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Effect of electroacupuncture on glial fibrillary acidic
protein and nerve growth factor in the hippocampus
of rats with hyperlipidemia and middle cerebral artery
thrombus
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Abstract

Electroacupuncture (EA) has been shown to reduce blood lipid level and improve cerebral ischemia in rats with hyperlipemia complicated by
cerebral ischemia. However, there are few studies on the results and mechanism of the effect of EA in reducing blood lipid level or promoting
neural repair after stroke in hyperlipidemic subjects. In this study, EA was applied to a rat model of hyperlipidemia and middle cerebral
artery thrombosis and the condition of neurons and astrocytes after hippocampal injury was assessed. Except for the normal group, rats in
other groups were fed a high-fat diet throughout the whole experiment. Hyperlipidemia models were established in rats fed a high-fat diet
for 6 weeks. Middle cerebral artery thrombus models were induced by pasting 50% FeCl, filter paper on the left middle cerebral artery for
20 minutes on day 50 as the model group. EA1 group rats received EA at bilateral ST40 (Fenglong) for 7 days before the thrombosis. Rats

in the EA1 and EA2 groups received EA at GV20 (Baihui) and bilateral ST40 for 14 days after model establishment. Neuronal health was
assessed by hematoxylin-eosin staining in the brain. Hyperlipidemia was assessed by biochemical methods that measured total cholesterol,
triglyceride, low-density lipoprotein and high-density lipoprotein in blood sera. Behavioral analysis was used to confirm the establishment

of the model. Immunohistochemical methods were used to detect the expression of glial fibrillary acidic protein and nerve growth factor in
the hippocampal CA1 region. The results demonstrated that, compared with the model group, blood lipid levels significantly decreased, glial
fibrillary acidic protein immunoreactivity was significantly weakened and nerve growth factor immunoreactivity was significantly enhanced
in the EA1 and EA2 groups. The repair effect was superior in the EA1 group than in the EA2 group. These findings confirm that EA can reduce
blood lipid, inhibit glial fibrillary acidic protein expression and promote nerve growth factor expression in the hippocampal CA1 region after
hyperlipidemia and middle cerebral artery thrombosis. All experimental procedures and protocols were approved by the Animal Use and
Management Committee of Beijing University of Chinese Medicine, China (approval No. BUCM-3-2018022802-1002) on April 12, 2018.
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Introduction with cerebrovascular diseases, such as atherosclerosis and

According to the data from the 2018 China Health Statistics Stroke (Yang et al., 2018). Previous studies have shown that
Summary (Wang et al., 2019), cerebrovascular diseases 10ng-term elevated cholesterol level activates pathological

accounted for more than 20.52% of deaths among Chinese  processes, including oxidative stress, endothelial dysfunction,
residents in 2017. Hyperlipidemia is strongly associated blood-brain barrier dysfunction and intravascular thrombosis
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(Cao et al., 2015), that exacerbate cerebral ischemia injury
and thus increase stroke mortality. Therefore, normalizing
blood lipid levels is of great clinical significance for the
treatment and prognosis of stroke. Astrocytes play key roles
in the brain, including regulating neuronal activity, supporting
synaptic plasticity and neurogenesis. They are now considered
important targets for manipulating delays in neuronal
damage after focal cerebral ischemia and global cerebral
ischemia (Ouyang et al., 2014). Nerve growth factor (NGF) is
a prototypical target-derived neurotrophic factor (O’Keeffe
et al., 2016). Pyramidal neurons in hippocampal CA1 region
of rats are particularly vulnerable to ischemic injury (Li et al.,
2019). The relationship between astrocytes and NGF in the
repair of neurons in the hippocampus was explored in this
study. Thrombolysis is the only Food and Drug Administration-
approved method for the treatment of acute stroke, but it
is risky, has a limited treatment time window and has few
benefits (Han et al., 2013).

Electroacupuncture (EA) on GV20 (Baihui) and ST40 (Fenglong)
is the method in traditional Chinese Medicine for preventing
and treating ischemic stroke proposed by Professor Ya Tu
according to clinical symptoms and compatibility. It can
promote blood circulation by removing blood stasis. Because
patients with hyperlipidemia are often more susceptible
to stroke, this study used a rat model of hyperlipidemia
and middle cerebral artery thrombus (hMCAT), which was
induced by 50% FeCl,. The rat model is relatively close to
human clinical manifestations. Previous work showed that the
model is simple and stable (Mao et al., 2018). The death and
disability rate are low. Rats exhibited a high blood lipid serum
level after eating a high-fat diet for 6 weeks, and then suffered
severe neurological deficits after cerebral ischemia.

