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Purpose: The purpose of this study was to identify the effect of electroacupuncture(EA) and transcutaneous

electric nerve stimulation(TENS) after sciatic nerve crush m§L.ry in rats. Methods: The EA for experimental

group 1(Exp I, n=15) and TENS for experimental group I (Exp I, n=15) was applied from post-injury

day(PD) 1 to PD 14 after sciatic nerve injury using low frequency stimulator that gave electrical
stimulation(15min/60Hz). In order to observe the effect of EA and TENS, this study gxamined GAP-43

expression in rat lumbar spinal cord at the PD 1, PD 7 and PD 4. In addition, the stride length(SL) and toe out

angle(TOA) were measured at the PD 7 and PD 14, Results: Exp | and Exp I had higher GAP-43

immunoreactivity than control group(PD 1, 7, 14). The SL of Exp | and Exp [ were significantly higher than

control group(PD 7, 14). The TOA of Exp | and Exp I were s gnificantly lower than control group(PD 7, 14).

Conclusion: EA and TENS application increased motor nerve recovery and expression of GAP-43
immunoreactivity after sciatic nerve crush injury. Therefore effct of TENS and EA had similar effect on nerve

regeneration and functional recbvery. (] Kor Soc Phys Ther 200¢;:18(1):65-73)

Key Words: GAP-43, EA, TENS, Sciatic nerve injury

[.A4 & # 8k} (Francisco 5, 2004). &4 F9+ &49 24
o] XA B T E4FHA gL FAo2RE 27}
B2A173& 43 (crush), ¥ (compression), A1 Al (collateral branch) F4 el & A3 A
(stretching) 281 A% (avulsion) ol 93l &4 ¥ (reinnervation) 8 4 1ok (Mearow, 1998). ol=] gt #}
47 (Raso Z, 2005), o} & Qla] &4te 299 T% Fay AL 343 (growth cone)]l 93l ZAH 1 5]
Z} el AEAAA 715 AN T B2 AAS o c|g]dt A 7 Y DA GAP-43%
tubtlin ¥ actin® Z-& MEFZHEN o] AT

e a4 20054 124 129 (Bisoy$} Tetzlaff, 1992).
;32@3%&3 {g ié:j GA\P—-43& B50, F1, PP56, P57 ¥+= neuromodulin
AR oj@, AP 2P g T 220-1 W39 e-mail coolriders o7 E8]E kel (phosphoprotein) 2, A3 HE A

@nhanmail.net
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ol@ul 9] 521 : AA3T AT A7 AT 0| B BN gEY F A GAP-43 2] vl & FF

A (neuronal growth), 7H4 (plasticity) 28] A3
7)%% (synaptic function) ™} #&o} At} (Lin F, 1993).
GAP-432 A7 9% B4 YR 2 (Li F, 1993), &
2+o] 914 (axonal elongation)©] Yojui= FF A4
o] AEAAN F2ahe et ¢34 $5S Tl 4T
23 o]lZ 5w (Woolf 5, 1990), ©1218 §33} 52
22+ QP4 o] dohp= Bt vl WE £52 dojd
oHLi 5, 1993). =3} protein kinase Cofl 23l 1Ats}
(phosphorylation) ¢+ ©<14}+3} (dephosphorylation) €
GAP—-43& AAA L9} 4445 TAYA o F2 5%
2 AAET F4 a9 dF 4o 798
(Tejero—Diez %, 2000; Woolf 5, 1990).

