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Modulation of Ligand Binding to the GABA-benzodiazepine Receptor
Complex by Gastrodia elata Blume
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Abstract — Methanol extract of G. elata inhibited the binding of ["H]JR015-1788, a selective benzodiazepine
receptor antagonist, to benzodiazepine receptor of rat cortices. Saturation experiments followed by Scatchard
analysis of the results showed that the inhibition of ["H]R015-1788 binding by G. elata. appeared to be com-
petitive. These competitive inhibiton of the butanol fraction was observed to be higher than the methanol
extract. Methanol extract of G. elata inhibited a ["H]flunitrazepam, a selective benzodiazepine receptor agonist,
binding to benzodiazepine receptor. GABA significantly enhanced the inhibition of [*H]flunitrazepam binding
by G. elata, and these "positive GABA shift" supported the strong possibility of agonistic activity to
benzodiazepine receptor. Butanol fraction was observed to be higher than crude extract by methanol in an
agonistic activity to benzodiazepine receptor, furthermore enhanced the binding of ["H]SR95531 to GABAa
receptor. Butanol fraction of G. elata significantly diminished the pentylenetetrazole-induced lethality of mice.
From these results, it can be concluded that substance or substances with neurochemical properties characteri-
stic of a benzodiazepinc receptor agonist may be important components, and contribute to the anticonvulsant
property of G. elata.

Keyword [ ] Gatrodia clata Bl., anticonvulsant, benzodiazepine receptor agonist, GABA

713 (epilepsy) 2] S H-9]olA v]RH= FEhAy
1% 35 &F Al 7 ¥k (neuronal discharge)el] £]3) of7] ==
HAhow oA A, o)Al AE, Aol ik, AEAlA
4 2 Aalelak Fade] B o w e MR vehd
= bl Ao}, o|#|E 7k x| 5okE 24| pheno-
barbital®] W& F-=A7} A= o o)l on], Tl =
FFAAAL Fo8 A AA-dDAQ y-aminobutyric
acid(GABA)®| 2H8-& Z7FA17]1Av, GABAS| @& =
Aokt ¥ So] WAAA] ALE A AnekEe FRE
o]2 3 9)c}(Hardman § 1995).

HulCRME, Gastrodia elata Blume)s w2 3}H(Orchidaceae)
of] &3he thd A 2EAEZ 3471 gloiA] T3zt
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82 o]-4% JoFEA Y FAe] B, ¥R ¢
om2 7| Asks FFo)(Amillaria Mellea)2 28] oJoke
Fabel AAsk) Avke] FAE 243 AS A EA
59 ko olgsla gigled, Y d7EF gastro-
din, #lsA 33E, #7]4k = L P-sitosterol 5 W F-F2
Aol EelE et 299 of 2 FAEA | HF A7)
o] Hagk Aoc. koA = L HFE ofe] §
ee] A x| Fel Atz gl ot | 2hgr1 - Bl
ZHAXgA 9] ofe]a-4-2 el EXE FE3A dRs)
A Balz ¢Jvh(Taguchi %, 1981). HAvls zF AAET
2 QAR AAEE ehlge A
guinea pigof| 4 #AR A =RE-2 diazepam3 v 35}
Bghe of T obnE wheut ¥abgel A8 sirke Adn
27} Q)eH(Tang 5, 1993).
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EFEEY SR04 83 JAA AAAGA
y-aminobutyric acid(GABAYE GABA, 5~§-3| E3t4)2]
GABA <-4-|ol] Z%-3)e] fast-acting, ligand gated ©]-2%

£ 58 chloride ©]22] AW fril& TR 24
A E g oA EHX 71t} Benzodiazepine =835 GABA,
25 BElde] ¢ x3=t], benzodiazepine £ li-
gandol| of s 8-A 7} BA)stEH, GABAL 842 24
37} Zrl=lz olelgt FA ¢l 2] benzodiazepineH] k=
o] ghEak, 714 2 g HzRgo] w7 " ch(Stephen, 1996).

