u“ : Gaussian Y13

o : Gaussian {E¥EFZE

BARESRIZ, A YR G, UTFOBETHEECROE,
NP, PR
To  : BLEKABE R
Te | RS AR

3 R
7 1 ~X5 R F  (Cloperastine hydrochloride) ., ATP-2Na ( Adenosine-5"triphosphoric acid disodium salt) . GTP
(Guanoéineﬁ’-triphosphate Sodium salt) , A £~ > (Spiperone) , %—& U > (Thermolysin Bacillus Type X) . 8-OH-DPAT
(8-Hydroxy-2-(di-n'propylamino) tetralin hydrobromide) %, SIGMA (St.Louis, MO, USA) X VA L7, EGTA (O, O-Bis
(2-aminoethyl) ethylenglycol'N, N, N'-tetraacetic acid), 1% —2 (Pronase), F/LF 7 'y (Tertiapin) 1X, ZHEHFE(-

{b22ifF R (Kumamoto, Japan) , Calbiochem (San Diego, CA, USA) & M7 F FiFZEAT(Osaka, Japan) & 0 BEA L7=,
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Fig. 2.2. Patch ¢lamp recording and rapld drug application systems.,

Fig. 2.1. Acutely dissociated 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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FBIT Ty MERE=2—n BT 5 5-HTw RAGEBEF R — GIRK 7 v RVERO BRI - BIM

B AEOHK

THERERC 21 A F ¥ RADBEEL, FOA F U F % FADF— b BENERHC A AL BA F o F v ZUREY | M &4
o TBET D LT, HLEBEMSPEHEN, T T RABBMAR Y OBBMRIETS] LOZBLL, —AD ) —_~UVEEEE
FRVFELE Ay 7 RA—FLIZ LY 1950 FRICBBINE, Z0Z L, HHRBEOBENEMEREF L EER LS
LT AFVOFNEBRNCIMOTELS Z &R TEH L IR, REBOBHF 27 4 v/ AQBMBNHETe & L bIBR LT
TZo LIAL A AT ¥ RNDOTFHEL . ZOBBBRA T OEHARHEY 2 L0E2Z, HL ETHLERELHHBANIC L 3BT
LIZDDEETLDED T, 191 FI FA Y DR Tt b Fy /< ER Ry F 2 T TEORRET ) —~ IV EFRERY
BT O, ZDA A F v ANV OBBAEE—A A F % FAERE LCTTRMICHIIL, ZhETOZ XA ERNICE L
ZEERFMALIEZ L, £ A X F Yy RAVORRALE A F v F v R D LU CEMICHEATT 2 Fik & BRNE B AR U
ZERRDLEIABKREN, Ry F U I TERIOL ) RERFEE LD L2 b, 1970 E£AFA 5 1980 FERIZZ OFHHTAN
LS TR ZRETIC, HEOMRP RSN TETCN D, ZLEb LT, GIRK F ¥ 2 AOBBIZ SV Tk, $#12 native ®
MRSV T SR UMM IV TVRV, 2T, RETR, 70T AF LD GIRK F+ R AVBROMB A = XLk
T BN S, Ty ML DV BMEEL 2o —n SRR Sy F 2 T B EEA LT, BRN S HTW S EKT T= 2

280 L9 5 B — GIRK F ¥ R VEROBKERRE LT,

E2H ERAUE

HB1HE Ty MERE= 2 UICRBT 5 8OH-DPAT S5 RH— 1 4 v F v RVEH O

GIRK F¥ AW GuBHED B y V7 ooy M XV IEMELENS Z L 2 EZE L, KA inside-out #HRIZ THE—F v XNVLE
MOREERA I, Ll inside-out FR TIFMOMERO BMHHE= = — 0 L OB4 L FECRETRERB Ol o, ©
Z T, outside-out #HXTOREERE ML T2, T OFER, RIBFEM (Vi) %-80mV ICEE L 100 mM K& STeillastig 2 545 & |
IERBIRONH S ERAMEE SN (Fig. 8.1Ba). £ 2T, HREMSHTLEEET T= 2 L Th 5 8-0H-DPAT (3X10°M) #
BEREG LI L 2 A, ERBRONAEBHRORBENET ML~ (Fig. 3.1.Bb),