This study was designed to observe the effect of EA on the
condition of neuronal cells and the changes of glial fibrillary
acidic protein (GFAP) and NGF in the hippocampus by EA
intervention in hMCAT model rats.

Materials and Methods

Animals

All experimental procedures and protocols were approved
by the Animal Use and Management Committee of Beijing
University of Chinese Medicine (approval No. BUCM-
3-2018022802-1002) on April 12, 2018. This study was
conducted in line with the NIH Guide for the Care and Use of
Laboratory Animals (National Reseacher Conucil, 2011).

Fifty-seven male 7-week specific-pathogen-free Sprague-
Dawley rats, weighing 180-220 g, were provided by Beijing
Vital River Laboratory Animal Technology Co., Ltd., Beijing,
China (license No. SCXK (Jing) 2012-0001). Three died from
surgical complications. The rats were raised in specific-
pathogen-free laboratory of Beijing University of Chinese
Medicine, China. They were housed in plastic cages (5 rats per
cage) with wood-shaving bedding at room temperature of 23
+ 2°C and humidity of 55 + 5%. The cages were well ventilated
and cleaned regularly. Rats were kept under illumination from
07:00 to 19:00 daily, with free access to filtered water and feed.

Groups

Fifty-seven rats were randomly divided into normal control
(normal, n = 5), sham (sham operation, n = 11), model (n =
13), EA1 group (n = 14) and EA2 group (n = 14). Rats in the
normal group were fed with ordinary diet for 63 days and had
no operations. Rats in all other groups were fed the high-fat
diet for 63 days. The sham group had their middle cerebral
artery exposed on day 50 but no MCAT was established. Rats
in the model group had MCAT induced on day 50 but did not
receive EA. Rats in the EA1 group received EA, 20 minutes
daily, at bilateral ST40 from day 43 to 49 then MCAT models
were established on day 50. The EA1 rats also received EA at

GV20 and bilateral ST40 from day 50 to 63. The EA2 group had
MCAT models established on day 50. The EA2 rats received EA
at GV20 and bilateral ST40 daily from day 50 to 63 (Figure 1).

Animal model establishment

Hyperlipidemia models

According to a previous study, rats were fed with a classic high-
fat diet for 6 weeks to create hyperlipidemia models (Baldivia
et al., 2018). The formula is 1% cholesterol, 10% egg yolk
powder, 5% lard, 0.5% sodium cholate and 83.5% standard
forage (Beijing Keao Xieli feed Co., Ltd., Beijing, China). This
study fed the diet for six weeks before the first EA treatment
in the EA1 group and continued for a further week in all
experimental groups until operated on. Rats were selected
(after 6 weeks of diet) when their serum total cholesterol (TC)
had increased significantly compared with that in the normal
group (P < 0.05).

Middle cerebral artery thrombosis (MCAT) models

Rats were intraperitoneally anesthetized with 10% sodium
pentobarbital (40 mg/kg) and laid in the right lateral decubitus
position. A 2 cm longitudinal incision in the skin was cut at the
mid-point between the back of the left orbit and the ear. The
left temporal muscle was removed to expose the temporal
bone. A bone window with a diameter of 5 mm was made
by a high-speed dental drill (Strong 90, Saeshin Precision Co.,
Ltd., Daegu, South Korea). After lifting the skull with forceps,
the trace of the middle cerebral artery was visualized. A 2 x 2
mm” filter paper, soaked in 50% FeCl, (Tianjin Fuchen Chemical
Reagents Factory, Tianjin, China) in 0.1 M HCL, was applied
to the left middle cerebral artery for 20 minutes. After the
filter paper was removed, the area washed with 0.9% saline
and the skin was closed with 4.0 suture. Normal saline filter
paper was used in the sham group. The success of the MCAT
was checked by hematoxylin-eosin staining of cortical slices.
Rats were selected for further hyperlipidemia experiments if
their neurological deficit score 24 hours after surgery was > 1
(Karatas et al., 2011).