#wk2] methanol F2-F 5 ether F-&o] HF 2| x=A
X GABA®] kg S71A1A A4S vieldok=
B & 5, 1995y Hvle] GABAA AAAZA | of
3 FAAL L A]Alsled 2} GABA,-benzodiazepine <=4
A Arg) DA Bl A AT B} ok,
Tz B GaTAE Aok PAELES RART 2
Sg7l0e FE Rt Aok T4 2 VY S0l
2 ZZ2Fle] B3-S ghEg 7 o) F 232 GABA-benzodiaze-
pine 484 B AL B|HE FBE DRA
ey,

A3
Hop ME2Q| F=
22 A9E 22YEIS 2, 10030 e} AzD A
nle] AL ywEsle] 1kewd 32]819) methanolg 7}EH
2 80 ClAl

L]
i

BAE 38 MEFEHT 4o} me-
thanol¥-8& A F5stdlct. 937l TFrF 7iete] &
e WRAZ) F 1 Aetale] ether 1212 slokn 22
7|4 33 F&sle] cther £HE dgch He F=
(dekel)oll 150 ml2] n-butanol-g 7}5}5L $F8}e] butanol
FHe dx o] £HL 74, FEIUG 5 oA
chloroform ®. 2 &%, Xx&3led chlorfform 82 L}
(Fig. 1). Z2ke] 58 £8& 521275 o A=A
7] Z1€ 50 mM Tris-citrate 2-5-2-sHof] HEH3lo] A A}
askgn.

T2 ZEtS0]| CHE Hofe] HE:

Benzodiazepine <23 FEAz2HZ $3le] S F (A,
250-300 g, Sprague- Dawley)yc &t F 3] AAA, FA4] o
oA zalg FEsledo. deadzale FAE A F
508 2-x]2] 50 mM Tris-citrate $+==8-8(pH=7.4)el| A -
2 3} (Homogenization)dt i e}, 7R gt F212 A4l #e]7]
(20,000 g, 4°C, Beckman, USAYE AF2-3to] 2087 1415
QA7 % 2 Az YAke AHELS A S0 3]
Tris-Citrate 2580 |2 vl (resuspension) A Zt}. o]}
e HAE 358 AP T H3HA ZAPVLE 9
Fg o) APAZ) & ALEAAA T0CA LR

o

l Root of Gastrodia elata |

Methanol
I Methanol extract |
| H,0 Ether
aqueons
layer

| Butanol

Chloroform
[ ]
Chloroform Aqueous
fraction layer

Butanol fraction

Fig. 1. Preparation of extracts of G. elata.

Benzodiazepine <84 Z§h-&(receptor binding assay)
& $13 [H]Ro15-1788(specific activity=87.0 Ci/mmol) =
[*H] flunitrazepam (specific activity=82.0 Ci/mmol) 73}t
oAz 7+ AgE B 50 a8 AHA LT (@} 016 mg
wol ), 50 1] WA F94} 50 ] A of
(vt 2Zdlzghe Ale3lelon], 50mM Tris-Citrate
)= gol-g Arlstel = Hu] 500 wrb =A . GA-
BA, & ol thak WAl w12} A gkg-E $135te] [H]
SR95531(2-(carboxypropyl)-3-amino-6-(4-methoxyphenyl)

o ot L oo

pyridazinium bromide, specific activity=49.0 Ci/mmoly2- A}
-5} © o (Williams %, 1979; Heaulme %5, 1994), 2+ A4
Fulell 100 ) A 23 (2F 0.32 mg] =hel HFeh)e
Hrysbedeh, 2 E assay: duplicate 3-& triplicate 2 3}ed
Holx & AP 63 oA ukE-315it} [HIRo15-1788 2
Fule-g 93 4P EFEE] & AHBES A26A,
H)flunitrazepam 2 [‘HI]SR95531 ZAgHr-3-& #ai4E 0
~4colA 2zt g Az B A7) ¥, GF/B ) #A] (What-
man)i}tell4] Brandel M-24R(Brandel Instruments, Gaithers-
berg, MD, USAYS Al-8-5}e] A28y} v|ZdgEE & A
23| elsigich ARk AaeEe] e A &
A1 %= liquid scintillation counter(Beckman LS 5801) & A}
T EEECEC PR S L
2 bicinchoninic acidf (Pierce, Rockford, IL, USA)S- ARS-
sjo] 24 3hgict.