FFRALZ-100~0mV OFE ~ OEAIC EE LW, 8-OH-DPAT G TH L UFE FTOERK BN (Fig. 3.2.A,B) OIRIEL,
W B REALIZIE T L CE(L L, SIEMICIT 2 @R EBRORIBHEENT % Fig. 3.2.C KR T, REHESfiEX (2) ©
HUREHTT v b 3¥, FHRB(C— 7 BRI ZHMH Lz, 8-OH-DPAT F7E T X USEIELE F O& EEM I IS 1T 5 TIIRIR
OPEIE L EEREL CORBMICH LT oy FUEER - B8F (V) 844 Fig. 32.D 77, 8-OH-DPAT 7#7E Fis & Uk
TFETOTNZThOT oy VERNMZREZC I KEBERRIC 70y MLicb & ZREFROENR - BEEBSEEE L 235
LHEBAL, DEYWERENMIZY b r—T4.48 mV, §-OH-DPAT 7 F C-3.69 mV CTh o7, T ik, Nernst DL 0 &M
Uiz KON (0 mV) &R —B iz, £z, FNENOERK - BEEROBES L LHEINE LV F I R, av b
72— T 22.74 p8, 8-OH-DPAT #7E FC 22.71 pS LR U Ch o1z, REFEM-80 mV d & %, SN H. (signalinoise ratio) O
V) 8-OH-DPAT R E—1 A0 T ¥ ANVBRAZEL THONEI L6, BTFOEBRIIERE-80mV TIF - 1.

8-:OH-DPAT HEFET IR SN2 H—A A F v FVBROA N2 b U R M OB BERE O L LTEESME LD &
Fig. 3.3.Aa D L 5T o7, ZORMIL, 2ROBEBEMTIL 74 v VENT, TOT7 4 v T 4 FhbHBELEEVRS L E
WS DB (ca & o) O 12 F1EHIZFAEN, 052+0.04 mS & 1.4920.21mS Th oo, FHEC. BRI Okl
L L CHESTEMD & 3 ROBHEE T 74 v b&R/z(Fig. 3.3.Ba). V%, THESHE L CEVRS OFEHH

Bl (ton teeBW 1) IE, 1.0610.14 mS, 18.37:3.05 mS & 69.78+9.48 mS Thotr, £, B—AF L F ¥ HrADE
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KRR 213 0.03+0.01 Th - 1~ (Fig. 3.3.0),

F#C. 8-OH-DPAT #2514 30 b 60 POMIIC ek s N e B—F v R VEROBMHFE ML L 5L, Fig.33.Ab 0 X
o, ZOHHG, 2IROBBBEE IS 7y VERZ, ZOT 4 0T 40 IhbEE LY, EHEEB coa b 1o 12 4
EEIENER, 059710.04 mS & 1.67+0.156 mS Th-ot, FREEESML 3 ROBEER I 7+ v P 3h, EHHERK
Mlra, tekWPralEThEi, 1.2410.19 mS, 7471064 mS & 20.90+2.34 mS ThHotz, H—A F v F v RN 0OEHBE
T 0.08£0.01 Tholz,

Fig. 3.3.Bc iR T & 512, 8-OHDPATIZ L Y t e b 1 o A EICEM S h, BITEERTig. 3.3.CONHREIZMM L =23, SEHBERE
RHEE(L Liedode, Ei, BRHB LOHBEMOSROBEEIZ 5D 5EE (ratio of proportion) &2 (b L7z hs- 72 (Fig.
3.3.Ad,Bd),

