WIE 747000 GABA, LT Y —F v RINESEIINTS
1 F H 45

INETHRESNEMRBRMS., 74 70T GABA KB REERZ
RET 2, BREREZMAENS AT 4 TO0ZNDA 4 2 F v RVIEHT
BERORMERERHTH S, EZORFLBIEFT 42N RY) VOEHA
BWT, Ry F oI THEERWERRNS, Fv )V OTEHERIC R D HIE]
ERMMEEENAA (Dillon et al., 1995; Nagata and Narahashi, 1994), 74 70—
JVOMFHER & F + X)L OFEH/L & OBFRICET 28 EX 2w, 747020
DIEECEMIZONTIEHT A W R BEIVCEIO bF D EA—-THH20E
M, BHEEHTARBRENMREINTHBRZHEHR DT LT
(Cole et al., 1995; Hosie et al., 1995; Kamijima and Casida, 2000; Wolff and Wingale,
1998),

AETIEITy b DRG Za—OYZHANTUTORKDWTERRET-
T4 70D GABA FHEM A D BRICKHT SMHEER 2RI L. IC, EZE
HELE. T4NR) RO ML EOERAOELEZRFTIZD,
FrRVOERLE T« TONOEREOBBRERNE. £, P20V F
YRV FEBRIZHT S 7« Ta NVoMEIER 2R L. R, BARRE.
BLUON—2 MNEFEBREOEE/ T A—FERELE. BEI. 70702
NOEESHMEERTDD, 74 70 NEESI O MF 2 EOROHA
fERZERNTz.
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TR

1. 74702000 GABA FEM F CERICHNT2ER

GABA BEMRA XV BRICNT 274 0 VOERZ, S BNy F
25 2 TETHRNR (Fig. 6)o GABA BEM-1 A BRI, HEHEER %-60 mV
IZEE L 300 uM @D GABA % 10 msec &R, 1| 2B TRDELUET S
ZEWREDRIEL R (Fig. 6A). GABA MIEIZLD, FyRIMEOL Cr OM
RIS ICRED N E 1 £ > BIRAREL 2. 2O GABA FEET 4 B,
MR ER-IEINORBIZLTH 58 60 oBREL THEE N,

Fig. 6B I 7 4 T )VLEIC X VB L BRE—VEORKE{LZR LIz,
BlicRLiza by BEWcld, ARIRRUEAF > EiKa, by BRUciTH
BLTW3, 747020 1 WM ZAMNEICHER L THRICAET S &, 142

EBRWHITLERRA S RICHR<EN, OB 66.148.1 %ok, SME

BT U NVESERVEESRICTR LS, ML T A D B AT
LA, MEENEA A L BRIINBROKSEETEBELE, 20T
M5, 74 70N S BRNEHITHEOTH S Z LAHBALRE, 7470
IV LB BFHEMNFIB L CHHIN 6 OEEIREFRREBICEDZETH 10 HREZE
B,

RiZ, GABA MBI LB TF v R IVOEWALN 7 « 7O & D BRI
Hx5HEERN, TIT, EHEEF v RN &L GABA MLEIRK D F v RV
NEHZEVELA A EBERIVBEINDF v+ 2V ERL, BIEREBOF v 3
Jb&id GABA L% L TR F v RIVMGEEMUTHSRETHD, C
DBE A F 2 ERIZEEZ XN/, GABA FE M 4 BRI, 300 uM @O GABA
# 10 msec MM I LB L THIE Lz Fig. 7 KR LAZZHO 70 b a—ILD 36,
—FIEHBRERELE, GABA NHEHREELIZRETT « TOZIVEIE
WL U T BRI OB AL 2 BIE Lz (Fig. 7, Aa & Ab, BROTRULE
Fabha—)b 1), tEEHBRAEREL 2%, GABA Q2 Rl LIZIRET 15
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Current amplitude (pA)

1 uM fipronil washout

e — — — — —— |l —

i <
Q.
E
o
0
500 msec
. . hout
fipronil was
2000 . g =
(] N
» o
1500 | ..“ .. .. . c
.'o o b '0
1000 | A
500 |
0 L. . X

0 10 20 30 40 50
Time (min)

Fig. 6. Suppression of GABA-induced currents by fipronil. (A) Current
records in response to 10 msec application of 300 pM GABA before,
during and after application of 1 pM fipronil in the bath. Currents evoked
by every 5th test pulses are shown during perfustion of 1 uM fipronil; and
currents evoked by every 3rd test pulses are shown during washout of
fipronil. (B) Time course of changes in peak current amplitude before,
during and after application of 1 pM fipronil. Letters a to c correspond to
indicated current traces in A.
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ST 4 TOZ VAL LE,. GABA B LD ERZRELL (Fig. 7, Ac
L Ad BIr@TRLE: FORa—IL2), ORI 21KBVT, 7470
IV 15 SR DA o BRI TER O 68.4£9.3 % (n=3) ITHIH 17z (d@).

SO =) 1 O bODA F 2 EFIL. MR 66.118.1 % (n=5) [ZHAFI= 1

7. A@OMHER O ha—)l 1 IKBiF5 bODb D LT 5 LFEERR
BDSREMo fr (p<0.05). SDT EMS, T4 TOZIOERITERIERED T
PRIV BWTHRBRICERIND Z &R I,

Fig. 8 128 HIREEDOF » X2 BT 2 7« TOZ ) OEERERRZRLI.
A o VEIRIE 300 pM D GABA % 10 msec FURICME L THEEL, T4 70

iz kA BFHMENIAEI T ¢ TRV EFREBERMRL TR, 7470
—JLid GABA k(4 L ER L BEREFHCHHIL, ENHRETD D
1C,o M1 1.66£0.18 uM., - E)VREKIE 1.2340.14 T D72 (n=5)s

