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Background: To explore the time-dependent effects of acupuncture on mRNA levels of the apoptotic factors BCL-2 and BAX
in a rat cerebral hemorrhage model, slow injection of autologous blood to the caudate nucleus was used to
generate the cerebral hemorrhage model.

Material/Methods: A sham surgery control group, groups with acupuncture applied 3, 9, 24, and 48 hours after model induction,
and time-matched model-only control groups were used. In situ hybridization was used to detect BCL-2 and
BAX mRNA expression, and semi-quantitative RT-PCR was used to measure the expression.

Results: The number of BCL-2 and BAX mRNA-positive cells significantly increased during the acute phase of cerebral
hemorrhage. BCL-2 mRNA was significantly upregulated in acupuncture groups compared to other groups,
whereas BAX mRNA levels in the acupuncture groups were lower in the other groups, except for the sham sur-
gery group. Additionally, earlier acupuncture intervention was associated with a lower ratio of expression be-
tween the two genes. Changes in BCL-2 and BAX mRNA expression were consistent with changes in the num-
ber of cells positive for BCL-2 and BAX mRNA; however, the change in the expression ratio was consistent with
the change in the number of cells positive for BCL-2 mRNA, but opposite to the change in the number of cells
positive for BAX mRNA.

Conclusions: Acupuncture ameliorated changes in expression of apoptotic factors in the brain induced by acute cerebral
hemorrhage and may thus protect the brain, with greater efficacy when the delay before acupuncture was
minimized.
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Background

BCL-2 (B-cell lymphoma-2) is a major anti-apoptotic gene with
a length of 230 kb that is located at 18q21. It encodes a 26
kDa integral-membrane protein that localizes in the mitochon-
dria, endoplasmic reticulum, and nuclear membrane and plays
an important role in the long-term survival of nerve cells, he-
matopoietic stem/progenitor cells, and immune memory cells.
Under normal physiological conditions, BCL-2 protein inhibits
apoptosis and increases cell survival but does not affect the
cell cycle or differentiation [1,2]. In the BCL-2 family, BAX was
the first identified pro-apoptotic factor. The BAX protein con-
sists of 192 amino acids and has a high degree of amino acid
homology (21%) with BCL-2, as they both have two common
conserved domains, BH | and BH I, located at the hydrophobic
C-terminus. BAX and BCL-2 can both form homodimers, and
can also form heterodimers with each other. The ratio between
BCL-2 and BAX determines the apoptotic process; when the ra-
tio increases, apoptosis is suppressed, whereas when the ra-
tio decreases, apoptosis is induced. Acupuncture therapy can
influence the ratio between BCL-2 and BAX, suppress apop-
tosis, and exert a neuroprotective function in perihematomal
brain tissue upon acute cerebral hemorrhage.

In the acute phase of cerebral hemorrhage, neural cells enter
the initial stage of apoptosis by both intrinsic and extrinsic
pathways [3]. It is generally believed that the extrinsic path-
way, also known as the extrinsic death receptor pathway, is
induced by binding of tumor necrosis factor (TNF) receptor
family and ligands. The intrinsic pathway, also known as in-
trinsic mitochondrial pathway, is induced by tumor suppres-
sor genes such as p53 which can be activated by DNA dam-
age. The expression of p53 then regulates the expression of
BCL-2 family members (e.g., it increases the expression of BAX
and decreases the expression of BCL-2) which exert their ef-
fects before apoptosis. Together, the BCL-2 family members
induce the release of cytochrome C located between the in-
ner and outer mitochondrial membrane into the cytoplasm [4].
Subsequently, the apoptotic complex composed of cytochrome
C, apoptotic protease-activating factor-1 (Apaf-1), and procas-
pase-9 (i.e., activated caspase-9) is formed in the cytoplasm
and induces caspase cascade activation [5]. In the later phase
of apoptosis, proteases, such as caspase-3, are major induc-
ers induced by caspase-8 and caspase-9, which were already
activated in the initial phase, eventually leading to cell death
through processes including the degradation of cytoskeleton
and DNA fragments [6].

