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The Effect of Electrical Stimulation on MAP2 Expression in the
Cerebral Cortex following Sciatic Nerve Crush Injury in Rat

Ahn, Eun-young, P.T. , M.S
Major in Physical Therapy, Dept. of Rehabilitation Science, Graduate School, Daegu University

Kim, Jin-sang, D.V.M. , Ph.D.
Dept. of Physical Therapy, College of Rehabilitation Science, Daegu University

<Abstract>

The purpose of this study was to investigate the effect of electrical stimulation(EST) on MAP2(Microtubule
Associated Protein 2) expression in cerebral cortex following sciatic nerve crush injury in rats. Twelve
Sprague-Dawley adult female rats, six for control and six for experimental, were anesthetized and their sciatic
nerves were crushed. The electrical stimulation (EST) was applicated with 3Hz for 10 minuties in a day for
muscles innervated sciatic nerve. The MAP2 expression in cerebral cortex was identified from

immunohistochemistry against MAP2.
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The result of this study were as follow :

1) In control group, MAP2 immunoreactive neurons were observed but there no significant increase for 3

days.

2) MAP2 immunoreactive neurons were increased markably in experimental group than control group.
3) MAP2 immunoreactive neurons were increased markably after applicating with EST in sciatic nerve

crush injury induced group from 2nd day.

This study showed that the application of EST for muscles afier sciatic nerve crushed injury made MAP2

immunoreactive neurons in the cerebral cortex increased. Therefore, the electrical stimulation on the

peripheral site, denervated muscle, may facilitate MAP2 expression in the cerebral cortex.

Key word : MAP2, electrical stimulation, sciatic nerve crush injury.

I.M E

D2 L &34 8474 299 2344, #4
7, A&7 z-ol HhEdt. ol &4 A7 A4,
doR 2 RE 2] A A% o 22739 715H A
2 A% AgH-& B3l ABEn], A 229 £I4H
¢ AfHAgol weh detdrt(Navarro 5, 1994 ¢

Ossowska 5. 1996). 221} @2AAL 227 R

& ARE vk 25 1% 34, A A 9 B2
A AW Fo= Qs £} ojde} A 7154 3
B2 o|ytHEvans ¥, 1999: Fu$} Gordon, 1997:
Meyer &, 1997). R

22472 WA (intrinsic system) 2+ 97 (extrinsic
system)9] & weE YFFZE A1 o] A &4
Aldle |8 Fof] & Ao Y stA] ot A &4
Aol A7 Pl AEF Bl & 2aistd A3 94T
B AT g AL71%Y Aol B Aui 28 FF
& uA EEe) 2 3 G4E 71 20 (McCarthy
5. 1990), AP wal AN A D A A
AAZAE &4 e "ol 22479 &40
AR FA oz 28-S AHERA Rol 2§ ¥
dojrhe &4 2 9% (denervated muscle atrophy)
o] WA Hedl, ole 28 Ul oA FA9 74
2 gl Balo Frt2 AdT(olAYH o3 =2,
1990). o3& 417 £49] A 2 EAAS 959 A
d 2 X5 FE PHe L5 AV AS | FHA
Y e)z}ets] | 1990).

A7|ATFL SRR BOAN T2 B F3UAA & F

AAAR 2 53R ZHHde @ A Ao
AFA7|AZFolG AFn AVAFE 29 A & F7t
g Z3oz AMRHR glon, o] FoA 53, A3
ANAFAR(EST) € G8H A5E 7kl & 432
of 324, 7153 HUSE Y| AY FH oz YAlA
F2 AHEE 3 SItkelAR, 1995), SR 3 2
=2 NHEAQ WAL s A9Ed 295E &
wNRosN 244 7% A4 g4} Ssln 2
B 2280l Adso] 299 o 2 Add) &3}
Holth(o]AA¥H |72, 1990). Snowst Wilson
(1990)& ANATL T2 AARAWE AN ALY

