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Major pelvic ganglia (MPG) in rats are an unique autonomic ganglia, containing both sympathetic and parasympathetic
neurons related with the function of bladder, penis and bowel. It has been widely known that ionotropic GABA4 receptors
are the molecular target of y-aminobutyric acid (GABA), a major inhibitory neurotransmitter in central nervous system.

However, their functions and regulations of GABA, receptors expressed in autonomic ganglia have been poorly
understood. I examined the modulatory role of adenylyl cyclase (AC) and protein kinase A (PKA) on GABA ,-induced

inward currents in the neurons of rat MPG. GABA 4 receptors were identified using immunofluorescent labeling in the
rat major pelvic ganglion. Electrophysiological experiments were performed to record the activities of GABA 4 receptors.
GABA, receptors were expressed only in sympathetic neurons. GABA induced marked inward currents in a

concentration-dependent manner. Mucimol (5 uM), a GABA4 receptor agonist, induced inward currents were significantly
reduced in the presence of SQ 225361 20 uM, a AC inhibitor and myristoylated PKA inhibitor 100 nM. In addition,
forskolin (1 pM), AC activator, augmented the GABA induced currents. The activation of AC/PKA-dependent pathway
could involve in the regulation GABA4 receptors, expressed only in sympathetic neurons of rat MPG. These findings
are helpful for the better understanding the function of various pelvic organs innervated by MPG. '
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o MZ T subunit family (&, g, v 2 &7F LHA 3
(Macdonald and Olsen, 1994). 320 B0l GABA:E %3
AZA R o g} TEAEAAEAR] FHe FINIA A
ME GABA, &A% ol oz g3t AETY T8
Ae 2-s= ALE B U} (Akasu et al,, 1999; Gill
etal,, 2004).

FREAAA (pelvic gangliaye ZHHE 7| 2739 4
o7 FFAAL TS JdFs= V] 3t} (Keast
1999). BF (rat) T=ZH4IH A (major pelvic ganglion, MPG)
o= uzh, Ruzhize] g4 Ex3bH, Sl 22 EH
= S¥48 4EE w1 A4 A (inferior mesenteric
ganglion) 2 5E} S5A17 (hypogastric nerve)S 53] W74
dEE o} 3, AYN 2 24 T T2 x4
7123 AR A (bowel)oll AAAME 3} (de Groat and
Booth, 1993a). ©]¢} o] MPGE FHAZLEREH UE
ANEES HRAY 7[BE dedhe d4 FFEA9 7
T BRE B9 09T AR JREY 2EARAEA V)5S
=883} (Akasu and Nishimura, 1995).
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et al., 1983; Akasu et al., 1999; Gill et al., 2004). MPG A1 73 M| %
9] GABA ¥ aie} 297 EA8H, A4S =
F3rd GABAZ} 219t} (de Groat, 1970; Kusunoki et al.,
1984). T1| 28 A& GABAY E3:A74 Ao oA
LS kAN Ao FIIAEAE TR 2Hee o
©71%, GABA 835 53] MPG & w4~ ol ut A
940z GASETHE ARdolth (Gill et al., 2004). 120}
MPGellA GABAS] =4 54 #aide 4 BiFo
Nevt 2 Z|-e Fs|E HEe] g Ux gk 4A
AT HHZE 7153 oz 3 HAHe MPG AAES M)
Iz (micturition)®} 7] (penile erection) S VHAX B (de
Groat and Booth, 1993a, b), ©1& AZME9] o]4-e Wy 2
71715 54 T4 22 HA8HA (pathological process)Ft
wEE F Qlvh uEA ATl FHe FFAA A
¥4l GABAE GABA, T8 ¢A8}A zhg-sted A=
94 EESE do7E AL 1T bl (Gill et al, 2004), &

AT B0 7o) Boleke WY FEUAY

47118 Bk

=2 %)
ApgE,
2. MESY U o2
1) Al& 208
=E3a3Oo 1

H718e] Aol ALgE AEe] BFA 4L 135 mM
NaCl, 5.4 mM KCl, 1.8 mM CaCl,, | mM MgCl,,"5 mM HEPES,
2123 10 mM glucose©| ™, TrisE H713F & pH7} 747} 5
=5 Ao A7 Agel AHE A=) £ (in-
ternal solution)®] 42 20 mM KCl, 120 mM K*-aspartate,
10 mM HEPES, 10 mM EGTA, 0.1 mM Tris-phosphocreatine, 5
mM MgATP, 0.3.mM Na,GTPO|H, TrisZ A7}5td pH7} 72
7} HES A5, 2F2o] FolE perfusion valve. control
system (VC-6M, Warner Instruments, CT, USA)S ©]-23}51 o
™, %Eol U # E& AHAEY 100 pum ool ¢
At F sto] Fof & X A =E Fch

