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L SEEAEE

£% 8~16 B Wistar £ 7 » MEMHEOR /2 < BRICHE Lz, 20 74— AESECT v b & KIS WREE L, 7 E=e < g
B L7, <4 2 A5 19— (DTK-1000, Dousaka-EM, Kyoto, Japan) # i\ C4eRms &8 X 400 wm DA F A AGIF &R
AL (Fig. 2.1). 95%02/5%COIBRAH A THH AT Y L7 L/ LT REHIC, HIRT 60 HRIEHE Ui, Z0%. 7 L7 2IE
WML 72 31°CO 7 a4 — AVEH (1 mg/8 mD T 20 49~30 5, K\ CREICH—F U 2 L7811 mg/8 mD) G, 20 4RI 4
iofe, BERLESE, B2 60 XMERTY L7 AMCEHE Lo, EISBMEE (MS-5, Leica, Wetzlar, Germany) Fiz, 11
#FAA (Surgical Blade, FEATHER, Osaka, Japan) % IV MR 54 RIS % 0 SESREEE 2600 1Y L7, 100%05 1 2 T
ST Y 7 Ui HEPES #2 B #IsHE Ol L7e 35 mm O#5% 1L (Priamaria 3801, Becton Dicknson, USA) 12471 H L 7= &
PRZFRIR AR U, BSIH S (DM-TL, Leica, Wetzlar, Germany) F 12 4888 50~500 wm DA TRy bW, BRSO
U ORI = = — i > %187 (Fig. 2.1),

2 Fkas i
FHREA 7 A AGIT ORI LOBERMEICIL, BT DA A MR (nmM) ©2 L7 2% 72, NaCl 1215, KCl 4.7, MgCl,
1.2, CaCl2 2.5, NaHCO3 15.5, Glucose 11.5, KHePO4 1.2, pH {F 95%0z/ 5%CO IBAN ATAT Y v 7 L, 745 10/ L7,
Fa—R Y OBRER Uy 57 7 U TRBUCIE, BUFOA A VR (inmM) 0 HEPES S8H0askig % Ay 72, NaCl131.7,

KC15, MgClz 1.2, CaClz 2.5, Glucose 11.5, HEPES 10, pH i IN NaOH iz & ¥ 7.4 (238 L=,

F28 Ny Fo T Tk

FE1E FEERA T 7 2Bl

S 15 mm, BE 90 mm OWEE YT RE (G1.5, Narishige, Tokyo, Japan) %/ L7, 100 %A & / —NVTHEE, +o R
S, /%y TR (PP-83, Narishige, Tokyo, Japan) % IV T, SEiMER 1 um Oy FEIRA ER LU, WIIAPNIEE 7
HEL & & OEBERN 65~8 MQO & D& EERIZHEA Lz,

5 2 TH MIRE A

GIRK 7 3 /VEAEC R OTEI L, LUTFOA ARG mM)> 100 mM K+4lashig% BV 72, Choline Chloride 36.7,
K-gluconate 50, KC1 50, MgClz 1, CaCls 2, Glucose 10, HEPES 10, pH % INKOH 2 £ ¥ 7.4 123885 L 7=,

BHNIBIILUT O A 4 MG mM)OiE% AV 72, NaCl 40, K-gluconate 100, MgClz 3, ATP-2Na 2, GTP 0.1, EGTA 4,
HEPES 10, pH 2 INKOH (2 & ¥ 7.2 lo 3Rt L7~

¥ 3 R

NARZEBR S (TMD-2, Nikon, Tokyo, Japan) CHIZ L7223 b, MER KT~ A £ 0w =t a L— & — (MHW-3, NARISHIGE ,
Tokyo, Japan) % f\ C BB & BHE= 2 — 0 o OREICHE < Bl S8 BENZB<REC LT, ¥ 04— AL—1(GQ seal)
B LT (Fig. 2.2.4), X GICBENZRER LT, BEASOMIMEZBEEL . whole-cell B— K& Ls, Z07%. [AREREM
FCHBLENL, MEXZKIE~A 2/ nv= o b g 20T, Sl s M= » — o YOREMHETFIZD 5L Y &3

EHET Z & T, outsiderout T— N & Uve, BERIT, Sy F o T g (Axopatch 1D, Axon Instruments, Burlingame, CA,
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USA) IZX vigiE#. 7 4/ #— (3611 MULTIFUNCTION FILTER , NF, Kanagawa, Japan) C 2kHz LA EOEERK /A X%
By bU, Ava R a—7 (CS-4125, KENWOOD, Tokyo, Japan) b CEET 5 & & bz, PCM 7 2t v #— (RP-880, NF,
Kanagawa, Japan) %/ LC, ©FA4 L a—4#— (NV-HV72G, Panasonic, Tokyo, Japan) ¢ VHS 7 — 7 ICii#k L=, RIRHIC

on line I CTH 7)) o Z K 10 kHz TF ¥ # A1t (Digidata 1200A, Axon Instruments, Burlingame, CA, USA) L7z, &
— 2By 7 b pCLAMP 9.2 (Axon Instruments, Burlingame, CA, USA) 12T/~ )b a ' a— & — (Celeron 1.2GHz,

Gigabyte UGA-6VTX, Windows98, laboratry made) = % 3ok L7z,

HAE EEROKREGHE

WL 2 TICR Y 100 mM KHIASMEICERR L, YF 2 —7HE NS LY 20 2 Y BLURNESERE Lz, YFa2 70—k
LY P~ AR L. b WMEBES. WECVEA LTERSIR AR L, BUALERHAZETYF 270
Wik L, BRAVHACZE, FROWER L YF a— 7 OFRKEDEICLY, N30 pm @Y Fa— TN L /Ly
FEBIZ AT CERERZBVRIEH S, Y Fa—T7 0%, ZREvA s nv=tal—&— (M-152, Narishige, Tokyo,
Japan) & BV T /Sy FEmEM L O AKREFMIZH 200 pm, 74 vy V2@ L VRS0 pum OALEICE Y BL, Y Fa—TRENS
DARMO PNy T BB D XD IR L7z (Fig. 2.2.B),

BHIM T —F O L ORI

BRIy INTF v R AVERL, 7 — 2T Y 7 F Clampfit 9.2 (Axon Instrument, Burlingame, CA, USA) % FC
EHEHTA AT v FAVOBBAERORMEITV, AP RAREERLE, 204X MR MERAWVTCERRIE, PIRRR
SO, TR & SBR S OEE, ARHERS O, FHHARE., £HROOTE. RURMBRE RO, £z, HEEME
Origin 7.5 (Microcal, Northampton, MA, USA) & VW CEMBEIRRD LR O, FHET— # ik, FOE T EEREE LT LT,
EHIEDFERL Excell 2000 (Microsoft, Redmond, WA, USA) & iV C, BIE2 B tREICLIVREL, BREPDOE DL E, F0
EREECHD LR Ui, Fin, P<0.1 OB, E@dH 0 LT Lx,

BERR S OFATIZ WV TIE, A2 WU R hA>5 Bin i@ (bins / decade) 20 @it 2 75 A&ER L. LT ® 2 RIBHMIKT
74y MLT, HRHYOWEER CEAMRRED LMmnElEarROE,

n (), )

F) =Y PO )
i=1

t : dwell-time

P BHyOEE
n  RE
o BEELK
B R4S DA BV T, A X2 h Y A b3 b Bin 18 (bins / decade) 20 OR#E L R b7 5 AR ER L. (1) 20 3 RigHEask
T7 4 v bLT, EROYOWRES CEHMRER) &R ORI ERDE,
BIREREIZ, A2 MY R D B i (Bin width) 0.1 DL X F 75 ARER L, LLUT® Gaussian BEC7 1 v F LT
Rtz

7(* /uz) /ZU

f(x)= ZA'X m v (2)

A D BIRE
n D kK
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Y : Gaussian Y1y

o . Gaussian fE¥EfRE

BIRERIZ, A P YR MG, UTFOMSCHBITRDT,

NF, : BHffesR
75 ;B B R
T : LKA BA R

I R
7 7 ~NF R F o (Cloperastine hydrochloride ) . ATP-2Na ( Adenosine-5"-triphosphoric acid disodium salt) . GTP
(Guanosine-5-triphosphate Sodium salt) . & 21 o (Spiperone) , #— Y 3> (Thermolysin Bacillus Type X) . 8-OH-DPAT
(8-Hydroxy-2-(din-propylamino) tetralin hydrobromide) 1. SIGMA (St.Louis, MO, USA) X YA L7, EGTA (O, O*Bis
(2-aminoethyl) ethylenglycol-N, N, N'-tetraacetic acid), 7 & %—2 (Pronase). 7/VF 7 'y (Tertiapin) X, #HFhE=

