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Introduction
Cerebral hemorrhage is non-traumatic, and caused by rup-
ture of blood vessels in brain parenchyma. The most com-
mon causes are hypertension, cerebral arteriosclerosis, and 
intracranial vascular malformations. Cerebral hemorrhage 
is often induced by exertion and emotion, and most patients 
show sudden onset during activity. A large number of stud-
ies have shown that cerebral hemorrhage causes neuronal 
apoptosis (Chamnanvanakij et al., 2002; Riggs et al., 2005; 
Gao et al., 2009), which aggravates the brain damage and 
causes contralateral limb dysfunction. Therefore, to reduce 
the degree of brain injury and promote functional recovery, 
it is important to inhibit neuronal apoptosis (Guan et al., 
2013). Previous studies have shown that acupuncture re-
duces damage by effectively promoting growth, repair, and 
restoration of the nervous system on the injury side (Feng et 
al., 2013; Li et al., 2013; Nam et al., 2013), although the un-
derlying mechanism is not fully understood. 

The Notch signaling pathway is an evolutionarily conserved 

signal transduction pathway involved in regulating cell prolif-
eration, differentiation, and apoptosis in almost all tissues and 
organs (Monahan et al., 2009; Guo et al., 2010; Yalcin-Ozuysal 
et al., 2010; Fernandez-Valdivia et al., 2011; Gianni-Barrera et 
al., 2011). Despite this, few studies have focused on the Notch 
signaling pathway in the central nervous system. Recently, 
it has been shown that related gene and protein expression 
in the Notch signal transduction pathway is present in the 
central nervous system (Yagi et al., 2012). Notch1, a Notch 
homologue, is a highly conserved cell membrane receptor 
protein, which can directly regulate gene transcription and 
inhibit or promote cell differentiation, proliferation, and 
apoptosis (Miele, 2006). Notch1 protein is widespread in em-
bryonic neural tissue, but decreases rapidly after birth until it 
is no longer detected (Zhang et al., 2012). However, Notch1 
protein expression is detected in adult neural stem cells from 
the subventricular zone of the lateral ventricles, the retina, 
and hippocampal dentate gyrus (Zhang et al., 2012). 

The main role of the Notch signaling pathway is in 
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proliferation and differentiation of stem cells, facilitation of 
inhibitory cell differentiation signals via “bypass inhibition”, 
and following signal transmission, initiation of family pro-
tein binding between cell membrane Notch receptors and 
its ligands, Delta/Serrate/Lag-2 (DSL) and CBF-1/Suppressor 
of hairless/Lag (CSL), on neighboring cells. During central 
nervous system development, Notch-Hes signaling inhibits 
neural stem cell differentiation into neuronal and glial cells 
by maintaining them in an undifferentiated state with self-re-
newing capacities. Binding of the Notch receptor to its ligand, 
activates the Notch signaling pathway and inhibits neuronal 
differentiation, improves the internal environment, promotes 
endogenous neural stem cell proliferation, and enhances 
nerve repair (Chapouton et al., 2010; Falk et al., 2012). In 
vitro experiments show that during cerebral ischemic injury, 
the Notch signal transduction pathway upregulates endoge-
nous Notch1 receptor expression (Guo et al., 2013). 

To date, studies have seldom focused on changes in the 
Notch signaling pathway during cerebral hemorrhagic in-
jury, and there are no consistent conclusions on the effects. 
Thus, in this study, we used a rat model of cerebral hemor-
rhage to investigate the effect of acupuncture on Notch1 and 
Hes1 expression in brain tissue. Our aim was to determine if 
acupuncture promotes restoration of brain injury after cere-
bral hemorrhage by increasing Notch1 and Hes1 expression, 
which may provide a theoretical foundation for acupuncture 
treatment during cerebral hemorrhage. 

Materials and Methods
Animals 
Healthy specific-pathogen-free male Wistar rats (n = 156), 
aged 50 days and weighing 350 ± 20 g were supplied by the 
Harbin Veterinary Research Institute in China (Certification 
No. SCXK (Hei) 20100027). All rats were housed at 22 ± 2°C 
with humidity of 50 ± 5% and noise < 60 dB.

