GOVP1200131942

HAHZ
2000-]J-BS-01-B-18

MMZZtH 2 X2l 3de| olAe= elst
E22tMH ol Meatol] gter A+
Studies on changes in touch sensation as a conseguence of

the abnormal information processing in the somatosensory

system

A A o)t



B HaNE “AARFARAE FAHe ooz Q¥ FAANY A BH A7 A
(G53A) 9 »ayqz AEFo)

20001. 9. 22
FaAT7I 8 A A o) 3k
FREATAIA dF ¢
a + 4 DA



I.A =

ARAARRAE A o] Fog A% FZ4AHR Y e #F AT

m.@vae) 25 2 Baxy

7t A
AQAARR ARAA L oJFeR A FAALY FAAREZY WP BF J1HE
e ol e ATS AYFHE FAAL F e WY MNEE A% FEE AT

12 <R

AR AL AE e/t 438 EE dA &3 Hike 4, 4 R =347 S ¥
A5 ARE AHdte] FIHL2E ol e JAsteEd B gR-Hoz
a9l 9ste] AAA L AFRI FHNY £4E e BAyode ALFAA L oo f=
Hge 2 A3 A d ez APA4E dHsAEY. ol ARG L] a4
ol o] WABAY] WL EZN A AU FFFHoly BFEE At dHE =Y
871% @rh £3 SRS ¥ ArUE 2 AYAAY ooz UAste FAHRE A
gxo] Ay ole §AA F HNHOZ AT FAE oAZE F Ut F HAAR
vl ekgt £ZAASE HFE THLE QA nFEE B4Vt S B FEES 73
BAAF 76 =29 dddezMe ALFAAY v T AAEE sl Eot
A Frel flvk whebA ALFARE YA uAZAL A&l B EA= H=
Aoz AT olofgE FA Y Aol ojo] #E A= ofA nwE FeHolth EAYE
H2E fAdiMe A AYRAAE A2 o] B VWS NI T o] 7]
Z38te] EHFQL Aol AW B3 71Eg NEEof I Aolnh

ARBARRI ARBA WA Bx2FE d¥idz A AR ZRdLY F
Az 4E€E e HFEAE A, HE 2 APD7E EAste, o€ AAS NBEE
utgl AgEe ARE A YAHA FHEN o|RAA ABAAY ool AT F
et olE F9AF & FHolAMY o]dd UmA e FHdr FFE Fo| oJFE WA
1A Ect WA ol 7} B8 ez ARAGELY HHE AAHor A A
AAZA o)l 7 AR A&l #F AL WY AdAME HAHA FA ol

8 ALAAAE Ao BY v)Ho] FHHIA ofel ZAs AFHAH] Aoy 3
Aol Be Vled NEFL oMHNA AAHLEE ol TEEe] A o] FoAA
3 JE d AN AR 53 d5F 2L IR Je FEolTde BAAH

BE ERE FEZL g o0, ALY ARLHE FANIL B doprtie e 2Ae ¥
FAA Fol FAH Y AAHOE 5L SFEE FANA FLEN AYLd
F Aok SWolAM 2 Feio] dxd.



m AL We o A9

7 ARRARR A2l oA HE W AYBA T

D A5 8 A5FD AFALE 54 L FAAT )@ BEE 54 @3]
B 4Y

@ H54FAME WgE W] glojA GABAAY AA 2 GuA AL =& 2A

@ AFFAAE WEE Wt YoM AFAY AR AY 24}

U, AAZRAAR Al o]l Al Wl AFYAA 73

@D VPL A48 A %9 wg% Wzl B3 43

@ VPL A3 X9 uex wWslolAl GABAA AA 2 GluAd AA S ZE& A
@ VPL N8 ¥ uhgx wgda AAAF QAL izt

o, ARBARR A oAl HFEEd WA 28 T8 AYHE 77

D &4 WS A5 $2 A% U ABAE BT 54 2A
@ &4 wox AL VEE N FE BAY ARSI T
® &4 52 ARUATY HSE W fE0] BAY ARG 73

V. a3Ae2s

L Hpegel oF FEFANBG A5FARAY WEE B WEA
Heey ¥ vty RRolA oJdAF 4 Bngel #EDS BE
H5ey & A5 B4R Agel Bojsks WDRS HTE welolM &73 $2443
o M VeES BF FADE B

® e X
)

L ASFREY ureE Wl A GABAA AlA<] Z}%&A}

o] A% {A BH4WHE ] Zi#oﬂ 7}81& GABA 93 A& TF

A5z e et &30 GABA-AS GABA- BT%xﬂ 2571 do4gE #F
Ao 93k of2 % o= 4 W GABAA AAY £40] 3 409E ¢

“ET
2% W glutamate’d A o l 01"‘% B Fd 4&01"?} “‘“?J

CASFFZFRY R WA 23404 %E}&A}

o] AE W& anti-NGF Ao 95t 1 frdo] oA o3
@ Anti-NGF A zle dgEiad g% 532w 'ﬂvE g2-g AT
@ olAE foE He oA o uARLHA o] AHEE WY

e @@@—\1 @@@-‘;
Bl
3
i
N
4r
&
IE “

. =
oo
HT
-‘SL
3
ofok
e
o
o
i
L H
2
_{
X op
-3
.L
JR
ik
N
_>;.

mlo

o

vl Al e] W3l A GABAA A A ZH-&2A}

~3 -



O &4 ¥ VPL /\l’e}iﬂiwa.% BHEE AN GE EF e 83
@ AP wae FHE %L A3 LA JHEE GABAY ¢ oAl 2
KX

5} Sy
@ oldT fFTolE A LH GABAA AA9 £4% 98 #Adgg utg

tio

Hh, AT v E WA FEAFT A FEA e JygRA}

O AFA7HY 3 Lfa W3-8 A3e Ao FUNE glutamate F-E-A ) A A (MK-8019}
NBQX)ol 9o dAdS @2