108 M @ 8-OH-DPAT 2% 5 L12ifh, B—A A Frv XANVBROEENH L, MIABREEChHok, 22T, UTFTOERT

{2 3X10°M @ 8-OH-DPAT % H\v /=,

# 27 8-OH-DPAT $iFE—A A F v 1 VEROEBZNNEY
1) 8-OH-DPAT BFHE—A A F v RABRICHT 5 R~ a o OERM

8-OH-DPAT OAEfAM 5-HT1a EFEENT 52 & 2RI D72 DI, 8-0OH-DPAT BRE—1 A2 F v RAVERICHT 5 R £t
Ry (5-HTia 3 KO 5-HT 2 EEREHIE) OERERE Lz, 8-OH-DPAT 3x10° M % 60 #EI#5 L. 8-OH-DPAT iz X ¥ Bi—
A AT FVBROBEINT 52 L RMR LIz, AE2n 107M & 8-OH-DPAT 3x10° M % 60 # BRI S Lz, B—r 4
T RVBRMATI IR 5B 30 B b 60 OB OREE AV L, FOMKE, RE2n 107M ik, 8-OH-DPAT {2 k v 1%
MUTF v XN OBFER % 0.1020.02 225 0.06 =001 I HEITHH L7z (Fig. 3.4.F). AE & A#kc, THBRERT, FHHER,
BEIHRIB I3 2 (B RART U7 . T EITRIE, VR RS L OMEHRS OB T3 E SR E LY 5 X e h - 7= (Fig.3.4),
UL, R LRV RS ORI © o &« o PMERIER Liz(Fig. 3.4.D),

2) K*F ¥ 27y J— -« BazO{ER

ARV TAERNINE DA A AR & Fig. 3.2.D ICRTER—EEBE S, 8-OH-DPAT 2 KYF ¥ 2 A 2MOT+52 L2
REENDR, FERROBA AL T+ Z N Tho CTHHBEEBMIIFEO mVIRREThHAS, F2C, KF vy HZAT 0y b —Th
% BarOIEM 245 Ui, T ORE, Bazt 3x105M i3, 8-OH-DPAT IZ L 08I LA A v F 4 2L OBIRER% 0.10--0.01 25 5
0.06+0.01 (IZAH ZITiH Ui (Fig. 3.5F), A& FHRIC, BN, THERH, BRIRECHT 2R RN LmER, ¥
Y EEIRIE, SEHB RS L OB S OFES I E BB EY 5 1 e 5 Fig. 3.5), UL, HREBLOCEVEBEMRS O
SRR o2 &t S IIERBEM AL BT,

Baztid, GIRK F ¥ LD T AV E—ICREAL TR OFERE T 0y /T 5 I ERFRRISN TS LD, F2T, A2 MEF%

FFo7, LU, Table. 2W2RF X 540, Bazid SR kS5 A—Z IrBBE 52 fohafr,

3) GIRK FvxA7ayh—  FAFT7EOER

8-OH-DPAT R#H RS HH—F v R /B GIRK T v RNV THD Z L 2R T D0, FAF T B 3x107 M OIER 2 5Et
L7z, FDFRER, FNFT AL, 8-OH-DPAT IZ L DM L7 v FOLOBAFER%Z 0.06£0.01 525 0.0430.01 (3M#H+ 5E Mm%
R U712 (Fig. 3.6.F), BITH& MRz, THBRRRH. R, BREBEICST 5 EAZ BT LR, AL_no B L0 Bazr
EA2Y . BRVCBERERS O EHRBRICERERS R bR (Fig. 36), £77. BEVERERS OSSR EEICHML, Gy
B DRI A Ui, —J7, MM & VHBRIREC A B R E R EX Rho T,

FAFTEL L, GIRK F v 3 OABAMESICER LT GIRK BREMHT 5 L2 X 5TV 5, 72T BazO{E[E & s+
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— AR R B o,

A
8-OH-DPAT 3x10° M

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

A: Effect of 8-OH-DPAT on single channel current. 8-OH-DPAT (3 10-° M) was
applied during a period indicated by the solid line. Recording was performed in an
external solution containing 100 mM K* at a V,; of -80 mV. B: Expanded current
traces of (@) and (b) indicated in A. “c” and “0” indicate closed and open states.
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Flg. 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.E.M. of 12
neurons. *:P<0.05. ***:P<0.005.
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Fig. 3.2, Current-voltage relationship for single channel currents in the

absence or presence of 8-OH-DPAT.