Benzodiazepine $=8-Alol W& A=A 232l [PH]Ro
15-17882] A uh-g-ollA HotFEEl -f= ] & ben-
zodiazepine 5&-A o] &t AN EALY Fope] SH] L F
e 22k ol Folal olv] Y 2l ) diaze-
pam-S A-8-3le] WAL A7 de13] competition 341
vlw, BAjste] Aatslgdch AvtEEEe] benzodiaze-
pine 44 T L) Y= S ‘diazepam equiv-
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+

alent'(ng diazepam/g weight)2. % A|5+s1

GABA, 524l thdk AdelAs) 2ak=]]] ["H]SR95531
o] Agnk-gellA HvtEEE o8 o-4-4 F3he] W3ty
=, AvtaEEe] EA51A] & 49 2AEE 100%
2 ¥1 HAulSES o)gr A Z7}E(percent enhance-
ment) 2, Yeb o).
SHAHEE HM

AF(ACR)el pentylenetetrazole 100 mg/keS- ] 3}FALE}
o] A#E FEAZt Arke] butanol FEE A5
308 72 ubH © 2 pentylenetetrazole g Fo3a}e] T3
== AYgEEe] AES Aealde Fo $9 pentylen-
etetrazole o] €)%} Alu-E-2&- vlwslelc).
EA Az

8-A Agukgo 4 deixl A= nonlinear 1egression
A] 7 (Graphpad Prism, Graphpad Software, Sandiago, CA,
USA) skl e, Zhzte] Aahmshe) EASHY §o)
A A7 L ANOVAZ £4]% Neuman-Keul's multiple com-
parison testZ ARg-3fdct.
AL Alot 9 otz

WFALA %-9) 9 43 Dupont-NEN(Boston, MA, USA)A}e]]
4] F-9]3}ed 2, diazepam = Ro 14-74372 RocheA} A&
£ AREslgia). Tris, citic acid, GABA, polyethyleneamine,
sodium chloride, sucrose 5-2] A)2¥-&- Sigma(St. Louis, MO,
USA)ZHe] 14)81e].2.n, SR955312 RBI(Research Bio-
chemical International Inc, Natick, MA, USA)2 %8 4] 3}
oc}. Scintialltion cocktail(Aquasol-2)2 PackardA}(Packard
instrument B.V. Chemical operations, Groningen, Nether-
lends)ell 4 Tl aheie. A 24E 2 Eake) o A
2k-5- 9] 3}e] bicinchoninic acid 7 %F kit-2- Pierce(Rockford,

IL, USAWFE 3] 7] A-g-slade).
SEECh

#w}o] methanol 25582 =54 benzodiazepine 5=
£-A Zs}A|Ql [H]R015-17889) 4-4-A| H¥H-& ofA|slsle
], o]23F A4 &4 S (diazepam equivalent, ng/g weight)
+ butanotF-2 2] A-$7} 10.9+0.78 up/g weight =41, me-
thanol 3&5-2] 0.9+0.42¢] v]3}e] £-2]s}A (p<0.01) =%
o], ether®8 2] 5.14+0.26 & chlorform¥-& 2] 7.2+0.42
ug/g weightel] H|3}e] F-2)5) A (p<0.05) L FHEZ X
ot} (Table 1).

A ote] methanoldFE&2-2 F3A] benzodiazepine =84
Z5k4| 9] 'HJRo15-1788& AF$-3} benzodiazepine~8-3] E
A PNE-E-0] Ab(constantyE WIHAIH =], Heke] &
ol 3}l A] AghikE-2] Kde 8.710.59 nMEA] thEF
o] 514048 nMol| B|3te] 52181 (p<0.05) =715ttt

Table 1. Inhibition of [H]R015-1788 binding 1o rat cerebral
cortical membranes by G. elata

G. elata

Diazepam Equivalents (ug/g)

Methanol extract 0.9+0.42
Ether fraction 5.1+0.26
Butanol fraction 10.91+0.78*

Values represent mean+SE of 9 experiments. *p<0.05: Sig-
nificantly different from others.

Awte] methanolFEel EA|3tollA AFHREE] Buuo
1.4+£0.52 pmol/mg protein24] HF7-¢] 1.6+0.16 pmol/
mg proteine]] W] dte] F-2J8F zle]r} fAglrh(Fig. 1). Hrhe]
butanol #-&-& Z34] benzodiazepine =84 Z23kA|al [H]
Ro 15-1788& A}-23} benzodiazepine <&-A L3233
o] A5 WSt 7], A9kl butanolFE EA 5}l A
ZAgutee] Kde 124+1.67 0 M2A 279 514048
nM, 37} methanol5FE 54 8.7+0.59 nMel| H]3}e] 2]
A (p<0.05) F7tstsdct. H=he] butanol ¥ Ex) 5ol 4]
A EH2-2] B, = 1.5+0.64 pmol/mg proteinEA] =
2] 1.6+0.16 pmol/mg protein, ¥ =} methanol FZ-2¢]
1.4+0.52 pmol/mg proteinof] ®]&ko] F-2FF o]7} Gt
(Fig. 2).