Many studies have shown that acupuncture is effective in in-
hibiting apoptosis [7]. Feng et al. reviewed the neuroprotective
effect of electroacupuncture (EA) on cerebral ischemic strokes,
and clarified that EA could reduce the brain damage caused
by cerebral ischemic strokes and induce cerebral ischemic
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tolerance before the occurrence of cerebral stroke. The pos-
itive effects are achieved by promoting angiogenesis, reduc-
ing inflammation, regulating the blood brain barrier (BBB),
and inhibiting apoptosis. Hou et al. [8] explored the impact of
acupuncture on the Baihui and Dazhui acupoints on heroin
relapse from the perspective of neural cell apoptosis in an an-
imal model. The results showed that after acupuncture inter-
vention, pathological damage in the hippocampus and fron-
tal lobe was significantly reduced, whereas BCL-2 expression
was increased and BAX expression was decreased, indicating
that acupuncture exerts an effect similar to that of the west-
ern medicine methadone.

The mechanisms by which brain hemorrhage induces apoptosis
are unclear, but many studies have demonstrated that the oc-
currence of oxidative stress could generate a large amount of
superoxide radicals, which are the main inducers of apoptosis.
BCL-2 overexpression was previously shown to prevent peroxi-
dation of lipid membranes of brain cells and prevent oxidative
damage through suppression of the generation of superoxide
radicals [9]. Additionally, Ca?* overload can also lead to apop-
tosis. It has been shown that the imbalance of Ca?* influx and
outflow is an initiation signal for Ca** overload and ischemic
neuronal or myocardial cell death. Critically, Ca?* can directly
activate hydrolases such as proteases, phospholipase, and nu-
clease, thus immediately triggering cell death and tissue dam-
age [10]. The main storage organelle for Ca?* within cells is the
endoplasmic reticulum, which is also one of the locations of
BCL-2 protein. Studies have demonstrated [11] that inhibition
of cell apoptosis by BCL-2 might be closely associated with the
effects of high BCL-2 expression in the endoplasmic reticulum
on Ca?* release through different mechanisms. Furthermore,
BCL-2 is involved in signal transduction pathways for apoptosis.
In particular, is has been reported that substitution mutations
of specific amino acids in the BH | and BH Il domains of BCL-2
lead to a complete loss of its apoptotic inhibitory function. As a
result of these mutations, although BCL-2 itself could still form
homodimers, it is unable to generate heterodimers with BAX.
This finding indicates that BCL-2 exerts its apoptotic inhibito-
ry function only through BCL-2-BAX heterodimers [12]. Finally,
the molecular structure of BAX determines its function in pro-
moting apoptosis. Gavathiotis et al. [13] found that there is a
unique groove or trigger site, i.e., BH Ill death domain (a-helix
structure), in the BAX protein that triggers BAX activation un-
der certain circumstances (such as upon activation of the cel-
lular stress response). After being activated, BAX moves from
the cytoplasm to the outer membrane of mitochondria, result-
ing in mitochondrial damage and the release of cytochrome
C into the cytoplasm, triggering a series of reactions that ulti-
mately lead to cell fragmentation and apoptosis.

Studies have shown that acupuncture significantly amelio-
rates pathological changes in BCL-2 mRNA, BAX mRNA, BCL-2
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protein, BAX protein, and the BCL-2/BAX ratio. He et al. [14] ex-
amined the effects of acupuncture at the Zusanli and Waiguan
acupoints on the expression of BCL-2 and BAX protein in a rat
model of acute cerebral infarction. They concluded that early
acupuncture treatment for acute cerebral infarction inhibited
apoptosis by affecting the expression of BCL-2 and BAX, there-
by protecting neural cells. Liu et al. [15] studied the effect of
acupuncture on the expression of BCL-2 and BAX mRNA and
protein in the hippocampus of rats with multi-infarct demen-
tia (MID). They found that acupuncture promoted BCL-2 ex-
pression in the hippocampus of rats with MID and inhibited
the expression of BAX, thus protecting the brain. In addition,
the effect showed acupoint specificity.

This study explored the effects of acupuncture on apoptosis in
perinematomal brain tissues at different times after the for-
mation of hematoma in a rat cerebral hemorrhage model by
evaluating the expression of BCL-2 and BAX mRNA and de-
termining the BCL-2/BAX mRNA ratio. The study investigated
the theoretical basis for the application of acupuncture ther-
apy in the clinical treatment of acute cerebral hemorrhage.

