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Abstract  
Acupuncture is widely used in the treatment of cerebral hemorrhage, and it improves outcomes in experimental animal models and pa-
tients. However, the mechanisms underlying the effectiveness of acupuncture treatment for cerebral hemorrhage are still unclear. In this 
study, a model of intracerebral hemorrhage was produced by injecting 50 μL autologous blood into the caudate nucleus in Wistar rats. Acu-
puncture at Baihui (DU20) and Qubin (GB7) acupoints was performed at a depth of 1.0 inch, 12 hours after blood injection, once every 24 
hours. The needle was rotated at 200 r/min for 5 minutes, For each 30-minute session, needling at 200 r/min was performed for three ses-
sions, each lasting 5 minutes. For the positive control group, at 6 hours, and 1, 2, 3 and 7 days after induction of hemorrhage, the rats were 
intraperitoneally injected with 1 mL aniracetam (0.75 mg/mL), three times a day. The Bederson behavioral test was used to assess palsy 
in the contralateral limbs. Western blot assay was used to examine the expression levels of Nestin and basic fibroblast growth factor in the 
basal ganglia. Immunohistochemistry was performed to count the number of Nestin- and glial cell line-derived neurotrophic factor-pos-
itive cells in the basal ganglia. Acupuncture effectively reduced hemorrhage and brain edema, elevated the expression levels of Nestin and 
basic fibroblast growth factor in the basal ganglia, and increased the number of Nestin- and glial cell line-derived neurotrophic factor-pos-
itive cells in the basal ganglia. Together, these findings suggest that acupuncture promotes functional recovery after cerebral hemorrhage 
by increasing the expression of neurotrophic factors. The study was approved by the Committee for Experimental Animals of Heilongjiang 
Medical Laboratory Animal Center (approval No. 2017061001) on June 10, 2017.
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Graphical Abstract   

Acupuncture through Baihui (DU20) to Qubin (GB7) acupoints is an effective treatment for cerebral 
hemorrhage via increasing brain-derived neurotrophic factor expression
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Introduction 
Nestin is a class VI intermediate filament protein that was 
originally described as a neuronal stem cell marker during 
central nervous system development. Nestin expression is 
increased in the adult during pathological conditions, such 
as the formation of the glial scar after central nervous sys-
tem injury and during regeneration of injured muscle tissue 
(Ishiwata et al., 2011). Nestin, together with other structural 
proteins, participates in cell remodeling. The role of Nestin 
in cell dynamics, particularly structural organization, ap-
pears tightly regulated by phosphorylation, especially its in-
corporation into heterogeneous intermediate filaments with 
vimentin or α-internexin (Michalczyk and Ziman, 2005). 
Nestin is widely used as a marker of central nervous system 
progenitor cells (Michalczyk and Ziman, 2005).

Neurotrophic factors are proteins with trophic and neu-
roprotective functions in the central and peripheral nervous 
systems (Johnson et al., 2011). Neurotrophic factors include 
nerve growth factor, brain-derived neurotrophic factor, 
neurotrophin 3 and neurotrophin 4/5. In addition, some 
researchers also consider glial cell line-derived neurotrophic 
factor (GDNF) a member of the neurotrophic factor fam-
ily (Masure et al., 1999). GDNF, nerve growth factor and 
brain-derived neurotrophic factor (BDNF) play important 
roles in the regulation of neural ontogeny (Allen et al., 2013). 
These trophic factors participate in neuronal survival, nerve 
growth, development and differentiation, and help maintain 
neural function.

Acupuncture, an ancient traditional medical procedure 
originating in China more than 3000 years ago, has been 
used clinically and experimentally to treat cerebral hemor-
rhage (Wang et al., 2011; Zheng et al., 2011; Ko et al., 2013), 
and has become very popular worldwide as a complementary 
medical approach. Acupuncture treatment has been used for 
nervous system diseases, heart disease, neuropathic pains, 
cancer, asthma, polycystic ovary syndrome and psycholog-
ical disorders (Lee et al., 2010; Li et al., 2018). Acupuncture 
is also widely used for the treatment of hemorrhagic stroke 
because it has been shown to improve outcomes in experi-
mental animals as well as in the clinical setting (Chen, 2015). 
Aniracetam is a drug shown to protect the brain, improve 
brain function, enhance memory and learning abilities, and 
ameliorate memory impairment (Canonico et al., 1991). 
Therefore, aniracetam was used as a positive control in this 
study.