A=}2] methanol 5&-5-& 34 benzodiazepine 5~
F¥A¢l [Hlflunitrazepame] <84 ZBIS 6.5+1.93%

% Control
A 0 E/Methanol
m F/Butanol

Bound/Free
Y

o ' 1 ' 2
Bound(pmol/mg protein)

Kd nM) B, (pmol/mg protein)
Control 5.1+£0.48 1.6£0.16
G. elata (E/Methanol) 8.7+0.59* 1.4+0.52
G. elata (F/Butanol) 12.4+1.67* 1.5+0.64

Fig. 2. Effect of G. elata, on the ["H]Ro15-1788 binding to
the benzodiazepine receptor of rat cortices (A: Scatchard-
Rosenthal Plot, B: Kd and B,,,,).

E/Methanol; group treated with methanol extract of G. elata
F/Butanol; group treated with butanol fraction of G. elata
Values represent mean = SE of 7 experiments.

*p=<0.05: Significantly different from control.
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oA A ). 20 uM GABA % 120 mM NaCl Zz]|3}e|4
3 F ol | =) = 2+2] benzodiazepine 4~&-H ol P}l [H]fluni-
trazepam A Y-S 66%717) Z7}sked e}, A whe] methanol
F2E EA)stdlA= Ade] dAHNeH, 1 dAEE
13.4-+2.93%2 34 HFE79 6.51:1.93%0] v]3le] §-2]51A
(p<0.05) 3715 ¢ltH(Table 3). Avle] butanol 238 23
] benzodiazepine 32 T3 A<l [*H]flunitrazepam] %=
LA HEL 30.1+1.22% A XA, H=te] methanol 23
=2 6.5£1.93%¢) ¥|3le] FostA Frk=E et ARk
butanol ¥ = 20 uM GABA FA|3}olA ['H] flunitraze-
pam Zgure AA T 454+1.45%24 HE2F2) 301+
1.22%] ¥]sto] 2] 38}A) (p<0.05) 8+21 % ¢l Table 2).

vl methanol F5E 282 GABA, &4 AgA
ol [HISR95531¢] 424 Ag-& AA)stgiew, cther B
&, butanol 2% 2 chlorform #& ¢4+ [FHISR955312]
F4-H Age $RFefEA o2 277 vh(Fig. 3).

B¢l pentylenetetrazole S 100 mgkgs FAMIA S o

Table 2. Effect of GABA on inhibition of [*H]flunitrazepam
binding by G. elata

G. elata Pcrcent Inhibition
E/Methanol 6.5--1.93
GABA+E/Methanol 13.4£2.93*
F/Butanol 30.14+1.22%
GABA+F/Butanol 45.4+1.45%

Data are mean+ SE values from 7 observations.

E/Methanol; group treated with methanol extract of G. elatu
GABA+E/Methanol; group treated with methanol extract of G.
elata and 20 M GABA

F/Butanol; group treated with buthanol fraction of G. elata
GABA+F/Butanol; group treated with buthanol fraction of G.
elata and 20 uM GABA

*p<0.05: Significantly different from E/Methanol group.

—— Methand
—@— Chbroform
500} —J Bulancl
® E) —(— Ether
g'g
g [ 3DDJ
£ &
Ly 0
¥ [
v 1004
s'i'
L
-100+ T
0 5

Log[Extract],mg

Fig. 3. Effect of G. elata. on the ["H]SR95531 binding to the
GABA, receptor of rat cortices
Values represent mean+SE of 7 experiments.

Table 3. Reduction of pentylenetetrazole-induced lethality by
butanol fraction of G. elata

Percent lethality
55+5.6
10£2.7*

Values represents mean = SE of 70 experiments.
*p<0.05: Significanlty different from control.

Control
G. elata

>

HAlA 7R A7 A} 77 (generalized tonic-clomic seizure)
& vepdigl e, 7§ d8= APgsisl e, Aoke] bu-
tanol £-3& XX Tl I AFEe] 10£2.7%254 A
2l A 450l 72 55+£5.6% HIsle] 528} (p<0.05)
7+-nsbed cH(Table 3).