Material and Methods

Animal selection, grouping, and treatments

In total, 135 healthy adult male Wistar rats (7 weeks, weight-
ing 215-245 g, SPF grade) were provided by the Chinese
Academy of Medical Sciences and Peking Union Medical College,
Institute of Biomedical Engineering. The rats were maintained
on standard diet and drinking water in multi-layer flow racks
in the Animal Experiment Center (23+2 °C, 50+10% humidity)
of the Institute of Biomedical Engineering, Chinese Academy
of Medical Sciences and Peking Union Medical College. The
rats were randomly assigned to a sham surgery group, model
group, or acupuncture group according to a random number
table. The acupuncture group was then further randomly di-
vided into four subgroups, with acupuncture treatment at 3,
9, 24, or 48 hours after model induction, with 15 rats in each
subgroup, for a total of 60 rats. The model group was also fur-
ther divided into four subgroups with the same time points as
the four acupuncture subgroups (but with only similar handling
and no acupuncture), with 15 rats in each subgroup, for a total
of 60 rats. The sham surgery group contained 15 rats; a pilot
experiment showed no significant difference when different
time points were used in the sham surgery subgroups; there-
fore, only one time point (i.e., 3 hours after model induction)
was used for the sham surgery group. All rats were labeled
with picric acid. The acupuncture groups received the first acu-
puncture treatment 3, 9, 24, or 48 hours after successful mod-
elinduction, twice a day at intervals of six hours, and the rats
were sacrificed after five consecutive days of acupuncture. The
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sham surgical group underwent handling without acupuncture
twice a day starting three hours after the surgery, and the an-
imals were sacrificed after five consecutive days of handling
without acupuncture. The rats in each group were decapitat-
ed and the brains were removed immediately after death. All
methods were conducted in accordance with relevant guide-
lines for animal health and welfare, and the ethical review
board of Tianjin Nankai Hospital approved the study protocols.

Generation of the experimental animal model

Slow injection of autologous blood to the caudate nucleus was
used to generate the cerebral hemorrhage model in Wistar rats.
Animals were anesthetized with intraperitoneal injection of
10% chloral hydrate (300 mg/kg). After skin preparation, rats
were fixed in the prone position on a single-arm brain stereo-
taxic instrument. The injection location was determined ac-
cording to The Rat Brain in Stereotaxic Coordinates [3]. A longi-
tudinal incision was made in the middle of the head to expose
the bregma and coronal suture. The skull was opened man-
ually, and a 25-pL microinjection needle was inserted 6 mm
into the brain to the caudate nucleus. Then 25 pL of autolo-
gous whole blood obtained from the tail vein was slowly in-
jected (over 5 minutes), and the needle was maintained in po-
sition for 5 minutes before withdrawal. Finally, the burr hole
was closed with sterile bone wax, the cut tissue was sutured
closed, and iodine solution was used to disinfect the surgical
wound. When the rats recovered from anesthesia, the genera-
tion of a cerebral hemorrhage model was considered to be suc-
cessful based on pilot experiments in which the Bederson [4]
and Longa scores [5] were used to assess behavioral changes.
For the Bederson and Longa scores, rats with a score >1 were
considered to have successful model induction. Animals in the
model group and acupuncture group underwent the cerebral
hemorrhage model surgery, and the same volume of saline was
injected into the caudate nucleus of the sham surgery group
to mimic the surgical injury.

