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Abstract

The expression of the anti-apoptotic molecules Bcl-2 and transforming growth factor-beta 1 is
known to confer protective effects on the cerebral ischemia-reperfusion injury. The current study
investigated the expression levels of Bcl-2 and transforming growth factor-beta 1 in response to
multiple pre-ischemia electro-acupuncture at acupoints Zusanli (ST36) and Fengchi (GB20)
stimulation. Rats were divided into five groups: uninjured, control, non-acupoint, GB20 and ST36.
Rats in the non-acupoint, GB20 and ST36 groups received 30 minutes (3 times or 18 times) of
electro-acupuncture stimulation before experimental cerebral ischemia was induced. Bcl-2 and
transforming growth factor-beta 1 were found to be significantly increased in the ST36 groups with
either 3 or 18 electro-acupuncture treatments (P < 0.05). The production was higher with 18
electro-acupuncture treatments in the ST36 groups (P < 0.05). In the GB20 groups, significant
increase was only observed in transforming growth factor-beta 1 with 18 electro-acupuncture
treatments (P < 0.05). No significant elevation of the level of transforming growth factor-beta 1 was
observed in the non-acupoint groups. However, the production of Bcl-2 increased with 18
treatments in the non-acupoint groups (P < 0.05). The data suggest that multiple pre-ischemia
electro-acupuncture at ST36 was effective in conferring neuroprotective effect on the brain by
means of upregulation of Bcl-2 and transforming growth factor-beta 1 and the effect was increase
with the number of treatment.
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Research Highlights

(1) With the success of post-ischemia application of electro-acupuncture, scientists start their
interest in its preventive ability.

(2) Two groups of multiple pre-ischemia electro-acupuncture treatment, 3 times and 18 times, were
applied bilaterally at Zusanli (ST36), Fengchi (GB20) and non-acupoint.

(3) Beneficial effect which favored more session of treatment was observed only at ST36 after
cerebral ischemia through up-regulating the level of Bcl-2 and transforming growth factor-beta 1.
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INTRODUCTION

Transforming growth factor-beta 1 is an ubiquitous
cytokine that influences various cell types, including
microglia™ and neurons™?. It is virtually absent from
intact brain tissue®®?, but its expression increases
strongly after trauma®, excitotoxic lesioningl and
ischemia-reperfusion injury™. Transforming growth
factor-beta 1 induction has been associated with several
anti-inflammatory effects including decreased neuronal
susceptibility to glutamate excitotoxicity, macrophage
deactivation and astrocytic brain-derived neurotrophic
factor induction®. transforming growth factor-beta 1 also
contributes to calcium homeostasis in nerve cells, which
is important for the regulation of neuronal nitric oxide
synthase expression™. Transforming growth factor-beta 1
also reduces cerebral ischemia-reperfusion induced
inducible nitric oxide synthase expression®. Increased
transforming growth factor-beta 1 protein levels may act
as an initiator of neuroprotective mechanisms. Bcl-2 is a
known oncogene product that protects cells from
apoptosis by preventing the release of cytochrome C
Increased Bcl-2 expression is also neuroprotective
because it decreases the formation of peroxynitrite and
nitric oxide, thereby reducing infarct volume and
inhibiting the activation of caspase-3%*%.

Acupuncture, in particular electro-acupuncture, has
increasingly been used as a complementary therapy for
pain relief***? and stroke rehabilitation in both Asian and
western countries™***, A considerable number of studies
investigated the effectiveness of electro-acupuncture
therapy on patients with cerebral ischemia. Several
beneficial outcomes have been noted, including reduced
paralysis due to increased muscle strength*®*™,
improved speech™, reduced mental retardation™*”,
restored cerebral blood flow!****! and improved
locomotion™"*# 221l These observations support the
hypothesis that post-ischemia electro-acupuncture can
be an effective modality for the treatment of stroke.
However, little is known about the effectiveness of
pre-ischemia electro-acupuncture in minimizing
neurological injury caused by stroke. If proven successful,
pre-ischemia electro-acupuncture could be used as a
preventive measure for patients at increased risk of
stroke. In this study, we investigated the effects of
multiple applications of electro-acupuncture stimulation
before the induction of cerebral ischemia. Two acupoints,
Fengchi (GB20) and Zusanli (ST36), were selected for
this study because electro-acupuncture stimulation of
these two points might minimize damage to brain tissue
through its ability to attenuate lipid peroxidation in areas
affected by stroke®?. Furthermore, GB20 is an effective
acupoint often selected for stroke rehabilitation because