{LFRF5ERT (Kumamoto, Japan) . Calbiochem (San Diego, CA, USA) R O7'F P22 (Osaka, Japan) L ¥ A L7z,
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Fig. 2.2. Patch clamp recording and rapid drug application systems.
Fig. 2.1. Acutely dissoclated dorsal raphe(DR} neurons of rat.
A: Process to make outside-out mode of patch clamp. B: Schematic diagram of
patch clamp recording and the “Y-tube” method for rapid drug application. Inset;

A: Location of the dorsal raphe in rat brainstem. B: Representative dorsal raphe ) T
Expanded picture around the neuron recording.

neuron acutely dissociated from young Wistar rat
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HEIE Ty MERE= 2 — 0BT 5 5-HTn ZEBEBEFZE R — GIRK F ¥ X VEROBRAZN - AEZRHE

B AEOEM

TR 1A A T v FADBFEL, FOAF T ¥ RNV OF — FBEWIZRHC A A BA A0 F % FAZEY | FBRRMEE 245
o TBEITSHZ LT, BEESIA-CEEM, VT 7 AGRBMREOBEBMARETD) LOBLI, ZAD) —VETHESE
FHRVx oLy 7 ALY 1950 FRICBBINE, Z0EL, BEORECERNEMER I 2ER LD
LT, AFVORNEBEMICBOES 2N TEH LIy, HEBOBMFRT + v 7 AOHMPEL L & bIEERB LT
oo L. A4V F Y RINVDEEE, EOMBRA A ORMAERET 5 L0EZ L, H L THEREZMRBMNC L FHBT
LI DET LRI 5T, 1991 FIZ FA Y O3 — T — it ey 7w LN 57 50 PRORRET ) —~ULESZERZE
Bl iz, 20443y Fr 2VORMAEHR—A A Fy 2VERE UTAHEMICEHIIL, ZhE ToEXBERMICE LY
TERMALEE, ET, A FUF R RNOBB AR — A A F 2D LI TEMICIRNTT 5 B L HHNER AR LS
TEIRLEIABKRE N, NyF I TUTERIOL I RENTHEEE LGOI LB, 1970 FRM B 1980 4RI F OFIFR
MM SN TURINE T, HELOMERRINTETCN S, KHELLT, GIRK Fv R AVOBBIC-SW T, #I2 native ®
MITI LT, FAEFEMBM LN TV, FZC, AETE, 727 RF L5 GIRK F 4 R AEROEE A H =X L EH
B HICHEND, Ty MERE L D BB L s — o VIR Ry F 0 T R REA L O, RN ST AT =R
Fo kv LT 2 E— GIRK F v AV EROBEE 2 RE L,

BoH  FERAE

BIE Ty MERE = 2 — 2B 5 8-OH-DPAT R H —1 4> F ¥ JAEROMEAT

GIRK F % #NVH GoBHEDO B y V7 2=y MIIVEEILERAZ E2EZE L, B inside-out FzIc TH—F v X8
WOLGEERLTL, L L, inside-out TRz CiIih OMERO GHEEE= =2 —n v OBE L AR ERERN G bR o1,
Z T, outside-out # X COREE R4z, TORR., RIFEM (Vi) %-80mV ICEE L 100 mM K& & Leiljastig 2% 545 &
mRERoNm X BRAERZ SN (Fig. 3.1.Ba). T2 T, HMEMSHTWEEET T=X +TH5 8-OH-DPAT (3X10°M) #%
BERE LZE A, BERERONAEEROFRRS2FHML %~ (Fig. 3.1.Bb),

1R EFEAT % 100~0mV OFE~ OBALICEE L7, 8-OH-DPAT 17 I LOFE T 0 HEHEER (Fig. 3.2.A,B) O RIE,
Wb BEEALICRTE L TR Ui, FEEMICKT 2EMEERORIEEES % Fig. 3.2.C L7 T, R\EESHER (2) ©
Ao ABKTT 4 v S, PHRE(S— 7 B 2 HEH Lz, 8-0H-DPAT 77 T L UERE T OS5 BEM TS T 2 LHIRIE
OFHE L EEREE T OBEMICE LT ey M LUEER - BE (V) Bff% Fig. 3.2.D 2R T, 8-OH-DPAT #77E T35 & Uk
GHETOFNFAOT 2y M EBRAZRECTC 1 REBRERRIC7 4 v MLEEE, TRNFNOER - EREHIVEEE L 2835
BEN, SF D WEHEEMITI S hr—T4.48 mV, 8-OH-DPAT FEETFT-3.69 mV Th-otz, Z# 5k, Nernst D L 0 &
U7z KOEEENM (0 mV) LR —FH Lk, £, ThETnOER - BEEROEELLHESRE a0 7021, av b
m—/LC 22,74 pS. 8-OH-DPAT FAETF T 2271 pS L U Th o7z, HRIFEN-80 mV O & %, SINH. (signalimoise ratio) @R
V) 8-OH-DPAT HFH— A A F v ANVERPEEL THLNIZ LB T ORBIIFFFEN-80mV TiF- 17,

8-OH-DPAT HFETICEBR SN B— A AL F ¥ RVERDA X b Y R "B O L L THEESTRE LD &,
Fig. 3.3 Aa DL HiT/eolz, TOHHIL, 2IOBBHEBTEILS 74y " ENT, ZOT 4y T4V bHELEEVWEY EE
VA OEEIBIEE (to & te) @12 FFEEENREFN, 0522004 mS & 1.4970.21mS Th o=, B, BRI O
EREEE UCEESMERS &, 3 ROEBHEBETLL 7 4 v &R (Fig. 3.3.Ba), ViR, PREISS & GEVERS 0L

B (ta. teeB1e) I, 1.0620.14 mS, 18.37+3.05 mS & 69.78+9.48 mS Th o', Ffn. BH—A A v F v RLOE
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HIBREIL 0.0320.01 T& - 7= (Fig. 3.3.0),

FI#RIZ, 8-OH-DPAT # 5. 30 7 b 60 HORIZIE SN Mi—F v R B OBMSEES % & 5 & . Fig. 3.3.Ab 0 L 3
K&oto:wﬁﬁ%\2&®%ﬁ%ﬁfi<74ybéhto:@74y?4yﬁw6ﬁﬁbt\ﬁﬁﬁﬁ%rﬂ&rwmlzw
FERENLI, 05940.04 mS & 1.67+0.156 mS Th -7z, FREHHENTIL 3 KOBEMEHCLEL 7 4 v | 341, JEr B R
flta, ek caidThEi, 1.2440.19 mS, 7471064 mS & 29.90+2.34 mS Chofr, o T OB TR
#£130.08:20.01 Th o7,

Fig. 3.3.Bc i3 ¥ &L 912, 8-OH-DPATIZ LY tes & 1o BHBICIM S 1, BIREE(Fig. 3.3.COBHFBITHIM L 7=2, FHPaR;
MIXEAL L2t o fe, e, BARHAIS L OISR O & M4 B 2RI 50 5818 (ratio of proportion) & ZHL L 725 7 (Fig,
3.3.Ad,Bd),

104 M @ 8-OH-DPAT Z#:5 L7 B8, H—o 4L Fy RVEROBEENE L, BFNEECh-, 22 C. UTFOERT
113X 10°M @ 8-OH-DPAT % v 7=,

B2 8-OH-DPAT R — A A F v X VB OB LM
1) 8-OH-DPAT HFE—A &> F v ZVERICHT 5 R X v DM

8-OH-DPAT DER N 5-HTn BB ENT 52 & #HERT 272010, 8-OH-DPAT B — A4 F v RABRIC R 5 2 B
m ¥ (5-HTua® L O6-HT A BEHIR) ORI 2Mat L7z, 8-OH-DPAT 3x10° M # 60 #f{%5 L. 8-OH-DPAT i J ¥ H—
AT X FVBRBEMT D Z L AR L%, A2y 107M & 8-OH-DPAT 3x10° M % 60 #RI ML U, Mo 4
VT RVEIRATC LB 50T 30 Boor b 60 B ORIORERE HV 72, ZOREE, A Em Y 107M ft, 8-OH-DPAT i & b
MULTT % 2V DBIRERE 0.10:0.02 255 0.060.01 KHBEICINH L7z (Fig. 3.4.F), BIEL FHEC. TEBIIRE . THpesm.
FEVRIRIE(C X9 D (B 20T L2 B B IRIG . B RIS & UBIRE IR &5 O BIA 1o WHRERREEYE X 2) -7 (Fig.3.4),
Lorl, s & OV BB S O LB © o & © o DA BITHER L (Fig. 3.4.D),

