Inflammation (© 2019)
DOI: 10.1007/s10753-019-01040-y

ORIGINAL ARTICLE

Electroacupuncture Pretreatment Elicits

®

Check for
updates

Neuroprotection Against Cerebral
Ischemia-Reperfusion Injury in Rats Associated

with Transient Receptor Potential Vanilloid 1-Mediated
Anti-Oxidant Stress and Anti-Inflammation

Man Long,' Zhigang Wang,” Dan Zheng,’ Jiaojiao Chen,' Wenting Tao,' Lei Wang,* Nina Yin,**

and Zebin Chen>*

Abstract—

Electroacupuncture (EA) pretreatment, electrical stimulation using metal nee-

dle at specific acupoints in advance, possesses the potential to prevent cerebral ischemia-
reperfusion injury (CIRI). Transient receptor potential vanilloid 1 (TRPV-1) has been indi-
cated to take part in cerebral protection of EA; however, the detailed mechanisms remain
unclear. The aim of this study was to investigate whether neuroprotection of EA pretreatment
against CIRI is associated with TRPV-1 and explore the underlying mechanisms. Middle
cerebral artery occlusion (MCAO) was performed to induce CIRI after EA pretreatment at
Baihui (GV20), bilateral Shenshu (BL23), and Sanyinjiao (SP6) acupoints in rats. Neurolog-
ical deficit scores, infarct volumes, oxidative stress damage, inflammatory cytokine produc-
tion, MAPK signaling activation, and the expression of TRPV-1 were assessed. EA pretreat-
ment lowered neurological deficit scores, reduced infarct volumes, impeded oxidative stress
injury, inhibited inflammatory cytokine production, curbed P38 phosphorylation, and sup-
pressed TRPV-1 expression in MCAO rats. Attributing to inhibition of TRPV-1 expression,
AMG-517 (TRPV-1 antagonist) showed the synergistic effect with EA pretreatment on the
neuroprotection against ischemia-reperfusion injury. However, TRPV-1 agonists capsaicin
significantly abrogated the neuroprotective effects of EA pretreatment in MCAO rats accom-
panying enhancement of TRPV-1 expression. These findings indicated EA pretreatment
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exerted neuroprotection in rats with cerebral ischemia-reperfusion injury, which at least
partially were associated with TRPV1-mediated anti-oxidant stress and anti-inflammation

via inhibiting P38 MAPK activation.
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INTRODUCTION

Stroke, an acute focal injury of the central nervous
system, is generally classified into two categories: hemorrhag-
ic stroke and ischemic stroke [1]. Ischemia stroke makes up a
majority of stroke cases in origin and often occurs in cerebral
stroke patients, resulting in a high morbidity, disability, and
mortality [2]. At present, alternative treatments for acute
ischemic stroke are limited to tissue-type plasminogen acti-
vator (tPA) and mechanical thrombectomy [3, 4]. Therefore,
new strategies that protect against CIRI or stroke are attracting
more and more attention.

As one of the important components of traditional
Chinese medicine, acupuncture has been widely used in
China and Western countries, due to its simple, safe, con-
venient, and effective intervention compared with other
conventional therapies [5]. Electroacupuncture (EA) has
also been increasingly applied in clinical practice via the
combination between traditional acupuncture and modern
electrical stimulation [6]. On one hand, EA has a good
repeatability and stability through the standardization of
frequency, intensity, and duration. On the other hand, con-
tinuous low frequency electrical stimulation, with metal
needle at specific acupoints in the body, can enhance the
afferent impulses and improve acupuncture outcome asso-
ciated with the local and systemic regulation [7].

Increasing evidence shows that EA pretreatment ex-
erts neuroprotective effect in ischemic stroke, including
attenuation of glutamate excitotoxicity [8], reduction of
oxidative stress [9], inhibition of neuroinflammation [10],
and suppression of cell apoptosis [11]. However, a majority
of them are descriptive studies, lacking direct evaluation
for action of EA pretreatment, and the detailed mechanisms
still remain elusive.