[6-7]
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treatment via GB20 greatly improves the locomotive
ability of stroke patients™ 2%, In contrast, ST36 is a
common acupoint for analgesia, spasmolysis and
homeostasis®?*?%,

In order to confirm the correct selection of acupoint in the
tissue, the bilateral non-acupoint was selected and
compared to the selected acupoint. After the induction of
cerebral ischemia, the effects of electro-acupuncture
stimulation at different acupoints were assessed by
measuring the expression of transforming growth
factor-beta 1 and Bcl-2. As described above, the
increased production of transforming growth factor-beta 1
and Bcl-2 has been shown to be neuroprotective against
cerebral ischemia.

RESULTS

Physiological parameters
The physiological data obtained before and during
transient focal cerebral ischemia are shown in Table 1.

Table 1 Physiological data from rats subjected to
transient focal cerebral ischemia

n PaO; (kPa) PaCO, (kPa) pH
Pre-ischemia 6 13.93+1.43 5.78+0.47  7.229+0.029
Post-ischemia 6  14.34+0.89 5.89+0.67 7.223+0.039

Data (mean + SD) obtained from arterial blood at 15 minutes be-
fore and after middle cerebral artery occlusion occlusion. PaO,:
Partial oxygen pressure; PaCO;: partial carbon dioxide pressure.

The values of the parameters measured were consistent
with previously reported values®?® ?®. The difference
between the values of partial oxygen pressure measured
before and after ischemia was not statistically significant
(t = 0.846, degrees of freedom (d.f.) =5, a = 0.05).
Similarly, the values of partial carbon dioxide pressure
measured before ischemia, was comparable to that after
middle cerebral artery occlusion (t = 0.270, d.f. =5,a =
0.05). In addition, there was no significant difference
between the values of blood pH measured before and
after cerebral ischemia. These findings suggest that the
observed changes in cerebral tissues were not a result of
physiological changes.

Expression of transforming growth factor-beta 1 in
the ischemic hemisphere of the brain

The expression of transforming growth factor-beta 1 in
the different groups is shown in Figure 1. Transforming
growth factor-beta 1 was not detected in the uninjured
group. After three applications of electro-acupuncture
stimulation, no significant differences were observed
between the control, non-acupoint and GB20 groups.
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However, transforming growth factor-beta 1 expression
was significantly higher in the ST36 group when
compared to the other three groups (P < 0.05). Similarly,
after 18 applications of electro-acupuncture stimulation,
the highest level of transforming growth factor-beta 1
was detected in the ST36 group. This expression level
was significantly higher than those of the other three
groups (P < 0.05). In addition, the GB20 group with the
same treatment frequency also produced two-fold more
transforming growth factor-beta 1 than the control group
(P < 0.05). Nevertheless, an increase in transforming
growth factor-beta 1 expression associated with a
greater number of treatments was observed in the ST36
group in which 18 electro-acupuncture applications
induced about 50% more transforming growth factor-beta
1 than did 3 electro-acupuncture applications (P < 0.05).

A Number of pre-ischemic EA 3x 18%

Control NA GB20 ST36 Control NA GB20 ST36

TGF (15kDa) ———Sp e il — T — —

B-aCtin (42KDa) ——> o — — — —— — —

B 10
Iy abcd

c 81
g 71 .
= 1 b |
e’ T "
g s ||
2] ] a l.l‘
s o =
2 | L
»] F] | m L )
h‘* I..l ﬁ l..\
1{[Fone] i I . % .
N o o) et o

Uninjured

Number of EA before cerebral ischemia

Figure 1 Effect of pre-ischemia electro-acupuncture on
expression of transforming growth factor-beta 1 (TGF-B1)
in the ischemic hemisphere of the brain.

(A) Selected western blot specific for TGF-f1 in the
experimental groups with 3-actin as an internal control.

(B) Quantification of TGF-B1 (mean * SD) in each
experimental group (n = 6) and in the uninjured group
(n=28).

Statistical analysis revealed a significant difference
between the uninjured group and each experimental group
(P < 0.05). NA: Non-acupoint; EA: electro-acupuncture.

For the same treatment time, the letters (a, b, c) indicate
significant differences (P < 0.05) in comparison to the
control group (a) and to the NA group (b) and between the
Fengchi (GB20) and Zusanli (ST36) groups (c).

The letter d indicates a significant difference between a
group with 18 EA stimulations and the corresponding
group with 3 EA stimulations.