27 &4 F A3 BYXEE AFHE o
3 AZINE, YolAAE, 229 A5s FEEAY &
YRS 9% EFAE 5ol AHA A foH(DAES
7} 714:8], 1997) 42 A7), A3 255 22 =4
A 91z} (physical agent) = 4, ), 25, A7} 24l
A AR foll TAAQ AL vFTy A Aot
(Mendonca, 2003; Polmeranz, 1984; Raso &, 2005).
E3] A7|AZL 55X 7 (K%e 5, 2004; Sluka$h
Walsh, 2003) &} 4 %% 744 (Zhang 5, 2004), &%
g 229 X4 (Houghton 5, 2003), A 3% (Lake,
1992) 7 dF2] F7HLyons &, 2002)F TH¥s &
2 71A) 1 k. T3t Saletu 5 (1975) ol 28 oA
A7|1AZ a3et Ao AHS AT AP RS
oz & 7NN 55 XNEAN AN ALFS | B
o} A717 GAFS o 1008 AE o4 74421 Zo
2 2 uEgth AJAFTE gt A= T F
Z 8 (Guo 5, 2004; Liu 5, 2004; Medeiros F,
2003), $€%(Lou 5, 1985), 5% % (Zhang &,
2000), ©&% (Fink 5, 2004), 43& AN Jin 7,
1996) & Bebatol (Ulett, 1996) 52] Agte] o] &= 1
pii=g

227k 0] B2 AEA ] did APA23 A Al
ARNAZ thg Ao AFE gol YAT F 7HA
A7) AL vad ATE F5T AAolch & Aol
e 879 HTAAE 43 &4 A7 F ARSI
ATNAANAZTE A7 A A ESAID 3 e
= aiE HF Ao AFAY AEE ol REHE
GAP-43 3& HdzAH s vhg-& Fal &lsin
SEANA 3B PFEE SddN FF 4
(footprint analysis)-2 F 3 #1273 (stride length) & &
9] 9137} (toe out angle) & F8) FAst1A Tt

om. 94y

SRR

1.

B dpoaE 598 28t ARSE AF 8-10
Z, AF 250-300g9] 73t A= Sprague—
DawleyAl AAE A8 75 Qlo] 45ute} & AHE-3H5ith
A¥ 717+ F 23 gol= FAIE TSI, HFH &
T2 0512C, 5= 651592 AXEH, 4T 2
9} F37] L WF7E 1247k 2 s AR A
g F7)o) Dol Zo2M A £98 dFA A
3 F3ict.

AHEEL Y2Fn=15), AT 1 @=15), 48T
I (=158 FRaP zZ+ ¥2 oulely 194%, 7¢
7, 149702 WA dEzFe ZFAA dEE
e A F BEAEFAA 2FY % AR,
HINA GFEAL T AP T 12 JPASE A8
= AFGANAANAEE 1Y 13] 1527 3438130t

AgF 5 ANnHE FE317] Aste] AR A
ol ¥ E (Rompun, Bayer, Korea) & 574l FAL
(2mlkg) 33tk BZ ] digt g3 /55
Z8) ul3] RS g% F AHFTES Fetol 1%
ata, H2AA9 ¢z &4 9 AT FAEA
A2 A4S g8t L2F dER) ysH d5S
ke el

AR S8 AtoloflA 3]

HE AlQ

HE 4% 3 2cm 4

" olz At HIAAE EeR Jle 74 25 =0
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A HZNAE EAND F AP AP eE E
A&7l A9 #4g AN AZAH A (haemostatic
forceps, Crile, 15cm) & o] &3] 30&3F ¢Etsisich
ohuta] gtutol 9o AT o2 R E Q) &S WA 9
ste] BEale TetAgoR AAE A& AHA
0% S22 2% T 422 A A 394
2 3L M F UEF TEAA e A& AR
o, AAEAAE FYF o2 JAFHAM £ U=
£ ZAe] EolA 5mm AF] A& BA F o &
& B9elld A& ekt n 7 e 3aAe] fe
&g et 4 F 5EHEE FHAE ©
gato] 425 B F, S PAN AT AR &
=g AAEATh A7|AZA 7R BEZAE Al0A|
(290x430% 180mm) o} 3nteld do} AR A <
AR