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 stereo-
taxic apparatus. Rats were positioned with the anterior and 
posterior fontanelles in the same horizontal plane (deter-
mined by the upper incisor tooth hook plane being 2.4 mm 
lower than the plane between the ears). The median scalp 
was shaved and sterilized, and a median incision approxi-
mately 1 cm long was made. The periosteum was stripped 
using a bone stripper, and the anterior fontanelle and coronal 
suture exposed. A round hole (1.0 mm diameter) was drilled 
using a dental drill (3.5 mm right and 0.2 mm posterior to 
bregma) until the dural surface was reached. The tail was 
disinfected with alcohol and 3 cm cut from the caudal end. 
Blood (50 µL) was obtained using a microinjector fixed on the 
stereotaxic apparatus, which entered vertically approximately 
6 mm along the hole. Non-heparinized blood (50 µL) was 
infused into the caudate putamen at 25 µL/min. The needle 
was maintained in place for 5 minutes, and simultaneously, 
gauze was used to bandage the tail wound. Finally, the skull 

wound was blocked with zinc phosphate cement and the 
scalp sutured. 

Screening rat models
In accordance with Berderson’s score (Berderson et al., 1986), 
the specific method for assessing cerebral hemorrhage models 
was: rats were lifted by their tails, until they were 10 cm higher 
than the desktop; the paw of a normal rat will be straight.

After model establishment, the rats had regained con-
sciousness, according to appropriate signs and symptoms, 
rats with intracranial hematoma were considered successful 
models of cerebral hemorrhage. 

Experimental groups 
The rats were randomly divided into control (n = 12), model 
(n = 48), acupuncture (n = 48), and N-[N-(3,5-difluoro-
phenacetyl-L-alanyl)]-S-phenylglycine t-butyl ester (DAPT) 
(Notch inhibitor) (n = 48) groups. The model, acupuncture 
and DAPT groups were equally subdivided into four sub-
groups according to different time points (1, 3, 7, and 14 
days) after model establishment. The control group was only 
observed at day 1. Rats in the control group did not receive 
any treatment, and were directly decapitated and samples 
collected. In the model group, samples were collected at 1, 
3, 7, and 14 days after model establishment. In the acupunc-
ture group, rats received acupuncture 12 hours after model 
establishment, and once every 24 hours thereafter. The acu-
puncture method was as follows: rats were fixed on the acu-
puncture board. The Baihui (DU20) (specific location: head 
between the middle ears) and Qubin (GB7) (specific loca-
tion: leading edge of ear root) acupoints were treated on the 
affected side using a 1.3 inch stainless steel needle (Huatuo, 
Suzhou, Jiangsu Province, China). The needling depth was 1.0 
inch, and the needle was maintained in place for 30 minutes. 
During this time, the needle was twisted three times for 5 
minutes each, at a speed of 200 cycles per minute. Hippo-
campal specimens were collected at 1, 3, 7, and 14 days after 
acupuncture. In the DAPT group, a round hole (3.6 mm 
diameter) was drilled using a dental drill (1.4 mm right and 
0.8 mm posterior to bregma) 30 minutes before model es-
tablishment. Within 5 minutes, 10 μL DAPT solution (0.15 
μg/μL) was injected using a microsyringe (Hamilton, Bona-
duz, Switzerland) via the lateral ventricle. The needle was 
maintained in place for 5 minutes. Hippocampal specimens 
were obtained at 1, 3, 7, and 14 days after modeling.  

Specimen collection
Rats were intraperitoneally anesthetized using an overdose 
of chloral hydrate at appropriate time points after surgery. 

Berderson score:

Score 0 No neurological deficit.

Score 1 Wrist, elbow, and shoulder flexion on the side contralateral to 
the brain lesion.

Score 2 Wrist, elbow, and shoulder flexion on the side contralateral 
to the brain lesion. Reduced resistance when pushing to the 
paralyzed side.

Score 3 Circling to the paralyzed side during activities.
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The chest was opened rapidly and the heart exposed. Cath-
eterization 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 using 
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 immediately stored in 
liquid nitrogen at −80°C for western blot assay. 

