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Njo

pul

3t A5 % muscimol(0.015-0.03 nmol)<l
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W &S HHE, GABA F&A

a5

AFz

d

E!_]_—

o
‘mo
ﬁo
7
0

-
o

=il

<R
o



A 4 F
I. A&

A &4 2178 S (neuropathy) 2 oldl] FRbelE 555 st o]t
NEAESTESTY EAARA SHeRE SES A58 T4 FASdE AE5H
olal HAZEHo=Z E & X3 X}”%(Spontaneous burning pain), 7] 74
e 52 259 FaAAFE 7S o Al v& 55 AskA =7 +e

% (hyperalgesia), ] 3l A 7] A Ee G geE s5o®

3 ol dE(allodynia) 5ol A, YA AAWSES FA F

#d R % (neuropathy involved low back pain) &3x7F 60%

FA e Aor wuan Jol olE AF4WE #dH 2% AAe

Aate] dABL FAd AAS FAHSE 2
T

5%
Az Holol el = = st 18X
=]

2 oft
o ox » N orlr o koon =
Jg

to of

o

=)

= A4 !

ANAHS #Ad 2F9 FH o= FH(dorsal root ganglion) 2

A (nerve root)e <FEF(compression)o] AEH, o]# 3 gEFS QH
7+ €& Z (herniation of nucleus pulposus)©l W 373 & 2% (intervertebral

foramen stenosis)ell 2&ta] o] Foj Rt L Huk., Aol bl 9%

bt A AHWZE oo Al ¢ at(trauma)ol] 23 A ANAWS
(traumatic neuropathy) <Al 55 of7|sh=d o]& 43 MNEHESTETTL=E
AZysE 4=t} QA AN FTESS 2 W v dd #dste] B AR}



AsEA=d, 2 olf= o diel g bgd sE A o] o=
ol &% HFA ol &olgly] wikolth. ol g mdd= v AEY

A7 AZ(partial sciatic nerve

=

ligation)’, &5 5, 6¥ #4217 ZZ(L5-6 spinal nerve ligation)’ =& Eo]
m
O

Atk e 94 AFaubsl 2ol AFWE #Y 259 FAAA by

. .o .. 4
(chronic constriction injury)’, &
4

of dorsal root ganglion) X @eo] W&t o whgFzhgy wae
Ao b AAESe dHE F ded, 2 ofFEe A, F24d H
AAEE A71AeR e, &4, g A JiAA 2 o4 49N
(mechanical and thermal hyperalgesia)S F%3t™, 281 A=, SEg
SEFNE Holx FErie Holg' meA o REe 2% AT ufS
Hegh md2A ofgHol 4 F o ofHtA = olF o] &7 85
i St

5t = E3lo] AFA AAPZEZ9
AN A e o] A Aol AAH: Qo aE Stz A F
Yol A oA 101de 224z A8 ApzNFe 97s Gt AN

e 2o A, A #H5 delA oA

_1

= Sl =

Ao 24 e Agde A
GABA-9H S (immunoreactive) AX 4 72" GABA 4 a9
GAD 65 2 GABA9 A&& &9 GAT-19 74" 183 GABA-A
2 GABA-B #&A¢ W3 So] mudgdut’’. A, A4 Ho H5d
GABA &4 AdAE FHg 43 5989l

AAAZEE gge] ma AT WA, 8] 1ANTES BY
HAAA F=d EF8So] GABA-A 2 GABA-B & #&A< Awn=
o 3 A} (intrathecal injection)e] €3] €8t ® o] IAHYT X gAH
AdHor whd B35 FAA GABA-B 584 Z-& A< baclofene] A w]ut
.