AR AANNAANAT S S4E ABNAS
BT 241209 (ST 36, 28ote) AA2H A

Z AT BEY (Liv 3, 1 - 2852 AR ) 299
A G cEHESES ALHFIB, 1991). old ALH
A= v 8 A2 Y F-98 AR F 833
3, AZLE HFE T ALt AE5e 43
419 F AFEH L, N EARFE 2F T WY 15%
2 AN T A 7A] g R2E T§ X BAIZE St vk
Z AAF, AP T gt TS 210& A
AAAZH AAAAZA7NAZTLE AFH 457
(Rebirth—102, Saelk Medical Co. Ltd., Korea) & A
3, B A¥e) ARgshe APTES F3AF 4F
4 1935 A9 12 S44elg 38 5949
A (stainless steel, 0.25mm X 30mm)& &3, AEF1I
+ Feds g3d 79 A3 6mm2) 22
AGF 13 AEF 0 60Hz, ImA] ZEZ 1583 A
7NATE A B3
3.

53

D P57

A}

qerge| X235tz 4188 A& 20064 2¥

APYAZ7 B ANF A7 AT Fgo] 5473 vl
e G PFSH SN #FstuA}, EF F7
Y, 14L AFAM 2T, APF 1 L AP0 48
FES Yoz 8 £4E FGHFEE, 2005).
79 A HES B3 F, uldof FA Folr}
Z¥ 7o} 80cm, & 7cm, ¥°] 10cme] 28 &3 4
TE oz £AL J|S30) TR APYF
o= AL Ao APFEo| Aoz JAYF
AEE FEath WA AF T2 WS =
£ 23] AEE g o]Fof Zt AFFE T 33 wiEst
o] £ & 7123190t} ol A/} YA Bl YT
£ ZF90E I9F 24F AAFA.

AYFEZHEH 7|28 S BA S Yot g%
3 Bahekol ot wke oz St g
& FZ dnle FAA Abol g AglE vehln, 2] ¢
gkzke- o] A WA wyteEa) $E5X - I (metatar—
sophalangeal joint) Ato]8] @AA0] B3 NP3k

o]t ZEE o] geh(aY D).

a8 1. 88 24

TOA(Toe Out Angle) : gte

o

SL(Stride Length) : &2}
2) 223 74}
(1) ¥ £E29] 2y
AR AXE vl FHE AN AL HE

{Rompun, Xylazine hydrochloride, 2ol @gjeh &
BAFAH2mlkg) sle vH3 e &, 44 23 cannula
2 A4S T3l eEuEHel AYsta BFTAY]
(MASTERFLEX, Cole—Palmer Instrument Co., #13)
g o]g3to] 0.9% NaClZ #FFAHSL, ©lo1A 4%

=
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paraformaldehyde-& o] -&38to] BF TS A5t ¥
+2 A% 9ok A& FH HFE 24 T
4% paraformaldehyde &2 148 A8 1, vlAl
A7) AHEA W3 S $A87] Y8l 25% sucroseel
7 EH 4T YR S

DECEEEEE
WzEF AEF ] L AYFIRE 2ol 85 3



ua
v

ol

ool H4 232 F49% 7] (Frigomobl, Leica, Y&
o434 —30TE YFAI AdefellA, vlAlED] (Model
SM2000R, Leica, )& ARg-31o] 30m FAZ Jd A
(transverse section) 3}t AW A4 TEL 10mM
phosphate buffer solution®ll B5A1A 4TE ¥ Hast &
24X7E 0| 5ol AFe] o] §315ich

3) Wz 38 (Immunohistochemistry)
HITAZ Y F ARASH FHAFZRANAT
Fak} A, 018 Auishs LA T A3 aAA
#Es7] 3t 25 $4(L4-6) S A2 (anterior
horn) oIl Al GAP-43 B RF-A)-& &35t

olZ 93t TS 2 TEAZ AAH S Ach
10mM PBel| ¥ Bas 24 o th3lo] rabbit
polyclonal antibody GAP—43(Chemicon International,
o) E 1:200 52 A4 24A7HE A2l ekgl
t} 9a&A X2 #, biotinylated anti—rabbit
IgG(Vector Lab, P]=) & 1 : 259] 5 & z}7z} 9087t
A8}, o]Fo Vectastatin Elite ABC Reagent
(Vector Lab, USA) & o] &3l 3aF A5 1A 5
A2lstict. A 2eHY AlolelA= 10mM PBE ©l
g3t 1084 33 A & M7t F549 ¥
FEE tislo] 0.3% DAB(3, 3 ‘—diaminobenzidine
tetrahydrochloride) & A glsle] & w28 FT3ln

