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Influence of GABAergic Receptors on Catecholamine Secretion in the
Isolated Rat Adrenal Glands

Soon-Pyo Hong, M.D..** Dong-Yoon Lim, M.D., Jin-Hee Oh, M.D.,
Cheol-Hee Choi, M.D., Ho-Jin Yoo, M.D., Jae-Joon Lee, M.D.,
Jae-Bong Heo, M.D., Young Jang, M.D.,

Jin-Ho Kim, M.D., Jeong-Won Kang, M.D.

Department of **Internal Medicine and Pharmacology, College of Medicine,
Chosun University, Kwang Joo, Korea

Background : The influence of gamma-aminobutyric acid (GABA), which is well-known as a
major inhibitory neurotransmitter in central nervous system, on secretion of catecholamines
(CA) was investigated in the isolated perfused rat adrenal gland.

Method : Mature male Sprague-Dawley rats were anesthetized with ether. The adrenal gland
was isolated by the methods of Wakade. A cannula used for perfusion of the adrenal gland was
inserted into the distal end of the renal vein. The adrenal gland, along with ligated blood ves-
sels and the cannula, was carefully removed from the animal and placed on a platform of a leu-
cite chamber.

Results : GABA given into an adrenal vein of the rat produced markedly secretion of CA
from the adrenal gland. Tachyphylaxis to the releasing effect of CA evoked by GABA was ob-
served. The secretory effect of CA evoked by GABA was attenuated singnificantly by pre-
treatment with mecamylamine or atropine. Quabain inhibited greatly the secretory response of
GABA. When omitting the external potassium ion, the basal release of CA was increased. Dur-
ing this period GABA no longer revealed the increase in CA release. CA secretion evoked by
GABA was blocked significanty by perfusion of calcium-free Krebs solution containing 5SmM-
EGTA for 30min. Pretreatment with bicuculline or picrotoxin inhibited CA secretion evoked
by GABA as well as ACh. ACh-evoked CA release was potentiated by GABA infusion (400ug/
30min).
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Conclusion : These experimental findings suggest that GABA causes the secretory effect of
CA in a fashion of external calcium and potassium ions-dependence, and that this releasing ef-
fect of CA induced by GABA may be exterted by stimulation of GABAergic A-receptors lo-
cated on adrenomedullary chromaffine cell, which is likely associated with cholinergic receptor

activation evoked CA secretion.

KEY WORDS : GABAergic A-receptors - Catecholamine Secretion - Adrenal Gland.
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glutamate decarboxylased] ZH8-& o} A ]ojxju],
Aty o g ¥REES FRAAANM R & Zﬂé}
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S0l CI o] thdt pre-post-synaptic memberane
oA Fadg FUMAA B R 2RSS dofjow
H gAHor AL HFoME pre-synaptic
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AZ 200~300g2! Sprague-Dawley%
o] &4 A= 3‘]-r]wﬁ AHg-slget. §Al9 HE& Wa-
kade®® "ol webr] WA BFE etherZ v the
EERAY el S BRE JSAE w4
Mek H&E 8ol three-hook retractor® 13
glod 2A 2 9 g wE2AR vhe A SuE
wWR)57] aiA] AW 2ehE st HellA heparin
(400 1L.U/mb)& Fskict. d3 A %3 cannulation&
st 9, Ao, & AASA g1 $50E AAE o
=2 /\g;q/\lod* AZRE golF1, ﬁb,l-o]-/] 82 AASY
o} o2 FAFH Y BE S AFIF AAY
7= polythylene tube(19G) & 49} 2A3le] #FA0l
o] &3ttt FAlgH Q4 withEe] Falgld Felo x}
& slitE e § EA] #RE AFe dlit o]9Y F
gelsty g3t % cannula® UJrEW
El 8o} Jeucite chamber’goll 143}
= AlAHksicH(Fig. 1).
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Fig. 1. Schematic drawing of the preparation used to study secretion of catecholamines(CA) in the isolated perfused a-

drenal gland of the rat.