2. T4 THZNOMEERICBTSF v R NOERIEOER
mg7®fub:~wzmﬁwtxd.ﬁ%bt%ﬁy%ﬁM747ﬁ:w%
ﬂ@ﬁ&@ﬂﬁéﬂtztﬁB,74?D:»H%¢ﬁ%®?ﬁ*WﬁWﬁb\
A A BHENET 22 LARE N, BILREBOTF ¥ 2V BT vV
B BT 4 TOSIOERE T B0, WIREBOF v FIVITHT ST 4
SOV OERAEBRS L. Fig 9 K74 7O EMIEIREBOTF v )b (A)
B UEREOT v )V (B) LOMERAERLIEEXRERLE. R 2
@ FREEDTF v )b, G i GABA £F. R*G I3 GABA MHE& LI T &ITKD
EHALENETF Y2, FR 1E7 4 O ZIVSER LR IREED F v )b,
FR*G 137 4 7O = VAMER L@ b F v 2V ERT. k BETK, IZENE
NEERBOT v 3B BEFI O ME (association rate) B & UHHEE
H# (dissociation rate) ZET. k', BIU k' BENTNEHELT ¥ FIVIC BT
BEAOBSEEBLURBEEEET, COEFIVRED &, F v RN
GABA Icd D BRI N TV NGRS, 74 70V IEREBOF v 2T
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A a. control b. after stimulation
[ |

]
\/ "~ 200 msec

¢. control d. without stimulation

L
B 200 msec
l 1 uM fipronil

500 pA

500 pA

a

&
S 1.0} e .
G T OooO ,l‘ g °
E c OOOOOOOOOOOT T .O
T 05¢
£ b
S
Z

0.0 - - -

0 10 20

Time (min)

Fig. 7. Pre-application of fipronil suppresses the GABA-induced currents
without receptor activation. Fipronil at 1 uM was superfused through bathing
solution for 15 min with or without channel activation by GABA pulses.

(A) Current records in response to 10 msec application of 300 UM GABA.

a, control for b; b, current was recorded after 15-min application of fipronil
with repeated GABA pulse applications; ¢, another control for d;

d, current was recorded after 15-min pre-application of fipronil without GABA
pulse application. (B) Time course of changes in current amplitude during
the experiment shown in A. Lefters a to d correspond to those in A, Open
circles, repeated GABA pulse applications during fipronil superfusion. Closed
circles, without repeated GABA applications during fipronil superfusion.
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Current amplitude (% of control)

control 0.1

] |

100

80 t

60 |

40 |

20

Fipronil (uM)
0.3 1.0 3.0 10.0 30.0

| | *{/“ "'v"“'

N S

500 pA

500 msec

IC,, = 1.66+0.18 M

Hill coefficient = 1.23+0.14
n=>5

0.1

1 10
Fipronil concentration (uM)

Fig. 8. Dose-response relationship for the suppression of the resting
GABA, receptor by bath application of fipronil. (A) The currents induced

by 10 msec applications of 300 uM GABA were suppressed by various
concentrations of fipronil. (B) This inhibition was concentration
dependent with an IC, of 1.66+0.18 pM and a Hill coefficient of

1.23+0.14. Mean+S.D. (n=5).
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k

* R+F — RF

K,
B k'+1
 R'G+F == R'GF

Fig. 9. Fipronil interaction with resting (A} or activated (B) GABA,

receptors. R, resting receptor; G, GABA: R*G, the receptor bound
and activated by GABA, -, fipronil; RF, the fipronil-bound resting receptor;
R*GF, the fipronil-bound activated receptor; K, and k_;, drug association

and dissociation rates, respectively, without GABA; and k' and k',
drug association and dissociation rates, respectively, with GABA.
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ERTBEEZD,
g LREBOTF v RV BIT B 7 4 TR OERERANDLDHIT, 300 uM D

GABA % 10 sec FSIFET 10 msec 4L L, 1, 3. 10, 30 ypM DT 4 T OZ)VESL

WIS R L TR LT, SRR GABA M X VBB L BRI 7« 02
MIBESEHE @I - TREIBO L, £ 74 7OVIRENE <25 LEBR
MENIR < BN Fig 104), 2OZEMS. 74 TOZNOFIEREOT v
LT B HEERE 7« 7OV ERE S BEIEFLTETT D2 L
MBI L7, SEAEE S RBEEE kDB DI, BROY-JHEORILET
4 PO VBB LTI Oy P, —ROBRERBERETEG LI
@@1%%1@@@L3\wBiUMmM®747D:%&ﬂﬂbk&%%h
BN 74.9413.9. 45.0+4.5. 349514, BEUK27.440.68 sec TH > Jzo BHLHIH
meﬁﬁ&(ﬂMJMAngTﬁénwﬂm74ﬁu:W%E&%brm
2., BEEX (k) B74 70V oBECH L T RELKOHIZEINL L

G%.mmal@%%%F@9AK%LE%?WE%OT%ﬁbt%%\ﬁ%ﬁ
E(moMAnﬁmwmmﬂ%%ﬁEwgkmmmwﬂMMmﬁW%%ﬁ(ﬂm
0.84 THo =,

RICERALTF v 3BT 3 74 7o )Vic KB ERIEERET 57210,
7#7D:w&muM@&%A%wﬂﬁmﬁK@ﬁM@bta%ﬁﬂ&bf
ﬁﬂbt\muMwGMmMﬂt;D%%éﬂtﬁﬁy%ﬁm\@ﬁ%%@%

Ea%mmﬁéthm;nm%:@ﬁ%mcmmMVt7§~%®UﬁyF
EBIED 1 4 2 F v 2V izBnT U LITBR sh s 1 & BROBBFER
CHBEELLND, BEEEBET TR b (GABA) ORRRLE. $25
WiIEEBEOTY JA MUBIck-oTHERIEINDC Ens, HREX (Fig
nmo@ﬁ%éﬂtﬁﬁmmfﬁy%ﬁ®M@m;m)@ﬁmcmmxm@t;
DBl EHE T & N7 BRI & AT, HRE THRINEBBEER &R
ﬁﬁ®747n:»&ﬁﬁ%@bt%m%i0taﬁzBM%:twa;ﬁ%

27



1.0 ¢

"
- Lo ? 1uM: 1=74.9 sec
E | N R TT
g \J
3 05| \ T s 3 M: 1=45.0 sec
N ?

@ .
S
> T 10 uM: 1=34.9 sec
30 uM: 1=27.4 sec’
0.0 L— - -
0 50 100
Time (sec)
0.04
®
¢
1{« 0.02 |
= é k,,=673+220 M 'sec”
k_,=0.018+0.0035 sec™
0.00 - 1 .
0 10 20 30

Concentration (uM)

Fig. 10. Kinetics of fipronil suppression of the resting receptor. GABA
pulses (300 uM, 10 msec) were applied every 10 sec to monitor the change
in current amplitude. (A) Time course of decrease in peak current amplitude
by bath application of fipronil at 1, 3, 10, and 30 pM for 100-150 sec.