In this experiment, stereotactic injection of autologous 
blood was used to produce a rat model of intracerebral hem-
orrhage. Then, we investigated the effects of acupuncture 
treatment by examining changes in the expression of neuro-
trophic factors, Nestin, GDNF and basic fibroblast growth 
factor (bFGF) in the brain tissue.
  
Materials and Methods  
Animals
The animal studies were approved by the Committee for 
Experimental Animals of Heilongjiang Medical Laboratory 

Animal Center, China (approval No. 2017061001) on June 
10, 2017, and were performed according to the experimental 
animal management regulations of Heilongjiang Province of 
China. Precautions were taken to minimize the number of an-
imals used and their suffering in each experiment.

Healthy specific-pathogen-free male Wistar rats (n = 160), 
50 days of age and weighing 350 ± 20 g, were supplied by 
Weitong Lihua Animal Co., Ltd., Beijing, China (certification 
No. SCXK (Jing) 2007-0001). All rats were housed at 22 ± 
2°C, with a humidity of 50 ± 5% and noise < 60 dB. The rats 
were randomly divided into control (n = 10), model (n = 50), 
acupuncture (n = 50) and aniracetam (n = 50) groups.

Establishment of a cerebral hemorrhage model
In accordance with a previous method (Rosenberg et al., 
1990), rats were intraperitoneally anesthetized with 10% 
chloral hydrate (350 mg/kg) (Royalton, Dalian, Liaoning 
Province, China), and fixed in the prone position to a ste-
reotaxic apparatus (STW-1, China Chengdu Instrument 
Factory, Chengdu, China). Rats were positioned with the an-
terior and posterior fontanelles in the same horizontal plane 
(determined by the upper incisor tooth hook plane being 2.4 
mm lower than the plane between the ears). The scalp was 
shaved and sterilized, and a median incision, approximately 
1 cm long, was made. The periosteum was stripped using a 
bone stripper, and the anterior fontanelle and coronal suture 
were exposed. A circular hole (1.0 mm diameter) was made 
using a dental drill (3.5 mm right of and 0.2 mm posterior 
to the bregma) until the dural surface was reached. The tail 
was disinfected with alcohol, and a 3-cm piece was cut from 
the caudal end. A microinjector, containing blood from the 
tail artery, was inserted approximately 6 mm into the hole. 
A 50-µL volume of the non-heparinized blood was infused 
into the caudate putamen at 25 µL/min, and the needle was 
maintained in place for 5 minutes. Gauze was used to ban-
dage the tail wound. Finally, the skull wound was sealed with 
zinc phosphate cement (Shanghai Shangchi, Shanghai, Chi-
na), and the scalp was sutured.

Bederson’s score (Bederson et al., 1986) was used to assess 
neurological function. Briefly, rats were lifted by their tails 
until they were 10 cm higher than the desktop. The paw of a 
normal rat was straight. Rats with a score of 1–3 were select-
ed, and the intracranial hematoma was confirmed at the end 
of the experiment, indicating successful modeling of cerebral 
hemorrhage.

Acupuncture treatment
In the acupuncture group, rats received acupuncture 12 
hours after induction of hematoma, and once every 24 hours 
thereafter. For the treatment, rats were fixed on the acupunc-
ture board. Baihui (DU20) (specific location: head between 
the middle ears) and Qubin (GB7) (specific location: leading 
edge of the ear root) acupoints were needled on the affected 
side using a 1.3 inch stainless steel needle (Huatuo, Suzhou, 
Jiangsu Province, China) (Figure 1). The needling depth was 
1.0 inch, and the needle was maintained in place for 30 min-
utes. During this time, the needle was twisted-rotated three 
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times each for 5 minutes, at a speed of 200 cycles per minute.

Drug administration
The rats were intragastrically administered 1 mL aniracetam 
(concentration: 0.75 mg/mL) (certification No. H20030229, 
Shanxi Yabao Pharmaceutical Group Co., Ltd., Shanxi Prov-
ince, China) three times a day (at 6:00,14:00 and 22:00) 
starting at 6 hours, and 1, 2, 3 and 7 days after hematoma 
induction.

Neurological function evaluation
Five motor functional tests were performed at 6 hours, and 
1, 2, 3 and 7 days after hematoma induction. The Bederson 
behavioral test was used to measure palsy of the contralater-
al limbs, and the score ranged from 0 (no palsy) to 3 points 
(circling to the contralateral side).