@ °1AF fF2ole ANAYFY AA 9 glutamated AAL £33 FAsiyl Bose w3

Ao Wk WstoA AR FARS J8RAL
@ *l’e}?ﬂi de] g v anti-NGF9 Azglo] 9ste] JxgL B3P
ol Fae uAZEA A 9A #ATS ¥y

o{o

rlr
=
oX.
&
=

V. @7Aedste] #8449

ATdFds ALDAALY o] Fel 93t LA e FAARAYAAY E4A R T A A
29 vAFAQ AF-LE GABAA AA 9 £4, glutamated AAY A AANEES9)
HIAEEQ g wE AR Wyl F2d 2oy o d WilE HF yoa] m
ol AR oA 5oz AAHE F JSE BAST. o)E ARAZRZAY vAA
el ArAe 71AE A 8 ARE AFAEY. o)He ARE AR AAE ¥
S ABA A HAAM &3] BFEEHE AAVALACG B3 GEAL HNAY & dx: 94
R o]8E Aolth & AAA WelMe FEA(AY o} FAAAHZ BAANA &
Ae WS AEsty] A% Vx2AEEN FEF Aol



SUMMARY

The somatosensory system is capable of perceiving various somatosensory modalities
separately from each other. This is because particular somatosensory modality is
recognized via a unique neural pathway reserved for each modality. For example, tactile
information is processed via the tactile pathway and pain information is via the pain
pathway. However, when the nervous system is insulted by trauma, normal information
processing is affected so that somatosensory function would become abnormal. One of
the devastating consequences of such an abnormal processing would be the change of
tactile sensation into pain sensation. Little studies have been made on this matter. The
spinal cord dorsal horn and the ventroposteriorlateral (VPL) nucleus of the thalamus are
the important relay sites for ascending somatosensory information. This study was
conducted using animal preparation to investigate how the somatosensory system in
these relay sites is affected following the spinal cord injury (SCD.

Male Sprague-Dawley rats were used in this study. For SCI, the spinal cord was
hemisected at T13 on the left side. Behavioral testing representing mechanical allodynia
was performed on the hind paw using a von Frey filament (2.5 g). Neural activities
were recorded extracellularly from neurons in the spinal cord dorsal horn or VPL
thalamus. Involvement of GABAergic and Glutamatergic systems in mediating the
information processing change was investigated with the use of GABA receptor agonists
and Glutamate receptor antagonists. Nerve growth factor involvement was also
examined.

After spinal cord hemisection, behavioral sign of mechanical allodynia has developed
in both sides of feet and maintained as long as 30 days of the testing period. In spina!l
cord dorsal horns of these rats, wide dynamic range (WDR) neurons, which responded
to both painful and non-painful stimuli applied to cutaneous receptive fields, were
observed to increase In their responsiveness as compared with those of normal rats.
Mechanical allodynia behavior was suppressed by intrathecal administration of either
GABA-A agonist, muscimol, or GABA-B agonist, baclofen. Each of these agonists also
suppressed the enhanced responsiveness of spinal WDR neurons. A similar suppression
in both behavioral sign and neuronal responsiveness was observed when either NMDA
antagonist, MK-801, or non-NMDA antagonist, NBQX, but not metabotropic Glutamate
receptor antagonist, MCPG, was applied. The same situation as in the spinal cord dorsal
hormm was observed to take place in VPL thalamic nucleus: neuronal responsiveness of
thalamic WDR neurons was enhanced; this enhancement was suppressed by treatment
with either GABA receptor agonists, glutamate receptor antagonists, or anti-NGF.

The results suggest that SCI induces neurons in both the spinal cord dorsal horn
and the VPL nucleus of the thalamus to become hyperactive through the recruitment of
glutamate receptor activation, a loss of GABAergic interneurons, and axonal sprouting.
The hyperactivity of neurons in these two relay stations may contribute to the
development of abnormal information processing in the somatosensory system such as a
switch from tactile information to painful perception.
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bzt olgyt njAAAAAQd F5&
wte R.9|7} oft]elvjoll whel HwE E
oL} AlAZe A WX AFEF
ARAMZY BE5 & Uit olg A
& U5t ol o3t xpFo] &3t f{yd
2 SUsts AR AZe Y3l fusEE o 2 ARY FF5Ud A
(hyperalgesia), 12|31 2142 A= glo] Y=+ =LA FF(spontaneous pain) SO
E3HECE, HpEAe F3 AAEIAY 55 dEHQA dUdoE A e, oyt
Hgato] 23 F3 AAWEA FTFo ot Hef gl A JAo iyt AR njnjgt
AARolt}, ol ApLiEA Hxlor] xF BAF = o]AF, T4, Ieli pH3 F
Z3} SA% BARES Hole o APFE US| olF o|§3te] HpLidd ot
F2 AZAWEAY B3F2 VAL U7 g A7t A xR A3}sia

Araksol N 4 U B3AR A2t dx FAER "Wrtol {felE = glutamate
ot Ze TEA AAALGELo] B2 I 4 A Apdoltt. H4 el glutanate?] o
g 422 o}3 el jonotropic glutamate 48X (iGluR), NMDA W non-NMDA +=8-3], 1 g|iL
G-protein W A3 uf 2x} ALA2} #2 9l: metabotropic glutamate 4=8-H(mGluR)Z}
A x}A G20 9ladS W A 4=9] larminae I-Ilo =X%o] Q= UCTHTao S5 2000;
Dingledine 5 1999; Coggeshall W Carlton 1997). weld, 24 oA dxl FALR
weto 2 e (el glutanateZ} TFAZE Al Fosiy ol FAMERIE FXsl= ¥
4 Fzto]| glutamate =827} ExFIchs APLE glutamate =£A|7F BelF A B A
% ZAo] T 7S AA T W, HL U glutamate LA A U
A& T {ulEE AZESE TF52 £23% 2o H £ o] AHFEec) &, @
& F H5o] GFoA NMDA £LAQ] AEFT "I fdse] [AEAM
(Sugimoto % 1990), WRXAALEAY F Ul AFFFEEF 4 FHUES =R
FU7 glutamate &2 ZAzAo] 3] JAHo] EIuEdcrhLlee ¥ Yaksh 1995). ol&
A= NMDA 840 Ed BRI g AFAYFE TF fde F2T €S S
AlARRICE ERE A7 EY AR Aol ItH, WX ARMFAE TAYFE Hole F
Erue] g o FAAFANEY oM [alixtFo] o5 f-uH 4R NMDA 483
ZAgA o] 25t A wbHo| FajriZe] s F-UH HESS non-NMDA $=8-3] Z 313
of &5t Aol HWAEUCHLeen F 1996). WA &4 F 270 £tz F9)
3t wGluR A7} o]-AF F4 BE FUE JHYci: o] HIE ActHFisher %
1998). wielr, wx AAESFE 5 Fdole H4 o glutanate =87 o}y RFI
osls ST AzZMHEch gy, Hg &4 Ay FF AREIAE BF il
glutamate 4=8-7] ol¥o| o|RA Host=A]of H3IM= o} ¥R Qa1 Tt

