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CV o 

b!H:f°lf"J'tlt11tleHJ GABA RECEPTOR 

* Jl1A1'i11Lm1·1flmn FHll::Lm1'1ll'11'1Ul{ 3'J'Vl11'Ylt11'1t1Affthm 

•• mA1'i11Lm1'1l1'Ylt11 J<u:u::L.na'iimam{ mn1'Ylt11'1mH1uia 

u't1u1 

GABA "r'l1a Gamma-aminobutyric acid 

L th-t'11'l~Btl'l:: '11'Yl~il r]'Yl~ ETu tTll [inhib itory 

neurotransmitter] ITT'HhR cy tn'J'l'\till 1 Url3'J Bll'ilElll 
IVO'd' tJ CVci d V .... 

rt m La till~ n ui1t11-t3'J Lla:: t1ll3'JU 'Y1U1mn tl'l'il all nu 

l'W16 aml'l'1lEJll'l::umh::a1'YlV1a1t1 a u11l L~u hl'l 

amln (epilepsy) Jl1'J::n1'lOlITTlWanmrnJ (alco­

holism] m1::uauhJV1'1u [sleep disorder] lla:: 
!:1 ., 

Huntington's disease L u'l-tlilt-t 

GABA v1unwil1t1a~li'1'lt11urt3'Jall ri·h1 

fil1n L- glutamic acid foit11'11Lau'lm.r glutamic 

~ 'l ,,f '1 acid decarboxylase 'lfllLEl'l-t '2J3'J'l-ti'IUE!tj u 
~ 

presynaptic terminal "r'l'1\1'11ntfa GABA '1::\jn 

ihlthnu'li'lu synaptic vesicle 'ilEJ\ltla1m.h::a1'Yl 
~ D ct I d 0 

nl'l'l'\a\l'ilEJ\I GABA '1::LnITT'ilUlilm3'Jmnui depo-

larization 'ilEJ\ltla1t1th::rt1'Yl foi t1 action potential 

L~ailni'lm:;~utla1t1tl'l::rt1 'Yl synaptic vesicle ~\13'1 
GABA U".i'l'1EIU'1:;mL~m.J'l'JWlU presynaptic . " 
membrane Lla::iln1'l"r'l'11l GABA aanm [exocy-

tosis] ~ synaptic cleft rh1..1 GABA a1m'lri 

'ltl~unu receptor 'ilEJ\13Tu'l!il ~\I receptor ?JEJ\I 
~ ' 

GABA fi1:;v1ua~Ylllfi pre- llfl:: postsynaptic 

membrane 
' ' 

dfo GABA \jnV1'1\laanm lL~1 '1::ilm:;mu 

n11ri1:S'm( 'l GABA 1..1miui l U'11 n synaptic clef t 

BU 2 m::mHn1'l n'l::\J'J'\-tnl'lll'ln ~Janl'l'Yhflltl 
" 

GABA Lm1hi'Laul'2Ja.I GABA transaminase ~\I 

''l\Jt1~1 Hu~rnu synaptic cleft Lmt1'1:;Ltl~ t1'\-t GABA 

ltlLUU succinic semialdehyde ua::n'l:;munT1 

~rltl\!Atl ni1Lnu GABA n'1u [reuptake] ltJET\I 

presynaptic terminal '11nni1Am:n( 2
l v1u-l1 GABA 

'1::ilrn1m [GABA carrier] L'~un'1u~ presynap-
r d .. ' ti ., , ., 

tic nerve tITTtl'Yl'Yl'l11.JCl\IEJ\ll'l 'l::m1rnLa1at111lUat1 

1 o11 

1 WU'1~tJ'l-t receptor ?lfl\I GABA ii 2 '1!''.tm 
AB GABA receptor lla:: GABA receptor 

A B 

Lmt1utfommvn3'J ( 1) rank order of potency (2) 

'iJUITT'iltl \I effector system 'l'\~ tl signal transduction 
d 

lLa:; (3) tissue specificity (lil1'l1\l'Yl 1) 
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cl 
V11'i1'1't1 1 nTrnt111t1itITT'IHll1 GABA receptors 