Specimen collection
The control group was only examined at one time point, 6 
hours. Rats in the control group did not receive any treat-
ment, and were directly decapitated for sample collection. In 
the model and aniracetam groups, samples were collected at 
6 hours, and 1, 2, 3 and 7 days after hematoma induction. In 
the acupuncture group, specimens were collected at 6 hours, 
and 1, 2, 3 and 7 days after acupuncture.

Rats were intraperitoneally anesthetized with an overdose 
of chloral hydrate at the various time points after surgery. 
The chest was opened rapidly, and the heart was exposed. 
Catheterization from the left ventricle into the aortic root 
was performed. A small incision was made in the right atrial 
appendage for an exit hole. The ventricle was perfused with 
approximately 200 mL each of 4°C saline and 4% parafor-
maldehyde/0.1 M phosphate buffer. Samples were dehy-
drated, paraffin embedded, and then sliced into 6-µm-thick 
sections for hematoxylin-eosin staining and immunohisto-
chemistry. Some rats were directly decapitated after anesthe-
sia overdose, and basal ganglia tissue was immediately stored 
in liquid nitrogen at −80°C for western blot assay.

Hematoxylin-eosin staining
The basal ganglia/hematoma tissue was fixed in 10% (v/v) 
formalin, embedded in paraffin, and sliced into 2-mm-thick 
sections. The sections were heated at 65°C for 30 minutes, 
dewaxed in xylene for 20 minutes, immersed in alcohol for 
10 minutes, rehydrated, and stained with hematoxylin for 3–5 
minutes. After washing, the sections were immersed in 1% 
(v/v) hydrogen peroxide for 10–30 seconds, washed in water, 
treated with ammonia water for 10–30 seconds, and im-
mersed in water for 5–10 minutes. Subsequently, the sections 
were stained with eosin for 20 minutes, washed with water, 
dehydrated with alcohol for 10 minutes, permeabilized in 
xylene for 10 minutes, mounted with neutral resin, and ob-
served using a light microscope (Olympus Medical Systems, 
Beijing, China).

w estern blot assay
Hematoma specimens were extracted using the RIPA ly-

sis buffer protein BCA kit (Beyotime, Shanghai, China) 
to determine total protein concentration. Total protein 
loaded from each sample was 50 µg/well. Samples were 
electrophoresed and transferred to membranes. The 
membrane was blocked with 5% skim milk in phosphate/
Tween buffer at 4°C overnight. Samples were incubated 
with primary antibody (mouse anti-rat Nestin mono-
clonal antibody, 1:200, Beyotime, Shanghai, China; 
mouse anti-rat basic fibroblast growth factor monoclo-
nal antibody, 1:200, Beyotime) for 16–24 hours at 4°C. 
Membranes were then washed with Tris-buffered saline/
Tween 20, and incubated in secondary antibody (rabbit 
anti-mouse IgG; 1:1000; Beyotime) for 1 hour at room 
temperature. Optical density values for specific bands 
were measured using ImageJ software (NIH, Bethesda, 
MD, USA). A gel imaging analysis system (ProteinSimple, 
Santa Clara, CA, USA) was used to determine the gray 
values of each sample band and that of the corresponding 
beta-actin band. The relative expression level of the target 
protein was calculated as the optical density of the target 
band/the optical density of the beta-actin band.

Immunohistochemistry
Nestin and GDNF expression in the area of the hematoma 
was determined by immunohistochemistry. After paraffin 
embedding and dehydration, sections were placed in 3% 
fresh H2O2 solution at 25°C for 10 minutes to block endoge-
nous peroxidase, and then washed in 0.01 M phosphate-buff-
ered saline, 3 × 2 minutes. Sections were immersed in 0.01 
M citrate buffer (pH 6) and heated in the microwave for 2 × 
5 minutes, with a 10 minute interval. After cooling to 25°C, 
sections were incubated with primary antibody (mouse 
anti-rat Nestin monoclonal antibody, 1:60, Santa Cruz Bio-
technology, Santa Cruz, CA, USA; rabbit anti-GDNF poly-
clonal antibody, 1:80, Golden Bridge Biotechnology Co., 
Ltd., Beijing, China) overnight at 4°C, and washed with 0.01 
M phosphate-buffered saline, 3 × 2 minutes. Sections were 
then incubated with secondary antibody (horseradish perox-
idase-conjugated goat anti-rabbit IgG; 1:100; Golden Bridge 
Biotechnology Co., Ltd.) at 37°C for 30 minutes, washed with 
0.01 M phosphate-buffered saline, 3 × 2 minutes, visualized 
with 3,3′-diaminobenzidine (Golden Bridge Biotechnology 
Co., Ltd.), counterstained with hematoxylin, mounted with 
neutral gum, and observed under an optical microscope 
(Olympus, Tokyo, Japan). Data were analyzed using Motic 
Med 6.0 pathological image analysis system (Motic Med 
Industrial Group Co., Ltd., Xiamen, China). Each section 
was randomly observed and counted at 400× magnification. 
Total positive cell number was calculated.