== o=

3]

KB
=

9) 59 : BRI ARAHA/IAT0] B2 HBUF YREA T B3 GAP-43 Lol viAE 3

o
T

FAE & g FAHY 3gE AY F upxgeRr
PMM (permanent mounting media)¥l clarion

(Biomedia, 7] 3)-& ©]-83}] cover glassZ 5413ttt
4, 3t AMe| Y 2M

Z+ A Y] Aol b Ay o) o]zt wist
Z v w3l 98, A2 = SPSS win 10.02 o] &3}
o] YYufx] EAREA (One—way ANOVA)S A3
o} B d72 BAEE {oFEL =052 33h

HAdz A5 e BEe P (BX50, Olympus,
9 &)of A2e CCD 7|2 (IK—642K, Toshiba, 4£)
9} /Mg AFEE J4 A Image—Pro Plus win 4.0
B Z2IWE AHE5H] GAP-439] Wug-& #A3)
Ak

m. 23

1. GAP-43 HLkS M H| R

EESAOL-EI WL I
F3} AHAR7|AT] 2% A
2 B Ashol &4 F 19,79, 4L 2T 2
% B2 thste] W 2ABNMYE Hgalo] 2HH

9 E2olq AA%
Z7o] w] A& 5

FHTE 1084 33] A% F, Cresyl violet acetate T Cas
Sigma, PIE olg3tel 382 dzgug Ngsly AT HEL ATHARE L),
o) EgAL NP A5 ELE 581 B2t
E 1.2 187 GAP—43 BIHISA vl
AN\ T e YT 1 AR
1 —
7 + ++ ++
14 ++ +++ +++
SIS, 4 OIBHOMUIS, ++  B7HUMUIS, +++ LB UMUIS
D &4 ¥ 19 d22a AYT WSS BAY AT, 259 Aol AYT 1, YT
E4S 07T 190] F3e Fo) GAP-439] 99 9} 2 BRI SN0 RYTHIT 2).
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g BAE AT, 950 AL TEFL oket

e 23 A18d A1z 200649 24

I8 X3ANE UREA 1Y & GAP-43 S
2A. CH R 29| GAP—-43 BHHHIZ (X 40); 2B. AE T 10 M2 GAP—43 HHHIS (X 40);
2C. A2 10l AM 2 GAP—43 HAHBLS (X 40)

[\"]

) &4 %79 27D YT g2 (9, AFE 1 VBT TME 32 P4 8
A8 90717 7Yl B Fol GAP-439) WY S (+4)& RATHIY 3).

8 3. 2E24E YREd 78 F GAP-43 &
3A. IR 72| GAP—43 HHBHZ(x40); 3B. AT 10M 2] GAP—43 HHHES (X 40);
13T HOIM 2] GAP-43 HEBLS (X 40); SHA B E GAP—-432] HHWSE LIEHHC,

3 &4 F 149 2 2H AYZ PYNSE(++), YT [ AFZMANE B ¢
AL 20717 140] Z3HE Fol GAP-439] W A WL (++4)S RATHI 4).
S BRY A, 259 A YxTE U

n
og

1o

R

l'N

b3
)

d

13 4. FHEBNZ SEEY 7Y F GAP-43 UH
4A, THER 9| GAP—43 HHEI2(x40); 4B. A& 2 102 GAP—43 HAYIZ (X 40);
4C. BT 110 M2 GAP—-43 HSIHIS (X 40); BHAE S GAP-432] BIBH2 S LIEKHC,

My

SHESHN Z{AL ) #eA

7t 284 248 Buge) Lol $4E A% 4
AAASH AHAARA|ATe] $FAGA lAE GTIHAYTT 2F &4 F 72, 149 AHN of
re B Slotel &4 7Y UL AR o ZEHE F9% Folrk AR TE<05), JEFLe
F3} APE [ AYLN VYRS UNOZ Z & 1olrk AATHE 2).