2) KeF v x A7 0y Jr— » BazD{EMH

ARBRICH W M NIME D A A ARRR L Fig. 3.2.D (R T BH—BERBRED 5, 8-OH-DPAT 28 K*F v XA &BA45 = &2

RRSNDD, IR A A2 F v XN Th - THREEMIITFE0 mV AL THAS, 22T, KiFvrL7n V=T
L BanDER 2 E Lz, TORE, Bazt 3x105M 1%, 8-OH-DPAT I L VI LizA F > F v 3 OBIFESES 0.1020.01 56
0.06L0.0LICHEUCHNH L7e (Fig. 3.5.F), MIHEL F4kic, THIBIRRE, FHMIR . SRR A 2 (EM R MR L7452,
HBIRIRIR, TIPS L UBIRRR D 0BG I A B BB E S 2 20 - (Fig. 3.5), LiL, PR L OEVBERS O
TR © o2 & © o iITIERMER A7 6 1177,

Barix, GIRK ¥ XADT A L F —ZRE L TR OFBR%E 7 0y /7§52 ERFRBIR TS 1119, £ T, A—2 MMghie

7o/ L2xL. Table. 245" X 510, Baid <— 2 h /35 A — &} R X o,

3) GIRK F¥ AT 0 v H— « FLFT L O
8-OH-DPAT @R T DB —F ¥ XL BIR GIRK F 4 AN Th D Z L AR T D0, FAFT 22 3x107 M O % s
Lice ZORER, TAF 7 €L, 8-OH-DPAT I X DI L7 F ¥ XA OBIFESR % 0.06+0.01 755 0.04+0.01 12308+ 2 i 12 %
A LT (Fig. 3.6.F), RISLL FAC, OB, LI, BIRIRIRIC X 2 (M A MRAT Lo R, R i L 10X Bar &
HRRY RVBIIRS OF MBI BRI R bR Fig. 3.6). Fo. RVBMBMAOBSTETICHML, 5y B
IR OFIEIWD U, —J7, FHHKR & CYERIRGEIC IS RS 5 % Aot
TAFT ELA GIRK F v AL OMBISMASUCIER L C GIRK BT 5 £ Z X BAT 5, %2 T BaOfEM & Wit
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B, TAFTEOERICONTHEN—R MEHFT 23772, Table. 242577 L9512, FAFT b BaFAlfEA— 2 b /35 24

— AR BE 5 X ol

A
8-OH-DPAT 3x 109 M

4 pA

20s

Fig. 3.1. Single channei current in the presence of 8-OH-DPAT.

A: Effect of 8-OH-DPAT on single channel current. 8-OH-DPAT (3 x 10-° M) was
applied during a period indicated by the solid line. Recording was performed in an
external solution contaihing 100 mM K* at a V, of -80 mV. B: Expanded current
traces of (a) and (b) indicated in A. “c” and “o” indicate closed and open states.
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Fig. 3.3. Single channel properties of current in the absence or presence of 8-
OH-DPAT.

A: Open time. Distributions of open time in the absence (a) or presence (b) of 8-OH-
DPAT were fitted with two logarithmic exponential functions (dotted lines). Data were
obteined from the record shown in Fig.3.1. ¢ and d indicate the mean of mean open
times, and their ratios of proportions of two components (term1 and term2),
respectively. Blank and filled columns indicate the result in the absence and
presence of 8-OH-DPAT, respectively. B: Closed time. Distributions of closed time in
the absence (a) or presence (b) of 8-OH-DPAT were fitted with three logarithmic
exponential functions (dotted lines). Data were obteined from the record shown in
Fig.3.1. ¢ and d indicate the mean of mean closed times, and their ratios of
proportions of three components (term1, term2 and term3), respectively. Blank and
filled columns indicate the result in the absence and presence of 8-OH-DPAT,
respectively. C: Distributions of open probabilities of channel in the absence or
presence of 8-OH-DPAT were shown in a and b. ¢ indicates the mean of mean open
probability. All data in (¢) and (d) are representated as the mean = S.EM. of 12
neurons, *:P<0.05. ***:P<0.005.
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Fig. 3.2. Current-voitage relationship for single channel currents in the

absence or presence of 8-OH-DPAT.

A Representative current traces at various holding potentials (Vys) in the external
solution containing 100 mM K*. “c™ and “0” indicate the closed and open states, All
traces were recorded from the same patch. B: Representative current traces in the
presence of 8-OH-DPAT 3 X 10 mM at various V,s. Current recordings were made
from the same patch shown in A, C: Histograms of single-channel current amplitude
in the absence or presence of 8-OH-DPAT. Gray lines were fitted by equation (2) in
the method. D: Statistic analysis of current-voltage relationships. Each point
represents the mean +=S,E.M of 3 neurons.
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Flg. 3.4. Effect of spiperone on single channel current in the presence of 8-OH-
DPAT.

A: Representative current traces in the presence of 8-OH-DPAT 3x10-¢ M. B:
Representative current trace in the presence of 8-OH-DPAT and spiperone 107 M.
Data were obtained from the same patch shown in A. C: Mean open times and ratios
of proportion of two open components in the absence of 8-OH-DPAT (blank column),
in the presence of 8-OH-DPAT (gray column) and in the presence of both 8-OH-
DPAT and spiperone (filled column). D: Mean closed times and Ratios of proportion
of three closed components In the absence of 8-OH-DPAT (blank column), in the
presence of 8-OH-DPAT (gray column) and in the presence of both 8-OH-DPAT and
spiperone (filled column). E: Single-channel current amplitude in each condition
shown under the columns. F: Open probability of channels in each condition shown
under the columns. All data in C to F are representated as the mean + S.E.M. of 3
neurons. #:P<0.1. *:P<0.05.
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Fig. 3.5. Effect of Ba2* on single channet current In the presence of 8-OH-
DPAT.

A: Representative current traces in the presence of 8-OH-DPAT 3 x 10-° M. B:
Representative current trace in the presence of 8-OH-DPAT and BaZ* 3 x 105 M.
Data were obtained from the same patch shown in A. C: Mean open times and ratios
of proportion of two opeh components in the absence of 8-OH-DPAT (blank columny),
in the presence of 8-OH-DPAT (gray column) and in the presence of both 8-OH-
DPAT and Ba?* (filled column). D; Mean closed times and Ratios of proportion of
three closed components in the absence of 8-OH-DPAT (blank column}, in the
presence of 8-OH-DPAT (gray column) and in the presence of both 8-OH-DPAT and
Ba?* (filled column). E: Single-channel current amplitude in each condition shown
under the columns. F: Open probability of channels in each condition shown under
the columns. All data in C to F are representated as the mean + S.EM. of 3
neurons. #:P<0.1. *:P<0.05.

Table. 1. Summary of analysed parameters showing the effect of three
reagents on the single channel current in the presence of 8-OH-

DPAT.
Spiperone Ba' Terlizpin
Parameter
4.0H.DPAT Spiperone w.oHDPAT [ SO0PAT Tertlapine
m’; 184 200 477 £005 REFT 183 2008 @ 08 183 20.04
. . M
NP{o} [REI13 2.6 +001 [XEZt D.06 £0.01 0.06 001 0.04 +0.81
?st‘) 055 0@ 0.68 +a 11 85 xa08 049 4082 0.61 008 a1 004
onr & 2 sor o "
i) 159 £0.14 162 a1 12 tum 132024 191 200 97 £0.
oP1 685 a1t 076 a0l 067 0 073 2002 6912006 069 2002
oP2 035 tan 023 001 [P 027 2002 0.0 t60s 033 to02
(m:) 109 tuz 103200 19 0% 238 2037 12402 073 1018
cr2 " »
{me) 75218 1559 £219 204 007 1636 £2 1207 x207 08 2445
. “
ms) 27,96 $388 5110 +4.52 3103 £474 sa3 02 D5 £056 79 £829
CcP1 028 ta@ 028 +065 2% 30 032 £0.02 03 tam 021 £0.03
cP2 0412005 LXLETRY] 0.5 2005 056 £005 0.5 £00 020 2086
“
CP3 031 £067 0,18 £Q06 0.15 +805 0.4 083 0.21 £0.07 DAG £2.00
n 3 3 3

#:P<0.1. *: P<0.05,

Amp: amplitude, NP(0): open probability, OT1: mean open time of component 1,
OT2: mean open time of component 2, OP1: proportion of component 1 in the
distribution of open time, OP2: proportion of component 2 in the distribution of open
time, CT1. mean closed time of component 1, CT2: mean closed time of component
2, CT3: mean closed time of component 3, CP1: proportion of component 1 in the
distribution of closed time, CP2: proportion of component 2 in the distribution of
closed time, CP3: proportion of component 3 in the distribution of closed time.