Statistical analysis
The data were analyzed using SPSS 17.0 (SPSS, Chicago, IL, 
USA). Measurement data are expressed as the mean ± SD. 
Comparisons among multiple groups were performed using 
one-way analysis of variance, based on the least significant 
difference. A value of P < 0.05 was considered statistically 
significant.
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Figure 1 Baihui (DU20)-penetrating-Qubin (GB7) acupuncture treatment method.
Reprinted with permission from Zhang et al. (2018).

Figure 2 Effect of acupuncture on brain histomorphology in rats with cerebral hemorrhage, assessed by hematoxylin-eosin staining.
In the control group, brain tissue was intact, and neurons and glial cells appeared normal (arrow). In the model group, brain tissue showed hem-
orrhagic foci at 6 hours and edema at 1 and 2 days, and vacuoles of different sizes were visible (arrows). Numbers of dema and vacuoles were the 
greatest at 3 days (arrows). The nuclei of the neurons around the focus were condensed and stained (arrows), and the edema around the 7-day 
hematoma tissue was less (arrows). In the acupuncture group, the brain tissue showed hemorrhagic foci at 1 day, but the cellular morphology ap-
peared more normal (arrows). At 3 days, brain tissue around the hematoma appeared improved, the degree of edema was less (arrows), and the 
number of inflammatory cells was reduced (arrows). Brain edema had resolved at 7 days. Original magnification: 400×.

 Baihui

Qubin

Model 6 h

Aniracetam 6 h

Acupuncture 6 h

Control group 6 h

Model 1 d

Aniracetam 1 d

Acupuncture 1 d

Model 2 d

Aniracetam 2 d

Acupuncture 2 d

Model 3 d

Aniracetam 3 d

Acupuncture 3 d

Model 6 d

Aniracetam 6 d

Acupuncture 6 d

Results
Acupuncture increases the expression of neurotrophic 
factors around the hematoma in rats with cerebral 
hemorrhage
Hemorrhagic foci and brain edema were obvious in the 
model group. The types of pathological changes in the focal 
brain tissue in the acupuncture and aniracetam groups were 
similar to those in the model group; however, the degree of 
brain tissue damage was less in the acupuncture and anirace-
tam groups compared with the model group (Figure 2).

Acupuncture increases Nestin expression in the basal 
ganglia of rats with cerebral hemorrhage
Compared with the control group, Nestin protein expression 

was higher in the model group at the various time points 
after cerebral hemorrhage induction. Compared with the 
model group, Nestin protein expression was higher in the 
aniracetam group at 2, 3 and 7 days (P < 0.05). Compared 
with the model group, Nestin protein expression was higher 
in the acupuncture group at each time point (P < 0.05). No-
tably, compared with the aniracetam group, Nestin protein 
expression was higher in the acupuncture group at 2, 3 and 7 
days (P < 0.05; Figure 3A).

Acupuncture increases bFGF expression in the basal 
ganglia of rats with cerebral hemorrhage
Compared with the control group, bFGF protein expression 
was higher in the model group at the various time points 
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after cerebral hemorrhage induction. Compared with the 
model group, bFGF protein expression was higher in the 
aniracetam group at 7 days (P < 0.05). Compared with the 
model group, bFGF protein expression was higher in the 
acupuncture group at each time point (P < 0.05). Interest-
ingly, compared with the aniracetam group, Nestin protein 
expression was higher in the acupuncture group at each time 
point (P < 0.05; Figure 3B).