2 &4 &

Collagenase type D9} trypsin Bochringer Mannheim Bio-
chemicals (USA)ZR-E] FUF34.2™, mucimol& Tocris (UK)
ERE|, 8Q22536, mirystoylated PKA A4 Calbiochem
Co. (USA)SL.ZH-E] 333 th. Forskolin, GABA, DNase type
1 53 A% aida gdE 28 iz 9@ 2FE-2 Sigma Che-

mical Co. (USA)ZH-E 4343t

3. B MBAME 2

h =)

ax|

Mo

7 (200~250 g)E pentobarbital sodium (50 mg/kg, ip.)
oz uFHAK H, A /Este] dEHY 9S50 YA
MPGE AZ38al, ©]& 7R (4°C) Hank's balanced salt &
ROR HFHAT FE2E WL A2 BN D F, o1F 07
mg/ml collagenase (type D), 0.1 mg/ml trypsin@} 0.1 mg/ml2]
DNase type 1°] E°10E 10 ml2} modified Farle's balanced
salt -89 (EBSS, pH 7.4)o) A 1A+ &<t wjek (357T)8H2
o} (Zhu et al, 1995). ©] @) EBSSOl: 3.6 g/Lo] glucoseS}
10 mM®] HEPESE ESHAIZATE Wik $ AANEES vl
£710) Ho] =E
tionat Equipment Company, MA, USA)E ©]-83}4] 1,000 rpm
o] &= AHEY el Bald NAATES 10% fetal
bovine serum, 1% glutamate, 1% penicillin-streptomycin®] E38F
H MEMA AF-F- (resuspend)M 7 F, poly-L-lysine 0. & 31
g o] 9JE cover glass (17 12 mm)oll ‘plating st3iTh o]
£ 37T A% W%”] (humidified incubator; 95% air-3% CO»)
AA wjeketiom, FE|gt F 12417 ool Adol ALE
el=

F#g F, clinical centrifuge (Interna-
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oz 3}
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2eFe] Ketamin (§-3%8)3 Xylazine (3 s) &
(10:3)S BAFARIY APEES 2 vl3AZ 5 94
< F3) 0.1 M phosphate buffer?} }712 4% paraformalde-
hyde (pH 74)& AlE|2 #Fstdd ngsdoh MPGE 4&3
o L ng el 4zt B uAF F 4T 30%
sucrose &M (2417} F¢F AH 3%

23S 745548 % Cryostat microtome (Leica Micro-
systems Inc, German)S ©]€38l9 20 ym F48 2AHAS
A 2F8tA Vectabond™ (Vector labs, USAYE A 8] 3t slidel]
521313} 0.1 M phosphate buffered saline (PBS).2. 2 714 Al
A% % 5% normal donkey serum (Jackson Immunoresearch,
USA)e.= 3023t A sdth. UAFFAZE GABA, rece-
ptor B2/3 (1: 25, Upstate, USA)S} tyrosine hydroxylase (TH, 1:
100, Chemicon, USA)E ©]83te] 4TTolA] 2447k F<t ubkS-
3ttt o] Ak A 2 Cy-3-conjugated donkey anti-rabbit IgG
(1:250, Jackson ImmunoResearch Laboratories, USA)$} FITC-
conjugated donkey anti-mouse IgG (1:200, Jackson Immuno-
Research Laboratories)S ©]-8-3}o] 1A]7F B¢ vH-2-3}ich,
BE G uke-g iR & -3 e} A3E 3yv) A

(BX41, Olympus, Japan) 2.2 #2333t}
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5. F7|M2Ism A

7154 23S EPC-9 (Instrutech Co., NY, USA) %]
AT ZZ 7| (patch clamp amplifier)S ©]-&3t] A A E )
L (whole cell patch clamp) ¥ o2 SAsc) HS
Sylgard 184 (Dow Corning, midland, M, USA)Z Z 319
o, Aol £HE ARNE W) Aol 1.5~2.5 MQo]
= A8 AMeEAT AE7} Bol9lE cover glassE =HA
7 (inverted microscopy) H1°| &2lE T AT NS FHof
& 1~2 mimin £E2 AFAZCE AED dge] W=
{2 (current-clamp method)S AREEFG o, =
T AN o= gAY (voltage-clamp method) S AHE-
sto] ZRslch BHALTAR V1S5S HsiM AEHe] &
capacitance)® 2 H A3} (series resistance)= 80% ©]4
BASA oW AEA sample rate> 1 kHz; low-pass BE &
2 kHz (-3dB; 8-pole Bessel filter)Z 3} 7| F3}3ict. HE84 7
+ Pulse/Pulsefit (v8.50) (Heka Elektronik, Lambrecht, Germany)
£& pCamp6 (Axon Instrument, USA) AT Ego]Z FEAls}
Aot ZE A¥E AL 21~24T)ell A APkt

