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F =% AFAdNA GABA €549 =4

ZFA A A AN v-aminobutyric acid(GABA)E SAA AAAZSEAR 2z &
HAgth AT A A A A GABAY 715 H ] AT T3] FHEA &
ok w2 Aol A= 3F F ZFHb A7 d (major pelvic ganglion; MPG)
AFE A GABA A3 A7 EAY FES wholecell % gramicidin
perforated patch ®HS F3lo] ol

AL
A =4 5ol et Fr7hA ez yHe] Ad. T-3 Zg A77F SA48=

F7F FEEA g e w7 AAAEANA GABAa A Wukg-o] e}
wor o]& tyrosine hydroxylaset 7ol o] = dth GABA 43 dAFE
FTRYEA WS HPom ECxpt 7.3 uM oAtk GABAA F&A AdA<l

bicuculline®] 1t} picrotoxin(100 uM)= A =] A& 45 GABA] <3 A

O

AFe @A AdAEA oY, GABAe F8A4 2dA|Ql TPMPA(I0 pM)ell ©] &l
AE olFH gekS whx| ¢rdt} Zolpideme GABA AFE Z7FAZHow, wibd
d inverse benzodiazepine & & A ¢l DMCM<S GABA AFZ o AA T GABA
343} HF = pentobarbital® loreclezoleo] 9&l Z71% %l o™ furosemided] <
A E TS WA &t} Zinc®t cadmiume GABA AFE dA 3] JA5G L
1}, lanthaniume 93 232 YeElXH &tk HAF AW solA GABA
diESAz o, sAd AEY Za FRE STRAHT o] A3
A3z vl & o, GABAE MPGe| 3t AAAE 2t GABAx &4

2 243 AA Alxe ABed 2do] 83 4TS §IE Ao Atrd

e

r
=

s

il

2
o
Mo

AqaE e 2 FERk AAE, GABA, GABAy 84
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A% o] F % wp>
AMTsta vt o st
G

A1 AE

v-aminobutyric acid(GABA)© T3F AAANA FH JAH AAAEEZ 9]
sz, d#e] GABA 48 A (receptor)dl A3t AIXWRe Clolsg 43}
Aoz THdes FEFAA A AH ARE dode Aoz & dHA
9 tHBarnard 5, 1998; Lu %, 1999). GABA &A= <A (pentamer) TX%

HE

7HA ZdAg AdadAse adel 287 doel whel 37FA] oF & (subtype)ol K
=3 Qdth(Barnard 5, 1998). & GABA &A% ionotropic F&A¢1 GABAA
2 GABAc: &A1 GTP-binding protein® A% metabotropic & A<l
GABAp F8A = A Uxlolxdt. 2 FolX GABAA &A= 571 subunit®
2 olFAR Cl 224 4 £7Y A& 2 subunit family(apa, B, v 2 8)7}
wol d#A YA T Macdonald 2 Olsen, 1994), FHZol= F MY AN=E
subunit(e % mo] HuE7|% dFHH(Davies 5, 1997, Hedblom % Kirkness,

K

=

1997). GABA &A1& TA3tal 9+ subunit family®= benzodiazepine®] 4} zinc
9} 22 modulatorge] W3 THE=Y Hbg FZd wme f AEs HEd a
subunit2 65 F(al-a6), [ subunite 4FFB1-p4), 28 v subunite] 4

T 9Al 4FFN1-v4)e] olFo] dHA Y. T GABA F&A AFE 444

_\.,

o7 ARgEHE Eo ozl xo]7} dEd, barbiturates, benzodiazepine,

neurosteroid 1#] 3l imidazopyridines¥} Z& FEESo] & FUlEH, w2 fB



—carboline®} zinc®} #-2 modulatord] o&|A = A= gukE WSS HQlth
(Smart 5, 1991, Macdonald % Olsen 1994). GABAp &A= GABAaSH
GABAc &A%+ €38 G-protein® 2% metabotropic =& A o]t}. GABAgp
48 baclofendl] 93] A3t ™, G-proteing AH3te] Ca® B2u K B2
o] &S A3} thE jonotropic GABA F&AQ1 GABA: FE&AE p
subunit(pl-p3)°] ¥3t¥ pentameric CI E=Z°|tH(Ogurusu 2  Shingai, 1996;
Barnard 5, 1998). GABAc 484+ single channel conductance’} GABAA &
AEY 2o ™ bicucullineo] 2ol&] JAH A a1, barbiturates, benzodiazepines,
%2 neuroactive steroidell 93] ZHIEA &= EAS AU Dong 5, 1994;
Bormann % Feigenspan, 1995; Akasu 5, 1999).

=ZHHE (pelvic plexus) Hlxx A2 7| AE H 53 o8 kg7 244 =4

19

of o] FR3 TS gt Yoh FFo FF F Ay 5L F
(species)ell we} 2 ZolE Mol &=t FHA AbAlE] A e oA
AAEZ o]Fox dFrie x

e}
-
ganglion) MAEEo] 3t & AAAS o]Fn vk 3 FHY HS o &

= 51
T=
" A7 A (major pelvic ganglion, MPG)ol 2t &, ¢47le] A $-ol= A4 dTF9

2174 A (paracervical ganglion)o]2} H231 t}, T3k =7 FH = Haf accessory
ganglias 7FA 2L glom, MPGx oA e Z17lol nlsf Alu) ool AAdd Axs
ZEA I do] Fx2 B 7l HelA A(sex)ol wE zol7F th(de Groat B
Booth, 1993a,b).