Acupuncture point selection and quantitative analysis

The locations of acupoints were targeted based on the
Animal Acupuncture Points Atlas drafted by the Experimental
Acupuncture Institute of China Association for Acupuncture
and Moxibustion. In the acupuncture group, Neiguan and
Renzhong acupoints were used for both sides. A No. 31 3.81
cm stainless steel acupuncture needle was selected. The pen-
etration needling method was used for the Neiguan acu-
puncture point and EA was applied with a continuous wave
with the frequency set on “4” and the intensity output set on
“4” The needle was maintained on site for 1 minute. For the
Renzhong acupuncture point, bird-pecking needling was ap-
plied to stimulate the point 10 times, and the needle was not
maintained on the site.
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During the experiment, 10 rats were excluded because of death:
2 in the sham surgery group, 1 in the 9 hour model group, 2 in
the 24 hour model group, 2 in the 48 hour model group, 1 in
the 9 hour acupuncture group, and 1 in the 24 hour acupunc-
ture group. The total number of rats in the final analysis, ex-
cluding dead rats, was 125: 14 in the sham surgery group, 13
in the 3 hour model group, 14 in the 9 hour model group, 13
in the 24 hour model group, 13 in the 48 hour model group,
15 in the 3 hour acupuncture group, 14 in the 9 hour acupunc-
ture group, 14 in the 24 hour acupuncture group, and 15 in
the 48 hour acupuncture group.

In situ hybridization (paraffin-embedded samples)

The mRNA probe sequences targeting the rat BCL-2 gene were
(1) 5’ GATGA AGTAC ATCCA TTATA AGCTG TCACA 3 (2) 5’ GCGCT
CAGCC CTGTG CCACC TGTGG TCCAC 3; and (3) 5’ GGGAG ATGTC
ACCCC TGGTG GACAA CATCG 3'. The mRNA probe sequences
targeting the rat BAX gene were (1) 5° CGAGA GGTCT TCTTC
CGTGT GGCAG CTGAC ATGTT 3’; (2) 5’ AACTT CAACT GGGGC
CGGGT GGTTG CCCTT TTCTA 3’ and (3) 5’ CTGAT CAGAA CCATC
ATGGG CTGGA CACTG GACTT 3.

Specimens were promptly fixed after harvesting in 4% para-
formaldehyde in 0.1 M PBS (pH 7.0-7.6) containing 1/1000 di-
ethylpyrocarbonate (DEPC) for 40 minutes. Samples were rou-
tinely dehydrated and paraffin-embedded, and 4-pum sections
were prepared. Slides were treated with poly-lysine and paraf-
fin sections were routinely dewaxed and hydrated. Slides were
incubated in hydrogen peroxide (30% hydrogen peroxide/dis-
tilled water: 1:10) for 10 minutes at room temperature to in-
activate endogenous peroxidases, followed by three washes
in distilled water.

For exposure of mRNA fragments, pepsin freshly diluted in 3%
citric acid (1 mL of 3% citric acid was mixed with two drops
of concentrated pepsin) was added on slides and digestion in
room temperature was performed for 10 minutes, followed

Table 1. Primer sequences.
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by three washes in PBS for five minutes each, and one wash
in distilled water.

Post-fixation was performed after pepsin digestion. The fixative
consisted of 1% paraformaldehyde in 0.1 M PBS (pH 7.2-7.6)
and 1/1000 DEPC. Samples were post-fixed for 10 minutes at
room temperature, followed by three washes in distilled water.

For preparation of the humidified hybridization chamber, 20
mL of 20% glycerol was added to the bottom of a dry hybrid-
ization box to maintain humidity. Then, 20 pL of pre-hybrid-
ization solution were added to each slice, with incubation in
a 40°C incubator for 3 hour. Excess liquid was absorbed and
no washing was performed.

For hybridization, 20 pL of hybridization buffer was added to
each slice. The protective film was removed from in situ hy-
bridization coverslips and coverslips were placed on each slice.
Samples were left in a 40°C incubator overnight.

For washing after hybridization, the coverslip was removed and
slides were first washed twice in preheated 2xSSC at 37°C for
5 minutes, followed by one wash in 0.5xSSC for 15 minutes
at 37°C and a final wash in 0.2xSSC for 15 minutes at 37°C.
Blocking solution was added to the slides and incubated at
37°C for 30 minutes. Excess liquid was removed and no wash-
ing was performed. Biotinylated mouse anti-digoxin was add-
ed and incubated at RT for 120 minutes followed by washing
in PBS four times for 5 minutes each. Streptavidin-biotin com-
plex (SABC) was then added and incubated at room temper-
ature for 30 minutes followed by washing in PBS three time
for 5 minutes each. Biotinylated peroxidase was added with
incubation at room temperature for 30 minutes followed by
washing in PBS four times for 5 minutes each.

