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Abstract
To observe the effects of different acupuncture manipulations on blood pressure and target organ damage in spontaneously hypertensive 
rats (SHRs), this study used the reinforcing twirling method (1.5–2-mm depth; rotating needle clockwise for 360° and then counter clock-
wise for 360°, with the thumb moving heavily forward and gently backward, 60 times per minute for 1 minute, and retaining needle for 9 
minutes), the reducing twirling method (1.5–2-mm depth; rotating needle counter clockwise for 360° and then clockwise for 360°, with 
the thumb moving heavily backward and gently forward, 60 times per minute for 1 minute, and retaining needle for 9 minutes), and the 
needle retaining method (1.5–2-mm depth and retaining the needle for 10 minutes). Bilateral Taichong (LR3) was treated by acupuncture 
using different manipulations and manual stimulation. Reinforcing twirling, reducing twirling, and needle retaining resulted in a decreased 
number of apoptotic cells, reduced Bax mRNA and protein expression, and an increased Bcl-2/Bax ratio in the hippocampus compared 
with the SHR group. Among these groups, the Bcl-2/Bax protein ratio was highest in the reducing twirling group, and the Bcl-2/Bax 
mRNA ratio was highest in the needle retaining group. These results suggest that reinforcing twirling, reducing twirling, and needle retain-
ing methods all improve blood pressure and prevent target organ damage by increasing the hippocampal Bcl-2/Bax ratio and inhibiting cell  
apoptosis in the hippocampus in SHR. 

Key Words: nerve regeneration; spontaneously hypertensive; acupuncture; reinforcing and reducing twirling manipulation; Taichong (LR3); 
hippocampal CA1 area; blood pressure; apoptosis; neural regeneration 
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Introduction
Hypertension is one of the most common disorders, affect-
ing 26.4% of the adult population worldwide (Macmahon et 
al., 2008; Peiris et al., 2015). Long-term hypertension, which 
causes brain ischemia and hypoxia and damages morphol-
ogy and functions of brain cells, is a major risk factor for 
stroke (Tayebati et al., 2012; Gorgui et al., 2014). Previous 
studies showed that hypertension induces apoptosis in brain 
neurons and damages target organs before it presents as a 
cerebrovascular disease (Mignini et al., 2004; Tayebati et 
al., 2012). Several epidemiological studies indicated a cor-
relation between blood pressure level and cognitive decline 
(Starr et al., 1993; Posner et al., 2002; Hanon et al., 2003). It 
is well accepted that a reduced number of small arterioles 
and capillaries per volume of tissue (rarefaction) plays a 
major role in elevated vascular resistance and, consequently, 
blood pressure (Boudier, 2002). Conversely, impaired cere-
bral perfusion resulting from rarefaction contributes to brain 
hypoperfusion, which leads to neuronal dysfunction and 
progressive cognitive failure (Zhang et al., 1994; Ringelstein 
and Nabavi, 2005). Cognitive decline is dependent on hippo-
campal functions. 

The hippocampus is closely connected to the cardiovas-
cular center and plays an important role in blood pressure 
regulation (Ueno et al., 2004; Pietranera et al., 2012). One 
of the hippocampal subfields, the cornu ammonis (CA) 
1, is  the brain region that is vulnerable to neuronal death 
(Wong et al., 2005) and is particularly sensitive to hypoxia 
and ischemia (Raz et al., 2015). Neuronal loss occurs in 
conjunction with reduced grey matter volume in the CA1 
subfield and dentate gyrus of the hippocampus in sponta-
neously hypertensive rats (SHRs) during the initial stages 
of hypertension (Sabbatini et al., 2000, 2002). In humans, 
even relatively brief episodes of transient ischemia result in 
highly localized CA1 lesions that convey negative cognitive 
consequences. Thus, vascular risks may affect the CA1 re-
gion more than other hippocampal subfields (Bartsch et al., 
2011). 

