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ABSTRACT

KEY WORDS : GABA, -

In the 40 years since the first benzodiazepine was brought into clinical use there has been a substantial
growth in understanding the molecular basis of action of these drugs and the role of their receptors in
anxiety disorders. Benzodiazepine receptors are present throughout the brain with the highest concentration
in cortex, and it potentiate and prolong the synaptic action of the inhibitory neurotransmitter GABA. Central
benzodiazepine receptors and GABA 4 receptors are part of the same macromolecular complex. Abnormali-
ties of these GABAs-benzodiazepine receptors as a result of drug challenge tests and neuroimaging studies
may underlie some anxiety disorders. The role of GABA 4-benzodiazepine receptors in the action of benzo-
diazepine and as a factor in anxiety disorder, in both animal and humans including knock-out and knock in
technique, may lead to new anxiolytics that have potentially significant therapeutic gains without unwanted
side effects. (Anxiety and Mood 2005;1 (1) :25-30)
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GABAE F3274A10A kdog 713 Fast
AARAgEAolt. 53] GABAY ARSL %ﬁ"‘—ﬂ
A BEHO ok dBA e, ¥
AL) gk Aol BE R4 &a ek GABAE &
AollX 8] FRAFHIE FEstia 4EA 9o GABASE
FEA A7 (WH-E glutamatergic) & ¥l ohE A7
AGER AAY oldal &7 Bt 714 HejAEE o]
F32 9k ¢t 7 F3o] GABA F2o2 Vv A7,
7197%8l, 2F5Ax o] VR, o)¢} vl E GABA A
ALl oFslrt Ao 24, B}l FERE 9 B9 59
vehA fdk!

GABA $-841= 1 28 74l we} 4717 802 7
Ba 5 glr} A= GABA, 58412 GABA, BZ, barbi-
turate, imidazopyridine $°| 2%3}1, inotropic &

olwl, BAE FFfstol EASE olF L TH Gz
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GABA-Benzodiazepine +-21

A E2Eo|E o] FER Zgsitt, I3 JAA A7
AGEAA GABAY 25N 843 Fo}” GABA; 74
A& bicucullines] FEFE W] 9200 paclofene 23|
A A2E e G @A dAg FEA0g?

AAE GABA: F&AZ ©]= bicuculline® baclofen
B WheElR] ke FeAl'E £949 gl FR9
A#do| 9o BZE2 GABA, 8419 AgAQ 24
Aghs Aol rkn &2ix ok’ UAZE GABAp
FEA7} Ykl o] £&A= Bljole] 7kHe) 3l ionotro-
pic 432 GABA, ¥ GABAg 84 2&Alg} wHe-st
2] %o}t GABA, 2 GABAp €3 &5A (agonist)
oAl Bkgshe 2o g BT a4 4714 GABA T8
A ZohA GABA, F-89] o) do] Eboliel Adgol
At EHA Qo

GABA—-benzodiazepine receptor
195030 $4t BZ7} Y30 ARREEA 1 J87)
< 7] A% o] A7t AEgso] e, 1 A 1974
%ol Roche?] A7AR=ol gJ&ix BZo|l GABAE 5o)
o7 Z3ARlths Ao gtk 1977d¢llE BZo]
FFABAL B As FH9 3RStk Ao o] ¥
97} GABA, T84 E3A19] 3 BE9o] ukFrL’ o
& 7 484 B3AP) 198730 S2EE0m® 1994
o AxdmAoR 7 g7} 7B GABAA-
BZ &4 &7} Fig. 19 7150 ok

gz0) 9s) ut8a GABAA FL£AE alphala),
beta(B), gamma(y) 59 subunit® ©]FoA el +
ZE 71 9leH, Z} subunite v 29| =EI} G

