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The Effect of Needle Electrode Electrical Stimulation Following Global Ischemia on the
Suppression of Apoptosis in the Cerebellum

Joong-San Wang + Joo-Hyun Park™ - Ok-Kon Moon - NyeonJun Kim - Jung-Hyun Choi” - Ji-Sung Kim
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2 AFE 25 dAA Ao o e A ER Qs LA SD HE A R AEAE
Aol th @k A A=A F9A=(Needle Electrode Electrical Stimulation : NEES) 282 &35 dolr 7] $5}o]
A2 AAAN S ot 23S Ak ATE Tt dxwy AN Hdy, AAFATIA
FA T AEAEAL #E Aol BAAEE Hlwste] $AF A AHHY & AdFAFR AEL
SD = 24 F919 c-fos BE Traol o Eﬂre Hlom, bax, caspase-3°] & Fhiel= fofd o
o] gle AR Ueth o] A#RE Hol AN T AAFAFIAAF] A2 AxAEA A=A
Zke] W Ao AFE o] Qe AoE A= HT

ABSTRACT

This study conducted observation of tissues using the immunohistochemistry methods in order to see the effect of Needle
Electrode Electrical Stimulation(: NEES) on apoptosis in the SD rat cerebellum caused by global ischemia which came from
common carotid artery occlusion. The comparison and analysis results of expression of factors related to apoptosis among the
control group, the global ischemia group and the NEES group showed that NEES following global ischemia had a significant effect
on the reduction of c-fos expression in the SD rat cerebellum, and didn’t have a significant effect on the reduction of bax and
caspase-3 expression. In conclusion, it is considered that NEES following global ischemia is partially effective in suppressing the
expression of factors related to apoptosis.
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AAv](Cardiac Arrest), #A-5W
(Coronary Artery Bypass Surgery)¥ #& %7
= A2 7R Hel o Fgo] FehE Aol A
A a‘jr 6], [7].

1315 D (Global Ischemia)e HollA &r] 4
ABAE AEE dodH, HHsE o]F
55 Esto] Aopd Abgt

o .
o
< AEddsitaE 744, &F, A8, Aol

toty
i bRy p® i rlo

= o
s ol o7t & ¢ Jom, AAA, JAAFH, At
3|4 el AAg FelE 7HA & 5 ATHEL
8] HEFE AL AEAEAL E5, H-E3
78l (Blood-Brain Barrier : BBB) %3 31 H%
44 T 22 o HeHQd #g Ao HH,
ol ofgk HAA AE APEE F2 AL EAE
Hol&= Zow 4ujx oy A+ APs=s ol
o M oA A APEE Froldlo] ol X

A= gl NEAEARE AEY 27 APE
(Programed Cell Death) = 4&#4 lom, 1 g2
MEol A §X9 A olAE ¢F HE dT
olm[9], MIEAFS] A=|8HA 717d o]vH10], [111.

] &) Aot & C-fos mRNASF @ o
g Adukel ywo] gle FHR AESHA dAAEQ
dojdt}. ¢ Lo] C-fos$t COX-2(Cyclo-
oxygenase—2)= H< I AAEH AEESA

2R 4R glen, A

%7o)

A%
£291 CHos®l free S84 &4 F A4 A
(Neuronal Death)& X A]ZITH12].
BCL-2(B Cell Lymphoma-2)= AXY nEZ=
o} o} auto] ZastE Tl o7 A E oA o]

A (Dimer)E B3kl 2H&-3k=tl BCL-2/BCL-2¢]
%% o0]% A (Homodimer) & G4 st 2H-&aA, & o
£ BCL-2 family @<l BAX®} BCL-2/BAXE] ©]&
o]Z | (Heterodimen) & 343t 2183l Ao &