Herein, we investigated the neuroprotective effect of
EA pretreatment at Baihui (GV20), bilateral Shenshu
(BL23), and Sanyinjiao (SP6) acupoints on ischemic
stroke, which were associated with TRPV-1-mediated
anti-oxidant stress and anti-inflammation via inhibiting
P38 signaling activation. Our findings suggest that EA
pretreatment is an alternative and promising candidate for
the prevention of cerebral ischemia-reperfusion injury or
stroke.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (6 weeks old, 220+20 g)
were provided by Hubei Research Center of Laboratory
Animals (Wuhan, China). All the experimental procedures
were approved by the Animal Care and Use Committee of
Hubei University of Chinese Medicine (No. SYXK2017-
0067), and all procedures were performed according to the
National Institutes of Health Guidelines for Animal Research.

Experimental Protocols

Experiment 1

Rats were randomly divided into four groups (n = 8 for
each group): Control (Control), sham-operation group
(Sham), middle cerebral artery occlusion model (MCAO),
and EA pretreated-MCAO group (EA + MCAO). As shown
in Fig. 1a, rats were pretreated with EA stimulation at GV20,
bilateral BL23, and SP6 acupoints for 1 h. Then, the rats were
yield to unilateral right middle cerebral artery occlusion for
2 h, and then reperfused for 3 h, 6 h, 12 h, and 24 h, separately.
Lastly, rats were sacrificed to collect the samples.

Experiment 11

Rats were randomly divided into four groups (n = 8
for each group): Middle cerebral artery occlusion model
(MCAO), EA pretreated-MCAO group (EA + MCAO),
AMG-517 administration before EA pretreatment in
MCAO model (AMG-517 + EA + MCAO), and capsaicin
administration before EA pretreatment in MCAO model
(capsaicin + EA + MCAO). Based on other reports [12,
13], AMG-517 (TRPV-1 antagonists, 0.3 mg/kg, once a
day for continuous 3 days, days 1-3) (S7115, Selleckchem,
Houston, TX, USA) was used via i.p. before EA pretreat-
ment (day 4), and capsaicin (TRPV-1 agonists, 0.2 mg/kg)
was used via s.c. 3 h before EA pretreatment (day 4)
(S1990, Selleckchem) in experiment II. As shown in
Fig. 6a, AMG-517 or capsaicin was administered in ad-
vance. Then, the rats were pretreated with EA at GV20,
bilateral BL23, and SP6 acupoints for 1 h followed by
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unilateral right middle cerebral artery occlusion for 2 h.
After reperfusion for 6 h, rats were sacrificed to collect the
samples.

Middle Cerebral Artery Occlusion (MCAO) Model

MCAO model was performed to represent CIRI.
Briefly, rats were anesthetized with 5% chloral hydrate
(0.6 mL/100 g via i.p.). Then, a monofilament nylon suture
(3.0 cm in length) with a rounded tip coated with silicone
rubber was inserted into the internal carotid artery 18-
20 mm to block blood flow. After a 2-h occlusion, the
middle cerebral artery was reperfused by withdrawing the
nylon monofilament.

EA Pretreatment

EA stimulation was applied to Baihui (GV20, located
at the intersection of sagittal midline and the line linking
two rat ears), bilateral Shenshu (BL23, located adjacent to

the second lumbar vertebra), and Sanyinjiao (SP6, located
10 mm above the prominence of the lateral malleolus of the
hind limb) acupoints (HANS-200A, Beijing Huayun Sci-
ence and Technology Co., Ltd., Beijing, China). The
needles (diameter 0.2 mm and length 3.0 cm) (Suzhou
Medical Apparatus Co., Ltd., Suzhou, China) were
inserted perpendicularly to the skin. Then, a continuous
wave at 2/100 Hz and 1 mA with electrical stimulation was
used for 10 min, and kept the needles alone without elec-
trical stimulation for 5 min. The process was continually
repeated four times for 1 h in total as EA pretreatment.