(transmembrane domains)< 7FA1x2 81tk Subunit®] Z+
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Fig. 1. The most important and most prevalent GABAA-BZ re-
ceptor in the brain is made up from o1, 2, 72 subunits, en-
coded by the same cluster of genes on chromosome 5.
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F5uith o8] 71x9 subunit® 7R Yo, 671X19)
a, 4748 B, 379 79 o 77 Qo @ EE
B subunitTORE EFZO|E FEE JAHE F glon
ol GABAC| th& wkgo] vr|Eta o, B, ¥ 59 F
Q3 A 7FA] F2 subunit 2F7F £ Ao AAAA
Q Ay 2 okr)sg Zhed & "ot S5
o] 799 Z7] o2 X199 GABAA Al 2
7] ©& subunit ZFS 7T §lof oje] mE C}E ok
A EAE BolA Bk H9 o7 AYGejA mRNAZ #
A% A3 GABA, A2 o]FE 5709 subunit® en-
codedhs FdZR= AT Aolx 197071 He Aoz
4214 thFig. 2)." Wb GABA,-BZ 544 5%
A= 5709 subunit7t AEZE 7t2AE T4 79 (cen
tral pore) & FHOE A0xY wjd=HoH o)A &
Zato|=g} thE Fol& Tk o g EA
qx] GABAE o & £ subunit® o)Folx o) Ags}t
o, 11 A35Ag 93 SF2eole o] Egy) gt
BZ) i3t 2243y subunit7} Qojobt e = A
07 Bol BZ 84 o % 7 subunit Tl YAsk
= Aoz FAHL GABAY BZ o]9Jok barbiturate,
halothane Z+& A2} neurosteroid 22 thE AAg
A AT o] 84 EFA) A% 4= 9low 1 Ay
2ol B2 4 & A (Fig. 3).
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Fig. 2. Dendrogram depicting the relatedness of amino acid
sequences between GABAAa subunits.
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Fig. 3. Scheme of the GABAA receptor and its mgjor drug-
binding site.

g, AP, dut S AEuE g gEede ¥
T3t NAE2 EE @Al GABAAY AAE SIA
t}. BZE 2] RIS doflo g4 GABAX Al¥A o
A AEANE 7711, o) Tl H9) o8] B4 9l
ARAHo 7 Z% AAAEY T8 4% (firing rate)
AsAIZ1}, 184 BZ7F GABAZ tXE =+ ok
GABA FgAol| 24 Zr83tAL olof] AFd E=¢
o|E o] BE2E AF Mk Ao ofe, olof it
GABAY #5S FUAZth BZ3 GABAQ] A3.zhgo
& FE ol o] FIo] Frlshs AL FE Y
9] RIEr} F7keHe 2 gojdth ol GABA 8|
of tigk GABAS] 3H8 F7tel| Zlosich 2ejudsty,
BZ #&4 2t=s A ol BE2E gA ¢ GABA
9 74 8L 2HYOEN o] FEE 5T 311, 4
& IA9 94 a3E Jeldtia 2 £ 9lch & BZ
2 0] 222 ofd) YAs GABAY ¥EE W=
3 W2 oF GABAY ZEAE TAPPIE 98
. BZ2] BZ 4A12) 4% GABAA\—BZ 44 &
£ allosterics}Al WH3IAAH GABAA oA &9 4o
A Fc} witA BZS GABAE FAA7194 o)
ol& E7 & AH "4 ¥ barbiturates, chloral hy-
drate, chlormethiazole @ ethanol# Z&-& ¢FE3= =74
t2ck ZEFAlel AFHAHY Qe ol dEES] 54
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B 4 gtk AtiA e BZE 0 ¢HA%H) ofnlE A3k
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gt K go] vjmel oA F8A s dist A
3 F3do] T E A& subunit FAe] ©E7] wiEolt),
A 377 BaEn =, AR BZ, (omega 1) F
galo|th. BZ, 78418 @43 7l= 2L ¢l subunit®
TAE GABA F&A0 &2 A38S HolH a3 su-
bunit T3E FEAE R 2FHE Bk o)
A= 24 9, diHg oje] BZ A% 9ol go] #¥
o] 9lx, BZe &<t U A4 4 LS dslsich
ER= BZy(omega 2) FgAlolth ol FE A4 Fof
Yol £¥3te Bz9 Z§ol¢k &%E WA AR=
BZ;(omega 3) FEAZ A%l Bo] Fxsty 1 F
Bk gak= BRI