The plots are fitted with a single exponential function.

(B) The reciprocal of the time constants obtained from a single exponential
fitting is plotted as a function of fipronil concentration. The solid line

represents the relation 1/t =k, [F+k_,. r=0.84. k,,=673+220 M'sec™.
k,=0.018+0.0035 sec™'. K =26 puM.
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a 30 M GABA

11.08+3.66

b 30 uM GABA + 1 pM fipronil

10.10+3.83

c 30 uM GABA + 3 uM fipronil

7.16+0.71

d 30 uM GABA + 10 pM fipronil

5.48+1.19

<
(o
EL
e 30 uM GABA + 30 pM fipronil » 10 sec
3.38+0.69
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0.4

0.2¢

1/t (s

K',,=6600+380 M'sec”
K',=0.11+0.0054 sec”

0.0 - . ,
0 10 20 30
Concentration (pM)

Fig. 11. Effects of fipronil at various concentrations on the decay phase

of currents induced by long applications of GABA. (A} GABA 30 uM was
applied for 30 sec to induce currents, and was co-applied with various
concentrations of fipronil. The decay phase of currents was fitted with

a single exponential function to obtain time constants.

(B) The reciprocal of the time constants {1/1) plotted as a function of
fipronil concentration. Data points are best fitted to the solid line according
to the equation 1/=k',,[F]+k', r=0.995 gives a significant level of P<0.05.

K',,=6600+380 M 'sec”; k' =0.110.0054 sec’; the calculated K =17 pM.
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Riz B 2 REBEERE2 TN ENOUREERICNE LR, 74 70Z)b & 30
UM GABA O FIEFLEI BN TIIAERFMORZIE &3ICRN@m <R/, Rk
BEEDT 4 TO)ARLEICBW T BT < EHNE (Fig 11Ab-¢). 8
O FRANIE BRI THELZZEMS, T4 J02)V & GABA O
LB L DESNAERO TEARL, IERMEEHR TRYMU TRIFL .
T4 7E=I 1L 3 10 BEN30 uM & GABA ERIFFAELLZ L&, 1D{E
IEZ N, 11.0943.66, 10.10£3.83, 7.16+0.71, 5.48+1.19. B KN 3.38+0.69 sec
THhotr, BRIMEOEER (O & /(K. [Flrk,) TREIND., BEROYE
(1) W7 ¢ 7o) OBEICH U TEBEHICEMLE (Fig 11B). ZNH60T

—%% Fig. 9B WRLEEFNEHWTHRFLLER, HOEE (K,) &
6600+380 M'sec”, FEMEEEE (k*.) 13.0.11£0.0054 sec! &7xo 7, FEBYLREC r I

0.995 T, 95 IEERETRE L EZAEIFIEF L HBrE NI, FEETF
yRWVICBITBESEHET S E, GABA [KLDF v RIEEEIIED, 74
TOZILOREEE 9.8 %, MEEEEELE 6.2 fFITMIN LIz,

EHALF v 3BT 270 7O D IC, EERDBED, 74 70N
& 30 UM O GABA % 30 BHREIMER I MIEFLE L7z (Fig. 11A). GABA BXUT
4 7OV 25 HOBET. 74 70k ZERGISERKEE
EL. CORMEOBRBOE,. 74 702 & GABA ZFFFUBE Lz Z &0
5., FIERLEFrINOT7 4 70N KBERNGEEZ S50 S. WREKE
(Fig. 11Aa) o8BI} 3 25 BEOKSOERE 100 % LT, LEX (HERED
74 70=)1 & GABA OFIRLE; Fig. 11Ab-e) IZBVF 3 25 HEOER DR
flERD=s T4 TOZIVE GABA FBEMEA A B E RERTFRITARL
IC,, 1 1.6140.14 M, EIVEREIZ 0.96+0.06 TdH o 7z (n=3-5) (Fig. 12).

3.CABA BB#EMES 7 NVF v 21 T ER
EEMSZ -60mV ICEELET I MY R7 D Oy FIRIZEWT, GABA
MEH L WRETRAEHED Y Y7 IVF v FIVERITEHES N2h-o 7=,
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% 100 |
= IC,,=1.610.14 uM
3 80 Hill coefficient=0.96+0.06
5 | n=3-5
s
o 60t
O
2
B.
£ 40 ¢
411
& 20}
5
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0 L

0.1 1 10
Fipronil concentration (pM)

Fig. 12. Dose-response relationship for the fipronil suppression of
the activated GABA, receptors. Currents were induced by 30 sec

co-application of 30 uM GABA and fipronil, and measured at 25 sec
from the beginning of co-application. Fipronil suppressed the
GABA-induced currents in a dose-dependent manner with an IC,

estimated to be 1.61+0.14 pM and a Hill coefficient of 0.96+0.06.
Mean+S8.D. (n=3-5).
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FNICARNZT v xVHAOEEXSNBEWKMOERSEEZENE, 10 uM

@ GABA ZHNRZRL TNy FREINET S &, RNREDL VY NF v 3V E
MBFEL (Fig. 13A)s 27 NF v X I)VERIZEMORIREDS 20k —
AbERELUEZRETEHREI N, Ny FEIC CABA MET A Z Lz kDS
L7z o TNF v RVERIS. BHE GABA ILHEZT BT L TERL, 270
Fr RIVEBRITH 10 HEREL~Z. GABA OEDRLAEICED, Fv )L
EEOBRICHE BERAEEHEOETHALSNZZD., F o RIVERAELEL
TWEHDDHEMFT LI,

GABA OF v RN A LF 05 X ARG &b 4 DOEEMAMSNTEY,
ZNBE 26 pS DA ALFIH L AE L, 19, 44 pS DY TALF 5
AT#H % (Sakmann et al,, 1983; Bormann et al., 1987; Macdonald et al., 1989;
Macdonald and Twyman, 1992), FFFFHIZBNWTIIYT a2 F o7& AFENC
ULNBEINBNS7ZDT, 26 pS DAA L AVFTIZ L ADHEBHLIZ. 4
DORELINYFENSBBINEEREMITULIEHER, Ara25 05>
VL 272443 pS THo =

§. PO NVF Yy R INBRICNTEZ I O INOER
Fig. BBIZ 10 yM D7 ¢ OV E 10 pM O GABA ZFRIBUEL =L 2D

A4 BRER L. YT AUF 75 2 ADOFEL GABA BB OHE &R
BRICIBZEAERBINABN oI, A AT I VA RMHLIH
26.134.1 pS THol, 74 7O NI ED S TNF v RNDAAL O
FoHARBMLEN I ENS, T TAZNVEAS aVFIE R
KEEBLRWIEMBILE, ZThonZ s, FETHONET4 70
Wiz K BR=-NVENVBHEAENL. > 7V Fr RNBROAT I AN
W, Y7a25 05 D ADREFEOEL TN EAAFREINE.