Ao T84 ALEZAR] oplet AAIE ABMEESC] EXdt FHAAUIAY
S ZAS U&= AT A 9rl GABAE ERFY FFAAA A cEH oA
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2% A3 2dch. Aol GABAE GABAs2} GABAs 8 ol B3 2 &S Leh)
Lt GABA, &= ligand-gated CI” £EEF, 1283 GABA; &A= G-proteingd B3l 2}
&3tcH(Malcangio 4! Bowery 1996). o] GABA 8= H$FZH2] larmiae I~I11ef F
2 BX5}m(Coggeshall W Carlton 1997), GABAZ ¥H3l= FRAL dxppalMdg9]
get gl o] X2t A 2 MEAMU £AEI o AAEH S0l FEE = (Magoul 5 1987;
Todd B McKenzie, 1989; Todd ® Lockhead, 1990), o] GABA A|7|7} Aleld =zo) =
o] TS AJAIRIc) A, WA &4 F AFESH TAUES Kol FERY
Al GABAZY A BAMES HEFZolM Za=E AT Fefddd a3 A2}=(Ibuki 5 1997)
H40] GABAY F7HwR1Y &40l $83% BF U 29Ad AYE AARRIcE "W AR
4 F-Fol BNQst= A4 W GABA 8 ool #si= vl A3 dFE el ¢l
th. &, wWRAF &4 F fiEe oldF Rl BANES U UE F U GABAYY
GABA; F=8-A] A ¥R RFo &3t ¥ l(Hwang B Yaksh 1997), 71AIF Fztnl {-a)
B4R U} R FUY GABA: =84 Ed A0 25ty dAHo] FAE girh(Patel
T 2001). ol& Azt W UM A3 FeldH Az wXAF S48 o3 fuEE gx
2B FE FFolA A ol GABA TR o] BF Mol Fo3siH, NE o2 B
% F73oll F GABA 8 ofFo] TIEA FAY AU AAIgtct 3, A2 3PYY &
“$(ischemic injury)& U2 FEANE T4 Fo FUsEy o] SE2] A4TZoae
GABAo] th¥t ™A (immunoreactivity)o] ZrAHo] HAE|dtH Zhang 5 1994). ol X
FEAdo] 2% F3 AFWSAH B3 AR FHS$ U GABA A|A|Y] £4lo] B E o
o]l (A THsdS ARt AR o] JHsAE U8 AR 7] M= qEF
A2}t A eldy Aot 2 ¥ A3yt ")

WERAZ S F UEe 3R AREIE B U dde ANy, g5y
F, e PefFEl A3 F WS JdFEIe sty vl M5 ddA gt x|
g, A ¥ UEE 35 AREEE 550 B E o7 AU} ujEtA o] Fo]

Al 2 d AFAHT F-UY] e BelA Axste ¢

2 AFE T Ardde 5o 4F 4 F FAATY THRFEEL] AR QA9
B JIALZA A e} Ay ) M7l e] vhg B4 AR ZAFSIa ol gyt
Mol Glutamate’d A2 B/AJs}, GABAY A A &4, el 734 2A=HNGF) 2] 2H&
Tol &3P BUY AUS HAF Folrh o|& Ae ASEAd ¥ 25 Wgsis 23
4 FF2 WENAE Wl 7loE o, EF o] A tidle] oy, XE, 28z
FelE S AR S Y = Ade BRE AFs Suhs SAANA Z - Uy N
AEAFol F2E AXE 2= stelet FzHAo)

- 11 ~



1. SERY A2}

AHNFSEZE B (Sprague-Dawley, 200-250g)& AH&3le] H$o] TI3 A YL
hemisectiond}&d T}, Enflurane(2-2.5%) 2.2 nlz|AlZ ¥ HF o TI12} 12 & -T2
AA&E 3t & =24 ¥ micro dissecting knifed o]&3te] 4= UFKQ TI3 ¥
918 ARt =] 28-gauge needled AHME-3t] Hg2] FARA FoT ThAA AR
hemisection& =331t} &0 23 HdF BAEE W37 93t ampicillin 40 mgS
FApstgct. A S8 Rulo] S| olFolFARE & F np|olA gojt Tl &4
W X9 EFU%o] AAET AY RYo] I o|foA HAoE NFsIA 1 99
2| ol A olate] A7 R BT H Attt

2. B33 HH

P& Ax= 71AF 2SS F9 st Bt 2L dAEHe ZAE(2 8)Q von
Frey hair& AME3}eith. 0.5X0.5cm AXIE Fste AY glo] FHE ofad A=H(8X8
X24cm)E el ¥ o] ¢ HE Y2 F 08T A } o] & von Frey hairg&
F shike] wutcte] 102 ZHH L2 10U& 2}‘13}"1 ) sh= NSNS E A5} ¥y
MEE 71T 23S ol ths] =3ihg-& Hole $9] HIER L}E}LH tt.