8-OH-DPAT 3x10¢ M

Tertiapin 3x107 M

)
o 5 &
L
n

Wean open time (ms)
o
.
°

Amplitude (pR)
&
&

Termy ‘temm2 Control B.0H.DPAT tertiapin
Open component Open compenent E

0 00 * #
= g
Eeo H 4 oos
3 2 E
E H 4 [
- & oot P

10 g H
3 a &
g 5 3
S 20 M g5 002
i 8 2
g
= o

00
Ferm1 Yesm2 term3 ) Term1 Term2 term3. Control 8-0H-DPAT tertianin

Closed componeat Ctosed campanent

Fig. 3.6. Effect of tertiapin on single channel current In the presence of 8-OH-
PAT.

A: Representative current traces in the presence of 8-OH-DPAT 3x10-¢ M. B:
Representative current trace in the presence of 8-OH-DPAT and tertiapin 3 x 107 M.
Data were obtained from the same patch shown in A. C: Mean open times and ratios
of proportion of two open components in the absence of 8-OH-DPAT (blank column),
in the presence of 8-OH-DPAT (gray column) and in the presence of hoth 8-OH-
DPAT and tertiapin (filled column). D: Mean closed times and Ratios of proportion of
three closed components in the absence of 8-OH-DPAT (blank column), in the
presence of 8-OH-DPAT (gray column) and in the presence of hoth 8-OH-DPAT and
tertiapin filled column). E: Single-channel current amplitude in each condition shown
under the columns. F: Open probability of channels in each condition shown under
the columns. All data in C to F are representated as the mean # S.E.M. of 3
neurons. #:P<0.1. *:P<0.05.

Table. 2. Burst analysls of the single channel current In the presence of 8-OH-
DPAT with or without blockers.

Ba? tertiapin
Parameter
8-.0H.DPAT with Ba?* 8-OH-DPAT  With tertiapin
Burstdurafion 18771236  267.3+48.7 1685 #3192 1780 +19.02
Eventsinburst 322 +3.31 3313 46,82  24.83 1280  21.93+238

Burst {ﬁ’z‘}”enw 350,7 £14.21 3463 £47.57  364.0 £8.02  360.0 £26.13




AWNRIZIBWT, 8-OH-DPAT L v ATy xrard s 8 A, HiEBMBXOEHRBELELD L, avsygs s
VA 22T pS DE—A AL F v FNORFMEL LRIWEDLZEBHLNL R o, SEIORERE, LHIZEWT GIRK v R /VE
WD) A X/ BN [Ge, 23 GIRK F¥ AND 57— MEEEZLEX TICHO CEEF v RILOREAEMEEE ) L ORE o
L XL —F Lz, E, WIREMB LU BarDERALLZOF ¥y 2R KM F ¥ RV THDHZ EWRENE, GIRK F+ 31 Th
LI ERFTIE. NASERECTHLZ LERTRERH S, Native DRERICI WO CIIRBMEENE R v 22 8 bF
FELHEH, 0 mV UETRINGOFyRARMAL, BHEANMEERERT ZENTE Mok, LL, TAFT LB
8-OH-DPAT R E— K*F vy XNV BRAIH LicZ Lnh, SEHT LT v 20k, GIRK F¥ 2L THDH I L BRB Sz

AR THELN YV INTF Yy RV a0 8 AL, LRIC cell-attached /Sy F 7 5 0 MECLD Sy F OB =2 —n
THEIhEtEe F = FEETOVCIAF Y RN F I E o AD—D b —B LTz 13, Cell-attached R MIBE . BABRNIKIZ =
o h=rRBRLTETA— (G QI —EFR L, B—A A F v FNVEREZEHNT S (Fig. 2.2.A), ZOFETH, BBXn
BYP— A A F ¥ X VEBRPIER b= L) BFEREINHERMOETLA B2V, RFEICBNTHE, 8-0H-DPAT FEHFAETIZ
40 pS L 94 pS DE—A AL A A VERGBEINHI I EWBH T, Ibid, BEINAMO > v I AFymLa &y
AL R BT 5, Ll 8-:OH-DPAT X2 bDF v rNDEMICRESTT, 7 AFTELVLINEOF v Rkt
L CREE L7sdro 2 (datanot shown), & o T, EOREICBH 2FBIPKI L F 25 R0OF % F01L, GIRK F 4 R T
WweHiRah?,

o, RFEFBRsOBONIEaLvF s 2 RT KIEEE#E=—2—ny, KNEEE =z - BLUFEE =2 -2 T
W& ST GIRK F% FAVERO 2 547 # A (Table. 3) & L<—F Lz, BHRK Kir3 238 L R Kir3.213.3 ~F o F v 240
aLyAyEREGEPo T, LL, Ty MWVEHIED Vo IV F v R ar gy B R (44.2p8) X 0B LSS WEETR
U7z, Eo NRIBR A TR O ma L £ 7 2 o APEER Kir8. 1832 ~F 0 F v XD E 7 Z A LD NS WMERT LT,
AW TH LN B (0.5910.04 mS & 1.6720.15 mS) 13, B Kir3.2 7 v 2V CTHE SR TV 5 EYHEFR 05 m
S B LU Kird.2/3.3 ~7 0 F ¥ 3V THRE SN TV 2 EHIBRR 1.3 mS & X< —F& L, £ofll, Kir3.1/3.2 F ¥ 2/, KirNB
F v b b EE R Uz, BAREICET 2 REID 7 < 1uste1n1e) BR4 57 Lk LS, 2 £7203 3 MO MBS b
B ) ERCIE—E L7z 1929, Insitu hybridization #12 & 2 #aCld, ##%C Kir3.2 (GIRK2) LU Kir3.3 (GIRK3) 2
BBT B, Kird.1l (GIRKD) 3474 <, LK% Kird4 (GIRK4) BREBELAWI ERRBEINTNS 20, Z0OZ X
VINF w8 AR OB RE LHBT L LB b3,

RAttm bk, BB EE LTI teed 1o 2 ER L CHEREHAO X, 20T Lk, 8-OH-DPAT N EHRBMELE 2% =
ER tal ta BB U CHMEL LRIV L EHOBRThHoTm, ZORRE, AP u 5 HT BEMEFEE LT
ER L7z 2 & &RET 5, £z, 20 b= i1 8-OH-DPAT & RIHRIC 21.3 pS DB — A A2 F v F VE % %48 L 7= (data not shown),
ZhbrhbbdTELD L, 8-0H-DPAT {3 5-HTw BB E A LT GIRK F ¥ 2 A-OBREREEM LI L EX bh b,

TFNFT D7 GIRK F v FAVERICH T 2/ERE, Kird34 2 EELETH50F XL 4014 MeBWTHES LT
% 149, Kitamura 501999 O#ME T, TAFTEVREV IV IATF ¥ RVERD A L &7 4 AR R HOEFERIC B E L
WeWwd, Ele S A RFHBLHEV TN F Yy RNFRT 4 7 ATRBLEN I EETHIL TS, SE ORI, BHIEE
& IR RIC R ER T S L m TR O OBE & — 5T 58, BVBREBHMS 28T 2@ mich o A CRER S, . O
BWTI, SEEFICBREOTAFT EVARERE 82 = 10%H LTW5, XoT, =a—mr BB L0 FAFT vz
R UTRESERMERND EBREIND, TNOLDZ D, L2 —ar TRILS 7 EVOERIICEFOEV A H 5 FEEME
NEZ e,

BaztiZ, RAEEFE KTy RZLORTIEESL KOMA2 7 0y /T35 2 ERFRBINTCNS 119, Lnl, B—F vy k)L
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VAL CORMISREIEARS | AEZ DRI TR bk faote E 525, BIBSRCODAD=RAPDELD & . TH
BN B L2 s o T2 DI B AT 5,

ABFFETIL, Ba2 B A—R bR T WML EE LT, S—R MBI &7 572, LA L, Bazidd izl & bA RO EREHT
TRA-ZR MR LTV EEZ LML,

Table. 3. Previously reported single GIRK channel activities in various preparations