=
ige}
)
rl

ofy
x
2
o
o
fru
4z
i
ool
Shd
oX,
2
fol
il

S H=AA T|REd ddste 92

F2A9 Ve 99 B ohe ole@ AP AR 2ARRA VS

Fukxl g o2 RE ZHUA Jd#HS il inferior messenteric ganglia®F-E 3FE4

7d (hypogastric nerve)<S &3] witd J=8S ol W, de€d 2 54 53 2
S Hx AAA 7@y 43 FH(boweDol AAAMIE FH(Dail F, 1975

o,
HE
jlieA

Keast, 1991; de Groat ¥ Booth, 1993a,b). MPG+ 23+ A7, Huzk Al

o] wnlel=gddA, W= HA (nonadrenergic, noncholinergic, NANC) Al HE&

-2 -



E3tsln d=d(de Groat 2 Booth, 1993), 7)o E3tE A FEL A7 A e sHA
2 AAEH BEAS Veoer @& W Aox F 7] o9 ol (two

subpopulation) 8] AZF Al 7o) EAjsle= Ao w FAE 1 ¢vHZhu 5, 1995).~1
AEW FAg 7129 (intracellular recording technique)e] 2ol o]a}H Il
A (pelvic ganglia) AABEE & —45 WV~~~ A -75 WV B35 ¢+ AgS

1o, QoA Fukspike) H& We AES] AH BYEI} 7 HH =

N
)
)

rlr

)
l Kl
EE
<)
Q
8
=3
o,
Q
=i
(S
—t
(@)
o
=
=.
a)
=
@/
1
jin
1,
32
o
x
i)
)2

EFFY FF AAANA FH O JAE AAALEA] U GABAE
lower urinary tractol &= Z&S 3 tt(Maggi 5, 1983). GABA+ MPG= 7+
AANEe AFsRs W devde BdesS gAsdd 85 MPGel =
GABAE 238 ABAEE0] S48, a4 4S A589e 4% GABAZ
freE] e th(de Groat, 1970; Kusunoki 5, 1984). B MPG 21744 GABA &
4 &4¢ binding site7b EAEe] HiEAvh(de Groat, 1970; Kusunoki &,

1984). ioFo] whabe] ZubAl A Ao GABAL WA SR I3 gE I o] o
dE=o] mek dojubE biphasicd WRES Holw, o]d ¥ES Cl o] 29

conductance’} W3te] dojdti(Mayer 5, 1983). MPGolA GABA &A1 o
o] 71&Ho got(Akasu 5, 1999), ME FFollAl FEA2 olg ¥} subunit
o] x93 24 taiA= Aa-E nkrk fivh

JIsHoeg FFH FFA MPG 2174 E2  dx(micturation)9} 7] (penile
erection) 5l FHF3l(de Groat ¥ Booth, 1993), °1& 2174 AEe] o] W3
iy SR d3 22 ¥4 A (pathological process)¥ #TH=E 4 dti(de

Groat % Booth, 1993). MPG A& nlxAA7]|E w23 9 7] (pelvic
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A2 s R DH

A FEZE 200-250 gm Wel9 3F(Sprague-Dawley rat) &3S A}

22. 489899 H *=

221 49 &9

GABA @43 AF =AA AR

)

A= &He] =4 (mM)2 120 CsCl, 20
TEA-CI, 11 EGTA, 10 HEPES, 1 CaCl,, 18|32 2 MgCl; (pH 7.2)22 3%
MEe FFHel ZA(mM)S 137 NaCl, 54 KCl, 1.8 CaCl,, 1 MgCl,, 5 HEPES
283l 10 glucose (pH 7.4)2.2 3}l A5t

Gramicidin-perforated patch® 9% Z =4 & 9(internal solution)®] =4
(mM)< 140 KCI, 5 EGTA, 10 HEPES, 0.5 CaCly, 5 NaCl(pH 72)2.2 3}% o

Az FFAS GABA A7 SAA ARER &3 LA Abgeklvh A=

[¢]

Sdo= FHF FE7F 50 pg/mle] gramiciding ¥3FAA perforated whole—cell
modeE THESQTE  Gramicidin® DMSO°| o] Algetgr. BRE FES
polyethylene® ¥ A ¥ gas chromatography& X A& (capillary tube) &5 A7
A 100 pm o]l A s sto] o]E Fa ko] T ofs] AlxEo] 7t

HA == ekt



2.2.2. %E

Collagenase type D9} trypsin® Boehringer Mannheim Biochemicals
(Indianapolis, IN, USA)=Z HE T939 2, GABA, bicuculline, picrotoxin,
(1,2,5,6-Tetrahydropyridin-4-yl)methyphosphinic  acid(TPMPA), %< Tocris
(Tocris Cookson Inc., Ballwin, MO, USA)Z%¥, 6,7-dimethoxy-4-ethyl-[i-
carboline-3-carboxylate(DMCM), loreclezole, zolpidem, gramicidin, pentobarbital,
furosemide, DNAse type I 52 Sigma Chemical Co.(St. Louis, MO, USA)=Z &
B Fdstanh Azt #AAE BE dfA] 2 oFE L2 GibcoBRL(Grand Island,

NY, USA)Z5E F+Jstdt.

23. ¢d AFAE 28 £ 7A

A 4% Sprague-Dawley Al 3# +71(200 ~ 250 gm)<S pentobarbital sodium
(50 mg/kg, ip)o = wHHAZ FH, FA & st AYGHY oSl AT F =
b A4 A (major pelvic ganglia, MPG)S A &3a(2d 1 JFR), o]l& A7/
4°C) Hanks’ balanced salt &% (GibcoBRL)2. 2 AT F£x2& H7]z Fe& EAN
E W % olE 0.7 mg/m¢ collagenase(type D), 0.1 mg/m¢ trypsin®} 0.1 mg/m<]
DNAse type I°] E01d+= 10 mle modified Earle’s balanced salt & <4 (EBSS,
pH 7.4)0l A 1A1ZF FtF wik(35C) e vH(Zhu &, 1995). ojw] EBSSel+ 3.6 g/L
o] glucose®} 10 mM<e] HEPESE XAIHTH Wl & AAAEES vlFE7]d
Yol BE5o] E#ld ¥ clinical centrifuge(International Equipment Company,

MA, USA)E ©o]&3t9 1000 rpme] =2 44 EEsdh #2ld AA4HEE

er

S 10% fetal calf serum, 1% glutamine, 1% penicillin-streptomycin®] 3
MEMeol| AF-5A171 %, poly-L-lysine®. & FEEo] 9= cover glass(W=12 mn)

o] plating stttk o]E 37C AH¥E w7 humidified incubator; 95% air-5%



COel A wigstdom, &3 & 1243k ool Aol Ab&skainh. e Al

x5 Botan g4 £aAe 19 20 et

2.4. A7\ AestH A4

o] & HF+ patch clamp amplifier(EPCY, Instrutech Corp., NY, USA)E Al&
3to] A A2 whole—cell ¥ gramicidin—perforated patch clamp WH o2 =43}
A (Hamill 5, 1981). &4 A= horosilicate glass capillary(2]7; 1.65 mm, W
735 1.2 mm, Corning 7052, Garner Glass Co., Claremont, CA, USA)E A}-&3}