Electroacupuncture manipulation

One acupoint 2 mm in front of GV20 (GV20 lies in the middle
of parietal bone) was selected to connect with EA. ST40 lies in
middle fibula, about 7 mm below fibula capitulum. Disposable
sterile needles (0.3 mm x 25.0 mm; Beijing Zhongyan Taihe
Medical Devices Co., Ltd., Beijing, China) were used to
stimulate bilateral ST40 with depth 7 mm, GV20 and the
acupoint 2 mm in front of GV20 with depth of 2 mm, and the
needling angle was 30°. They were connected respectively
with Han’s acupoint nerve stimulator (LH202H, Beijing Huawei
Industrial Development Company, Beijing, China). Sparse-
dense wave stimulation with an alternating frequency of
2/100 Hz was used, with an intensity of 1-2—3 mA (Zhan et al,,
2018). The stimulation was continued for 20 minutes once a
day.

Behavioral analysis

Rats were scored for their neurological function at 24 hours
after surgery with the modified Bederson 5-point neurological
deficit score (Longa et al., 1989).

The scoring criteria are as follows: score 0, rat showed
complete normality and no neurological deficits (normal);
score 1, contralateral front paw cannot be stretched when
lifted the tail (mild); score 2, rat circled to the contralateral
side (moderate); score 3, rats lean to contralateral side
(severe); score 4, rat cannot move autonomously, lost
consciousness (extremely severe). Those with neurological
deficit score > 1 were selected as successful model.

Tissue preparation
Five rats from each group were selected. Samples of blood
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Figure1 | Experimental flow chart.

EA: Electroacupuncture; EA1: electroacupuncture group 1; EA2:
electroacupuncture group 2; GFAP: glial fibrillary acidic protein; GV20: the
acupoint Baihui; hMCAT: hyperlipidemia and middle cerebral artery thrombus;
NGF: nerve growth factor; ST40: the acupoint Fenglong.

(2 mL) were taken from the orbital vein, at days 1 and 7,
and from the abdominal aorta at day 14 after the operation,
under anesthesia with 10% pentobarbital sodium, 40 mg/kg,
intraperitoneally. The rats were sacrificed with an overdose
of pentobarbital sodium on day 14. Blood samples were
separated by centrifugation (ST16R, Thermo Fisher Scientific,
Waltham, MA, USA) at 3500 r/min for 20 minutes at 4°C, and
the serum was stored at —80°C.

Two rats from the normal group were sacrificed and two
rats from each experimental group were sacrificed at 1, 7
and 14 days after the MCAT or sham operation. Each rat was
injected with 10% pentobarbital sodium and sacrificed with
an overdose of anesthetic. The perfusion needle was inserted
into the ascending aorta and clamped by forceps. After cutting
the right atrial appendage, 300 mL cold saline was perfused
until the color of the liver became white. Then, 300-500 mL
cold 4% paraformaldehyde was perfused until the limbs were
stiff. Each brain was fixed for 48 hours in 4% paraformaldehyde
prior to immunostaining.

They were dehydrated in graded ethanol series, cleared
in xylene and embedded in paraffin wax. Sections of 5 um
thickness were cut using a microtome (LEITZ-1516, Leica,
Solms, Germany).

Measurement of blood lipid

Blood lipids: total cholesterol (TC), triglyceride (TG), low-
density lipoprotein (LDL) and high-density lipoprotein (HDL)
were measured by Dongzhimen Hospital, Beijing University
of Chinese Medicine, China. Biochemical method used a
biochemical analyzer (Au5800, Beckman Coulter, Inc., Brea,
CA, USA).

Hematoxylin-eosin staining

Two slices were selected at 24 hours after surgery. After
paraffin sections were dewaxed, hematoxylin-eosin staining
was performed. After gradient alcohol dehydration, the slices
were cleared with xylene and mounted with neutral resin.
The stained slices were observed under a BX40F4 microscope
(Olympus Optical Co., Ltd., Tokyo, Japan).