For DAB chromogenic staining, a DAB substrate kit (Beijing
Solar Technology Co., Ltd.) was used: 1 mL of distilled water
was mixed with one drop of reagents A (buffer), B (substrate),

Gene Primer Primer sequence (5’ to 3’) Product size (bp)
Forward primer GAGTACCTGAACCGGCATCT

BCL-2 172
Reverse primer GGTATGCACCCAGAGTGATG
Forward primer CAGGATGCGTCCACCAAGAA

BAX 193
Reverse primer AGTAGAAGAGGGCAACCACG
Forward primer AAGAGGGATGCTGCCCTTAC

GAPDH 119
Reverse primer TACGGCCAAATCCGTTCACA
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Table 2. Comparisons of rates of BCL-2 mRNA and BAX mRNA positive cells (s).

Groups BCL-2 mRNA positive cell rate (%) BAX mRNA positive cell rate (%)

3-h sham surgery group 14 10.50+2.98 9.71+3.36
9-h sham surgery group 14 10.50£2.98 9.71+3.36
24-h sham surgery group 14 10.50+2.98 9.71+3.36
48-h sham surgery group 14 10.50+2.98 9.71+3.36
3-h model group 13 16.77+4.40*#e& 30.38+5.35*
9-h model group 14 26.93+£5.03* 30.57+4.93*
24-h model group 13 25.5443.57* 29.3143.28*
48-h model group 13 25.38+3.86* 26.00+4.97*
3-h acupuncture group 15 34.73+4.18*#e& 14.1344.09*5*e
9-h acupuncture group 14 29.7144.89*@ 15.50+4.75*%#@
24-h acupuncture group 14 34.7145.55*# 19.3645.12*%
48-h acupuncture group 15 28.80+4.11* 21.2044.31*

Between groups: compared with the sham surgery group * P<0.05, compared with the same-time point model group * P<0.05; within
the Group: compared with the 48-h group # P<0.05, compared with the 24-h group @ P<0.05, compared with the 9-h group & P<0.05.

and C (chromogenic agent), and the mixture was added to the
specimen and incubated for 30 minutes to produce a color re-
action, followed by thorough washing in water. After ethanol
dehydration and xylene clearing, the slides were coverslipped.

RT-PCR

For total RNA extraction, an Ultrapure RNA extraction kit (Beijing
ComWin Biotech Co., Ltd.) was used as per manufacturer’s in-
structions. Then 5 pL of RNA were loaded in a 1% agarose gel for
electrophoresis to determine RNA integrity. A DNase | kit (Beijing
ComWin Biotech Co.,, Ltd.) was used per the manufacturer’s instruc-
tions to digest any remaining genomic DNA in the extracted RNA.

Reverse transcription

A HiFi-MMLV cDNA first-strand synthesis kit (Beijing ComWin
Biotech Co., Ltd.) was used for reverse transcription accord-
ing to the manufacturer’s instructions. For the RT-PCR reaction
system, DNA was amplified using the UltraSYBR Mixture (with
ROX). The amplification program was 95°C for 10 minutes, fol-
lowed by 45 cycles of 95°C for 15 seconds and 60°C for 60 sec-
onds. The reaction mixture contained 10 pL of 2xUltraSYBR
Mixture, 0.4 pL of 10 uM forward primer, 0.4 pL of 10 pM re-
verse primer, 2 uL of template, and sterilized distilled water in
a total volume of 20 pL. The primer sequences of BCL-2 and
BAX mRNA probes as shown in Table 1.

Rates of BCL-2 mRNA positive cell (%)
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Figure 1. Comparisons of the rates of BCL-2 mRNA-positive cells
between groups. Between groups: Compared with the
sham surgery group * p<0.05, compared with the same
time-point model group * p<0.05; within the group:
compared with the 48 hour group # p<0.05, compared
with the 24 hour group @ p<0.05, compared with the 9
hour group & p<0.05. (BCL-2 in situ hybridization, 400x).