0
1 Flo] REFZHE W3|gte] RuHYTPT, o5 Ani= oA AN E
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1Lty 93WE 2d A AR

AAsES dAdstw  gFdgs A3 sEFAAA Asg 3F
(Sprague-Dawley, 200~250 g)& A3t 1, ehd A4S 2de Hu SJ <
Wl o wel A 2EA . 8#E enflurane(F % 3%, 4 2%), 0.9 &3
7haE wAAZ F fAFES HFE o AFHeRE ANd & F9
+5E 8 &F HR(LL) FETE =t 1 S3dE 9 AAESE
stulats19)a] AE 07mm, Zo] 4mme] ZEeldx HAL 15 27T
Adsta, 257 955 A s & IEARE EAANAYG. g
o Sd g AATE et A] &S gl a(sham) FE A ZskAth

A A(lumbar puncture)E E3] Aw e 2
X9 enflurane(f+% 4%), O TF7FAE
ArutAA 7 H, AFEZHE F4E7](spinous process)E Wk
T13-L1 #F& &<213 & Hamilton 7A71(26-G vFE)E TI12-L1 F4E7]
Aboldl 9l #H 47 (spinal canal)S £33 AYaAt). ou FA7] 2
Anles Do EANESE sH=d o= lidocain(2%, 10 pl) Tl 2]t 3= wjy]

24 G, HAH FAIE Fae FEE FYNAL, ol 229
gl

2t
v
it
12
d
N
LY,
=
i)

o7 walg ¥] 8} 5= A} (intraplantar injection)<
Al skt kg Ol 792 21453 99k $ Hamilton AH1(30-G vH) &
o]&3la] duldgel Il FES 20 plo] EHFow FHPIFA I, 30k AAH

Al #3tset.



St Ayg o] QoA EFWE FF Rt ABPAE Fato
2ASAG BES F5EF(F 4, 05 x 05 cm) A% 9AF TR
Febsg 48 x 8 x 25 cm) kel ¥ F, o Feo] &7 wakd mEi
e 2 NRES 158 E9 4SAAL S8 438 ¥ sbe Aehue

i

(von Frey filament; Stoelting, Chicago, IL; ¥ ¢ 1.65-5.1824 0.008-125 ¢
&&)7F FFE A57]E ol&ste] HW AolE dHWEE S dnidd
bl A e 33 WbS o R E AT o 7]A FHNkes

st degEe HAH ArE LIInte X (PWT, paw withdrawal
threshold)#tal g elstal ol & Fato] 7| A% SSWe A= AREE 3=t
%, 3 9Rkg X7t AW SEF9 AEVF FUkehe A o® dusit
ol FIHkE A= V|Ed Iad ds HSH(up-down testing

= L
paradigm) . 2 =439 %,
3. A7 A=A A3
7l A7 B AR S AS & F4
3)

= il
A7 YA S 93 A sE9 54 30% urethane(Sigma, St. Louis,
MO, USA; 5 mg/kg)e FAtste]l mtH A7, A3 =5 & A 45

F7F FARSFA TE. 24 o] 2 Al (skeletal muscular relaxants) & Zr 1871 <30
9] A A4 9 (external jugular vein)ol|] 7F=%5E2.(PE-10 tube)E& AF¢idba, 7]
AAEAT. "y T AAVERS 9 =& "HS wWxd &
T13-L3 HFA FadAE( 1ammect0my)§ A& stal @4 B (lumbar
enlargement)E =W AT, AE F sES ALB A (ear bar)et HF

1784 A (spinal clamp)E ©l-&3te] HH 59 dA ] G273l S5 955
HA 9 aAgddd Foluje] F(poo)ES PGS H H dx WAE 94
vl 2} (paraffin) LS AP, o] F 49 (dura mater)Z A ¥ Z(arachnoid
membrane)S A A3FA . Vecuronium bromide(W =4, F&2)E 7]
A @ g FAE 255 wHAIZl & JAFSF7I(CWE Ing,
Ardomre, PA, USA)Z S &AI#H L, CO; 4 7](CWE Inc, Ardomre, PA,



