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Objective: The aim of this study was to observe the effects of different frequencies of
electroacupuncture (EA) on expression of brain-derived neurotrophic factor (BDNF) and nerve
growth factor (NGF) in the hippocampal CA3 region of cerebral ischemic rats.

Methods: Middle cerebral artery occlusion was successfully introduced to simulate cerebral
infarction in 48 healthy male Sprague—Dawley rats. Totally, 48 rats were randomly divided
into three groups: the control group, the EA 5-Hz group, and the EA 50-Hz group, 16 in each
group. The rats in the control group were placed in an ordinary cage and fed normally without
any treatment. EA treatment was given at a certain frequency 24 hours after surgery in the EA
5-Hz group and EA 50-Hz group. Morris water maze test was used to measure the learning and
memory abilities of rats in each group after 14-day treatment with EA. Immunohistochemical
staining was used to detect the expression of BDNF- and NGF-positive cells in the ischemic
hippocampal CA3 area of the rats.

Results: The EA 5-Hz group and EA 50-Hz group had significantly improved learning and
memory ability compared with the control group according to Morris water maze findings
(P<<0.05). The number of BDNF- and NGF-positive cells in the hippocampal CA3 region of
the ischemic hemisphere in the 5-Hz group and 50-Hz EA group was significantly more than
that in the control group after EA treatment (P<<0.05), and the difference in the 50-Hz group
was more obvious than that in the 5-Hz group. The difference was statistically significant
(P<0.05).

Conclusion: EA stimulation of “Baihui” and “Dazhui” can promote the expression of BDNF
and NGF in the hippocampal CA3 region of cerebral ischemic rats, and the 50-Hz EA stimula-
tion effect is more obvious.

Keywords: cerebral infarction, electroacupuncture, brain-derived neurotrophic factor, nerve
growth factor

Introduction

Stroke is considered as one of the leading causes of long-term disability around
the world.! Learning and memory dysfunction is a common complication in stroke
patients, which not only greatly affects their rehabilitation and quality of life but also
imposes a tremendous burden on their families and society. Acupuncture is one of
the most commonly used and important therapies in traditional Chinese medicine
and has been applied clinically for over a millennium.? Electroacupuncture (EA) is a
combination of electrical stimulation with acupuncture, which has been widely used
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to treat stroke patients. Baihui (GV20) and Dazhui (GV14),
which belong to the governor meridian, are two important
acupoints for improving intelligence. Acupuncture on the
two acupoints can help promote the circulation of blood,
regain consciousness, and keep the balance of Yin and Yang.3
Previous studies have found that EA Baihui and Dazhui can
improve cerebral neurological function as well as learning
and memory.** However, the mechanism for this improve-
ment remains unclear.

We speculate a mechanism by which learning and
memory improvement may be related to the expression of
brain-derived neurotrophic factor (BDNF) and nerve growth
factor (NGF).%” BDNF is a basic protein molecule that is
mainly distributed in the hippocampus and cortex in the
brain, as well as in the striatum, the superior colliculus, and
peripheral nerves. It is essential for developmental events
of the nervous system, including proliferation, migration,
differentiation, survival, apoptosis, and synaptic plasticity.®
Owing to its well-established role in synaptic plasticity
and its neurotrophic ability to induce changes in synaptic
morphology, BDNF has become an attractive candidate
as a molecular mediator of learning and memory.’ NGF is
mainly synthesized by nerve cells and astrocytes. The brain
regions that express high to low levels of NGF are the hip-
pocampus, cerebral cortex, olfactory bulb, basal ganglia,
forebrain, cerebellum, and striatum in sequence.'” NGF is an
early nerve cell growth regulator with biological functions
such as nourishing neurons and promoting neurite outgrowth.
It plays an important regulatory role in the development,
differentiation, growth, regeneration, and expression of
functional traits in central and peripheral neurons and results
in enhanced memory function and other biological effects.!!
Hippocampus is an important structure in which the brain
participates in learning and memory processes. It is associ-
ated with learning and memory, especially spatial cognitive
function, and the CA3 region of the hippocampus is believed
to be particularly closely related to spatial learning and
memory activities.'