Conducants tean open Mean closad
Celt Method Agonist ) priiy sm) fir subtype
Dorsal raphe Qutsite -oul SHT 20 and 33and 67
neurons
Heocortical Whole-coll Badafon 2505089 Ki4A.2andnor Ki4A3
pysamidal retis 0D 1A, 1.
Locus casmuteus ynogg gut 1P a UA7and325  0312and613 KA e
neutons
Cerstollar tnslde-aut Badofen and ATP 34 USand23 HI32 03402 Ki133
granula nourons and Ko
Nuclous basmis  tnslde-aut Substance P 2 110,06 [
neurons
rebbH cardiac Cell-attached  Ach uz 0.69 and 360 Kid.34
CN0.K1 ells Insida-out GAT subuai n 13 Kird23.3 w)
Ouryles Cefl-atiached  Calrjocted W22 0.1and 05 iz m

GAT subunly
Qarytas insido.aut GAT subunlt 77 1 Kia 132 w1

Oazyles Inside.aut GPT subunit 0.1 and 59 ISLIMML KBS @
32

urn and286 052,49, 314, i
e iy WO

BAE SHTWRAMEHEFR S 7/ GIRK F ¥ JAERICHT 5 2 05 RF o DEH

B AEOBM

Whole-cell iR&ED/3w F 7 o 7 tha I MBFIEE OWFFE TR, MIEsk pH 28 7.4 DBITEA, 27 09 2F 2 0 pKa I
PHO.0 & L7kt 7 m_F2F D a b= V3% GIRK F ¢ R AEMCEIROMMBIER < . £, BIEA HIMIEMIE 2 o
NIZAFERBETH L BFMICE D L=V F% GIRK F v AAEHEERMIE SN D, ThbOZ LR ENnL, HTHD s
BT AT RN A G L CHIEMRIA S GIRK F % 3 25 5 THEMEA RIE S AT\ 5, BIEICISV T, 8-OH-DPAT
WAy sy 52227 pS DY /b GIRK F+ AN EROBMEE M S5 2 ENRIBENET &b, RECIED L EIEE

I GIRK F ¥ A VBRICHT 5 7 225 2 F L OMEIER & H—F % A L~ U CHMIC R LT,

B2 FEERAUE

1) MRRADSEBRE LTy 025 250 0 e

8-OH-DPAT 3x10°M % 60 #H#R 5 L, 8:OH-DPATICL 0 0 /A F v R AVBHAEMT 5 2 L 2 HEA LiE, 7 025 25
~ 10°M & 8-OH-DPAT 3x10°M % 60 HERIRHES Uiz, > FAF ¢ R VERMBITIC I, BEEHRE 30 b 30 BRI 0D
RV, TORKR, Fig 4 1LFICRT LI, 7 05 ZF 243 8-OH-DPAT I2 & W 8 L7245 4 3 VBT DR B A i
L. BAFESRIZ 0.0750.01 225 0.05L0.01 (CHEICHA L7, BIRIBIC IZE SR BEER bR Do 185, FV RSO TH
BIDYH RIS AENG S, RV OSBRI R b s, BV HIREIRS RS EICHL L, B BIEER S 05
BN Lo, =37, ECERHRS &P ORI A ERBEIIR L NE o n, BVBRERS A BIER L,
RS OB FEREIR SR b o fz,

W=/ BT— B 2R T, 7 uRFRFUORIMBHRL I 0 RFRAF L btn =  ORBREIC L)t =25
% GIRK 7 ¢ 2 VIS LBIRO REMALX R T 4 7 ARHEL 2D, ZOZEND, FaRIAFURI—F L F v RAT 090 %
RITTEELGEX bR, T2 T, A2 MEFEIT- 7228, Table 5 RTE 310, 2 08T RF 38— R koS5 Al |7

REEG X 2o,
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FUoRMIEE T ECHoRGESELD

HEL., 0L 60 HE 1 A F v RVERELTE LR

T3 NM I OREEHER L, 0%, 100 mM K& & Te MRS & Mlash o b Euk i

. 8-OH-DPAT 3x10° M #H#Jast2bamis Uiz, FORE,
8-OH-DPAT 1= L BB Ld/2 v v I A F o F v A NAVER ORI E

INnehroTz,

8-OH-DPAT # 5B 4412 30 Bk 2> b 30 RO DTG & MRT LR % Fig. 4.2 & Table. 44273 ¥, WFho7 A—#— 2B L

THHBERE(LIZR S ied o7z,

Wi, 105 M 7 a7 2AF 2 BMNEICIER L, BRI

8-OH-DPAT DIERZMETL 7z, MM 0T R F U EETIC

8-OH-DPAT 2 #& 5 L1l D ¥ I NA 2 F v F VB OFTRE R % Fig 4.3. & Table. 442777, £ O#HR, 8-:OH-DPAT = L Y

YT A F 2 F e FVERORRRICIME R D A b v, TP EIRIE & BRI

BATbiXiehor-, 3O

R @ 5 HEHRR S O BB A BICER L. RVHARMBS OB REMIcER RS Rbh i,

8-OH-DPAT 3 x10°M

Cloperastine 105 M

= =
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Ogien campanent

ﬁ

Temi Termz Term3 } Termt Term2 Term3
Ctased component Ctosed companent

Fig. 4.1. Effect of cloperastine on single channel current in the presence of 8-
OH-DPAT.

A: Representative current trace in the presence of 8-OH-DPAT 3x10-° M. B:
Representative current trace in the presence of 8-OH-DPAT and cloperastine 10 M.
Data were obtained from the same patch shown in A. C: Mean open times and ratios
of proportion of two open components in the absence of 8-OH-DPAT (blank column),
in the presence of 8-OH-DPAT (gray column) and in the presence of both 8-OH-
DPAT and cloperastine (filled column). D: Mean closed times and Ratios of

proportion of three closed components in the absence of 8-OH-DPAT (blank column),

in the presence of 8-OH-DPAT (gray column} and in the presence of both 8-OH-
DPAT and cloperastine (filled column). E: Single-channel current amplitude in each
condition shown under the columns. F: Open probability of channels in each
condition shown under the columns. All data are representated as the mean =%
S.E.M. of 3 neurons. #:P<0.1. *:P<0.05.
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Fig. 4.2, Effect of intracellular cloperastlne 10 M on single channel current in
the presence of 8-OH-DPA’

A: Representative current trace in the absence of 8-OH-DPAT 3x10° M but in the
presence of intracellular cloperastine 105 M. B: Representative current trace in the
presence of 8-OH-DPAT and intracellular cloperastine. Data were obtained from the
same patch shown in A. C: Mean open times and Ratios of proportion of two open
components. Blank and filled columns indicate the result in the absence and
presence of 8-OH-DPAT, respectively. D: Mean closed times and Ratios of
proportion of three closed components. E: Single-channel current amplitude in the
presence of intracellular cloperastine with or without 8-OH-DPAT. F: Open
probability of channels in the presence of intracellular cloperastine with or without 8-
OH-DPAT. All data are representated as the mean + S.E.M. of 3 neurons. #P<0.1.
*P<0.05.
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Fig. 4.3. Effect of intracellular cloperastine 106 M on single channel current In
the presence of 8-OH-DPAT.

A: Representative current trace in the absence of 8-OH-DPAT 3x 109 M but in the
presence of intracellular cloperastine 10 M. B: Representative current trace in the
presence of 8-OH-DPAT and intraceliular cloperastine. Data were obtained from the
same patch shown in A. C: Mean open times and Ratios of proportion of two open
components. Blank and filled columns indicate the result in the absence and
presence of 8-OH-DPAT, respectively. D: Mean closed times and Ratios of
proportion of three closed components. E: Single-channel current amplitude in the
presence of intracellutar cloperastine with or without 8-OH-DPAT. F: Open
probability of channels in the presence of intracellular cloperastine with or without 8-
OH-DPAT. All data are representated as the mean = S.E.M. of 3 neurons. # P<0.1.
*P<0.05.

Table., 4. Summary of analysed parameters showing the effect of cloperastine
on the single channel current In the presence of 8-OH-DPAT.