Neurologic Deficit Scores

Based on Longa neurological deficit scores [14], neu-
rologic deficit scores of all rats at 3, 6, 12, and 24 h after
reperfusion were evaluated and determined according to
the following criterion: 0, normal neurologic behavior; 1,
flexion in the right forelimb; 2, failure to extend the right



forelimb completely and strength to resist lateral push
declined obviously; 3, forelimb flexion, rotation, and
crawling toward the right side; and 4, unable or difficult
to ambulate spontaneously. The mean value of three scores
was recorded at each timepoint, and higher scores meant
more severe neurological deficit.

Measurement of Infarct Volume

After neurobehavioral assessment, rats were
sacrificed and the brains were collected. Infarct volume
was determined according to previous description [15]. In
brief, the brain tissue was sectioned into five coronal
blocks in brain matrix with an approximate thickness of
2 mm. Then, the sections were stained with 2,3,5-triphe-
nyltetrazolium chloride (TTC) (Sigma-Aldrich, St. Louis,
MO, USA) and immersed in 4% paraformaldehyde over-
night. Normal area was red and infarct area kept white. The
percentage of infarct volumes were calculated following
the formula:

Infarct volumes% = (Ve—VL)/Ve x 100%

Ve volumes of normal gray matter in the control
hemisphere
VL volumes of normal gray matter in the s

lesioned hemisphere.

Enzyme-Linked Immunosorbent Assay (ELISA)

Rat hippocampus were isolated and mechanically
homogenized. Then, the supernatants were collected for
ELISA analysis, such as interleukin-13 (IL-1f)
(BGK5BKBO0), tumor necrosis factor-o« (TNF-«)
(BGK16599) (PeproTech, Rocky Hill, NJ, USA),
malondialdehyde (MDA) (S0131), glutathione (GSH)
(S0053), and superoxide dismutase (SOD) (S0101)
(Beyotime, Shanghai, China).

Immunohistochemical Analysis

Brain tissues were collected, fixed with 4% parafor-
maldehyde, and embedded in paraffin. Then, the tissues
were serially sectioned at 5 pm in thickness. For immu-
nohistochemical analysis, the sections were deparaffinized,
blocked with 5% BSA, and treated with rabbit anti-rat
TNF-« (ab6671) and rabbit anti-rat cytochrome C
(ab13575) (Abcam, Cambridge, Massachusetts, USA) at
37 °C for 2 h, separately. The sections were incubated with
goat anti-rabbit IgG for 30 min, and slides were observed
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with Olympus BX60 (Olympus Optical Co Ltd., Japan).
Under x 400 magnification, the morphometric examination
was performed in a blinded manner by two independent
investigators. For each section, five visual fields were
chosen at random and the mean number of the positive
cells were represented.

Western Blotting

Rat hippocampus were removed and extracted using
ice-cold RIPA lysis buffer (PO013B, Beyotime, Shang,
China). Protein level was determined with the BCA Protein
Assay Kit (Pierce, Rockford, IL, USA). Protein samples
(30 png) were separated by 10% polyacrylamide gel elec-
trophoresis, and transferred to PVDF membranes. Subse-
quently, the membranes were blocked with 5% skim milk.
After 2 h of treatment at room temperature, the membranes
were incubated overnight at 4 °C with primary rabbit anti-
rat antibodies against ERK, JNK, P38 (MAPK Family
Antibody Sampler Kit #9926), p-P38, p-JNK, p-ERK
(Phospho-MAPK Family Antibody Sampler Kit #9910),
GAPDH (#5174) (Cell Signaling Technology Inc., Bever-
ly, Massachusetts, USA), and TRPV-1 (PA5-77317)
(Invitrogen, Carlsbad, CA, USA). Then, the membranes
were held with HRP-conjugated goat anti-rabbit antibody
(#7074) (Cell Signaling Technology Inc.). Changes in the
density of the protein bands were detected by HP Scanjet
7400C (Hewlett-Packard Co., Palo Alto, CA, USA) and
quantified with Image] software (National Institutes of
Health, Bethesda, MD, USA).

