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Objective: Recent studies have shown that irisin, a novel peptide hormone derived from
muscles, could be used as a potential therapeutic drug against ischemic stroke. Moreover,
electroacupuncture (EA) is widely used in the treatment of ischemic stroke. Yet, whether irisin
is involved in the EA neuroprotection remains unclear. The following study investigated the
association between serum and peri-lesional cortex irisin and EA-induced post-stroke motor
recovery in rats.

Methods: The middle cerebral artery occlusion (MCAO) method was used to induce ischemic
stroke in rats. Rats were randomly divided into two groups: a middle cerebral artery occlusion
(MCAO) group (MCAO rats without treatment) and an electroacupuncture (EA) group (MCAO
rats treated with EA). On the 3rd day post-stroke, infarct volume, behavioral deficits, surviving
neurons, irisin protein expression in peri-infarction cortex, muscle tissue, and serum were
evaluated to identify the neuroprotective of EA in acute ischemic stroke.

Results: Compared with the MCAO group, the EA group showed better behavioral performance,
a smaller cerebral infarct volume, more surviving neurons, and a significant increase in irisin
expression in the peri-infarction cortex and serum (p<0.05). However, no difference in irisin
expression in the muscle tissue was found between the MCAO group and the EA group (p>0.05).
Conclusion: EA promotes motor function recovery, reduces the volume of cerebral infarc-
tion, and alleviates neuronal death following ischemic stroke by enhancing the expression of
irisin in both the blood and peri-lesional cortex.

Keywords: ischemic stroke, electroacupuncture, irisin

Introduction
Stroke is a leading cause of morbidity and mortality worldwide.! Acute thrombo-
Iytic therapy is the most effective treatment for patients suffering from ischemic
stroke.” This kind of therapy is usually given within 46 hours after onset of an
ischemic stroke, while its effectiveness beyond this time frame (>6 h) still remains
debatable. Ischemic stroke is a complex inflammatory cascade. Cerebral ischemia
can cause acute neuroinflammation and neuronal injury. In the subacute and chronic
phases, cerebral ischemic inflammation can lead to glial cell proliferation, neuronal
apoptosis, and brain tissue atrophy. These processes are associated with the impair-
ment of nerve function.’

Recent studies have shown that irisin, cleaved from precursor fibronectin type
IIT domain-containing protein 5 (FNDCS5), could be used as a potential therapeutic
drug against ischemic stroke. Emerging evidence has indicated that the serum levels
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of irisin could predict outcomes of patients with ischemic
stroke.* In addition, irisin can also promote neuronal cell
survival’ and inhibit post-stroke inflammation, reducing
cerebral infarction volume in MCAO models.® Since irisin
is released from skeletal muscle during exercise,” any
treatment that stimulates muscle contraction may be used
as a potential therapy to increase the irisin post-stroke.
However, it is still unclear whether peripheral or central
irisin mediates the effects in the brain.

Previous studies have found that early EA can
improve neurobehavioural functional recovery and
inhibiting the
stress,’

reduce infarct volume by brain

inflammation,®  oxidative and promoting
angiogenesis.'® Moreover, EA stimulation at peripheral
limbs, for instance, at Zusanli (ST36) and Quchi (LI11)
points, could also increase the serum factors, like
brain-derived neurotrophic factor (BDNF) and glial
(GDNF)."!

Recent studies found that long-term EA stimulation

cell line-derived neurotrophic factor
promotes the expression of FNDCS in skeletal muscle
of diet-induced obesity rats.'> However, whether irisin
is involved in EA neuroprotection remains unclear.
The aim of this study was to investigate the efficacy
of EA stimulation at Zusanli (ST36) and Quchi (LI11)
points on post-stroke recovery. In order to further
explore the early EA neuroprotection mechanism, we
analyzed different irisin concentrations in the muscle,
serum, and pei-infarct cortex on the 3rd day of the
post-ischemic stroke. We hypothesized that EA stimu-
lates muscle contraction, increasing the skeletal mus-
cle-originated irisin in either blood or the peri-lesional
cerebral cortex, thus resulting in an infarct reduction

(Figure 1).

Materials and Methods

Animals

All experimental procedures were carried out in accor-
dance with the Guidelines for Animal Experimentation of
Fudan University and were approved by the Ethics
Committee  for  Animal  Experimentation  (No:
2019Huashan Hospital JS-139). Male Sprague-Dawley
rats (250-280 g) of clean grade were obtained from the
Experimental Animal Centre of Fudan University. The SD
rats were housed in a 12h light-dark cycle at a room
temperature of 20~25°C, with a humidity of 60~70%,
and were allowed free access to food and water for at
least 1 week.