For PCR, after each sample cDNA was diluted 10-fold, 2 pL of the
diluted cDNA was used as the template, and the target and ref-
erence genes were amplified. Melting curve analyses were per-
formed at 60°C to 95°C (each sample was amplified in triplicate).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




LiZ etal:
Time-dependent effects of acupuncture on BCL-2 mRNA and BAX mRNA
© Med Sci Monit, 2017; 23: 1522-1532

ANIMAL STUDY

Figure 2. In situ hybridization images showing BCL-2 expression, 400x. (A) Sham operation group, (B) 3 hour model group, (C) 9 hour
model group, (D) 24 hour model group, (E) 48 hour model group, (F) 3 hour acupuncture group, (G) 9 hour acupuncture
group, (H) 24 hour acupuncture group, (1) 48 hour acupuncture group.

Relative quantitative analysis

The 2724< relative quantitation formula was used for
quantification:

F= 2—{[test group target gene average Ct value - test group internal control gene average Ct value]

— [control group target gene average Ct value — control group internal control gene average Ct value]}

Using this formula, the target genes’ expression for each sam-
ple was calculated relative to the levels in the control samples.

Statistical analysis

All data were processed using SPSS 17.0 software. Quantitative
data were analyzed by single factor variance analysis (one-
way ANOVA) and grade-evaluation data were analyzed by
Wilcoxon’s rank sum test. Data are presented as the mean +
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Figure 3. Comparisons of rates of BAX mRNA-positive cells
between groups. Between groups: compared with the
sham surgery group * p<0.05, compared with the same
time point model group * p<0.05; within the group:
compared with the 48 hour group # p<0.05, compared
with the 24 hour group @ p<0.05, compared with the 9
hour group & p<0.05. (BAX situ hybridization, 400x).

standard deviation (j+s) and p<0.05 was considered statis-
tically significant.

Results

In situ hybridization

Comparison of the number of cells positive for BCL-2 mRNA
between groups

As shown in Table 2 and Figure 1, among all groups, the rate
of cells positive for BCL-2 mRNA was significantly higher in
the model and acupuncture groups than in the sham sur-
gery groups at the same time point (p<0.05). The increase
in the acupuncture groups was significantly higher than
that in the model groups at the same time point (with the
exception of the 9 hour acupuncture group, in which the
rate was not significantly different from that in the 9 hour
model group) (p<0.05). When comparing results within the
groups, the rate of cells positive for BCL-2 mRNA was lower
in the 3 hour model group than in the other subgroups, and
no significant differences were observed among the rest of
the subgroups, i.e., the 9 hour model group, 24 hour model
group, and 48 hour model group (p<0.05). Among the sub-
groups of the acupuncture group, the rate of cells positive
for BCL-2 mRNA was significantly increased in the 3 hour
group and 24 hour group compared to the 9 hour and 48
hour groups (p<0.05), and no significant differences were
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observed between the 3 hour and 24 hour groups or be-
tween the 9 hour and 48 hour groups.

BCL-2 mRNA was expressed at different levels in the cytoplasm
in perihematomal brain tissues of rats with acute cerebral hem-
orrhage, and cytoplasm positive for BCL-2 mRNA exhibited a
brown or tan color (Figure 2). Cells positive for BCL-2 mRNA were
unevenly and sporadically distributed among normal cells, with
varied shapes and sizes. In the sham surgery group, positive cells
were rarely seen, whereas in the acupuncture subgroups, the
number of positive cells increased significantly, especially in the
3 hour and 24 hour acupuncture groups. In subgroups of the
model group, the number of positive cells increased compared
with the sham surgery group, but significantly decreased com-
pared with the acupuncture groups at the corresponding time
points (with the exception of the 9 hour model group, in which
the rate of positive cells was similar to that in the 9 hour acu-
puncture group). Among the subgroups of the model group, the
3 hour model group showed the fewest positive cells.

Comparison of the rate of cells positive for BAX mRNA
between groups

As shown in Table 2 and Figure 3, the rate of cells positive for
BAX mRNA was significantly higher in the model and acupunc-
ture groups than in the sham surgery groups at the same time
points, and the increase was greater in the model groups than
in the acupuncture groups. The differences between any two
of the sham operation group, model group, and acupuncture
group were statistically significant (p<0.05) at all time points.
No significant differences were found in the rate of cells posi-
tive for BAX mRNA between any two subgroups among the 3,
9, 24, and 48 hour model groups. In the acupuncture group,
the rates of cells positive for BAX mRNA were higher in the
24 hour and 48 hour acupuncture groups than in the 3 hour
and 9 hour acupuncture groups (p<0.05), and no significant
differences were observed between the 24 hour and 48 hour
groups or between the 3 hour and 9 hour groups.

