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Transcranial pulse current stimulation improves the
locomotor function in a rat model of stroke
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Abstract

Previous studies have shown that transcranial pulse current stimulation (tPCS) can increase cerebral neural plasticity and improve patients’
locomotor function. However, the precise mechanisms underlying this effect remain unclear. In the present study, rat models of stroke
established by occlusion of the right cerebral middle artery were subjected to tPCS, 20 minutes per day for 7 successive days. tPCS
significantly reduced the Bederson score, increased the foot print area of the affected limbs, and reduced the standing time of affected

limbs of rats with stroke compared with that before intervention. Immunofluorescence staining and western blot assay revealed that tPCS
significantly increased the expression of microtubule-associated protein-2 and growth-associated protein-43 around the ischemic penumbra.
This finding suggests that tPCS can improve the locomotor function of rats with stroke by regulating the expression of microtubule-associated
protein-2 and growth-associated protein-43 around the ischemic penumbra. These findings may provide a new method for the clinical
treatment of poststroke motor dysfunction and a theoretical basis for clinical application of tPCS. The study was approved by the Animal

Use and Management Committee of Shanghai University of Traditional Chinese Medicine of China (approval No. PZSHUTCM190315003) on

February 22, 2019.
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Introduction

In recent years, there have been rapid advances in
neuromodulation technologies, such as transcranial direct
current stimulation (tDCS) (Yavari et al., 2018), transcranial
pulse current stimulation (tPCS) (Ma et al., 2019), and
transcranial magnetic stimulation (Burke et al., 2019). By
increasing or decreasing synaptic plasticity, tDCS can regulate
brain activity, affect brain function, and induce brain network
remodeling (Ma et al., 2019; Barbati et al., 2020; Pilurzi et

al., 2020). In stroke motor rehabilitation, neuromodulation
technology could promote the recovery of brain dysfunction,
primarily through inhibiting excitability of the contralesional
hemisphere (Notturno et al., 2014) and exciting the cortex of
the ipsilesional hemisphere (Kim and Han, 2017) to restore
the balance between the bilateral hemispheres. Increasingly,
studies have shown that these methods exhibit a lasting
effect, thereby contributing to brain plasticity and motor re-
learning (Fomenko and Lozano, 2019). tDCS has been shown
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to have long-term effects on cortical excitability (Dimyan and
Cohen, 2011), which may in turn lead to long-term behavioral
changes, and neuroplasticity is thought to underlie these
effects. For example, several studies have indicated that,
during acute and recovery periods, stimulation of the affected
motor cortex with a current intensity of 0.2 mA can improve
motor function by regulating the expression of axonal and
dendritic growth proteins and promoting neural plasticity
(Yoon et al., 2012).

tPCS induces transcranial electrical stimulation, which is
essentially a non-constant direct current stimulation. The
current transmits a weak pulse current to the cerebral
cortex through the anode and cathode at a fixed stimulation
amplitude, and regulates cortical excitability, thereby
improving cortical-related functions (Jaberzadeh et al., 2014).
Unidirectional tPCS regulates cerebral cortex excitability,
which has the same polarity specificity as tDCS, with the
anode inducing excitability and the cathode inducing
inhibition (Fitzgerald, 2014). However, unlike tDCS, tPCS
is not a continuous stimulus, and is interrupted at certain
time intervals, which defines the pulse duration, frequency,
and inter-pulse interval of the stimulus. A study using local
field potentials to assess the effect of anode-tPCS on brain
plasticity found that low-intensity current and long-term
anode-tPCS can cause a large calcium response in astrocytes,
thereby inducing an enhanced cortical excitability (Ma et al.,,
2019). tPCS not only improves brain function by regulating
cerebral cortical plasticity, but also improves brain function
recovery by regulating brain network connections. One study
has shown that when tPCS stimulates the primary motor
cortex (M1), it can weaken the connection between the M1
region and the surrounding cortex and increase the resting-
state functional connectivity with the thalamus (Sours et al.,
2014). The authors found that, after stimulation, the resting
functional connection between M1 and both the cerebellum
and the right insular increased. Another study placed the
tPCS anode over the right M1 area. After 20 minutes of tPCS,
the walking speed and step length of patients with moderate
to severe Parkinson’s disease significantly improved, and
fewer protective balance steps backward (Alon et al., 2012).
This experiment demonstrated that tPCS can improve gait.
Furthermore, all patients tolerated the treatment process
and there were no adverse events, which indicates that tPCS
is safe. At present, tPCS has few clinical applications and is
mainly used for clinical tests of healthy control subjects. To
further understand the mechanism of action of tPCS, and to
provide more reliable neuromolecular theoretical support for
its use in clinical treatment, this study explored the effect of
tPCS on the motor function of a rat model of stroke.