Acupuncture is an effective method for treating primary 
hypertension. Numerous clinical and experimental studies 
have shown that acupuncture not only lowers blood pres-
sure, but also reduces damage to target organs (Shao et al., 
2009; Li et al., 2014). Acupuncture also promotes recovery 
of damaged brain tissues by improving cerebral blood flow 
(Kim et al., 2013), inhibiting neuronal apoptosis (Feng et al., 
2013), enhancing neuronal plasticity (Tan et al., 2014), and 
regulating brain metabolism (Tseng et al., 2005). The rein-
forcing and reducing method affects the curative effect of 
acupuncture. Twirling is the most commonly used manipu-
lation for the reinforcing or reducing method. Recent studies 
found that reinforcing and reducing methods through the 
use of twirling have different curative effects on hyperten-
sion (Wang et al., 2011; Liu et al., 2015). Acupuncture is 
described in Neijing (Internal Classic) as; “wrong application 
of reinforcing and reducing method will have exactly the 
reverse effect.” According to traditional Chinese medicine 
theory, Taichong (LR3) is a commonly used acupoint on the 

liver meridian of Foot-Jueyin, which can be used to treat 
hypertension with liver Yang hyperactivity syndrome by pac-
ifying the liver to subdue Yang and promoting Qi circulation 
to resolve depression. Acupuncture at LR3 activates mainly 
the liver meridians and can improve mental and physical 
symptoms of hypertension (Hanon et al., 2003; Ringelstein 
and Nabavi, 2005).

Previous studies (Mensah et al., 2002; Ashoorkhani 
et al., 2016; Mallat et al., 2016; Novak et al., 2016) that 
treated primary hypertension were more focused on an-
ti-hypertensive treatment, improvement of related com-
plications, and protection of target organs, and are applied 
during the middle and late stages. However, fewer studies 
have focused on treating hypertension during the early 
stage and the effects of different acupuncture manipula-
tions (reinforcing method by twirling and reducing meth-
od by twirling) on hippocampal neuronal cells. To better 
understand the effects of different acupuncture manipu-
lations on hypertension and protection of target organs, 
we measured blood pressure in SHRs, quantified neuronal 
cells, and analyzed changes in Bax and Bcl-2 expression in 
the hippocampal CA1 region. 

Materials and Methods
Animal preparation
A total of 48 12-week-old, male SHRs and twelve 12-week-
old male Wistar-Kyoto (WKY) rats were purchased from 
Beijing Vital River Laboratory Animal Technology Co., Ltd. 
in China (License No. SCXK (Jing) 200223). Experimental 
animals were raised in clean facilities with free access to 
food and water. A controlled environment at 20 ± 1°C, 50% 
humidity, and a 12-hour light/dark cycle was maintained 
throughout the study. All procedures for animal experi-
ments were conducted in accordance with World Health 
Organization’s International Guiding Principles for Bio-
medical Research Involving Animals, and were approved by 
the Animal Care and Use Committee at Beijing University 
of Chinese Medicine (BUCM-4-2015091002-3004).

A total of 48 12-week-old SHRs were randomly divided 
into four groups (n = 12/group): SHR group, reinforcing 
twirling, reducing twirling, and needle retaining. Twelve 
12-week-old WKY rats served as the blank control group 
(WKY group).

Acupuncture and moxibustion treatment
The LR3 is located in the dorsum of the foot, in the depres-
sion anterior to the junction of the first and second metatar-
sals. Conscious rats were loosely immobilized in a specially 
designed restrainer with the hind legs exposed. 

In the reinforcing twirling group, the needles (0.16 mm 
× 7 mm, purchased from Suzhou Acupuncture Goods Co., 
Ltd., Suzhou, Jiangsu Province, China) were directly insert-
ed bilaterally into LR3 for 1.5–2 mm. The reinforcing twirl-
ing (rotate the needle clockwise for 360° and then counter 
clockwise for 360°, with the thumb moves heavily forward 
and gently backward, 60 times per minute) was applied for 
1 minute, and the needle was retained for 9 minutes after 
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manipulation. 
In the reducing twirling group, the needles were directly 

inserted bilaterally into LR3 for 1.5–2 mm. The reducing 
twirling method (rotate the needle counter clockwise for 
360° and then clockwise for 360°, with the thumb moves 
heavily backward and gently forward, 60 times per minute) 
was applied for 1 minute and the needle was retained for 9 
minutes after manipulation. 

In the needle retaining group, the needles were directly in-
serted bilaterally into LR3 for 1.5–2 mm and retained for 10 
minutes with no manipulation. 

