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Central Involvement of Benzodiazepine Receptor on the
Muscimol-induced Inhibition of Micturition Reflex in Rats

In Hoi Huh* and Ho Jung Oh
College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea

Abstract— The correlation between GABA receptors(GABA, and GABAg receptor) and benzodia-
zepine receptor on the saline infusion-induced micturition reflex contraction was studied in the
female rat.

To investigate the effect of y-aminobutyric acid(GABA) on the micturition reflex, exogenous
GABA(10 mg/kg) and GABA transaminase inhibitor(aminooxyacetic acid; AOAA 1 pg) were adminis-
tered intravenously(i.v.) and intracerebroventriculary(i.c.z.), respectively. In resuit, both GABA and
AOAA inhibited the saline induced micturition reflex contraction. This AOAA induced inhibition
of micturition reflex was blocked by both bicuculine, GABA, receptor antagonist, and Ro 15-1788,
benzodiazepine receptor antagonist.

Muscimol, GABA, receptor antagonist(l pg #.c.v., 3 ug intrathecal; i.f, 1 mg/kg .2.) and baclofen,
GABAg receptor agonist(0.1 ug i.c.v., 3 g if, 1 mg/kg i.0.) also inhibited the bladder contraction.
Pretreatment of bicuculline(l pg i.c.v.), but not of 5-aminovaleric acid(AVA, 1 pg i.c.v.), GABAg rece-
ptor antagonist blocked the central inhibition of muscimol. These inhibitory effects were reversed
by Ro15-1788 but were potentiated by flurazepam, benzodiazepine receptor antagonist. On the
other hand, the inhibitory effects of baclofen were not affected by Ro 15-1788. Diazepam and
flurazepam also inhibited the micturition reflex contraction when they were administered 3 pg
t.cv., 10 ug #.£, 10 yM, 30 uM transurethrally, respectively.

In conclusion, these results suggest that the micturition reflex is mediated by GABA,, GABAg
receptor and benzodiazepine receptor. The bezodiazepines increase the receptor binding of GABA
to the GABA4 receptor, so that the benzodiiazepines show the synergistic effect on the inhibition,
of the micturition reflex contraction, but not to the GABABg receptor.

Keywords [ ] Muscimol, benzodiazepine, GABA, bicuculline, micturition reflex.
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AAE LolsiA dErhe BIaPP7) glom,
diazepam< GABAE %3} g
o| A synapse oA E3ZE epl 1,45 GABA, ecep-
tor antagonistl bicuculline¥} picrotoxin®] ZFHE
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Ay

Al2f— AleFe- y-Aminobutyric acid(Sigma Chemi-
cal Co., USA), muscimol(Sigma Chemical Co., USA),
1-bicuculline methiodide(Sigma Chemical Co., USA),

5-aminovaleric acid(Sigma Chemical Co., USA),
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aminooxyacetic acid(Sigma Chemical Co., USA), L-
glutamic acid vy-hydrazide(Sigma Chemical Co.,
USA), glycine(Junsei chemical Co., Japan), baclofen
(Ciba-Geigy Co., Swiss), Ro 15-1788(Roche Co.,
Swiss), diazepam(Chong Kun Dang Corp., Korea),
flurazepam(Chong Kun Dang Corp., Korea), 7]€}
A 53 2 dF AdEE e, BE
FE-E A Gl FoiA A}4-sl%ic)

2|171-7171= Polygraph(Grass Instr. Co., Model
7E, USA), pressure transducer(Narco Biosystems
Inc, P-1000A, USA), stereotaxic instrument(David
Co., USA), infusion pump(Sage Instr. Co., Syringe
pump model 352, USA) 5& AH&3lgich

AHEE -5 274 AHET AF 200~220g
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on, Alg 9@ B AREA AANEE s

gy
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28 ul3A]1712(1.0g/kg 573N FAh FEZA
A2 1Y o, 8= E3t Wzt
Polyethylene tube® At}jgtch. 37C 9] AejAd4E
infusion pumpE AHE3sl] A7l 20mie] &&=
W2 FQlete 33l wel WA $5E
of7| X7 3L, WggFo] dojviw XA FY&
ZFala, o] whuetE pressure transducerE %
sl 243k, polygraphel 7|58tk

FFo] dolUr|7HA S A 3 £33
Zl(volume threshold)Z 391, 4% &3 8 4E v
ask 3 A9y te] xpelql 5= 7](amplitude;
cmH,0), ¥ Bl=F(frequency; min), L& 43
A A)9] X]ZHduration of cessation; min)2 T3}od
)23} e}

2) 2 50{4HY —(1) AFWFAHIntravenous injec-
tion; 4.0.): AAHL cannulationdte] Foistgcy.