Materials and Methods

Study design

Thirty-six clean-grade male Sprague-Dawley rats weighing 260
+ 20 g were purchased from Shanghai SLAC Laboratory Animal
Co., Ltd. (license No. SCXK (Hu) 2017-0005). All experimental
procedures were in accordance with animal welfare and
ethics principles and were approved by the Animal Use and
Management Committee of Shanghai University of Traditional
Chinese Medicine on February 22, 2019 (approval No.
PZSHUTCM190315003). The rats underwent adapted rearing
and gait training for 10 days prior to the study. The 36 rats
were allocated to the sham operation (sham), middle cerebral
artery occlusion (MCAO), and tPCS (MCAO + tPCS) groups (n =
12/group) using the random number table method. The flow
chart is shown in Figure 1.

Modeling of MCAO

MCAO was modeled using the Zea Longa method (Longa et
al., 1989). Rats were anesthetized using 4% isoflurane (RWD
Life Technology Co., Ltd., Guangdong, China) and were fixed

on a sterilized operation table in the supine position. A 2-3
cm longitudinal incision from the submandibular midline
to the right was made to expose the right common carotid
artery, right external carotid artery, and right internal carotid
artery. An 18-mm wire plug was inserted into the internal
carotid artery to block the middle cerebral artery intersection.
After 90 minutes of ischemia, the thread plug was removed,
and cerebral ischemia and reperfusion was performed. The
temperature of the animals was maintained at 37 + 0.5°C using
a feedback-adjusted heating blanket. The incision was sutured
layer by layer. In the sham group, the right internal carotid
artery, external carotid artery, and common carotid artery
were also exposed, but the internal carotid artery was not
plugged, and the incision was directly sutured layer by layer.

All rats were then returned to their cages and had ad libitum
access to food and water.

Transcranial pulse current stimulation

At 48 hours after MCAO, rats in the tPCS group were placed
under 4% isoflurane inhalation anesthesia and fixed on a
stereotaxic instrument (RWD Life Technology Co., Ltd.). The
scalp and underlying tissues were removed, and a round
transparent hollow electrode base (3.4 mm in diameter) was
placed onto the skull over the right cortex (anteroposterior 3.0
mm, mediolateral 2.0 mm (Paxinos and Watson, 2007; Yoon et
al., 2012; Figure 2). The base was fixed to the skull with glass
ionomer cement and the transparent hollow base was filled
with electrolyte gel. Then, electrodes (3 mm in diameter;
Soterix Medical, New York, NY, USA) were placed into the
electrode base. A rubber pad (3.4 mm?) was attached to the
rat’s chest and abdomen as a reference electrode. tPCS was
performed under 4% isoflurane-induced anesthesia and 2.5%
isoflurane-maintained anesthesia (RWD Life Technology Co.,
Ltd.) and was applied with an intensity of 0.2 mA, 10 Hz, 20
minutes per day for 7 days. The sham and MCAO groups were
treated in the same way and anesthetized with isoflurane for
20 minutes without any other interventions.

Neurological deficit assessment

The Bederson score was used to record limb movements
on the hemiplegia side 1 day before, 1 day after, and 9 days
after the intervention (Bieber et al., 2019). The assessment
method was as follows: (a) The rat’s tail was lifted 1 foot from
the ground to observe the forelimb flexion. If both forelimbs
were symmetrically extended to the ground, then a score of
0 was recorded. If there was shoulder flexion, elbow flexion,
shoulder adduction, or both shoulder and elbow flexion
and internal rotation on the forelimb contralateral to the
operation, then a score of 1 was recorded; (b) The rat was
placed on a smooth surface and its shoulders were pushed
to move towards the opposite side to check resistance. If the
bilateral resistance was equivalent and strong, then a score
of 0 was recorded. If the resistance dropped when pushing to
the side contralateral to the operated side, then a score of 1
was recorded; (c) The two forelimbs of the rat were placed on
a metal net to observe muscle tension of the two forelimbs.
If the bilateral muscle tension was equivalent, then a score of
0 was recorded. If the contralateral forelimb muscle tension
was less than that of the ipsilateral forelimb, then a score of
1 was recorded; and (d) The rat’s tail was lifted 1 foot from
the ground. If the rat turned to the side contralateral to
the operation, then a score of 1 was recorded. The highest
possible score was 4, whereby higher scores indicated a more
severe behavioral dysfunction. Rats with a score of 0 or which
were unable to walk were excluded from the experiment.