Statistical Analysis

Results were expressed as the mean+ SEM. Data
were analyzed with SPSS 19.0 software (SPSS Inc., Chi-
cago, IL, USA). One-way analysis of variance (ANOVA)
was used for comparisons of multiple samples. A Student’s
t test was used for comparisons between two groups. A
value of P <0.05 indicated statistically significant.

RESULTS

EA Pretreatment Elicits Neuroprotection Against
Cerebral Ischemia-Reperfusion Injury

According to the experimental progress described in
Fig. 1a, we firstly observed the effect of EA stimulation in
advance in MCAO rats. Compared with MCAO group,
neurological deficit scores at 6 h after reperfusion in EA +
MCAO group were significantly decreased (Fig. 1b), but
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not at 3 h, 12 h, or 24 h. Simultaneously, the percentage of
cerebral infarct areas was obviously lowered in EA +
MCAO group than those in MCAO model (Fig. 2c, d).

EA Pretreatment Inhibits Oxidative Stress and
Inflammation

As shown in Fig. 2a—c, the levels of MDA in EA +
MCAO group were visibly downregulated, but the activi-
ties of GSH and SOD were markedly upregulated com-
pared with those in MCAO group. EA pretreatment evi-
dently decreased cytochrome C-positive cells in hippocam-
pal neurons after CIRI (Fig. 3d, e). Additionally, EA pre-
treatment significantly reduced the release of TNF-« and
IL-13 compared with model group (Fig. 3a, b). Immuno-
histochemical staining also indicated TNF-o-positive cells
apparently were decreasing in MCAOQO rats with EA pre-
treatment (Fig. 3c, d).
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EA Pretreatment Curbs P38 MAPK Activation

Next, we investigated the underlying mechanisms
related to the neuroprotective effects of EA pretreatment
on ischemia stroke. Representative Western blotting
showed EA pretreatment effectively prevented P38 MAPK
activation, but not phosphorylation of ERK and JNK
(Fig. 4a, b). The result suggested that inhibiting P38
MAPK activation might be associated with cerebral pro-
tection of EA pretreatment against CIRI.

EA Pretreatment Suppresses TRPV-1 Expression

Considering TRPV-1 channels play a pivotal role in
ischemia-reperfusion injury, we further observed the effect
of EA stimulation on TRPV-1. Compared with that in
MCAO group, EA pretreatment obviously discouraged
the expression of TRPV-1 protein (Fig. Sa, b), suggesting
the relation between TRPV-1 and the neuroprotection of
EA pretreatment in MCAO rats.
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Fig. 2. Effect of EA pretreatment on oxidative stress. a—¢ Oxidative injury at 6 h after reperfusion, including MDA, GSH, and SOD, were assessed by ELISA
and statistically analyzed. d, e Representative immunohistochemical staining (x 400) showed cytochrome C expression in rat hippocampus at 6 h after re-
perfusion, and statistical analysis of cytochrome C-positive cells in the different groups was shown. **P <0.01 vs. MCAO group.
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Fig. 3. Effect of EA pretreatment on inflammatory responses. a, b Inflammatory cytokine production at 6 h after reperfusion, such as TNF-« and IL-1[3, was
assessed by ELISA and statistically analyzed. ¢, d Representative immunohistochemical staining (x 400) showed TNF-« expression in rat hippocampus at
6 h after reperfusion, and statistical analysis of TNF-«-positive cells in the different groups was shown. *P < 0.05 and **P <0.01 vs. MCAO group.