As shown in Figure 4, BAX mRNA was expressed at different lev-
els in the cytoplasm in perihematomal brain tissues after acute
cerebral hemorrhage, and the cytoplasm was stained brown or
tan. Cells positive for BAX mRNA had varied shapes and sizes
and were unevenly and sporadically distributed among nor-
mal cells. Positive cells were rarely seen in the sham surgery
group. The rate of positive cells significantly increased in all
model subgroups but was similar among the 3, 9, 24, and 48
hour model groups. The number of positive cells in the acu-
puncture subgroups was significantly higher than in the sham
surgery group, but significantly lower than in the model sub-
groups at the same time point, with the 3 hour and 9 hour acu-
puncture groups exhibiting the fewest positive cells, followed
by the 24 hour and 48 hour acupuncture groups.
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Figure 4. (A-1) Sham surgery group; 3, 9, 24, and 48 hour model groups; 3, 9, 24, and 48 hour acupuncture groups, respectively.

RT-PCR results
Compatrison of BCL-2 mRNA levels among groups

BCL-2 mRNA levels were lower in the sham operation group
than in the model group, except in the 24 hour and 48 hour
model groups, in which the expression of BCL-2 was decreased
significantly compared to the sham group (p<0.05, Table 3
and Figure 5). Additionally, the expression was significantly
increased in the 3 hour and 9 hour model groups compared
to the sham operation group (p<0.05). Compared to the sham

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

operation and model groups, BCL-2 mRNA levels in the acu-
puncture groups at the same time points were significantly in-
creased (p<0.05). Additionally, BCL-2 mRNA levels in the 3 hour
and 9 hour model groups were significantly higher than those
in the 24 hour and 48 hour model groups (p<0.05). However,
the differences between the 3 hour and 9 hour model groups
and those between the 24 hour and 48 hour model groups
were not significant. Among the acupuncture subgroups, the
BCL-2 mRNA levels were higher (p<0.05) in the 9, 24, and 48
hour groups than in the 3 hour group, but no significant dif-
ferences were observed among the 9, 24, and 48 hour groups.
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Table 3. Comparisons of BCL-2 mRNA and BAX mRNA levels and BCL-2/BAX mRNA ratios between groups ()(+s).

Ratio of BCL-2 mRNA

SIS ex:f:;:i::lﬁ:\?els expBr::siT: ':I:lels expressionIBl:\x s
expression
3-h sham surgery group 14 1.03+0.04 1.06+0.04 0.98+0.05
9-h sham surgery group 14 1.03+0.04 1.06+0.04 0.9840.05
24-h sham surgery group 14 1.03+0.04 1.06+0.04 0.98+0.05
48-h sham surgery group 14 1.03+0.04 1.06+0.04 0.98+0.05
3-h model group 13 1.07+0.04*#e 2.23+0.06*"#e& 0.48+0.02*#@
9-h model group 14 1.11+0.03*#@ 2.38+0.06*%@ 0.47+0.02*%
24-h model group 13 0.98+0.09* 3.05+0.04** 0.32+0.03*
48-h model group 13 0.97+0.13* 3.17+0.05* 0.30+0.04*
3-h acupuncture group 15 2.11+0.06**e& 1.74+0.04*5#e% 1.2140.05**@
9-h acupuncture group 14 2.24+0.05*° 1.87+0.04*%e 1.2040.04*5%e
24-h acupuncture group 14 2.2840.04*° 2.08+0.05** 1.10+0.03*%#
48-h acupuncture group 15 2.28+0.04*° 62.19+0.04*S 1.04+0.02*°

Between groups: compared with the sham surgery group * P<0.05, compared with the same-time point model group * P<0.05; within
the Group: compared with the 48-h group # P<0.05, compared with the 24-h group @ P<0.05, compared with the 9-h group.
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Figure 5. Comparisons of BCL-2 mRNA levels between groups.
Between groups: compared with the sham surgery
group * p<0.05, compared with the same time point
model group * p<0.05; within the group: compared
with the 48 hour group # p<0.05, compared with the 24
hour group @ p<0.05, compared with the 9 hour group
& p<0.05.

