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Abstract  
Baihui (DU20)-penetrating-Qubin (GB7) acupuncture can inhibit inflammatory reactions and activate signaling pathways related to 
proliferation after intracerebral hemorrhage. However, there is no research showing the relationship between this treatment and cell 
apoptosis. Rat models of intracerebral hemorrhage were established by injecting 60 μL of autologous blood into the right side of the cau-
date-putamen. Six hours later, the needle traveled subcutaneously from the Baihui acupoint to Qubin acupoint. The needle was alternately 
rotated (180 ± 10 turns/min) manually along clockwise and counter-clockwise directions. Stimulation lasted for 7 days, and was performed 
three times each for 6 minutes with 6-minute intervals between stimulations. Rats intraperitoneally receiving Sonic hedgehog pathway 
activator, purmorphamine (1 mg/kg per day), served as positive controls. Motor and sensory function were assessed using the Ludmila Be-
layev test. Extent of pathological changes were measured in the perihemorrhagic penumbra using hematoxylin-eosin staining. Apoptosis 
was examined by terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling assay. Expression of smoothened (Smo) 
and glioma-associated homolog 1 (Gli1) was determined by western blot assay. Our results showed that Baihui-penetrating-Qubin acu-
puncture promoted recovery of motor and sensory function, reduced the apoptotic cell percentage in the perihemorrhagic penumbra, and 
up-regulated Smo and Gli1 expression. We conclude that Baihui-penetrating-Qubin acupuncture can mitigate hemorrhage and promote 
functional recovery of the brain in a rat model of intracerebral hemorrhage, possibly by activating the Sonic hedgehog pathway.
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Graphical Abstract   

Baihui (DU20)-penetrating-Qubin (GB7) acupuncture promotes functional recovery in rats following 
intracerebral hemorrhage through activating Sonic hedgehog (Shh) signaling pathway

Introduction 
Intracerebral hemorrhage (ICH) has one of the highest fre-
quencies of mortality and morbidity in humans (Li et al., 
2017; Ostrowski et al., 2017). In addition to primary injury, 
secondary injury (including ischemia and edema around 
the hematoma, toxic effects of hemoglobin metabolites, 
inflammatory responses, and neural cell apoptosis) contrib-

utes to the overall functional loss and determines the long-
term outcome (Lu et al., 2014; Xu et al., 2017). Severity of 
apoptosis is strongly associated with functional deficits after 
ischemic stroke as well as ICH (Wu et al., 2015; Wang and 
Zhang, 2017).

The hedgehog (Hh) gene was first identified in drosoph-
ila in 1980 (Nüsslein-Volhard and Wieschaus, 1980). Ho-
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mologous Hh genes include Sonic hedgehog (Shh), Indian 
hedgehog, and desert hedgehog, and were identified in mam-
malian species in the 1990s. Signal transduction in the Shh 
pathway mainly occurs in the primary cilium of cells (Wilson 
and Chuang, 2010). Members of the Shh pathway include 
Shh, patched homolog 1 (Ptch1), smoothened (Smo), and 
glioma-associated homolog 1 (Gli1). Without participation 
of Shh protein, Ptch1 (a 12 transmembrane-helix receptor 
protein and target of Shh) inhibits the Shh pathway by assem-
bling in cilia and excluding Smo protein (Marigo et al., 1996). 
In the activated state, Shh interacts with Ptch1 and becomes 
vulnerable to degradation (van den Heuvel and Ingham, 
1996). Subsequently, Smo (a 7 transmembrane-helix receptor 
protein and target protein of Ptch1) can no longer be inhib-
ited by Ptch1 and activate Gli1, the downstream target of the 
Shh pathway (van den Heuvel and Ingham, 1996). The Shh 
signaling pathway participates in normal pattern formation 
of the central nervous system (Rowitch et al., 1999), regula-
tion of neural stem cell proliferation (Cheng et al., 2015), and 
regulation of neuronal apoptosis (Meng et al., 2016). Activat-
ing the Shh pathway can attenuate motor and sensory deficits 
after stroke by increasing microvascular density and neuronal 
survival (Chen et al., 2017) and inhibiting neuronal apop-
tosis (Meng et al., 2016). As important proteins in the Shh 
pathway, activation of the upstream protein, Smo, and down-
stream protein, Gli1, indicate activation of the Shh pathway.