LA

A =l(Gastrodia Rhizomay= Gastrodia elata Blume(Orchid-
aceaeys AFAZ) 27 (uberye)t}. o) A& =L 7L RE]
o] & B Alo]el| FEpsle] g7 FeA Fhdglk F Ao
A Az:AZIT} "7 E, Aalvh], 74 d gAkg S A
FollA B4, 75 2 24 B og Ag=Egdd A% 7
ZhekA o]}, Gastrodin® A 2-$- phenolic glycoside E 4] #
ohel fEAPS Pelshs ATALANA AS Pald 24
EAolt}, G. Elata] 2] gastrodin b2 Sp3b401 A7)
ol uhe} Thoah), 98] 0.31%, 1287e] 0.23% 2 79
Fol 0.93%o] 0], epAFo] P Fu Tt Fedol ek Hch.
Gastodin £]¢]| % aglycone$! 4-hydroxybenzyl alcohol, 4-hy-
droxybenzaldehyde, succinic acid, citric acid & ©]&2] mo-
noethyl ester, palmitic acid, sucrose, B-sitosterol, daucos-
terol So] HEe] gl-20] ¥ 31 (Taguchi 5, 1981 i}
Gastrodin®} ©]2] aglyconeq] 4-hydroxybenzyl alcohol-2 ~j
FHollA 5 gkg o]51e] L& FoIsiel s o FAo] B
A gkared, ZF AYEE 9 JALGD A AL
vieluilgich = A7 2 sjoly dA=iaa-2 Bl
o, olzigt «¥e]zh8-2 diazepam¥} v]msle] B3-S o
3 okae o} Bafgo] gl AR elydtl(Tang 5,
1993). #F Hubes FFAGAL] AN AAAGAQ
GABAA Al7A2-2 A2 g7adal-4-2 vjepd
Aelehs 7FeAde]l RaFgekE & 5, 1995). y-Amino-
butyric acid(GABA)Y= I35 25417 A 9] F98 o
AA 27AH DA o]c}. Benzodiazepine 5=-H= GABA,
£A BEAe] 523 8424 benzodiazepineA| 2FE-2]
g8l A, B4YH o Z5olhahg Fo| A uk-&
=} 7} gk} (Stephen, 1996).

Benzodiazepine Al @F5-2 A3 X2 L A9 oz e
9] AAA N A FEEAE-S e, A1 AR
g WA g elEAde] W] EAIF LR e A Sleh(Wil-
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liams 5, 1979; Basile =, 1989). 28|22 WA 7 o]&4]
o] W2 i) 22 benzodiazepine L) v)$A}2] Auke
Fale)o, ozfdt B o7 T ubeke] o} RaFo]).
AW A =2 K87 3 A (partial agonist)2] 7iHeldH|, im-
idazobenzodiazepine bretazenil (Ro16-6028)7-2- 2§
e AZA A (full agonist)2) diazepam=} U35 2359
HA2 AR-319& W diazepamel] B]8}e] o] P2
viebdct o] oFZ2-2 A FEA s alahgol g
AE FdElA] e, $AH B3R A gt Ao
&) M o (Heaulme 5, 1994; Woods 5, 1987). T A o]
7.2 benzodiazepine 52| subtype AElA & H A (selec-
tive agonist)24] B-carboline abecarnilZh-& eFEo| o] £
8l 84 subtype v]A1 &) o]l &3 4l (nonselective agon-
ist)al diazepamo] Wfehlli ojz] WFe] otelabeE F o
3 2=k ehich ol 52 2lera WA 2 a4 g 717
Bhe sl el £9) £54Y 2 QALY 23} el An
(Woods %, 1987; Haefely %, 1990). o]2}§t B 758 vz
3}o] B o benzodiazepine ~§-H| 9] BB g A} 447
subtype A=A FE A2 442 7171 A =L benzodiaze-
pine =& wi$2}2] b 7kale) ) 8% 2l o}
Z 835}

Benzodiazepine 83| of] 2+8-51= s}5+E-2 = diazepam,
DMCM % flumazenil®} ZH& $43 8l 9] AH(ligand)yEo] ¢).o
w, 22 &= ]2l (endogenous) benzodiazepine &)
vl 9] AF7} B v (Brabcova %, 1993; Steppun 5, 1993; Rund-
feldt 5, 1995)=]%1c}. W2l4 benzodiazepine 22wl
Az Aol A FAE A F2 2Rl QA A2E
o] ichrt Aeld Also] & fel=e] TE R 414
A A zHgslelst J7hEE A EAw). o7 14-
benzodiazepine, B-CCE, inosine @ diazepam binding inhi-
bitor(DBI) 50| 7. $3EA% ¥ 7(De Blas £, 1987; Piva
%> 1991; Ha 5, 1996)¥] 9.2} o] w2 77} Hagh A
olc}. o] elX)=2al-& &4l benzodiazepiner] ¢kE =} o}
A2 GABAA A7Ad zAda4-2 7Mavke B
(Basile 5, 1990a; Basile %, 1990b; Basile %, 1991; Med-
ina -, 1991; Medina 5, 1992; Medina 5, 1993; Drugan -%5-,
1994)=) gir}.