In the SHR group and WKY group, rats were immobi-
lized in the same restrainer for 10 minutes without acu-
puncture intervention. The treatment was initiated at 08:00 
for 10 minutes, 6 days per treatment, with a 1-day interval 
between every two courses. The entire treatment lasted for 
9 weeks.

Blood pressure measurement 
Blood pressure was measured between 20:00 and 00:00. 
After 1 week of adaptive feeding, systolic pressure and dia-
stolic pressure of the caudal artery were measured using a 
noninvasive blood pressure instrument (BP-6, Chengdu Thai 
Union Biological Instrument Co., Ltd., Chengdu, China). 
Each rat was measured three times, and the average blood 
pressure recorded served as the baseline value. Rats that did 
not meet diagnostic criteria for hypertension were excluded. 
Subsequently, blood pressure was measured in all rats at 12, 
15, 18, and 21 weeks.

Sample collection 
Rat caudal artery blood pressure was measured at 21 weeks 
after blood pressure measurements. Subsequently, the rats 
were sacrificed after anesthesia with an intraperitoneal in-
jection of 100 g/L chloral hydrate (500 mg/kg). A total of 6 
rats/group were randomly selected for brain harvesting. The 
brains were then fixed in 4°C 40 g/L paraformaldehyde for 
terminal deoxynucleotidyl transferase dUTP nick-end label-
ing (TUNEL) assay. For rats in the other groups, hippocampi 
were obtained and placed on ice, washed in 4°C saline, dried, 
fixed in liquid nitrogen, and stored at −80°C for western blot 
assay and reverse transcription-polymerase chain reaction 
(RT-PCR).

TUNEL assay 
The TUNEL assay was applied to detect apoptosis in the 
rat hippocampal CA1 area. Samples were paraffin-embed-
ded, sectioned, and processed using the TUNEL kit (TACS.
XL DAB In Situ Apoptosis Detection Kit, Cat. No. 4828-
30-DK, TREVIGEN, New York, NY, USA). Apoptotic cells 
were characterized by a dark-brown staining of the nucleus 
and nuclear membrane. Quantification was performed by 
counting the number of positive cells in four randomly cho-
sen fields within each 400×-frame using an Olympus optic 
microscope (BX43, Olympus, Japan). Image-pro plus 6.0 
software (Media Cybernetics, Boston, MA, USA) was used 
to quantify the TUNEL-positive cells.

Western blot assay
The western blot assay was used to measure Bcl-2 and Bax 
protein expression in the rat hippocampus. The tissues were 
homogenized in lysis buffer (50 mM Tris-HCl, pH 7.4, 150 
mM NaCl, 1% NP-40, 0.1% sodium dodecyl sulfate) and 
centrifuged at 12,000 r/min for 10 minutes at 4°C in a mi-
crocentrifuge (LEGEND MICRO, Thermo, Waltham, MA, 
USA). Protein concentrations were estimated using the 
Pierce BCA Protein Assay Kit (Thermo Scientific, Cat. No. 
23228). Equal amounts of protein were electrophoresed in 
10% sodium dodecyl sulfate polyacrylamide gels at 100 V 
for 1.5 hours in a Mini PROTEAN Tetra Cell (BioRad Lab-
oratories Inc, Hercules, CA, USA). Proteins were transblot-
ted onto polyvinylidene fluoride membranes (Mini Trans-
Blot Cell, BioRad Laboratories Inc., Hercules, CA, USA) 
and incubated in anti-Bcl-2 polyclonal antibody (1:2,000; 
Abcam, Cambridge, MA, USA), anti-Bax polyclonal anti-
body (1:1,000; Abcam), and GAPDH polyclonal antibodies 
(1:1,250; MILLIPORE, Darmstadt, Germany) at 4°C over-
night, followed by incubation in the corresponding sec-
ondary antibodies (horseradish-peroxidase goat anti-rabbit 
IgG; 1:100,000; 40 minutes, 37°C). The protein bands were 
detected using enhanced chemiluminescence-chromogenic 
detection and luminescent substrate A/B (Engree Biosystem 
Co., Ltd., Beijing, China). Bcl-2, Bax, and GAPDH protein 
bands were scanned using Image Lab 4.0.1 software (Sausage 
Software, Blaine, WA, USA) and integrated density values 
were calculated using Gel-Pro analyzer4 software (Media 
Cybernetics, Bethesda, MD, USA) and were normalized to 
GAPDH expression. 