Extracefiular Cloperastine 105 M Intracellular Cloperastine 105 M intraceliufar Cloperastine 105 M

Parameter

B.0H-DPAT Clagerastine Control B-OH.DPAT Controb B-OH-DPAT
Amp s + +
(PA) 22 10061 -1.93 ta@ -167 803 -1.72 £0.04 -185 +0.06 -1.86 ¥8.92

. f
NP(o) 67 tuo 005 001 o to@ 04 to Qe ta0 003 £001
‘0'“1;1, 0.68 X006 8.23 0@ 0.5 ta0m? 049 0.4 045 $089 0.49 +0.07
f
8“75"; 167 x0214 096 £at 178 t005 131 2026 190 £a1s 149 1009
oP1 B2 taos 05 +a.04 0. tan 0.65 +0.05 a7 +0n03 071 £241
oP2 008 006 0.5 +0.04 a3t ta1t 035 +6.65 az21 008 D.29 20.41
(":HT:) o7t an 069 tam 10 tun 1102023 420 159 £020
cr2 5 . ‘
("\S) 90 £1.4 8.36 116§ 1945 £2.35 156 £1.70 2439 £51 15.48 £4D4
cT3 ' «
(ms) 2165 £3.31 .90 £2.1 525 +542 4349 £305 149.8 1545 1049 £52.39
cp1 021 a0 026 tuor 05 +aat 024 £003 axs 1w 033 3001
»
CP2 036 £0m 0.35 T0E 0.56 +0.04 0.34 10,03 043 808 0.42 +0.05
x
CP3 042 Q@ 0.39 1004 0.18 £R05 042 £0.01 0z 60§ 025 $0.08
n 3 3 3

#:P<0.1. * P<0.05,

Amp: amplitude, NP(o): open probability, OT1: mean open time of component 1,
OT2: mean open time of component 2, OP1: proportion of component 1 in the
distribution of open time, OP2: proportion of component 2 in the distribution of open
time, CT1: mean closed time of component 1, CT2: mean closed time of component
2, CT3: mean closed time of component 3, CP1: proportion of component 1 in the
distribution of closed time, CP2: proportion of component 2 in the distribution of
closed time, CP3: proportion of component 3 in the distribution of closed time.

p
O
8

o

-

Term1 Tenn2 Term1 Term2

2
&
Ratio of propertion
o
4
Amplitude (pA)
.
o

Mean open time (ms)

s
8
e
]
]
2

Tternay Exlernal
Open companent Open component
150 10 008
*#
T -
7 a8 ]
E H z
© 100 £ £ oot
E g 06 2
s 2 » a
k1 & g
£s M o
o H H
H * 2 a2 3
g — 4 2
= o 000
Term1 Term2 Term3d Temn1 Tenn2 Tamd Itnternat Externat

Closal camponent Clased component

Fig. 4.4. Comparing the effect of internally applied cloperastine with that of
externally applied one on single channel current in the presence of 8-
OH-DPAT.

A: Mean open times and ratios of proportion of two open components. Blank and
filled columns indicate the effect of cloperastine applied internally and externally,
respectively. B: Mean closed times and ratios of proportion of three closed
components. C: Single-channel current amplitude in the presence of 8-OH-DPAT
after internal or external application of cloperastine. D: Open probability of channels
in the presence of 8-OH-DPAT and intracellular or extracellular cloperastine. All data
are representated as the mean & S.E.M. of 3 neurons.

Table. 5. Burst analysis of the single channel current in the presence of 8-OH-
DPAT with or without cloperastine.

Cloperastine
Parameter
8-OH-DPAT With Cloperastine
Burst duration {ms) 131.7 £25.72 162.6 £43.34
Events in burst 2247 +1.73 21.6 £2.01
Burst frequency (Hz) 398.6 +28.47 382.0 +18.55
n 3




Table. 6. Summary of the effect of externally applied various re agents on the single channel
current in the presence of 8- OH- DPAT.

Spiperone Baz+ Tertiapin

Amplids 2 = -

_ Mean openprobablhty I i 1
~h£é¢aopéﬁof§ugéatﬁﬁé~~ v D iy . p
Shortér opencomponent - - = N — 1
~ Longor open component 5 s sy
Shortéx"‘fcl‘oj‘s‘ed; ’cdlinp‘on’en‘t" — = N - KN SN
‘N[iddlg ‘ cléséii component 1 o A iy e
: Longer close ! component 1 < e : g

T . mean open or closed time. p: proportion. T increased. |. decreased. » . tended to increase.

N [ tended to decrease —. not affected.

FH3fm BB

AL T, TARMEIREE 7 0T R F L OER A 1 = X 5% outside-out B D Ay F 7 5 o FiEE AW CES AR 10 3%
WizEa U, 9, MR L0 RE Lz a5 XF 0 8-0H-DPAT i v 7 GIRK F ¥ R AVEFIC KT 2 (B O H
b, 7 aRGRFATEMICBERREERD T 50 TR, Ty AL ORI AER Y, FREAERIE S LBHALNER
ST, TOZ X, G, V7 azy MRF Y RIAOL — MR LEX TIZEH N T35 v F 0BT &L ORYE o0z ¢5
BRI A LR COERBRE IR L 2BW TS, 2F0, 7uNFRF I GEBE & GIRK 7% XL & OME(EH %
FLTCWAHDTRAEVWEZELONT, ¥, 7aXT7RF U OERERL, GiE TR LA BaB L OT A F T E b EARSH T
BB E/e o7 (Table. 6.,

ARG E MIEND S 7 aXF 2AF U EERAESETH, GIRK T ¥ AAERBTH S5 2 & 2574, YHF5EEO whole-cell
BERITR T AREHCRE VT, BIEBA»LRE Ly o T X F it n b= @R GIRK F v R B ER 2 ME 35 = & 28
RENTWVD, L L whole-cell BRROEE . M/t 2 65 L~ FITIE BRI GIRK F ¥ RAEMCER A2 M4 5 105M %
Ry F1% 30 HULEEAIETHH 0% DG LR S R2dole, TOH, 7 a7 2AF U BHIBALERY L NI iR,
OB SN T o, RFRERE. MIERPLRE Ly o5 2AF 1 105 M BRI GIRK F v RV ER 2 W#HIT 5 2 L &R
¥, Whole-cell #zUZ TEBN L LEWEEA S W 25610, MRKET £ CEYP 2R 21007 0 oA 15
Db Liievy, F72, wholecell R COMA T, GIRK F ¥ R/b & PIP, OFEEIZY BT 2T L 38 2 TTHEME & R X
NTNB, HICIRBELWET S L, GIRK F ¥ 200 PIPREGEALIT, WEGRER2 (TM2 5 Lo CREBMC, Mg
PRV BRI IC 5 5 (Fig. 1.1) 729, wholecell FF TIZZ OFIEE Ty n_NTFGRAF U RNEGELITL o TREME S E 2
B, Outside-out FRATrL, MBS BHBMNIKICERE L TWAH2D, 7T FUoRELERHLELOLEX b, &
REAWERREEZORD,

LIZAT, 7 atT AT 106 M OERR, MIBRN2LRE LEBOFREI- 7, BENEO pHIZT2 Thd 0T, 0%
Rk, A0S x7 aXF AFURMIIAIEEER Lk, A VELE o CRIVERD S GIRK F v 22 MH+ 5 areetk 27
W5, MEANLEZ L HBEMIENNGEXTLEED I aRF AT OERBHET S L AR L 5 2L - FRHEENpX
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RHEEXDBND, TOD, KB d F ¥ BMTHT HIEMEBRA L, Kud.2 RO Kid.3 [ORIRFEO BV GIRK F+ % A7 1 o b
—DRBENEEND,

ULELHD &, KPFRULL 025 250 GIRK F % R AHIH A 5= X AOFMEH S L, 7 085 2F 2 OER A
HRAEP BT 3> 2 FTHERE &3 < R0 U7z, ARBFS0E, A% ORI GIRK F+ 307 o v i —BIR 0 LGRS R R 2 1203 2
bOLEZD,

EOE BRI UHH
GIRK 7 /i, IR RICIK 4 L. MRGEOME 2 A L Chx 2248 - BISEL Mbo T\ 5 LB bbb,

A, HIFRETIL, AEREERI S OO AV PRSI EOM RIS 56 L. 7 T oS GILE A o b = 55

% GIRK 7 S/ LB A IH T 5 2 L 2 R Lz, £OPCRORVERE R LEZ 2 09 2 F L3, ISR OB RIS

HUGET 5 T L EEERRBYET NV THLINC L, TOL 91T, GIRK F 4 34 OF A PR E G575 & 1, 72 2 aTHEMEAR

& 273 GIRK F v 2/ OEGARA PR BEE YRR & OBSEIC OV Tl R AR S E SR TV S, 7 BT AF 0 GIRK

FTY ANVIAHA D =X XDV THRALRBIC STV, BE, HH72 GIRK F v A7 1 v h—E, ~FECSTF FOF L

FTTE LD EDTATTECBMO KT ¥ FAZMHT 2742 L EISRIRMA GIRK F ¥ A7 0 v 51— LS A0,

SOES7IEnD, GIRK Fv AVORFIOME, GIRK Fv kA% 4 —4y Mo LEERLOBEO LT, BIRKSIEED

MU GIRK Fv A7 0y - OBEREEND, €2 CAFIE T, 7 025 2F 20 GIRK F+ 2B A 7 = 2 5% R+

DIEEHAMELT, H—iT, 7y MEMAMER =2 — o V&2V, 50T EAKT =2 b 8-0OH-DPAT Ic k530 L

GIRK F ¥ X VBROFRT 4 7 A & FOIEFMMEIZ W T outside-out /Sy F 27 T > FIEIC X 0 EEAET AT LM HiE

Lo BT, 7RI AF DY 7L GIRK F v FAVEHISHT S ER 2B L, R ey, BaB LOFAFT ErnfE

AEHE LT, TR, UTORBEEE.