1950

B glth 5 thAl wakE BAXS el A
golAE A ¥7F & F3 BCL-29 %ol Atj3
WolA W AE7} & 22 gevke AL Juldt)
3 A EApE AL o]ow BAX¢®| %
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AR

s (Acupuncture) FEI Bl A Thkgt H3tol o
g A AsHor AREEI 9o, A (Home-
ostasis)®] F%I, ¥ A JIH, T 2d a8 F
FAAANAY  AHZFE7) 5 (Neuromodulatory  Fun-
cion)®] 7i T3 2L oge a9E 7H 3 IrH9,
[14]. B8k 3& o] &3 Xa+ 53] 8S 239 HE
FA}ar(Cerebrovascular Accidents)] 54 7)Aol 54
o &35 73 Jeiis), [16], [17].
AR =9 anet 7‘%’4 FRE AR HA
(Electro-Acupuncture : EA)2 o8] yzglolA AFEH
I glem 53] EEAR woplMe HAHFAFIA}
=(Needle Electrode Electrical Stimulation @ NEES)®]
gt AEHOR ARGEIL Stk ol S duk
AA=T3 5ha BEAE, $£F5 T NG, HEF
9] At o] &1 glom[18], [19], [20], [21], ]l
3 A7E 195097 S3olA] oy =E-Eo] EY
WA H=EolY oM E o]l T A Aol
AFA A= ATH20].
At o g HEFol= WMI(GV.20), AF(GV.26),
(LL4), A52L(SP6), £4+2](S36) ol &3] A
doH, ol HHEL AARE s /AL
. olF =)ol FHR-(HAm) S 2 Sl
ﬁrxq?l g9t AzreEoH24]. AN B
lo] A ¥ &4 gt AARE
ﬂ/‘] st gAE 2 BE 7] Al s
23} QJeH25].
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AHEE G F AAFAFAAT Hgo] auo MEAEAL A A= G
. 2 2 W 24A3be] Ak 1wk E A 30w
T FE G (Ho-Gu, LL4) F91ol AA=A
21 A9¥d % AR F9AFHNEES) S A ek
211 Adse 2.14. AAFAF AT (NEES)
rd ol A4 @l 932030 AT e WA gasazagae 3% ojlagdas ol 4s
o] 853 EA ®YUA HAN(Specific Pathogen Free : o] WAAHE §%8 5 SD YT FH. 0xo) A
SPF) SD #=(Sprague Dawley Rat) 7 24v}&]S A} 87 Fa(LL4) 59 D= e AR AA
L3t om(BdEHe| (5, A71% 7FE &A), B3} 2AF9427](PG6, 1TO, JAPAN, 9 V, i, 2Hz)
ARsas FEEl e T AR Smn 280 2 o)gate) ugt A%H0E PAFTAFAATES
FEE H~BUEES FAEe] ARkt ATt AATAFIATe] e 22 95
SD #=9] A=A F9 <59 $4de] e
2.1.2. 5599 (Common Carotid Artery Occl- ol AEE okgh pAaNA 289 $Rle] AlEt
usion) 24 A geol A A%E A el
S5 HARge v)Ed Ruy LEFUAR
2 A3 d(global ischemia(°]3} GI)ZS &3te] A} 215, WAZA s A
4319 tHKuge 5, 199%). AE=E 3% ofo]A~ZFd|2l emEm gald o3 G 4uF wul Ao s
(isoflurane, &2}, @=)est v FHE FA  (corepeitum) 912 At MAzABgH Py
AA, AT AF 2n F2E AT AN F o gnsi9. 4% paraformaldehydes] TAE ¥
MIFAE od wEshal SR wFAA T waam eigla, freefloating Wow AAdg o],
F 2R Us METY STAR ddd ARSI 5 (o tactatin ABC Kit(Vector, USA)E AH&3Fit) d
B AT FoeAE Azietel delol AT g9 z49 01M PBSE 587 38 FAF F 1%
(reperfusion) & 5= U steiek. AMALE 7IES poe plocking(peroxidase blocking, 0.IM PBS)A]
= 2ANZYel At & EE ws WA A%l g g 990 normal goat serumoll A 3087t Ao W
AR gl A&k 3kiek. AA}eAE  anti-c—fos, anti-bax, anti-
caspase-35 AME8I9 R, AAEAE 4TolA 3U7H
213 A¥e 72 WeAZL 5 0IM PBSOl 527 38 A8k, ol
£ Al Sagua L Ml A g miotinylated antibody)E 197F 4TAA BEEA
LEE=MF NS FUkEtR] e X2ty LEZ A At 1 & 0IM PBSel 587+ 33 A8,
= e global ischemiaw(elat GI), GIE HYAvidin-biotin Peroxidase(HRP) complexZ 3417t &
A AASAFAASNEES S AW NEESCOR o) apoo)n whgal7l 5 0IM PBSel 583+ 38) 4
Tstel A7E AdSth GIish NEESW'S €% yajelr. DAB(Sigma, USA) ¥4 F 3% Azl
THAN F AN B BAS AR A A G (gejatin) g0 242 HeolE(slide] LU F
= 3021k 3% ofelaZFede ol &dd VT M care)o B(ary oven)dll 2417 AE AZAAOH, ©
Foll Sl NEESw2 vha st 94 30wt ol #4345 AA permount(Fisher, USA)-E o
ARNFAFIATE A8 3FSTh 2 BoA AL
O =T (n=Y) : oHrd AA &= AlgstA] ket
@ Global ischemia(GD#"(n=8) : #¥3d F& 22, EA A BA
5 24A17k0] Ak 7 30% ¢ vHHE AE 2AE RE QE Bis 3 AFEES o] 43 B
skttt AAE Z2aASPSS 130/PC)0E BA sk on,
@ AAFAFAAFNEES)w(n=8) : AHFE & o5 gaye] =48 Bge oolns] 9& 71257
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(descriptive — statistics)E&  ©]&3}o] ¥l %= (frequency)
9} R 9 (percentage) = 74]43}0”} Zﬂl 7t A=
HE g 2T GIE, NEEST &332 dolnr] 9