E H=2 P-97 Flaming-Brown micropipette puller(Sutter Instrument Co.)Z

2

wol A%atqr. A=+e Sylgard 184(Dow Corning, Midland, MI, USA)2 18]

s9 0 whole-cell A5 == AU 3o] Lol Y& W Aako] 15~

2500 = AL Argstach AT}
e

=
1, AELAS FHd 98 1~2 ml/min £=

o] 9l cover glassE =HIAWH

¢

(inverted microscope) $J°l <& =
2 #AFAHG. FHd mAHH(voltage clamp) 71EFS & AlEERe]
capacitance$} series resistance= 80% °]/d R AG3How, HAFA sampling rate
< 1 Kk low-pass filters 2 Kk(-3dB; 8-pole Bessel filter)® 3le] 7]%3}9 ).

WG TARS AEE TS S A o= sampling rates 2 Kz, low—pass filter

1

= 2 Kz(-3dB)E 3t RE A A= Pulse/Pulsefit(v850) software(Heka
Elektronik, Lambrecht, Germany)Z 3 IBM HFHol| A& ste] EA A =
T AT A2l ~ 24T)olA AR o, & d3o ALgH

of =AHow e,

A
u
Nt

%44

= 149

w



25 TEAZ D AgxZA33 A

4

MPG %2 AZE 98, AFE ether® vhd & 2& whd deolA 9% 4
d& F8 09% NaCle ¥£33t= 0.1 M A4S H(PBS; pH 74, 37C)S &7
stef dels AABEAL, o]efA] 4% paraformaldehyde® ¥i7, G sHATh. ¥

IAS v vy W xAsst dAs g8 MPG £8s AEste] w93 1A
Ho g 4TolA 16-20 AlZF &<t Tttt ol % EES 25% sucrose &% (in
0.1 M PBS)el 16413t B¢t HFA]7]aL -70C isopentanl.Z FZAAA, F244dH
7] (Reichert-Jung, Germany)ZE ©]-&3lo] 25 mm 79 AdAS A=At "I
e RE HAFL AFFEFHoR At ¢4 54 dAS 3% kst Aa
Foll 2023 AEs F 01 M PBSE Al ¥ A8, o)A Ao g H] 5o

A W8-S A A7) 915k 5% normal horse serumo 2 F AlZF FoF A5
t}. olojA I GABAA B2/3(1 : 250; Upstate, USA)S A 2|4 overnight g
SFA L 0.1% Triton X-100S *¥3%3sl= 01 M PBS(PBST)Z Ul A& A8 &

biotinylated mouse IgG(Vectastain Elite Kit, Vector Labs, USA)Z 3+ A7t &
WS AT A

@

2}

mloh
o

bl 3B PBST®  $A¢ F  avidin-biotin
peroxidase complex(Vectastain Elite ABC Kit, Vector Labs, USA)d| 3+ A7t &
oF WA AT WSS v 2Z S PBSE FAE § 0.01% H:0.5 E3s)
= 0.05% Ni-DAB(Sigma, St. Louis, MO, USA)Z 22 A7 o1 cresyl violeto

2 OEdAe Add F gaangon #asq
2 -
2.6. AAXY Ca™ A

AZU Ca® =HL ratio fluorescence system(Ratiomaster, PTI, USA)< o] &
st St 9A gY MPG Alx7F & dldd Al Fura2/AME 5 uM
X 2] 3Fo] Aol A 607 loading Al #H T Fura2”?} loading ¥ A& 3%

=
oz &eld % gramicidin-perforated patch -2 AF&3Fe] AlxE9 At



B} AFEZ Ca” wstet BAd =43t GABAC] g A Ew Hgte] WsE
A 5317 W (current-clamp method)& AF-8-3F59 2™, GABA AF S A= A

2.7. A5 &4

GABA A7 Z7]& peak #S HAstAo. A/ A7) (amplitude)= Al E 2

A7)e wE Zols HASY] 8] AETS] capacitance® WFol HAF H

=

bt

(current density)® XA o™, M AEO] capacitance®= Pulse/Pulsefit 3~ =1

Holl A et Be ZAde FHELEFARE JEdlaL, FAAQ o= t-

O

A7 (paired -2 unpaired) 2.2 Rl o, 5o met EAHEA(ANOVA)I}
H R4 44l Mann-Whitney 4785 AAsSAth o] =& A9 pgte] 0.059]
o

& #9% Folt vk AFAh



UROGENITAL DIAPHRAGM
(.33 k

1

a9 1. £33 839 FZv A7 - (major pelvic ganglion)e] ¥ R F=X
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A3% A3

GABA AR

=
T

3.1. MPG 4174 Ax FFel o

GABA

=
i

wE MPG 2749 el w

tyrosine hydroxylase®l] Tt

8 ABdAEE

g 7le o
-30 mV7}HA|

13
=

23!

0
e

AA T-

hin
R
T

o] tH(Zhu, 1995). WA

‘_.ao

vzl

x

-80 mvell ar

wmo

)
N
of
Tw
ol

&3

100 pMe] GABAZ 7}

<
T

ki3

%

R

62; 17 4A).

(n=

o a7 &

=20; 19 4B). AXE

P A ek Sk thn

=

#7b %

T-3

KN
T

7] 8 #(capacitance)

g2l Hld

x|

Al

=54)

¥ (47+3pF, n

71e A7 A

o0} o
T

a%A

=50)°]

T (82+3pF, n

A A
of va)l =LA uEbRkH

ol

EES

B2/B3 subunity

3.2. MPGelA GABA &7

GABAx F&A7F MPG 2B A 2ol &

% GABAx T84 p2/B3 subunit(GABAAR [i2/3)

A

ot MPG 217 Al

sols

Aol wA etk ™ 5A).

otr7] 9l

o] e

TR A A

ke
T

}o] tyrosine hydroxylase

S

_13_



(TH)2F GABAAR p2/35 FAlol A&t THS GABAAR [2/35 5d3 Al
zo| o] EAstg en welA GABAAR [2/3E THo| 5= wzk AAAE

g & 5 AR (ZH 5B).