Fig. 14 274 7OZNRAEOREEK (A) &7 7OZ)VAEK (B) &0

B GABA FEMA L BROMEMOMZR L, TOSHEN 5 GABA,
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A. 10 uM GABA

BTk

50 msec

B. 10 uM GABA + 10 pM fipronil ’—‘ 5.0 pA

FIG. 13. Single-channel currents induced by application of 10 uM
GABA (A), and co-application of 10 uM GABA and 10 uM fipronil (B),
to outside-out membrane patches clamped at a membrane potential
of -60 mV. Currents were filtered at 1 kHz. Currents occurred during
brief isolated openings or during longer openings interrupted by
short closures or gaps.
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A
300 +
10 uM GABA
% 1=0.7 msec  pi=50.7 %
= 12=3.7 msec  p2=24.2 %
g 200 — 13=16.2 msec p3=25.1%
a
O
S .
o 100/
L -
£
3
v
0 e : :

= T T
1 10 100 1000

B 500 - _]—

10 uM GABA + fipronil 10 uM
T1=0.7 msec p1=55.4%
12=4.3 msec  pz=23.7%
w3=15.4 msec p3=20.9%

250

.......

Number of observations

,,,,,,,,,,,,,,,,

SN | |
1 10 100 1000

Open time (msec)

Fig. 14. Open time distributions for currents induced by 10 uM
GABA (A), and co-application of 10 pM GABA and 10 uM fipronil
(B). The distributions are shown on a logarithmic time axis. The
best fits of three exponential functions are shown. ©: time
constant, p: proportion. See text for further explanation.
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LTI —idDial &b 3 DOMRE (0, 0n 0) EHDZ EATH X1~
10 pM O GABA DB ZLI L 72 & EDOFIFRENL 1.4 msec THD. &4

O 0n 0y) DB (1. w0 ) E2FRICEDIEE (p,. py. p) RELE

N, 0.7 msec (50.7 %), 3.7 msec (24.2 %), 16.2 msec (25.1 %) CHofr, K.
GABA 10 pM &7« 7T Z)V 10 uM % R U 7= 352 | SELSBRESR I 7.8 msec
THD, EHRD (0 0,0 0y) DFRARERA (1. 1 1) EREITLHDIEE (p,.
pp py) WEENEN, 0.7 msec (554 %) 4.3 msec (23.7 %), 15.4 msec (20.9 %) T
Holze 74 TOZNELBLUEEES. ENTHORSOBFBMIIAZ 22T
B SNRM o R, EHOFRMIE 7 « 7O ZVAEIC XD ED LT,

Fig. 15 127 4 7OV ROEONBE (A) &7 4 TOZ)AER (B) &D
BE D GABA FEM A A L EROERH M ZRLIZ, ZOSMHMENS GABA,
LTy —id 4 DOBREE (C. Gy G C) 2RO EMFHEINSE. 10 uM
M GABA DA ZEWNE L7z & & OFHEARRKIE 29.7 msec TH Y. A (C,. Cy
C,. C,) OEEER (1. T T, 1) EREIEDZEE (P pr b ) HEN
Z., 0.6 msec (40.3 %), 4.5 msec (10.8 %), 41.5 msec (38.8 %), 101.1 msec (10.1 %)
THolre ZHIZHULT, GABALOPM &7 4 7E IV 10 uM ZRFLELIZ
& EOEHEAREREIL 52.8 msec THD. &RD (€. Cn Cy C) OFFHR (1.
T Ty 1) EREKREDBEE (b pp Py ) BENER, 0.4 msec (453 %),
3.1 msec (10.2 %), 44.0 msec (30.6 %), 160.8 msec (13.8 %) THol. BHEN
WA (1) EFHOEEIRY 4 7O SVRBCEDERLEIENS, 74T
OV TF v 2D BER RO I EB 2 EAHERN LRI,

Fig. 16 74 702V RABOXBER (A) &7 4 oz )VEE (B) @
GABA BN 4 BRO/S— A MNEFHEATERL L. TOMENS
GABA, LE 7% — 37 < £ 3 DON—A MREE (B By By) ERDCC

AR X N7, 10 uM O GABA OB ELE Lz L EDFHN—2A b RN T

21.6 msec THH. &HRS (B, B, By) ON—A R (1 T W) &R
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240

120 7

10 uM GABA

1=0.6 msec  pP1=40.3 %
2=4,5 msec  p2=10.8 %
13=41.5 msec pi=38.8%
1=101.1 msec ps=10.1%

360

1804/

v

1 10 100 1000 10000

10 uM GABA + fipronil 10 pM
1=0.4 msec pr1=45.3%
12=3.1 msec p:=10.2%
13=44.0 msec pi=30.6 %
14=160.8 msec ps=13.8 %

T — T

. [ .
1 10 100 1000 10000

Closed time (msec)

Fig. 15. Closed time distributions for currents induced by 10 uM
GABA (A), and co-application of 10uM GAE?A apd 10 uM _ﬂproml
(B). The distributions are shown on a logarithmic time axis. The

best fits of four exponential functions are shown. v time
constant, p: proportion. See text for further explanation.
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Number of observations
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180 A

10 uM GABA

11=0.5 msec ai=52.9%
t2=3.1 msec  a:=26.4 %
13=40.0 msec a3=20.6 %

= T T T
1 10 100 1000 10000

320 ]

10 pM GABA + fipronil 10 pM
711=0.6 msec p1=56.0 %
12=3.8 msec  p=24.1%
13=40.0 msec p3=19.9 %

160 -

1 1

[ T
1 10 100 1000 10000

Burst duration (msec)