3. A7 AR"E 75
7t BTz ARMRE JF

i MNAMNE YHEE 7)E3}7] ¢35 pentobarbltal sodium (40 mg/kg)& % ¢ —E’rﬂbﬂ
of Foste] np A7 ETUL 93] BZEYIL AFIEFS 93] 7jwe] Husigdrt. H4
Z} AZAAEY HEEE 71§37 Y8l viE wRE AL F A12FSol 42371 ’if‘:&l
AAEE A¥Wst A4E =EAZ F W} 35 Y2l (stereotaxic frame)o] EHol92
31L& 3}3L pancronium bromide(0.5 mg/kg/h, i.v, )& FA] ZupA|Zl E QIZIIZIE iLS-A]
Atk UBIFL end-tidal COEE7} 3.5~4.5%2 FAHES ZAsh Y &=
servo-controlled heating padE ©]&3) 37CE §x|3}3c}.

Hp T2 ARMEL] g M2 JSHeRE S5 ©d AZAIXE 71AFY
Z}Zo] th¥t Bk of whal brushojgt ¥E-g3Sl= MSEE LT (low threshold), brushel: ¥h
SOl AL vi-F ¥t REZ-& KoL} pressure?} pincholl ¥hgAdol A el HEE
T (high threshold), Z18|3L brush, pressure, 18]35 pinch®] Y4#¢ I & FU& v
25 BEI FINLEFE S AABHE SET 7181 MEE WR (wide dynamic range)®
ARAERE EFsHdch FEFAA HEFZ4e]  L4-16 Fgol  mAxzA)
(microdriver)& o]&3le 7158 AIE H4FZ U HU3tAAM(150~850 m), L=

F&ofo]l 7|AlA 2}=(brush, pressure, pinch)el| &3le] HuUElE= AP 7S5}
Tl %t AAHFL window discriminatorE o]-&3}e] Ee)stadct vt Al7"/~‘ﬂ£7} i
HA 2} 2A3& 1022 7siE of Yelths AZAME 9hg-S X243 71(CED 1401)E AR
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z AFZE o) QYA BASLEA T2 (Spike 2 program)E °|-&3td F43ton
Z} zR}ZAjolol] 20X 7] EFEAZHS FAcl

L AR AFAHE 75

=20 ng 3% g4 HEd H, 7S5 ¥ 2AFHEE 5 B9 A nels
Aspdtt. AY F ¥ ¥-F(brain edema)o] WAAZH= g YAIFIL A 3 HAUAZ FYF
12o] ¥4T ETvlE AL WA 9s5to, AvheR(cistern magna) R ¥ HIYE
I ERE S o] &5l NSNS wjEAZich sine] Foel IR 9 APRZS AAY
The, WIEBTZA AN AZS AUl ¢t #F e ¥ E(Paxinos and Watson,
1986)2 ZAZ st BHyantE dFLE 9% 3m, F5F ImEEs F& FHLE =¥
o]-g3] FAZo] AR 3-4m A=Y FHE drh kFH cixu e FALS A=A
3 np2x] otEE mineral oilZ YolFgich.

AAA(ES, WBFAZAAE) U ARAEL] AZBES F2AAZ(5 W, AF 10
Q3 ¥ 3

im, A-M system, USA)S AHg3to] ME7ISYLT JSslelrt. AFS YA
® EolAd tix I AEHO ZTEE 4000~6000 m Holo] S5t NAMNEERE AZH
22 J)1§stach. AZo] s AW AFHFL 100008 FF35te{(DAM 80 Differential
Amplifier: World Presion Instruments) QABAIT BiEAfolr Wit EX FF
H ooy AY AZEAYE A 2HE window discriminator (World Precision
Instrupents)& ©]&3to] HAg A71S 7HA dd NI E Festalen, w9 AT U
3= wral AA"YE X1%9 Jl4= data acquisition systemZ} spike2 program (Cambridge
Electronic Design. Cambridge, UK)& o]&3}o] PC BUE AtolA 71F3taict. AlA4¥ A
AMEL] WreE oJA] Tzt AFMREL] ZF9ot npEIRE wRSF-Eolo] 3 JA=S
(brush, press, pinch)& Z}S|F3L olof tidt wtgx o] ofihs RAlSAiT].

>

4. FEAT
7 4wz o F9)

2tz kBl F9& #8 enflurane (F% 3% #& 2%) ul3|sto] PE-10
(polyehthylene tube)@& 9142 thR(cistena magna)oA] HF72t 232 L3 Yo =
YUsleE il A4S F @ 3F T2 AFEE =2AUF IFE BYsSIACL Z4
obBe o] &Y o ¥F TE Tl FYstArh LB FUE 98 dEEE
GABA (0.5ug/kg)2} GABA 48 o}3 AP muscimol (GABAx, 1ug/kg)3} baclofen (GABA,
0.5mg/kg)S AHg&stgdom, TR JSHEZE= MDA #83 ZA¥A MK-801 (5048/ke),
non-NMDA <483 Z18}=x] NBQX (50ug/kg), metabotropic glutamate =8| Z3=A| MCPG
(100xg/kg) & AH&-5taiTh.

U A3 W F¢

YA L) ABBFol i oFF ZNE ZASH] f18te] A3 dES FUSHA
th. Hamilton FAZIE B2 BE Z37jo] F3sia HztE ] 2738t =3 Hol H2
A7) 0] E Boto] FEE uM FIATHO.5~1 ul). HEFY F49 A= A¥
F S22 & microsectiondle] ¥elstyct ARG EF2 FUPW FYo w2t 2o

o}
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T}l 3$HEH X

HpFzh ABMEL 4350 tizt &Y A}E A #1381y, dES 7I§FQ
Aexiid X3 F= WY& st ole BT HAA WHoR AEH £47
U o Uy RSk WHOE eI AA e 25 2 H$o] GES oy
= g A1g-3lodrt. AR BT GABA (0.1zxg/kg), muscimol (1lug/kg), baclofen
(0..1ug/kg), MK-801 (50ug/kg), NBQX (50ug/kg), 8|3 MCPG (100u4g/kg) ©)4lit}.

gl. FAZAZZEA (anti-NGF) A2l

AIH L O E hemisectiond W F o] anti-NGF (anti-nerve growth factor-2. 58S,
Sigma)& AHegstded], ole B4 Wl FUG.p., 2 ug)2E AAALE. FUL FE3517]
A 147 Az 24 T shFol Ty 108 7 AAstech
5. BAIA el