3 ol a=0.05 H A Kruskal— Wallis 4

I, o472 A1}

2 AFlE 2EFHe] dAIF A o
e AHFER Qe #AE SD A= &y F$9
AlzApgAte g AHFAFIH2S (Needle  Elec—
trode Electrical Stimulation : NEES) #&9] &%=
olr 7] 9kl WA AAAH S Tk =

R B L] )
31,0_ jq.;‘d:‘]_gi\;]_. uq‘_ J_;dg]jl—x% 74/\}\?3 g %@- HLo

AE o] st FEEn At & FHE 5
A o2 a3 (antibody)ol ¥FEE A TGS Gn) 7o)
St Oo “](fleld)'é‘ 7]%2§ A—QJ;O]—ME}-'

31. 2483 ¥zt #F

311 WSz 584 A

3.1.1.1. CHos

2t ol didt cfos WHSAE 5 B4 Ay

ﬂ%i 3} Hlaste] GIat, NEEST R5olA 27139
3“1, %741” o2 Fof3 AolE BATHP<0.05).

<0.
st Mann- Whltney«] U #4& 83 + %
9 X}OE 1293}

7} Q= Ao JER ‘ﬂr(Tablel 2, Fig. 1, 2).

¥ 1.2 OF cfosel MA=x=ZA|stetxy Z1|
Table 1. Results analysis of c—fos

immunohistochemistry methods for each group

Scores
Items | Group | N[ (Rank | »® | df| Prob.
Sums)
cerebe- control | 3 2.00 | A
lum GI 3 800[726] 2 {0027 | C_
NEES | 3 5.00 B
p<0.05

1952

E 2 25229 cfos BFSM=E F
Table 2. The number of c—fos reactive cells in

cerebellum
Ttems Group Mean | SD | Max. | Min.
control 767 153 9 6
]
cerche Gl 1567 | 208 | 18 | 14
lum
NEES 11.67 | 058 12 11
i ! o/
o KoSid
S
(@ (b) ()
a3 1. =2l cfos B

Fig. 1 C-fos reaction in the cerebellum(arrow : c—fos).
(a) control(X 200) (b) GI(X 200) (c) NEES(X 200)

31.1.2 Bax

Z ol tigk bax BHSAIE FE Rl A 4
3}, gz vlaste] GIE, NEEST RFolA %7}
o), AR FoF AolE HolA F%
(p<0.05)(Table 3, 4, Fig. 2).

E 3 Zt OF baxe| MAXZSIstAN ZiEAM
Table 3. Results analysis of bax immunohistochemistry
methods for each group.