CatWalk gait analysis

CatWalk gait analysis is a reliable method to assess functional
recovery after stroke (Hetze et al., 2012). Rat gait was tested
by an experimenter who was blinded to group allocation. The
rats passed through a 150-cm long Small animal gait CatWalk
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XT (Noldus, Wageningen, the Netherlands); food placed at the
end of the treadmill was used as bait, and experiments were
performed in a dark, quiet room. The changing paw images of
rats were captured using a high-speed camera placed under
the glass plate. The parameters obtained for each run were
as follows: time parameters (running time, running speed,
swing duration, standing time, and swing speed) and space
parameters related to a single paw (paw print pressure,
width, length, area, and maximum area). One day before
ischemia, a baseline value was established for each rat. After
the ischemia, rats were allowed to recover for 1 day before
restarting behavioral testing. Therefore, 1 day after stroke and
before the tPCS intervention, another gait test was performed
to quantify the motor deficit caused by stroke. Gait testing
was also performed 9 days after stroke.

Immunofluorescence staining

Rats were anesthetized with 4% isoflurane (RWD Life
Technology Co., Ltd.) 9 days after stroke and cardiac-perfused
with phosphate-buffered saline and 4% paraformaldehyde.
The whole-brain tissues of 8 rats from each group were fixed
with 4% paraformaldehyde for 48 hours and embedded in
paraffin. The 5-um paraffin sections were incubated with
rabbit anti-microtubule-associated protein-2 (MAP-2) antibody
(1:200; Cat#t 32454; Abcam, Cambridge, MA, USA), rabbit anti-
growth associated protein-43 (GAP-43) antibody (a neuronal
marker; 1:200; Cat# 16053; Abcam), and rabbit anti-glial
fibrillary acidic protein (GFAP) antibody (1:500; Cat# 7260;
Abcam) overnight in a wet box at 4°C, and then rinsed with
phosphate-buffered saline. Then, the sections were incubated
with corresponding FITC 488-labeled goat anti-rabbit 1gG
(1:400; Cat#t 4412S; Cell Signaling Technology, Danvers,
MA, USA) at 37°C in the dark for 2 hours, then rinsed with
phosphate-buffered saline. The sections were counter-stained
with 4',6-diamidino-2-phenylindole. The area around the
infarct was selected under a 200x fluorescence microscope
(Nikon Eclipse C1; Nikon, Tokyo, Japan), and the number of
positive cells was counted.

Western blot assay

Four rats in each group were decapitated under 4% isoflurane-
induced deep anesthesia 9 days after stroke. The ischemic
area around the ischemic penumbra (approximately 100 mg)
was quickly removed and frozen in liquid nitrogen. Brain tissue
samples were sonicated in ice-containing lysate containing 50
mM Tris HCl, pH 7.2, 250 mM NaCl, 1% NP-40, and a protease
inhibitor composed of Leupetin, Pepstatin A, Aprotinin, and
E-64, followed by centrifugation at 12,000 x g for 15 minutes
at 4°C. Protein concentration was determined by the Lowry
assay (Bio-Rad, Hercules, CA, USA). Protein samples were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, transferred to a polyvinylidene difluoride
membrane, and probed with specific MAP-2, GAP-43,
and GFAP antibodies. The developer solution (wbkls0100;
Millipore, Burlington, MA, USA) was applied to the film surface
with a pipette and allowed to react for 1 minute.

Statistical analysis

SPSS 21.0 software (IBM SPSS, Chicago, IL, USA) was used
for all statistical analyses. Data are expressed as the mean %
standard deviation (SD), and were analyzed using one-way
analysis of variance followed by the least significant difference
test. The significance level was set at @ = 0.05.