Acupuncture has been widely used to promote functional 
recovery after stroke in clinical practice. Effectiveness of 
acupuncture is documented after stroke in limb disorders 
(Zhao et al., 2015; Lou et al., 2016; Shi et al., 2017), dyspha-
gia (Zhang et al., 2016), shoulder pain (Chau et al., 2018), 
and shoulder-hand syndrome (Zheng et al., 2018), as well as 
recovery of learning and memory deficits (Liu et al., 2017b). 
Pathological injuries after stroke (such as edema, inflamma-
tion, and apoptosis) affect neural functions (Liu et al., 2017a; 
Wang et al., 2017; Chen et al., 2018; Qiu et al., 2018), and 
acupuncture can alleviate these functional deficits by inhib-
iting the underlying pathological changes (Jung et al., 2016; 
Liu et al., 2016; Tian et al., 2016).

Previous studies have suggested that acupuncture at the 
Baihui (DU20) acupoint can inhibit neural cell apoptosis 
under diseased conditions (Wang et al., 2002; Guo et al., 
2015). Further, a previous study showed a similar pattern 
of glucose metabolism activation in the motor cortex af-
ter acupuncture at Baihui versus Qubin (GB7) acupoints 
(Fang et al., 2012). Moreover, studies have seldom analyzed 
the mechanism of acupuncture treatment, including Bai-
hui-penetrating-Qubin treatment. Thus, we examined the ef-
fect of Baihui-penetrating-Qubin acupuncture on functional 
recovery and neuronal apoptosis after ICH.
  
Materials and Methods 
Animals
Rats were obtained from Heilongjiang University of Chinese 
Medicine, Heilongjiang, China (Certificate No. SCXK (Hei-
longjiang) 2013-004). Briefly, specific-pathogen-free adult 
male Sprague-Dawley rats weighing 250 ± 20 g and aged 6–7 

weeks were housed under a 12-hour light/dark cycle at 20°C 
and 50% relative humidity. Food and water were removed 
12 hours before surgery (autologous blood injection) to pre-
vent aspiration during anesthesia. The study was conducted 
in accordance with Guide for the Care and Use of Laboratory 
Animals (Eighth Edition, 2011) (National Research Council 
of the National Academies, 2011) and approved by the Ani-
mal Ethics Committee of Heilongjiang University of Chinese 
Medicine in China (approval IACUC: 2017-10-10-01).

Group assignment 
Six groups were involved with 10 rats randomly divided 
into each group: control group, sham group, ICH group, 
ICH + acupuncture group (ICH + Ac group), ICH + sham 
acupuncture group (ICH + SAc group), and ICH + agonist 
group (ICH + Ag group). Starting 6 hours after ICH on 
the same day, rats were randomized to receive daily treat-
ments for 7 consecutive days of Baihui-penetrating-Qubin 
acupuncture (30-minute session per day; ICH + Ac group), 
sham acupuncture (ICH + SAc group), purmorphamine (a 
Shh pathway activator) (Abcam, Cambridge, MA, USA; 1 
mg/kg per day, intraperitoneally; ICH + Ag group), or no 
intervention (ICH group) (n = 10/group). Purmorphamine 
was dissolved to a concentration of 1 mg/mL using a solu-
tion containing 2% dimethyl sulfoxide and 30% polyeth-
ylene glycol 300 (Hu et al., 2016). A group of rats receiving 
intracerebral saline injection (sham group) and a group of 
healthy rats receiving no treatment at all (control group) 
were included as controls (n = 10/group). 

ICH model establishment
ICH was modeled using autologous blood injection as de-
scribed previously (Sinar et al., 1988; MacLellan et al., 2008). 
Rats were anesthetized with 10% chloral hydrate (350 mg/
kg, intraperitoneally) and fixed on a stereotaxic frame (68001; 
RWD Life Science, Shenzhen, Guangdong Province, China). 
A midline incision was made to expose the skull. A burr hole 
was made 3.5 mm right of the midline and 0.2 mm posterior 
to bregma (Figure 1) (Paxinos and Watson, 2005). Autologous 
blood (60 μL) was collected from the tail vein, and injected us-
ing a 26-gauge needle to a depth of 6 mm from the brain sur-
face (Figure 1) (Paxinos and Watson, 2005) at a speed of 20 
μL/min. The needle was removed slowly 5 minutes after injection. 
Body temperature was maintained at 37°C during surgery.