=2
i
N

3.3. GABA A7F9 F&=-9t3 #A

GABA AFE AE W29 140 mM/140 mM thA 2 Cl FXEAbolA 7] 23}
Ak ole st skl AEL Mo 1 uMe] GABA°l ol&) WA AF7t
971 Ao, GABA &7 S7HEsE WIAY AR g5 AAE v
=4 wgS JEhATtH Y 6A). 7He GABAS F% W= 0.1 uMelA 100
Mt GABA AfE @ Fhods WY dAFe 2487 =gz, g%
(desensitization)o] 2 doAAUR] Aoy =& T2 ZAFE wE g &
S BT 6A). GABAC o3 WdAd AfF= 100 uM ol delA 23}
(saturation)¥ 1 2™, ECs+= 7.3 pM, Hill's slope 1.35x0.1299tH ¥ 6B).
GABA A9 s% uhg F4L2 67019 AxeA 71=H g& A&kt

1

_14_



Adrenergic neuron Non-adrenergic neuron

=3 mV -3 mV
- | | .| 1
=1 mV =100 mV

200 pA

20 ms

AR M GAR
100 uM GABA 80 mV 100 uM GABA

=8l m'y

“““““ J100 pa J100 pa
10 % 10 %

I3 4. MPG ABAE F7d W& GABA AF. T-8 ZH 5=2&
T ers -100 Vol AT A A -30 V7R @EF AlA 7| EFY
i, GABA AHF+E 2AYgS -80 woll A3 AeolA 7| =5t A:

oA erS 100 mvell A3 AElo A -30 WA SEZ AZHS o e
Ues T-8 2w AFE HoFm1, o Alxe] 100 uM¢ GABAE 73t
RAes A WP AF7F FLEs BAFEth B T-8 Z+ dA/7F A

of

2
o
2
r

%= AEZel 100 UMl GABAE 7hetsle 4 -5-lch.
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2% 5 GABA F&A P2/3 subunit(GABAAR B2/3)8] ®IxZ 3}
g M. A Cresyl violete=z wlZd @& 51 GABAAR [2/3%
labelling A% th(brown). GABAAR [2/3 A& diFE & AXEZECA
ool om (), A2 MEES Aol ol Fo]A A kTSR
wg]). B: Tyrosine  hydroxylase(TH) 2} GABAAR  p2/39
double-labelling. TH(red)?} GABAAR [2/3(black)S U A XA <
A S Hol FUHEA ).

_16_



3.4. GABA A Fd o3 barbiturate®] &3}

2AQts -80 mvell AT & 3 uMe] GABAE 7lsle GABA ARFE

3k 3 pentobarbital®] & 3E #2135} T} Pentobarbitale GABA dAFE %9

N

FHog FIUMAZH O™, 300 uM pentobarbital &F=ol4 GABA HAFE
1527+81.99%(n=7) S 7FAATHLH T7A). Pentobarbital®] ©]g GABA M9 F
7F= 100 pM o] Aol A E 3} (saturation) = 1™, ECsi= 390 uM, Hill's slope
< 3.39+1.409 THL® 7B).

¢

3.5. GABA A& W3 zolpidem ¥ DMCMe &3

Zolpideme GABA S-&A¢ a subunite] W73+ benzodiazepine & & A o]t}
Zolpidem= GABA®l ol3] fad AFE sxEo|EAor ST THHE 8A).
Zolpidemel 9]3 GABA AF F7He 10 uM F=olA FHdl 293.20+17.95% %
o ECspe 068 pM, Hill's slope< 2.10£0.77%tHn=5; 13 8C). DMCM-2
GABA <84 benzodiazepine siteoll inverse agonist® 2}-83}t+ [i-carboline®]
. DMCM< GABA A#RE s=EEHoz oAsAtHad 8B). DMCM2
GABA A7E AW 71.39+540% Al om, ICo= 056 uM, Hill's slope<
1.97+0.79% tH(n=5; L& 8C).
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GABA

-
=

0.04

-4

[GABA] (log M)

10s

Al (dose-response relationship).

19 6. GABA A

pud

s GABA

GABA A&, 7}

ki3

-80 mvell A F el A 7=

3}%5 &= (saturating

F ol B: GABA

T A8

B
o

concentration)ol| A 7] &3 A Fo] o

1}

TAE YER A TH

HeE

3

i

J)
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GABA 3uM 10 uM 30 uM 100 uM 300 M PB

2000

10s

1600+

1200

800

% Control

400+
[

5 5 4 3
[Pentobarbital] (log M)

I% 7. GABA AFol thd barbiturated &F. A: GABA dAFE ¢
Aeks 80 mvel AT AEA 7| EEon Jhek GABAY FRE
3 pMeo] Tl Pentobarbital(PB)2 3 pMolAl 300 uM7bA] Z+ & I=of A
GABA¢®} A sAlel 78t B GABA Aol tid PBe F&=-wk$

IH. YES GABA AFY A7E 100%= 39S 3% PBe & =

A= FHrEEAE Uedidt 29 dHas T
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A C

GABA 0.1 p\l ]p\l ’hll\'l 10 Eli\’] Zolpidem
UU 07
£
= .
S 200
B |-}
e-\e‘
, 03uM  1uM  3uM  10uM DMCM 100+
GABA 0.3 g == el o Zolpidem

[Drug] (logM)

a3 8. GABA AR/ thd zolpidem ¥ DMCM<e &3, =& GABA
24438k d7F= 3 uM GABAC o8 2 Azt A GABA d#& %
A4S ol A3 el A 7] =319 th. Benzodiazepine & & A%
zolpidem® T X+ 0.1 pMolA 10 pM7FR] thstA 7sti e, 71sk

713k

e

rlo

AHog FASYT B: Benzodiazepined inverse agonist¢l
DMCMe] &2, DMCM ¢ sx+ 0.1 uMelx 10 uM7HA] a7l
Zbekslen, 7hgk 717 Adoezm ®AGATh C: GABA el o
benzodiazepine <& FE-REEFH. YHES GABA HFY AVE
100% =2 atAS B¢ *HEE AT % 7+ B 2