AL Foto] 2 Byt 2o A7) thafol

oA LR S YAl
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ol@yl 9] 5¢1: A

A= B AP A7 A= 0] A HEAE &

HEY 2

i GAP-43 28 v|A = 9%

B2 248 #2g Zo|(mm)
AHD \ T 2 AT Ad20
7 96.71+11.22° 117.6+17.36° 117.67.£13.25°
14 119.5+4.51° 132+10.68" 134+12.28°

Z & 7 189 HEXEFHAE e,
Duncan s multiple range testol] 2& 4% A=
7V ZF 7 el fA40] 9eS vEbdT

Z} A SR 2] e B3 Ay A
TIFAILO BF &4 F 7Y, 14%9 A HolA diz
ZHE= {98 2Fol7b UUA T (pL.05), AFF7 =
2] 7} IITHE 3).

2) %) #1532}
£3.7 28 9|82()
AZHD N\ 2 dxz ARE1 ARZ
7 18.43+£4.32° 14+4.69° 11.83.£2.79°
14 15.5.£3.94° 10£1.67° 9.6+1.67°

Z & 4 2% FFEEFEAE Yehd
Duncan s multiple range testol 98 293 A
7HA 7} 3 7l -2 e] 98-S vEeRith

V. 32 &

AL EAL TR 2R Aol AEF S tRY
ok JA#A &2 H(growth associated gene) F 5
8] GAP-43, c—jun 2 %748 {22}, BDNF (brain
derived neurotrophic factor) ¢} trkB 22 Al 99A
QAAre} 4871 28] 2 tubulind? actin 22 MEZZF o
RAE AFEAs T, AR AR ABAGED &
428 3132 Al T B HES 2%t} Bisby
9} Tetzlaff, 1992; Fu$t Gordon 1997; Herdegen %,
1997). 54 ABEE, A4 FAE2 tubulin®] F4+-2
Hhat AR =] (Wujek¥} Lasek, 1983), tubulin®] 4
FxA FAO AR AR FAS FgzEL
neurofilament/tubulin H]&& Z4A)7]1, ¢S #E
tubulin °| &% F4 A& 5 &8 (Hoffman 5,
1985). GAP—439] #d-2 &4+ A7 YAsHA #4
5o] GAP-439] 7= ASAH O AFAHE HolE
Z 7170tk (Aigner 5, 1995). GAP-439] &3d-& 4173
A3 ol (nerve sprouts) & AT T JTi= &4
B 2x AA ] AAAAY E2A 2 (indicator) £ AM-ETh
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{(Shin %, 2003; Van der zee, 1989).

ANAFT AR AR B3 ATl Al-Majed 5

(2000) 3 Brushart 5-(2002)2 tjElA7 AgE 93}
S8 EAA S ANEZ 3 A7 A7) A28 4
3 F-918 7tRA 2 SUHE Fat S oA A7|REe
o8 4¥xd¥ BDNF$} trkBE R 13$ch.
Kobayashi 5(1997)2 234 ARG xS 23417
o]AlejlA] BDNF7} Tel—tubulin® GAP—43 mRNAE
F7MZItka shgict. 3t Kato 5 (2003)& #3417
U F A3 ERA oA GAP-439] g ow T
247 9% Zart FJ9vn Rl en, Woolf
(1990) #} Schreyer(1991)= &A1 &4HA] GAP-
430] F7ts o] F4te] 4343 A a2y AP
7t &5t & AFdM R &38 A3 &
d Sl H oA AP A-Tol| A9} o]
AN E AEE g2 F BF A9uhsS elg ¢
Ao, HEF 1 H APTNE &4 F 7Y, 14
HollA dizell vl 33 GAP-43 |
HAA R, AT AgghE-e]
AT GAP-43 Hnrgo g A%
A= Aol BRAY &4 F
FAE Uk