o] E2-2 Zxte] ZA(tuber), %, W X BESY 4
(dieth} L7 FBAFoll M A== AdAHEZA] 4o]
53 B4 A EL o2 AFAY A7) st o 3
AW ol AEl &3] HEhg w2 o ¢l neuron 2 glia
o2 e] HalAdgAd o] 7= Aoz AT o] digh
H 37 (Basile %, 1990b; Medina %5, 1991; Medina %, 1992;
Medina 5, 1993; Viola 5, 1994; Yurdaydin %, 19957} &
7L gl A el ol2e A Bl 7S gk
Ao g uhyg e AEGAES F A U FgAH

o

o 2

g

AL e okAe] faETA SRS 4 Tl U
o o)g|3l Bx2] uwAlE B v} mds ot

AH A Hale] oL 32552 benzodiazepine =& |
AgA 2l [H]Ro15-1788 AgH-E dA3ted.on, 323t
& 27, Aet5EE5-2 [H[Rol5-17889] 444 H gl of
& o 29 B HWIAY)A] 2, 3183 (affinity)S-
ZaAzleza AAA Ak epiiglc) olzgt
F4A ZAEE Veldle FAAES FASLaA ArkE
£ £H35 dAste] 92 2 RESe =44 &4
5E 24 27 butanol 2 F oA 7 & BHEE F
Fsledon] 7 SN EE crudedt Mgk FELd4e] 3
A =ol vlgte] f-28A F713leich Butanolf-% 2| 44
A A¥pde AR 1 Ao Zhasdded, 2
A28 AEs cuded} WR-g FE2Edlqe] 27l vl
FrelsiAl Svtslgdct. olejgl AatE Hol Hwhs £84)
Z3kA|el [PHJRo15-17882] benzodiazepine & o] &t
AE A7AA 2 2 Wzl A8 Tdsty 922 5
o 9lgde)

HAr}e] ofehg $28-2 benzodiazepine & 3 ¢] T8 A
ol flunitrazepam®] $=§-3 Aghlg-2 AR &=, o|=
gt A= GABA Y chloride Exs}oll4] Ed=gE= &
positive GABA shift34H8- #astgir). o]2)8) positive
GABA shifts A& A vhf €] benzodiazepine 5~8-#) 243 &
Ho] A 4172 (Basile 5, 1989; Ha 5, 1996)2 7} 5. Q)
& 745 JtAs)a= Aot o]2ial positive GABA
shift AFS Hule] butanol £ oA E FaAEg e, 1
A5 crude¥t methanol F&Fo vlsle] {3t o1
A& vl gl

Art+E2E52] GABA, 44 BqA9 o8] ok F
GABA ZAgR9e) oigt <33kg Golur] ¢35k, [HISR
95531 Aghkgell ml X AntEE 29 I3 A5k
2w, 7 A3 Hwke] methanol FEE-LS LB oR
HISR955312] 4=-8-4 AL <Ja)s}gl.ov), ether, buta-
nol 2 chloroform 28 & A& $oke]| & 0 2 27127
o2 Arhie] benzodiazepine T2 FHAI ol 93]
GABA Z3H¢-919) A3} £7) 5 9)-2-2(Stephen, 1996)
&alg 4 glodch

287 Aldy AdE B PaAat Aelfe] benzo-
diazepine %-3 &2 ofe)at4-g YALYHL 3}
o] et} P ellA pentylenetetrazole Fof & 03}
AR 2ol A Aol butanol FEE-& Folsle] Bord),
Avtke] butanol & AL Aol FoIgh 7ol A& pen-
tylenetetrazoleol] 2]} Apak-Bo] f-2] 514 7FAsledch.

o] 2] Ax= mFo] Ho} Arle] butanolFFuol &
benzodiazepine <£-#lol] th3] THA &AL AE 52
o] &2 F5Y ¢ 9lon, ol2|F Bl 23 GABAA
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