£
o FEE log #hoZ YEhITh BE dabs Fergae)

o G5
2 Yehgdo. 238 ¥+ zolpidem @ DMCM 5% 5.
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3.6. GABA Ao th3 loreclezole® & 3}

Loreclezole &7 ¥4 (anticonvulsant) <& 24 GABA 8419 (29 B3
subunitel] 2}-83to] GABA AFE AN 7= Ao= e A JdH(Wafford &,
1994). MPG A7 A %o A loreclezole GABA AFE S7HAZHTHZH 9A).
GABA A#9 F7F= 10 pMY wl Hdidew 1 o]de shoAs 3t A4
S Uetiith Loreclezole GABA A 75 Hul 471.9044531% S7FA1% o1,
o]#3l loreclezole® & 3ol ECsE 291 pM, Hill's sloped 1.72+0.1991tHn=7;
1% 9B).

3.7. GABA ® 7] td 27} 2 37} Fo| 2o F

T

28 9= ol 7bx 27} @ 37F ko]LEo] GABA AT mAE= oJE s
oJZt}h  Zn*'E GABA 79 noncompetitive antagonist® &4 th Zn*'=
10 M GABAYl 98] Z4ste AHFES = oEHoz A% en, 100 uM
n”E 718AS A9 GABA AFE 97.31:1.07% A 9hE Athn=5; 1% 10A,0).
Zn>' el 1ICxE 295 uM, Hill's slope -1.85+1.47¢191th(2& 10C). th2 27} <%
o] ¢l Cd* 9A GABA AFE JAsgon, A At 80.01+1.29%°] Ut}
Cd” ¢ GABA #A#F Aol thdt ICsi 42.7uM, Hill's slope -1.02+0.43°] %)

o

tH2¥g 10C). 37} %ele<l La®e a6 subunite] X3 o] U= GABA F&A
AFel A$ JAsIH, al subunite] ¥3t¥ GABA %

2 2771 Aoz HaEthSaxena 5, 1997). MPG 214 A XA 300 uM
o] La”’& GABA HFZS 3753t721% JAetgon, Ao AxoxE S/
e AT 10B,0).

_21_



3.8. GABA A7 t3E GABA +&A A &

Bicuculline2 competitive GABA <8A AdAZA GABAg FEA Y
GABAc &A= ZH7 9l Aox 98A Atk MPG AAAEA
bicuculline2 GABA AFE T&% g&EH o=z AAsE oW, 10 uM bicuculline
+ GABA AR/E AY ATFstAvH(® 11A,D). GABA 5ol digh bicuculline
9] ICsw 0.26 pM, Hill’s slope2 -0.97£2.24°]AtH(n=6; =¥ 11C). Picrotoxin
< noncompetitive GABA 8| @A Z A, bicuculline® & ¥¢3tAl GABA HH/
= A9A3A . Picrotoxin (100 pM)2 10 uM GABAC] 23] A 3tE HF=
93.49+1.07% 2 A8t Ath(n=5; & 11D). ©]# 3 bicuculline® picrotoxin® &3+
FAHeR fFo3t Aolg YERHATHP<0.01). Furosemidet™ anthranilic acid

derivative®A micromolar B2 ICs #< 7I1A™ a4 52 a6 subunite] *

ped

H GABA F&A91 4% GABA AR/RE A Aoz dHAJdtH(Wafford 5,

1996). MPG Al A 3Eo A furosemide(l mM)= GABA A fFol & 43S mx =X

(
=
=

£33 tHp>0.05 23 11B,D). GABAc &4 2dkA]el TPMPA(100 pM) <A
GABA Aol 37t i vh(p>0.05, ¢ 11D).

3.9. GABA7} Ax% AYg ¥ ATY Ca® #Hsld mxE
og&k

[<]

(Ebihara %, 1995). Gramicidin-perforated patchS A]83% 3

(current-clamp method) 3lollAl GABA®] )& Axu zqte] wWale} Ca’ W3}
£ d#Est. GABA00 pM)= Alxer whdeks 225 Alzlew, 18 §4
o MEW Ca” FEE F7MAATHIE 12A). 8 A4 (voltage-clamp
method) 3ol GABAE WA AFE F2 ARAW AXU Ca¥ 5% W3l

= S u A Fadrh(21Y 12B).



A

IuM GABA 0.3 uM AuM 30 pM Loreclezole

< o N

600+ 1 s
500
400
300+

% Control

200

100-

0 N T T T T T T ]
-5 -70 -85 -60 -55 -50 45 40
[Loreclezole] (logM)

e}

19 9. GABA AFo)| g loreclezoled &EF. A: GABA dAH+= =

N

dS -80 mvell A3 AHolA 7IEstH o GABA d#FE FHg
FTEE 3 uMeollth Loreclezole2 0.3 pMelA 30 uM7H#A 2+ =
A GABASH A F Aol 7ttt B: GABA #AFol W3k loreclezole?]

off

- Sd. YEHES GABA AFY AVIE 100%= sHS EAS
65 YEIRN o, XEF2 loreclezole?] F%E log #

Foaz venet. 49 A5

X

loreclezole®l] 2] 3%+
o2 YA 2E Ay Hirt

= 7

K
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1.2+
1.0
0.8+
0.6+
0.4

0.2 ® Zinc
C  Lanthanium
0.04 0 Cadmium

T T T 1

-7 -6 -5 -4 -3
[Cation] (logM)

Normalized Current

2% 10. GABA AFol tig 271 2 371 Fol2E9 &} HeE AR
= 9AStS 80 mvel A A VS on fEa 9 &
o= THAl A #FAeRE wkste] 3 EF=AE sttt GABA
AFE 10 uM GABAZ 7hsto] HEAZ T A Zn®7b GABA Aol
M= QG Zn”E 10 uMolA 100 uM7HA GABAS FAlel 7189
th. B: La¥(300 uM)S 7}et3l e 79 HolE GABA AHAZ ek
Felor wEstE A IEHe As HoFrh C o