Scores
Items | Group | N | (Rank | »* | df | Prob.
Sums)
control | 3 433
b —
TG [ 3| exs|i4| 2| o0ses
Tlum
NEES | 3 4.33
p<0.05

E 4 A5FRo pax HHEAME F

Table 4. The number of bax reactive cells in

cerebellum
Ttems Group Mean | SD | Max. | Min.
control 9.67 153 11 8
]
cerebe Gl 1067 153 | 12 | 9
lum
NEES 9.67 1.15 11 9




SAFIAG A go] 28] AZABA elAle] AL GG

J8 2. 255209 bax B
Fig. 2 Bax reaction in the cerebellum(arrow : bax).
(a) control(X 200) (b) GI(X 200) (c) NEES(X 200)

3.1.1.3 Caspase-3

7} ol th3k caspase-3 WHAIE 4
o A3 gz ¥ vt GI¥, NEEST &
7l e, EAFeR  #o3 AolE B
(p<0.05).

T3 Mann-Whitney 2] U AAS 58 5 #
o] polE wA% A, Gl d NEESe] 9
o|7} gl AL2 YeltH(Table 5, 6, Fig. 3).
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T= ]—LL
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¥ 5. Z OF caspase-32| HAXASISHM HAulEN
Table 5. Results analysis of caspase-3
immunohistochemistry methods for each group

Scores
Items | Group | N| (Rank | »* | df| Proh.
Sums)
control | 3 2.67 A
b —
I G | 3| soo|6os| 2 o008 «| B
llum
NEES | 3 4.33 A
p<0.05

E 6. 25292 caspase-3 HHESME =
Table 6. The number of caspase-3 reactive cells in

cerebellum.
Ttems Group Mean | SD | Max. | Min.
control 767 1.53 9 6
cerebellu Gl 1500 | 200 | 17 | 13
m
NEES 9.33 153 11 8

(a) (b) ()
a8 3. 245229l caspase-3 HHS
Fig. 3. Caspase-3 reaction in the cerebellum(arrow :

caspase-3).
(a) control(X 200) (b) GI(X 200) (c) NEES(X 200)

V. = 9
o) AP MAF Fo} F3} 2L ole] AAEE
3] s, ol Slal wAEE WALl Y
o] 473 AEe ERAA Hekn wasel

[26].

olg]gt AIZFAPE & AEA} dFel o8 FE
e =], AlEANE o8 7] ggek 7)del 98 o]
Folx 1, WA I AHnecrosis) ¢ AlEAE AN apo-
ptosis)oll <]a] WAYgch AEAEANE AA EE
s}8kA Aol oefiA dojutm, HALS EE Y
Eﬂsmoi% AEAT o) w5 AxER T3}
‘34\“4 71 AstetA Wy UepdeH27]. e
o7 AYH NEAEAL dojdt AxE F9
] Soltt AAE T AAE gl o3| A
Hug AAdA Axe HHoR Qg FIE

A eke=rH28], [29].
AFAEA} A EE  caspase-3S A BT
Al B3t WA Z(intrinsic pathway)2b €]
0147 Z(extrinsic pathway) ZL2]al caspase indep-
endent AIF(apoptosis inducing factor)e] 2= A|XE
ARE R WA URIAAZE AFgAOA AEd
2 AEAFc(cytochrome ¢)7F WEH o]  Apaf-1
(apoptosis activation factor-1)¥ A= o] Fo
caspase-9& A3t A17]a, &dst¥ caspase-9+
A caspase-3S FAIAIA AEZAGAES f23T)
[30], [31], [32]. ®IQIX AR+ Fas EE TNF (tumor
necrosis factor)-membrane receptor systemol] 2]ajA]
A 8k%l caspase-8°] caspase-3S BAIAA M EA}
YA dojdtH31], [32]. L] 3L caspase independent
AlF(apoptosis inducing factor)®] ZZE AFEA A
WEE AIF7E AEAEA 288 2ol [33][34], o=

_LLOJN_,OI
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FFos AMHE FZ(chromatin
condensation)¥ ¥ 3-3(nuclear shrinkage)s 33}
o AIEAEANE dozItl33], [34].