USA)E °o] &3 579 CO; %7} 35-45%%2 FAHESE $5HFS =4

sheich A AP V17 B BEe ALsAE A IFer PAGY o,
dvtach AATE AF8ae] 36-37°C ALe fASAT

e
= T

range) AAA x99 GANE LS 7]%3}%‘\4. A 45?(Carbon electrode,
2-AM& at 1 kHz)s Al&ste L4-15 FHF¢ FF

v] A 9] X] 24 7] (Narishige, Tokyo, Japan)& ©] &3] Q5%

wutes Jh A S del® F=2w, 500-1000 pm
EAehE @l AAAEZ T WDR A AAMEE ZESkrt olw] WDR 2174 Al 2
brush, press, pinch A=rol W3] BF 9&3t= MEZAN SH4EARE 50l A
19 TR Adgdded Ao 4 Aok VNAH AsomeE A TR
ol&H A=, AP FE&E THs HoE Fol7k A3 A Y(brush),
< g AA=E FAW(EF 100 g 3 23, press), B AL FHE
HAZ HA=(eF 400 gol 3 23], pinch) A=At Z} X} & AAA &5
gqie ZtFAE W e F7F, s, aga 4o w <IAHA
2= o8 A"l AAEdse A5 gE7 (DAM-80, World Precision
Instruments, Sarasota, FL, USA)& 10000 Z¥%3F S QA2 A5
st el YeEdldn. 3FE oy A7 AAEs AsEFYH Ed7
(window discriminator, World Precision Instruments, Sarasota, FL, USA)&
o] &3ta] U AVIE M @Y s E FEEFen, @9 A
dAslsE gd AFdss A3 s A7188A5s SFEA01401 plus,
Cambridge Electronic Design, Cambridge, UK)9} A7 A A5 A L2718
Spike 2(Cambridge Electronic Design, Cambridge, UK)E o] &3} # 3+ E
of 7] =3ttt
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Aol AFgE oFERE GABA 871 ofdEel gd F&AL A4

EgHQe, o5 A5uFe] A 85 AT W Folu g =
wekere] WEEAE B aen Agesy Ade 49 s Ew
482 B AHAFAT. GABA-A F&A9 4849 AFAze 427

muscimol(Tocris Cookson, U.K.)¥} (-)-bicuculline methobromide(Tocris
Cookson, UK.)ZE, =181 GABA-B $&A49 A A3dAzE=
baclofen(Sigma, St. Louis, MO, USA) % CGP 52432(Tocris Cookson,
UK)E AF&3en, B Ak A3 A& s=d 959 09%
saline®l| =5 %t

© AsEc Hi = 32 YEdlY 35ty Ad e drjAde e
¢] HlaE  Mann-Whitney

= A
AL, &5 W T2 AAGAES] ofz ﬂ]fﬂ
=



3]
2 AAES g & g g ks JA(PWT)E 18 goll A
1

)
Faglon eEges wolx vy 1.

35 Ho 422 + 145 go &
v " 9 AAES ek A @S ) EZ(sham)9 PWTE W3 =
Holx ook, A Aetule] o FoE JAH BFHEe 105

16 4

14 4

12 4

10 1

Paw withdrawal threshold (g)

—e— CCD (n=12)
—O— Sham (n=7)

L0 L A R
Pre 1 2 3 4 5 6 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105112119 126133

Days after CCD

1. dza A9 44 AZ3EE 2 FAdA 7[AFR 5939 ®wg o4 9
tukete] tubd AAWEET 2l AE AL F LI aus A PWDE

I 22 vgdth, 2d H¢o PWTE W% (Sham) el ®l& 105
A 93 A 7439t CCD, chronic compression of dorsal root ganglion(%HAd &4
24 FH); pre, pre-PWT %t (p<0.05, Mann-Whitney rank-sum test)

ot
Moz
-+
F
M
to

_‘IO_



& Aok F wetoga E3HSS Hol: Bl HE ggow
Tz FE&okel Tl dwHe 7 AA A (brush, press, pinch)el o g
LFFgAEe] s ST 2). & AFAA vt 754
WDR A AAEE A4~5 &4 EHAA A4 FHe HA$ 645 + 17 um
ZAolo f1A1g e, »d FHi= 693 £ 23 um @olo] $1x8th Brush A=<