Involvement of TRPV-1 in EA Pretreatment-Evoked
Neuroprotection. Following schematic diagram of the experi-
ment II, we further assessed the neuroprotective effects of EA
pretreatment utilizing AMG-517 and capsaicin, which is
specific TRPV-1 antagonists and agonists, respectively (Fig.
6a). AMG-517 showed the synergistic effect with EA pre-
treatment on the inhibitive expression of TRPV-1 in MCAO
rats, but capsaicin clearly enhanced TRPV-1 expression (Fig.
6b, c). Importantly, capsaicin significantly abrogated the neu-
roprotection of EA pretreatment in MCAO rats, including the
increment of neurological deficit scores and the augmentation
of cerebral infarct areas (Fig. 6d-).

EA Pretreatment Elicits Neuroprotection Associated
with TRPV1-Mediated Anti-Oxidant Stress and Anti-
Inflammation

Attributing to the inhibitive expression of TRPV-1,
AMG-517 reinforced the anti-oxidant stress and anti-

inflammation related to EA pretreatment, such as reducing
the production of TNF-¢, IL-1(3, and MDA; increasing the
release of GSH and SOD; and dampening the phosphory-
lation of P38 (Fig. 7). In contrast to AMG-517, capsaicin
markedly reversed EA pretreatment-induced suppressive
effects on inflammatory cytokine production and oxidant
stress. It was worth noting that activation of P38 MAPK
signaling was also inversed in response to capsaicin com-
pared with that in EA + MCAO group (Fig. 71, g).

DISCUSSION

As we know, MCAO treatment in rats and mice has
been widely used as experimental model to study CIRI or
ischemia stroke [16]. EA pretreatment at GV20 induced
tolerance against CIRI in MCAO rats through inhibition of
the autophagy pathway [17]. EA preconditioning at GV20
and Dazhui (GV14) acupoints could improve neural func-
tion after ischemic injury in MCAO mice [18].
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respectively. *P < 0.05 vs. MCAO group.

Additionally, EA treatment at Chize (LUS), Hegu (LI4),
SP6, and Zusanli (ST36) acupoints exerted neuroprotec-
tion against CIRI in JNK knockout mice [19]. Although
there were different reasons for acupoint selection as de-
scribed above, GV20, BL23, and SP6 acupoints were used
together for 1 h of EA stimulation in this study. Then,
ischemic rats were yielded to a 2-h occlusion followed by
reperfusion for 6 h (Fig. 1la). EA pretreatment elicited
neuroprotective effects in MCAO rats (Fig. 1b—d), which
might be due to the difference in the time referred to
occlusion and reperfusion, acupoint selection, combination
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of multi-acupoints, EA pretreatment time, and frequency
and amplitude of electrical stimulation.

Following CIRI, neurons injury and damage were
triggered by a cascade of events, such as oxidative stress,
neuroinflammation, glutamate excitotoxicity, and apopto-
sis [20]. In mitochondria, cytochrome C shows peroxidase
activity to promote cellular oxidation [21]. Due to an
imbalance between harmful reactive oxygen species
(ROS) and endogenous anti-oxidant protection, ROS-
induced MDA is significantly accumulated; and anti-
oxidant enzymes, such as SOD and GSH, correspondingly
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Fig. 5. Effect of EA pretreatment on TRPV-1 expression. a The protein expression of TRPV-1 was assessed by Western blotting and b statistical analysis was