(2) =454 -8(Topical application; fop.): ¥W3E Al
Hamilton syringe(Hamilton Co., Microliter # 702,
USA)E el 83t AHAslqdc)

3) &3 AUFAKIntracerebroventricular injec-
tion; ico.): WA AYE B9 s} v2)=S stereo-
taxic instrumentef]l SIAAL o}-& FHE AFto 2
AN FAEFE =232 SHAFIA 21 E
S 1mm, 34 1mm, Zo] 45mm) F9]o] F4&

W3, o] el polyethylene tube2 2] 2 2 AlujA]
"ol @ 7 vertex(Dentimex Co., USA)H 2o E AlWE
sl IAAA B Fosich Ade] B ¥
methylene blue}-& FAlsle] 2 Y F sy
o}

@) 3F7h N F+HIntrathecal injection; it): 8.F
(Ls-Ly Abe)e] A Fepl 2 Fod3lgie).

3) AEeH - 1) Wil R &l 93 musci-
mole] E3}: AR sHA 5ol opr)H AP Eo
muscimol-& W3R 3yg, 10 pgd AR,
3pge it, lpgd ice. FARlY 74z dis] ik
Wk} o) gt adE FEsigich

(2) wjubatell ch¥F GABA, muscimol, baclofen
9] AHulfo] A WGFpSHo] ofr|g AHFE
GABA+ 1 mg/kg, 3 mg/kg, 10 mg/kge iv. FA8}A,

‘muscimol#} baclofen® 03 mg/kg, 1mg/kgd 7z

Lo, FARSlS WAl &9 27, HlEs 2 FF
AR 2|9 Ajzhg FAs)Y )

(3) Muscimol3} baclofen®] 344l F& s}
GABA antagonist9] <3 : Muscimol3} baclofen?]
E¥AU 9 HFM FAENE dolir] $3kod
yrg20) o}715 A E-Eo] muscimol 1 pgd ic
v., 3pgd it FAMSEL, baclofen2 0.1 pugs ico., 3
nges i, FAREKE o, Al A AAA
FEA 9 )]l glycined 30 pg g ico., 10 pgs it
FAbsle] wjubal $+5 o AA] 9] A)7he S

Muscimol 9] w]ixzuiA} HA| &3}l gt GABA an-
tagonist®] J$-& LolRy] 93t wpFpFo) o)
¥ A3 EEo) GABA, receptor antagonist?l bicucu-
lline ¥ GABAg receptor antagonist?] 5-aminovale-
ric acid(AVA)E 77} 1 pg 2 icov. FAREE, 103830
muscimol 1yg ice. FAI vinla}l $3 o4
A9 A17rg EAsidch

@ wixabA}l SR o) of3 Wil GABAS) 3
3k ul kbl oijE WielA GABAS 4%E Yo}
27] 918l GABAS] diA}qAA <l AOAAS GABA
9] A QA Al L-glutamic acid y-hydrazide(LGGH)
E 4 1uge icv. FAFE 3087 Foll A4
A4E FYsA vixuAl £59 $FHXE T3}
el

=g AOAAE 1pge ico. FAMElE, 2568 3
GABA, receptor antagonist2l bicuculline 2 benzo-
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Hslel, whapZo]l ob7lxl AL Eo| benzodiaze-
pine receptor antagonistd] Ro 15~1788-& 1ugs
t.cv. FAFEL3, benzodiazepine receptor agonistl
tev. FAMSEAL, 7Hzh 108 3o
muscimolS 1 uge dco. FAEE] viwial 3 o
A A7 FA stk