Acupuncture increases Nestin-positive cell number in the 
basal ganglia of rats with cerebral hemorrhage
The number of Nestin-positive cells was higher in the model 
group than in the control group at the various time points 
after cerebral hemorrhage induction. Nestin-positive cells 
were more numerous in the acupuncture group than in the 
model group at the various time points (P < 0.05). Notably, 
compared with the aniracetam group, Nestin-positive cells 
were more numerous in the acupuncture group at 2, 3 and 7 
days (P < 0.05; Figure 4A).

Acupuncture increases GDNF-positive cell number in the 
basal ganglia of rats with cerebral hemorrhage
The number of GDNF-positive cells was higher in the model 
group than in the control group at the various time points 
after cerebral hemorrhage induction. Interestingly, GD-
NF-positive cells were more numerous in the acupuncture 
group than in the model or aniracetam group at the various 
time points (P < 0.05; Figure 4B).

Discussion
Intracerebral hemorrhage is one of the most devastating 
types of stroke. Patients with intracerebral hemorrhage have 
poor prognosis, and 80% of those that survive beyond the 
acute phase suffer prolonged neurological deficits and brain 
atrophy (Naval et al., 2008). Currently, the management of 
intracerebral hemorrhage is generally supportive as there are 
no specific treatments that improve the outcome of intrace-
rebral hemorrhage (Yang et al., 2008). It is therefore import-
ant to alleviate the neurological functional impairment and 
improve the quality of life of the patients.

Acupuncture therapy, which is a major therapeutic ap-
proach in Chinese traditional healing systems, has also been 
used in stroke therapy for many years. Acupuncture dilates 
blood vessels to improve local blood circulation, facilitates 
metabolism and promotes the restoration of injured tissues. 
Studies show that acupuncture improves neurological func-
tion in patients with cerebral hemorrhage (Li et al., 2019). 
The therapy comprises a short course of treatments, and 
is characterized by rapid effectiveness and few side effects 
(Zheng et al., 2011).

In this study, we used aniracetam as a positive control. 
Aniracetam is a new generation γ-lactam developed by 
Hoffmann-La Roche (Basel, Switzerland) that improves 
brain function. It is suitable for treating neuronal dysfunc-
tion and memory impairment caused by cerebrovascular 

disease after brain damage, and has a good effect in vascular 
dementia. A pharmacodynamic study showed that the drug 
reduces cerebral ischemia and alleviates hypoxia-induced 
brain damage and memory impairment (Elston et al., 2014). 
Therefore, in this study, we chose this drug for the positive 
control group.

Acupuncture effectively improves the symptoms of neuro-
logical deficits after cerebral hemorrhage. In the early 1990s, 
we began to use scalp acupuncture for acute cerebral hemor-
rhage in the clinic. We observed the effects of “Baihui-Qubin” 
acupuncture in approximately 100 patients and showed good 
clinical efficacy (Shouzhuang and Chao, 2006). Recently, a 
meta-analysis showed that scalp acupuncture therapy ame-
liorates neurological deficits in acute hypertensive intracere-
bral hemorrhage patients (Zheng et al., 2011).

Rats in the control group displayed normal activities. Rats 
in the model group at each time point exhibited varying de-
grees of contralateral hemiplegia. Wrist, elbow and shoulder 
flexion appeared on the contralateral side of the brain lesion. 
Resistance was reduced when pushing to the paralyzed side. 
Neurological function at each time point was markedly im-
proved in the acupuncture and aniracetam groups. However, 
there were significant differences between the aniracetam 
and acupuncture groups at 2, 3 and 7 days. Functional im-
provement was better in the acupuncture group than in the 
aniracetam group.

Under the light microscope, pyknosis, chromatin conden-
sation or karyolysis, swollen astrocytes and mitochondria, 
and varying degrees of synaptic swelling were visible in the 
model group. These pathological changes were most obvi-
ous at 3 days after induction of intracerebral hemorrhage. 
Astrocyte foot processes were visible and the capillary base-
ment membrane had separated. Separation and swelling of 
endothelial cells were obvious. Necrosis and degeneration of 
some neurons and glial cells was noticeable at 7 days. Com-
pared with the model group, neuronal swelling and cell and 
nuclear membrane damage was reduced in the acupuncture 
group. At 7 days, distinct nucleoli, evenly distributed chro-
matin, a well-defined synaptic structure, rich Golgi complex, 
and normal-looking rough endoplasmic reticulum and mi-
tochondria were visible. Therefore, acupuncture markedly 
reduced cerebral edema and protected neurons in the brain.