- 7182 glov ojn] EAdke ATE Bk, 7%

o] gl AATEE It e, Bao &
(1993) AI|AIF o] AAHALEA gt L& =
Ao 2R 7SR o2 NANEN G Zelsto] NAEY
< 3BAZIYa Budyol oAy F(1997)L A+
&4 F 22079 ARAFS LA ARE B 2
58 & /W92, 2 YEATE LA EH 2
A&E A8, A AAA/E Bt Aol cfos
AHNSHEE F7HIAA AA7124ES FAIR
sttt '
MAPs(Microtubule-associated proteins)& &4t
35719 27 4Rz BeReln A7 4% 2 A
Aol AR 7t2Ad glol F8 A& e duER
A, o] YA F I&HF FF AAA M AR
F5E& Zlo] MAP20ItHDayhoff &, 1994: Diaz-Nido
%, 1990: Johnson® Jope, 1992: Olmsted, 1986:
Wiche, 1989). £& MAP2& $4&71AA 24 &
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AAEE sk AE 234 DA 27 A3 A
Ao Ax=z geiA gk (Malinak® Silverstein,
1996; McRae %, 1995).

old] ¥ Ao, GRAA £ 7 7 AP
ol dF5o] EST Al o3 242 vollAg) ¥
38 F2 #FRYR, & Ao T 22N AN
o glo] dixu@ate] ARG AHE =52 A9 g
ong AR A F8% 482 e MAP29] #d
& Bdld 2244 &4 2 A7 A E B 2%
o EST &F5o] &A4d D279 A4 9 oixs)d
ojw 3t J&FE vl Ao tisid Dol uA} Ft)

I. AT

B ATE A2 A &4 F 247 AR 3
AAZA R} demde] MAPZ He oA E QL
Solr] Sl5je] Thest 2 AF Woe APstct

E AFdAe 59 273 oA A5 A3
200~250gm W29} 44%% Sprague-Dawley AlZ<
4R dF 1271218 AlEEl. AYFEL FFAF
GRS Aozl dizF(eutal; 192, 292, 399)
I {FEY F AVAFAEE AL APF6rE 1
AT, 29F, 38T TR ko] AA A
AR REE 2242T, £5 50~60%, B2 12412
F712 243n 2ol 8L Af{g4 sttt

2. AEHYY

1) F247 =3 fd

YA E Ketamine hydrochloride(Ketalar, Yuhan
Co.. Korea, 50mg/ml)® Xylazine hydrochloride
(Rompun, Bayer, Germary, 20mg/mD& 1:1 H]&=2
E#3NA AF kg B 2 mIE B Yo FAlete] A
A F, BE AUFEY 9F FIZ0A6 dHeA
< de77] AsM, QAR /A Aold A BRE
AEG F 2~2.5cm Zo|2 Aty F2AAL £
A3 Qe 79 TEHEN FFNAE BN F AS
AR v 2AZA o2 BA87] Ao RAE JH A" 3

ZHhaemostatic forceps, Crile, 15cm)& ] &3t 30
22 gutaisict. o Al kol ] RS oz E e &
A& PAE7] Yot F=E EeaEoR HAE 4
& BN 70% ¢2EE A5 F 43 E AAEAT
A 39AR S 718 F USRS BHE0A e S
ALgatRon, AASES TIE P2 IF RSN
Z & UZE AR oA 5mm AF] A& BAG
F o 22 Sl AAE sheetd e 7Y 2% 3¢
Ao gog &4& LAY 4F ¥ FEAEE B
FALE o] &3l FAE /Y ¥, AZIAFH R A
Aol 94 & st e FHE ARG,

2) A7IAFRAE.(EST) 2444

AZIAFAR 7]7]= Audio Treater EF-120(0G
Giken, Japan)& AMgalRon, AFHAE Ansld
HISA AT 31350 FHo] Hasyn §4ATL
FHel 4 F4E8 A8 7 =S 37 2mm B9
ASS 059 24| Avjske A3 E29 vjE2
£ A7) AFAY. FoEE SRE N1, AFAEE
FEE5E PAY F AT FER 3}, 1083 35 13
A AAEIAL A& A 2T 5 A BAE 59
B AA Tl 482 Hod TYT 2dE Fo

AT 23 AASIAE A4 0¥ ¥ 0.9%
NaCl% ol 438l A3#Fa% T, 8% paraformaldehyde
(pH 7.2-7.4)& ] 4% A7 23 A 23& &
A1, HE A &3} AR g5}HAE A8 oAl 8%
paraformaldehydeo] A2t <t 3 2% dgien, ¢
ARZ(25% sucrose)el FF Ft 4T HHER Y
otk d22e ANAZARE H 4314 ¥R A9 Y
T H3E AN 22 & A& ¢ A Lasigich

3) =2 dHEAF

FARZA F F¢ BAYD HE FAL ¥
(Frigomobil, Leica, Germany)& o[&3lo] 93} 40C
2 YF3 nAADE7)(LEICA SM2000R, Leica,
Germany) & o] 43} 30mz &z} 0.01M phosphate
buffer(PB)ll A ]3tgich.