AR A L] vhgxof QlojA 2zt Ay 7He] Aloji= Mann-Whitney rank sum test® £
gtal, &ML dEFU 2 AHeEE 37 A3 F 7+ X}o]= Wilcoxon signed
rank test® BT P glo] 0.05 Kot 2 Zfofl &9 e Xlo|7t drin 231
=3

A2 A dTE

2 AFo e thg W&ol x¥F T

Hpagatol o)¥ ok Mt} AT el R S HElRA)
FF A WS E HEl) A GABAY H A9 2ERA}

HpFzhrd ] 4T HElo M TR0 At $Ex2] JuURA}

HpFztree] ST Wil ARAZAX] JURA}

Alate o] v wislof A GABAA A & RA}

Al el vhgx AstoA 2ot At &2 YR}

AJ o] WS- HElolA AR A=) d¥=zA}

-~

P

-

¢

-

¢

A3 74

o|AZ& &A3I3rt. Hemisection F &4 F(ipsilateral)¥ulo] oh]g} &
{tchF(contralateral JOl M & ¥ T RE-Z0] F718 = o|AFo] fFuEgom o= F3j3t
o] {3l xFoR QA 3l IFuwtg-g Rolrthe 2 uj3ici (Y 1). ol ¥
<8 F7he 3¢ BE KA AT &4 S S S zte] o9 & #)o)
LIERLEA] QFlTh. HGEA F o]AF A FHYES Hol: SEoA 432 44

2
2
Rt

fr 8 2 ox do
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A 71AFAZ it HEEE ZAPBHTHL 71H5F FHAAESL g2 8ol
brush, press, pinchz}Z& 7FsiFL olof tiyt WHE-& RAPstEd], AddAE °olg Al
2pZof tfs] BF WHE-& s WIRE wH& FHAHLE Hslgich e &4 F olAF #
A} BZIES Holke FEY 43 of st WRY w2 B FE 22 v}
o RE 23of thyt wrSE7F FAS S JATHAR 2). ol VI WgEE H$ &
A% @Al Zwmo] ojle} &4t wilE REoA WAF AT AFAHEL J52 B
Aol oJsl FIar-go] FIiEle] Ae 72T AM 5F)F ol 7SS

2. ApFzhrAe] WheE HEloA GABAY A AY 2H&-RAL
7t BEIY AL

&AL T Z71E H kg £ UE FURE GABAol &3t Aol A
t}. T2 A ol2%t GABAY A7t ¥ =Yl oA Hesl= GABA -8-A ofFol #
sto] zAstalch 2% 3L A$EAd F FE Huubgo] £uE FYR GABA-AL}
GABA-B 4=&-] ol3 o] Ao 2% HHE RAEch F£HZUE F3 GABA, 8-
o}8 T H AR muscimol(1ug/keg)2}t GABAy -2 o}d A ARl baclofen (0.5uxg/kg)S R
T a3 2} Sl E BRA UM HINEE-S 9] AA HLAZCH

o Ar|de sk gat

GABA & ol8 HAJAJl L&A F F7E ABZAME HRERe Bstes AE
extracellular recordingl ® ¥e15lqitt. A$E4 F WDRE AIFAMEL] F718 ¥tgw7}
H4of M7V muscimol (lug/kg)(23 4)2} baclofen (0.1ug/kg)(27 5)of 23] &4
2} &S 2o glojA 2lodlA Zastect

3. FeFzhree e WHiloly FEAdohu it 840 AL
7t B At

a3 62 A F F7HE Huukgo] $Y7NE FUR o glutamate -8 o}
el FdA] 2% AIE RAFrh F£HIHIE FU¥ jonotropic glutamate F=§-HQ
NMDA2} non-NMDA Z=2-3]2] Zatajel MK-801(50 wg/kg)z} NBQX(50 wg/kg)S BT H4=g&at
F 718 utgo] oA #HAAZen, oyt LaRIE= EAFI &S B
Lol A gt d}x|9t metabotropic glutamate =-23|2] Z¥AQ] MCPG (100 ug/kg)
< 71 ¥ outgof ofF-d AAE USR] X3tict

1B S b B S A s e BN

H4EAE HETPNB RN FEH 3XH T MK-801(NMDA =83 Zgt=],
50 re/kg)( L 7)2F NBQX (non-NMDA =83 ZA3=], 50 wg/kg)(2¥ 8)oll &3l JAF
otk ol¥t A A} &4&3 EduelE BTN @AE et A7t metabotropic
glutamate <=8-X2] Z¥AQU MCPG(100 g/kg) (1Y 9)= FIH HhE=o| 43S n[x]x]
E3ycl,

4, ALF2HpA e g R WE A AZFZZARe] qERAL

L2 WRE wHY WEEE egobol 718lE Y 71AF A= (brush, pressure,
pinch)oll thsf ZAlstelct. WDRE wdo] ¥ =& FHLdy e 3o Aol HA4e v
sto]  371A] AF BRlA #gARAch 28y AeEd ARE 108 549
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anti-NGF(i.p., 2 pg)& Hels)l & 28dAMY F4FdRd vhgss Az a3z
A2l ZAR EL2 WHAE S0l WHEEHHACL ol A
A2} H4=2A0 A ant-NGFA] lof] &J3t W1 xo] AAtatel
Foll A T A

ml;‘i

5. Al el whgE WA GABAY AAY 2E=RAL

F&4 F oolAF fA BAUFS Hole FEAA ALZH(VPL) i ABAHXE 71A
A2} o] i WHEEE ZABIATE 155 AlGMAREL] Wx 8o}l brush, press,
pinchz}3& 7}siFa ole vhdt Whg-& E.S*}%}ﬁt}. Hey &4 F olAT A TANSS
Role &2 VPL A4¥ W EXste WIRY w2 Y 522 220 Hlsly BE 25
of ch3t RkgEE Al AR, LT RS *‘-—??ﬂ brushxpFof thgt vi-g-o] VA3 ¥
Aol AT 11). <8 FIH NIEx= g &4F &Y FETVo] ohe} &4
RIch& VPL Al R RFoA WAEGCHIY 12). ABAMEY 7152 B3y HAl
of olsf F¥|ytgo] FrtEo & 7IT(2FA 5F)F Ul 71Sstgct. H4Ed F ¥¢A
H WPL AR whgEs H3xdol 71slE GABA(lug/kg)oll &Sty ZHASTH 2
13).