Expression of Bcl-2 in the ischemic hemisphere of
the brain

The expression of Bcl-2 in the different groups is shown
in Figure 2. The amount of Bcl-2 expressed in the

uninjured group was 0.502 + 0.06 pg Bcl-2 per mg
protein. With three applications of electro-acupuncture
stimulation, a significant increase in Bcl-2 expression
was only observed in the ST36 group (P < 0.05). Bcl-2
expression was higher with 18 applications of
electro-acupuncture stimulation than with 3 applications
in all groups. Relative to the control and GB20 groups,
the ST36 group expressed 29% and 15% (respectively)
more Bcl-2 (P < 0.05). However, Bcl-2 expression was
also upregulated in the non-acupoint group (18-times),
similar to the expression in the ST36 group.
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Figure 2 Effect of pre-ischemia electro-acupuncture on
expression of Bcl-2 in the ischemic hemisphere of the
brain.

(A) Selected western blot specific for Bcl-2 in the
experimental groups with -actin as an internal control.

(B) Quantification of Bcl-2 (mean + SD) in each
experimental group (n = 6) and in the uninjured group

(n =8). The unit is expressed as pg expressed Bcl-2 per
mg protein.

Statistical analysis revealed a significant difference
between the uninjured group and each experimental group
(P < 0.05). NA: Non-acupoint; EA: electro-acupuncture.

For the same treatment time, the letters (b, c, d) indicate
significant differences (P < 0.05) in comparison to the
control group (b) and to the NA group (c) and between the
Fengchi (GB20) and Zusanli (ST36) groups (d).

The letter e indicates a significant difference between a
group with 18 EA stimulations and the corresponding
group with 3 EA stimulations.

DISCUSSION

The current study investigated the effect of pre-ischemia
electro-acupuncture on the expression of transforming
growth factor-beta 1 and Bcl-2 at day 4 post-injury. It has
been previously reported that transforming growth
factor-beta 1 mMRNA expression increases after transient
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and permanent occlusion of middle cerebral artery® !,

In the present study, the expression of transforming
growth factor-beta 1 was not detected in the uninjured
group. Similar findings were also reported in the
expression of transforming growth factor-beta 1 mRNA in
unoperated rats™. After a 1-hour occlusion of middle
cerebral artery, a significant increase in the level of
transforming growth factor-beta 1 protein in the ST36
group (3-time electro-acupuncture and 18-time
electro-acupuncture) and the GB20 group (18-time
electro-acupuncture) was observed. The administration
of transforming growth factor-beta 1 has been reported to
decrease infarct size after focal cerebral ischemia in
rats'*"? and rabbits®®”, and to protect hippocampal
neurons after global cerebral ischemia'®. Therefore,
pre-ischemia electro-acupuncture may have a beneficial
effect in neuroprotection after cerebral ischemia by
upregulating the content of transforming growth
factor-beta 1. The neuroprotection may take place in
penumbral region of the cerebral cortex and striatum
where the elevated expression of transforming growth
factor-beta 1 mRNA following occlusion of middle
cerebral artery was reported recently™".

Bcl-2 also plays an important role in neuroprotection in
cerebral ischemia. Decreased infarct area was observed
in over-expressed Bcl-2 transgenic mice®", whereas
increased infarct area was found in Bcl-2 knockout
mice®?. The neuronal protection controlled by Bcl-2 is
through the inhibition of free radical production®,
cytosolic accumulation of cytochrome C and caspase-3
activation™. In the current study, after pre-ischemia
electro-acupuncture, the level of Bcl-2 was elevated at
ST36 (3-times and 18-times) but not at GB20. In contrast
of our previous study, pre-ischemia electro-acupuncture
at GB20 showed that malondialdehyde production was
inhibited®” suggesting that different acupoints may exert
neuronal protection through different biochemical
pathways. Hippocampal CA1 region was most frequently
employed for Bcl-2 investigation under cerebral ischemic
condition due to its vulnerability to cerebral injury.

Ferrer et al ®¥ observed a marked increase of Bcl-2
expression in hippocampal CA1 region at post-injury day
4. Zhang and Wang" also reported that Bcl-2 mRNA
was up-regulated in hippocampus following cerebral
ischemia. In a recent study, electro-acupuncture at ST36
and GV20 were able to increase Bcl-2 expression in
hippocampal CA1 area”.