CaCl,, 2.5 MgCl,, 1.18; NaHCQs. 25 KH,PO,, 1.
2 glucose 11.7. A% pHE 74~757) B &8 243}
AL, 95%. O 5% COS E7tAg F33luA #
FE Adstdon old gFde] 2ae 3TH1TE &
Aatck. g CA9 43t WAE 9J8ted disodium
EDTA(10ug/ml) % Ascorbic acid(100ug/mD& #%F
Holl A7} &kt

3. %Eo| 0§

okE-o] B three-way stopcockE EaiA #FAY
U2 F959.29 ACh(50ug) 2 GABA(40ug) & F
AE 7+ 0.05ml £F02 FARSIAL 08 2] HH
2] Aol Krebsell &83te] BFAIA T3ttt o
HlA8S S84 ACh ¥ GABAFoo] 93t CA Bl
e g 4R Fod Az EAES ERlsisie
o weh BE 2A| perfusatet GEFH 3 455t
AFsATh ACh 2 GABAS Foj&e ddzz g4gg
% oF 60%-5<t Krebs o2 #FAIZ] o Algsit).
241 perfusatet CA2] A3} 2 BalE 43} 817 9
819 ice bath’olA A- kAt

4. Catecholamine2| &3

CAS =4& Anton 2 Sayre'™e] Hbe] uielr
alumina olA 7+ AAE AR %3 ShimadzuAt
(JAPAN)9] fluorospectrophotometer® |48t 24
F4stank. AT ARF 0.2mlE F400 ARSI
o, g ER A2 BAA perfusated CA T
& iz (background) Lt} F74] o4} Eokth A8 %9
CAZHL 717 Fx9] #F norepinephrine (baseZ 3t
Ahez de gha) viw AME FEoR FASIHCH
DATAXZE Student’s t-testE Al&atgon] Tal-
larida % Murray'9] computer program< o]-g3}d
AR

5. Al8%%=

B oA Akgdk FE2E gamma-aminobutyric
acid, acetylcholine chloride, oubain octahydrate,
mecamylamine chloride, norepinephrine bitartrate,
bicuculline methiodide, EGTA(e]4} Sigma Co.. U.S.
A)). atropine sulfate(Merk Co., U.S.A.), picrotoxin
(Kishida Chemical Co., Japan)§°|9, B& 4E2 &
TR Stock& A2g the Krebsdol 3]4sle] 24
Fojl AMg-shTt.
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Fig. 2 The effect of repetitive administration of GABA on
CA secretion in the perfused rat adrenal gland.
GABA(400ug) and ACh(50ug) were injected into
an adrenal vein at the one hour interval about
60min after the beginning of perfusion with Krebs
solution. These results were obtained from 20 rat a-
drenal glands. Abscissa : dosage of ACh or GABA
in ug. Ordiante : secretion of catecholamines in ng
for 4min. The vertical bars donote the standard er-
ror of the corresponding mean, ACh : acetylcholine,
GABA : gamma-aminobutyric acid. Number in the
upper bracket indicates the number of animals used
in the experiments. * : p < 0.05, ** < 0.001

& SIAtHFig. 2). 281y GABA(400ug)Sl 734 60%
Ao 33 §h Fo 5}9&’““11 4% B9 CA Bu3e
GABA(400ug)®] 49 608 7H4o2 33| wHE Fo
3Aem 48 < CA v:‘ﬂ%% 119.7 £+ 25.7ng(1st),
88.5+28.0ng(2nd), -70.9 £ 16.7ng(3rd)S YEIWoH,
23], 33]9] CA Bu]3e A%z 13]0) vlmse] 2tz 74%
(p<0.05)9F 59%(p <0.001)= dAstA ZAsHct
(Fig. 2). & 23dA CA 71& ¥4 F(background)&
23.5+ 3.Ing/4min®] At}