Assessment of neurological function
Global central nervous system function (including motor 
and sensory) was assessed using the Ludmila Belayev test, as 
described previously (Bederson et al., 1986; De Ryck et al., 
1989; Belayev et al., 1996). Testing was performed using a 
12-point rating scale (summarized in Additional Table 1) 
by two experienced investigators blinded to treatment allo-
cation. Average score was used as the final score.

Acupuncture treatment
Acupuncture was performed by experienced physicians 
with at least 20 hours of training in rats. Rats received one 
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30-minute session per day using disposable steel filiform 
acupuncture needles (Φ0.3 × 25 mm; Huatuo, Suzhou, 
Jiangsu Province, China). The entry point was Baihui acu-
point (DU20, on the middle between both ears), and the 
needle traveled subcutaneously to Qubin acupoint (GB7, 
leading edge of tragus) (Figure 2). The needle was alternate-
ly rotated (180 ± 10 turns/min) manually along clockwise 
and counter-clockwise directions. Stimulation lasted three 
times, for 6 minutes each, with 6-minute intervals between 
stimulations. Rats in the ICH + SAc group received acu-
puncture at 1 cm posterior and parallel to Baihui-penetrat-
ing-Qubin needling. 

Histological evaluation
Histological evaluation was performed at 7 days of the 
experiment. Coronal sections (5 μm) selected from the 
perihemorrhagic penumbra were deparaffinized in xylene 
and ethanol. After washing in distilled water, sections were 
stained with hematoxylin and eosin using a standard pro-
tocol. The perihemorrhagic penumbra was examined under 
a light microscope (BX53; Olympus, Tokyo, Japan) at 400× 
magnification to assess the injury.

Terminal deoxynucleotidyl transferase(TdT)-mediated 
dUTP nick end labeling (TUNEL) assay
TUNEL assay was performed at 7 days of the experiment. 
Coronal sections (5 μm) selected from the perihemorrhagic 
penumbra were deparaffinized and incubated in 0.1% Tri-
ton-X-100 at 4°C for 2 minutes, and then TUNEL reaction 
solution (Roche, Mannheim, Rhineland-Palatinate, Germa-
ny) in the dark at 37°C for 1 hour. After staining in 3,3′-di-
aminobenzidine for 5 minutes, sections were counterstained 
in hematoxylin. Apoptotic cells in the perihemorrhagic pen-
umbra were observed and counted under a light microscope 
at 400× magnification. The apoptosis index was calculated 
by: number of apoptosis cells (TUNEL-positive cells)/total 
cells × 100%. Three randomly selected microscopy fields 
were used to count apoptotic cells. 

Western blot assay
Western blot assay of Smo and Gli1 proteins was performed 
at 7 days of the experiment. Brain tissue samples were dis-
solved in radio immunoprecipitation assay lysis buffer con-
taining 1% phenylmethyl sulfonylfluoride (Amresco, Atlanta, 
GA, USA), and centrifuged at 13,000 × g for 10 minutes at 
4°C. Samples (50 μg protein) were separated by 10% sodi-
um dodecyl sulfate polyacrylamide gel electrophoresis and 
transferred to polyvinylidene fluoride membranes (Millipore, 
Billerica, MA, USA). Membranes were blocked using 5% 
skimmed milk for 1 hour at room temperature, and then in-
cubated with one of the following primary antibodies: rabbit 
polyclonal anti-Smo (1:1000; Abcam) or rabbit polyclonal 
anti-Gli1 (1:1000; Abcam) overnight at 4°C. Membranes were 
incubated in goat anti-rabbit secondary antibody (1:10,000; 
TDY Biotech, Beijing, China) for 1 hour at 37°C. Proteins 
bands were visualized using an enhanced chemiluminescence 
method (Xu et al., 2017). Images were captured and analyzed 

using an image analysis system (GelDoc XR+; ProteinSimple, 
San Jose, CA, USA). Glyceraldehyde-3-phosphate (GAPDH; 
Millipore, Billerica, MA, USA) was used as the internal con-
trol. Protein concentration was measured by bicinchoninic 
acid assay (Xu et al., 2017). The ratio of protein optical densi-
ty ratio to internal control protein was calculated.