4) Az A3}shy

0.01M PBell A2ld 23S 1:100022 I¥E 13
%} (rabbit) MAP2(anti-MAP2polyclonal antibody,
Chemicon, America) 50049 Hglsle] 24413t <t
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4T YRR, 0.01M PBel| 10% 33 F4E 4
Agka, 2aF A9 anti-IgG(Vector, USA)dl Wol 4
£ 90% N ¥, A 0.01M PBZ 10% 33 #48
AN AT 322 phosphate buffer saline Triton X-
100(PBST)Z 3#A & avidine-biotin peroxidase
complex(ABC)kit(Vector, USA)2 2 g4 308
2t A2tk 0.01M PBE o] &3] 1083t 33 ¢4
& & 2473y L 98t 71249 DAB(3 3 -
diaminobenzidine, sigma,U.S.A)dl| 1083 X&)t
t}. 0.01M PB= 10¥4 33, 33 AFFE 1084 3
3 A% ¥ 24 &eo|=d & dxd4E 4
& toluidin blueE o] 83l 383 A F 52 &
of #Asta, YA G433 (70%. 80%, 90%.
95%. 100% etanol I & II, xylene 100% I & II)&
Ztzh 1084 AR o FREnAEE $2E A8 B9
&t

5) JestA 2 W=}y 42

Pepats FEoE FEA A (Olympus Bx 50,
Japan)& °|-&8x, v Fad CCD 7zt
(Toshiba, Japan)$t AFEE FBAA ARE A
gded, e AEE 9%42 Imagepro plus ver
4.0 (Media Cybernetics, U.S.A)& o] &3le] 43}
QFENE APyt

6) 237

Fepaa Aol SUH 2L FAARA sl
ECEER TP ER ERE R RP L ES
34 279 FANNE Y23 ¢dd MAP2S) 2
SPSS WIN 10,08 ol83le] QMR gaEgo2 X
eI} #o14% pE (0.052 STk

1. |4x A

MAP2E oz sk ddzasias Wies 4
A3 Horgdure AAY HEAE rat brain maps
712028 3o F2 bregma -2.12mm~-3.3mm 74
9] frontal cortex®] area 1% 2, 18] retrosplenial
agranular cortexo] H@Ho] AU UL (Fig

1. A, B, 0)9 4% MAP2 @A & 3oz = 9
Az g Pyog ANTF FLA 297 39N
o] BEx, B2 (Fig 1; D, E, F)9 Z%E Al
21733 weh A9 Wsrt Qi

2. piyxBIEN 4

1) 2Tl A MAP29] A QYA vhg A7 L9
w3}

SN 43 F dH 9 FdA MAP2 9%
uhe-g Bl AAY AZFE 14, 29, 3T LR 34
238 A7 zH 41.00+7.44, 46.25+5.38, 46.5+
7.142 JEIT. olF AT wE wE X5
gGaole 7ol g Zolrt AATH(p0.05) (Fig. 2).

B

2) EST A4-Z M MAP2 P/ duhs 1734
2] 3}

HAZAA e F 22AA A28 ESTE 3
43 49T B Pl MAP2 FHFINE2 B
A AR AZFE 1Y, 29, 3dFoz o] 5%
A3} zkz} 55+17.32, 180.75+23.52, 170+21.902
2 et o|E AT e 2d AEse] B
de 193 2444 fo@ FHel7t e
(p€0.05) (Fig. 2).