1) 7 v MEREESYEREEE = 2 — 2 0BV T 8-OH-DPAT 3, 5-HTia B &EE N LTav# 2 ¥ 2 227 pS O K+F ¥ &
N LS e, ZOBBETAFT ECRMEILEZ L0 b, GIRK F 4+ XVERTHS = & Rae S,

2) 7RG AT UL BOBRHRS ZERE L. 3 SOBBRMRAD S b, BRLBVERS IR LA, B—Fy 2 LE
RIRIBIZ B R 5 X 2o 1,

3) 7 07 AF 0 8-0OH-DPAT B B — GIRK F v 2 VB 2 MERERIT, W2 2 ¢ BB A2 EE L 2
B, BN & BRI A B AR E R 52 o 7 Baz, BL U2 oOBMEIROOGELALEX £FALF 7 L b
BERRDHZEBRELN 20T,

4) MAEPRID O IR 727 0T 2F 43, 8-OH-DPAT Iz X % #— GIRK F + VB 0 B eS8 0 B 4 38 < 31 L7,
Z OFF 8-OH-DPAT 1A BRI (BB % 5.2 ¢, SEH9 ISR % 48405 L 7=,

PLEDHEERIL, 7 rRFRAF 0O GIRK F 4 2 MIHERS, A — 7 v F v A7 0 o 210 L5 SO TR ETRENE. 72 & 4T,

98



Gg, V7 2=y bé GIRK F v AN EDHERRADHEEICL S bOTHARWTREEERET 2, $/2, 70T F o ifiamsz

%18

L CHERENRI2: B GIRK F v 4V 240l 3 5 FIREVE 25 RIE SN 2 ARERIT, X 0B GIRK F v 27w v 1 —ORR%,

OWTEGIRK Fv 2% 4 —47 >y b LEFHERLOBEO L CEERERIR 252500 EEI LR,

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

1D

12)

13)

14)

15)

16)

17)

18)

BEIIR
Jan, L.Y., Jan, Y.N., Cloned potassium channels from eukaryotes and prokaryotes. Annu. Rev. Neurosci., 20, 91 (1997)
Doyle, D.A., Morais, Cabral. J., Pfuetzner, R.A., Kuo, A., Gulbis, J M., Cohen, S.L., Chait, B.T., MacKinnon, R., The
structure of the potassium channel: molecular basis of K+ conduction and selectivity. Science., 280, 69-77 (1998)
Lee, HM., Tsai, K.J. Lin, C.H. Huang, C.L., Tung, C.S., Arecoline desensitizes carbachol-stimulated
phosphatidylinositol breakdown in rat brain cortices. J . Neurochem., 70, 1189-98 (1998)
Lopes, C.M., Zhang, H., Rohacs, T., Jin, T., Yang, J., Logothetis, D.E., Alterations in conserved Ki channel-PIP;
interactions underlie channelopathies. Neuron., 34, 933-44 (2002)
Shyng, S.L., Cukras, C.A., Harwood, J., Nichols, C.G., Structural determinants of PIPs regulation of inward rectifier Karp
channels. J. Gen. Physiol., 116, 599-608 (2000)

Hosoya, Y., Yamada, M., Tto, H., Kurachi, Y., A functional model for G protein activation of the muscarinic K* channel in
guinea pig atrial myocytes. Spectral analysis of the effect of GTP on single-channel kinetics. /. Gen. Physiol., 108, 485-95
(1996)

Kanjhan, R., Coulson, E.J., Adams, D.J., Bellingham, M.C., Tertiapin-Q blocks recombinant and native large conductance
K+ channels in a use-dependent manner. J. Pharmacol. Exp. Ther., 314, 1353-61, Epub. (2005)

Dascal, N., Signalling via the G protein-activated K+ channels. Cell. Signal, 9, 551-73, Review. (1997)

Nishida, M., MacKinnon, R., Structural basis of inward rectification: cytoplasmic pore of the G protein-gated inward
rectifier GIRK1 at 1.8 A resolution. Cell, 111, 957-65 (2002)

Murase, K., Randic, M., Shirasaki, T., Nakagawa, T., Akaike, N., Serotonin suppresses N-methyl-D-aspartate responses
in acutely isolated spinal dorsal horn neurons of the rat. Brain. Ees., 525, 84-91 (1990)

Alagem, N., Dvir, M., Reuveny, E., Mechanism of Ba2* block of a mouse inwardly rectifying K* channel: differential
contribution by two discrete residues. J. Physiol., 534, 381-93 (2001)

Lancaster, M.K., Dibb, KM., Quinn, C.C,, Leach, R., Lee, J.K., Findlay, J.B., Boyett, M.R., Residues and mechanisms for
slow activation and Ba2* block of the cardiac muscarinic K+ channel, Kir3.1/Kiv3.4. /. Biol. Chem., 275, 35831-9 (2000)
Penington, N.J.,, Kelly, J.S., Fox, A.P,, Unitary properties of potassium channels activated by 5-HT in acutely isolated rat
dorsal raphe neurones. J. Physiol., 469, 407-26 (1993)

Kitamura, H., Yokoyama, M., Akita, H., Matsushita, K., Kurachi, Y., Yamada, M., Tertiapin potently and selectively
blocks musearinic K+ channels in rabbit cardiac myocytes. J. Pharmacol. Exp. Ther., 293, 196-205 (2000)

Grigg, J.d., Kozasa, T., Nakajima, Y., Nakajima, S., Single-channel properties of a G-protein-coupled inward rectifier
potassium channel in brain neurons. J. Neurophysiol., 75, 318-28 (1996)

Yakubovich, D., Pastushenko, V., Bitler, A., Dessauer, C.W., Dascal, N., Slow modal gating of single G protein-activated K+
channels expressed in Xenopus oocytes. J. Physiol., 524 , 737-55 (2000)

delacic, T.M., Kennedy, M.E., Wickman, K., Clapham, D.E., Functional and biochemical evidence for G-protein-gated
inwardly rectifying K+ (GIRK) channels composed of GIRK2 and GIRKS. J. Biol. Chem., 275, 36211-6 (2000)

Han, J., Kang, D., Kim, D., Properties and modulation of the G protein-coupled K* channel in rat cerebellar granule

99



19)

20)

21)

29)

23)

24)

25)

26)

27)

neurons: ATP versus phosphatidylinositol 4,5-bisphosphate. . Physiol., 550, 693-706, Epub. (2003)

Kim, D., Pleumsamran, A., Cytoplasmic unsaturated free fatty acids inhibit ATP-dependent gating of the G protein-gated
K* channel. J. Gen. Physiol., 115, 287-304 (2000)

Nemec, J., Wickman, K., Clapham, D.E., G 6y binding increases the open time of Ixach: kinetic evidence for multiple Gg.,
binding sites. Biophys. J., 76, 246-52 (1999)

Karschin, C., Dissmann, E., Stuhmer, W., Karschin, A., TRK(1-3) and GIRK(1-4) inwardly rectifying K* channel mRNAs
are differentially expressed in the adult rat brain. o/, Neurosci., 16, 3559-70 (1996)

Larkman, PM., Kelly, J.S., The use of brain slices and dissociated neurones to explore the multiplicity of actions of 5-HT
in the central nervous system. JJ. Neurosei. Methods., 59, 31-9 (1995)

Takigawa, T., Alzheimer, C., Variance analysis of current fluctuations of adenosine: and baclofen-activated GIRK
channels in dissociated neocortical pyramidal cells. o/, Neurophysiol., 82, 1647-50 (1999)

Bajic, D., Koike, M., Albsoul-Younes, A.M., Nakajima, S., Nakajima, Y., Two different inward rectifier K+ channels are
effectors for transmitter-induced slow excitation in brain neurons. Proc. Natl Acad. Scii U S A., 99, 14494-9, Epub.
(2002)