Figure | The schematic of EA stimulation efficacy on irisin expression. EA stimulation
at Zusanli (ST36) and Quchi (LI 1) points on the paralyzed limbs promotes the post-
stroke recovery through both the peri-lesional cortex and serum irisin elevation.

Middle Cerebral Artery Occlusion

(MCAO) Model

The middle cerebral artery occlusion (MCAO) model was
induced in male SD rats, as previously described."® Rats
were anesthetized with 3% pentobarbital sodium (30mg/kg).
A monofilament (2636-AS5, Beijing Cinontech Co., Ltd.,
Beijing, China) with a silicone-coated tip was used to obstruct
the middle cerebral artery (MCA) through the left external
carotid artery and the internal carotid artery; it was left in place
for 90 minutes. The rats were then randomly and evenly
divided into two groups: a middle cerebral artery occlusion
(MCAO) group (MCAO rats without treatment) and an elec-
troacupuncture (EA) group (MCAO rats treated with EA).

Electroacupuncture (EA) Treatment

The Quchi (LI11) and Zusanli (ST36) acupoints on the
paralyzed right limbs were stimulated during MCAO sur-
gery. An intensity of 1~2mA and an intermittent wave
frequency of 2~10 Hz for 90 min were provided with the
Hwatuo electronic acupuncture treatment instrument
(model No. SDZ-V, Suzhou Medical Appliances Co.,
Ltd., Suzhou, China). The rats were treated with electro-
acupuncture under anesthesia. The body temperature was
maintained at 3740.5°C.

Modified Neurological Severity Scores
(mNSS)

The modified Neurological Severity Scores (mNSS) were
used to evaluate rats’ motor, sensory, and reflex functions,
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respectively. A higher score represented serious nerve
injury. mNSS evaluation was performed on the third day
after surgery."

Ladder Rung Walking

The ladder rung walking was used to assess the number of
errors in animals’ anterior and posterior limbs. The appa-
ratus consisted of two plexiglass walls (100 cm x
20 cmx0.8cm) and metal rungs. The width of the alley
was 8 cm apart to allow for the passage of a rat. On the
third day after surgery, animals were challenged to cross
the ladder; a regular pattern of the rungs (spaced at 2 cm
intervals) allowed for the testing of animals. A camera was
positioned at a slight ventral angle, which allowed shoot-
ing of foot positions that were then used for further
analysis."”

Rotarod Test

Motor coordination in rats was evaluated using the rotarod
test. The rotarod apparatus consists of a bench pad and
a rod, which set the acceleration to 4-40 revolutions
per minute (rpm). All the rats were trained for three con-
secutive days before surgery. Each rat was trained for 5
min and underwent 3 trials per day; rats were allowed to
rest for a 15 min inter-trial interval so as to avoid fatigue.
The test was performed on the 3rd day post-ischemic
stroke. Three rats could be simultaneously tested. The
rotarod’s time was recorded when the rat fell off the rod,
and the meantime was calculated from three trials for each

rat.'¢

Cerebral Infarct Volume

The cerebral infarct volume was measured on the 3rd day
post-ischemic stroke. The rats were anesthetized (i.p) with
3% pentobarbital sodium (30mg/kg), after which the
anesthetized animals were sacrificed by cervical disloca-
tion. Brain samples were then collected, kept at —80°C for
3 min, cut into 6 coronal 2-mm-thick sections, incubated
in 2% 2,3,5-triphenyltetrazolium chloride (TTC) at 37 °C
for 30 min in the dark, followed by scanning with a digital
camera. The white color regions were defined as infarct
areas. The volume ratio of cerebral infraction = {[total
infarct volume-(left hemisphere volume-right hemisphere
volume)]/right hemisphere volume} x 100%.'” An inde-
pendent investigator, who was blinded to the grouping,

performed the measurements.

Western Blot

The protein expression of FNCDS was performed by
Western blot on the 3rd day post-ischemic stroke. Peri-
infarction cortex tissues and muscle tissue samples
were homogenized in radioimmunoprecipitation assay
(RIPA) buffer. The homogenate was centrifuged in
a centrifugal machine for 15 min at 12,000 rpm, after
which the supernatant samples were collected in a new
1.5 mL tube. Protein concentrations were determined
with a bicinchoninic acid (BCA) protein assay kit
(Melone Pharmaceutical Co., Ltd., Dalian, China).
The lysates were separated using 12% sodium dodecyl
sulfate-polyacrylamide (SDS-PAGE) gels and trans-
ferred onto polyvinylidene difluoride (PVDF) mem-
branes. The membranes were blocked with 5% nonfat
milk in TBST for 1h at room temperature and then
incubated overnight at 4°C with the following primary
antibodies: FNCDS5 (1:1000, ab174833, Abcam, USA)
and f-actin (1:1000, MAS5-15,739, Invitrogen, United
States). The next day, the membrane was washed in
TBST and incubated for 1 h at room temperature with
HRP-conjugated goat anti-rabbit antibody and goat
anti-mouse antibody.