3, BZ 84 s dA A7 ezt ok A
A AFAZ BZ7) i) ER FE] avts I3
2 g2 veldch =3 zopidem ¥ ¥ imidazopy-
ridine> BZ1 (omega 1) 8ol A4 g5Alolct
EAE Z8AZ (antagonist) BZ A4 FEAR! flumaze-
nilo] thgAelt}, o= BZ% zolpidem?] 24 xFa}x]
9} barbiturate,meprobamate %! ethanol?] &8-2 A%
31 =t} AlAE 9A 5 A (inverse agonist) ©|t). BZ
AgEAe BZ 58] A AH2Q1 BZ T84
A v AFE Zhe oFEY AT A AIREHA
o JASAE GABAZF GABA F£A0] Agsle] 22
ot FZE sk RS AAAIIH, AFA, Bt
%A (anxiogenic), 73+ (proconvulsant) &7} Ik
3 ¢34 ot BZ &4 234, £3] flumazenil& &
SA AaFA B9 715E st Aol FiE &
5 A (partial agonists) $} ¥-¥% < &5 (partial inverse
agonists) 2] HZ &AE& BZ LAV} Aol Zgog
FAEE RAF SIch(Fig. 49} Table 1).

AelA MgA o7 DA BZ F&A7F GABA, &
Aol oF ¥ oz Zgah= 7ol uid AEEe] A &
o A A PdE W3F0E kY] It BEekg 23
shedl 3ol T8a W ARAlelA B AR
£ (endogenous agonist) & A4 sth= RAo|th!? Bql
gl BT o] 24 A9 olEgd A9d 5
1, e e 2P AAY x5Fo|n FT)ARI B
% A7t ettt gebd g &EAlE Eedee
AlE7) Qo] git)h Eu|2.8 AL BZo] A& AgAA
=] ojn] e Aol Abgsie] delEor REST
AE AR Hellq 2HFEIThE Aotk Uil BZ &
54 (endozapines) ©] = A3 idiopathic recurrent
stupor'*9} hepatic encephalopathy oA wA=Igt) =
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BENZODIAZEPINE RECEPTOR LIGANDS

AGONISTSS ANTAGONISTS INVERSE AGONISTS

— 4 N,

Full Partial Partial Full

ANTICONVULSIVE ANXIOLYTIC | ANXIOGENIC
b SEDATIVE NEUTRAL

PROCONVULSIVE .
STIMULATORY

EFFECTS

Fig. 4. The benzodiazepine receptor mediates a spectrum of
actions, via a range of ligands, including full and partial agonists
and inverse agonists.

Table 1. Pharmacological significant binding sites on GABAA
receptors

Site ‘ Agoni

[

GABA

GABA
Muscimol
Benzodiazepine Diczepam Flumazenil B -carbolines
Barbiturate Pentobarbital RO-16-4513
Convulsant Picrotoxin
Pentylenetetrazole
Neuroactive 3a and5a-THP  DHEA-S
steroid