A: Representative current traces at various holding potentials (V,s) in the external
solution containing 100 mM K*. “c” and “o” 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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Fig. 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 Ba?* 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 BaZ* 3x 105 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 Ba?* (filled column). D: Mean closed times and Ratios of proportion of
three closed components in the absence of 8-OH-DPAT (blank coiumn), 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 curent amplitude in each condition shown
under the columns. F: Open probability of channeis in each condition shown under
the columns. All data in C fo F are representated as the mean £ SEM. 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-

Spiperone B Tertispin
Parameter
0.0H.0PAT Spiperone 6.00.0PAT [ BOHOPAT Tertiapine
‘(“;‘X; 1,84 006 77 006 AW 2005 184 2008 B 008 4183 10.00
. . N
NP{o) a1 sw 806 a0 a1zn0 285 £0.0 0.05 001 004 2001
?'“1;1) 055 £0.09 068 a1 052001 049 2002 061 tem 041004
012 + + e 132 4024 191 16 a7 s010
e 159 £01 162 +019 -3 EEt .91 £02 97 0.
P4 065 £0.41 070 £0.08 0.67 004 073 2002 0.9 £ags 058 2002
opP2 352041 023 +a0s 0.3 1004 027 t002 2.5 xam 033 002
(f_nTs') 100 £023 1030 19tam 238 2037 15202 073 £018
CT2 N *
(st 705 £ 13 1559 £2.19 9.08 067 1636 2231 1297 £207 089 2445
. x
(s} 27.96 £3.86 5119 3462 032474 s ER2 3806 £0.68 w7 raze
cP1 028 xa@ 028 005 02 10 032 2002 0.5 tuw 21 2003
cp2 0412805 048 £011 0.9 £605 056 £005 U E0E 028 £0.05
¥
CP3 031 2a0? 0.18 2006 0.95 +005 ©.14 £003 0,24 £0.07 046 £0.08
n 3 3 1

#: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.
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Fig. 3.6. Effect of tertiapin on single channel current in the presence of 8-OH-
DPAT.

A: Representative current traces in the presence of 8-OH-DPAT 3x10-9 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 both 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
neurens. #P<0.1. *:P<0.05.

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

Ba® tertiapin
8-0H-DPAT with Ba?* 8-0H-DPAT  With tertiapin
Burstaration 48771236  267.3+49.17 168513192  178.0 +18.92
Events in burst 32.2 +3314 33.13 +6.92 24.83 +2.89 21.93 +2.38
Burst {,’f;}“a"“v 350.7 £14.21  316.3 £47.57 364.0 £8.02 369.0 +26.13
n 3 3
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EIHE B

AHFRICIBNT, 8-OH-DPAT [V SNF Y JAaLF0 50 A HGREIMR L EREMA LR D Lk, avFs 4
SARTPS OBR—AF U F ¥ 2 VORHERE LESELZ EAALNE Rot, SHEOKEL. LBICRVT GIRK Fv FAE
WD A R/ OIS [Ge, 2 GIRK F 4 A0 & — MEEE L X TICH O T2 5 F v L OMARMESV S | L O o
RS —H U, E, BIREME XU BaOERBL ZOF ¥ XN KX F v XA THH I ENRENE, GIRK F ¥ 2L Th
DI EEFTIE, MRSERETHLZ LE2RTHBERH AN, Native DRBBICKWVCILEEMETE KF ¥ ZAR YL
ETH7D, 0 mV BETRINLOF v X UBEA L, WHEANAESERETT I LN TERDo%E, LL, FAFT ELR
8-OH-DPAT BER B — K+F % R VEME MBI L7e Z &b SEMFT LI2F v 2 id, GIRK F+ XA Th3 2 ERTBINT,