6. A TAL WSE WBolq FRAoH A $4H2) JURA}
AREY T L ANE o WRY ABAEE B4 A B Mokl AU gl
PAHSLD AT ZOAE Aol TiY WL} B FASIYe). A3LA Fod
Z NMDA *r‘g‘i‘ﬂ A HK-801(50 se/ke) A4S F HEH 2wy wAe YA} 3
Batgol iyt WEE YU AATATHIY 14).

7. A FAL e Wl ARG YA}

23 150 RIEo], VPL Al ] WDRE AMAAEL] WtgEE Hesayg @
7 BAdFlof vsto] 2P WAz} 371x] 2pFo) cht WIS E RFoA #3FE
U s AFE 109 5 anti-NGF(i.p., 2 pg)& Helsl & 2§ AeT2w
o vk S Atz o] 273 Al FUY £EoF wtAEgch o[g¥l anti-NGFA gl=
Zpuba wbdefl ¥ 3E u| XX fddch

.-.16_.



Time course of hind-paw withdrawals

)] [+ ~

&S

»

#of withdrawals/10 stimuii
w

-

(=)

5 0 5 0 15 n 5 ®
Days after spinal cord injury

28 1. H{ 3F Hpo &4 7Y F AR B mE ZAxIFo] iyt shite] Ty
HEAb HEL BRE 7IAA] XpZF(Von Frey Filament, 2.0g)oll th3)] 3| 3:|uh-gL2 o]AE {A}
TP FoR 7ttt HediAdS U2 TEL A(Y), SAUS F(FA) R &4
] ot E(FA) BFoA Bzl fEEddch FAEEL] AL=(AY) A 3

IEE Holx] slrt
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Responsiveness of DH neurons

SCl rats c (n = 34)
150 Br Pr Pi £ 1000
- - (3]
o S 800 1
$ 1o % 600 -
é) 50 Q 400 ’
= o
G 200
? 0 2 0
o
0 30 60 90 120 150 %* Br Pr Pi
Normal rats
150 c (n=22)
o 5 1000
@ 100 E 800 ‘[
g ﬁ 600
& 50 B 400 1
w g 1
0 o 2007
0 3 60 80 120 150 B O )
, * Br Pr Pi
Time (sec)
29 2. Ay Ao AN A9 AEFARAY WMSEDY Hla A5 &
A B2 5-& Hole FE(SCI rats)e] H4F7} H &5l WRY RAZ

(Normal rats)e] 270 H|3le] RE X}Zof thyt ¥ =7} ¥R

_18_
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A) Muscimol —@— |Ipsilateral

IT injection —(O— Contralateral

100 -

80 1
60 - L.
40 -
20 - * *

O T T T T T T
pre- —post- 35  gp 199 180

Paw withdrawal frequency (%)

Hemi Hemi
Time (min)

B) Baclofen

100
S
& 80
o
()
&
o 60 4
Y * *
®
2 40
he}
5
= 20
a

0 T T T T

pre- post- 30 60 120 180
Hemi Hemi . .
Time (min)

a3 3. FHeEd F 7 FHINEE 47 JE Y% GABA ZEA 7 ujxE& 43
IR FURE GABA, -8A o} H AR muscimol(1ug/kg)2} GABA; 83 o}y &
#AQl baclofen (0.5ug/kg)S BT &85 2 StlS BFRolA HpEAd F Z019 3
kS 2o A ZaAZch
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-
(2]
o

muscimol

[o]
b
8 120
o
3 s
2
Q.
E 40 4
0 / /
o 200 400 600 800 1hr 2hr
Time (sec)
Ipsilateral rter Contralateral
5 100 s before 100
s
g 80
2
&
a
E
‘B
&
£
pa
=

Brush Pressure  Pnch Brush Pressure Pinch

f

I3 4, HeEd F SV FAUAFAE g0l GABA-A :é:ﬁ_zﬂy} o X odgk Moz

- O

3 F WRY AAFAMEL I UFEZ AR¥F JIF 2 H4EAY =x:IE

muscimol (1ug/kg)oll 2]3te] ZrA = cich o]t A fH = £A S (ipsilateral )2} &AM
thZ(contralateral ) RFolA #Ax] oo},

P

r.
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140
o 120
% 100
o
® 80 baclofen
ﬁ 60
3
£ 40

20

0

Time (sec)
Ipsilateral Contralateral
w— after
70 == before 70 4

Number of impulses/stimulation

Pinch Brush  Pressure  Pinch

Brush  Pressure

f

A} = WDRY ARAMEL F/HE WUl AZERE JIE FEY H4EAY =XIE
baclofen(0. 1ug/kg)oll &)5te] A gct olgjdt =iz &34 (ipsilateral )2t &4
¥t (contralateral) R-Fof| A FH4E] ATt

AN

a8 5, Hesa F S7E FAUZARE gl GABA-B T} nmAs 9% S
3
o

0
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A) Ipsilateral

100 -
S
~ 80 -
(3]
c
S
8 60 A
=
@ 40 1
=
o
g 20
=
S 0
@®
o
Pre - polst- 30 60 120 1é0
Hemi  Hemi Time (min)
—h— MK-801
B) Contralateral —— NBQX
—@— MCPG
100 -
S
&> 80
c
(0]
&
© 60
=
g
© 40 1
©
S
=
©
Q.
0 T T T T T L
Pre- post- 30 60 120 180
Hemi  Hemi Time (min)

a2 6. HpEd F FUHE HIHZol 47} U2 FU% GABA ARAJ} ujX= ¥
FHIHNZ F£9) % GABA, 8- o}d ;FHQl muscmol(lﬂg/kg):'—} GABAy =83 o}3 &
A baclofen (0.5ug/kg)E BT &5 3 SIS BFRoA 4S84 T Z719 3