fo 2 & (o o 24l

— &

7 3
1. Z2ZEHEOIM ME S5F0| T2 GABAL +=8A &d

GABA, &7} MPG 417Xl &A= AL 9=
2lzlel B2 gPAAe F3 glslirtk MPGelA GABA,
gl g W vkSA] (immunoreactivity; IR)S HoO|&
A7} EA48H AL FHo 12 GABA T84 48&
ool 7] 9130 GABA, 83| 52/3 (GABAAR p2/3) &%t
9 (subunit, Fig. 1A)2} WHAIHAE marker?] tyrosine hy-
droxylase (TH)E &A1 A3t (Fig. 1B). GABA, &
Ae F2 THo B4 AxAA Fd =] YA (Fig. 10).
webA] GABALRE T2 THoll EAEE w37 Mozt

EATS & & Atk
2. GABA MBSl BE 83

GABA Af+ AX Ul€e) tiAA I F=73AL (C1']; =
146 mM; [Cl ], = 148 mM; Eq- = -0.34 mV)ll A 7] 53}3ich
o33t 27AsloA] MEL el 1 M| GABAC 2|3 WigF

Fig. 1. Double immunofluorescent labeling for GABA 4 receptor 82/3 subunits (A) and tyrosine hydroxylase (B) in the rat major pelvic
ganglion. Numerous GABA, receptor $2/3 immunoreactive neurons are double labeled with TH (arrows). Scale bar = 50 pum.
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Fig. 2. Dose-response relationship of GABA-activated inward currents on the neurons of major pelvic ganglia. A. Holding potential was
held at -80 mV under the voltage-clamp mode. B. Peak data are plotted as for normalized currents. Solid bar: duration of GABA appli-

cation, pA=pico ampere.
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4 AF7F #EE7) AZg o, GABA w57t SRS
W ARF7E 0% AAE w5984 S et
(Fig. 2A). 7}3F GABA Y % ¥ E 0.1 yMel A 300 M3
th. GABA AFE W2 F=olAe Wy A/ gAsht
23, €742} (desensitization)o] 2 AoJulR] gkton) =
< FEE ZA4E g 843k @xEE BT (Fig 2A).
GABA®] 93 Wgkd AR+ 100 pM ool A 23} (satu-
ration) =] .2 W, ECso™ 7.3 uM, Hill's slope< 1.4%0.183 T}
(Fig. 2B).

3. Adenylyl cyclase 2 protein kinase A (PKA)Of| 2|8t
GABA ®&E =X

MPG Al XA} GABA A7} adenylyl cyclase (AC)-PKA
o g 2AHE A& I8tk HAA GABA, FE-A
Z8A2 mucimol (5 pM)E 713l GABA, S84 AFE
gto1dl o2 adenylyl cyclase (AC) AIA¢ 80225361 (20

< AxA 3 < mucimolel] €3 GABA, $&A A
F7F @43 22390 (Fig 3A & B). GABA, &3
PKAZ} RIXlE B35 golrr] YsiMe Axe F37) 7
5%+ myristolylated PKA inhibitor (PKAL 100 nM)E o]-&3}<]

Q Mucimol 5 uM

Control

200 pA
20s

§Q225361 20 uM

Q13T Mucimolell 2}3) F&8® AF= PKAI A3 &

Al 747t dA3E] 72430 (Fig 4A). GABA, 783

oz ft 2 X

C BAAQ forskolin (FSK)oll & dgS w=x8 &
a}3ith FSKE ACE #743lste] AZW cAMPS %
Z7HX 71, 2718 cAMPE PKAE @A 38l olorgt
H4 7158 £33tk Mucimol IFE FSK (1 uM) H3)
& Fol F7HEE ZE £ F AU Fig 4B). o149 A
N MPG A Eol GABA, -8 AC-PKAS] <& =

q488 ¢ 5 Aok

2

FFAA AN GABAT HEZAQ A4 AAAGE
2 99 ¢eiA ok 2y AR A M g4
HEZE gEZ (Adams and Brown, 1975; Gill et al., 2004),

=3

=

% 32 (Akasu et al, 1999), FEE 2 A)7)|= A
1
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Fig. 3. Effects of Adenylyl cyclase on GABA, receptors. A and B. Mucimol (5 uM), a GABA, receptor agonist induced inward currents
under voltage-clamp method at -80 mV holding potential were significantly inhibited in the presence of SQ 225361 20 uM, a AC inhibitor.