GABA RECEPTORS 

GABA 
A 

GABA 
B 

- Rank order of potency Muscimol>GABA> Baclofen>GABA> 

Bicuculline>Baclofen Bicuculline>Muscimol 

- Receptor structure 7 transmembrane domains 4 transmembrane domains 

- Predominant effectors Chloride ions cAMP ,j, 

K • conductance i 
Ca2

• conductance ,J, 

- Tissue specificily<3
> - lamina molecularis of - interpeducular nucleus 

olfactory bulb 

- granule cell layer of 

t11e cerebellum 

- molecular cell layer of 

the cerebellum 

- uniformly distributed 

throughout the dorsal 

and ventral horns 

- distributed wi th high densities 

in laminae I-IV in spinal cord 

bflff'lJ1't1ti1'lHh'.I GABA receptor 
A 

GAB A receptor LUU receptor subtype 
A 

~ilF1113-1 ff1Fi''lJ 'Y1111 Lntrti1'Yltn 1 uifo~uuil t.11 

mrn.1!il1~atlnCJ'Yl~f.hu GABA receptor fITTt.1 
A 

a d 
GAB A receptor 'l::L tlu GABA receptor 'Y1 

A 

' 'l\J l u Benzod iazepine- GABA-Chloride 
~ J' ' 

ionophore complex l111uLUtl'1'11n benzodiaze-

" ' t pine 1-1 allosteric binding site Elt.l\Jll. mf!mum11 .. , 
GABA receptor ~u~mtin'1 benzodiazepine 

A 

receptor Lllmbumi111utwm'l{111'1ltJ'1 GABA 
A 

receptor L~miiiti1nu neurosteroids lLfl:: barbitu­

rates ~11il allosteric binding site a~uut>-1Lflnfl .. , 
I ._, J'- d 

'll£l'1 GABA receptor Ltlunu U£ln'l1n'IJ,tJ'13-I 
A 

d d .. II . b' ' G a1~mi 1 'Y13-I a ostenc inding site tl~\J\1. ABAA 

receptor L~U picrotoxin - TBPS, avermectin 
~I ~ a LuUl'llU lLfl:: GABAA receptor subunit 'l::L~tJ'1 

!ii'1nu1mi'n~ru::~LUU channel 1'1 Chloride ions 

r.huL'll1£JtJm'llmHinlii'1t.1 v111uaITT111 u~tl~ 1 <4
> 
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J 
~th1 1 Allosteric binding sites 'IHhl GABAA 

receptors ~11EJ1'1i'i binding sites t1EJl1 

propofol, clomethiazole ua:: meth~nol 

trn:: methanol uuhaanmrn11 GABA 
' A 

receptors an~1tJ' 4 l [TBPS : t -

butylbicyclophorothionate] 

GABA" receptor LUU receptOr i\~r;iEJ~lu 
superfamily '!IEJl1 ligand-gated ion channels 

EJ~Ul-1.L~EJ~).IL'lfa~ receptor '1::t.h::nEJuhM1u 5 

subun it<5
> ~"L~£111Gi1nmh lii'itlt111m11na111 H 

Ltlm1111d1"t1EJl1 Chloride ions lmLPia:: subunit 

'1::\.h::nEJui;i'1u CX-helical membrane-spanning 

domains 4 D'u (Ji.Ji\ 2) '11nn1'lAn'l!f1{r;i£.JltY 

L YJl'litFlmll molecular cloning<5
> li1 l imfot1itr;it1EJll 

subunit EJEJmuuEJv111~EJu 5 ti\tr;i Mun CX-, ~-. 

y-, 8- LLa:: p- subunit ua::luLLPia::t1itr;iu11 

a1>n'l(lUUllElEJn 1c;lLlluan'r1a1u subtypes fii11~EJ 

hhi°AEJ a ii 6 subtypes, P ii 4 subtypes, y i'i 
3 subtypes, p ii 2 subtypes ri11-1. O i'iL,~Ull 1 

subtype a1u 0 ilL,~llll 1 subtype ~ll~n~ru:: 
tF1'l11af111,~'l.\j1UtlElll subunit (JU~ 3)< 4

> ''1ui1 
9de1 "d ... 
t1llf1L'r'Urnunu l'IEJ m1-1.t1EJl1 N- ua:: C-terminal 

45 

'1::EJV1u extracellular space ri1ulu intracellular .. 
space '1d'i cytosolic loop t1u1r;il'r1q]EJ~ ~" 
LUUm1lL't1iill~Lnri1 phosphorylation '!!Elll receptor< 1