Caspase E/48h= AXZAPEAL A8le] F4lo] ¥+ 7
HolH[31], T} caspaseE 2| HAHOR HIAA A|¥EA}
GAE dog|A 3] 53] caspase-32 thFe 7)ES
S7al= FE  effector caspase® 4#A gtk o
caspase-3% procaspase-3°l4] 4314 caspase-99l <]
3l 493} == 2 Fej7} caspase3 pl7= &l 9l
=3

Jang S(Q003)[36]> = A&7t ¥R F=d
vl CAl FYolA 2] C-fos, TUNEL % caspase-3
°o“§ Axgo] F7HE At e, 7 e o
v FAEA #AFEAL, B e A
é’b’%% el A= olE et AEe] Fofl dEE
A2 erktkar B askait) Chung 5(2007)[35]&
o] tFet Hej=ZFHE 7)sAd IEE FoA
A& AHgEThaL Bastglom, did AHSE
T gerbils®] alw} X|/F3] o)A ] AEAEALL A =&
A S digh Ao wde] #gk dAelA o]
AEADALE AR AE FA4E F 70% A
=, olelg Ade A A7t o ) FxH
AEADALE BAHAAA A8 o &4E 3 EAT=
A8d aHE YTy 2ustgth 183 Pang
]y & FFEH

caspase independent

E b
N &2 orlr g

O
m;'E_

S(2003)[25]2 A&

[
—=

E 1] H

AT £ QA o] F A HAL Bsje] A% 1

TAES B Ao wusgct
% BUE A P F Al ae
5| CAL #1914 Welbgs) e

AR HE F xAA il CAl
AEE Hogth oz Aves 1YL ¥ Y o|F
o simle] Ao tele] REALo] Yri= RS

chER, c-fost ol @ Q] At Aol 9)
(Ying SX. 7 Cheng J.S., 1994)[17]1& X317} YAt
7183l Jang S(2003(h)[36]% gerbils®] &fw} F-9
SAAHE fUoo] cfosdh AEARLE FiE
5 Fakel Rl AATE sl cfosst A
A AL $917) s gl s,

2 ATNNE GUF RS AZAEAE H
7] SAste] WARANLHIAE Fofo] BAT 2

e rsL =

[1

1954

I, 2Tl Gl 93k c~fose] W F7HE &
AHSTE = NEES 4841 #o4 gl Hgs B
of AgPATe #o] cfos?] TAaE frdsits 4
oo} ARG

E e Ax X}“‘Wf’l AARI baxis &xolA] W
o] Z7kol GIoll 9lal baxe] T7h7h A AARE

NEES A4 #e4 o Wik vehbd o}
NEES A§ol GLgelA baxel wad fol% 9%

S MY #AHN|E o Aoz Al
Yang 5(2007)[37]& Mz 4] caspase-39]

A2 NxAW Edol| osin S7tskd, 3 A5 ¢
A FEE AzA A caspase-3 LHE FAA
A3, olye Aye HAXAY  ZP(ntrastriatal

Hemorrhage)oll 93] =¥ AAA LA D] ok Al
BREAES A Am7F e thE Bastgdoh =
g Wang 5(2002)[38]% #9 FdHss 8 A
HZ 5ol HE &A1 F F718E caspase-97}F
AR o8 ATt Biuston, At
(2004)[40] A ofgk 2EFx A Tt
caspase-39F 99 WANSAE7} Fo|u} HAFAF
TR}l o Fastdon, ole Ay HI|AF]
Az aArel B 249 AYS AdeAY JA A
717] wiitolekaL &Sl

H AFAANE 2 caspase-39] LEO] 9]
A F71EE Ao® YEREom) Eg NEES 484
fro]d e WEE Ho NEES #&o] GIH A
caspase—32] Wdo] FoJgt JIE v A= Aow F
Tl T}

N

B QT E AN fu
o Agel zxle) AZAA ol
AxARL AP S Eae]
F AAFAFI] 4ge SD
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FASAFRA=] S HER VA= FFS EH, and Kim CJ, “Acupuncture decrease
Bt AAZ R dAFer] Ygaas HEd 3 A nitric oxide synthase expression in peri-
w A2 A7 9 A3 B = rheks W42 e aqueductal gray area of rats with strep-

A7t o oR At
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