autophagy, 
and more. Int J Biochem Cell Biol 2004; 36: 
2405-2419.

[4] Wen YD, Sheng R, Zhang LS, Han R, Zhang X, 
Zhang XD, Han F, Fukunaga K, Qin ZH. Neuro-
nal injury in rat model of permanent focal cere-
bral ischemia is associated with activation of 
autophagic and lysosomal pathways. Autopha-
gy 2008; 4: 762-769.

[5] Koike M, Shibata M, Tadakoshi M, Gotoh K, 
Komatsu M, Waguri S, Kawahara N, Kuida K, 
Nagata S, Kominami E, Tanaka K, Uchiyama Y. 
Inhibition of autophagy prevents hippocampal 
pyramidal neuron death after hypoxic-ischemic 
injury. Am J Pathol 2008; 172: 454-469.

[6] Meijer AJ, Codogno P. Signalling and autopha-
gy regulation in health, aging and disease. Mol 
Aspects Med 2006; 27: 411-425.

[7] Arsham AM, Howell JJ, Simon MC. A novel hy-
poxia-inducible factor-independent hypoxic re-
sponse regulating mammalian target of ra-
pamycin and its targets. J Biol Chem 2003; 
278: 29655-29660.

[8] Zheng YQ, Liu JX, Li XZ, Xu L, Xu YG. RNA inter-
ference-mediated downregulation of Beclin1 
attenuates cerebral ischemic injury in rats. 
Acta Pharmacol Sin 2009; 30: 919-927.

[9] Wang Q, Xiong L, Chen S, Liu Y, Zhu X. Rapid 
tolerance to focal cerebral ischemia in rats is 
induced by preconditioning with electroacu-
puncture: window of protection and the role  
of adenosine. Neurosci Lett 2005; 381: 158-
162.

[10] Hou X, Zhang R, Lv H, Cai X, Xie G, Song X. Acu-
puncture at baihui and dazhui reduces brain 
cell apoptosis in heroin readdicts. Neural Re-
gen Res 2014; 9: 164-170.

[11] Xiong LZ, Yang J, Wang Q, Lu ZH. Involvement 
of delta-and mu-opioid receptors in the de-
layed cerebral ischemic tolerance induced by 
repeated electroacupuncture preconditioning 
in rats. Chin Med J (Engl) 2007; 120: 394-399.

[12] Xiong L, Lu Z, Hou L, Zheng H, Zhu Z, Wang Q, 
Chen S. Pretreatment with repeated elec-
troacupuncture attenuates transient focal ce-
rebral ischemic injury in rats. Chin Med J (Engl) 
2003; 116: 108-111.

[13] Hirai K, Aliev G, Nunomura A, Fujioka H, Rus-
sell RL, Atwood CS, Johnson AB, Kress Y, 
Vinters HV, Tabaton M Shimohama S, Cash AD, 
Siedlak SL, Harris PL, Jones PK, Petersen RB, 
Perry G, Smith MA. Mitochondrial abnormali-
ties in Alzheimer’s disease. J Neurosci 2001; 
21: 3017-3023.

[14] Qin ZH, Chen RW, Wang Y, Nakai M, Chuang 
DM, Chase TN. Nuclear factor kappaB nuclear 
translocation upregulates c-Myc and p53 ex-
pression during NMDA receptor-mediated 
apoptosis in rat striatum. J Neurosci 1999; 19: 
4023-4033.

[15] Shintani T, Klionsky DJ. Autophagy in health 
and disease: a double-edged sword. Science 
2004; 306: 990-995.

[16] Mizushima N. The pleiotropic role of autopha-
gy: from protein metabolism to bactericide. 
Cell Death Differ 2005; 12 Suppl 2: 1535-
1541.

[17] Yorimitsu T, Nair U, Yang Z, Klionsky DJ. Endo-
plasmic reticulum stress triggers autophagy. J 
Biol Chem 2006; 281: 30299-30304.

[18] Sarkar S, Perlstein EO, Imarisio S, Pineau S, 
Cordenier A, Maglathlin RL, Webster JA, Lewis 
TA, O’Kane CJ, Schreiber SL Rubinsztein DC. 
Small molecules enhance autophagy and re-
duce toxicity in huntington’s disease models. 
Nat Chem Biol 2007; 3: 331-338.

[19] Mizushima N. Autophagy: process and func-
tion. Genes Dev 2007; 21: 2861-2873.

[20] Gao L, Jiang T, Guo J, Liu Y, Cui G, Gu L, Su L, 
Zhang Y. Inhibition of autophagy contributes to 
ischemic postconditioning-induced neuropro-
tection against focal cerebral ischemia in rats. 
PLoS One 2012; 7: e46092.

[21] Yang YP, Liang ZQ, Gu ZL, Qin ZH. Molecular 
mechanism and regulation of autophagy. Acta 
Pharmacol Sin 2005; 26: 1421-1434.

[22] Lee SB, Kim S, Lee J, Park J, Lee G, Kim Y, Kim 
JM, Chung J. ATG1, an autophagy regulator, in-
hibits cell growth by negatively regulating S6 
kinase. EMBO Rep 2007; 8: 360-365.

[23] Gurusamy N, Lekli I, Mukherjee S, Ray D, Ah-
san MK, Gherghiceanu M, Popescu LM, Das 



EA pretreatment and mTOR mediated autophagy

4088 Int J Clin Exp Pathol 2017;10(4):4079-4088

DK. Cardioprotection by resveratrol: a novel 
mechanism via autophagy involving the 
mTORC2 pathway. Cardiovasc Res 2010; 86: 
103-112.

[24] Kim DH, Sarbassov DD, Ali SM, Latek RR, Gun-
tur KV, Erdjument-Bromage H, Tempst P, Saba-
tini DM. GbetaL, a positive regulator of the ra-
pamycin-sensitive pathway required for the 
nutrient-sensitive interaction between raptor 
and mTOR. Mol Cell 2003; 11: 895-904.

[25] Kim DH, Sarbassov DD, Ali SM, King JE, Latek 
RR, Erdjument-Bromage H, Tempst P, Sabatini 
DM. mTOR interacts with raptor to form a nutri-
ent-sensitive complex that signals to the cell 
growth machinery. Cell 2002; 110: 163-175.

[26] Zoncu R, Efeyan A, Sabatini DM. mTOR: from 
growth signal integration to cancer, diabetes 
and ageing. Nat Rev Mol Cell Biol 2011; 12: 
21-35.

[27] Sarbassov DD, Ali SM, Sabatini DM. Growing 
roles for the mTOR pathway. Curr Opin Cell Biol 
2005; 17: 596-603.

[28] Martin DE, Hall MN. The expanding TOR signal-
ing network. Curr Opin Cell Biol 2005; 17: 158-
166.

[29] Inoki K, Zhu T, Guan KL. TSC2 mediates cellu-
lar energy response to control cell growth and 
survival. Cell 2003; 115: 577-590.

[30] Klionsky DJ. The molecular machinery of au-
tophagy: unanswered questions. J Cell Sci 
2005; 118: 7-18.