Kofuji, P., Davidson, N., Lester, H.A., Evidence that neuronal G-protein-gated inwardly rectifying K* channels are
activated by G4, subunits and function as heteromultimers. Proc. Natl. Acad. Sci. U. S. A., 92, 6542-6 (1995)
Velimirovie, B.M., Gordon, E.A., Lim, N.F, Navarro, B., Clapham, D.E., The K+ channel inward rectifier subunits form a
channel similar to neuronal G protein-gated K+ channel. FEBS. Lett., 379, 31-7 (1996)

Zhou, W., Arrabit, C., Choe, 8., Slesinger, P.A., Mechanism underlying bupivacaine inhibition of G protein-gated inwardly

rectifying K* channels. Proe. Natl. Acad. Sci. U. . A., 98, 6482-7, Epub. (2001)

AT, BFawCe LT TH 5)

100



Regular papers

Inhibition of Na" and K" currents by cloperastine in rat acutely dissociated

dorsal raphe neurons

Sokichi Honda, Tetsuya Shirasaki, Fumio Soeda and Kazuo Takahama*

Department of Environtal & Molecular Health Sciences, Graduate School of

Pharmaceutical Sciences, Kumamoto University.

5-1 Oe-honmachi, Kumamoto 862-0973, Japan

9 text pages and 2 figures

* Corresponding author

Kazuo Takahama, Ph.D. Professor

Department of Environmental & Molecular Health Sciences,
Graduate School of Pharmaceutical Sciences,

Kumamoto University

5-1 Oe-honmachi, Kumamoto 862-0973, Japan

Tel +81-96-371-4334

Fax +81-96-371-4334

E-mail takahama@gpo.kumamoto-u.ac.jp

101



Abstract

We investigated the effects of cloperastine on voltage dependent Na' and K #es currents in
rat acutely dissociated dorsal raphe neurons. Cloperastine did not affect the kinetics of sodium
current (/na), transient potassium current (/) and delayed rectifier K" current (/xp). However,
cloperastine inhibited these currents in a concentration-dependent manner. In particular,
cloperastine more potently inhibited the late component than the peak of /4 and Ixp. ICso
values for Ina, Iagpeak), Lagate)y Ixpepeaky and Tgpqaie) were 1.86x107 M, 2.60x10° M, 2.45x10° M,
5.20x10” M and 9.68x10° M, respectively. There results suggest that cloperastine has weak

blocking actions on voltage dependent Na'" and K channels at higher concentrations.

Key words

cloperastine, voltage-gated channel, patch clamp, raphe neurons
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Introduction

G-protein coupled inwardly rectifying K" (GIRK) channels widely distribute in the nervous
system.” These channels couple with many Gy, -coupled receptors such as 5-HT;a
serotonergic, D, dopaminergic, and « -, 0 -, u - opioid receptors.”® Therefore, drugs that
act on the GIRK channel should affect brain functions and cause some pharmacological
effects. Only a few drugs, however, are known as those affecting the GIRK channel activities.
We have recently found that dextromethorphan (DM), a non-narcotic centrally acting
antitussives, inhibited GIRK channel activated current (Igrg) mediated by 5-HTja
serotonergic receptors in single brain neurons.” In addition, DM inhibited Igirk mediated by

« , adrenergic receptors, although it is unknown whether there is some differences in

composition of subunits of GIRK channel between both receptors.” Furthermore, we found
that cloperastine, which is a non-narcotic centrally acting antitussives and has a chemical
structure quite different from that of DM, has a potent inhibitory effect on Igirx mediated by
5-HTia receptors.g) The ICs value for cloperastine of Igrk activated by 107 M 5-HT was 0.86

u M. In general, substances that act on some channels or receptors often affect other channels

and receptors. It is of interest to know whether or not cloperastine acts on other channels than
the GIRK channel. In this study, we investigated the effects of cloperastine on sodium current
(Ina), transient potassium current (Ia) and delayed rectifier potassium current (Ixp), which
play important roles in regulation of brain function resulted from determining the generation,

transduction and frequency of action potential.

Materials and Methods
Dorsal raphe neurons were acutely dissociated from 8- to 16-day-old Wistar rats as
described previously. In briefly, brainstem including dorsal raphe nucleus was sliced at a

thickness of 400 um with a microslicer (DTK-1000, Dosaka, Kyoto, Japan). The brainstem
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slices were treated with pronase and thermolysin for 15-30 min each at 30°C, and dorsal raphe
nucleus was dissected. Then, dorsal raphe neurons were mechanically dissociated. Membrane
currents were recorded with the perforated patch clamp technique at room temperature

(20-27°C). Membrane potential was held at ~80mV. Normal external solution contained (in

mM): NaCl 131.7, KCl 5, CaCl, 2.5, MgCl, 1.2, glucose 11.5 and HEPES 10 at pH 7.4.
Sodium currents were recorded-in the external solution containing (in mM); NaCl 60, CsCl 5,
TEA 20, MgCl, 10, 4-AP 5, glucose 5, sucrose 88 and HEPES 10. The pH was adjusted to 7.4
with HCI. Pipette solution was contained (in mM); CsCl 140, NaCl 10 and HEPES 10. The
pH was adjusted to 7.2 with CsOH. For recording potassium currents, pipette solution was
contained (in mM); KCl 140, choline Cl 10 and HEPES 10. The pH was adjusted to 7.2 with
KOH. Delayed rectifier potassium currents were recorded in the external solution containing
(in mM); choline C1 97.5, 4-AP 30, HCI 25, KC1 5, MgCl, 10, glucose 5 and HEPES 10. The
pH was adjusted to 7.4 with HCI. Transient potassium currents were recorded in the external
solution containing (in mM), choline Cl1 95; TEA Cl 30, KCl 5, MgCl, 10, glucose 5 and
HEPES 10. The pH was adjusted to 7.4 with HCL.

Animals were treated in accordance with the Guidelines of the Japanese Pharmacological

Society and Kumamoto University for the Care and Use of Laboratory Animals.

Results

Tonic current was isolated by using the external and internal solutions described above. In
the solutions for Iy, brief depolarization from the holding potential (Vn) of -80 mV to 0 mV
induced rapidly activating and inactivating inward current in acutely dissociated dorsal raphe
neurons. The current-voltage relationship for this inward current showed typical form for /xa
and the current amplitude was the largest at -20 mV (data not shown). Therefore, we studied

the effect of cloperastine on /Iy, at this potential.
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Cloperastine inhibited the peak current amplitude of In. (Fig. 1). The potency of the
inhibition did not depend on the treatment time of 30 to 90 sec. The inhibition was s
concentration-dependent and 50 % inhibition was achieved at 1.86x10” M (Fig. 2). However,
this drug had little effect on the activation and inactivation kinetics of Iy, (Fig. 1).

In the presence of external 4-AP and the absence of internal and external Na™ and Ca®’,
very small outward current was recorded by the voltage step from the Vy of -80 to -60 mV.
By the voltage step to -40 mV, the current become significant and had slow activation and
very slow inactivation kinetics. The amplitude became larger, depending on the size of
voltage step from the Vy. These characteristics were well agreed with those for Ixp.
Cloperastine did not affect on the activation kinetics of Ixp, activated at +40 mV. However, it
inhibited the amplitude of Jxp and slightly facilitated the inactivation (Fig. 1). The potency of
the inhibition did not depend on the treatment time of 30 to 90 sec. The inhibition was
concentration dependent and inactivation become much faster at higher concentrations. When
concentration-inhibition relationship was studied, the concentration to achieve 50 %
inhibition of the peak of /xp (/kp-peak) and the late component of Ixp recorded at the end of
voltage step for 400 msec (Tgp.iue) Were 9.68 x10”° M and 5.20 x10™ M, respectively.

In the presence of external TEA and the absence of internal and external Na™ and Ca*",
transient outward current was recorded by the voltage step from the Vi to -40 mV. By the step
to -60 mV, this transient current was not recorded. On the other hand, the current become
larger by the step to more than -20 mV. From the kinetics and the current-voltage relationship
(not shown), this current was confirmed as an A type transient K' current. Cloperastine
inhibited the amplitude and facilitated the inactivation of /4 activated by the step to +40 mV
(Fig. 1). The inhibition became stable within 30 sec of treatment. The inhibition was
concentration dependent and inactivation become much faster at higher concentrations. The

concentration to achieve 50 % inhibition of the peak of /5 (Japeax) and the late component of
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