Based on the above background, a rat model of right
middle cerebral artery occlusion (MCAQ) was developed
using a modified suture method in the present study. The
Baihui point and Dazhui point were stimulated by EA at
different frequencies in these cerebral ischemic rats. We then
investigated the effect of EA on learning and memory in rats
with cerebral ischemia and the expression of BDNF and
NGF in the hippocampal CA3 region of the ischemic side to
explore the mechanism by which EA improves the learning
and memory abilities of rats with cerebral ischemia.

Materials and methods

Animals and experimental groups

Forty-eight male Sprague-Dawley rats of clean grade, weigh-
ing (200+50) g and aged 8 weeks, were provided by the
Experimental Center of Southwest Medical University. The
rats were housed five per cage in a temperature-controlled
room (20°C-30°C) on a 12/12-hour light/dark cycle with
access to food and water ad libitum. Rats were fed for | week
and allowed to adapt to vivarium conditions. They were
randomly and evenly divided into three groups as follows:
1) the control group, 2) the EA 5-Hz group, and 3) the EA
50-Hz group, with 16 rats in each group. All experimental
procedures were conducted in accordance with the Guidance
Suggestions for the Care and Use of Laboratory Animals,
issued by the Ministry of Science and Technology of China.
Ethical approval was given by the Medical Ethics Committee
of the Southwest Medical University (No 20170111001).

Establishment of the middle cerebral

artery ischemia model

Rat models of right MCAO were established using the suture
occlusion method according to established methods of the
middle cerebral artery ischemia model developed by Longa
etal and Chen et al.!*! With room temperature maintained at
20°C-30°C, the rats were immobilized on the operating table
under intraperitoneal anesthesia (1% pentobarbital sodium,
3040 mg/kg). Following sterilization, the right common
carotid artery, internal carotid artery, external carotid artery,
and pterygopalatine artery were carefully isolated through
a median neck incision. The internal carotid artery was dis-
sected and reserved, and then encircled with a suture at the
start of the pterygopalatine artery. The external carotid artery
and the proximal end of the common carotid artery were
ligated, and then a 0.2-mm diameter incision was made at the
bifurcation of the common carotid artery ~5 mm proximal
to the end. A nylon fishing line presoaked with polylysine
was inserted into the common carotid artery incision and
then into the skull along the internal carotid artery after it
walked through the carotid artery bifurcation; insertion of
the line was stopped upon reaching the anterior cerebral
artery, and a slight resistance was felt. The insertion depth
was 17-19 mm from the bifurcation of the common carotid
artery, which was ligated using sutures. Then, the internal
carotid artery was tied with a surgical wire to tighten the
line, the excess nylon thread was cut, and the skin was
sutured. Successful model establishment was confirmed
as follows: after the rats woke up, 1) adduction—flexion
deformity was observed in the left limbs when the tails
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were lifted; 2) Horner’s sign developed in the ipsilateral limb;
3) rats circled to the left when crawling; and 4) rats leaned
to the left when standing. Rats possessing at least one of the
above symptoms were included in this study. Animals that
died during the experimental period were replaced to ensure
an appropriate number of animals in each group. After the
operation, the rats were placed in a feeding box filled with
clean bedding, free access to food and water, and a dropper
that could be used when necessary.