Fig. 16. Distributions of burst duration for currents induced
by 10 uM GABA with a critical gap length of, tc= 3.3 msec
(A), and those by co-application of 10 uM GABA and 10 pM
fipronil with a critical gap length of tc=6.9 msec (B). The
distributions are shown on a logarithmic time axis. The best
fits of three exponential functions are shown. 1. time
constant, p: proportion. See text for further explanation.
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FTEDDET (b pp i) EENFN, 05msec (52.9 %), 3.1 msec (26.4 %),
40.0 msec (20.6 %) TH oM. Tz, N—A NS0 OEEHEEIL 241.4 S H#

EINZ. TNIHLUT, 100pM &7 4 702)b 10 pM ZFIRFLEL - S &0

S N— A bRBRRMIE 157 msec THD, &ES (B,. B, By DIN—R M
BT (T 1. 1) EE2FICHD2EE () py ps) HERNRZ, 0.6 msec (56.0 %),

3.8 msec (24.1 %), 40.0 msec (19.9 %) TH oz, Tz, N—A b H-D DY
BABIES 2£1.9 CHEE a Nz, BRAHOIN— R MEEERE (1. 1. T) B
FOAMEIE (P P p) ZEENTNHKT B EREREZRDSNLM o
AL N A MR Uiz, L L. N—RA bH D OFERAEE
74 o)V L 0B LD o .

5. 7470 NEEZURFY I EOROEERR

GABA, L BT~z B2 74 7OV ORBEEMIERETT 2D, 747
n-)&ErnbF ooy EOBOREERERNE, AERB T4 702V E
¥robF oo 2RBLEL, 74 70Z)VEE OB L =56 & BRI
BEEB Uz, 1342 300 pM @ GABA % 10 msec #IfRICAE L THEE
L7z, Fig. TARREZ ORIV 1M EET (@) EEZ O NFVD20F

ELURVRETO 7 ¢ TOZ)VOERERMR (O) %, Fig. 17BICEZ O bF
POV IUMBEET (@) IO REY D UNEELRWRIEETOZ 4 702
NOEBMEREBR O) 2RLE, B0 VREFEELRVWRETOT
4 TOS N OEEEREK (O) I& Fig. 8 IWRLAEBDER—T, IC, Eid
1.66+0.18 UM, EIVFRERIE 1.2340.14 TH o Tz (Fig. 8B).
ErohEVoVEETTO7 4 TRV OERERRZ 2D, SERED
T4 O REsE NV ERALUTHMRICEMR URICEE L 2,
S0 hEL DY 1 pM X 3 M BRAEI BT, BEARNHERIRBERY
ST S HEELE. B0 REIZ2 1uM X 3 pM 12 & S B
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Fig. 17. The effect of picrotoxinin on fipronil suppression of GABA-induced

currents. Dose-response relationships for fipronil suppression of GABA o
-induced currents were determined in the absence (open circles) of picrotoxinin

and the presence (closed circles) of 1 pM (A) and 3 uM (B) picrotoxinin.

The currents for the presence of various concentration of fipronil and lor3uM
picrotoxinin were normalized by the control in the presence of 1 or 3 pM picrotoxinin.

The IC,, values of fipronil without picrotoxinin and with picrotoxinin at 1 or

3 uM were 1.66+0.18 uM, and 0.89-+0.18 uM, or 0.49+0.040 nM, respectively.
Hill coefficients of fipronil without picrotoxinin and with picrotoxinin at 1 or
3 uM were 1.23+0.14, and 0.81+0.10 puM, or 0.79+0.040 pM, respectively.
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. FRENAEEETD. 34.049.7 % (n=4). 51.8%12.1 % (n=4) THo/, @ T

FLAEP O RNE LD VEETRBT A7« 7OV OREERERIE, B
ORELo OAONBIZEDIHINABRORESE 100 %E LT, &M
BEOT ¢ TOSNEEIT MFVD CRABOEICE DIFIENLBROKE
XEEWAN LT, 74 TOSMEEZ ORI | uM FE T T GABA %8
WA A BT BEEGTHICME L. 1C, 1T 0.89+0.18 uM. BRI
0.8140.09 (n=4), ¥Z O FFI > 3uM FETIZBN T, 1C,fEIL 0.4940.040 pM,
b VSR 0.7940.040 (n=4) TH o Te,

T O BERE O RF I EHIT GABA, LTI —IEAL.
GABA FEM 1 4 L BRENET BN TH 5. MLESHRREDTHAITH
&T BB, EHONEYIUBHBALTVNS GABA, LETF—KHLTH
90 IO )VES L TERENGT 3, o T 74 TR L 2 B
HIZE 7 O R3S OEEICEDERLENEZD, T4 THINVD IC, ED
B LIz, —F, ErObFYo v E—ERENALZRETT 4 70200
IC, [E# L /=58, MLeynR—Bic#adT 2 LRETHL, EIT
REL D UBEALELET Y —IE T 4 T MEREE TERNI &M S,
J4 SOV L BERMENIY /0 RV L DT 6 NG, TDED,
PrOREVSIBEETTOT 4 7OV 1C, EidEREMICBHT S E&E
Z5NB, T4 TOSIBEBTAELEBEIE. 74 TOILO IC HE
1,66 UM TH D, B2 O REY Y1 M X 3uM ZREIRFICAE L L ZWEN
Zh., 0.89 UM, 049 pM TH ok, P2 D bF I REETHILILDT

4 TAZNOD IC, ENEEEACEE LNzl EMmb, TA i Do |Vl o
70 bF o BV MY LBt &3 B BN R E NI,
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# R

1. 74 7O02)Vic &k 5 GABA L 4 > B H

74 FOZ)ViE GABA st 4 S EBRENMNIL . 74 70V &2
BT 4 70 )L OUIBEERT Itk L CET L. EORRBAENTS o7,
I 40 7O & B F VBROMFIE CrOB D ABEER (Cole et al,, 1993),
771 R AHTIVIIRMRICEA O3 awPaw/NLd GABA LTS —
(RDL-GABA Lt 7% —) #RR=HiEMzzH Vyf=2EER (Buckingham et
al., 1994; Hosie et al, 1995), F 03 2wy a U/NLOREMADIC RDL-GABA
Lt 7y — R S ER (Millar et al, 1994) HiZEDHREINTND, &
7. RETERINEMENET « TOZ)VEMLEIZELD (GABA AEZLT)
SEANSCENS, T4 TOSNDBREINGTELDIEET v VI GABA
MBI L OEEETBRENREL, 7470 SIEIRIREEOTF v RIVITHIE
B4 5EEAs, EU0hFI oy OEMAMHEEBEEEFMICRIEL LRER
BN THINEEMLABRENEE SN TS (Inoue and Akaike, 1988,
Newland and Cull-Candy 1992; Dillon et al., 1995).

