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Strokes are one of the top three leading causes of
death in South Korea. Treatment requires a great
amount of time, effort and money. Along with a rise
in adult diseases due to increased longevity and
changes in eating and living habits, the number of
stroke incidents that occur each year is also grow-
ing(1). Themost common cause of stroke is ischemia,
caused by ischemic conditions or trauma, and it is
known to be related to synaptic plasticity and apop-
tosis(2).
Neuron apoptosis can occur without severe trauma
or direct brain tissue damage. It can occur in long-
term and repetitive conditions(3, 4), and necrosis

occurs not only in the directly affected area but also
in surrounding areas due to secondary effects such
as increased intracranial pressure, hypoxia, and
ischemia(5). These surrounding areas, which cause
cell death, show decreased brain perfusion due to
hypoxic and ischemic condition. However, there is a
penumbra area in which ATP metabolism and ion
homeostasis through cell membrane are main-
tained(6). Through appropriate treatment after
hypoxic and ischemic brain damage, it is possible to
recover function in such areas. It is also known that
cell death in penumbra areas are mainly caused by
cell apoptosis(7). Hypoxic and ischemic brain damage
causes external inflammatory reactions, including
depositionandaccumulationofmacrophages,aswellas
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INTRODUCTION

The majority of strokes are caused by ischemia and result in brain
tissue damage, leading to problems of the central nervous system
including hemiparesis, dysfunction of language and consciousness,
and dysfunction of perception. The purpose of this study was to
investigate the effects of Poly(ADP-ribose) polymerase(PARP) on
necrosis in neuronal cells that have undergone needle electrode
electrical stimulation(NEES) prior to induction of ischemia.
Ischemia was induced in male SD rats(body weight 300g) by occlu-
sion of the common carotid artery for 5 min, after which the blood
was reperfused. After induction of brain ischemia, NEES was applied
to Zusanli(ST 36), at 12, 24 and 48 hours. Protein expression was
investigated using immuno-reactive cells, which react to PARP anti-
bodies in cerebral nerve cells, and Western blotting.
The results were as follows: In the cerebral cortex, the number of
PARP reactive cells after 24 hours significantly decreased(p<.05) in
the NEES group compared to the GI group. PARP expression after 24
hours significantly decreased(p<.05) in the NEES group compared to
the GI group. As a result, NEES showed the greatest effect on necro-
sis-related PARP immuno-reactive cells 24 hours after ischemia,
indicating necrosis inhibition, blocking of neural cell death, and pro-
tection of neural cells. Based on the results of this study, NEES can
be an effective method of treating dysfunction and improving func-
tion of neuronal cells in brain damage caused by ischemia.
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internal cell damage of the cranial matter. The
macrophage deposition in the penumbra areas peaks
at 2-3 days after initial damage(8). Apoptosis is
found around the center of brain damage and occurs
in relatively few areas. It is a programmed cell death
that occurs through a set process. Neural apoptosis
can occur in long-term and repetitive conditions,
without direct brain tissue damage or trauma(3, 4).
Poly(ADP-ribose) polymerase (PARP), which plays a
role in necrosis, is an enzyme existing inside the
nuclei of various organ cells, including the brain. It is
activated when DNA is damaged, acting as a correc-
tor for the damaged DNA(9, 10). In the event of DNA
damage, PARP corrects the damage through a
process of delivering ADP-ribose to histone and var-
ious nucleonic proteins, including itself(11). PARP
uses NAD+ asits source of ADP-ribose(12). If PARP is
over-activated, cell necrosis occurs due to energy
depletion from over-use of ATP and NAD+(13, 14, 15,
16, 17, 18).
In this study, NEES was applied to the common
carotid artery in ischemia-induced rats to investi-
gate changes in necrosis-related protein PARP in
cerebral apoptosis. Effects were observed 12, 24 and
48 hours post-ischemia, in order to find out the effi-
ciency of NEES treatment after stroke.

Subjects were 8 weeks old, specific pathogen free,
male SD rats which had been allowed to adjust to the
laboratory environment for over 1 week and weighed
approximately 300g(Orient BIO, Co., Gapyung, South
Korea). Appropriate amounts of food and water were
given, and the laboratory was kept at 22±1℃ and
45-55% humidity.

Subjects were anesthetized using 3% isoflurane
(Choongwae Pharma Corportation, Korea). Incisions
2cm in length were made in the center of both com-
mon carotid arteries, the vagus nerves were separat-
ed, and circulation in both arteries was completely
cut off using non-absorbent thread. Five minutes
later, the thread was removed to allow the reperfu-
sion of blood.
The subjects were divided into the control group(no
closing of the common carotid artery), the global
ischemia(GI) group(common carotid artery closed),

and the NEES group(NEES treatment applied after
GI induction). Subjects in the GI group were allowed
to recover for 30 minutes at 12, 24 and 48 hours
after induction of GI with 3% isoflurane as an anes-
thetic. Subjects in the NEES group were given NEES
treatment by using a needle electrode electrical
stimulator(PG6, ITO, Japan, 9V) at the right and left
Zusanli(ST36) for 30 minutes in concurrence with
anesthesia with 3% isoflurane at 12, 24 and 48 hours
after induction of GI. NEES was done using a 2Hz
current, and strength was adjusted according to
muscle movement around the stimulation point.