Statistical analysis
All data are expressed as mean ± SD, and analyzed using 
SPSS 22.0 software (IBM, Armonk, NY, USA). Data from the 
behavioral experiment were analyzed by two-way analysis of 
variance (ANOVA) and Student-Newman-Keuls test. Data 
from the TUNEL assay and western blot assay were analyzed 
using one-way ANOVA and Student-Newman-Keuls test. A 
value of P < 0.05 was considered statistically significant.

Results
Baihui-penetrating-Qubin acupuncture improved motor/
sensory function in a rat model of ICH
Baseline neurological function (Ludmila Belayev test score) 
was comparable among each group. Neurological deficits 
were apparent 6 hours after autologous blood injection. Lud-
mila Belayev test score was significantly different between 
the ICH group and sham group (P < 0.001). In contrast, 
there was no difference in Ludmila Belayev test score among 
the ICH + Ag, ICH + Ac, ICH + SAc, and ICH groups. On 
day 2, Ludmila Belayev test score was higher in the sham 
group than control group. While Ludmila Belayev test score 
was significantly higher in the ICH group compared with the 
control and sham groups (P < 0.001). There was a decreasing 
trend, albeit not statistically significant, in Ludmila Belayev 
test score in the ICH + Ag and ICH + Ac groups compared 
with the ICH group. On days 3–7, Ludmila Belayev test 
score was higher in the ICH group compared with the con-
trol and sham groups (P < 0.001). Ludmila Belayev test score 
was lower in the ICH + Ag and ICH + Ac groups compared 
with the ICH group (P < 0.001 or P < 0.01). Ludmila Belayev 
test score was higher in the ICH + SAc group than ICH + Ac 
group (P < 0.001 or P < 0.01 or P < 0.05; Figure 3).

Baihui-penetrating-Qubin acupuncture improved 
pathological injury in the perihemorrhagic penumbra in a 
rat model of ICH
Tissue in the control and sham groups appeared healthy, 
with virtually no apoptotic cells, inflammatory infiltration, 
or edema in neurons or interstitial spaces. However, tissue 
structure was disordered in the ICH group, with edema 
in neurons and astrocytes and among interstitial spaces. 
Karyopyknosis and necrotic cells were observed in the peri-
hemorrhagic penumbra with a large number of inflammatory 
cells. The extent of injury was apparently lower in the ICH + 
SAc group, with reduced levels of edema in cells and among 
interstitial spaces. Further, there was still a large number of 
inflammatory cells and necrotic cells at the injury site. Com-
pared with the ICH group, the degree of damage (edema, 
inflammatory infiltration, and cell necrosis) was markedly 
lower in the ICH + Ac and ICH + Ag groups (Figure 4).
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Baihui-penetrating-Qubin acupuncture decreased cell 
apoptosis in the perihemorrhagic penumbra of a rat 
model of ICH 
Apoptosis index was significantly lower in the ICH + Ag and 
ICH + Ac groups than the ICH group (P < 0.001). Apopto-
sis index in the ICH + SAc group was lower than the ICH 
group, but significantly higher than the ICH + Ag and ICH 
+ Ac groups (P < 0.001; Figure 5).

Baihui-penetrating-Qubin acupuncture decreased Smo 
and Gli1 expression in the perihemorrhagic penumbra of 
a rat model with ICH
Smo protein levels were relatively low in the control group 
and sham group. Smo expression was higher in the ICH 
group compared with the sham group, and even higher in 
the ICH + Ag and ICH + Ac groups compared with the ICH 
group (P < 0.05). Smo expression in the ICH + SAc group 
was not comparable with the ICH group, and significantly 
lower than the ICH + Ag and ICH + Ac groups (P < 0.05). 