Fig. 9 DEFNERVEMITORHR, BEAT v RIVICBY DHEEHE A
MR, B IFREOF ¢ 3 OTNS T 5 LN TN RRICEIL.
LD END. FrxVOERLIE T 4 SOV GABA, LTI —h
LS LA RET B EEASNS, LML, T4 7RSO ETS —
T BB A R TIEE L 125 IC, B, TEHEET v RV ERFERBOT ¥
S TEOENNE P2 END, GABA, LETF—BTE 74 7B
DEESIEADEREIELTF v ANV OEMEICEZDEMLABNEZFADL no.

Ero kLo L A BRI O SEE SMRMGEEE, ERAT v R
L EREED F v %)V QTS THIE U it L ziftic &2 &, BT v FIL
BN TIHEY O Mo OBABER 100 51, MRRBEE 10 50720,
Fo XL OEMLIREIONF VD OBAEMBRZRETIEHRELT
(Dillon et al, 1995}, f€-T, 74 7O &N kDT DR S EALIZ AT
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T RS LMEICET AHERENMLUTWSEFEAS. —74, Dillonetal. (1995)
IF v ZNOERIL D2 O R = OS2 BIEHE <
BB EEREL, EVONFI o ET7 4 TRZNVIZETEICEALTRRS
MEEB O EMTREN. Ro T, Fr RNVEERETHED F v RINT /N7
BOTEEESNE S O 2D 2 QSIS 2RI E L 2%,
T4 7OSICEL TEFOBBIINE N0z EFEZLEND,

RO T v RIVICHT B 7 4 TO VOB ERRHERDE, FMHER
W LT 4 TOSVBENBREICEDICEN 1OENNE KBRBBFN

B5h. BREDT ¢ 7OV B IO S G O & BT 5 248
SRS 1o 7= (Fig. 10A), ZORRIIIHE4 RBERMNEES L TNDEEER
55N, —OF v R OERNEOMRDS B. GABA, LT F—icBWTH
FRETOFry2IVOARMNELIRRVBESINTSD (Macdonald and
Tmmmﬁwﬁw$m%fﬁﬁéh:v&ﬁW?v$W%ﬁK£MT%\@mA
iﬂ@@%%fﬁ%%ﬁﬁh%ﬂt&ﬁ#i?%ﬁﬁﬁ%éMKo747D:
WOEREF v VEOCEDRESNSZENS, GABA RAUFTITBTS
BRMRF v FVENICE > Th, 74 7EZVicK 2BRIDFIIMEE SN
AN S S, UL, 74 TOSNVEBESEH RS> T ZOERNE
ﬁﬂ%ﬂﬁéﬂt:&#B\m%%%ﬂ@%&%mwﬁﬁ<matt%ito
Ero Ry OBRINEHHEICETOREOWMEICLD L, EVBRF
2= ¥ GABA, LB 7 —EiZEy 1 hF o it L TR & (K8
WERT 2 A OBSEEED 2 L&KL LI (Li and Pearce, 2000). E7Z,
oo bE ol GABA MEBBEREEE RTHGHMLLE, REBOHESH
BO2 HFEBEOENIREDHS (Yoon et al, 1993). Zh5OHER], T
NHEY O NEL =D OBESEA GABA, LTy —EiZ 2 AFHETSC
FERBLUE, 74 7O & D B S M 5 oEEEERREIELT
PRV BWTEEX N, ZOER, LRomRnEESBicTaE
PO RELSYOEREENL TS A, EEMERS S TORERTIEEA
TERN, #oT. 74 TOSORESEBMIE S O bF o > OEBmEE
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SERr LIZ R AN SNz, Ein, BELET v RIVCBWTEMRD
R d 281 GABA MHHERTFEN TH D LVWA DI EME, 74702)
ORESTMIIZE 70 M+ 20D GABA B EEREEZRTHEMMTHS
AREE MR E N,

2. UTNTF ¥ RN BRICT S ERAEE

GABA HEMEL T NF Y RNAF D BROAC AT 25 P ARELT,
GABA BB DIEE & GABA &7 4 T VERFICAE LGS E iRy
2 EHEREIBDONED ST EMS, T4 TOZIEA LTI E
VARHEBLRWEERD, . BTV F 55 ADHED GABA B
HOBA LR, 74 70D ERBICAELEZBAKBNTHREAZEE
XN END, FETRIENLET 4 TOZNVICE BRI VB
Hid., Y INF e RVBROA L ALF I VAR, $TAVI T IR
FEBE ORI TIRIRN o o0

F oo 2VOMBEERITLEER, 74 7OV ELELERE. TRETN
DBIEES (O, 0y O,) THIRSE (1, Ty T,) PERUBTOAHEE (o1 por pi) A
kxS UrM o =i, EHORKEIL Y « Yo )VEIC K DEd L.
Z DEEI. Fig 14B IRUABEMLEZ TS ATT 4 70V RIBLER
X0 I LS BRI (033-0.6 msec) DFETH D EEAZ. TIRDE,
EDBERAVHE L &Ik D BB T BN, F—F O fiting &
79 B E VA —ER fitting B BANTLE-ZZEMS, ENEND
B R THIM B L F DA THEEHIBK (Fig, 14A) &IEBL TAE S
Lirhiofe &2 -, THEEENT fiting B OBRHEEND D, FIE
o4 TR NI X DR L, BERZ ENS T 4 FOZNETF v RV
BB A A & 1 B BMICH B T LAVRE X N7z,

JN—A B ERRT LR 6, SRS ON— A MR (1. o

1) BLUZODHEE (b b p) 1 74 FTOZIVLER B TRE
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R, N—A RSN ORHHAERKOEDRD SNEMo>7z. UL,
EID )N — A NG RERE R L 2B S ERERIC T « T DVLER
LD Uk, - NSRS o ERRE. RAREOSE SRk
KEWN—Z MRS OEENREZSND, ZOEWN—A MRZ (0.33-0.6 msec)
VB 2 NS AR S NEEN/S— X MRS (0.33-0.6 msec) EFRBLZ
BAERLTWAI END, AURS THHAMHEENE . fto T, FHN—
2 NEEEERED L EAEEE,. EVRAI LB A MR ORD
CESIBDTHBEEAT2.