Fig.1.Each schema includes labelled neurons in one
30 micrometer section .As time passed, MAP2
immunoreactive neurons in experimental group(A,
B, C) were gradually increased in cerebral cortex.
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=1st day after EST application
B=2nd day after EST application
C=3rd day after EST application

=1st day after sciatic nerve crushed injury
E=2nd day after sciatic nerve crushed injury
F=3rd day after sciatic nerve crushed injury

250

200 +
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<€
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50

] 1 |
1 day 2 day 3 day
Time

Fig. 2. The changes of the average numbers of MAP2 immunoreactive neurons in cerebral cortex. *p<f.05
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Fig. 3. The picture of MAP2 immunoreactive positive neurons in sciatic crushed injury-induced rat cerebral

cortex after EST application( X 200).

MAP?2 immunoreactive positive neurons are progressively increased from the fires to third days. Especially,
MAP2 immunoreactive positive neurons was increased in two days.

A: 1day after application EST on sciatic crushed injury group.
B: 2days after application EST on sciatic crushed injury group.
C: 3days after application EST on sciatic crushed injury group.

Fig. 4. MAP2 immunoreactive positive neurons in sciatic crushed injury-induced rat cerebral cortex( X 200).

A: 1day after sciatic crushed injury induced.
B: 2days after sciatic crushed injury induced.
C: 3days after sciatic crushed injury induced.

v.n &

o A9 2 sl Al L @FAIRS
2712 2R &4o] A Fristn Jden, o
AAY Nas A% &4 49 Ao A A7 B
o] o|2ojxlx gt Happeld Kline, 1991). %2417
o &e gink oo s A 24 P A9 &4t
g g SEAE v o34 eE did A, o
AEG, 3, F2 AYZ, SEEA AT FoEE
wrA e 4 gloh, BEAR] &Fo 2 QIR 59 v,
7zl 242 oprlHe A B9 AR &4 o
3he weid o 229} AL BRG] g #iol ¥
23RBS 5, 1990). AR & R F A 7
HhA| 7} -3 o] THA]A Eol| ol HA}AH oz g4 s
o} slgct sl ZlA oz Seiiel B A3
FZEE B8 F4o] SHX-2RE Ae} Sole O F

FAATI) A THREHY F4S g ol Fe 2o

1 dcHIde =, 1983 : Ide?}t Kato, 1990). =3+ &4
1-34 % w9 A2 AER 2707} 71”2 &gt

st 2] ARFE YAsn APAN A F4L
Z AN ABARE FEE 15771 9 F4e /i
7} Agedtn AAcHOsawa 5, 1990). B&2AF
EA AAAYA o] FARE 7% BE HF E
£ 842 ARASE ¢ 4 WA F 7L A4
Ho 2 A, A4 fE8 43S Ade A
A% AA7L AFE A} gk, ol P B &
3E Q7% F2 o o AFIE AR A
Aoz S e %o] Rudxm tH(Aebischer &,
1989: Gispen £, 1991: Rich &, 1989). 2474 &
& A% 329 Ay % DA &Fe ARy
&4 24 AAYT Ao AZAE £47 A A7
AN o] A @ AZN R A dAE A=
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S AR E FE ARAEL] FA] & FI¢L A
t}. Kajander® Xu(1995)€ SHAZAQ 474 A% &4
o] §29] A<M substance-P9} calcitonin gene
related peptide(CGRP)¢] A4 ¥d& ZaAc)
3 3t ew, Woolf 5(1990). Schreyer®t Skene
(1991)& A4417 &4 Aol A4 4734 2 29N
AR 9] Ao BAE growth associated protein-
43(GAP-43)°] S7H=9 oja|g dde] F7he A%
Ao A 52 E gt B asigc).