THP : fefrahydroprogesterone
DHEA-S : dehydroepiandrosterone sulfate

TRE AHoge Aol EAlshs BZ7E 9l2H, ol As-
pergillus fungiZ ©}& A3Fet Q17+e] Hell AFAAHA A
2= 1 o2 13 BZ &7t Asg o dEetay
9] felghs 2 & A H3tkE ABE glch g, Ui
I JEFAY &L vlishe &3] tE 539 BZ
TEA7} EABTRE A GA] ThEsl o)]F daFAE o
o A& HAFEoR FASa, vk sk U
dozich U BZ 4841 Sit=E - oA
daF a7t e 2 7EA E3lo] 4 =itk 7]
2708 E-& ethyl— 8 —carboline—3—carboxylate (8 —
CCE)Z A9 A0 24 &Ag3le] Ehe FdAle
3 E-o|glth'® 23y B-CCEE sl Weligol of
i, 32 oMol FAHE Aoz gslzlnh o9
ofl tribulin!’olglm EalE = o2 528 Awox
HAX, I sEs Bl FUHE BE A4 Aed
tdu BuEF ok dE B, A4 F AEHA Aolig}
d7E A Tt T8y 2 PR oby ¥y
AR gkgkod, opA - B4ttt Al HA JMEEE U
A4 BZ 84 2= 93, @A A RHYE ok
Bz Huio] a3t g@hale £2 8 WskA)I)E GABA
715& v Z&3hs B3 @A FRERs Aot
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#H BZ 84 A¥E-o] nAd Flo] ohe} oul: o
2] F72) subunit W2 AHEA B0 AN &
7t gl A3 (set —point) o] ALY F= QIth= Zo) A
*E| 3 Yok AFAY olF ol A BZ A a4
of ot gj&o] A4 + 1, ¢3FE, B 29, ¥
ol 2E8A jhgollA] Hole: RIZETF UE 4 Qith
olgjdt AYFL FHH o2 AARHY 53] subunit T
of wa} 9abd & gloka RuEs ot

GABAA-BZ 2|2t EQ1E0Y

EQPEol7E BZ &4 ool s eglchs A7
ojz] okE A7} HAG AFolA BZt=E BZ 84
ZAFAR flumazenilE o] &3 o] AT B Hw
o} F3o) @xlelAl flumazenil 2 mgg FHFAL 31
< W A2 BZ $8A F i o|ide] AR, o] 9
-2 BxpeliA] Fshdzto] FEER oY TN E
I &I} Qlvhe T ARESol Yokt ol Fu
o7t JasAle &8 wiEo] ofgle Wuidt SAelch
sk flumazenil®] E¢4H4 A= WA G549
WA E Wrgeta Qo o] st BA] FAFSA T
Yep7] witolt). thE JPdRE BZ 8412 o)
g5 Hako 2 oj%alel, flumazenil vlekdt Qi
Az 2Agstn BEQRs skl shhe Rolth pgo] ¢
TolA &g E5AE FAY S flumazenils FAF
& F3 ol FApelA I Fodo] A GABAA-
BZ F&3 old& A Ak Edtelx] 5A oo &
o A8ttt €8A ok

oo tigt 9 A7 53] PETS} SPECT &
TE B34 Azt HolM GABAL-BZ 84 E4AE
43k Zlo] 7hsstdRth AT A7l PETE ''C
£ o] &3l WAMY XA% flumazenilE ©]-8310] 9
GABA,—BZ 584 A4S 4t ok AS7HA] o]
ATEY F2 A diEay vlaste] TEelr) s
BAollA] A H2) BZ 484 5-9)ol AFsH= flumazenil
o) A3 kel Al 9lgol HusT giuh? -
iomazenil& ©)&3% SPECT |F 94| Holx BZ 2%
F9 SR vt RuEa Quk? b Byde By
579l BZ A% 23 At HEPT el
Bugom® Fgoel AFYHF YT S5 B 4
o} FER¥eIM 7ha® BZ A¥o] B H3id) o1y
A Bt Ael7t ARG B0 A dojdnt
= Az Ax)se), wEk orbitofrontal® =59, insula
FHollX veh ks BZ A @At 4E 17ke] Bt
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TFUBAY GABAE JAA 3 53] 713 B
A¥Ae] gick. AA F FEATIN BZ 484 aFA7t
719 & SAThs Bt Yk ojg) W2 GABA
7Ve& AAAN7IE HEER 719E TN F Atk o
o 2% BEIAU 7199 Fez ddEe 2z
B3 W2 GABA 7159 AR st} & 5 ok &
9 & Utk =3 GABA 7158 S8t 22 B A
A Fe A3E AAgeEZA BT AR UE F A