4) SHAEH EM-5E datas Meant SEM.
(Standard Error of the Méan)&i el o,
unpaired Student’s t-testE A}-8-3}o} pzle] 0.051.}
e W FAe] Uk Ak

flurazepam-2 0.3 pg&

At

B BEAL B $20f LB muscimol2| & 1t—Fig. 1
of vehd vle} 7ol infusion pumpE U 3HA A
gAdeE FHSFERIZLE 20m) FARAQL W
F&o] o= d|(Fig 1-4), °]2d F3urge
muscimol-2 W} Ewe] Foid A9 W Wil ¢l
12 KFig. 1-B; 3ug, 10 g top.), A3 i (Fig. 1-C;
3ug it) T2 S AY(Fig 1-D; 1pg ice)E Foix
418 A EIHE Hellgo

o]2]§t muscimol®] Wd4E AR A= A4
A 2302 ml o]3HE 272 EojstelLu) SSo)
3] 8-5] 3] vKFig. 1-D).

i UEALY CH3 GABA, muscimol, baclofen2
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" Saline infusion(2 m/hr)
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Fig. 1—Effect of muscimol on the micturition reflex
in urethane-anesthetized rats.

M £0{ §7—GABA, muscimol, baclofen? A+
FARA] v xHbAL 58] 27], HlEeE oL
22 dAEger, GABAE 10mgkg £-ekollA,
muscimol3} baclofen2- 1mg/kg 8-sFoll 4] vl ubA}
T 443 oA=stgciTable D).

MuscimolZ} baclofen® Z=FEX9l Fojgue}
GABA antagonist®] ¥&—Muscimol 1pgs &34
WE FAYE o wimiba}b 50 AR X 7] o] &
AENE 3pgs FAYE dro Ay, o#T
oA £ baclofend 0.1ugs FHAUZE, 3pugd
HEZE FAHE e Jelgen, glycines
0uge FHANE, 10pge HFHRZ FAYS
= 7 F#7} muscimole]} baclofendl] w=jz] &
gtgicKTable II). 2|3 A=AAT+E F7I= Fo
YL o 522} | EPAhe B muscimole AH02
m/ o]3hel| 4] FA] 3]8-0] ) erKFig. 1-D), baclo-
feno] 9oz 3| HA|7ke] of-¢- Hich

Muscimol 2] ) ¥FA} o 2 & 3= GABA, receptor
antagonistg] bicuculline& H A X|(1 ug i.cv., 10¥ )
S v 23Ee]s, GABAg receptor antagonist?l
AVA AAR1 pg icv., 1058 B 23 R] eghc)
(Table IID).

b AL B2 x[o] CHEE LHolM GABAS| HE
—ull 3ibabel oigE 143 GABA®| < ¥F& olr ]
314 GABAS] thAlAAIAql AOAA(GABA transa-
minase inhibitor)2} FAdAAl LGGH(glutamic
acid decarboxylase inhibitor)S A2]X]dsE F4



500 33 - 05

Table 1—-Effect of intravenously administered GABA, muscimol and baclofen on the reflexly-mediated bladder

contraction

Drug Dose(mg/kg i.v.) Amplitude(cmH,0) Frequency per min Duration of cessation(min)
Control 0 423+ 26" 0.66+ 0.04
GABA 1 272+ 54* 048+ 0.04**
(n=6) 3 22.24 4.2%* 0.38+ 0.03**

10 NE? NE 161+ 22

Control 0 414+ 26 0.71+0.03
Muscimol 0.3 264+ 2.2** 0.46* 0.02*

(n=5) 1 NE NE 158+ 25
Control 0 393+ 34 0.68% 0.05
Baclofen 0.3 30.3+ 1.5** 041+ 0.02**

0=6) 1 NE NE 212+ 17

on; number of rats
YEach value represents Mean+ SEM.

°NE; not estimated due to the cessation of micturition reflex
*, **; Significantly different from the control(*; p<0.05, **; p<0.01)

Table II-—Effect of muscimol, baclofen and glycine on
the duration of cessation of micturition ref-
lex contraction followed by intracerebroven-
tricular and intrathecal administration in
rats

Durati f
Drug  No. of rats Dose uration ©

cessation(min)
Muscimol 5 1pg ico. 294+ 512
4 3pg it 13.1+ 3.3
Baclofen 4 0.1 g ico. 1084+ 27.9
5 3pg il 245+ 82
Glycine 4 30 pg ico. 64+42
5 10 pg it 54+ 31

PEach value represents Meant SEM.