Immunohistochemistry of GFAP and NGF

Two rats from each group were selected at each time point.
Six hippocampal slices were selected. Paraffin slices were
conventionally dewaxed to water, soaked in distilled water
for 5 minutes, and soaked in phosphate-buffered saline
(PBS) for 5 minutes x 3. Slices were incubated in 3% H,0, at
room temperature for 10 minutes to eliminate endogenous

peroxidase activity. After three washes with PBS each for 5
minutes, the slices were put into 0.01 M citrate buffer (pH 6.0)
and microwaved for 35 minutes for antigen retrieval. After
three washes with PBS each for 5 minutes, the slices were
blocked with 5% bovine serum albumin for 30 minutes at 37°C,
and incubated in mouse anti-rat GFAP antibody (astrocyte
marker, monoclonal antibody; 1:100; Boster Biological
Technology Co., Ltd., Wuhan, China) overnight at 4°C. After
three washes with PBS each for 5 minutes, the slices were
incubated with goat anti-mouse IgG labeled with secondary
anti-horseradish peroxide (Boster Biological Technology Co.,
Ltd.) at 37°C for 30 minutes. After three washes with PBS each
for 5 minutes, the slices were visualized in diaminobenzidine
chromogenic solution (Boster Biological Technology Co., Ltd.).
When yellow particles appeared, the reaction was terminated
by adding water. Slices were dehydrated, cleared, and sealed.
PBS 0.01 M was used as a negative control instead of a primary
antibody. The immunohistochemical procedure of NGF was
the same as that of GFAP. Primary antibody was rabbit-anti rat
NGF antibody (monoclonal antibody; 1:250; Abcam (Shanghai)
Trading Co., Ltd., Shanghai, China). Secondary antibody was
goat anti-rabbit IgG (Boster Biological Technology Co., Ltd.).

Three consecutive hippocampal sections were selected from
each brain tissue of two rats for each experimental period.
The sections were observed with optical microscope (Olympus
BX40F4, Olympus Optical Co., Ltd.). Cells in the hippocampal
CA1 region were quantified using Image Pro Plus software
5.0 (Media Cybernetics, Silver Spring, USA) to calculate the
average optical density (AOD) per high magnification field.

Statistical analysis

Data were analyzed using SPSS 20.0 software (IBM, Armonk,
NY, USA). The data of neurological deficit scores were
expressed as the median (quartile range) [Md (P,s, P,)] and
Kruskal-Wallis H with Dunn-Bonferroni post hoc test were
used to obtain inter-group comparisons. Results, except
neurological deficit scores, are expressed as the mean +
standard deviation (SD). The data of blood lipids and GFAP and
NGF were analyzed by one-way analysis of variance followed
by least significant difference or Dunnett-t post hoc test for
inter-group comparison. Values of P < 0.05 were considered
statistically significant.

Results

Loss of animal numbers

Of the 57 rats, 2 died from surgical complications in the model
group; 3 died during the 7-day recovery period in the EA1
group; 1 died from surgical complications and 2 died during
the 14-day recovery period in the EA2 group. The total loss
rate was 14% (8/57). A total of 49 rats remained and were
grouped as follows: normal group (n = 5), sham group (n =11),
model group (n = 11), EA1 group (n = 11), EA2 group (n = 11).
The flow chart of the study is shown in Figure 1.

Effect of EA on blood lipids

Compared with the normal group, total cholesterol (TC) and
low-density lipoprotein (LDL) increased significantly (P <
0.05) on days 1, 7, and 14 post-operation and high-density
lipoprotein (HDL) decreased significantly (P < 0.05) on day 7
post-operation in the model group. Compared with the model
group, TC decreased significantly in the EA1 group (P < 0.05)
on day 1 post-operation and in the EA2 group (P < 0.05) on
days 1 and 14 post-operation. LDL decreased significantly in
the EA1 group (P < 0.05) on days 7 and 14 post-operation and
in the EA2 group (P < 0.05) on days 14 post-operation. There
was no significant difference between the EA1 and EA2 groups
(Table 1).

Effect of EA on behavior
Neurological deficit scores were evaluated 24 hours after
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Table 1 | Blood lipids (mM) post-operation