o

X

LEFFM e FFAE 148 + 1.2 spikes/secs RS

*c:;l,
Uk wd H = 282 + 0.8 spikes/sec EFTH L™ 3). T3 Press A= (A

H: 291 £ 26, 29 FH: 37.8 + 54 spikes/sec)I} Pinch A=(HA #:42.1
2o rd

+ 3.1, =49 F: 554 + 5.8 spikes/sec)dl W3t Q5T ZhA| xS HE

©
ol¢} L A¥E FTITWNES H EY HAdA FHAAAAE HSET

A Normal B CCD

Brush Press Pinch Brush Press Pinch

704

60 4 60 4

50 4 50 -

40 + 40 q

304 304

Spikes / sec

20 4 204

10 4 10 1

= T T a d R T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

a8 2. 34 A 4948 AF3EST 2 FH e 958 U SAAAAEY S,
4 A 29 HBe aF A5G (WDR) A AAXLE AXrEHe=
7=t on, wx S28oko] JlEls brush, press, pinch®=(Z 10%)9] =
A (ade ota)et 1w 23 FeHY WMEFE 2d)d #E odEF BHoAE

2l Ao AGAE v A Aok vlaste] BE Aol viaiA ks

0

_‘I‘I_



70

HE Normal (n=24)
60 [ CCD (n=22) l

50 1

40 l

*
30 -

20 1

10 + I

0 T

Brush Press Pinch

Spikes / sec

3 A A 4d AAEST 2L F e 25 ] FAAPAE S E vw,

M

Hit G5 A9 FHF71AA 102 <4 FH)E F AEC U FH ez 1A
stk 2d HE AN HY v udke] brush$t pinch WSl A F93 Z71E Bt
(p<0.05, Mann-Whitney rank-sum test)

% ¥7 U GABAA oA 24

N
rﬁ
ox
o
rd
R
20
=
-
ko

A NAEEY A a8 F7 Ul GABAY SHABAET A
oA AN A S S el T & Advkal BauE=, b 23S
A5 B ®@ vyl gl 2 AP b AAWE T oA AES
715 E &3 GABAAY A9 &Ad AFE #FAJAHH 4)

A A A5 GABA-A &4 A3 A< bicuculline(d pg)e 2F
xHe A& * 1624 Tx F8okd 7talE 71 A4 A= (brush, press,
pinch)ell g HF$7h AAAEY] W=7l FHAHJTH(LH 4A,0).

7}

brush AF=Fel] i3t H5357 A AAME ¥2E bicuculline ZE A Hb&

(control, 100%)e] H] 3] 280 + 12.2% S7Fd S press(414.9 + 100.2%)

A=} pinch(210.4 £ 40.1%) A=roll W3k g 4A S/ AR 2l

Ae Fog ®wsE Holx Fskvh(1® 4B,D).

ol¢l & A= AN A= 4 T4 A GABAG AV FAHIL
= A4 S HaoFErh

12

i
)
%
dlo



A Normal B ccD

120 1 Bicuculline 140 1 Bicuculline
\
| i |
100 | 120 |
\ [
\ 100 \
80 4 | |
o | 8 |
2 | o 80 |
g 6071 | 8 |
z | g o1
(2] | (2] |
40 4 | |
| 401 |
| |
201 \ 20 | |
| I
I
0 - 0 ‘
Control 15 30 45 Control 15 30 45
Time (min) Time (min)
C Normal D ccD
600 - 600 1
*
500 - l 500 -
[} (]
2] (%)
S 400 A & 400
Q. o
7] (%]
4 ®
S 300 - * S 300 -
g i £
o (5]
S 200 4 5 200 - T
R RS T
100 100 1 =
0 . . . 0 ‘ ‘ ‘
Brush Press Pinch Brush Press Pinch

a9 4. A4 A 49 AAYST 2 FA GABA-A F&A AZA 24 ®Y

HEgol 24 WDR AAFAMAE M= vXE dF. A 9 BE A F< 2d FHAA

GABA-A &4 43 A bicuculline(5 ng)s {4 xWd A& F dx F8okd 7la &
HE-g-of]

brush, press, pinch A=<l 3t 24 W] $2} WDR A ZAA¥ES] vkgd #3t 3 o & HolFr)
o714 bicucullines H-&3t7] A wkgol ohaf A& F 16EA A} A9 & W& (%)
AN BE AEFAA A 1 B Wgs&ES Co Dol YeErAS. Y Fo A9+
brush, press, pinch W& RS54 F93t Z7FE H<Ql v wd Ho 9= Fo3t HslE