S-S 29 A AT

l

_{
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80 -
8 60 -
w
2
E 40 4 MK-801
n
S . *
Q. *
£ 20
0 - / /JJLL»«/
[¢] 200 400 600 800 1hr 2hr
Time (sec)
Ipsiiateral Contralateral
== after
60 ez before 60

Number of impulses/stimulation

Brush Pressure  Pinch Brush Pressure Pinch

3" 7. HpEd F Y FAFAHAE vEEEo] MK-80171 nlX]e= oy A4 F
WORE A1 FAMEL F71E ISR AR EE V& F32 A4EHo| =X3|E MK-801 (NMDA
F2A AFA|, 50 wg/kg)ol &t AAF At oleFt A A= &4}H(ipsilateral )2}
Eahte & (contralateral ) BEFollA 3= gl
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120 )
100:’
% 80 -
B 60| NBQX N "
2 40 | *
04 i , . L)
0 200 400 600 800 1hr 2hr
Time (sec)
lpsilateral Contralateral
5 50 m—beore | 50
E
¢
4
5
5
Brush  Pressure  Pinch - Brush H;swm Pinch
I# 8. HeEd ¥ 7 FZAUBAXE HhgEoll NBOXZt nlxl= 93, %‘l-’F %3 F VDR
B ABAREL F71E SR AR EE 715 24 HeEH] TIXS|E NBOX (non-NMDA
82 A¥YA|, 50 w/ke)oll ste] FAE AT ol A A= S —?ér(lpsﬂateral)31L
£t S (contralateral ) BEFolA TEE T
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100 -

80 A
o 60
Q
R MCPG
# 40
20 \l/
0
0 200 400 600 800 1hr
time (sec)
Ipsilateral Contralateral
e 50 psilater. 50 a
k=]
K] mam after
E before
ki
@
@
3
.
E
5
2
£
=] & 2
brush pressure pinch brush pressure pinch

a3 9. HgEA F F7HE FAAFME JRETol] MCPGI) nX]& 4%, H$£4 F WIR
3 AANEL] ZUE ¥R AA"RE JF R E2 HS$FHo| EXIFE metabotropic
glutamate =82 Z3AQl MCPG(100 wg/kg)oll &3t AF J3rg U] ke, ol:

£ArZ(ipsilateral )2} &AM S (contralateral) B FolA FU3IA 3 Q)
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100 ~ Normal
80 - brush pressure pinch

Hemisection

Impulse rates/sec

20 40 60 80 100 120

Anti-NGF

Ipsilateral Contralateral

wmmm Anti-NGF
e Hemisection
==z Normal

60

Number of impulses/stimulation

brush pressure pinch brush pressure pinch

a3 10, F=FZrde] 3heRe etz 3y
WDORY w2 ¥ler = AL

BTN 3AE

F 2NN HeF2w

il Ex B2F e 223 Ao 5 £ELE HEHA
of &A=t ot W3 & 3 T

Riths 2FolA B At
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A) VPL neurons in normal rats

60 -
Br Pr Pi
% 40 -
h2 LT
20 1
0 4
0 20 40 60 80 100 120
60 -
£ 40+ WDR
[ed I |
20 A
0 -
0 20 40 60 80 100 120
60 -
@ 4
5 ¢ HT
o
20 - I |
0 -
0 20 40 60 80 100 120
B) VPL neurons in hemisected rats
60
O 40 4
5 LT
20 4
0 4
0 20 40 60 80 100 120
60 -
O 40
5 WDR
20
0
0 20 40 60 80 100 120
Time (sec)

23 11, FHeEd Fo B e VPL A AP AE SR v, X4 &4
o]AF Al BHNTES Hols FTEY VPL ALY o] EXfst= ABAEL] WHgE(B)
B T2 2Z(A) vlste] REEETE RIE ] glglrh. WRY ABMEE MRS
o st B e, LT8 ABHEE g ZE2] BrushzlFol vyt wt
7t dA 3] e gt

2 o

BE
X
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60

mmm Normal-VPL
Contra-VPL
50 7| wmmmm 1psi-vPL

Impulse rate

Spont Brush Pinch

ag 12, ’5!***0‘ ot B el VPL Al uf WDRY AZAEZ w-EE7te] Hlao] B3
fof Hf &4 F olAF /A %Zk"’g%% Hol &8 VPL AlY jo]l Ex)j5t= WDR
B ABAREE B4 TEY 270(A) vty 2puE whdo] FUiEle] glalon, okgt Aw
o] =p=( br‘ush)aq1 70‘"?“} ZE2] AF(pinch)el 2% {4 wgo] BE FUlE|e] glairt. o]
23t AL &4 S &4 S 2R FEE A,
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60

mms Normal-VPL

ezzzm Contra-VPL

s GABA +
Contra-VPL

50 A

Impulse rate
8 3

»*

*

N
o

Spont Brush Pinch

3% 13, A4S F 37K L A4 AAAE Ugsol Gtart AL IR, sy
T VPL A4 U WRY ABAEE 34 Fe) Aol Hlstel A a(Spon)o] @S]
$7 SFHE (Brush)8h AR (Pinch)e] A1Fo] iRt WSEsh BE YA AT, A3

Aol 715l GABA(lg/kg) e H&d F ZEAFol vy =2 3’ A& AAstadct

_29_



60

mmsmm Normal-VPL

Contra-VPL

s MK-801 +
Contra-VPL

50

Impulse rate

Spont Brush Pinch

23 14, & F FIH VPL A AZME vk Eo]  MK-8010] Xl ¥ X4
&4 F VPL A4 of WDRE A FAMEE= HA} 212 Bfol vlsle] =xpuA u

AR A3 = (Brush) &t A7} E(Pinch)®] 2}Zof tigt ¥lg =7} BE 3AFE gt}
11]3:44;101] 7¥siE NMDA =83 ZA|Q MK-801(50 wg/kg)s H4EA = S5 2w
A2l A} ZAyrApFol vt wigx RS oA stct
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60

I Normal

50 - Contra-VPL

BEEE Anti-NGF +
Contra-VPL

Impuise rate

Spont Brush Press Pinch

¢

a3 15, A T Z7MH VPL AAY AR ME S Eof anti-NGF A 2|7} v]xl&= 3t
VPL AJA8) o WDRE AAAMEL] wtg el e e 3o Z97t BAFd vlst 37}
2] ZAZeo] chE HrEE BTN RAFAC 2y HaeEd AREH 108 F¢d
anti-NGF(i.p., 2 ug)E& X el3h
AL FUF £ 2 vEAF At
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A1d dxd d+5Ex

1A E APER
%ﬂ*-’h’a’on oyt WEAAstel AT AL VST By AHEASL olo] GABAY A

A2 48& 4.