EA treatment

EA at the corresponding frequency commenced 24 hours
after the operation in rats in the 5-Hz and 50-Hz EA groups,
while the control group was only given normal diet but no EA
intervention. The specifications of the EA performed in this
study were as follows. 1) Acupoint selection: the “Baihui”
acupoint and “Dazhui” acupoint are acupoints commonly
used in rats (as defined in the reference book “Experimental
Acupuncture Science”). The acupoint “Baihui” in MCAO
rats is located at the right midpoint of the parietal bone, and
“Dazhui” is located in the middle of the back between the
seventh cervical vertebrae and the first thoracic vertebrae.
2) Acupuncture therapy: a sterilized stainless-steel needle
(1 inch in length, No 28; Huatuo manufacturer, Luoyang,
China) was inserted obliquely into the “Baihui” acupoint at
an angle of 15°-45° and inserted directly into the “Dazhui”
acupoint, at a depth of 0.5 inch at each acupoint (Figure 1).
The needles were connected to the output terminals of an EA
apparatus (Xinsheng Industrial Co, Ltd, Qingdao, China).
Electrical stimulation parameters were set at a frequency
of 5 Hz in the 5-Hz EA group and 50 Hz in the 50-Hz EA
group. Continuous waves with a pulse width of 0.6 ms were
delivered in both groups at intensities of 1-2 mA and voltages

of 1.5-3.0 V. The intensity was maintained at a level that was
tolerable by the rats and the voltage was kept just below the
level that induced visible muscle contraction. The needles
were left in place for 15 minutes. Acupuncture therapy was
given in the afternoon once per day for 14 successive days.

Morris water maze test

All three groups of rats were subjected to the Morris water
maze test, including orientation navigation and space explo-
ration trials following EA treatment. This test was conducted
to investigate spatial learning and memory ability. The Morris
water maze video tracking and analysis system (S1000;
Taimeng Technology Co, Ltd, Chengdu, China) comprises a
stainless-steel circular water tank (diameter, 120 cm; height,
55 cm) equipped with a platform (diameter, 10 cm; height,
21 cm) placed in the third quadrant and submerged 1 cm
below the surface of the water. A video camera attached to
a computer was placed above the center of the tank to record
and analyze the trajectory of the rats. During the orientation
navigation trials, each rat was placed in the water at each of
four locations equidistant to the platform in clockwise order,
from quadrant I, quadrant II, quadrant III to quadrant IV in
sequence. The computer recorded the length of the route and
the time it took the rat to find the platform. The time spent
searching for the platform within 2 minutes was recorded as
the escape latency. When a rat arrived at the platform within
the 2-minute time restriction, the rat was considered to have
found the platform and the escape latency was recorded.
If the rat failed to find the platform within 2 minutes, it
was removed from the water and placed on the platform for
10 seconds, and the escape latency was recorded as 2 minutes.
The orientation navigation trials were repeated once per day
for 5 days. The space exploration test was performed to assess

Figure | Rats of MCAO model were treated with EA at the “Baihui” acupoint and “Dazhui” acupoint.
Notes: (A) Rats under EA treatment. (B) The front needle position is at the “Baihui” acupoint, and the other is at the “Dazhui” acupoint.

Abbreviations: MCAO, middle cerebral artery occlusion; EA, electroacupuncture.
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memory consolidation the day following the completion of
the orientation navigation trials. In this trial, the platform
was removed from the tank, and the rats were placed in the
water at the same location in quadrant I as in the orientation
navigation trials. The rats were allowed to swim freely for
2 minutes. The number of times that each rat crossed the
same location of the original platform, the swimming time
and paths in each quadrant, and the total swimming path etc
were recorded. Then, the ratio of the swimming distance
in the original platform quadrant (quadrant III) to the total
swimming distance (dP/dT) and the swimming time in the
original platform quadrant to the total swimming time (tP/tT)
were calculated.