2 27b % 37} 9oleBo] GABA Aol mAE 4%e acksdrh

o
o:
e

g

£ data® ¥3}F = (saturating concentration)ol| A 7] &3k A Fol ot

Tote Frelth EE A "drgseaE dysddd. AF das

=<
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a

o =
w o
L ]
-
=
w
e
B
-

£ 1.0
= ¢
é 5 0.8
C 3
= g 0.6
< 0.6 n=|
3 5
g 0.4
g 04 E
= . . =
o 1 ® Bicuculline 7 0.2
z 02 O Furosemide
0.0 0.0
-8 -7 -6 -5 -4 -3 Control BIC Picrotoxin FUR TPMPA

|Antagonists] (logM)

a9 11. GABA AFo| dig GABA &4 A2A9 &7 =& A
o WAYS 80 wel g AdHelA ZIFeR o GABA A
10 UM GABAE 7Fsto] A Zth A: GABAE 7hsto]l @A d#7F
HE 39l 35 GABAx &4 ZeEA|Cl bicuculline(BIC; 1, 10 p
M)S GABAS®F sAldl 7tsted g35 v aetth. B: Furosemide(FUR;
300 uM, 1 mM)7} GABA ARl WA+ S dHedidlo C

=

KX
S

K
>

Bicuculline® Furosemide®] &%~ 4. BEE datavr XEStE L
(saturating concentration)oll 4] 7] &3t A Fol sk F+=3k%E Zroltl. D:
GABA,x 84 adA|¢l BICA0 pM)3#} picrotoxin(100 pM) 18] 1L
FUR(1 mM), GABAc & AetA|l TPMPA(100 pM)7F GABA A
Foll vA= a8 a9%3d. B 23ds HaxiTLAx2 Y

o A3 e 4-5. == p<0.01.



Fura-2 Ratio

M.P.(mV)

Current-Clamp Voltage-Clamp
100 pM GABA 100 uyM GABA
1.5+ 1.5
2
5
~
1.0 Q1.0
<
3 et vy -
=~
0.5- 0.5+
0+ 07 e e

-204

Currents (nA)

.40

-60- I
1 min

19 12. GABAZE A% A¢ 2 AZY Ca’ ¥ mXe 9.
BE A3E fura2’l loading ¥ A Eo| A gramicidin-perforated patch=
Aldgstel Ca® Wt 2 AZubd/AFe WetE v|=agln A Tt
DRSO GABAI00 uM)oll o] AEuhdgte] wstel Ca® w3l
435 Adolty. B: AdFAGH st/ GABA(100 uM)ell o] gk WfEk4d

(o
il
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~

TFNAANA GABAE HEAQ] AAA AAAGEDR DA drt A&l
AAANA = ZAEAAE AEE EEA17IH(Adams 2 Brown, 1975), o]#3 &

=12 bicucullineo] Y picrotoxin¥ 72 GABAA 84 Aol 9s] 2ol

R = %tHde Groat ¥ Booth, 1993). 3t 11¢fole] Hkg A H| A GABAT
AEZE HAtS FES Aoz AAAGES A= AdnkE wksSs By

(Mayer %, 1983; de Groat % Booth, 1993). 34t 217 H (major pelvic ganglia;
MPG) el A= GABAEZS 73t A4AEL GABA A &429 #A4(de Groat,
1970; Kusunoki &, 1984) 1832 GABA ZA3%%$1(binding sites)’} EA]go] H
2 A HKusunoki 5, 1984). atA vk MPGE X383t A& A A A A @Y Az
ol el GABA 283 GABA &4 otgel thaiM= 7ol wmad wrk gl
=

Fel

ot MPGE w2l 43 Fazalzdol s e, ol AAAEIES Al
7], xS, aEa A7 A 54 welk R S vk (Zhu 5, 1995).
7ol nls) A717h A, AEe §Feo] Avh g A7

L
std EAog e Ix(low threshold) Ao & SAslE+= T-38 2+

£ o

(T-type calcium) 27} £A38H (Zhu %, 1995), &&= AHFZ 7latd S
tonicet L3pH-ES Hlth(Lee &, 2002). MPG 214 A EA GABA HFE T-
d 2 27t EAete AAAEAA NEZ2HA. W9 x2 s o
GABA &A= F2 2 AXEJd A3 oy, wZAZ marker?] tyrosine
hydroxylase(TH)<} &7 EA18FH . o] el A7l shs 9@ WAz 3slst oA
A¥Z & o) MPGolA GABA &A% A A T EA3= Aoz AR
h=

MPG A7 A EoA GABA AF+= GABAx &3 B3 A2 bicuculline?}

=
N

picrotoxin®l] 2ol&] = T IrF A GAH= AOSRE Hol 7|FHOoE GABAA
H (intracellular recording

technique)& ©]&3to] Akasu 5(1999)& %7 oA GABA7} GABA, %
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GABAc 842 w7/l & o]F WkS-(biphasic responses)s f@élsE A0 R H Il

skl az, MPG®l A GABAc Z=8-4) 9] == GABAc

A

ot
r /
>

o

cis—4-Aminocrotonic acid/(Z)-4-Amino-2-butenoic acid(CACA)7} A9 H ¢t
R A7), CACA9 93t &XE o] GABAc A¥A]2l Imidazole-4-acetic
acid(I4AA)°] 23] AAdgow 3Ar. FH 432 granule celldl ] CACAE
GABAc 8471 obd aGABAs a8 A& 24 3tA1zl o] B ¥ v (Wall, 2001).
°oli= CACA7} GABA &4 ofgel me} th2A #&3s A4 3h3l MAA
© GABAA &A= BdA= 288, GABAc &A= A-type ¢ 4+
o= AdA = B-type?l A-fole A AR o]FEHES YEFHTHZhang
T, 2001). ¥ AgATe] w=wW GABAS &3 GABAc FEA AAQ
TPMPAE A X (pretreatment) 3ltlet%E 7o <3S wkx] FEapglon ez
GABAA #&A191 bicucullined] 98] ¢ A= Ak MPGolA A CACAA
& WEAd AF7E FFEFH o, o]gfdt HAFE bicucullined] o3 ¢4 xpetx
A thdata not shown). GABAc F& A+ bicucullineol] 9]d] &S wx gon,
benzodiazepine, barbiturate @ neurosteroidell ¢&] ZH ¥ = Aol EA ot}
w2t MPGe RL7FAI A A Eo] w3 % jonotropic GABA &A= GABA: +8&
A7F obd GABAa FEAYS & F A