Table III—Inhibitory effect of GABA receptor antago-
nists on the muscimol-induced micturition

reflex
Drug? No. of rats DuraF on 9f
cessation(min)
Muscimol 5 294+5.19
Bicuculline + muscimol 5 54+ 35**
AVAY 4 muscimol 5 133+ 7.7

“Bicuculline and AVA(1 ug i.c.v., respectively) were in-
jected 10 minutes before muscimol administration(l ug
L.cv.)

DAVA; 5-aminovaleric acid

9Each value represents Meant SEM.

**; Significantly different from the muscimol group(p<
0.01)

1.5

=
o

Yolume threshold(ml)
o )
wn

Control

AOAA LGGH

Fig. 2—Influence of endogenous GABA on the volume
threshold of micturition reflex contraction.
AOAA(aminooxyacetic acid) and LGGH(L-glu-
tamic acid y-hydrazide) were administered 1
ug icv, respectively 30 minutes before saline
infusion. Each bar indicates Mean and S.E.M.
(n=>5). **; Significantly different from the con-
trol(p<0.01).

371 304 Aol FHAWZ Fo AR} wjxba}

%o 427h AOAAG SsiAE #24A

Z7kslg o LGGHEE 93o] $chFig 2).
EF AOAA FHE QI7) wikukale] 43X =
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AOAA AOAA + AQAA +
Bicuculline Ro 15-1788

Fig. 3.—Effect of bicuculline and Ro 15-1788 on the
AOAA-induced volume threshold augmenta-
tion.
AOAA(aminooxyacetic acid) was administered
1ug icv. 30 minutes before, and bicuculline
and Ro 15-1788 were injected 1 ug i.c.v., respe-
ctively 5 minutes before saline infusion.
Each bar indicates Mean and S.E.M.(n=5).
**. Significantly different from the AOAA trea-
ted group(p<0.01).

bicuculline®]} Ro 15-1788(benzodiazepine receptor
antagonist)} 1ugs SHANE FHE o 9
Al ZHAaskicHFig. 3).

GABA, receptor O§7Hof| 2|5} vl x HIA} 2 X & Zlo)]

20
)
g 15}
"
)
3
w
§ IOL T T
St
)
o
o
3
2]
5 s}
Q

0 »

3ug i.c.v. 10ng i.t.
IIIIHHIHIHI Diazepam * Fiurazepam

Fig. 4.—Comparison of the duration of cessation in mi-

cturition reflex contraction induced by diaze-
pam and flurazepam.
The contraction was initiated by saline infu-
sion. Diazepam and flurazepam were injected
3 g icov, 10 ug .k, respectively. Each bar in-
dicates Mean and S.E.M.(n=86).

ti#t ZFM benzodiazepine receptor? H&F— Yz
A Fdubst ze] 8 =8 B3 W 10uM,
30 uM 9] diazepameli} flurazepam-2 F¢lsbd A<l
Alqg F9log opZ|HE wikukal 350 Sk
A7y F7HEAE, 57 dEFE A
(Table 1IV). =gk o] 5 FE-S A} A7
FAF Aol mlmubal p5o] A3 A=t
(Fig. 4). °] AAEI= Ro 15-1788-2 A %32 o
$H43] d3Eglok

Table IV—Effect of transurethrally administered diazepam and flurazepam on the volume threshold, amplitude
and frequency of micturition reflex contraction induced by saline infusion

Drug® Dose(uM) Volume threshold(m/) Amplitude(cmH,0) .  Frequency per min
Diazepam 0 0.85+ 0.06” 442+ 26 0.74*+ 04
10 1.21+ 0.06** 371+ 36 0.46+ 0.08**
30 1.62+ 0.14** 25,0+ 2.4** 0.431 0.06**
Flurazepam 0 0.69 0.06 39.5+ 3.5 0.65% 0.05
10 1.14+ 0.22** 27.1+ 1.2** 0.32+ 0.11**
30 154+ 0.11** 15.0+ 2.2** 0.31% 0.08**

“Diazepam and flurazepam were infused into the bladder by transurethral route.