RT-PCR  
RT-PCR was used to measure Bcl-2 and Bax mRNA expres-
sion in the rat hippocampus. Tissues were harvested and 
total RNA was extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA). Total RNA was reverse-transcribed to 
cDNA using a reverse transcription kit (Promege, Madison, 
WI, USA) according to manufacture instructions. The result-
ing cDNA PCR fragments were amplified in a DNA Engine 
thermal cycler (Bio-Rad, T100, Richmond, CA, USA) at 1 cy-
cle of 10 minutes at 95°C, 35 cycles of 45 seconds at 95°C, 45 
s at 64°C, and 1 minute at 72°C. After cycling, a melting pro-
tocol was performed for 7 minutes at 72°C and then held at 
12°C. The PCR products were separated by 1.2% agarose gel 
electrophoresis. According to GenBank sequences, Oligo7.37 
software (Molecular Biology Insights, Colorado Springs, CO, 
USA) was used to design primers (Table 1). Quantity One 
V4.62 (Bio-Rad, Hercules, CA, USA) was used to analyze 
the electrophoresis gray level of Bcl-2 and Bax mRNA and to 
calculate relative expression. Relative expression amount was 
equal to the experimental gray level/internal reference grey 
level. GAPDH was utilized as an internal reference. 

Statistical analysis
Data, presented as the mean ± SD, were analyzed using SPSS 
13.0 software (SPSS, Chicago, IL, USA). Differences among 
groups were examined using one-way analysis of variance, 
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followed by the Student-Newman-Keuls test. A value of P < 
0.05 was considered statistically significant.

Results
Effects of reinforcing and reducing twirling manipulation 
on systolic blood pressure in SHR
Systolic blood pressure in rats was measured to determine 
the effects of different acupuncture manipulations on 
blood pressure. Systolic blood pressure in WKY rats was 
maintained at a normal level at 12, 15, 18, and 21 weeks. 
Compared with the WKY group, systolic blood pressure in 
the SHR group was significantly increased at 15, 18, and 21 
weeks (P < 0.01). Compared with the SHR group, systolic 
blood pressure in the reducing twirling group and needle 
retaining group was significantly decreased at 15, 18, and 
21 weeks (P < 0.01). Compared with the SHR group, sys-
tolic blood pressure in the reinforcing twirling group was 
decreased at 15 (P < 0.01) and 18 weeks (P < 0.05), with 
no significant difference at 20 weeks. Compared with the 
reinforcing twirling group, systolic blood pressure in the 
reducing twirling group was significantly decreased at 15 (P 
= 0.019), 18 (P < 0.01), and 21 (P < 0.01) weeks, and systolic 
blood pressure in the needle retaining group was significant-
ly decreased at 18 and 21 weeks (P < 0.01). Compared with 
the reducing twirling group, systolic blood pressure in the 
needle retaining group was significantly increased at 18 (P = 
0.036) and 21 weeks (P < 0.01; Figure 1). 

Effects of reinforcing and reducing twirling manipulation 
on hippocampal neuronal apoptosis in the hippocampal 
CA1 area in SHR
In the WKY group, neurons in the hippocampal CA1 area 
were stained blue with few TUNEL-positive cells, whereas, 
in the SHR group, TUNEL-positive cells were widely distrib-
uted. There were fewer TUNEL-positive cells in the reduc-
ing twirling group, reinforcing twirling group, and needle 
retaining group (Figure 2A–E). The quantitative TUNEL 
results are shown in Figure 2F. The SHR group exhibited 
significantly increased apoptosis compared with the WKY 
group (P < 0.05). There was significantly less apoptosis in 
the reducing twirling group, reinforcing twirling group, 
and needle retaining group compared with the SHR group 
(P < 0.05), with no significant difference between the three 

groups (P > 0.05). 