> 

m11muinPi111t1EJ11 subunit tLGia::tiitfilAEJ 

fi1fii'Ut1EJl1 amino acid UULflll LLa::11Pia:: subtype 

'1::i'i homology 'l::'t11111 peptide sequences fii11 
d 

JUYl 4 

V d I '-' I 

r;i11nna11m1La111 GABAA receptor '1:: 

c;lEJllU'l::nEJu 1 u~1u 5 subunits ~11EJ1'1'1::L tlum'l 

'l1~rlWllEJll subunits lri!iilr;l ~1ElV111Ltlu a
1 

a
2 

Yi ~I () 'r1~El a.3 a.5 P2 p3 Y, LUU~U ~" 
EJ1'1i'imnn11 1000 combinations m1~'r1a1n 

'r1f't1U1um'lU'l::nEJULUU GABA receptor it' 
A 

L~fon11 heterogeneity ~11li1 l i1LPia:: combina-

tion t1EJ11 GABA receptor ill'l1wuuinPi111nulu 
A 

.f ~ 0 " ·~ .r ~ 1 ' qn5n111L11at11nu1mu uui L"t1ru::uu11 ~m1u 
~ I dd~ 

ElllFlu'l :: nEJUtlEJl1 GABAA receptor Yl~Ylll'r1~ri1 
I (8) I d .., d I ._, •l. I 

'~u11 u11rn:: ·Subunit '1::~'t1"1n11uinm11nu u 

Ltlu a-subunit rilmi'im.i.i1'1::Ltluri1uth::nEJu 
" 'l d ~ !'I • ' dd 

m'tln combination YlVIU ua::u11Luuui1U'r1Ullfl~ 

recognition tlElll benzodiazepine ligands an~1u 

ri1u ~-subunit LUU recognition site tlEJll GABA 

ua:: y -subunit if uLlluri1u~11'i'cylum'l~Ut1EJll 
benzodiazepine PiEJ benzodiazepine binding site 

m 1 un~~ benzodiazpines ri1u 1 'r1qj'1::i'i 

high affinity ~Elfl n combinations tlEJll GABA 
' A 

receptor (fll1'l11ly\ 2) <9 l li1 l iLni;nrnn111LA£.Jll (side 
' ..J ,r " ..!' effect] 'r1f't1UEJU111Lnu q'r1ol'la1una1muEl, 

sedative effect U1 zolpidem ~11Luuu11u 
n~~ imidazopyridine derivative uPi'1uuu 

benzodiazepine binding site Ltlunu '1::i'iFl11H 
fl ~ ~ ' d>l Od 

L'11::'11l LUn1'l'1Unu combinations fl m.i a
5

-

subunit Luuri1ui.1'l::nEJu<10
-

1
• , ua::r.rnm11F1~itn 

t1EJ11n1'lltYu1 zolpidem ''1u11u1dli.ii'iqn5F1a1u 
" ..!' " c)' ~I _J ~ 

na1 ~ mEJ '11 mrn ~am ull.L'r1~ t1an1 u auu a'tll. 
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d ' d d " ~ 
Gl1'i1\l't1 3 Fl1 EC ILfl:: IC irnll agonists lLfl:: antagonists 'lltlll GABA receptors mmn'lltillnu 

~ ~ B 

n11'!1Kll 0!lElll GABA, glutamate mi:: somatostatin '11n rat cerebral cortex synaptosomes ' 191 

Agonist [EC (~tM) l 
50 

Antagonist [IC ( ~IM) ] 
50 

Transmitter GABA L-Baclofen Phaclofen CGP35348 CGP52432 

GA B A 1.28 1.17 79.2 >300 0.087 

Glutamate 2.80 1.51 >1000 4.21 9.60 

Somatostatin 1.93 1.33 62 .6 3.63 3.38 

d ' d d "' ~ 
lil1'i1\l't1 4 A1 EC lLfl:: IC 'lltlll agonists lLfl:; antagonists lltl\I GABA autoreceptors mntnllti\lnU 

50 50 B 

n11'11Kll'lltl\I GABA LU rat cerebral cortex Ufl:: spinal cord 119
, 

Agonis t [EC (~IM) l 
50 

Recepto r location GABA L-Baclofen 

Cortex 1.23 1.37 

Spinal 1.01 425 

'lrii'3'.lm'iAn~1ii 11u 't1u 1Yl'lltill GABA 
B 

receptor L 'l-l.m1mu~irn11'!1Kll'lltlll'111~m..h:;a1't1 
3 ~itlilR tl GABA, glutamate lLfl:; somatostatin 