Table 2 | Neurological deficit scores at 24 hours after operation

Groups Time (d) TC TG HDL LDL Groups Neurological deficit score
Normal 1 1.43+0.10  0.61+0.09  0.51#0.06  0.14+0.01 Sham 0(0,0)
1.41+0.14  0.61+0.12  0.54+0.05  0.15+0.02 Model 2(2,3)"
14 1.53+0.19  0.65+0.17  0.55+0.04  0.12+0.01 EAL 1(1,1)*
Sham 1 2.3840.18" 0.81+0.07  0.45+0.06  0.64+0.15" EA2 1(1,2)
7 1.7240.07° 1.12¢0.56  0.35+0.11° 0.55+0.11" H 20.000
14 2.83+0.39°  1.51#0.12° 0.40+0.06° 1.03+0.16 p 0.045
Model 1 2.23+0.22°  0.82+0.12  0.45+0.06  0.63+0.06 : -
1981025 149:048 038009 Ossao0n Doy eiesedasibe medan [l ) (128 ksl el
14 2.29+0.07°  1.40+0.46 0.44+0.10 0.70+0.15™ Electroacupuncture group 1; EA2: electroacupuncture group 2.
EAL 1 2.00£0.07* 0.77+0.13  0.46+0.06  0.64+0.08"
7 1.69+0.25 0.71#0.14  0.52+0.11° 0.39+0.07"" Normal Sham Model EA1 EA2
14 1.74+0.28" 0.97+0.23* 0.52¢0.04  0.45+0.12"% Cortex
EA2 1 2.02¢0.13™ 0.77#0.13  0.46+0.06  0.64+0.06
1.71+0.33°  0.86+0.26  0.47+0.16  0.36+0.04"
14 1.82+0.19" 1.01+0.33  0.50+0.05  0.50+0.08™" CA1

Data are expressed as the mean + SD (n = 5; one-way analysis of variance
followed by the least significant difference post hoc test). *P < 0.05, vs.
normal group; #P < 0.05, vs. sham group; TP < 0.05, vs. model group. EAL:
Electroacupuncture group 1; EA2: electroacupuncture group 2; HDL: high-
density lipoprotein; LDL: low-density lipoprotein; TC: total cholesterol; TG:
triglyceride.

operation. In model group, rats showed the effects of a poor
diet by deficiencies in their behavior. The front paws on the
contralateral side could not be extended when rats were
lifted by the tail. Some rats circled to contralateral side and
a few rats had difficulty in moving. In EA group, rats showed
mild deficient behavior. Compared with the sham group,
the neurological deficit scores increased significantly in the
model group (P < 0.05). Compared with the model group,
neurological deficit score decreased significantly in the EA1
group (P < 0.05; Table 2).

Changes in cell morphology

Hematoxylin-eosin staining indicated that neurons in the
penumbral cortex in the normal group were round, uniform
in size and well ordered with well characterized round pale
blue nuclei. The morphology of neurons in the sham group
was almost normal, with regular arrangement and a clear
hierarchy. Nuclei were distinctly visible with no edema. A few
neurons had pyknotic nuclei. In the model group, many cells
had lost structural integrity. The cellular outline was indistinct
and the internal structures were disordered. They were oval or
triangular, with dense cytoplasm and pyknotic dark blue nuclei
and sparsely arranged. The intercellular space was enlarged
and many vacuoles were seen in the cytoplasm. A few nuclei
stained red. In all EA groups, the various damaging changes to
brain tissue were reduced by varying degrees. Compared with
the model group, the quantity and morphology of neurons
were significantly better. The morphology of neurons in EA1
was close to normal. There were many intact neurons. Only a
few neurons had dark blue pyknotic nucleus. The morphology
of neurons indicated that the EA1 group showed more
improvement than that of the EA2 group.

Neurons in the hippocampal CA1 region in the normal and
sham groups were arranged regularly with clear layers.
Neurons in the model group were arranged irregularly with
larger intercellular spaces than in the normal group and a few
neurons had lost structural integrity. Neurons in the EA groups
were similar to those in the normal group (Figure 2).

Effect of EA on GFAP and NGF

Immunohistochemical labelling for GFAP™ and NGF" showed the
cytoplasm was stained brown in cells of the hippocampal CA1
region. In the sham group, the few stained GFAP® and NGF’
cells were arranged regularly in the CA1 region. GFAP" cells

Figure 2 | Hematoxylin-eosin staining results of ischemic penumbra and
hippocampal CA1 region on day 1 post-operation.

In the cortex, the visual field was the ischemic penumbra beside the ischemic
focus. Dyeing with hematoxylin and eosin under the optical microscope at
400x magpnification. Scale bars: 100 um. Arrows indicate cells with large
changes in cell morphology. EA: Electroacupuncture.

had small bodies and slender protrusions stained light brown,
indicating a resting state. NGF' cells were oval shaped with light
brown color. In the model group, numerous GFAP® and NGF*
cells were stained dark brown and arranged irregularly. GFAP®
cell bodies had hypertrophied with numerous thicker and
longer protrusions, an indication of an activated morphology.
In the EA group, GFAP" and NGF" cells were arranged regularly
and stained dark brown. GFAP" cell bodies had shrunk, with
shorter protrusions than those in the model group (Figure 3A
and C).