Measurement of Serum Irisin Levels

On the 3rd day post-ischemic stroke, 1 mL blood sam-
ples were drawn from the rat hearts. The samples were
centrifuged at 4°C and 4000 rpm for 15 min, after
which the supernatants were collected in a new tube.
The irisin levels in the serum were measured using
a commercial ELISA kit. The assay was conducted
according to the manufacturer’s instructions. The absor-
bance was measured at 450 nm, and the analysis of
interest was quantified using a standard curve.

Niss| Staining

Nissl staining was performed on the 3rd day post-
ischemic stroke. Five rats in each group were randomly
selected for abdominal anesthesia. Their brains were
fixed in 4% paraformaldehyde, dehydrated, embedded
in paraffin, and sectioned. Then, samples were rinsed
in distilled water for 3 times (5 min each time) and
placed in 0.5% toluidine blue for 1 min at room tem-
perature. Stained sections were then fixed by serial
dehydration in alcohol and xylene before coverslipping
with neutral gum. The images were observed and photo-
graphed under a light microscope; cumulative optical
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density values of Nissl were analyzed with Image-Pro
Plus 6.01 Image analysis software. The quantity of Nissl
bodies in normal neurons is abundant. When neurons are
damaged, the Nissl bodies decrease, disintegrate, or
disappear.

TUNEL Staining

Paraffin sections were performed on the brain after perfu-
sion to prepare coronal sections (4um). Each sample was
cut into 5 pieces. The dewaxed and hydrated samples were
then rinsed twice with phosphate buffer and stained using
a TUNEL apoptosis kit (G1501, Wuhan Servicebio tech-
nology Co., Ltd., Wuhan, China). The apoptotic cells were
observed under a fluorescence microscope after sealing.
The cells with apoptosis were cultured in green.

Statistical Analysis

GraphPad Prism 8.0 was used to perform all statistical
analyses. All values were presented as mean + SEM by
the unpaired #-test. Normal distribution was confirmed by
the Shapiro—Wilk test. A p-value < 0.05 was used to
indicate a statistical significance.

Results
EA Promotes the Ischemic Motor

Function in Rats

To investigate the neuroprotective effect of EA on MCAO,
we assessed the neurobehavioural function on the 3rd day
post-ischemic stroke. The results revealed that the mNSS
score in MCAO group was increased, while it was
decreased in the EA group (7.83£0.16 vs. 6.83+0.29;
p<0.05) (Figure 2A). Moreover, rats in the MCAO spent
less time on the rotarod than rats treated with EA (84.45
+13.35s vs. 129.0+14.70s), and the EA group achieved
better test performance (p<0.05) (Figure 2B). In addition,
the number of slips in the MCAO group was 72.31£3.33,
while in the EA group, it was 56.31+£3.50 (p<0.05)
(Figure 2C).

EA Reduces the Infarction Volume
Infarction volume was assessed by TTC staining on the
3rd day post-ischemic stroke. The white infarct area was
presented in the left hemisphere, as shown in Figure 3A.
Compared with the MCAO group, the EA group infarction
volume was reduced (50.01+4.08% vs. 36.88+3.95%;
p<0.05) (Figure 3B).

EA Increases the Concentrations of Irisin
in Serum, Peri-Lesional Cortex Irisin
Expression but Had No Effect on Muscle
Irisin After 3-Day Post-Stroke

To evaluate the effect of EA on the concentration of irisin
in the serum on the 3rd day post-ischemic stroke, ELISA
test was used to assess the concentrations of irisin.
A significant increase in the concentrations of irisin was
found in the EA group (64.04+3.82) compared to the
MCAO group (27.25+1.44, p<0.05) (Figure 3C).

Western blot analysis is shown in Figure 4A and B.
Compared with the MCAO group, EA promoted irisin
expression in the peri-lesional cortex; the expression of
irisin was 0.1740.02 in the MCAO group and 0.28+0.04 in
the EA group (»p<0.05) (Figure 4C). However, no differ-
ence in irisin expression in the muscle tissue was found in
the MCAO group and the EA group (0.92+0.18 vs. 0.94
+0.28; p>0.05) (Figure 4D).