Grolleau and Sattefle (2000) i+ O3 a7 aw/)NIT® RDL-GABA L &7
H— A EREMETRESEEREAVWEERT, 7 T0Z)VILE W FRRER
BEECTBEIEERE LR, ABICBWTH T ¢ 7O NG ZE
SFBIENRIN, T4 TOZIBWTHAF ¥ RIVITBERALTT v &
WEMUESEBEARBHEEAOND, £, T4 TOZIVLEIT LY PAR
RINERELAEZ EDNS, BF v 3IBIUHAF v RIIVCER bf?f%)b%ﬂﬁ
CRETEELZREZERANH D EFTA D,

3. HEEEM

I 4 AN OREESEAICDNWT, ZO0O#MNHB., 74 7DZNEESD
REL 0T VR P ER—MAITHEET ST HEFH L (Cole o al,
1995; Hosie et al., 1995), ZHUCRK L., 74 7OV EEZO R HDHN
3T O R I OBIC ST S E WD MMFETH S (Wolff and Wingate,
1998; Kamijima and Casida, 2000). 7 « 7’0 =)V OFE S EML ZMEALT 57280, 7
L FOZEESOMFY DY RRBOE L TR{EEHO GABA, LET S —
T BB HEEAEHFEANL (Fig 17 EZORFYZ 2R T4 702D 1C,
EEEBEACBEI RN 20 EME, F{EEMEThENEORKET
WA ENRRINE, COBBOERMEEBERFTT /20D, GABA, LT
TH— BB T4 TOSNEE T N F D EOMOMERRE, 1 YA
REFILE 2 A FEFLO 2 DDEFNERVWTRILE (Fig. 18), 14
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1 site model 2 site model

Ko | Ko
R+P = RP R+P = RP
+ + +
F F F
<\l <
RF RF + P== RPF

Fig. 18. One-site model and two-site model for interactions of fipronil (F)
and pictrotoxinin (P) with the GABA, receptor (R). RF, fipronil-bound receptor,

RP, picrotoxinin-bound receptor; RPF, picrotoxinin- and fipronil-bound receptor;
KF and KP, the equilibrium dissociation constants for fipronil and
picrotoxinin binding, respectiviey.

46



NEFNTRT 4 7OV EE IO RF I URA—ORMICHEET 2 L RE
LT3, 2 31 FEFNTIR T4 TOZNEES O MR VDR S EML
TEASTHERELTWS, R B7« 7oL 200 E
FTHL LTI —FET, PRI TOZNATFE, P BESONFIZ0RF
53, RF T4 7OSNMEES L GABA, LT —2&L., JORED
GABA, L T¥—d7 4 7OV & D EZH TS, RP BEI D b
Lo VRS LT GABA, LT Y — %R L, TORED GABA, LTS5~

ProprEl o Uik DHBESIITWS, RPF 7 JOZjbEE O
Lo Uk LT GABA, L 7y — %R L, TORED GABA, LETH -4
BETAEDIE T4 7OV EE ST hF D OBETMINHELLTWS
RERH B2 LN, BLAIEEORERLERD 2 U1 N EFINZD B
ZANTWA, RPF 374 7O EE O MRS D VHEAICK DR E 2T
Tnwa, £ K 2R K idehtih, 74 Jo)vEFREIO b2
> GABA, L7 ¥ —izxtd B LEMRMEE R (equilibrium dissociation constant)
ZEL, ZOEICE IC,EZE Wiz,

| 4 FEFIVTREZO L2 &7 4 TOZVRBA—MMTHET 5
b, FEICHELenRL 7y — a5 I L. FORH, 1 ¥
NEFLTIHMIE XS GABA, L7y —0REIR. EZ 0 M T VA
AL RPBERT 4 TOSIBEES LT RE OZBETHB. 289 bETNV
I BWT, T4 70zl ErrohF Lo ke ENMEORKEHLERD
F. AR EFNENOBSBMIICHE T EAWRTH D, 27T 27
£ NEFNTRIE NS GABA, L7y —DiREE. RP, RF, S5ICEY
ORF2=yBLOT7 4 7OS)A%E L RPF OZFENEZBNS, TN
SO EMS, BEXNDEED GABA, VETY— R) ©DB, 74 o=
Lo s T RELD VNS L GABA, L 74 —D#E (RP, RF. RPF) &
AT B EICEDETIVERIELZ, 1 YA MEFIVIZ BT AMHEEZERT
£id (1), 294 NEFNEBIT A IREEERTRE ) KRLZ.
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RP+RF=R{[P)/KpHFVK)/(1+[PVKpHF 1K) (1)
RP+RE+RPF=R([PVK+[FVKHPIFVK K} I+ [PYKoHFYKAHPIFVKKe)  (2)

RTMWﬁbfwéﬁ@®ﬁ£KﬁET5%CM&MVﬁfﬁ*Eﬁ?nP]t
F] BE/O Yoy ET4 7OV OREERT. K OERET 07020
D IC, T Fig, 8 TEBNEAEER, 166 uM &Lz, EZ T bFIZ2 1aM
KﬁJuMH%ﬁEMQ%KMﬂﬁ%}HWﬂtht#B\Z@Zﬁ%ﬁﬁ?
G Pl 50 % MIBIERRTEBES KEEL, 28 pM LEDZ. EZO T

Lo VEETRBS T ¢ 70 OBEEFRERIME | U1 MET
w#%%%ht%ﬁl&\2ﬁ4h%§wﬁ6%6ﬂtﬁﬂz;0%ﬁbt
(Fig. 19). M@ 1 31 bET VD pEsNER 1 BRL. ERE 2 YA b
EF A OELNEER 2 #RLTWS, Fig 1975, ZRER2H1 MEF
B ES NIRRT ENS T FOZEEI B RF D VR
m&%ﬁmﬁﬁiéﬂ%ﬁﬂ%énto%?»E%mt%ﬁ%%#%%\74
PO =)L &Y r O F LD AR OB & T S ATREEIEN o .