AAES & 547 3152 HtE 93
213+ B3 9i¥ (rat s walking pattern) o)A, AEF 1
AP O+ tizTol visia gx3e] o)zt $71sk3

Z=A
=



1, 4Z7)o) B3] WY wigFolA] whe 9jgkzto] Zha
HE g B2 S AN AL I H AP D E
&% aol2 Holx| eigtrh @R Hol= 7|AH
o] Yool BABH= Al T3 84ol1, HEHF
QA HZA A Holl e L) Asjdo] Fukd By
o] Yepdt}, grge] Sviel vl g7 ZAhe A3
A3} ARG et S 23A17 ]
71538 4F&E uXE A& AAHETH(Varej?o,
2003).

B AT dAE gAto g TG &L 5 4
AA=3 AANZ AN AS AE F A7 B I E
AR AR 57158 Bl vlx= YTl tfal] Lotr
St o] 2 ) HA FHIFAA kAol ke 3H
NA ARAFH AANAFAATE 1Y, 74, 14U F
ot Agste] $FA 3 2 A EAe 5 &
B go] 9Jgkzto g LFAIA 35S HIsIith
1 A3 SR ae og7) B 744 F(200D) 9
AT e 7o) 4} F 1Y AN = IS4 43
&A4og QA RIPA BT & o] gt N B
(antalgic gait) < 3122 £3 L AL & 7 Yy, &%
%7, 144 NN AEF 1 Y AT TN AET
B} 8180 Aol F4eH 1 2o ¥ 2Aast
gt AP 13 AP F 0= GAP-43 RS0l A
H]3F PAFS HYD, §Ra Zole} who] )8zt
AE 2§ ztol7l viehtA] oot AR AR 7154
3 & glo] AT Au)A A7) 259] A 1
£ Aoz Yehdon, F 7k AFo] BF AR AN
3} 71535 S F/MAIIE AE RT3 Ut

B A7E o A2 AAAAFA7 =SS A&
& AT thzFol vlste] AH AP A BR 0] &
5= GAP-43 239 F71, 2541749 35S Hrtst
BA S 23 @Al Sukel wre 97 A
2 gd & 9gi). 0|2 $ AR njFo] Bol AR
23} ATAA A7 A Zo] BRAH EFA] A AR
753888 S Ao AlsErh

ol

=4
ul
=

XA
w 11

&

V.
2 ATNE BHE oz TN 48 &4
peldN BAAL NIRRT A g3te] ¥
£ot2 AAte} Wiz A5 g Aletel, 1 dake

ohe 3 2kt

1. 2273 o5 &4 5 19 A FolA, A8, 4
AL 2T 5% GAP-43 34 ¥He-& RSt
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e A A18W A1Z 2006 2¥

2. 207 ¢4F &4 F 7Y, 14 AHIA, HET

13 AP M T} 33 GAP-43 €9 W
g 2otk APTAN dxwEn &R Aot
A8t F718k (p<.05) &9 AFZo] FkA #
235THE<05). ART 1 3 ABZ T & SATH LR
fref gt 2ol 7k Al

o)y 3 ANE Fsd, FIANF ¢z &4 F IH
A5 AR AT HEog $FA7 2] 3| Ho]
Z715 11, GAP-43 2¥o] $7te AL TxAAA &
Andex A7 Qo] a3} e oz ALRHY
AYATH AANZA7|AT2] Bt A Z g
& 4= ATk

F1Ed

TR, A7)AF0] AFHeE AAT NYEAY =4
Z 9 4 A0 vk w|X& & tFst
], ahabehe] =&, 2005.
58, 2719 5 83 2403 AHEY F
FRA AZE o)A FAL EF71% 5
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