Solid bar: duration of GABA application, pA=pico ampere.
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20s
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Fig. 4. Effects of PKA inhibitor and Forskolin on GABA, receptors. A. Mucimol (5 uM), a GABA4 receptor agonist induced inward
currents under voltage-clamp method at -80 mV holding potential were markedly reduced by the pre-incubation of PKAI 100 nM, a myri-
stoylated PKA inhibitor. B. Mucimol (5 uM) induced inward currents were increased by the pre-treatment of forskolin 1 uM, a AC activator.
Solid bar: duration of GABA application, pA=pico ampere.
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vl B AT e I GABA E8A7F B Eo] gl
d H GABA 8] 2-87]3& Baetar) slgich

WEAL e g dae ge g 2 Ba
A7 0] e NAA o] EAsIE BB AgAl
T} (Keast, 1999). Bz 383 Wi e 53] GABA,
EAH7E MPG 2 AAME EA84H, 2FAZAE markerd!
tyrosine hydroxylase (TH)%} GABA, 483 £2/3 (GABAAR
p2/3) 2= (subunity® FAlCl A A2}, GABA, T&
AE T2 THoll AU Axol Bd=o it (Fig. 1). o
A MPGOlA GABA, 8Alx 52 THY| S8"E w7t
AAAEA EAzl= Aoz Algdn),

THo 24" MPGlA GABAE W3 HFE kst
Rem, GABAY] F&7} T7HE Wg AF71 9% A
A T2 WEg B, 5 552 44E weE &
A43tel e YR (Fig. 2). 491 AR ANA
APHA AAAg AAAGEAZ Zg3l= GABAE 4179
gy S5 2 EXse B9 uel T2 58 o)
A ZAE Ve F Qe Ao® dEXx 9] (Ganguly
et al,, 2001), o}¢} =2 xpolo] Alel] sy dAE e
3] oldE L YA ¥ ok HEW Cl Y e 2 2
714 wWE zlo)2 Azt FEHE7|2E FIUANAE
ABAEY 'y FEE vy 1]
¢ 22 TR AAmrt gEFE f2E Ao Alm
F

GABA &= Src family tyrosine kinase, PKA, PKC, 1
2]a1 Ca’*-calmodulin 9)&7 kinaseE0) 28] 24d"cin ¢
#4001} (Moss and Smart, 1996) ©|& F& 2 Ao
A R e R, DEAAAA MPGoIA PKACY &
GABA, 84 24L& Huso} Qx| ¥t} w7k F3I3ukAl
A MENA GABA AF7}F Adenylyl cyclase (AC)-PKA 7
2ol o8l 2HHEXE B vl B GABA, FE£A
FEZGAQ Mucimol (5 pM)ell 9l8) F2He GABA HF= SQ-
225361 (20 pM)= AAX g Fol A3 a3t (Fig 3).
Y3 GABA, TEA9 PKAZE MIXE G35 Lolrr] 9
3l PKA GA1A121 PKAI (100 nM)E A3 X8+ 23} Mucimol

Lo
i
>

[\

o ofsf SutEl AEIF AAE] Paste solsioicl wiy
- f= g2 = AR oy

AC AR forskolin (FSK)S A3 Fofl= Mucimol
a7k 27Ve & 5 AT (Fig. 4. T AC-PKA) 9
g GABA, 789 2HE F2 GABA, 849 o}
T BI F2 p3o A 2AHHE oz d#H gloy, F
SN E o] B T B glo] (Fel LEt
WA sk, B o8 olejel] y olge] Bejd shsAde]
™, olell i F1E fsiE FF d77t esde B
ZrE o).

oldellM Acst PKA e w3k FI7A AEelA

GABA, F&A9 93 AF/FE ZaAFoH, Ac A=
GABA AFE Z7MZth ol ol Hxo) Ac E43)
FEWE AFAAA T 7 BH R o] FojA 9lem, AC
o o3k A3 A4k} (phosphorylation)$t B] 014+ (depho-
sphorylation)”} GABA, 83 &4l ml$- Fo3 48&
g F ASE IRt F, MPGell 2EHO| i GABA,
FEAE, AEeels @438 ACTE MEUlelA 23k A
29 cyclic AMPE F7HA 7111, o= UHA] PKAE &4

i

GABA, -841%= MPG WA AZ S dakatel] )
W o] Aol B ree 2dshed Bl gl
o7 Alagr)
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