Immunohistochemistry 
Notch1 and Hes1 expression in the basal ganglia was deter-
mined by immunohistochemistry. After paraffin embedding 
and dehydration, sections were placed in 3% fresh H2O2 solu-
tion at 25°C for 10 minutes to block endogenous peroxidase, 
and then washed in 0.01 M PBS three times for 2 minutes 
each. Sections were immersed in 0.01 M citrate buffer (pH 
6) and heated twice in the microwave for 5 minutes each 
time, with 10 minute intervals. After naturally cooling to 
25°C, sections were incubated with primary antibody (rabbit 
Notch1 or Hes1 polyclonal antibodies; 1:200; NeoMarkers, 
Fremont, CA, USA) overnight at 4°C, and washed with 0.01 
M PBS three times for 2 minutes each. Sections were then 
incubated with biotinylated secondary antibody (horseradish 

Table 1 Notch1 protein expression (obtained from gray values) in the 
basal ganglia of rats with intracerebral hemorrhage

Group

Days after model establishment 

1 3 7 14 

Control  0.43±0.08**

Model 0.51±0.07 0.72±0.08 0.56±0.07 0.52±0.07

Acupuncture 0.46±0.09* 0.49±0.08** 0.45±0.09** 0.43±0.06**

DAPT 0.41±0.08 0.49±0.07** 0.44±0.06* 0.42±0.07* 

*P ﹤ 0.05, **P ﹤ 0.01, vs. model group. Control group, n = 12 at 1 day. 
Model, acupuncture, and DAPT groups, n = 48 with 12 rats at each 
time point. Data are expressed as the mean ± SD, and were analyzed by 
one-way analysis of variance and the least significant difference test. 
DAPT (a Notch inhibitor): N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-
phenylglycine t-butyl ester.

Table 3 Hes1 immunoreactivity (cell count, × 400 magnification)
in the basal ganglia of rats with cerebral hemorrhage
 

Group

Days after model establishment 

1 3 7 14 

Control  13.50±1.05*

Model 20.00±2.10 42.83±2.48 24.83±1.47 17.67±1.63

Acupuncture 16.33±1.63* 25.00±1.79* 19.00±2.61* 13.00±1.41*

DAPT 17.67±2.42* 26.50±1.87* 20.00±2.53* 14.17±1.17*

*P < 0.05, vs. model group. Control group, n = 12 at 1 day. Model, 
acupuncture, and DAPT groups, n = 48 with 12 rats at each time point. 
Data are expressed as the  mean ± SD, and were analyzed using one-
way analysis of variance and the least significant difference test. DAPT 
(a Notch inhibitor): N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-
phenylglycine t-butyl ester. 

Table 2 Notch1 immunoreactivity (cell count, × 400 magnification) in 
the basal ganglia of rats with cerebral hemorrhage 

Group

Days after model establishment 

1 3 7 14 

Control  2.50±1.05*

Model 12.00±1.41 21.17±2.32 10.67±1.86 2.50±1.05

Acupuncture 8.50±1.87* 14.67±1.21* 5.83±1.17* 2.17±1.17

DAPT 9.33±1.75** 13.33±1.63** 8.67±1.75* 3.00±1.41

*P ﹤ 0.05, **P ﹤ 0.01, vs. model group. Control group, n = 12 at 1 day. 
Model, acupuncture, and DAPT groups, n = 48 with 12 rats at each 
time point. Data are expressed as the mean ± SD, and were analyzed by 
one-way analysis of variance and the least significant difference test. 
DAPT (a Notch inhibitor): N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-
phenylglycine t-butyl ester.

peroxidase-goat anti-rabbit IgG; NeoMarkers) at 37°C for 30 
minutes, washed with 0.01 M PBS three times for 2 minutes 
each, visualized with 3,3′-diaminobenzidine (Golden Bridge 
Biotechnology Co., Ltd., Beijing, China), counterstained with 
hematoxylin, mounted with neutral gum, and then observed 
under an optical microscope (Olympus, Tokyo, Japan).

Image analysis
Data were analyzed using Motic Med 6.0 pathological image 
analysis system (Motic Med Industrial Group Co., Ltd., Xia-
men, Fujian Province, China). Each section was randomly 
observed and counted at 400× magnification. Total positive 
cell number was calculated. 