Results

tPCS improves the neurological function of cerebral
infarction rats

The Bederson score

There were no significant differences in the Bederson scores
between the MCAO and tPCS groups at 1 day after stroke (P
> 0.05). At 9 days after stroke, the Bederson score in the tPCS

group was significantly lower than that before the intervention
(P < 0.01). No such significant change was seen within the
MCAOQO group (P > 0.05). After 9 days of intervention, the
Bederson score of the tPCS group was significantly lower than
that of the MCAO group (P < 0.01; Table 1).

CatWalk gait analysis

Compared with baseline, the average print area (P < 0.01) and
average standing time (P < 0.01) of the affected limbs (left
forelimb and left hindlimb) were significantly decreased within
both the MCAO and tPCS groups at 1 day after stroke. At 9
days after stroke, the average print area increased (P < 0.05)
and standing time of the affected limbs decreased (P < 0.01)
compared with 1 day after stroke within the tPCS group (Figure
3). At 9 days after stroke, there was a significant difference
in the left forelimb and left hindlimb standing time and the
average left forelimb print area (P < 0.01) compared with 1
day after stroke. Compared with the MCAO group, the tPCS
group exhibited improvements in the left forelimb and left
hindlimb standing times and the left forelimb print area (P <
0.01; Table 2).

tPCS increases the expression of nerve growth-associated
proteins around the ischemic penumbra of the cerebral
infarction in rats

Western blot results showed that, at 9 days after stroke, the
protein expression of MAP-2, GAP-43, and GFAP all increased
to varying degrees compared with 1 day. The protein
expression of MAP-2 in the tPCS group was significantly
different from that in the MCAO group (P < 0.05). While
the protein expression of GAP-43 in the tPCS group was
higher than that in the MCAO group, this difference was not
significant (P > 0.05). While the protein expression of GFAP in
the tPCS group was lower than that in the MCAO group, this
difference was not significant (P > 0.05; Figure 4). The trends
towards immunopositivity of MAP-2, GAP-43, and GFAP that
were identified using immunofluorescence staining were
similar to the western blot results (Figure 5).

Discussion

Ischemic stroke is caused by a disrupted blood to flow to
the brain as a result of blockages of blood vessels in the
brain, which can cause damage to brain tissues (Antipova et
al., 2019; Iglesias-Rey and Castillo, 2020; Kaiser and West,
2020). Rehabilitation of ischemic stroke remains a challenge
in clinical treatment. At present, conventional rehabilitation
interventions are mainly traditional “bottom-up” methods,
such as neurodevelopmental promotion technologies

Table 1 | The effect of tPCS on the Bederson score in cerebral infarction
rats

Time after stroke MCAO tPCS
1d 2.88+1.12 3.0040.90
9d 2.13+0.83 1.5040.53"

Data are expressed as the mean = SD (n = 8), ##P < 0.01, vs. MCAO group
(one-way analysis of variance followed by the least significant difference test).
MCAO: Middle cerebral artery occlusion; tPCS: transcranial pulse current
stimulation.

Table 2 | Gait analysis of cerebral infarction rats 9 days after stroke

Sham MCAO tPCS
Left hindlimb standing time (s) 0.14+0.02  0.19+0.02" 0.15+0.02"
Left forelimb standing time (s) 0.13+0.02  0.20+0.04" 0.16+0.02*
Left forelimb print area (mm?) 68.3#5.17  57.54+6.40  67.83+8.77"

Data are expressed as the mean + SD (n = 8). **P < 0.01, vs. sham group; ##P
<0.01, vs. MCAO group (one-way analysis of variance followed by the least
significant difference test). MCAO: Middle cerebral artery occlusion; tPCS:
transcranial pulse current stimulation.

NEURAL REGENERATION RESEARCH | Vol 16 | No.7 | July 2021 | 1231



Research Article

D1 D10 D11 D12 D13 D19 D20
| cawaktainng | | ] ] wes | |
L |
CatWalk test 2 CatWalk test CatWalk test
% Neurological deficit
assessment

Figure 1 | The study procedure.
MCAO: Middle cerebral artery occlusion; tPCS: transcranial pulse current
stimulation.
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Figure 3 | The effect of tPCS on CatWalk gait in cerebral infarction rats.