Bolx FEdr}. (p<0.05, paired (-test)

fo
ok

= rd FHo GABA +&4HA &4
ol §9E <dolr ] 98 GABA-A FE€A F-&A (muscimol)9 GABA-B



TE&A #E&Al(baclofen)E ol&3te] Aty = Ay dds

st

7b. A&SA A3

JNAA BEHrgol futdE md FHo QFHA WHow GABA-A, B
&4 2849l muscimol¥ baclofens Z+7F 0.1, 0.3 pg, 183 1 pg<
LT 4,5 9 An Lo Fstal, 158 HH o2 PWTES SH3AH
(¥ 5). muscimolE 0.1 ug 9 A PWTE= 9 4 2294 + 015 g 9 A
T = 112 £ 088 g 22 Z7ISFA L™ 5A). 0.3 pg(5=¢] A 2485 £ 019 g,
159 11.74 £+ 198 g), 1 ng(=¢ #: 2731 + 0.28 g, 15%: 17.608 + 0.36 g)
T A= s=C v#EsiA PWTZE SVt il &A1zt Al S71s st
AR 1 ngs 4 Al 7okE]l T 4ulglel A oFte] B FANE B,
muscimol(l pg)el EFHE d3lad+= GABA-A FE£F AdAQ
bicuculline(5 pg)< 74 FHAS w oA = A}

249 FH9 baclofens 0.1 ngS ¢ A PWTE 9 d 2123 £ 015 g <A
T F 7692 £ 079 g o2 ST IYE 5B). 03 ng(+9 A 2332 + 0.19 g,
15 #: 13678 £ 1.73 g), lug(FY H: 2657 + 0.24 g, 153+ 14.737 + 1.8 g)=

T A= w&d vlEEA PWTZ7F S7HstR ol ekskA zE Al S7hsS o
baclofen(1 ugA Z2Ze 24353 E GABA-B S84 ZgAl CGP

524323 1) & FA FYLL 9 A H Ak,

olof 2 AL @40 A8 GABA F8A FEA7 b 274
Y HelA fuE BEWee adgom s, o mi: 84
GABA #8718 53] et 22 nelZrh.

>

4

o
£ o)\

0|

W

MN

],]-_ X—]7]A§E]ﬁ]—7(-] }\]fﬂ

2d HolA GABA-A, B #8844 #F&A< muscimol¥} baclofen<
L Fde H& F =Hx F&okd Jtele ZIAH A=l g a4 |
WDR 2174 MEe] vhg=E F4TH1H 6).

brush #=¢ gt 2 FFZA X W2 muscimol(0.1 pg) 48 A W&
(control, 100%)e] H]3] 488 + 17.8% % #HAF o, press(15.8 = 3.6%)
Ab=# pinch(124 + 54%) ZF=rell gk v ] st A v (L7 6A,0).