Compared with the normal group, the GFAP" immunostaining
AOD increased significantly on days 1, 7, and 14 post-
operation in the model group (P < 0.05). Compared with
the sham group, the GFAP™ immunostaining AOD increased
significantly on days 1 and 7 post-operation in the model
group (P < 0.05) and on day 7 post-operation in the EA2
group (P < 0.05), and decreased significantly on day 14 post-
operation in the EA1 group (P < 0.05). Compared with the
model group, the GFAP AOD decreased significantly on
days 1, 7, and 14 post-operation in the EA1 group (P < 0.05)
and decreased significantly on day 1 post-operation in the
EA2 group (P < 0.05). Compared with the EA1 group, the
GFAP AOD had not changed much on days 1 and 7, but was
significantly higher on day 14 post-operation in the EA2 group
(P <0.05; Figure 3B).

Compared with the normal group, the NGF AOD increased
significantly (P < 0.05) on days 7 and 14 post-operation in the
model group. Compared with the sham group, the NGF AOD
increased on days 7 and 14 post-operation in the model group
(P < 0.05) and on days 7 and 14 post-operation (P < 0.05) in
both EA groups. Compared with the model group, the NGF
AOD increased on days 7 and 14 post-operation in the EA1
group (P < 0.05; Figure 3D).

Discussion

Hyperlipidemia patients always have high TC, TG, and LDL
levels and low HDL levels in their serum. Abnormalities of
TC, TG, and LDL can trigger inflammation and eventually lead
to atherosclerosis, which is a common cause of ischemic
stroke (Wang et al., 2018). It has been shown that rates of
cardiovascular events decrease following cholesterol reduction
treatment in patients with hyperlipidemias (Ridker, 2014).

140 | NEURAL REGENERATION RESEARCH | Vol 16 | No.1 | January 2021



A Normal Sham Model EA1 EA2
1d
7d
14d
C Normal Sham Model EA1 EA2
1d
7d
14d
B
= Normal
&3 Sham
0.5 &8 Model
EEA1
0.4 [ EA2
fa)
Q03
o

Figure 3 | Immunohistochemical results of GFAP and NGF in the
hippocampal CA1 region on days 1, 7 and 14 post-operation.

The abscissa of B and D is time grouping. Cells with brown protrusions are
GFAP-positive cells; and cells with brown granules in cytoplasm are NGF-
positive cells. (A, C) Immunohistochemical figures of GFAP and NGF in

the hippocampal CA1 region. Arrows indicate reactive astrocytes. Dyeing
with immunohistochemical method under the optical microscope (original
magnification, 400x). Scale bars: 100 um. (B, D) Histogram results of GFAP
and NGF AOD. Data are expressed as the mean * SD (n = 6 slices), one-way
analysis of variance followed by Dunnett-t post hoc test. *P < 0.05, vs. normal
group; #P < 0.05, vs. sham group; TP < 0.05, vs. model group; &P < 0.05, vs.
EA1 group. AOD: Average optical density; EA: electroacupuncture; GFAP: glial
fibrillary acidic protein; NGF: nerve growth factor.

We found that high-fat diet feeding for 7 weeks can increase
TC, TG, and LDL in hMCAT rats at serum level, and EA can
reduce TC and LDL levels. It was shown that EA was effective in
regulating blood lipid. However, we did not find any difference
between the two EA methods; the reason may be that the
acupuncture pre-stimulation intervention time was short.

Hyperlipidemia can destroy the balance of neurotransmitters
in the brain (Valladolid et al., 2012; Sandoval-Salazar et al.,
2016), destroy the structure of hippocampal neurons, and
damage cerebral vessels and neurons. Some studies have
found that hyperlipidemia may activate astrocytes through
high levels of TG, TC and LDL and has direct toxic effects on
cerebral vessels and neurons in the rat brain (Yang et al.,
2017). Other studies have explored the relationship between
NGF and blood lipids as an explanation of the clinical risk
factors of cerebral ischemia. Some found that TC and TG were
negatively correlated with NGF (Atanassova et al., 2014; Dan
et al., 2019). Others found that NGF increased the absorption
of LDL and thereby play a metabolic and morphological role
in neurons (Do et al., 2016). Other research largely confirms
that hyperlipidemia enhances brain injury following ischemic
stroke by processes of oxidative stress, inflammation, and
apoptosis of nerve cells (Cao et al., 2015). Our research
combines hyperlipidemia and cerebral ischemia in a model
that mimics that in clinical practice. It explores the mechanism
of EA in reducing blood lipid, improving stroke behavior and
repairing brain injury from the perspective of neural stem cell
repair. Therefore, this experiment focused on investigating