In both production profiles of transforming growth
factor-beta 1 and Bcl-2, the up-regulation was higher in
18-time application when compared with those after 3
times at pre-ischemia electro-acupuncture at ST36. More
benefits might be derived from a higher number of
pre-conditioning electro-acupuncture sessions. However,
the current study employed only two time points, which

1862

might not be able to determine if and when any plateau
effect or adverse effect may be achieved.

Apart from the current beneficial effect of pre-ischemia
electro-acupuncture on cerebral ischemia, previous
studies also revealed that reduced infarct size,
neurological deficit and apoptosis were observed even in
a single 30-minutes pre-ischemia electro-acupuncture at
acupoint GB20 through the regulation of
endocannabinoid system®”. Dong et al ®*® also
demonstrated that repeated electro-acupuncture
preconditioning (5 days) at acupoint GB20 could lower
the infarct size and neurological deficit score with the
inhibition of matrix metalloproteinase-9 expression and
activity. Our research team also reported in a previous
study that multiple pre-ischemia electro-acupuncture at
ST36 and GB20 could reduce the production of
malonadialdehyde®?.

Although previous studies have focused on stroke
rehabilitation by electro-acupuncture stimulation™***, the
present study explored another clinical application of
electro-acupuncture stimulation. Pre-ischemia
electro-acupuncture stimulation is particularly important
for specific high-risk groups, such as patients with high
blood pressure or other congenital characteristics that
predispose them to stroke. Applying
electro-acupuncture stimulation at either GB20 or ST36
on alternate days each week might ameliorate the
severity of brain damage after a stroke and shorten the
time of recovery.

Data from this study confirmed that multiple pre-injury
electro-acupuncture stimulations at ST36 could
effectively increase the production of both transforming
growth factor-beta 1 and Bcl-2, with an up-regulation of
transforming growth factor-beta 1 correlated to a
neuroprotective effect at GB20. These proteins work
together to reduce the extent of brain tissue damage
after cerebral ischemia-reperfusion. Electro-acupuncture
treatment can be used as a preventive measure against
stroke damage. In addition, transforming growth
factor-beta 1 promotes the neuroprotection of proteins
against expected oxidative stress by regulating the
apoptotic cascade. The small sample size of this study is
an obvious limitation; further experiments with a larger
number of animals are required for a more detailed
evaluation of apoptotic events.

MATERIALS AND METHODS

Design
A randomized controlled animal experiment.

Time and setting
This experiment was performed at the Hong Kong
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Polytechnic University, Hong Kong Special
Administrative Region, China from 2007 to 2009.

Materials

Animals

All experimental procedures were approved by the Hong
Kong Polytechnic University animal ethical committee. A
total of 68 male Sprague-Dawley rats weighing 300-
350 g were used. Firstly, 12 rats were used to measure
common physiological parameters in blood obtained
from the femoral artery 15 minutes before and during
cerebral ischemia. Then eight rats were assigned to the
uninjured group for measurement of the parameters
listed below. Forty-eight rats were evenly divided into
four experimental groups: a control group (rats with
general anesthesia without electro-acupuncture), a
non-acupoint group (rats with electro-acupuncture
stimulation at non-acupoint), a GB20 group (rats with
electro-acupuncture stimulation at GB20), and an ST36
group (rats with electro-acupuncture stimulation at ST36).
electro-acupuncture stimulation was carried out on
alternate days before the induction of cerebral ischemia.
In each group, six rats were subjected to 3
electro-acupuncture treatments conducted for a week
and another six rats were subjected to 18
electro-acupuncture treatments conducted over 6
consecutive weeks. Twenty-four hours after the last
electro-acupuncture treatment, the rats in the
experimental groups were then subjected to transient
focal cerebral ischemia followed by harvesting of their
brains on post-ischemia day 4. The sampling point was
determined by considering the maximum nitric oxide
synthase activity after the induction of cerebral
ischemia?.

Chemicals and antibodies

Unless otherwise stated, all materials were of analytical
grade and obtained from Sigma Chemical Co. (St. Louis,
MO, USA). Primary antibodies (200 ug/mL) against
transforming growth factor-beta 1 and Bcl-2 were used
at a dilution of 1:200. B-actin was employed as an
internal control at a dilution of 1:2 000. Secondary
antibodies conjugated with horseradish peroxidase
directed against rabbit IgG were obtained from Pierce
Chemical Co. (Rockford, IL, USA) and used at a dilution
of 1:1 000. Protein concentrations were determined with
a protein assay (Bio-Rad Laboratories, Hercules, CA,
USA).