shown. A representative result was shown. **P < 0.01 vs. MCAO group.
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decreased [22]. In this study, EA pretreatment presented
the anti-oxidant potential via upregulating MDA and cyto-
chrome C as well as downregulating SOD and GSH (Fig.
2). During oxidative stress related to neurons injury, in-
flammatory cascade reaction, the amplification of cyto-
kines and chemokine production, leads to an exacerbated
ischemic brain injury [23]. Our data showed that the release
of inflammatory cytokines, including TNF-« and IL-1f3,
were significantly reduced with EA pretreatment (Fig. 3).
The result was consistent with previous reports that EA
preconditioning ameliorated CIRI in MCAO rats via dis-
couraging the production of IL-1(3, IL-6, and TNF-«x [11,
12]. These findings suggest the anti-oxidant stress and anti-
inflammation of EA pretreatment in MCAO rats.
Mitogen-activated protein kinase (MAPK) family in-
cludes extracellular signal-regulated kinase 1/2 (ERK1/2),
c-Jun N terminal kinases (JNK), and p38, which are acti-
vated through phosphorylation, leading to the expression
of target genes [24]. Previous studies indicated that the
involvement of P38 MAPK-mediated anti-apoptotic sig-
naling in the neuroprotective activity of EA precondition-
ing in MCAO rats [11, 25]. Even though we also observed

that EA pretreatment effectively curbed P38 MAPK acti-
vation (Fig. 4), further studies were needed to illuminate
the concerns if other signaling pathway (such as PI3/Akt,
Whnt/(3-catenin, and Notch) or transcription factor (NF-kB,
HIF-1«, and CREB) participated in the neuroprotection of
EA pretreatment against ischemic stroke.

As a non-selective cation channel, TRPV-1 is primar-
ily expressed in dorsal root ganglions sensory neurons and
brain, which functions as a polymodal nociceptor activated
by heat, acidic conditions, and capsaicin [26]. A previous
study reported that brain TRPV-1 channels were activated
by ischemic stroke, in which the neurological and motor
deficits, and infarct volumes in TRPV-1-KO mice were
lower than those of WT mice after brain ischemia [27].
Other study also indicated that MCAO-induced cerebral
ischemia was accompanied by overexpression of N-
methyl-D-aspartate receptor subtype 1 (NR1) and TRPV-
1 receptors, and EA at GV20 acupoint reversed the deficit
of behavior in vascular dementia via reversal of NR1 and
TRPV-1-mediated neurotoxicity [28]. Similar with these
results, TRPV-1 expression was increased in MCAO rats
compared with that in EA+ MCAO group (Fig. 5).
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Fig. 7. Effects of TRPV-1 antagonists and agonists on the neuroprotection of EA pretreatment against CIRIL a, b Production of inflammatory cytokines
(TNF-c, IL-13) and c—e oxidative injury (MDA, GSH, and SOD) were detected by ELISA and statistically analyzed. f, g Activation of P38 was detected and
analyzed. A representative Western blot was shown. *#*P <0.01 and ***P < 0.001 vs. MCAO group; P < 0.05 and P < 0.01 vs. EA + MCAO group.

Following intervention of capsaicin (TRPV-1 agonist), but
not AMG-517 (TRPV-1 antagonist), markedly reversed the
neuroprotection of EA pretreatment (Figs. 6 and 7).
Lastly, two limitations of this study should be men-
tioned. Firstly, TRPV-1 antagonists and agonists could not
completely mimic the blocking of TRPV-1 in vivo. MCAO

model with TRPV-1 knockout would be more convincing
and provide more support for our conclusions. Secondly,
the sham-EA group (EA at non-acupoint points) was not
presented in the present study. Our previous studies con-
firmed that EA treatment at non-acupoint points had little
effects to regulate the local and systemic reactions, such as
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TRPV1-mediated anti-oxidant stress and anti-inflammation in neuroprotection of EA pretreatment against CIRL

delayed-type hypersensitivity and allergic contact dermati-
tis [29, 30]. In addition, preliminary data revealed that EA
pretreatment at non-acupoint points showed no obvious
neuroprotection in MCAO rats (data not shown).

In summary, EA pretreatment inhibited the ischemia-
reperfusion injury-induced mitochondrial damage and P38
MAPK activation via suppressing TRPV-1. As a result,
oxidative injury and inflammatory cytokine production
were controlled, which at least partially contributed to the
cerebral protection of EA pretreatment on ischemia stroke
(Fig. 8). These findings highlight its preventive potential of
EA pretreatment for patients with high risk of ischemic
stroke.
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