Effects of reinforcing and reducing twirling manipulation 
on Bax and Bcl-2 protein expression and the Bcl-2/Bax 
ratio in the hippocampus of SHR
As important biological indexes of the apoptosis response, 
Bax and Bcl-2 promote or inhibit neuronal apoptosis by 
transducing the apoptosis signal (Wang et al., 2016). The 
ratio of Bcl-2/Bax is regarded as an index of the overall 
trend of cell apoptosis (Mohammadi et al., 2016). Com-
pared with the WKY group, the SHR group showed a sig-
nificant increase in protein expression of Bax (P < 0.01) 
and Bcl-2 (P < 0.01) and a significant decrease in the Bcl-
2/Bax ratio (P < 0.01). Compared with the SHR group, 
the reducing twirling, reinforcing twirling, and needle 
retaining groups exhibited significantly decreased protein 
expression of Bax (all P < 0.01) and an increased Bcl-2/
Bax ratio (all P < 0.01). Bcl-2 protein expression in the 
reinforcing twirling group and needle retaining group was 
significantly decreased compared with the SHR group (P < 
0.01), although there was no significant difference between 
the SHR group and reducing twirling group (P > 0.05). 
Compared with the reducing twirling group, Bcl-2 pro-
tein expression and the Bcl-2/Bax ratio were significantly 
decreased in the reinforcing twirling and needle retaining 
groups (P < 0.01; Figure 3).  

Effects of reinforcing and reducing twirling manipulation 
on Bax and Bcl-2 mRNA expression and the Bcl-2/Bax 
ratio in the hippocampus of SHR 
Compared with the WKY group, the SHR group showed 
a significant increase in Bax and Bcl-2 mRNA expression 
(P < 0.01) and a significant decrease in Bcl-2/Bax mRNA 
ratio (P < 0.01). Compared with the SHR group, the reduc-
ing twirling group, reinforcing twirling group, and needle 
retaining group showed a significant decrease in Bax mRNA 
expression (P < 0.01) and a marked increase in the Bcl-2/
Bax mRNA ratio (P < 0.01). Bcl-2 mRNA expressions in the 
reinforcing twirling group and needle retaining group were 
significantly decreased compared with the SHR group (P < 
0.01), with no significant difference between the SHR group 
and reducing twirling group (P > 0.05). Compared with the 
reinforcing twirling group, Bcl-2 mRNA expression in the 
reducing twirling group was markedly increased (P = 0.022), 
and the Bcl-2/Bax mRNA ratio in needle retaining group 
was significantly increased (P < 0.01). No obvious difference 
in Bax mRNA expression was found among the reducing 
twirling group, reinforcing twirling group, and needle retain-
ing group (P > 0.05; Figure 4).

Discussion
Hypertension is commonly known to have unfavorable 
effects on health status (Cook et al., 2016). Long-term hy-
pertension leads to a continuous shortage of blood, oxygen, 
and energy supply, which induces neuronal apoptosis in the 
brain. Studies have shown that the hippocampus is the most 
sensitive brain region to ischemia and anoxia (Lipton and 

Table 1 Primer sequences employed for reverse transcription- 
polymerase chain reaction and anticipated product size

Gene Sequence (5′–3′)
Product 
size (bp)

Bcl-2 Forward: ACG CGA AGT GCT ATT GGT A 271
Reverse: GAC AAG GGG CCG TAG AGG CGA 
CGT C

Bax Forward: GAG CAG CCG CCC CAG GAC GCA 556
Reverse: TCC CAC CCC TCC CAA TAA T

GAPDH Forward: ACA GCA ACA GGG TGG TGGAC 252
Reverse: TTT GAG GGT GCA GCG AAC TT

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
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Figure 2 Effects of reinforcing and reducing twirling manipulation on cell apoptosis 
in the hippocampal CA1 area of SHR. 
(A–E) TUNEL-positive cells (arrows) in the hippocampal CA1 area. The nuclei of the 
TUNEL-positive cells were dark-brown and the cytoplasm was much lighter. Moreover, 
some TUNEL-positive cells were smaller in size with dark-brown dots and an irregular 
shape. There were minimal apoptotic changes in nuclei of the WKY group (A). Com-
pared with the WKY group, there were increased apoptotic nuclei in the SHR group (B). 
Following acupuncture, apoptosis was reduced in the reinforcing twirling group (C), 
reducing twirling group (D), and needle retaining group (E) compared with the SHR 
group, and no obvious difference was detected among the reinforcing twirling, reducing 
twirling, and needle retaining groups. (F) Quantitative data of TUNEL-positive cell 
number. Data are presented as the mean ± SD (n = 6 per group), and were analyzed by 
one-way analysis of variance followed by the Student-Newman-Keuls test. *P < 0.05, vs. 
WKY group; #P < 0.05, vs. SHR group. TUNEL: Terminal deoxynucleotidyl transferase 
dUTP nick-end labeling; WKY: Wistar-Kyoto; SHR: spontaneously hypertensive rats. 