Western blot assay 
Basal ganglia tissue was extracted using the RIPA lysis buffer 
protein BCA kit (Biomiga, San Diego, CA, USA) to deter-
mine total protein concentration. Total protein loaded from 
each sample was 50 μg/well. Samples were electrophoresed 
and transferred to membranes. Film was blocked with 5% 
skim milk in phosphate Tween buffer at 4°C overnight. Sam-
ples were incubated with primary antibody (rabbit Notch1, 
polyclonal antibody; 1:1,000; Epitomics, Burlingame, CA, 
USA) for 16–24 hours at 4°C. Membranes were then washed 
with Tris-buffered saline with Tween 20, and incubated in 
secondary antibody (goat anti-rabbit IgG; 1:1,500; Epitom-
ics) for 1 hour at room temperature. Gray values for specific 
bands were measured using Image J software (NIH, Bethes-
da, MD, USA). 

Statistical analysis
Statistical analysis was performed by the first author using 
SPSS 18.0 software (SPSS, Chicago, IL, USA), with values 
expressed as the mean ± SD. Inter-group data were com-
pared by one-way analysis of variance and the least signif-
icant difference test. Values of P < 0.05 were considered 
statistically significant.

Results
Notch1 protein expression in rat basal ganglia tissue 
In each group, Notch1 protein expression was visible in the 
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basal ganglia at 1, 3, 7, and 14 days after modeling. Compared 
with the control group, Notch1 protein expression was sig-
nificantly higher in the model group at 1, 3, and 7 days (P < 
0.01). Furthermore, compared with the model group, Notch1 
protein expression was significantly lower in the DAPT group 
at each time point, particularly at 3 days (P < 0.01) although 
significant differences were still detected at 7 and 14 days (P < 

0.05). At all time points, Notch1 protein expression was sig-
nificantly lower in the acupuncture group than in the model 
group (P < 0.01), and was inhibited in the DAPT and acu-
puncture groups (P > 0.05; Table 1, Figure 1). 

Notch1 immunoreactivity in rat basal ganglia tissue
Notch1-immunoreactive cells were widely distributed in the 

Figure 1 Notch1 protein expression in the basal ganglia of rats with intracerebral hemorrhage (western blot assay). 
Compared with the control group, Notch1 protein expression was higher in the model group at 1, 3, and 7 days. Compared with the model group, 
Notch1 protein expression was lower in the DAPT(a Notch inhibitor) group at each time point, particularly at 3 days, and lower in the acupuncture 
group at all time points. 1: Marker; 2: control group; 3–6: model group (1, 3, 7, and 14 days after modeling); 7–10: acupuncture group (1, 3, 7, and 
14 days after modeling); 11–14: DAPT group (1, 3, 7, and 14 days after modeling). DAPT: N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-phenylglycine 
t-butyl ester. 

Figure 2 Notch1 immunoreactivity in the basal ganglia of rats with cerebral hemorrhage and 
acupuncture treatment (immunohistochemical staining, × 400 magnification). 
Notch1-immunoreactive cell number was higher in the model group than the control group at various 
time points after cerebral hemorrhage induction. Notch1-immunoreactive cell number was lower in the 
DAPT (a Notch inhibitgor) and acupuncture groups than the model group at 1, 3, and 7 days. DAPT: 
N-[N-(3,5-difluorophenacetyl-L-alanyl)]-S-phenylglycine t-butyl ester.  Arrows show Notch1-immunore-
active cells.
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Figure 3 Hes1 immunoreactivity in the basal ganglia of rats with cerebral hemorrhage 
(immunohistochemical staining, × 400). 
Hes1-immunoreactive cell number was higher in the model group than the control group at various 
time points after cerebral hemorrhage induction. Hes1-immunoreactive cell number was lower in the 
acupuncture group than the model group at various time points. DAPT, a Notch inhibitor, suppressed 
Hes1 immunoreactivity at various time points after cerebral hemorrhage induction. DAPT: N-[N-(3,5-
difluorophenacetyl-L-alanyl)]-S-phenylglycine t-butyl ester.