GABAA, F8AE Ho TEAHS x4dsE 9885 993, benzodiazepine,
barbitruate, neurosteroid, % alcohol 52 <FEE0] oFg|g4 28-S YeEl &
g olth, GABAx 8215 57F4 subunite] FZgoz FAFdoH, A F7HA
TZ7F WE A GABAA &A1Y subtyped aal-6, Bl-4, v1-4, & & 2 =n
S 17 F5°l ol&t. GABA F&Al #3 d7E2 F2 HE THLRE o]F9]
Atk GABAs &40 subtypeE 9 F-olo] wet £x7F bE2H, AAR x
Aol F57F, dHo Wl GABAxr &4 oA Bd o] Xo]lE H < tH(Mckernan
2 Whiting, 1996). T3+ t} 3t subtyped &2 &< vl3, AEA Fof & E
HE 22 ot A4 d3E7 Aol Adrh(Gottemann, 2002).

MPG A7 A Zel X GABAS ECs < 7.3 uMelSith 32 A3 A3l
A oa, B, 2 v subunite] ZEoE ® GABA F8£A2 ECsyp WSE 1-50 uM
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ollem, afe, apd FL af subunit®] Aol olHU W& ECxn WHIAE
7FAtH(Angelotti 5, 1993; Saxena % Macdonald, 1994). MPG AZAAM¥E a
B, 2 v subunite & o] Folzx GABAAr 5849 ECsph #S H

Zolpidem< al subunite] E3IH GABAx F&A ] Az orw z8S 3
a2} al3oE EAEY affinity 183 abollE 9GS mxx = Ao=wm &
& A A th(Sigel & Buhr, 1997, Whiting &, 1999). 18|31 v2| H]3] ¥39+= o}
T B2 affinityS HItH(Sigel ¥ Buhr, 1997). Benzodiazepine site°ll inverse
agonist® #-8& &= DMCM<2 al, a2, a3, ¥ a5 subtypeo] E3tE GABAa

SA= AASY, a49} a6 subtypes AT Ao=m &y A YTtHWafford
5, 1996). & subunit< benzodiazepineol] ol&] ZAE A &= Aoz HIFHT
(Mckernan % Whiting, 1996). MPG 2 Z A Z A GABA HFT zolpideme| <9
3 S71=E 9™, zolpideme GABA Aol th3dt moderate affinitys X th. Wt
A DMCMell oA = A=At webd MPG A4 A Zoll= a subunit $ol&

al-3 subunit®] benzodiazepine Z4dd] A FE subunito]™, a4, a5 2 a

o

6 subunite 715E& UEHWA Fes & ATH E3F ¥ subunit<> ¥v2 subunit
o] 7e& UBiS & & e, § subunit 7les sHA Fes & F AUt
Barbiturate®] #}-&o=a subunit®] Z23}™, al subunite] T8I ASZ &

A A}k, B subunite] 7ol subunit FFol wEl A =8o X Zolr) 9
g dHAJdHZimmerman 5, 1994). Loreclezole= [i29} [3 subunito] =&
S o] GABA AFE A3 A2 H(Wingrove 5, 1994). Ql&<] 13 p3E 3
A THANHAS o= loreclezoled =37} flo] E3H F8A9} o] ©e
29E YehgE Aoz AUt (Donnelly @ Macdonald, 1996). MPG 417 Al
XA loreclezole GABA ZHFE X AlHoH, o]= MPG 1AM XEX B2}
B3 subunite] =AsHS oudtt}. Furosemide= a49} a6 subunite] vl [i2
=2 B3 subunit? A Z2FEAES F5 GABA AFE FAS] JAlete= o=
B E i (Wafford 5, 1996). MPG 21 4 Al | A4 & furosemide’} GABA 79
BEFS vAA Ko, o= a4t ab subunite] WHEUA FAY, 7E
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GABAY: TFAZolA wdetes HEFAROZA A4 284S e,
AZW Cle 5%

o Ay, MPG n g4 A EoA GABAE B gtel 3R =o] ofd &
wativh ARl FFAAANA AP AL ABAGELARE 285 GABA
= AR gy AF e FRe e SR 5L gAY Z294E vEpd

e Aow x| dE=d(Ganguly 5, 2001), ©]

E W3IA| 71 A %A gramicidin—perforated patch Wy oz A3
A
-

S
m
rlo
_>|J_ll
o
o,
o,
e
2
fu)
élt

Me dAE ¢hds] olsfE i A ¥k 2 AdAA AsE AZFH MPGE
st d7] witel Ao wadAsts FHeA TEA  GABAA FEAY 5
A Boed, ol ofF AeFl ddew Azdn. o= Axw E2¥ MPG
ARWe] AMEW Cl o s=7F 4 A5 Advke Aoz 4T + e,
AZW Cle w25 2dslFe Aty JaAAe 43S Azl = 5 3
t}.

u 5(1999)& A AAEZ W P cation—chloride cotransporters 9] &&= ¢}
AEW Cle F=ste] ZaaAES A, A48 BdiAolr Na-K-2Cl
cotransporter+= Wa @ 7 @A =7 Az} ol F Ao K-Cl cotransporter?
2t Z7kete] AEW Cl e F=E Hak 939 Fo24, GABAY
7 FRA MM AAGow olgdrta vk webA vk MPGe 4+

o]¢} e ANALYGA WA o)A T or = Na-K-2Cl cotransporterd =3

Y,
o
=2
rir
™y

T

T A 2y o 24 FEdME GABAA FEAE IR g2

So] HuEnl 9o (Mayer 5, 1983), #3417 (enteric neuron)o A= GABA®]