Figure 2 | Positioning of transcranial pulse current stimulation.
(A) Positioning of transcranial pulse current stimulation on the skull. (B) The
rat atlas (Paxinos and Watson, 2007).
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(A) Left hindlimb standing time; (B) left forelimb standing time; (C) left hindlimb print area; (D) left forelimb print area. Data are expressed as the mean + SD
(n=28). *P<0.05, **P < 0.01 (one-way analysis of variance followed by the least significant difference test). MCAO: Middle cerebral artery occlusion; tPCS:

transcranial pulse current stimulation.

Sham MCAO tPCS Sham MCAO tPCS

A B

MAP-2 % 250 kDa GAP-43 St W W 43 kD2

GAPDH s s 37 kDa GAPDH 4l S S 37 kDa

15
. 5
DI_ 3
c
£ o —_
% = 1.0 o
2% oy
25 3
5% o5 23
o & 0- a5
28 2
) =
. &
Sham MCAO tPCS Sham MCAO tPCS
A
Sham MCAO tPCS
o *
Ee N =
s
«©
hi
¢ ~ -
I} \
o
z o S
o

Figure 4 | The effect of tPCS on

the expression of MAP-2 (A), GAP-
43 (B), and GFAP (C) in the ischemic
penumbra of cerebral infarction rats.
GAPDH was used as a loading control.
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Figure 5 | The effect of tPCS on the immunopositivities of MAP-2, GAP-43, and GFAP around the ischemic penumbra of cerebral infarction rats.

(A) The immunopositivities of MAP-2, GAP-43, and GFAP around the cerebral infarction in rats. Scale bar: 50 um. Red arrows indicate a positive expression
(green); a indicates the infarction area; b indicates the ischemic penumbra. (B—D) Quantitative results of MAP-2-, GAP-43-, and GFAP-positive cells in a 200x
magnification area. The data are expressed as the mean + SD (n = 8). *P < 0.05, **P < 0.01 (one-way analysis of variance followed by the least significant
difference test). GAP-43: Growth-associated protein-43; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; GFAP: glial fibrillary acidic protein; MAP-2:
microtubule-associated protein-2; MCAO: middle cerebral artery occlusion; tPCS: transcranial pulse current stimulation.

(proprioceptive neuromuscular facilitation, Brunnstrom’s
stages of stroke recovery, and the Bobath concept), exercise
relearning, constraint-induced therapy, physical factor therapy,
and the application of new technology and new equipment,
such as rehabilitation robots, but these methods have a poor
efficacy. Some studies have confirmed that the recovery of
functional deficits after cerebral ischemic injury depends on

the compensatory capacity of functional reorganization that
is, to a certain extent, inherent to the central nervous system
following brain damage (Cassidy and Cramer, 2017; Lu et al.,
2019). The reorganization observed in the area around the
injury reflects this spontaneous regulation of nervous system
plasticity. While the new tPCS method is used to treat stroke
after neurological rehabilitation, its underlying mechanism of
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action is not yet clear.

The present results demonstrated that tPCS can promote
the recovery of limb motor function in cerebral ischemia-
reperfusion rats. MAP-2 is a promoter of microtubule
assembly and is a static structural protein that, along with
other cytoskeletal proteins, maintains neural structure (Yao
et al., 2015; Kim et al., 2020). Recent studies have shown
that MAP-2 has dynamic functions in neuronal growth,
differentiation, and plasticity, and that it plays a key role in the
response of neurons to growth factors, neurotransmitters,
and synaptic activities (Milanovic et al., 2017; Ishikawa et al.,
2019). These findings indicate that MAP-2 modification and
rearrangement are essential early steps in many processes
that modify neuronal function (Johnson and Jope, 1992).
One study has suggested that all MAP-2 isoforms can induce
tubulin assembly in vitro, and may promote microtubule
growth by increasing the growth rate and repair frequency
of microtubules (Goedert et al., 1991). MAP-2 only exists in
the cell body and dendrites (Burgoyne and Cumming, 1983),
and plays an important role in the extension and branching
of dendrites (Farah and Leclerc, 2008). One previous study
has shown that changes in the immune activity of MAP-2
are associated with changes in the cytoskeleton of dendritic
cells; dendrites in MAP-2-deleted brain regions were found
to collapse, and dendrites in MAP-2-increased brain regions
increased (Harada et al., 2002). Considering that MAP-2 plays
an important role in the growth of neuronal dendrites, it is
often used as a growth marker for neuronal processes. Our
results showed that, on the 9th day after stroke, the immune
activity of MAP-2 in the surrounding area of the infarct in the
tPCS group was significantly increased compared with the
area at day 1 after stroke, which indicates that tPCS repairs
synaptic dendritic sites through MAP-2 and induces changes
in neuronal plasticity. These findings are similar to those of
previous studies. For example, one tDCS study reported that
an 0.2 mA current intensity over the M1 region in a rat model
of stroke increased the expression of MAP-2, which suggests
that anode tDCS may have the potential to modulate dendritic
plasticity in the ischemic penumbra (Yoon et al., 2012).
Another study found that compared with untreated rats with
stroke, fully implantable cortical electrical stimulation induced
a significant increase in the density of MAP-2 in the damaged
peripheral cortex of a rat model of stroke and a shorter time
for rats with stroke to return to preoperative weight levels
(zhou et al., 2010).