1umrn11cl1'l-l.m1" 1 (111111"~ 3) r.rnn11Yllilflti11 119
, 

"' 
l 0mi1 GABA lLfl:; L-baclofen a1>-111n£iu £i11 

n11'11~\l'iltlll GABA, glutamate lLfl:: somatostatin 

'lvi"1mn1>-1LL 11l~Ln~LFit111nu LU't11111il11ltl1>-i r.rn 

·1rn11m11~ GABA receptor antagonists 'lvfon 
B 

. ~ d 

phaclofen, CGP35348 lLfl:; CGP52432 n flU>-1 
• q .., c! 

m 1 >-1u vi n i;1111 bUn111J11ULj 't1li'iltlll L-baclofen 

1'"m1£irnT11m1'!1Kll'1ltilla11~" 3 ~itlll L~m'ii'111ru1 
iill r.rn~ co rtical autoreceptor ~llFnUA>-1n11'11kll • 
GABA wui1 phaclofen ~m1mL11lit'tivni1 

An tagonist [IC (~tM ) J 
50 

3- APPA Phaclofen CGP35348 

0.095 47.9 >300 

0.078 >1000 1.07 

CGP52432 th:;m ru 1000 L l'11 cl1u CGP35348 

~R11>-l lL1\lii'tivn11 CGP52432 ii11 3500 Ll'11 
da I ~ I 

r.rn't1 >-1 Ciltln11'11fl\I glutamate v1u11 GABA 
B 

heteroreceptor hfhiilti phaclofen 1Liill1mti CGP 
.:)" da I .i., 

35348 utin'11 m.i.r.rn't1J.Jliltin1 1'11~ " somatostatin 
"' 

l 01ui1 ·GABA receptor antagonists 'r111a1>-1 
B 

a1m1citirnTll r-rn'iltlll L- baclofen 'lvi' l LITT phaclofen 

~R11>-llL11lii'mm11 CGP35348 IL~:: CGP52432 

th::mru 20 L l'11 '11mrnm1Antnl·rna1tl'lvi'i1 • 
GAB A receptor tl1'11LU\ltltl nLU'l-l.Bn 3 subtypes 

B 

lliltllL Ull Ci11J.Jn11titJnC]Yl§'il tlllEJ1fi anatomical 

location m1\l 1 
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J'.., I ..., o 

i.i.t1m:nmUh1''1Ufil113-llLUlflU11'1'Yl1\I Lf1'1?11'YlfJ1 

~ presynaptic GABA autoreceptor Li.I. cortex 
d ... d 

lLa:: spinal cord tlfl vrlfJ (UJ1'fi'1'YI 4) r.mm'l 

mrnEhll'IU11 GABA lLa ::: 3-APPA [GABA 
~ ' B 

receptor agonist] vd~r.mmt1fll'lEJUEl\lfll'lm1''11HJ\I 

GABA '1.l!N~l'I fttlil tJ~L1ru L \-l.Fl113m 'l\1~1fltlL~!'J\lrl\-l. 

3-APPA-sensilivc 

baclofcn-scnsilive 

51 

rl1i.i. L-baclofen v:::Lth.i. agonist ~Eltli.l.3-llflLi.l. 
... • • .... d d 

spinal cord lLm1v:::aim1r1'Yl1"r1i.l.l'YIL'IUrn'" GABA 

Li.I. cortex nmii-1 rl1i.i.r.m'iltlll antagonists ILfHi1'1 

n\lfil113-llUilflal1\l'iJtl\I spinal cord autoreceptor l'IU11 

spinal cord autoreceptor hH1mt1 phaclofen 

lLmlim flm ti cGP35348 

GABA8 RECEPTORS 

I 

3- Al'PA-sens ilivc 

baclofen- inscns il ive 

phaclofen- insensilive 

CGP35348-scnsil ivc 
phaclofcn-scnsitivc phaclofcn-inscns itive phaclofcn- scnsitivc 