AR
g FAG Aol &eA 7l Wil (Krantis, 2000) o9t 2& &= A &

Ao 2 AZtET) olg} e AAS FEE = uf, ojugt Ao ZEA MPG
ABAE WFE= Clo s%7F A&EA082 24 451 Jdow, GABAy T84
5 B3 Cl o fZ(efflux)o] vt el Ao g AztE . MPG

lo
gt
Me
.|y
o
Ho
f



AGAFANA ol dES2 AZEU Zas S7HASH, AZEW ZE St

GABAA F8A+= %e 239 o]%(heterogeneity)o] &A3}H e subunitE
& de R9lel wet e #¥E5 drh(McKernan 3! Whiting, 1996; Sigel %
Buhr, 1997; Shiting &, 1999). 33 3 EA35}& native GABAs 849 43%
T oalp2v2 x=FoR o]Folx 9 th(McKernan 3! Whiting, 1996; Sigel %
Buhr, 1997, Shiting &, 1999). alf2v2 =32 ¥ o] AWMx o=z FExsm, v}
o} ¥ &9 Alo]Al 7 ¢ (interneuron)¥ Purkinje Al¥o] %ol # ¥ 3 th(McKernan
51 Whiting, 1996). & F 7FA 8% =92 a2p2/3v2 =93 a3pnv2/y
3 (F2 a3py2) oz ZH7} 18%9F 17%°] o] &th. a2p2/3v2 GABAA
SAE F2 HAF $EAEAH vt pyramidal AEe] ®o] BXE3HH, a3p
nv2/v3 2% GABAx FE&A= FAA B drtoiwlyd A AEe] EAg
(McKernan % Whiting, 1996). Al4tol= a47} Zo] &A1, abe sjute] F=
X3 Aow dHAJY. T a6 A9 granular AlEo] EAjstar Fw
¢} ey do= B HA 9k p1yd p3 subunit siwl >
e d > e oz EAsY, 28 Y > dudd > &ule] fow &
Ak v2e A Adwke] Ax %

FE&A AN a2t B subunitE FEA FRE olFEd HFZ 247 HFH
o, F8Ae 542 7 subunite] Al wel th2A YEldth GABAy S84
+ benzodiazepine, barbiturate, neurosteroid, anticonvulsant, alcohol 53} <& o
2] FEE9] targeto] W, oleldt FEEC &= GABAx TE&A subunite] F
gholl wel th2 A et o8 s GABAa 84 subunite FZ o} F9
el g2A A6k, AE Fiel wel Aol Y TR AFME HEA
Ueld 4 9lth. B E native GABAx F8A o Mal, p2/3, ¥v2 subunit®] %o

g wol EASE Ao FdA U2 ALE A4e FAR4EY 1R /%

M

A e Aem &

Byxste AoE d#HAQTE Native GABAa

§

o wasl FHEA egkth £ GABAs #8419 subunite] TR oel 24
Aol g mile] BUF ATFSo] WRE U2 uFd FRAAANN AP
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ol GABAx F8&A7F s o]

gl

MPG A7 A= ol

1-3, B2/3, ¥2 subunite]

MPGoll A GABA F&A+ A7

2}

el

_EO

_32_



-3 ZfF ARV gl FuRAAGM A= GABAO 9& U
%]

AlEZe A GABA 243 dFe 5% 9

2. GABAx S84 B2/3 subuint= & A EE Ao, 2BAA marker
2 THSE @7 EAsHArh. s RAAZAZA GABAL F8A7F wAw ]

e A

%

3. GABA #43} AF = barbiturated 2FE<Q pentobarbitalel] 23 © L F7135
A Th

4. GABA #A3} d5F+= benzodiazepine T A<l zolpidemel ¢l8] © < =718}

A ow fi-carboline DMCMel| &A= A= 2t

GABA €43} A+ anticonvulsant &< loreclezoleel ¢] 3l &/ s}5| AT,

GABA 243t dAF& 27F Fol&2] zinc®t cadmiumeol] 93 JA = Ao, 37t

ol 2l lanthaniumel o] F& A= .

7. MPG AZA M GABAE B 9S 285 AZen, GABAd o3 2=

e ALY B FEE AR

> o

olAe] Ad AyEr u|Fo] Hol MPG wAAAMIEEE al-3, B2/3, v
subunit? EAE %= GABAx F&A7F 9o, GABAE o] AEES E&E

A7 AZEY ZgsEs S7PAIIEEN MPG AGAE 3 e ofd 27
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ABSTRACT

Modulation of GABAergic Activity in Rat

Major Pelvic Ganglia

Han, Joon Kyu
Dept. of Medicine
The Graduate School

Yonsei University

In central nervous system, ¥Y-aminobutyric acid (GABA) has been well
known to act as an inhibitory neurotransmitter. To date, however, the
functional role of GABA remains unclear in autonomic nervous system. In
present study, thus, we characterized the GABA-activated currents and their
modulation in acutely dissociated rat major pelvic ganglion (MPG) neurons
using whole—cell and gramicidin—perforated patch clamp techniques. MPG
neurons are divided into two subpopulations based on the presence and
absence of T-type Ca®"  channels. In sympathetic neurons expressing
low—-threshold T-type Ca® channels, application of GABA activated Cl
currents, whereas it did not induce any responses in parasympathetic neurons
lacking T-type Ca®"  channels. Futhermore, immunoreactivity to GABAa
receptor was identified in only sympathetic neurons, which were double—labeled
with tyrosine hydroxylase (TH) antibody. The GABA-induced currents were

concentration—dependent and their ECsy was 7.3 uM. The pretreatment with
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bicuculline or picrotoxin (100 pM), GABAA receptor antagonists, completely
blocked the GABA-induced currents, while TPMPA (10 uM), a GABAc
receptor antagonist, did not. Zolpidem enhanced GABA-induced currents,
whereas methyl-6,7-dimethoxy—4-ethyle-p-carboline-3-carboxylate (DMCM),
an inverse benzodiazepine agonist, inhibited those currents. GABA-activated
currents were also enhanced by pentobarbital and loreclezole, but not by
furosemide. Zinc and Cadmium blocked GABA-activated currents with high
affinity, but lanthanium did not significantly alter those current. Under
curret—clamp mode, GABA produced significant membrane depolarization and
increased intracelluar Ca®" concentration. Taken togehter, our data suggest that
GABA may play physiological roles mainly through activating GABAa

receptors expressed in sympathetic neurons of rat MPG.

Key words : major pelvic ganglia, GABA, GABAA receptor
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