Methods

Pre-ischemia electro-acupuncture

A 30-minute electro-acupuncture treatment was applied
by an acupunctoscope device (Model G6805-2, Smeif,
Shanghai, China) (Voltage: 0.7 V, frequency: 2 Hz,

duration: 0.5 ms) as previously described®. In the GB20
and ST36 groups, electro-acupuncture was applied at
corresponding bilateral points. GB20 is anatomically
located on the posterior aspect of the neck, below the
occipital bone, in the depression between the
sternocleidomastoid muscle and the trapezius muscle
ST36 is anatomically located near the knee joint of the
hind limb 2 mm lateral to the anterior tubercle of the
tibia*". In the non-acupoint group, electro-acupuncture
was applied at a non-acupoint located midway between
the coccyx and the hip joint. The results from the use of
non-acupoints for control purposes highlight the
significance of selecting the correct acupoint. Apart from
electrical stimulation, needle puncture is also one of the
acupoint stimulation methods, so it is not appropriate to
serve as a control. Previous studies reported that
treatment of acupuncture at ST36 could alleviate
ischemia-induced apoptosis®*?, inhibit inflammation®*?!
and promote neurogenesis*.

[41]

Induction of transient focal cerebral ischemia
Transient focal cerebral ischemia was induced by the
occlusion of the right middle cerebral artery for 1 hour.
Rats were anesthetized by an intraperitoneal injection of
ketamine (70 mg/kg, Alfasan, Holland) and xylazine

(7 mg/kg, Alfasan, Holland). The temporalis muscle was
then briefly separated in the plane of its fiber bundles to
expose the zygoma and squamosal bones. A 5-mm x
5-mm burr hole was made to expose the middle cerebral
artery, which was then occluded for 1 hour followed by
reperfusion. During the surgical procedure, the rectal
temperature of the rats was monitored and maintained at
about 37°C with an overhead lamp. After recovery from
the experimental surgery, all rats were allowed to recover
at ambient temperature (21-23°C) with food and water
made available ad libitum until harvest. To measure
physiological parameters, arterial blood samples were
taken from the femoral artery 15 minutes before and after
middle cerebral artery occlusion for the determination of
pH, arterial partial pressure of oxygen and carbon
dioxide by a Blood Gas and Electrolyte System
(Radiometer ABL505, Copenhagen, Denmark).

Sample collection

Rats were sacrificed 4 days after ischemia-reperfusion
with an overdose ketamine and xylazine mixture.
Transcardial perfusion was performed with 0.38%
sodium citrate in normal saline for 10 minutes followed
by 0.9% sodium chloride for 5 minutes. The harvested
right hemisphere of the brain was weighted and
homogenized in 20 mM Tris-HCI (pH 7.4). The
homogenate was centrifuged at 3 000 x g for

10 minutes at 4°C and the supernatant was collected
for analysis.
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Determination of transforming growth factor-beta 1
and Bcl-2 expression

Transforming growth factor-beta 1 and Bcl-2 were
quantitated by western blots probed with specific primary
antibodies. A 15% SDS-PAGE resolving gel was
prepared for western blotting for the detection of
transforming growth factor-beta 1 and Bcl-2. In brief,
protein homogenate (200 pg) resolved by gel
electrophoresis was electroblotted to nitrocellulose
membranes at a constant voltage of 25 V for 16 hours.
After transfer of the proteins, the membranes were
blocked with skim milk in 1x TBS-T, and they were then
probed with primary antibodies raised against
transforming growth factor-beta 1 and Bcl-2 overnight at
4°C with gentle shaking. Subsequently, the probed blots
were incubated with secondary antibodies with gentle
shaking. The immunolabeled proteins were detected by
their reaction with a chemiluminescent substrate (Pierce
Chemical Co., Rockford, IL, USA). The
chemiluminescence released was captured and
guantified using known amount of loaded analytes as
reference. Selected blots were re-probed with p-actin as
an internal control.

Statistical analysis

Data were expressed as the mean = SD. Statistical
analysis of the physiological parameters was
performed using the paired t-test (SPSS 14.0 software,
SPSS, Chicago, IL, USA). Multivariate analysis of the
other parameters showed a significant interaction
between two factors: the selected acupoint and the
number of pre-ischemic electro-acupuncture
stimulation treatments. Therefore, comparisons were
made among these groups using the analysis of
variance method followed by the post-hoc protected
least-significant difference test. In all cases, P < 0.05 is
considered to be statistically significant.
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