EA Reduced Neuropathic Damage After

Cerebral Ischemia

Nissl staining and TUNEL staining were used to assess the
effect of EA on neurons on the 3rd day post-ischemic
stroke (Figure 5A and B). Nissl staining showed a large
number of death cells in the MCAO group compared to the
EA group, which showed an increased number of surviv-
ing neurons in the EA group (16.62 + 1.07 vs.25.36+0.92,
p<0.05) (Figure 5C). Furthermore, the TUNEL assay indi-
cated that TUNEL-positive neurons were significantly
higher in the MCAO group than the EA group (100.80 +
5.16 vs. 70.16+4.62, p<0.05) (Figure 5D).

Discussion

This study found that EA could promote post-stroke motor
function recovery and reduce infarct volume, which may
be related to the improvement in irisin expression in the
peri-infarct cortex and serum. Irisin is the most recently
discovered and isolated hormone released from muscles
into the circulation after physical exercise,'® which is
found in the brain, heart, kidney, liver, lung, and adipose
tissue.'”° Huh et al discovered that muscle tissue and
circulating irisin levels significantly increased thirty min-
utes after acute exercise,”’ while endurance exercise or
long-term exercise increased the expression of FNDCS5 in
muscle tissue or brain tissue, like the hippocampus.**??
A previous study showed that exercise could promote the
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Figure 2 Effects of EA on motor recovery on the 3rd day post-ischemic stroke. (A) The mNSS score to assess the motor and sensory function recovery following ischemic
stroke. (B) The Rotarod test to value the motor coordination recovery. (C) The Ladder rung walking test to assess the number of errors of the anterior and posterior limbs
of animals. (n =12 in MCAO group, n =13 in EA group). *p<0.05, **p<0.0l compared to MCAO group.
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Figure 3 The infarct volume and concentrations of irisin in serum on the 3rd day post-ischemic stroke. (A) The infarct volume was valued by TTC staining, the white color
region is cerebral infraction, and the red color region is normal brain tissue. (B) The percentage of infarct volume (n =12 in MCAO group, n =13 in EA group). (C)
Quantification of concentrations of irisin in serum (n =5). *p<0.05, ¥***p<0.0001 compared to MCAO group.

expression of irisin in the muscle of cerebral ischemia
mice, although the concentration of irisin in the plasma
and muscle decreased following cerebral ischemia.
Physical exercise could protect against the ischemic by
inducing irisin expression through activation of the
Protein Kinase B (Akt) and extracellular signal-regulated
kinase (ERK1/2).° In this study, we also found an
increased concentration of irisin in the serum and
a smaller cerebral infarction volume in the EA group. In

our study, on the 3rd day after EA stimulation, the

expression of FNCD5 was enhanced in the peri-infarct
cortex and serum, but not in the muscle tissue, which
may be related to the short time of EA stimulation or
different modes of intervention.

Electroacupuncture has shown therapeutic benefits in
stroke patients and animal stroke models.** 2’ Increasing
evidence has shown that EA may affect the nerve conduc-
tion, endocrine hormone, and lymphatic circulation, thus
promoting the recovery of the body function.”®* EA
stimulates local receptors of limbs; it urges the receptor
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to distribute nerve impulses to the spinal cord, activates
the uplink pathway to the brain, and induces the release of
neurotransmitters so as to regulate the function of the brain
and achieve the therapeutic effect.® In our study, EA
increased the irisin concentration in blood and peri-
infarction, while no significant change was observed in
the muscle tissue. This may be because irisin, which

originates from the muscles, was released into the blood
circulation, thus resulting in the blood irisin enhancement.
Moreover, several previous studies have indicated that
FNDC5/irisin is highly expressed in skeletal muscle®
and in various regions of brain tissue, including cortical
neurons, hippocampus, cerebellum, hypothalamus, and

23,31
423

spinal cor In this study, we found that irisin was

submit your manuscript

700

Dove

Neuropsychiatric Disease and Treatment 2021:17


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

more robustly increased in the brain after post-stroke elec-
troacupuncture. These may be related to more neurogen-
esis in the perilesional cortex after electroacupuncture
since FNDCS5 was reported to be involved in the early
regulation of neurogenesis.’® Therefore, it is interesting
to confirm the source of the irisin, which may be respon-
sible for the neurogenesis. In the future study, we plan to
further explore the source of irisin in the brain and the
nerve and blood irisin’s respective role in EA-induced
post-stroke recovery.

This study has several limitations. In our experiments, the
control group received no intervention. In our next study, we
plan to cut off the sciatic nerve for EA intervention to observe
whether there would be any differences in results.

In conclusion, our research indicated that EA promotes
motor function recovery and reduces cerebral infarction
volume post-stroke. This may be related to neuronal acti-
vation that promotes increased expression of irisin protein
in the peri-lesional cortex and serum, both of which are
critical for cerebral neuroprotection.
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