Immunohistological studies were performed on
frontal cerebral tissue samples of GI-induced rats.
Fixed brain tissue was freeze sectioned using 4%
paraformaldehyde, and the free-floating method and
a Vectastain ACB Kit(Vector, USA) was used. The
microtomed tissue was washed 3 times for 5 minutes
each with 0.1M PBS, and blocking was performed
using 1% H2O2(peroxidaseblocking, 0.1M PBS). The
samples were then leftin 2% normal goat serum for
30 minutes at room temperature. Anti-PARP was
used as the primary anti-body. After leaving the
primary anti-body to react for 3days at 4℃, it was
washed 3 times for 5 minutes each with 0.1M PBS,
after which it was left to react with the secondary
anti-body for 1 day at 4℃. After DAB color develop-
ment(Sigma,USA), tissue samples were put onto
slides using 1% gelatin, dried in a dry oven for
approximately 2 hours, dehydrated and madeclear,
thenmounted using permount solution(Fisher, USA).

The removed cerebrum was divided according to
area and evenly broken down using a homogenizer.
It was centrifuged at 1000 rpm and the supernatent
was discarded, after which it was washed twice with
cold PBS. After centrifuging, a Protein assay kit
(Bio-rad) was used to measure the optical density of
the protein at 750nm. The quantified protein was mixed
with a lysis buffer and sample buffer(60mM tris; pH
6.8, 10% glycerol, 2% SDS, 0.01% bromophenol blue)
in order to even the amount of protein, then boiled at
100℃ for 5 minutes on a heat block. This was cen-
trifuged and the specimein collected. A separating
gel(12-15%) was made by pouring into a clean elec
trophoresis glass plate a combination of 30% poly-
acrylamide mix, thrice distilled water, 1.5M tris(pH 8.8),
10% SDS, 10% ammonium persulfate(produced that
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day), and TEMED. 10 хstock of electrophoresis running
buffer was made by melting 30.0g tris base, 144g
glycine, and 10g SDS into 1L. 10-20μL of the quantified
protein was added, and 100V was run for approxi-
mately 1 hour. The transfer buffer was made by
adding 3.03g tris-base, 14.63g glycine, and 200mL
methane to 1L. It was stored at 4℃ before use. The
thin membrane was washed with a TTBS solution(pH
7.5) composed of 200mM tris-base, 1.54M NaCl,
thrice-distilled water, and 20 tween. It was them put
into 5% lac defloratum and left for a day at 4℃.
The next day, after removing the blocking solution,
a primary anti-body identical to the one used in
immune-staining was reacted for 1 hour with the
thin membrane put into a solution made by diluting
5% lac defloratum to 1000 times its original concen-
tration. This was then washed 3 times with TTBS
solution for 10 min each. A secondary anti-body was
reacted for 1 hour with the thin membrane put into a
solution made by diluting 5% lac defloratum to 1000
times its original concentration. After removing the
solution, this was then washed 3 times with TTBS
solution for 10 min each. Solutions A and B from the
ECL kit were well combined at a ratio of 40:1 and
this was used to wet the thin membrane. After 1
hour, the thin membrane was put on a cassette and
photo-sensitized using x-ray film. After photo-sen-
sitizing for a period of time, expression bands were
checked and a fixator was used for fixing. After fix-
ing, the bands were washed in clean running water,
dried, scanned and a concentration meter(Bio-rad)
was used to measure the optical density of each
band.

All data collected in this study was encoded and
analyzed using a computerized statistical analysis
program(SPSS 12.0K/PC). In order to find out the
effects of the control group, global ischemia group,
and NEES group, the level of significance was set to
α=.05. ANOVA was used to analyze the differences
between the three groups.

After induction of ischemia, cerebral PARP reactive
cells in the mice were as shown in Figures 1 and 2. 12
hours after ischemia, the number of PARP reactive

cells in the control group was 76.33±9.61, and those
in the GI and NEES groups were 91.67±15.27 and
113.00±4.00 respectively, showing an increase com-
pared to the control group. 24 hours after ischemia,
the number of PARP reactive cells in the control
group was 77.00±3.61, those in the GI group was
205.67±30.66, and those in the NEES group was
134.67±15.53, showing a significant(p<.05) decrease
compared to the GI group. 48 hours after ischemia,
the number of PARP reactive cells in the GI group
was 105.67±14.98, showing a great decrease com-
pared to 24 hours, and those in the NEES group were
also decreased to 105.67±22.72.