Nestin is a 1621-amino acid class VI intermediate fila-
ment protein that was originally described as a neuronal 
stem cell/progenitor cell marker during central nervous 
system development (Lendahl et al., 1990), and is involved 
in the multi-directional differentiation of neuroepithelial 
stem cells. Nestin is therefore also known as neuroepithelial 
stem cell protein. In the mammalian central nervous sys-
tem, Nestin protein expression reflects the birth of somatic 
cells before and after differentiation or proliferation. Nestin 
can also be expressed in the brain and spinal cord of adult 
animals (Clarke et al., 1994; Brook et al., 1999). GDNF is a 
distant member of the transforming growth factor β super-
family that was originally isolated from the rat B49 glial cell 
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line (Lin et al., 1993). GDNF is expressed throughout the 
central nervous system during development, and is mainly 
expressed and detected in neurons in the adult brain (Bar-
roso-Chinea et al., 2005). The cellular localization of bFGF 
changes during development, suggesting that it is a dynamic 
protein with multiple roles. Indeed, bFGF participates in 
wound healing, tissue repair, survival, proliferation and 
differentiation of immature neural cells. bFGF can promote 
neuronal survival and neurite growth, induce neural stem 
cells to differentiate and mature, and it plays an important 
role in protecting neurons from degeneration, necrosis and 
apoptosis caused by various factors (Bhindi et al., 2005; Jin-
qiao et al., 2009). bFGF expression is low in normal brain 
tissue, but increases after ischemic damage. bFGF improves 
blood supply, inhibits ischemia and hypoxia, reduces brain 
edema, and promotes the proliferation of fibroblasts and 
neural cells. Studies have shown that bFGF can maintain and 
enhance the growth of various neurons in vitro and in vivo, 
and can promote the repair and regeneration of injured neu-
rons (Li and Stephenson, 2002; Stachowiak et al., 2003). The 
addition of bFGF to cultured fetal rat hippocampal neurons 
prolongs their survival. In the current study, Nestin, GDNF 
and bFGF expression increased to different degrees at the 
various time points in the model and aniracetam groups, 
but no significant difference was found between these two 
groups. In comparison, acupuncture markedly increased the 
expression levels of Nestin, GDNF, bFGF and BDNF, and 
exerted a neuroprotective effect in the rat model of cerebral 
hemorrhage.

In summary, acupuncture in the treatment of acute cere-
bral hemorrhage improves neurological function, reduces 
intracerebral hematoma, and accelerates the resolution of 
cerebral edema. The mechanism of action likely involves in-
creasing BDNF, Nestin, GDNF and bFGF expression, there-
by promoting the protection and repair of neuronal cells. 
While we only examined a select few neurotrophic factors, 
our findings suggest that acupuncture has therapeutic poten-
tial in the treatment of cerebral hemorrhage. Further study is 
needed to more fully clarify the mechanisms underlying the 
effectiveness of acupuncture.
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Figure 3 Effect of acupuncture on Nestin and bFGF protein expression in the basal ganglia of rats with cerebral hemorrhage (western blot 
assay).
The Y-axis shows the relative optical density values, and the X-axis shows each time point. Measurement data are expressed as the mean ± SD. 
Comparisons among multiple groups were performed using one-way analysis of variance followed by the least significant difference test. *P < 0.05, 
vs. control group; #P < 0.05, vs. model group; †P < 0.05, vs. aniracetam group. BFGF: Basic fibroblast growth factor.
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Figure 4 Effect of acupuncture on Nestin- (A) and GDNF- (B) positive cell number in the basal ganglia of rats with cerebral hemorrhage.
Nestin and GDNF immunoreactivity in the basal ganglia of rats with cerebral hemorrhage given acupuncture treatment (immunohistochemical 
staining, original magnification: 400×). Arrows show Nestin and GDNF immunoreactivity. Quantitation of Nestin- and GDNF-positive cell num-
ber in these animals at each time point. Data are expressed as the mean ± SD. Comparisons among multiple groups were performed using one-way 
analysis of variance followed by the least significant difference test. *P < 0.05, vs. control group; #P < 0.05, vs. model group; †P < 0.05, vs. anirace-
tam group. GDNF: Glial cell line-derived neurotrophic factor.
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