RFETH/ELNI PV TAF vy RV avF 7 5 0 A%, LI cell-attached /Sy F7 5 V75 LD Ty N OE=2— 1 >
THRESNI LT P2V FETOVV IAF Y RN B 7 AD—2 & —F LTz 9, Cell-attached B DB . BAGMIE I &
BB LCETA— LGV —AEHR L, B—A A Fr 2AEREFHT 2 (Fig. 2.2.A), ZOFETE, #8Esh
DH—AAFH XNVBREIER P2 KBRS NDBRAENEDNE A2, AFRICEV T, 8-:0H-DPAT HFETIC
40pS & 94 pS DH—A AU A AV BIRGBRINDZEBboTz, Thbit, BEXNEMO DOV IAF Yy RNa L Fy
FUREIL—ET D, LirL, 8-0HDPAT 1IN bOF v RADEICRENS, EFALF T EL IR OF ¥ FACH
LCRE L2 o 7= (datanot shown), £oT, BOBEICBITHFRIVKRA L F7 # 2 AOF v 344k, GIRK 5 ¥ 1)L Clire
VEHRING,

e, FFRBRP LGOI 2L &7 4R, KBKE#E=2 -0y, KBEEZK=2—0 v BLOFEE =20 T
WE SN GIRK F ANVBWO 247 82 (Table. 3.) & k< —B L7, FER Kird.2 3 X 00 Kir3.2/3.3 ~F 2 F ¥ X0
AYETEURELEPT, LIPL, Ty MBI U SN F e RN s B R (44.2p8) X VBB NTN X VMER T
Ufce E7c /MNBRIR CR ORI 2 80 2 U AREHR Kir3 B2 ~F aF v RO AL F I 5 R LD /IS WERR LT,
ARFRTH LN FHRIREH (0590.04 mS & 1.67%0.15 mS) i3, MR Kir3.2 F % 3 CHE S0 2 THBIRRE 05 m
SBLVKir3.283 ~7 o F ¥ 2 THREI N TS EHBIE 1.3 mS & X< —B Lk, 20, Kird.1/3.2 F ¥ 5/, KirNB
Ty AN EBIEVMEE R Uiz, FRRICE T M0 72 < 1161 B8R4 7 - L3 LVaS, 2 E7243 3 EO BRI S 2 h
5LV BT —E L7z 199, Insitu hybridization ¥ & 5 HE i, ##%1C Kir3.2 (GTIRK2) %L1 Kir3.3 (GIRK3) 7%
BT D2, Kird.1 (GIRKD 472 <, LIRSV Kir34 (GIRK4) @3RALALVIEBTRIATVS 2, ZOI b
VIRTF X XN ALY RSP OR R L<BEBET Lo Bbh A,

ANk, BARHE LA TIC cal te BIER L CHBRE B &8z, 20T L3, 8-OH-DPAT BEHBMMAE 25 =
Lt b ta BB L CHERE LR ESELI L LHORRTH o7, TOKRE, AR 5 HIwSARREREL LT
ERLIZ & 2RRd 5, F/2 B a b= 2 8-OH-DPAT & FHEIZ 21.3 pS DB— 1 A L F % R VEH % %42 L7~ (data not shown),
INBEHDETEX D L. 8-OH-DPAT i1 5-HT1a BB E# /4 L T GIRK F v RV ORISR N L L E2 bh 5,

TATTEDY 7 GIRK Fv FAVBEHICH T BERAE, Kir4 2 EEE T30 9R0H 344 MoBOTHiEshTn
% 19, Kitamura (1999 DME T, TAFTEL BV U INTF v FNVERO L XY 8 0 A RO HOELBIR RIS L1
WEWS, El, A REHRDBOEN VU TAT R FNFERT 4 7 RARBEB LRV EETHLTWS, SEOKBEL, ERER
&P HRIC BN BN o LA CELOWRE & —BT 50, BVEBERS 2EHT MM h o AR S, ., O
KRV, AEEFECREDOT AT 7V URMEEE 82 = 10 %MH LT3, XoT, =a—n LB LY FAFT B
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Table. 3. Previously reported singie GIRK channel activities in various preparations