_14_



2d FHo 9 EWe] baclofen(0.1 pg)S AL F brush == thsk
QEFEZZAE HESS haclofen(0.1 pg) A& d Hk-3-(control, 100%)°] 4] &f

2 1:!-/1: HOU:] DTBSS(IBI + /) X}‘%J_’/]' pll’lCh(173 +
8.3%) Ao gk ukg A %ié}ﬁiﬂr(l% 6B,D).
o Az

osh we 2 3 GABA 587 2847 b 217495
Ao 24 U FANAME RSGEE TR Agn, o A

207 T 20 4

18 ‘ s 18 —e— Baclofen 1 ug (n=7)
— ‘ — —0O— Baclofen 0.3 ug (n=6)
= 16 I = 16 —¥— Baclofen 0.1 ug (n=6)
k=] ‘ % 14 1 —v— Saline (n=6)
2 144 ‘ ) 2 —=— Baclofen 1 ug + CGP52432 3 ug (n=6)
a | —e— Muscimol 1 ug (n=7) A
£ 12 } —0— Muscimol 0.3 ug (n=6) < 124
= —v— Muscimol 0.1 ug (n=6) = |
g 101 ‘ , —v— Saline (n=6) S 10
< i ‘ —#— Muscimol 1 ug + bicuculline 5 ug (n=6) g 4
- 8 | 5 8
£ \ £
§ 6 7 ; 6 4
2 = /
S a4 g 44 [

2 | 2 ‘
0 e e 0 e
Pre 15 30 45 60 75 90 105 120 Pre 15 30 45 60 75 90 105 120
Time after treatment (min) Time after treatment (min)

a9 5. g AAEE B FHo GABA F&A ZE&A Ave ¥ F4eo] §F5A 5
mxE 43 md FHolA 2FHA MHOE GABA-A F&4 3}% A 91 muscimol(A)°] Lk
GABA-B &4 #-&A<l baclofen(B)& 24 7Av|2 2ol F94% § 15& @92 PWTE
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Abstract

Role of spinal and peripheral GABAergic system in neuropathic

pain behaviors in a compressive neuropathy model of the rat
Young Hoon Jeon

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Joong Woo Leem)

Peripheral nerve injury often leads to neuropathic pain. A loss of
GABAergic inhibition in the spinal cord is thought to be a major cause
of neuropathic pain following traumatic nerve injury. However, it 1S not
certain whether or not such a loss is also involved in neuropathic pain
associated with compressive nerve injury. This study was conducted
using rats with chronic compression of dorsal root ganglion (CCD) to
investigate  whether spinal GABAergic system is involved in
CCD-induced neuropathic pain and to examine whether peripherally
applied GABA-related drugs produce a relief of this pain.

CCD was produced unilaterally at L5 level. The mechanical sensitivity
of the hind paw was measured as paw withdrawal thresholds (PWTs)
to von Frey stimulation. Neuronal activities of dorsal horn neurons in
the lumbar spinal cord were recorded extracellularly and their responses
to mechanical stimuli applied to the receptive fields were examined.
GABA receptor-related drugs were delivered with intrathecal or
intraplantar (i.pl) injection for behavioral studies or with dropping onto
the surface of the lumbar spinal cord for electophysiological studies.

CCD produced mechanical hyperalgesia as evidenced by a decrease in
PWT of the affected hind paw. This pain behavior lasted over 10

weeks. In rats with pain behavior following CCD, lumbar dorsal horn
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neurons showed enhanced reponses to both noxious and innocuous
stimuli applied peripherally. A similar enhancement was observed with
lumbar dorsal horn neurons of naive rats when bicuculline was applied
onto the lumbar cord surface. Both GABA-A and GABA-B receptor
agonists, muscimol and baclofen, respectively, suppressed pain behavior
when applied intrathecally and attenuated enhanced mechanical
responsiveness of dorsal horn neurons when applied onto the lumbar
cord surface. CCD-induced pain behavior was suppressed by an 1i.pl
injection of low-dose muscimol (0.015-0.03 nmol) into the affected hind
paw, whereas it was not affected by the same application with either
high-dose muscimol (15 nmol) or baclofen (0.01-500 nmol).

These results suggest that neuropathic pain following compressive
injury to peripheral nerve is due to enhanced responsiveness of spinal
dorsal horn neurons via a loss of spinal GABAergic inhibition. It is also
suggested that peripheral application of low-dose GABA-A receptor
agonist 1s a useful therapeutic option for treating this pain.

Key Words : compressive neuropathy, compression of dorsal root

ganglion, pain behavior, GABA receptor
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