the changes in astrocytes and NGF following hyperlipidemia-
cerebral ischemia and explores the mechanism of EA action in
treating stroke.

Astrocytes are the most numerous cells in the brain in the
central nervous system and play critical roles in the physiology
of the central nervous system (Filous et al., 2016). GFAP, an
intermediate filament protein, is expressed in astrocytes
in the central nervous system (Hol et al., 2015). GFAP is
traditionally a specific marker for astrocytes immunoreaction
and its increase is generally accepted as a sign of pathological
astroglial response. Under pathological conditions such
as cerebral ischemia, astrocytes changed rapidly to their
reactive state. Activation of astrocytes causes the production
and release of various pro-inflammatory cytokines and
chemokines, which eventually leads to the formation of an
astroglial scar (Shang et al., 2019). On the one hand, activated
astrocytes can enhance the ability of RAS in absorbing
and transforming Glutamic after ischemia, which reduces
the accumulation of extracellular Glutamic, thus reducing
secondary neurotoxicity caused by excitatory amino acids
(Chen et al., 2003). Simultaneously, they release NGF, enhance
neuronal survival and reduce local inflammation (Sofroniew,
2005). On the other hand, reactive astrocytes also secrete
factors that contribute to cell death, including glutamate and
the pro-inflammatory cytokine tumor necrosis factor (Swanson
et al., 2004; Sofroniew, 2009). Besides their toxic effects,
these factors may be abnormally involved metaplasticity
mechanism and inhibit long-term potentiation (Jones, 2015).
It has been shown that EA can inhibit GFAP expression
triggered by cerebral ischemia, reduce inflammation and
promote the proliferation of nerve cells, thus reducing brain
injury (Jia et al., 2017; Kim et al., 2018). In this study, GFAP in
the hippocampal CA1 region of astrocytes was upregulated
24 hours after hMCAT and maintained for the 14 days of the
experiment, and the peak was at 7 days. The upregulated
trend is consistent with the previous study.

NGF can promote synaptic growth, nourish neurons, regulate
the growth, development, and differentiation of neurons in
the central nervous system, playing a neuroprotective effect
on brain tissue (Ziv-Polat et al., 2014). Cerebral ischemia can
upregulate NGF protein expression in the ipsilateral cortex
and hippocampus, which may be an endogenous protective
mechanism for maintaining neuronal survival in injury areas of
the brain (Liu et al., 2018). Astrocytes have a close relationship
with nerve growth factor. On the one hand, astrocytes secrete
a variety of neurotrophic factors, including NGF, to support
neuronal survival and promote synaptic growth. On the other
hand, NGF can promote astrocyte differentiation, nerve repair
and regeneration (Davis et al., 2018). In this study, NGF in
the hippocampal CA1 region was upregulated 24 hours after
hMCAT, maintained for 14 days, and peaked at 1 day.

Compared with thrombolysis therapy, acupuncture is a
safer and cheaper treatment for hyperlipidemia and stroke.
Our data suggest that both EA prescriptions can inhibit the
excessive production of GFAP and improve NGF secretion.

The limitations of this study are as follows: the number
of animals was small at each time point. The relationship
between astrocytes and NGF needs further investigations. The
difference between EA1 and EA2 is not obvious. In the future,
we hope to retest the theory using a larger sample number
and prolonging the acupuncture intervention time to explore
the signaling pathway between GFAP and NGF.

The results showed that EA can adjust blood lipid metabolism,
inhibit astrocyte changes and promote NGF secretion in the
hippocampal CA1 region after hyperlipidemia with cerebral
ischemia. EA at ST40 after the establishment of hyperlipidemia
and at GV20 and ST40 after combined hyperlipidemia with
cerebral ischemia has stronger effect than EA at GV20 and
ST40 after hyperlipidemia with cerebral ischemia.
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