Sample preparation

Samples were prepared after the Morris water maze test.
The rats were anesthetized with 1% pentobarbital sodium
via peritoneal injection following immobilization on a clean
bench. The chest was opened quickly, and the rat was rap-
idly perfused with 250 mL saline until the effluent from the
left ventricle became clear, followed by a slow infusion of
4% paraformaldehyde in PBS (200 mL) for 15-30 minutes.
Subsequently, the brain was removed, and the hippocampus
was harvested, fixed in 4% paraformaldehyde for 4—6 hours,
and then moved to an alcohol gradient. The hippocampal
CA3 region was dissected according to “The Rat Brain in
Stereotaxic Coordinates.”! The tissue samples obtained were
fixed in 3% glutaraldehyde and 4% paraformaldehyde.

Immunohistochemical detection of BDNF
and NGF expression

The brain tissue was embedded in paraffin, serially sectioned
coronally at a thickness of 5 um using an ultramicrotome, and
dried. The paraffin sections were dewaxed to water, pretreated
with H O, (3%) to quench endogenous peroxidase activity
in the tissue for 5—10 minutes at room temperature, and then
washed with distilled water three times for 5 minutes each.

Table | Summary of detailed experimental schedule

Then, antigen retrieval was performed as follows: sections
were rinsed three times with 0.1 mol/L PBS (pH 7.2) for
5 minutes each and placed in 3% H,O, methanol solution at
room temperature for 5—10 minutes. After three washes with
distilled water for 5 minutes each, endogenous peroxidase
was blocked. The sections were immersed in 0.15 mol/L
NaCl buffer solution (Tris-buffered saline, pH 7.6), placed
on a metal frame, and pressurized slowly in a pressure
cooker. The sections were then removed from the heat after
10 minutes and rinsed in PBS three times after they cooled
to room temperature. Antigen retrieval solution was added
dropwise to the sections for 8 minutes at room temperature,
and the sections were rinsed three times in PBS. The sections
were incubated with anti-BDNF and anti-NGF primary
antibodies (ab205067, ab6199; Abcam, Cambridge, UK)
for 1 hour at 37°C in a water bath, rinsed with PBS three
times for 5 minutes per wash and incubated for 20 minutes
at 37°C in a water bath following the addition of EnVision
reagent (DAKO, Denmark). Then, the sections were rinsed
with PBS three times for 5 minutes per wash. Subsequently,
the sections were developed with 3,3’-diaminobenzidine for
5-20 minutes as follows: 1 mL distilled water was mixed
with one drop of A, B, and C solution, sequentially, and then
the mixture was added to the sections. The sections were
developed at room temperature for 12—15 minutes under a
microscope. Finally, distilled water was used to terminate the
coloration. One section randomly chosen from each group
was counterstained with hematoxylin, followed by dehydra-
tion, clearing, mounting, microscopic observation, and image
collection using a digital camera. Immunohistochemical
staining and expression of BDNF and NGF in each group
were observed in a visual field at 400x magnification under a
light microscope (Olympus Corporation, Tokyo, Japan), and
positively stained cells in the field were counted and averaged
to obtain the mean values using Image Pro Plus 6.0 software
(Media Cybernetics, Rockville, MD, USA). The detailed
experimental procedure is summarized in Table 1.

Day/group DI-7 D8 D9-23 D24-29 D30 D3I D32-40

Control Feeding and Making Normal Orientation Space Brain tissue Immunohistochemistry

group adapting to the MCAO model feeding navigation exploration fixation (BDNF and NGF)
environment experiment experiment

5-Hz EA Feeding and Making Start 5-Hz Orientation Space Brain tissue Immunohistochemistry

group adapting to the MCAO model EA therapy navigation exploration fixation (BDNF and NGF)
environment |/day experiment experiment

50-Hz EA Feeding and Making Start 50-Hz Orientation Space Brain tissue Immunohistochemistry

group adapting to the MCAO model EA therapy navigation exploration fixation (BDNF and NGF)
environment I/day experiment experiment

Abbreviations: MCAO, middle cerebral artery occlusion; EA, electroacupuncture; BDNF, brain-derived neurotrophic factor; NGF, nerve growth factor.
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Statistical analysis

Data were analyzed using the SPSS package, version 18.0
(SPSS Inc, Chicago, IL, USA), and the results were expressed
as mean + SD. Differences among groups were compared
using one-way ANOVA. The least significant difference was
used for pairwise comparison between groups and homo-
geneity of variance test and #-test for comparison within the
group. The differences were considered statistically signifi-
cant when the two-tailed P-values were <0.05.