oj¢} 22 AT Avhe 29 FAI%NA Had upekzt
o] GABAC] 2%t CARH] 28 Ulg uhg-57% 53"101
UebdS #asigi. aeba] 237004 GABAT ¥H
B @A Qo] 23]o) 4 FoistA] Fdrt.
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Fig. 3. The effect of atropine on the CA secretion evoked
by ACh and GABA in the perfused rat adrenal
gland. CA secretion was produced 30min after per-
fusion with Krebs solution containing 0.015uM-a-
tropine. The results are obtained after comparing
each value with its corresponding control. Other
legends are the same as in Fig. 2. *** : p < 0.001.
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THIRHE o] om @ 7S B3 Jehberke gjls)
$18) cholinergic muscarine +&42 Agxog gt
3= atropine(0.015um)$ 3087 #FA12 the ACh
(50ug) % GABA(400ug)& 212t Fodstal e 6o 8
F FAlolA AChe] 7 CARBIZE atropine H XA
) 221(100%) < vl g 59.1 +4.7%(p <0.00DE &
g A4S YERZl2 8] GABA 94 2|9} 4|
WA} 554+ 12.2%(p <0.001)Z AChel 79} #AKH
AE B3 5 AATHFig. 3).

A&A7Ad g2 F neuronal nicotinic re-
Aoz zdste FERZ A
mecamylamine°] GABAE 913 CARH| &R0 njx]&=
9FS Fstat 0.59mM-mecamylamined Krebs
oMol EFAIA 3083 #FAZ HE ACh(50ug) <}
GABA(400ug)S 59380 649] F-AojA ztzpe] &
H] 2 ) 221(100%)9] 29.1+8.6%(p <0.001), 19.9

ceptorg

+51(p<0.05)2 dA JHdLE & F AU
(Fig. 4).
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Fig. 4. The effect of mecamylamine on the secretion of CA
evoked by ACh and GABA in the perfused rat a-
drenal gland. Secretion of CA was produced 30min
after perfusion with Krebs solution containing 0.
59mM-mecamylamine. Other legends are the same
as in Fig. 2. and 3. * : p < 0.05, ** : p < 0.001.

3. GABAS| CA R2d|=80l| thist Ca"-free+
EGTAZIRC &%

AFA HE7F CAZ Frlshs Aol B4
Ca''#te] BAE A28 5mM EGTAE 33
Ca''free Krebs®}S 3053t A4S F3) #FadF
ACh(50ug) & F48Hu| CA EH|eEe Td|o] HAldA 2]
A d22(100%)9) 27.7+5.9%(p <0.001) = Hsish

P84S RH o GABA(400ug) S FU3 A9l
A 222 28.6+10.7%(p <0.0DZ HA] o)
o]

Fattd-E = 4 dAHFig. 5).
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4. GABAZ| CA =t|oi| th$t ouabaine| ¥

Cardiac glycosides7} THFFAI® 1l H& BA 3&
S L2 4] CA RH)E Yotk ®a sof glet

w2}A 0.5uM-ouabaing Krebseoll EaAl# 308
EoF #FAZ the ACh(h0ug)et GABA(400ug) & ¥
o&tde wW CA #u]E2 dRXE 100%2 313&
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Fig. 5. The effect of Ca™-free Krebs solution plus EGTA on
the secretion of CA evoked by ACh and GABA in
the perfused rat adrenal gland. Secretion of CA was
induced 30min following perfusion of adrenal
gland with Ca*-free Krebs solution containing
5mM EGTA. Other legends are the same as in Fig.
2.and 3. *** : p <0.001.
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Telle] gl A z+2F 120.7+6.9(p <0.05), 120.1 £ 10.
3%(p <0.05 2 veht BAH ez FoA A F7t
& & + dUHFig. 6).

5. GABAS| CA 24| =20l Tist K'-freeo] H&

AFN AEes AHHoE AEFAoEH
CAEHZE-S YehlE= Kol tid GABAS %3k #
A7) Y&l KCIE AlAE Krebs do2 3087 355
Ae BFI F golle] FAlolA ACh(50ug) S FoiA|
CA HH|Ze UlzA9 24.2+37%(p<0.000)=2 #9
Al TAaEANes GABA4OOug)E Q13 CARH] 94
219 33.9+11.7%(p <0.001)2 74 Uk 12
i o] A¥An ApEAEQl CA #ul7t 2A Flssed
GABAE ©] #HE A §E a3 AATHFig. 7).