74 TOSL O AT ERR L RAOMAIES S T bal Y72z
v RO M2 KBTS 257 BEOT I VBT 4 TOSNOREREFLTH
B, THIEMATIN ZBEO7 I ) BLEASLTWAAEEERLE (Peret
et al., 1999), S hol 712w b 257 BEOT I /R, FoEY)

EProhEyo  OEREICES L TW5AFA 03 U ¥ 3w/ IT RDL-GABA
T 302 BEOT S SR T BT END, T4 TOZMEINS
GM%%tﬁ%ﬁ&&ﬁﬁT%tﬁkéa—ﬁ?\m2ﬁ§®?32$%74
SO OESIES LI EN D, T4 TOSNOFEEIIE 2 AFDOT I/
@ﬁ@%bfw%ﬂ%@ﬁ%éhtoL#L$W%EHMT\%¢%%®?V
*w&&@ﬁﬁWFv*WEﬁﬁétWi&m\%h%ﬂ123££3&%é:
HEE XNz (Fig. 8, 12)a LRI Ty — B D ICEET LB T
WorHET B LT R AR TH B EM B, T4 TASMELE TS -
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Fig. 19. The effect of picrotoxinin on fipro
currents. Dose-response relationships for
currents were determined in the absence
the presence (closed circles) of 1 uM (A)

and 3 pM

nil suppression of GABA-induced
fipronil suppression of GABA-induced
(open circles) of picrotoxinin and

(B) picrotoxinin.

Dose-response relationships i

n the presence of picrotoxinin were fitted by two

equations descri

eq. 1 (one-site mo

bed in the text.

del). Solid line depicts the fit of data with

Dotted line depicts the fit of data with a logistic
a logistic eq. 2

(two-site model). The K, and K. values were set to 2.8 and 1.66 uM, respectively.
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Hie | HTFHETHEBA .

2 4 FOSNOEEEMLICDOWT, DO H D, T4 TUZNEEID
REL = RF o IR VR EET 2 LT 2HARLE (Cole et al,
1%&HmkﬂﬂJ%$‘CnKﬁb1747D:Wt€0ﬂb#9:?ﬂm?
£V B U AR OB R T B E VD MIH TH S (Wolff and Wingate, 1998;
Kamijima and Casida, 2000).

$ET747D:»&EODb#v:/mmﬁﬁﬁﬁﬁﬁbt%%\74?
oY ra o EREaRIESAE Lsn D EngraEn (Fig. 17,
1%n%ﬁ%ﬁﬁm%ﬁﬁmcmmeEm;bmﬁb\:m%%\%ﬁﬁﬁm
GAmgVt7§wtﬁm1mé%®mﬂwmmﬁméMtuOiw,mgnJ9
K%Lt74fu:waeaub#v:ywﬁﬁﬁmm\%mﬁ%®Vﬂi§
— 2B BDEEEA S,

Eﬁu%#vzymcmmMth5~kaﬁﬁ®imé2ﬁmwﬁﬁ%
ﬁ%ﬁ%(ﬁmﬂ%ma%%ﬂ%mﬁﬂJ%%,CﬂB2D®ﬁ%%ﬁﬁGMﬂ
VRS A R TR S AL SR S R WA TH o 72 (Yoon et al,, 1993).
%v%wmﬁ%mmib74ﬁn:»@ﬁmmﬁﬁbk:tﬁe,maAME
ﬁﬁmﬁﬁ&%ﬁﬁﬁub#v:yﬁﬁﬁﬁt,747u:wm¢m¢&ﬂ%
ﬁﬁ%éoit\:n%2?@%%%&@E9mb#a:yuﬁbfﬁﬁmﬁ
&ﬁﬁmﬂ&%ﬁ%ﬁ%&?ﬁézaéﬁwbt(mmmﬁmwgmmo$ﬁ%
cELhET 4 7O VOERR. BEREES IR Ta YO hE =
V®Wﬁtﬁ@hfhéﬁ\ﬁﬁﬂﬁ%@%ﬁ?@#ﬁ@ﬁﬁ%?%ﬁhuﬁ
DT, T4 TOSVOBEEEIRY 20 Mo OB R &R SR
T%%ﬂ%%ﬂ%huE?Db#&:ymﬁﬁﬁﬁ®55\%ﬁﬁﬁﬁ@%ﬁ
Kﬁ?éﬁaub#v:ymﬁﬁ&%WM?ﬁﬁwmﬁﬁmt&Dﬁﬁéﬂé
. SRS B B B EART v R OERG BRI NEn, TO
ﬁ&t%?élo@ﬁ%&bf\%ﬁ@ﬁ%ﬁ%ﬁ@?v*»ﬁﬂ@%m%ﬁ
(M@W%mﬁmﬁﬁ)t&%bwﬁﬁ@ﬁ%ﬁ%&M%v$wWﬂmwﬁ%&
m%%(ﬁ%ﬁﬁ)k&%f%t&ﬁﬁ%o3m;cm&am@ﬁﬁﬁﬁﬁm%
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LTRAGLZEEZTY 2 DOEI O M UVEEEMOEED. RBIZLT
F v RIIVAILIE BT B EBOENTHHATE 5,

ZZT, 74700V EEIU NI ERBALEL L & EDRIEIRED
GABA, L 7Y — BT 2L OBRMENDOVWTERT S, BILRED
GABA, L7y —iZBWTF ¥y R NVEHALTWS EELZONS I &MD, X
O k2 EERARBEIGIVESEICER L THAMERT EEX 5, U
4 T ZIVE GABA, L7y — EICEEESEMLE | AR ENENVERE
MERBEI, E, FOBAHMLIIE O MFT = OFmEF RS AL
(GABA B REM /ST LRA—CHBAEEMAN, MO BRI
MHRE NIz,

Fig. 19 10 L7z 2 DOEFNEE- Eic&D, 74 7RZ)eEZOb
FLo L OESIMITRR S EAREN. TORER R LZERICID,
T FOoIL e O bRV oy EABLELEEE, HILKRO GABA, L
b FH I BNT T 4 T O IVETF v RVRALICAE T 2R EEICES L,
ProREL o URECHARSECLET sEGIMIICEEL T, FAERL
i EER T, DEDTENS, T4 7OSNMEEIA MR =D 2 A
DRESEL DD B, ALOBRVESICEHES L WANEERICTETET SR A ALK
A L. VEERGE & A T S WIER R ZE L TS EER L.
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