Results

Learning and memory ability assessment
In the orientation navigation test, the 5-Hz and 50-Hz EA
group rats exhibited significantly shorter escape latencies and
total swimming path lengths than the control group (P<<0.05).
Furthermore, the 50-Hz EA group rats demonstrated signifi-
cantly shorter escape latencies than the 5-Hz EA group rats
(P<<0.05, Table 2). In the space exploration test, the rats in
the 5-Hz and 50-Hz EA groups passed through the original
position of the platform significantly more number of times
and exhibited significantly higher tP/tT and dP/dT than those
in the control group (P<0.05). Meanwhile, the rats in the
50-Hz EA group rats crossed the position of the platform
significantly more number of times than those in the 5-Hz
EA group (P<<0.05); however, there was no significant dif-
ference in the tP/tT or dP/dT between the two EA groups.
Collectively, the Morris water maze test results reveal that
the learning and memory abilities of the 5-Hz and 50-Hz
EA group rats were better than those in the control group
rats, suggesting that EA improves the learning and memory
abilities of MCAO rats.

Expression of BDNF-positive cells in the
hippocampal CA3 region in the ischemic
hemispheres of MCAO rats in each group

Under light microscopy, we observed a brownish yellow
immunohistochemical reaction product of BDNF in the
cytoplasm. BDNF cells in the hippocampal CA3 region of

the control group were weakly to moderately stained, and
BDNF-positive neurons were disorderly arranged, with
the cytoplasm showing a brownish yellow to light yellow
color. Usually, degenerated neurons demonstrate the fol-
lowing changes: neuronal nucleus shrinkage, cytoplasmic
contraction and deformation, and the disappearance of
Nissl body. Sometimes the structure of neurons or nerve
fibers becomes disorganized or disaggregated. These are
“disordered neurons.” In the control group, the neurons
were significantly degenerated (Figure 2A), and there were
significantly fewer BDNF-positive cells than in the 5-Hz
and 50-Hz EA groups (P<<0.05). However, BDNF cells in
the hippocampal CA3 region of the 5-Hz and the 50-Hz EA
groups were moderately to strongly stained with brownish
cytoplasm. There was no obvious neuron degeneration, but
the neurons were slightly disordered (Figure 2B and C). The
number of BDNF- and NGF-positive cells in the 50-Hz EA
group was remarkably and significantly higher than that in
the 5-Hz EA group and control group (P<<0.05), as shown
in Table 3.

Analysis of NGF-positive cell expression
in the hippocampal CA3 region in the
ischemic hemisphere of MCAO rats in

each group

Under light microscopy, the NGF protein immunohistochem-
ical reaction substance was observed to be brownish yellow
and showed cytoplasmic staining. In the control group, NGF
cells in the hippocampal CA3 region showed weak to mod-
erate expression. The control group expressed significantly
fewer NGF-positive cells than the 5-Hz and 50-Hz EA
groups (P<<0.05), and the cytoplasm of NGF-positive cells
in the control group was brownish yellow to light yellow
(Figure 3A). In the 5-Hz and 50-Hz EA groups, NGF stain-
ing in the hippocampal CA3 region showed moderate to
strong expression. Positive particles were seen not only in
the cytoplasm but also in cell protrusions and in some cell
nuclei (Figure 3B and C). The number of NGF-positive cells

Table 2 Comparison of performance on the Morris water maze learning and memory test in each group (xts)

Group Cases Orientation navigation experiment | Space exploration experiment
Escape Total path Number of tP/tT dP/dT
latency (s) length (cm) platform
crossings
Control group 16 70.17£5.12 528.04+154.34 1.41£0.32 0.131£0.045 0.141£0.052
5-Hz EA group 16 48.42+6.51*° 458.32£112.32*° 2.24+0.87%* 0.212+0.078* 0.275+0.068°
50-Hz EA group 16 44.21£5.24*° 421.67£133.41* 3.12£0.58* 0.215+0.098* 0.251+0.051*

Notes: *Compared with the control group, P<<0.05. ®"Compared between the 5-Hz group and the 50-Hz group, P<<0.05.