CGP35348- insensitive CGP35348 -scnsilive CGP353·18- scnsitivc 

d 
'ltlti 7 Schematic representation of multiple GABA receptors< 19

> 
~ B 

vl fl r.1 a fl l 'l A fl '1!}1 vi'1 'l~ fl ci11i-11 IL '11 "111 ~ 

a1m1ciuti\I GABA receptor subtype tltifl'l~ 
B 

LUi.l. 2 fl ~i-1 v1fll'l113-llLUJflm1\l'iJtl'1 affinity mD 

baclofen (~tl~ 7) L'"fl ~i-l~ LUU baclofen-sensi­

tive receptors EJ\lftlm'lrllLU\ltJElfl'l~LUU 3 fla~ • 
'lofon (1) phaclofen -sensitive, CGP35348-

insensitive receptors (L'll'"~ cortical au torece­

ptor). (2) phaclofen - insensitive , CGP35348-

sensi tive receptos ( L'lli.i.~ heteroreceptor ~Yiu 
El~U'" glutamate terminals) lLa::: (3) phaclofen­

lLa::: CGP35348-sensitive receptor (Ltfi.l. 
d ' 

heteroreceptors 'IWIUtltJU'" somatostatin termi-

nals) rl1i.i.m1t1tl1\l'iJEl'1 L- baclofen-insensitive 

receptor 'lofon autoreceptor ~ spinal cord 

~- .... ID d Lr t,, d 
fl1 'l1v fJ'Yl1'1 Lf1 ft'il1'YI !'J l L \'rn A\-l.A11"r11 !'Jl'Yl 
,r I t.I f} d 

Eltl flC]'Y1 5r.J1'" GABA
8 

receptor v:::mnL'"L'ltll'l'iltll'I 

GAB A receptor antagonists L!i1£JAflmii11 
B 

tJ1::f!'l'illttl-1.hAamTn, cogni tive deficit lLa:: 

depression120
> L \-l.IL~'ilflil hf'lamlm1u11 GABA 

B 

receptor antagonists v:::ii positive effect L l-1. 

absence epilepsy rl1i.1.Lu cognitive defici t ~l-1. 
G AB A receptor antagonists vd1!'lltifl1'lL\~3J 

, B , 

fl1'l"r1 '1ilfl1'l~flth:::ft1'Y1U1il'il'1fi1~ L wi-1 cognitive 

ua::'ll1£J hm11 fl1:::mi.1.L'l1a~tl1:::a1'YI ~11r.1 avi11 fl a11 , 
v::~rl1i.i.'111£1Lnfl1:::u1i.1.fl11rl\lfl'l: uatl1 ::a1Y11u 

ft~Ell'I lLa:::~fill1'1fJ Li.1.hA:am1'1{1 [depression) l '1u11 

m11~!'l1 antidepressant L llu1::£J:na1mnv:: 

a1m1r1~flii1 L ~Lflfilfll'lL \~~'iJEl\I GABA receptor 
B 
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'l '-l.U11lff1'WlHhl cerebral cortex L~'-l.rl'-l. ~lltJ1'1'1:: 

Lthnh::fo'11'-l.1'-l.ni')AniY-1 GABA receptor an-
s 

tagonist Ll~DL'llLU'" antidepressant malt! 

ff1'-l. GABA receptor ~lvi'fon1,f1mni 
'l mJ1vi'llrl GABA receptor<2 11 receptor d":: 

c 
l~bma baclofen lrn:: bicuculline ~llA1~11 

LU\l.A"H.a:: receptor nu GABA ua :: GABA 
~ A B 

receptor ami'llEllll'IU11 barbiturates lLa:: 

benzodiazepines hliir~ama receptor d ni1 
AniY-1nll fhlilunall Li.!La~mrnll receptor l01u11'1:: 

A~1wi'u GABA receptor ua::l~u11~ p -subunit 
A 1 

L Utl.ff1'"tl1::nau 'l tl.tfo~um1u GABAc receptor 

'l '-l. central visual pathway L 'l-l.ri1mrn11 retina 

\11 n~lvi' n ~113-11 lL~1~\llUI~ L U\l.!ltJi.1 aua:: 
" 

um tit'J.1'l '"ni'l~Dllmv1'lli~1 t~m-ill Lit'tl.ni1«"-
' ' 'l 1dc1 o I Lm1::litJ1 ml'r1i.IA11i.1'11Lln::L\11::\lllliltJ GABA 

receptor subtype ~vi'v11 n1 1'l,.;'v1ltlaanq'r11f 
Lvia 'l,.;'lvi'v1~~tl1:: ~Y15111w L 'l-l.ni1-rniY-1 '1>1~" 
a 1;watl1" LFi vll~a1'1Ln~~'-l.L '~atl':: tv'11ufwrn 'l'" 

" ' 
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