RESULTS

Changes in Number of PARP Reactive Cells in
the Cerebrum

Data Analysis

FFiigg.. 11.. Effect of needle electrode electrical stimulation
on PARP immunoreactive cells in rat cerebrum
after transient global ischemia. Control: no
surgical procedure, GI: transient global
ischemia, NEES: needle electrode electrical
stimulation at 12, 24, and 48 hours after tran-
sient global ischemia. Values are the mean±
SD. Bars with different alphabetic letters in the
same times are significantly different(a, b
p<.05)
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Changes in PARP protein expression in the cere-
brum after induction of ischemia are as shown in
Figure 3. 12 hours after ischemia, PARP expression
was 116.02±4.00 in the control group, and 152.05±
4.60 and 157.67±4.6 in the GI and NEES groups

respectively, showing an increase compared to the
control group. 24 hours after ischemia, PARP
expression was 115.00±3.00 in the control group,
175.07±4.00 in the GI group, and 151.18±4.01 in the
NEES group, showing a significant(p<.05) decrease
compared to the GI group. 48 hours after ischemia,
PARP expression in the GI group was 193.49±6.50
and 180.00±1.00 in the NEES group, showing a
decrease compared to the GI group.

Control group 
12h after transient global ischemia 
24h after transient global ischemia
48h after transient global ischemia
needle electrode electrical stimulation at
12h after transient global ischemia
needle electrode electrical stimulation at
24h after transient global ischemia 
needle electrode electrical stimulation at
48h after transient global ischemia 

Control: no surgical procedure, GI: tran-
sient global ischemia, NEES: needle elec-
trode electrical stimulation at 12, 24 and
48 hours after transient global ischemia.
Values are the mean±SD. Bars with dif-
ferent alphabetic letters in the same times
are significantly different(a, b p<.05)

Changes in PARP Protein Expression in the
Cerebrum

FFiigg.. 22.. Effect of needle electrode electrical stimula-
tion on PARP immunoreactive cells in rat
cerebrum after transient global ischemia

(a)
(b)
(c)
(d)
(e)
( f )
(g)
(h)

( i )

( j )

(k)

( l )

(m)

(n)

Control: no surgical procedure(X 40) 
Control: no surgical procedure(X 200) 
GI: 12h after transient global ischemia(X 40)
GI: 12h after transient global ischemia(X 200)
GI: 24h after transient global ischemia(X 40)
GI: 24h after transient global ischemia(X 200)
GI: 48h after transient global ischemia(X 40)
GI: 48h after transient global ischemia(X
200) 
NEES: needle electrode electrical stimulation
at 12h after transient global ischemia(X 40) 
NEES: needle electrode electrical stimula-
tion at 12h after transient global ischemia
(X 200)
NEES: needle electrode electrical stimula-
tion at 24h after transient global
ischemia(X 40) 
NEES: needle electrode electrical stimulation
at 24h after transient global ischemia(X
200) 
NEES: needle electrode electrical stimulation
at 48h after transient global ischemia(X 40)
NEES: needle electrode electrical stimulation
at 48h after transient global ischemia(X
200)

FFiigg.. 33.. Effect of needle electrode electrical stimulation
on PARP expression in rat cerebrum after
transient global ischemia 
((AA)) TToottaall PPAARRPP pprrootteeiinn wwaass eexxttrraacctteedd ffrroomm 
cceerreebbrruumm..
(a)
(b)
(c)
(d)
(e)

( f )

(g)

((BB)) RReessuullttss aarree eexxpprreesssseedd aass ddeennssiittyy.. 
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There are several studies reporting needle treat-
ment to have special effects on the improvement of
cerebrovascular accident symptoms, including those
caused by ischemia(19, 20, 21), and there are also
several studies reporting needle treatment to have
special effects on the improvement of cerebrovascu-
lar accident symptoms, including those caused by
ischemia(22, 23). Such effects of needles are being
utilized to promote functional recovery from various
impairments, including stroke(10). One of the most
powerful effects of needle therapy has been reported
to be a speedy recovery from complications related to
stroke(24).
PARP is broadly activated during ischemia, and its
effects have been clearly shown to hyperactivate
necrotic cell death and cause the pathological
process of cell death(25). 3-aminobenzamide, com-
monly used as a PARP antagonist, decreases the
volume of cerebral infarction caused by temporary or
permanent middle cerebral artery blockage(26).
PARP antagonists are also used to protect cells from
neuro-toxicity, which contributes to NO(18) and
hydrogen peroxide(13).
The results of this study shows that changes in
PARP after GI induction are highest in the GI group
24 hours after ischemia is induced in the cerebrum.
This concurs with previous study results showing
global occurrence during ischemia. The effects of
NEES were seen in the number of PARP reactive
cells in the cerebrum 24 hours after ischemia, in
which the NEES group showed a significant(p<.05)
decrease compared to the GI group. PARP expression
significantly(p<.05) decreased in the NEES group
compared to the GI group at 24 hours after ischemia.
Based on these results, it can be said that NEES had
the greatest effect on necrosis-related PARP
immuno-reactive cells at 24 hours after ischemia,
indicating necrosis inhibition.

Post-ischemic cell death related protein PARP can
be decreased using needle electrode electrical stimu-
lation. NEES has been shown to block neural cell
death and protects neural cells. The results of this
study indicate that NEES can be used to promote
function recovery and rehabilitation in ischemia-
induced brain damage.
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