1 day                                                     3 days                                                       7 days                                                   14 days  

1 day                                                     3 days                                                       7 days                                                   14 days  

1 day                                                     3 days                                                       7 days                                                   14 days  

   
   

   
 C

on
tro

l g
ro

up
   

   
   

   
   

   
   

   
   

   
D

A
P

T 
gr

ou
p 

   
   

   
   

   
   

   
   

   
A

cu
pu

nc
tu

re
 g

ro
up

   
   

   
   

   
   

   
   

  M
od

el
 g

ro
up

cytoplasm and nucleus. Weak Notch1 immunoreactivity was 
observed in the control group. Notch1-immunoreactive cell 
number was significantly higher in the model group than in 
the control group at various time points (P < 0.05), and sig-
nificantly lower in the DAPT group than the model group at 
1, 3 (P < 0.01), and 7 (P < 0.05) days. Notch1-immunoreac-
tive cell number was lower in the acupuncture group than in 
the model group at 1, 3, and 7 days (P < 0.05). No significant 
difference was detected between the acupuncture and DAPT 
groups (P > 0.05; Table 2, Figure 2). 

Hes1 immunoreactivity in rat basal ganglia tissue
Hes1-immunoreactive cells were mainly expressed in vascular 
endothelial and glial cells. Hes1 immunoreactivity was ob-
served in the control group. At various time points, Hes1-im-
munoreactive cell number was significantly increased in the 
model group compared with the control group (P < 0.05). 
Moreover, Hes1-immunoreactive cell number was signifi-
cantly lower in the acupuncture group than the model group 
at all time points (P < 0.05). Hes1 immunoreactivity was 
suppressed in the DAPT group, with significant differences 
between DAPT and model groups at 3, 7, and 14 days (P < 
0.05). Hes1 immunoreactivity was inhibited in both the acu-

puncture and DAPT groups, but no significant difference was 
detected at any time point (P > 0.05; Table 3, Figure 3). 

Discussion
Neural stem cells can self-renew and undergo multi-di-
rectional differentiation. Under certain conditions, they 
differentiate into neuronal or glial cells. The Notch signal-
ing pathway is thought to be a main factor for embryonic 
neural stem cell growth regulation, playing a “side restrain” 
role (Artavanis-Tsakonas et al., 1999; Struhl, 1999; Shi et al., 
2008). Specifically, the Notch signaling pathway indirectly 
maintains neural stem cell differentiation and self-renewal 
by inhibiting neuronal and glial cell differentiation (An-
droutsellis-Theotokis et al., 2006). Using chicken embryos, 
researchers have shown Notch’s “side restrain”, with the acti-
vated Notch signaling system inhibiting neuronal differenti-
ation. Notch signaling pathway activation causes restraint of 
neural stem cell differentiation, and instead they proliferate. 
(Wakamatsu et al., 2000). 

Our western blot results showed that Notch1 expression 
increased significantly at 1 day after modeling, peaked at 3 
days, reduced at 7 days, and then obviously decreased and 
was close to normal levels at 14 days. Notch1 expression 
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was visibly lower in the acupuncture and DAPT groups 
than the model group at various time points. DAPT is an 
inhibitor of the Notch signaling pathway. In vivo and in vitro 
experiments show that DAPT application blocks the Notch 
signaling pathway and causes G1/S phase cell cycle delay in 
human embryonic stem cells, inducing neuronal cell differ-
entiation and significantly reducing the time required for 
neural maturation (Borghese et al., 2010). In the present 
study, we found no significant difference between the acu-
puncture and DAPT groups, indicating that acupuncture 
plays a similar role to DAPT, and inhibits Notch1 and Hes1 
expression and indirectly maintains neural stem cell self-re-
newal. Our immunohistochemical staining results are con-
sistent with the observed western blot trends at 1 and 3 days. 
Notch1 immunoreactivity in the acupuncture group was 
significantly weaker than the model group at 7 days, and also 
weaker than the DAPT group, suggesting that acupuncture 
inhibits Notch signaling pathway expression. The Notch-
Hes signaling pathway effect on neural stem cells, as well as 
our western blot and immunohistochemistry results, sug-
gests that acupuncture may inhibit neuronal differentiation 
of neural stem cells by inhibiting the Notch-Hes signaling 
pathway and maintaining neural stem cell proliferation. This 
assumption needs further research, but offers new research 
directions for neural stem cell regeneration and repair.
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