Abbreviation: EA, electroacupuncture.
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Figure 2 Expression of BDNF-positive cells in the hippocampal CA3 region in the three groups (IHC staining, 400x): (A) control group; (B) 5-Hz EA group; (C) 50-Hz EA

group.

Abbreviations: EA, electroacupuncture; BDNF, brain-derived neurotrophic factor; IHC, immunohistochemistry.

in the 50-Hz EA group was significantly higher than that in
the 5-Hz EA group (P<<0.05).

Discussion

Both BDNF and NGF are neurotrophic factors that play a
crucial role in the development of the central nervous system.
Experimental studies have found that BDNF and NGF can
promote neuronal survival and growth and prevent apoptosis
after ischemia, as well as improve neuronal pathological
conditions, promote the regeneration and differentiation of
damaged neurons, and play an important role in the repair of
central nervous system injury.'>!¢ Through its participation
in the protective process of cerebral ischemic injury,!” BDNF
can promote growth, survival, and neurogenesis of neurons;
resist injury; and promote injured neuron repair after isch-
emia. The longer the ischemia lasts, the greater the damage
and the more obviously BDNF mRNA will be expressed. The
release and synthesis of BDNF, which is initiated through
the trophic effects caused by the regulation of neural activity
and other neurotrophic factors, are stabilized by its high-
affinity receptor tropomyosin receptor kinase B (TrkB) and
strengthened synapses.'® Petzold et al found that the level of

Table 3 Comparison of the expression of BDNF- and NGF-
positive cells in the hippocampal CA3 region of MCAO rats
in each group (number per high magnification field of view,

meantSD)
Group Cases (rats) BDNF NGF
Control group 16 11.31£3.08 10.1243.12
5-Hz EA group 16 23.58+5.45* | 21.5445.12*°
50-Hz EA group 16 29.18%6.12* | 26.18+5.67*°

Notes: *Compared with the control group, P<0.05. *Compared between the 5-Hz

group and 50-Hz group, P<<0.05.

Abbreviations: MCAO, middle cerebral artery occlusion; EA, electroacupuncture;

BDNF, brain-derived neurotrophic factor; NGF, nerve growth factor.

BDNF protein in the hippocampus was positively correlated
with academic performance through animal experiments,
indicating that the expression of BDNF in the hippocampus
is related to learning and memory.'” BDNF is an important
neurotrophin, and its receptor is tyrosine receptor kinase B
(TrkB). BDNF-TrkB signal transduction pathway modulates
synapse stability, GABAergic signaling, dendritogenesis,
and neurogenesis. Improved and damaged learning and
memory ability are, respectively, linked to the upregula-
tion and downregulation of BDNF/TrkB signaling.* BDNF
regulates the expression of downstream genes, including the
robust induction of polypeptide VGF. VGF is an activity-
dependent gene and is upregulated in the hippocampus by
paradigms that reflect increased activity such as learning.?!
Leal et al found that BDNF can regulate activity in synaptic
plasticity-dependent forms, such as long-term potentiation.*
The continuous enhancement of excitatory synapse efficacy
is the basis of learning and memory and can lead to the
enhancement of neurotrophic factors in the hippocampus,
thereby improving learning and memory abilities. NGF is
mainly synthesized by nerve cells and astrocytes. Wong et al
found that NGF can act on N-methyl-D-aspartate receptors,
reduce intracellular Ca*" overload, accelerate free radical
clearance, reduce excitatory amino acid toxicity, and thus
protect neurons.?® In their animal experiments, Zhang et al
found that NGF can improve the spatial memory of mice by
restoring neuronal cells in the hippocampus.* Therefore, the
expression of BDNF and NGF in the hippocampus is closely
related to learning and memory. We also found that after EA
treatment, the expression of BDNF and NGF in the 5-Hz and
50-Hz EA groups was significantly higher than that in the
control group (P<<0.05). The Morris water maze test showed
that the learning and memory abilities of the rats in the 5-Hz
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Figure 3 Expression of NGF-positive cells in the hippocampal CA3 region in the three groups (IHC staining, 400x): (A) control group; (B) 5-Hz EA group; and (C) 50-Hz