Figure 1 Changes in systolic blood pressure after different 
acupuncture manipulations in SHR.
Data are presented as the mean ± SD (n = 12 per group), and analyzed 
using one-way analysis of variance followed by the Student-New-
man-Keuls test. **P < 0.01, vs. WKY group; #P < 0.05, ##P < 0.01, vs. 
SHR group; †P < 0.05, ††P < 0.01, vs. reinforcing twirling group; ‡P < 
0.05, ‡‡P < 0.01, vs. reducing twirling group. WKY: Wistar-Kyoto; SHR: 
spontaneously hypertensive rats. 
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Lobner, 1990; Park et al., 2016; Yoo et al., 2016). Closely con-
nected to the cardiovascular center, the hippocampus plays 
an important role in blood pressure regulation (Ueno et al., 
2004; Pietranera et al., 2012). Furthermore, hypertension 
induces apoptosis in brain neurons during the early stages of 
hypertension and prior to the symptoms of cerebrovascular 
disease (Mignini et al., 2004).

SHRs are the result of selective mating from WKY rats 
and are internationally recognized and widely used in basic 
hypertension research (Tayebati et al., 2012). Compared with 
WKY rats of the same age, early-stage SHRs (from 7 to 12 
weeks) are more aggressive and more easily irritated, with 
red and protruding eyes, dry stool, and yellow urine (Hui-
Hua et al., 2008). According to the theory of traditional Chi-
nese medicine, SHRs during this stage exhibit liver-yang hy-

peractivity syndrome (Zhong et al., 2015). Blood pressure is 
normal at birth, but continuously rises from 3 to 6 months. 
The features of SHRs hypertension are similar to humans 
with regard to increased time-dependent arterial blood pres-
sure, brain atrophy, neuronal loss, and glial cell reactions. 
Therefore, SHRs are often used to study brain damage caused 
by hypertension (Amenta et al., 2010). Previous studies have 
shown that hippocampal dysfunction already occurs during 
the initial stages of hypertension in SHR. With the develop-
ment of hypertension, volumes of CA1, CA3, dentate gyrus, 
corpus callosum, and the hippocampal external capsule 
gradually shrink and the area of neuronal apoptosis gradu-
ally expands in SHR (Mignini et al., 2004; Lanari et al., 2007; 
Amenta et al., 2010; Fotuhi et al., 2012; Tayebati et al., 2012). 
In the present study, compared with the WKY group, systol-
ic blood pressure in the SHR group significantly increased 
at 12 weeks, indicating successful model establishment. 
Results also showed a greater number of widely distributed 
TUNEL-positive cells in the SHR group compared with the 
WKY group, indicating that hypertension increased hippo-
campal neuronal apoptosis. This finding was consistent with 
the other studies showing that hypertension leads to brain 
damage (Mignini et al., 2004; Amenta et al., 2010; Fotuhi et 
al., 2012; Tayebati et al., 2012). 

Anti-apoptotic Bcl-2 and pro-apoptotic Bax are ex-
pressed in specific areas of the brain and exhibit antagonis-
tic properties (Yang et al., 2016). As important biological 
indexes of the apoptotic response, they promote or inhibit 
neuronal apoptosis. Bcl-2 exerts anti-apoptotic effects by 
inhibiting the effects of oxygen-free radicals on lipid per-
oxidation, while Bax counteracts Bcl-2 functions, thereby 
accelerating apoptosis (Rincheval et al., 2012). Under nor-
mal circumstances, products of these two genes remain 
relatively balanced. An imbalance in expression can lead 
to promotion or inhibition of cell apoptosis. Therefore, the 
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Figure 3 Protein expression of Bax and Bcl-2 in the hippocampus of rats (western 
blot assay).
Bax and Bcl-2 relative expression expressed as integrated density values to GAPDH. 
Data are presented as the mean ± SD (n = 6 per group), and analyzed using one-
way analysis of variance followed by Student-Newman-Keuls test. **P < 0.01, vs. 
WKY group; ##P < 0.01, vs. SHR group; ††P < 0.01, vs. reducing twirling group. 
WKY: Wistar-Kyoto; SHR: spontaneously hypertensive rats; GAPDH: glyceraldehyde 
3-phosphate dehydrogenase. 