YEach value represents Meant+ SEM. (n=6)
**. Significantly different from the control(p<0.01)
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Duration of cessation{min)
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il O

Ro 15-1788
+Muscimol

Muscimol

Flurazepam
+Muscimol

Fig. 5.—Central involvement of benzodiazepine recep-
tor on the muscimol-induced inhibitory effect.
Ro 15-1788(1 pg ic.v.) and flurazepam(0.3 ug
i.cv.) were administered 10 minutes before
muscimol injection(l pg t.c.2.) Each bar indica-
tes Mean and SEM.(n=5). **; Significantly
different from the muscimol treated group(p<
0.01)

Muscimol & FHAWZE FoJdte] of71g w]uiA}
59 dAlas= Ro 15-1788(1 pg icov., 108 A)
A=) siA A3, flurazepam(0.3 pg i.c.v.,
102 A)ell e v $74=UcHFig 5). 22y
baclofenell 2]8) of7]® wjikubAl =220 QA F 3=
Ro 15-1788%& A& o ¥ <33fo] ¢igich

-

vl kAl oA 2k-g-ol) GABA receptor7} e gici=
Bag Zv|gd FA7) =i g9lojA] «ujadyem
GABAE EFHAUYRE Fosiold uf, Ay F
o2 o7|Ee WAl 5ol A= ol
A= Kontani $(Tyrode-&42 Al43}e ulahy| g
F4D)Pe] AT Axe} dAsigdch

GABA, agonist?] muscimol®] FFFo] AAE
A&} 3t Sal 9 HEAUR FoA) uix
vl 25 AR A AL 7kl A, Wt EE FojAlde
22371 9o AHeg Jebdol =8 muscimold-
ZHANE FodA] dehls wikiba}b A4 7te)
GABA, antagonist?] bicuculline Hx}x]e] o)l &=
w5593, GABAr antagonistd] AVA(5-aminovale-

ric acid)®®E v} H43H9)e] GABA, receptorg
AFAAA At $5E JARNAY, T AT
e oll% brain stem®] W FF0 e} w37 5-E
Z2AsR= A3E4e ¥ a4 d(sacral parasympa-
thetic nucleus),’® 283 ZurAIAA B9} GA-
BAa receptor’} B-Z5°] gl AUl A F
AA el 2H8-d shsAle]l e AL AAbEL
pia=3 )
GABAg agonist! baclofen® GABAs receptor7}
YRR o|YAZThe BIWR ]Fe] Mo}
w32l 2h4-g 7heAdel ok dnlAd g A baclo-
feng WA Fo4A] muscimold= 2| WP
$5& Adsle Ao JelwE, muscimols] g
Wl ukal A ads gkl Ae]Ada0.2 ml o)3})
£ F712 FY3AE o FFe FEH v, bac
lofendll 2] A= F53] 5ol 2@l A|7ke] A,
® 3EHT G FE £537)7} FAaEHAL o]
23 Az WSSl disiA GABA: ¥ GABAg
receptor o] o7} vehd 4 Q&2 AlAbsia
e Zolth '

vl abatel]l tig JllAd GABAY &g 193
22} GABA2] WAl AIAlel AOAA(aminooxyacetic
acidy*®& Fogt ZAF} wimubrle] &FH927E &
A8 7 ek, oleldt Ao FUFEIE bi-
cuculline¢]1} benzodiazepine receptor antagonist?l
Ro 15-1788%7 %ojg2 <oA= qlc) 38 GABA9
oA A9l LGGH(L-glutamic acid y-hydrazide)®
< WixHkAbe] X o’ ko] giich
o]o}zh-e. AlAlel A GABAS] trleAl 2 Qg e
Weld GABA 52| 7ol 2ala wlxutalz} o
A F g E 4 9o, o8 vixubile
oA Ao GABA, 2 benzodiazepine receptor7}
B3l 9IS & 5 Utk

ol sibalol] g GABAA A& =)ol 884l 3
7e, Zolgh, A Y 49 =Hg-o) 9l& benzodiaze-
pine receptor’**®¢}e] A AR5 &3] 3}7] 93}
diazepam} flurazepam€ 258 E3) o3 A3
Sl v)E 3l wixubabe) 83, 537 I
W EeE 74 A7) o] AL diazepameo] ZHHA
AdA Yo AN AdE a7 E3F )
kAol i 5= YA AR FE
e, s FAA Ade] &A=
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