6. GABA2S| CAZH|Etg0l| ch$t Bicuculline X
Picrotoxin2| ¥

Bicuculline® GABA A-receptor?] Aei#2] Zghx*

U2 A low AoeFRATH wjgdaE AT

Tl Al GABAY] CA fEl38-& Aldshs AoE BHn
so] oo} web B A7oA bicuculline(10 M)-&
308 #5738 the GABA400ug)S Fo43li2m 8¢
AgollA djZ2X(100%)] 8iste] 23.6+5.9%(p <0.
0012 dA43 ZA=AHFig. 8). t1$7] ACh(50ug)
o ol3 CARH)E bicuculline MAXFo] thzx|o)
(100%)°l 3t 12.8+2.0%(p <0.001, n=8)& g
o] JAE-& B gUUcHFig. 8).

Picrotoxin2 chloride conductanceo] i3t GABA &
e A FoZN GABAY 7158 Wellshe Aoz &
22 U}®. webA 2 el A= GABAS CA #u] 7}
2ol i3t picrotoxin®] 3k FEslr] $sio] BF B
Al 120914 picrotoxin(3x 10 M)L2 3087F HA X
8tict. picrotoxin A X ¥ GABA(400ug)ell gk
CA BH)Ze d)23(100%)00 Blakd 17.7+ 4.0%(p <
0.001)2 Al =qes =3 ACh(50ug)el 23 CA #
2 FE 29 21.6+39%(p<0.00D2 A3 2t
25 #Eslgh Fig. 95 AChd GABA®) 2i3t CA &
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Fig. 6. The effect of ouabain on the secretion of CA evok-
ed by ACh and GABA in the perfused rat adrenal
gland. Secertion of CA was produced 30min after
perfusion with Krebs solution containing 0.5mM-
ouabain. Other legends are the same as in Fig. 2.
and 3. *p < 0.05.

Fig. 7. The effect of KCl-free Krebs on the secretion of CA
evoked by ACh and GABA in the perfused rat a-
drenal gland. ecretion of CA was produced 30min
after perfusion with KCl-free Krebs solution. Other
legends are the same as in Fig. 2. and 3. *** : p <
0.001.
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Fig. 8. The effect of bicuculline on the secretion of CA
evoked by ACh and GABA in the isolated rat a-
drenal gland, CA secretion was produced 30min
after perfusion with Krebs solution containing with
10uM-bicuculline. Other method and legends are
the same as in Fig. 2. and 3. ** : p < 0.001.

H]7} picrotoxin .2 Fglo] AH-L HojFT}

7. ACh2l CA &d| g0l Chst GABAS| &

UM Aol GABAY CA #u)2-80] atropineo|tt
mecanylamine®} M2 3] Jalgchs AR
Kol uHl GABAZF R4l muscarineoit ni-
cotine % g0 itk GABA7} AChe] CA ¥u)3Hg
& FNAT AeAE ¥4 ST HA GABAS
400ug/30min £=2 3087 FU& the ACh(50ug)e
T3t guw AChe CA #vl3ke 2] (100%)0l H]
Wt 1759+ 27.5%(p <0.001) 2 FolsHl Z4EA
tH(Fig. 10).
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Fig. 9. The effect of picrotoxin on secretion of CA evoked
by ACh and GABA in the perfused rat adrenal
gland. CA secretion was induced 30min after per-
fusion with Krebs solution containing 3 X 10™*M-pi-
crotoxin. Other legends and the methods are the
same as in Fig. 2. and 3. *** : p < 0.001.

ATt o)2f CA FH|ZE-2 7o) FAlPou 49
A9 2 2ol wjk ZERSAE A GABAS CA
B 283 fAHS 44 AUt Kitayama”s9] ®il
of o&tH e FAAM GABAE F9A dosede-
pendentstAl CA #3818 F7HAZITa &49lon], &hH
Sangiah%%& 49 FAloME A3 whe-H7tst ey
& Baslye B A7y #7 2 AoMn Hol
gk At st ol dAyle A&t nieliol
589 Za(species difference)”t Y28 Feld 4= 9
Ark. 23] T3k GABASHollA ol CAFol 7}
2 ggton] o ko ACh#Z Q& CAZERTE 8X
EFel=