Comparison of BAX mRNA levels between groups

The BAX mRNA levels were significantly higher in the model
groups and the acupuncture groups than in the sham groups

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Figure 6. Comparisons of BAX mRNA levels between groups.
Between groups: compared with the sham surgery
group * p<0.05, compared with the same time point
model group $ p<0.05; within the group: compared
with the 48 hour group # p<0.05, compared with the 24
hour group @ p<0.05, compared with the 9 hour group
& p<0.05.

at the same time point (p<0.05, Table 3 and Figure 6), and the
increase in the model groups was more significant than that
in the acupuncture groups (p<0.05). The 48 hour model group
had the highest BAX mRNA levels among all model subgroups,
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Figure 7. Comparisons of BCL-2/BAX mRNA ratios between
groups. Between groups: compared with the sham
surgery group * p<0.05, compared with the same
time point model group * p<0.05; within the group:
compared with the 48 hour group # p<0.05, compared
with the 24 hour group @ p<0.05, compared with the 9
hour group & p<0.05.

followed in order by the 24, 9, and 3 hour model groups, and
the differences between any two of these groups were sig-
nificant (p<0.05). Among all acupuncture subgroups, the 48
hour acupuncture group also showed the highest BAX mRNA
levels, followed in order by the 24, 9, and 3 hour groups, and
the differences between any two of these groups were sig-
nificant (p<0.05).

Comparison of ratios of BCL-2 and BAX mRNA levels between
groups

As shown in Table 3 and Figure 7, the ratio of the BCL-2 mRNA
level to the BAX mRNA level was significantly higher in the
sham surgery and acupuncture groups than in the model
groups at the same time point (p<0.05), with the highest ratio
in the acupuncture groups. The ratio of BCL-2 mRNA level to
BAX mRNA level was significantly higher in the 3 hour and 9
hour model groups compared to the 24 hour and 48 hour mod-
el groups (p<0.05), and no significant differences were found
between the 3 hour and 9 hour model groups or between the
24 hour and 48 hour model groups. The ratio of BCL-2 mRNA
level to BAX mRNA level was also significantly higher in the
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3 hour and 9 hour acupuncture groups compared to the 24
hour and 48 hour acupuncture groups (p<0.05), and signifi-
cantly higher in the 24 hour acupuncture group than in the
48 hour group (p<0.05).

Discussion

The results of the present study showed that the number of
cells positive for BCL-2 and BAX mRNA was significantly in-
creased after acute cerebral hemorrhage, and that acupunc-
ture resulted in a significant increase in the levels of BCL-2
mMRNA and a decrease in the levels of BAX mRNA, even when
compared to the sham surgery group. In addition, earlier acu-
puncture intervention was associated with lower numbers of
cells positive for BCL-2 and BAX mRNA. The changes in the
expression of BCL-2 and BAX mRNA were consistent with the
changes in the rate of cells positive for BCL-2 and BAX mRNA.
The change in the expression ratio of BCL-2 and BAX mRNA
was consistent with the change in the number of cells posi-
tive for BCL-2 mRNA but inversely correlated with the change
in the rate of cells positive for BAX mRNA. Acupuncture can
improve the ratio of BCL-2/BAX mRNA and thus inhibit apop-
tosis. Apoptosis might be an important mechanism of delayed
injury in neurocytes surrounding the hematoma, and it has a
close relationship to the inflammatory reaction of hemorrhag-
ic tissue after intracerebral hemorrhage. Therefore, this find-
ing is of great significance to the early treatment of intracere-
bral hemorrhage by acupuncture.

Conclusions

This study indicates that by ameliorating the changes in the
mRNA expression of the apoptotic factors BCL-2 and BAX caused
by acute cerebral hemorrhage, acupuncture therapy exerts a
neuroprotective function in perihematomal brain tissue upon
acute cerebral hemorrhage. The most significant effects were
observed when treatment was started 3 hours or 9 hours af-
ter cerebral hemorrhage, i.e., efficacy was highest when the
interval between cerebral hemorrhage and acupuncture ther-
apy was minimized.
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