The results of this study showed that tPCS could promote
the expression of GAP-43 around the damaged cortex in
rats with ischemic brain injury, demonstrating that tPCS
could improve the motor function of rats. GAP-43 is the
material basis of neural tissue and is involved in the growth,
regeneration, and functional development of central and
peripheral nerves (Harada et al., 2002). Therefore, GAP-43 is
considered as an intrinsic determinant of the growth period
of neurons and can be used as a marker of nerve growth and
regeneration. Additionally, GAP-43 is an important mediator
of axon development (Benowitz and Routtenberg, 1997).
In the present study, we found that tPCS can significantly
promote the expression and synthesis of GAP-43 in rat brains,
further promote the growth and regeneration of axons in the
injured area, and can enhance the recovery of injured nerves.
On the 9th day after cerebral ischemia-reperfusion in the
tPCS group, the immune activity of GAP-43 in the infarcted
area was significantly higher than that in MCAO group, which
increased during the early post-ischemic period. This suggests
that from axonal sprouting to synapse formation, the immune
response of GAP-43 in the ischemic penumbra and motor
cortex increased significantly on the 9th day after focal cortical
infarction. Moreover, this increase was most pronounced
in the tPCS group, which indicates that tPCS promotes the
development of axons within the ischemic penumbra and

motor cortex by promoting GAP-43 expression and neuronal
plasticity. This finding is similar to those of previous studies.
For example, tDCS has been reported to enhance the
expression of GAP-43 in peri-lesional areas in acute cerebral
infarction rats, thereby promoting motor function recovery
(Yoon et al., 2012).

GFAP is a major glial intermediate filament in mature
astrocytes and an important component of the astrocyte
cytoskeleton during development (Hol and Pekny, 2015).
GFAP is mainly expressed in astrocytes of the central nervous
system. Astrocytes play several key roles in supporting,
guiding, and nourishing neuronal structures, as well as in
signaling activities. GFAP is involved in many important central
nervous system processes, including cellular communication
and blood-brain barrier functions. GFAP has also been
shown to be a potential biomarker for various diseases,
such as traumatic brain injury and stroke, and some studies
have suggested that GFAP expression is reduced following
ischemic stroke (Parker et al., 2002). However, we found that
the immune response around the infarction was increased
following stroke, which is consistent with previous results
(Sims and Yew, 2017). Previous studies have shown that low-
intensity (0.1 mA) and 5-minute anode-tPCS can induce a
calcium increase in astrocyte somatic cells and glial cell areas
and can increase neural plasticity. It has also been reported
that anode-tPCS of glial cells has a regulatory effect (Ma et al.,
2019).

To conclude, our results indicate that tPCS can promote the
recovery of motor function in ischemia-reperfusion rats, which
may be related to tPCS-induced regulation of the expression
of GAP-43, MAP-2, and GFAP, thereby promoting synaptic
plasticity of neurons. However, our western blot analysis
included a sample size of four, which may be the main reason
why no significant difference was observed in the results.
Our research group will continue to study the effect of tPCS
in the treatment of stroke to provide a solid theoretical basis
to explain its mechanism. At present, tPCS is seldom used in
stroke treatment, and studies on influence on neuroplasticity
in genomics, proteomics, and histochemistry have been
lacking. We conducted an exploratory in vivo study of the
effect of tPCS on the expression of nerve-related proteins
around the infarct focus of cerebral infarction rats. To better
understand the effect of tPCS on neurons, in vitro experiments
will be necessary in the future.
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