B A7 GABAS] CA BulEadd] g 248 1
AR, AA, muscarine TEAE Mo 2jcts}
¥ atropine®Z HAX|g thg Hadt Az Mel#<]
nicotine 4~&3| 291 ACh¥} GABA2] CA¥-H] A&
of frojatAl dAEE FHE 4 AAt E3 meca-
mylamine 2 A 2] 3 A 9ol olEe] CA ¥8|Ho]

o4
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Fig. 10. The effect of GABA-infusion on ACh-evoked CA
secretion. CA secretion was induced 30min after
perfusion with Krebs containing GABA at a rat of
400ug/30min. Other legends and the methods are
the same as in Fig. 2. and 3. *p : < 0.05.

fFojstAl dAEE B ATk olek Ze AMle
GABA®] CA #4290} cholinergic muscarinic &
Aot BAAZZSGAE 528 2HAI8H= nicotine T
gA|o] &AJslo] ofa vehe oz A7k

A, 2833 AE7L CAZ F8Al exocytosisol
I5HQ AEe = Ca'' e #AE 2. Douglas
TP o] 9JsH AChe] #A5A AFISA Al
Euto] 2hgslo} Cattel Al EY o] FE Z7HA Itk 8
fon Ca''el Az Fastn ¥ 343 A7)
ok skt B AT Krebs 959 Ca™* & A
Ast EGTAE TIAA nKrebsdoz #F3 &
AChS} GABA2| CA #H|3H8-& #agt 23 25 o4
Ao} Adgtak(t)zA 9] 20%014) 0] veltt), 1
U, a9kl BT Aol BT, 29 §Al slice™ 3
o] BAMME Ca'*free mediumollA AChel <]t
CATrE|&H8-o] Aol e8] A=A Y 95% o) o] Ak
He Ao gvddh ey £ dATdlA GABA9Y
CA £8)z}80] Ca''-free mediumolME A3 A=
A Ao e B olfE %5 glont 84

o] RA ZESFHEWe) intracellular Ca’* store®
gHreta glojA] o] Aol CA frelah8ol #AZs JEA
o8 Azt

k3l o]2gt intracellular Ca**~free mediumol
A} AChtt norepinephrined] 93t H& % 2hgd
YR gsictn Hag HEE Zelsiohd AT A
Z Ca' 9] &S wiAlelA] Rale AL Tt obdA
2t

AA, ouabain¥e] #AE B W ouabain® B 2
4} membrane Na', K "-activated ATPaseS ¢
oz AAske ZeR dEA oM, GardaFPe
ouabain®| T%o]9] FAM CA % dopamine beta-
hydroxylase®] #2]34-& dozitka Qo9 o|zfst
ouabain®] CAf212H-4-2 chromaffin cellel W& 24
A28 SaiA Yehds sodium pump®] Aol wehA
ojx}d oz A7t ¥ iond AMEEE FaA Uepdtin
&ch. 2 A3 ouabain® MM AChe] CA
Fu2HE-2 sl F7HE1 e GABAS] CARY] o
A Z7}5E Mo Hol GABAY CA #8242 oua-
baino] Ztx & FE9el| £} E 4L AfaA oL
25 8-S AREET

ul#, KCl-free Krebsejo] GABA©] CA 0|2
vxE a3E HES ¥ A3 Kitayamas"e] 2o
o3 i) FAleA o] K'ol&& AAFEH CA
ApitA el BulE Z7tsh GABAo] 98 71gH e o
Mk St By oz K'E ohA] 3718 4¢- 2}
ubAel ¥z} 7haski GABAR Q18 CARH|ZL 3%
#rtn Ba Sk B AgdME KCIE AA%
Krebs®o2 #H3IE CA spontaneous quantal
release= 27} ©lou AChR 213 CARH|= A3
ZAHen, E£5 GABAE 913 Bu] 9] 23 o
AP GABAY #H)zHEol K'iono] A de&
UehlY Kitayamas 9 A7A#e AR o
g A%t