Similar to the pattern of Smo expression, Gli1 expression 
was significantly higher in the ICH + Ag and ICH + Ac 
groups than  ICH group (both P < 0.05). Gli1 expression in 
the ICH + SAc group was not comparable to the ICH group, 
but significantly lower than the ICH + Ag and ICH + Ac 
groups (P < 0.05; Figure 6).

Discussion
Function of the Shh pathway has been widely studied in 
many organs and tissues, including cartilage (Teillet et al., 
1998; Murtaugh et al., 1999), blood cells (Bhardwaj et al., 
2001), muscle (Münsterberg et al., 1995), and teeth (Hardcas-
tle et al., 1998). Indeed, the Shh pathway has beneficial effects 
on formation of these tissues. Previous studies have demon-
strated that inhibiting the Shh pathway promotes apoptosis of 
cancer cells (Subramani et al., 2017; Xu et al., 2017), and also 
promotes apoptosis in traumatogenic diseases such as isch-
emia/reperfusion injury of skeletal muscle (Zeng et al., 2017) 
and kidney (Meng et al., 2016). The Shh signaling pathway 
also plays an important protective role in the central nervous 
system, promotes neurite outgrowth and synaptogenesis 
during stroke (Tang et al., 2017), and inhibits neuronal apop-
tosis induced by hydrogen peroxide (He et al., 2017).

Recovery of neurological function after stroke is largely 
dependent on the extent of neuronal apoptosis (Pang et al., 
2017). In the present study, we show that the Shh agonist, 
purmorphamine, promotes recovery of neurological func-
tion and inhibits neuronal apoptosis, possibly by activating 
the Shh pathway in rats with ICH. Baihui-penetrating-Qubin 
acupuncture produced a series of effects similar to the Shh 
agonist, purmorphamine, including activation of Shh ac-
tivity. Therefore, we speculated that activated Shh pathway 
contributes to the neuroprotective effect of Baihui-penetrat-
ing-Qubin acupuncture.

In conclusion, Baihui-penetrating-Qubin acupuncture 
after ICH can inhibit cell apoptosis and pathological injury 
in the perihemorrhagic penumbra, and promote recovery 
of motor and sensory function at 7 days, which may lead to 

activation of the Shh signaling pathway. However, this study 
has several limitations. First, neurological recovery after 
autologous blood injection was observed for only a limited 
time frame (1 week) using a single behavioral test that cov-
ers both motor and sensory function. Second, the extent of 
injury was assessed by only representative methods, includ-
ing pathological examination by hematoxylin-eosin staining 
and TUNEL assay for apoptosis. Changes specific to neu-
rons versus glial cells and astrocytes were not differentiated. 
Furthermore, the contributing role of the Shh pathway was 
only supported using a selective pharmacological activator, 
and not with inhibition or downregulation of the Shh path-
way. Last but not least, other factors were not considered, 
e.g., inflammation (Qin et al., 2015) and neuronal stem cells 
(Jessberger, 2016). Nevertheless, we show that Baihui-pen-
etrating-Qubin acupuncture can alleviate tissue damage in 
the perihemorrhagic penumbra in an animal model of ICH.
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Figure 1 Location of intracerebral hemorrhage site. 
The red circle shows the intracerebral hemorrhage site, which is located at the right caudate-putamen. The left figure is a photograph of the brain 
section. The right figure is a drawing of the same area on the left.

Figure 2 The Baihui (DU20)-penetrating-Qubin (GB7) acupuncture 
treatment method. 
(A) Schematic illustration of Baihui and Qubin acupoints. (B) Illustra-
tion of sham acupuncture treatment.
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Figure 3 Effect of Baihui (DU20)-penetrating-Qubin (GB7) 
acupuncture on neurological function of ICH rats at 7 days after 
surgery. 
Data are expressed as mean ± SD (n = 10 rats) and were analyzed by two-
way analysis of variance and Student-Newman-Keuls test. ***P < 0.001, 
vs. sham group; ΔΔP < 0.01, ΔΔΔP < 0.001, vs. ICH group; #P < 0.05, 
##P < 0.01, ###P < 0.001, vs. ICH + Ac group. NS: No statistically signif-
icant difference among ICH groups. ICH: Intracerebral hemorrhage; Ag: 
agonist; Ac: acupuncture; SAc: sham acupuncture. 