2. 2XIE AFEXH
A4z g Wil FEAoheAt A A8 FAA S Ud

3. I A4-EHE
AderEe] whe-x wstolA GABAY AA, FEgotulat AA, 2 AF YR A=

gES gyl

A 2 A FrEGE J4T A ERL] E4E

1. 1xdE @Al

7} £A T ositle] BFolA o]AF (A FZNESe] FEH S TH.

L} ~'F**‘ T FHeu] B R A ToisH= WIR HTH oM F2tzt T24=2130)
izt Wi Tl BE $IEE BAE

T}, o]|AZ FAI Bzhikgo] ol JIBIE GABA 2]3] Ax|ES BAH.

gl A zhnrde] vhgx ¥xlof= GABA-AS} GABA-B 483 EF7} HAHES ¥y,

np, Ao LRt o]AF fdol= 4 uf GABAY AAY &Alo] T HJAY S Wy,
ol Tz MY FEE AA5] 4T A7 Loltt,

2. 22p e g
7}, o] AF WS A gro) JISlE glutamate 4582 ‘leﬂzﬂoﬂ ) JHHE AH

U, ¥4Fzhrae] 39 vk T = MK- 8012 NBOX EFo 23le] oAH S ﬁe‘

t}. Al glutamate =8 AR|A QU MCPGE o] AT ¥ %34 HeF2hwdae ¥3d
Btgxof g nxx XEE WA,

2l A FEA-o k4t HA F 53] o]/ glutamate $=8-H|7} o|AF W ulo]]

Bodts Y.
up, o] MF Whg2 anti-NGF A2lof &J3sle] O Rxdo] A=HS BH.
B}, Anti-NGF A 2= &gl A AsF4wge] e S JAUS dH.
AL o]AF FHols A Ul w2 vBAHA 4 ‘°I TARS Y.



ol B Y HES P3| &4 dligolch

3. 3xdE &

7. B T VPL AR 3T 9A] 3F BT s #E

L} AJAERa e 3RS urge A|3x| Ao 7}3iE GABAY] 23l JAIHS TH.

Tl o]AE ol AlAY ) GABAYG A EAE dF TS HI.

gt AlAERele] B uhg2 A3x|Me) FUE glutamate =B-A A=A (MK-801) o]
olsle] A& HH.

uf, o]AR fubo= AR 21A 9] glutamated HAES B3 AU} TS
L1320

vl AJAFS R L] Y ¥hE-2 anti-NGF] Aol &3t xS i

A olAE fulolle A U w2 vBAgAA A JA] TS WY
ojale wWx i HEE $A3] d4T AFgolrt

A 34 TAIoHY Zleddde] JHd=

HyEd B FoA FZAFe] wAYH R FHAFLE UAMNEE UVFTHUFHLE
s, ol wiFAA A FRAIP] A f FZ2} 2] VLY oM A7
AZZre] A7 wste] ohE WgE ¥Rl sl o] FoiAE WATL ol ABAHELY
A7 WMol glutamate &2 BEE, GABAY ST A, 2 ABHR
W13 A <l Wol(sprouting) 7t Bl AL W3t ol A= AR NG
BE Ae|2Hge] o] dLoR ARt By T3 2 AU AP LS Ased WY AL
2 Jlvgch oA, $elvt dF"eA Lolsole UL FAAF| F4& HEY
ERAY 4oz AAHTHE ol SAFoR ut ohvel FUFHLZE HAY FAE
o7l Al Zeojrt. 53] oleit AYZAZAAY o2 AFZFEH F2 iy ade 23ty
ABA dFol 2 Wz F40] ZhiES o UAHed, U2 Fsli8AT BHd =
29 dode2 e AYAAL vF4Y wdo ARY THegol wobd ufel dch
olg|¥ FHolA & AN d2 AT Ade AAAFE A2} o] AR {i7]
Hof| U3t PR o]l o] Aol Fl&ste] A7 o] LR AF Aol tiy AU
of Yo} s YUS 7HUsty] #1F 2 HA FRE AHFsHFv] 7148 JLe= Jgd
th g Zle Aol 23 FAA AL ohlel 1Y ARYENE FIATIA o U
o7t e 8 A& BEAMA Fol SAFHZY FAHoR ALY YHE FAN Fo=
A Atgdubdo] FHY 4 tihe A BAE dE + AS A= JviHrTL
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H 5 & A dntel &EHE

2 AAE B de dAFAAs AEGAAAY ol dol 2ty UAdstke FAARA A
Ao FARRAAAZLY n A Ao ofwgt J]Hof 23te] o] FoX X E Ho
&t} ol BRE B vl EYoEE BEH £ & Zolth &,

1. AQZAAAE AT tIE Z2ZAA(A-RY, A D FGA )M LAY 5 e &
HAelzbge] glojA2] o)y VS dEsted BEEAL,

2. ZAAE Xt AFA At AHA Z3] BHE = AP 7ML AR
2% £ e dMEHN BEEY,

3. AZA HelMe] FRAT AP Y o]dE FYFEE BIAAS = YHE MYsio
A JEARZEA BEH 5 A& Zolth

3

Lo

o

=
=3

3, 2 AdFgN FTERES iR & dFAIe 7R3, AF dGAE
2] 7HsAd ERRISHY IRAY Bf FFE ABESE WS EFF A ARH Ay
of ¥ A7} 7hed AL 7icfHct
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