EA group.

Abbreviations: EA, electroacupuncture; NGF, nerve growth factor; IHC, immunohistochemistry.

and 50-Hz EA groups were significantly better than those of
the rats in the control group.

As a traditional treatment method, EA has been widely
used in clinical practice. Stroke is a disease that results in
injury to the brain. The Baihui acupuncture point is located
at the top of the dome of the head at the junction of five
meridians, the Du meridian, the foot bladder meridian, the
hand Shaoyang Sankei meridian, the foot Shaoyang gall-
bladder meridian, and the foot Yin Yang liver meridian. The
Dazhui point is close to the head and is at the intersection
of the Sanyang and Du meridians. EA at the combination
of these two points can revitalize the brain, activate blood
circulation, prevent blood stasis, and dredge the meridians.
Chavez et al summarized the basic research in recent years
and found that five different mechanisms were involved
in the beneficial effects of acupuncture in ischemic stroke
rehabilitation: 1) promotion of nerve cell proliferation in the
central nervous system, 2) cerebral blood flow regulation in
the ischemic region, 3) anti-apoptosis in the ischemic area,
4) regulation of neurochemical substances, and 5) improve-
ment of impaired long-term potentiation.?

Numerous basic experimental studies have shown that
EA can improve the learning and memory abilities of rats
with cerebral ischemia.’®?® EA treatment can enhance the
expression of endogenous BDNF, thereby improving the
environment to enhance survival of intracerebral neurons
and inhibiting hippocampal cell apoptosis.?’ EA treat-
ment can improve brain NGF availability and action,® EA
stimulation can upregulate cerebral NGF expression in
cerebral ischemia rats. The effect of EA at the “Baihui” and
“Dazhui” acupoints on the treatment of cognitive dysfunc-
tion after stroke has been widely recognized, but the ideal
EA stimulation frequency is not yet clear. Therefore, in this
study, we used different electrical frequencies to stimulate

rats with cerebral ischemia and then evaluated learning and
memory ability and the expression of related factors BDNF
and NGF after treatment. Finally, immunohistochemistry
revealed that there were significantly more BDNF- and
NGF-positive cells in the 50-Hz EA group than in the 5-Hz
group or control group.

This experiment demonstrates that 50-Hz EA stimulation
on “Baihui” and “Dazhui” can better improve the learning
and memory ability of rats with cerebral ischemia, which may
be due to 50-Hz EA’s role in promoting positive immune
expression of BDNF and NGF in the hippocampal CA3
region of cerebral ischemia rats. However, its mechanism
needs further study.

EA on “Baihui” and “Dazhui” acupoints can improve the
learning and memory abilities of rats with brain deficiency.
In this study, EA stimulation with 5 and 50 Hz frequency
was used to find that 50-Hz EA stimulation is more effec-
tive than 5-Hz EA stimulation in promoting the expression
of BDNF and NGF in the hippocampal CA3 region of the
ischemic side, but whether the 50 Hz frequency is the best
stimulation frequency to improve the learning and memory
ability of brain-deficient rats remains to be further studied,
and the mechanism needs to be further explored as well.
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