Figure 4 Effect of Baihui (DU20)-
penetrating-Qubin (GB7) acupuncture on 
pathological injury in the perihemorrhagic 
penumbra of ICH rats at 7 days after 
surgery (hematoxylin-eosin staining). 
Control (A), sham (B), ICH (C), ICH + 
Ag (D), ICH + Ac (E), and ICH + SAc (F) 
groups. Compared with the ICH group, 
degree of edema, inflammatory infiltration, 
and cell necrosis were markedly lower in the 
ICH + Ag and ICH + Ac groups. White ar-
rows: Inflammatory cells and necrotic cells at 
the injury site. Original magnification: 400×. 
ICH: Intracerebral hemorrhage; Ag: agonist; 
Ac: acupuncture; SAc: sham acupuncture.
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Figure 5 Effect of Baihui (DU20)-penetrating-Qubin (GB7) acupuncture on cell apoptosis in the perihemorrhagic penumbra of ICH rats at 7 
days after surgery. 
Cell apoptosis in the brain of rats in the control (A), sham (B), ICH (C), ICH + Ag (D), ICH + Ac (E), and ICH + SAc (F) groups (TUNEL stain-
ing, original magnification, 400×). White arrows: Apoptotic cells. (G) Quantitative results of apoptosis index. Apoptosis index was calculated by: 
number of apoptosis cells (TUNEL-positive cells)/total cells × 100%. Data are expressed as mean ± SD (n = 5 per group; one-way analysis of vari-
ance and Student-Newman-Keuls test). ***P < 0.001, vs. sham group; ΔΔΔP < 0.001, vs. ICH group; ###P < 0.001, vs. ICH + Ac group. TUNEL: 
Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling; ICH: intracerebral hemorrhage; Ag: agonist; Ac: acupuncture; 
SAc: sham acupuncture. 

Figure 6 Effect of Baihui (DU20)-penetrating-Qubin (GB7) acupuncture on Smo and Gli1 expression in the perihemorrhagic penumbra of 
ICH rats at 7 days after surgery (western blot assay).
Relative protein expression was expressed as optical density ratio to GAPDH. Data are expressed as the mean ± SD (n = 5 per group; one-way anal-
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ciated homolog 1; GAPDH: glyceraldehyde-3-phosphate.
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Additional Table 1 Ludmila Belayev Scores 

Items Scores 

1. Postural reflex: suspend the rat by the tail and put it 10cm up to the edge of laboratory 

table. 

   Bilateral forelimbs extension 

   Left forelimb flexion 

   Let the rat’s forelimbs push the table, left forelimb has low resistance to the table 

2. Placing test 

2.1 Visual placing 

   Forward: Hold the rat’s body and put it face to table 

   Both paws catch the table rapidly 

   Response delayed (≤ 2 seconds) 

   Response delayed (> 2 seconds) 

   Sideway: Hold the rat’s body with its left side toward to table 

   Left paw catches the table rapidly 

   Response delayed (≤ 2 seconds) 

   Response delayed (> 2 seconds) 

2.2 Tactile placing 

   Dorsal surface of paw: Cover both eyes with a 0.7 cm × 0.7 cm black opaque paper on each 

eye and put the rat face to table. Let the dorsal surface of paws touch the table slightly. 

   Both paws catch the table rapidly 

   Response delayed (≤ 2 seconds) 

   Response delayed (> 2 seconds) 

   Lateral surface of paw: Cover both eyes as the method above and put the rat with its left 

side toward to table. Let the lateral surface of left paw touch the table slightly. 

   Left paw catches the table rapidly 

   Response delayed (≤ 2 seconds) 

   Response delayed (> 2 seconds) 

2.3 Proprioceptive placing: Cover both eyes as the method above and put it face to table. Let 

the dorsal surface of paws touch the table heavily. 

   Both paws have intensive resistance to the table 

   Resistance is weak, and response delayed (≤2 seconds) 

   Resistance is weak, and response delayed (> 2 seconds ) 
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