Figure 4 Reverse transcription-polymerase chain reaction for mRNA expression 
of Bax and Bcl-2 in the hippocampus of rats (RT-PCR). 
Data are presented as the mean ± SD (n = 6 per group), and were analyzed using 
one-way analysis of variance followed by Student-Newman-Keuls test. **P < 0.01, 
vs. WKY group; ##P < 0.01, vs. SHR group; †P < 0.05, ††P < 0.01, vs. reinforcing 
twirling group. WKY: Wistar-Kyoto; SHR: spontaneously hypertensive rats; GAPDH: 
glyceraldehyde 3-phosphate dehydrogenase; RT-PCR: reverse transcription-poly-
merase chain reaction.
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ratio of Bcl-2/Bax can be used as an index of cell apoptosis 
(Oltvai and Korsmeyer, 1994; Croker et al., 2011). Studies 
have shown that long-term hypertension increases Bax 
expression, thereby decreasing the ratio of Bcl-2/Bax and 
inducing excessive apoptosis in rat brain cells. This con-
sequently results in decreased learning and memory abil-
ities (Wernig and Xu, 2002; Li et al., 2012). In the present 
study, western blot assay and RT-PCR results revealed the 
same trend compared with the WKY group; Bax and Bcl-
2 mRNA and protein expression significantly increased, 
and the Bcl-2/Bax ratio significantly decreased in the SHR 
group. These results suggested that high blood pressure 
led to increased Bax mRNA expression and brain damage 
in the SHR group. The endogenous protective system was 
likely activated to antagonize Bax and inhibit neuronal 
apoptosis by promoting Bcl-2 expression. 

Previous studies have shown that acupuncture is an ef-

fective method for treating primary hypertension (Lai et al., 
2012; Cevik and Iseri, 2013; Longhurst and Tjen-A-Looi, 
2013; Li et al., 2014). Some studies have shown that acupunc-
ture at the LR3 acupoint alleviates high blood pressure in-
duced by essential hypertension (Zhang et al., 1994). Modern 
studies indicate that the central mechanism of acupuncture 
for anti-hypertension lies in activation of the hypothalamic 
arcuate nucleus and periaqueductal gray in the anterior ven-
tral region, as well as inhibition of expression of cardiovascu-
lar sympathetic neurons and Apelin (multifunctional peptide 
that regulates blood pressure and heart function) in the rostral 
ventrolateral medulla (Michikami et al., 2006; Guo and Lon-
ghurst, 2010; Zhang et al., 2013a). Furthermore, by regulating 
Bcl-2 and Bax expression and reducing the ratio of Bax/Bcl-2 
in the brain, acupuncture could inhibit excessive apoptosis of 
brain cells, thereby protecting against hypertension-induced 
damage (Wu and Wang, 2011).
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Reinforcing and reducing manipulation affects the cu-
rative effect of acupuncture. The application of correct 
reinforcing or reducing method, according to deficiency 
or excess of disease, is a prerequisite for curative effects. 
Twirling is the most commonly used method for the rein-
forcing or reducing method in clinical practice. Previous 
studies primarily applied acupuncture therapy during the 
middle or late stages of hypertension. However, the study 
utilized different reinforcing and reducing methods during 
a relatively early stage (12 weeks old). Our results indicated 
that acupuncture had beneficial effects on blood pressure 
in SHR, with the effects differing according to the manip-
ulations applied (reinforcing twirling, reducing twirling, 
and needle retaining). Compared with the SHR group, 
systolic blood pressure significantly decreased in the reduc-
ing twirling group, reinforcing twirling group, and needle 
retaining group at 15 weeks. The antihypertensive effect 
of acupuncture in the reducing twirling group and needle 
retaining group was maintained for 21 weeks. However, 
this effect was no longer observed in the reinforcing twirl-
ing group at 21 weeks. Additionally, compared with the 
reinforcing twirling group and needle retaining group, the 
reducing twirling group showed superior antihypertensive 
effects from 15 to 21 weeks. Therefore, we concluded that 
among the three acupuncture treatment methods, reducing 
twirling results in the best antihypertensive effects. Further-
more, the effects of reducing twirling and needle retaining 
lasted longer than reinforcing twirling. All results were 
consistent with previous findings (Wang et al., 2011; Liu et 
al., 2015; Zhong et al., 2015).