3

A B9 BA 2 w8 7 et ohde) AR A
ZAAA dojul= $A3A 73R Ad) o] ¢ 3E V)
dgr). olF Bk FaLE olF Yehles FFFES
ojif Zhell B o]¥XY ¢l 3y yFE wEa st
Al g etk 1 $AZE ECT7E I8 oz AR
%7} o]def A=A 25 Z A penthylenetetrazolS AME-
3 A& E & 3tk Pentylenetetrazol& GABA, 5~&4
7155 AdFgezn gty PRz AME Al 25
9] B¢ oA 719 9 3R Y PFs AEdske A
£ EF 99X :

A Holld 7 Festa 7 9418 GABAL-BZ
AL @, B2 72 sub—unitsE TAEe] 33, 591 BN
A9 Y3 FAJA} ZAE]Y] 93l encodeBrh A,
o]3 subunit®] 752 B¥UCE A GABA,-BZ %
A B3 EAE 8 gtk ole FEAPCNA A
abAlel] &3 knock—out FAAE M3 knock—in 7]
HE A3l o37FR] subunite] ZoJ¥ GABA,—BZ +
£AE ¢t o) sFeslodAh. Mohler 572 7, sw-
bunits F-H4AZ knock—out3t%} 7, subunit®) Zuishe
= AEFA7}F ozl o] A¥FHEL BZA 1A=}
o st} 3 & AAAT B T4 vERl o
2hA o]yl Rdle Eekgol] A=A 1l P A}
AR B4 B4t 438 2dS vl B $ glok®
B3 subunits®] FHA7} knock—out HH, o] APHE
< HyF 9D SF3Ax, A Bl A ek &=t vt
A (halothane, enflurane, etomidate, benzodiazepine,
midazolam F)°l| 4" UHEE Bk ol& wiEAl
o} a7t B; subunitZ 7AE GABAL—BZ 5442 F
3lo] vepdth= & oJujgitt. Knock—in 71¥& E3iA
@ subunit FHA} A BZoll= wFS3HK] 2A|TH
GABACl= ¥hg3sk= AF7 heoizich o] A3AE
< BZe] A g7k JERA] kot gEel 3d 9
A gL Yelgoh® g2 AR M3 S84 e
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7} okl @, subunit7} HMHE o FEF FFH} 2
Ak @, subunit7t HAAY] Ho] AF o] EXEH] 9]
o] Eotoll st WddA9] GABA 329 J&2 Yepdck
FFo = o7 subunitd 75l i AFE FIA 57
3 &3 QlE BZ A B0 24380 fis FEMAR
A oay B a3 B35A, 7198 FRATE FE HalelA
T ZAEhs a; QETA T ol W el o
o] /2 & glg Aolgh®

2 B

BZ& EH5H9 HoX GABAA—BZ &4 E3tg
B4 584 590l 2gsty, o2 5849 ofde of
2] HEE0 A2 e FE-g vplsch ol2d BZ 4
A2 ol FE UK BN 71AelA ALstn Yot &
3] Ao Hggst 4 Bxp BEEH ATE T B
ool X GABA,—BZ F&9] A& Uig B2 AF
Arso] o, B3] Hejel oA GABA AAQ] F
24do] sty AR T3 GABA,-BZ 8419
subunit®] F3& ATE A 5 Al Fgat
Al BZad Fahgo] YehA] oyt FE aapt 9l
< AESo) g F 9lg Aot Ed oY ATE F
34 Bz Wy, 924, B9 71 g S8 oA
Z A|F3A 2 Flojt.

SM TOf - GABA, - Benzodiazepine © -8 + 2ol
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