MAPs® AL Fefo] Tz nlA 23 Alo)o] w3}
TZE o|fx jlon, & Qiksle} AxFe] vt
F718 B8 W28 2§8E 83, vlHARE A
2 o] B3 AlFlE 4EE sl @fdeltl. MAPs
€ A7 FHRATH g nMage] 2259} 5
< 2% 48 UK (Hirokawa, 1991 : 1994).
MAPst 5473419 2274 B4 & & e
v, 4734 MAPs & 71 82 2o} MAP1B9 MAP2
ojch. MAP1BE F2 A7 &9 z7d 2= vt
ol MAP2E 1737479 27|19 37] 2%dA Yehd
@H(Tucker, 1990). °]F MAP2& 9o 33
(heat-stable) @HAZA, X479 35 AAA Yo
A 7V F530(Olmsted, 1986; Wiche, 1989), A
73 A% R AR el 8% A e B
tH{Dayhoff ¥, 1994: Diaz-Nido %, 1990: Johnson
3} Jope, 1992). MAP29] d8i& =A LERF
MAP2 (High-molecular weight MAP2, HMWMAP
2)¢ AEAFE MAP2 (Low-molecular weight MAP2,
LMWMAP2)& u¥=, ol A3 wat 42
MAP2A, MAP2B% MAP2C, MAP2D= R &dot
(Kindler %, 1990; Lewies %, 1988). MAP2+ A7
A F2 EAjsle], =3 H NAA 230 242, 2
&, dezAd=z 44 B £ dk(Loveland £,
1996: Valdivia &, 1982: Wiche &, 1984). 3],
HMWMAP2E 2173 AEA e} $487]) i 943
8tz 2 (Chung 5, 1996: Fletcher 5, 1994:
Scheetz$} Dubin, 1994), LMWMAP2& A48 o
F2oA & 4 lth(Albala ,1995: Meichsner =,
1993; Tucker &, 1988). MAP2+ gwla =, 9l
A3} Adefol ofa) wMART o e AEFEES] AE
282 A=, MAP29 A4tsle nlA 4] B
2 oAadelre] MAP29] B2 Yoy, vz
MAP29] & 43k n)AA83 d¥le] H8g 2214

717 Ak (Desai®} Mitchison, 1997; Jamesondt
Caplow, 1981: Maccioni® Cambiazo, 1995).
MAP2 kinases?} MEZ9] 4 Hto] dojyd,
MAP29] I8} |28 BEE 223471, ¥+
# ¥3E do itk (Drewes 5, 1997). =&, MAP29]
Q3 7R Qe FAEA dolviAl 89H(Diez-
Guerra9} Avila, 1995; 1993). MAP29] & <lAk&}t4)
@43 kinases®] JAAE 7I8HA =9, #4EAE
287 @} (Audesirk ¥, 1997). Riedererst
Barakat-Walter(1992)= #olzle] 34 2 A3A
A4 MAPs¢] $d-& #A¢ 23 o|F MAP2E F2
Zate] F4sl 29 AAHANA B = i e
9, Bigot$} Hunt (1991) MAP27} A7 A EA 9}
FAE7INY A7 A DA Aol glen, o
MAP29] njxi4gzle] G0z sle] A3 AE 23
9] ¢t Aol XAt Buedrtt Svensson
Aldskogius(1992)+ #F <9 42 4373 AAA
MAP29] 98 P& &4 F 4UA 653 228 2
&, &7 AA3Y F9 AN MAP2¢] #H
T AEE BRlon, o8 Ahe A3 FAZ A
BE7S HEog A3 Aolztn Budt}. Zhang
(20002 &4 Al A Fe) wE MAP29] dd&
Bokedl, 34 &4 1-6A12F ool MAP2& 3243
ZAaEE W ARAY e &4 F 1FYTW
2 & st gldleng g 4o WE AX 234
o] L& MAP22] Ao olojA AAAF e
a7t dojdrln sl)Th. Craig® Banker(1994)&
¥ At e] A4 A wlg A olE Tl
A4 FAE7] AR 8T AXFA] 30| 49
v, 4 43 27) dAdA e LMWMAP29] 9
37t F7Heln A% &7l HMWMAP29 <143t
7b doluin], 413} 48719 AgUA ¢l e MAP2
o] Axgr} FaAezw Airavn Yt Diez-
Guerra$t Avila(1993)+ #jvt A7 €A Wik A 39
< MAP29] Q2137 AA8) Zoksln 487171 8
AEAT Badict £ d7oME 247 g
4 ¥ 347 MAP29] HA S Y 23 AP
A73de] FdE #AY 4 ANLH, olE Craigs
Banker(1994)¢] Biie} o] AR X710 A2
4ol FFo2 MAP29] QAtgl Fgo2 Qg ZAos
Azt & 4 ot