OAiA, 2 dFelA GABAYL 2% CA B[RS
bicuculline®]} picrotoxine] A A2 @3] A==
on o] A& XFHEEY AP |9 HEARFA
Do Aol ujkAE LM ET A GABA 84 EA71
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anceoll ¥k GABA #4-8 JAgo2H oz oI5
T3 WA 728 7ML BEgE AeAE
A& HasoJui® L3k GABA 584 typeol thgh
Aol agonist® antagonist®] 50l weba getzick
¥ :GABA A-receptort bicuculline-sensitivedt i
chloride(Cl ) inophore®ll coupling=l+ ¥Fae] GABA
Cl -in-
dependentd}™ adenylate cyclaset} calcium chan-
nel?t #o] Qe Aoz A YU ¢4,
GABA M= GABA A- 2 B-receptor®] agonisto]|
¢+, 3-amino-1-propanesulphonic acid(3APS)E
GABA A- #&A9] Mg agonisto]™ ¥
baclofen(b-cp-chlorophenyl-GABAJE= GABA A- %
Aol g o] e M GABA B- -84
agonistZ ¢eiA glopees

oldnt 2 Aol B, £ A7olA GABAY CA
FHFE-E A3 Al A} A¥Y 2 Y A3
ko] FAsh= GABAergic A-teceptors 84 Le
ke 2o Azt $a19 Z$ollA GABAE 3ol
A9} o] AChfrel & A= 24 A0S Yehiy, o
213k GABAY FEuE-2 ACh #29 72 Z3A
WAsEE A& AE"Ed. 234, Kitayama®'e
GABA9] CAfr2)&Hgo] ACh & Aaztgol ojaii
A gettan d%er, ol& atropine® hex-
amethoniumdl] 234 GABA Fg-0] 43S wkA| ¢b7)
wjEoltka sigict. ghH 2 A3l GABAS CA #
2]2}-4-0] muscarine ¥ nicotine &2 &Asle}l @
A7y ok AZEoh fustE atropineoltt ma-
camylamine A2 #A3] A HUY7] Wiol} o
<71 GABAE AAHgA] AChe] CA frajutgo] #A3
F7E At ol#idt Axl= GABAZF AChel CA f8l8
FRAAFI=H Ca™ FUE Z771E 4 S 28
& T Ao AARTa @4 Qi) Kitayamas 'Y &
o] Wi ¥4l AFWSAHEANA GABAYE CA fral9t 3
7 “Ca uptakeE Z7HrZitha s} ojglgo} Ca**
TYe] FRoZ QajA FA,AZ HE ACh=E CA
2 2Hgo] FAET L 7Hgske AL e e Algd
o}, o]2{g AMd-& GABAZ} ACh, excess K 2 Vera-
tridined] <8t CA #2 W& /M7= Ki-
tayamas'?9] &7 Auel 433 YL ¢ Uk
o3l B Ao Az wol I BF FEAA

B-receptor® bicuculline-insensitived} i

GABAE CA #3& 92719 o= GABAergic A-re-
ceptor®] 84315 A Uehdn], E& cholinergic
receptor 433}o] <3k CA £4] Zgalx B gl
T Aoz Algdr},

g o

AHlA -

FFAZARNA T3t dAN AAAG B2 gejr
GABA7} 317 A& a7 F49A CA §4])2Hge] m]x]
€ 9% Adsta AU H S FEstaat s

i

Wakade 4ol webd Sprague-DawleyZ 9] 7]
#5 28 78 7hEdE AQS O 4E319 leu-
cite chamberol] A38}i, Krebs¥og BHaIAA 4
& Algsiact.

4 1

GABAE 337 FAAWURZ A dAF CA £
8-S dozlon by FojA] CA £ o] ik vt
SEZAYS BE &5 9t GABASY] CA #H] 2Hg
< mecamylamine®]t} atropine, ouabain®& 33|
A @3] A=A K -free Krebs¥g #FAl CA
71Z BH2E 371 8%lev, GABAE Held CA #&
7% Jehlz] 2313k GABAY CA Bl g
5mM EGTAE 373t Ca*'~free Krebs® o2 3083t
BFA Felo] 2ekEdet. Bicucullineol picrotoxin
o2 HAX)A] GABA ¥4} olz} AChell 93 CA £H]
o] AgAHJ};. F& AChe CA fd &L
GABA #5(400ug/30min) A} fralstAl 7490},

Z E:

GABAT 37 HZ3F 2304 Ca™ 2 K* &4
CA 4] 285 Yo7y, &3t 242 PAFE a8
213} A Z A4l 0 GABAergic A-receptor?] BA43E
E3A Uehis], AChel CA £ul283 feiAo] gl
A= Algdr)
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