Compared with the SHR group, the number of TUNEL- 
positive cells significantly decreased in the hippocampal 
CA1 area in the reducing twirling group, reinforcing twirling 
group, and needle retaining group, which suggested that acu-
puncture had a protective effect on hippocampal neurons. 
These results were consistent with previous findings showing 
that acupuncture exerts neuroprotective effects by inhibiting 
cellular apoptosis in the rat hippocampus (Zheng et al., 2007; 
Zhang et al., 2015). 

Moreover, acupuncture exhibited significant regulatory 
effects on Bax and Bcl-2 mRNA and protein expression, as 
well as the Bcl-2/Bax ratio. Compared with the SHR group, 
Bax and Bcl-2 mRNA and protein expression significantly 
decreased in the reinforcing twirling group and needle re-
taining group; Bax mRNA and protein expression drastically 
decreased, and Bcl-2 mRNA expression was slightly lowered 
in the reducing twirling group. All acupuncture treatments 
resulted in a significantly increased Bcl-2/Bax ratio com-
pared with the SHR group. This result was not consistent 
with previous findings showing that acupuncture counter-
acts apoptosis by up-regulating Bcl-2 mRNA and protein 
expression (Wu and Wang, 2011; Zhang et al., 2013b). These 
results revealed decreased Bax expression in the reinforcing 
twirling group, reducing twirling group, and needle retaining 
group, which suggests that accelerated apoptosis was restrict-
ed in the brains of hypertensive rats. It is possible that Bcl-2 
expression was automatically reduced, thereby maintaining 

a relative balance between Bax and Bcl-2. Moreover, some 
studies showed that the regulatory effect of acupuncture on 
Bax and Bcl-2 expression not only reduced Bax expression, 
but increased Bcl-2 expression; acupuncture also results in 
altered expression of one or both genes (Zhao et al., 2015). 
The increased ratio of Bcl-2/Bax is the determining factor for 
inhibiting apoptosis and protecting target organs (Siddiqui 
et al., 2015). We hypothesized that the effect of acupuncture 
regulation on Bax and Bcl-2 expression is a comprehensive 
and bidirectional regulatory process. Bax and Bcl-2 both 
relate mutually and oppose mutually, and maintain the dy-
namic balance under normal states. Pathological conditions 
may upset the balance between pro-apoptotic genes and 
apoptosis suppressor genes, thereby decreasing the Bcl-2/
Bax ratio. That is considered the imbalance of Yin and Yang, 
which accelerates the apoptosis. Acupuncture intervention 
can harmonize Yin and Yang, and inhibit excessive apoptosis 
of brain cells, thereby protecting against hypertension-in-
duced damage.

Results from our study showed that different acupuncture 
manipulation can trigger different types of central responses, 
which was consistent with previous results (MacPherson et 
al., 2008; Park et al., 2011; Hu et al., 2014). The Bcl-2/Bax ra-
tio of mRNA and protein expression significantly increased 
with reducing twirling compared with reinforcing twirling. 
This suggested that the twisting reducing method is better 
than the twisting reinforcing method in protecting brain 
neurons by regulating Bax and Bcl-2 expression and the Bcl-
2/Bax ratio in the rat hippocampus. Nevertheless, future 
studies are needed to determine whether other apoptotic 
mechanisms are involved in hypertension.

In summary, reinforcing twirling, reducing twirling, and 
needle retaining methods may all improve blood pressure and 
prevent target organ damage by increasing the Bcl-2/Bax ratio 
and inhibiting apoptosis of hippocampal neurons in SHR. Re-
ducing twirling significantly increased the mRNA and protein 
Bcl-2/Bax ratio compared with reinforcing twirling. 
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