T2 3o d EelABE, AAEL 2 A
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T 9 9% e 5302 &3] AVIARS +FA
B, 227 5& F&dn Ari(AAT A&y,
1997). A7 1A 8= A ddoA de] 2olxn e B
g g9 & FolaA, T AFH A7A8e AFA
Fo AAY A ARE o] &3l F2 AR £ 7

25 AT 25E5E KU FrIAFAE
ot 8538 ARG AF AR o nAY A
F, 759 AF, vAAR F o8 /A AFE FHA
ol&3tn Jlon AL A A 258 AFshe
A& 7Istd AHEEH T eI, 1995). 483 A
=& B30z ke AT e RA0] ojfg g
AR2E A3Fse= Aoz, Joplin $(1987)& AF3}
A71AZ o] 71ES] BA2Y FAAL AAL R Aojof Jg
£ olA A4t g DA §48 Sz Basige
9}, Borgens $(1990)< 71Us1dA A& A5
F ANASS &8 F9ol 7HEeEA B Fol &3
Hacka 39t} Fehlings® Tator(1992)%-2 3179
A Hao] ke 3 ATl o] Al e
Fle] g Ee] A3, £4E 447 AAES Bast
At EF Park $(1992) 87 FA At Aol
A Ao AVASTE oA 2850 4
WEQICR Sen], AiE 5(1995)2 s £
F2 0736 A7IAFE 1S o six]e] £ BHE
& 2ANZ £ U S(Th £ A7 AT AP 23
#3712 Basmajian®} Luca(1988) 2441733 £3541
7ol £¥E Y2NAL A/ AF & off Fpo] A o
TEFAE A&H oz FRANY 9, Jeftinijast
Urban(1994)& A7NAFe] A2 AAAZER
o] BHE F7MAA A4 £5 2 #A wHENN B
B4 F A2 Afrt Botste A7 7144 & sk
AzA2E 2AXUG 1 Raddh. Follesa &
(1994) & A7|1AFo] A5e] 32 2 &5 7SS ¥
£oll o3t ARAGAA 2 F-FoHE A4AAE A
AL 217 EAES] §4E /A 8
929, Koshinaga $(1993) 3 ¢&doly 22474
&4 F &35 dA 718 A7 AR 84 &89
FAES AL AN Basyct

wEA] B A7 Ao 224 &4 F A A
wl2e] A7IAFXBA] i u Ao AZAA L A
7taAel £8% A4S she MAP29] #do] Z71d&
gag £ AT, olde A7) o] AVAFAgE
dxjdoie] &45180 gdd 248 2dA e

A ARBAYE AN

r
N
18
4
o
.
5

HEJNG AAEGE dod FFY A A
73Tt wte MAP29] HEF=E "z seho
2 #F - FY3 AAFA 8] o] Bl ok
I 2 ZHE A& ¢ AN

1. 3347 ¢FE3S 9o 4878 gz 73
%, 3¢ B e s FAF A MAP2 HYY
ke A9 AXe BAE FF 5 UUAE, 3¢
U 2 AxT KA F7he Uit

2. AZN73 4AELS 4o ¥ AVAIHNEE A
Al Pl A ozt v)ste] MAP2 B dut-g A7
A AxEs7t 7K

3. AZNAE YFAEGLE Yol ¥ AVAFIARE 4
A FL A4294 MAP2 B Rdnke A4 4
7t fel Al FrE T (p€0.05).

ageg FFA7 4FEG F FSAA A S8
A A7A=Sx8E g A MAP2 W ekidut
< AL & F/MFIY, <18 % vl TxRq
W A7IASR R A s AoAe] MAP2 dde 2
A% #AL e Aoz Algdd.

(&2

Ho
rak

)

Wy P Asts - FYAe}, Aqd, A& Hq%
A}, 1986.

V4L, Hed
1997.

AE, #A7), AdE, Y (NN g E
FA Y TEVSIHE AT F2NA 9] AVIAFR
o A 5231523 #],(2)2,151-160, 1995.

olgE, =g, AL, HAAY : o AU &4
Al Bl B2 247399 Power Spectrum
Analysis® o] &3 FFEA, didA 2R},
23(2), 202-209, 1999.

olAA, oY, AW, v, AXNE, P EF

D AR BEXE [, AL digtMY,
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