Conductance Mean open Hoan closed

Cely Methsd Agosist s e an) e gne) subtype

Darsal raphe Outsite -out 50T 20 and 33and 67 ™

neurons

Heoconieal Whola.cell Badufen 250+ 089 Kird.13.2andfar KI3ARA =)
pyramldal eslls : O 13 :

fasldo-out GTP 0 047 and 3.25 0312 3613 KR @

Locus caprufeus
neurons

toslds-out Bacofen and ATP 34 0.5and23 KId2, K12, Kinad
and Kin2A3 o
Nuclaus bazas  Inside-aut Substanes P =) 14408 KItNB 36,
neurans
rabblt cardiac Cell-atathed  Ach 1z 0.69 and 388 K134
myocyles
CHOKY colls Inslda-aut GA7T subunlt n 13 WA2A3 v
Ouytes Cotatachod  Carjocad 0 £2 0.4 and 05 Kin2w
subunit
Qacytes Inside-out 68T subunit £ 1 K432 ™
Oucytes Inside-out 687 subunit Q.61 2nd 50 054,397,357, K435 w
23 and 1432
and286 062,498,714, w

() nd 2200 K34 w
R . < SEE = R 5 > = s | e o= N
A 5-HTwSEREBEFRE S I/ GIRK F v FUVERICHT 57 0t X5 OER

FB1IE AEOAMN

Whole-cell #R DSy F7 5 o FiEE AV YRR O TIL, IS pH 2 7.4 OBRIZH A, 2 525 XF 2 @ pKa (20
pH9.0 & L7zk:, 7 mRFRAF O b= % GIRK F ¥ ANEHEEROMBHER 235 . £i=. ES/BA»LMMIEAIC

RIRF U ERETE L, BRENICER F=UFR GIRK F v A AEHEEERBHH NG, Thb0Z b, 57O
7 2 F PRI A S U RPN B GIRK F v RV 2l 3 2 MREERTRR X h T 5, BIEICBV T, 8-0H-DPAT
NarF 8o 222Tp8 DYV 7N GIRK F v R VEROBMIEELIMNITE I LRRBINALIEND, KETIZI AT IEE
IZ GIRK F ¥ A NVERICHT 5 7 0 5 2 F - OMHER % BE—F v 30 U~V CEEMIIZRE U7z,

Eofi EBARE
1) MIRA»LRE Ly BT 2TV O{EH

8-OH-DPAT 3x10°M % 60 ###5 L, 8-OH-DPATIZ L 0 v I NF ¥ RNVEBRIPEMT D 2 L 2R L%, 7 05 25
106 M & 8-OH-DPAT 3x10°M # 60 BORIRIME S UTe, ¥ v Z 0 F v ZOVEBRMRITIC I, B5HE% 30 25 30 T oRsk
R, ZOfRER, Fig 41 FISRTEIIE, 789 RF 13 8-:0H-DPAT I2 L D M L7230 F A F % LR O R 21
L. BHEESRIE 0.07£0.01 5 0.05£0.01 LARIED Lz, ERBECIEELRREIR LN 22208, SV D OEEE
RIAYVE BICEM S, RV OSBRI & EiEm A R & hiz, SV BRERS 0f4 B L. BVBERHRS O
AWML, —77. EVERERS & PROARBRSCEE2REBEIROARL 12D, BEVERBRODNEBICER L,
BB D OE I E B REIR b b o Tz,

R B E— FIZRT DT, 7 aXFRF L OMLBERL/RNTRAF U bu b2 ORBRESIC LYo ko V3%
# GIRK 7 ¥ XN ELEBRORNEREF R T 4 7 ABHEL 2D, ZOZENG, F7uNFGRFURI—TrFrrlTay sk
BITHEELEZ bRz, FIT, A= MEEITo A, Table SUTRT LI, 70 RIRFUAIN—R T A —F — [T
B HE XD 0T,
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NI AF BB, outside-out HNT 8-OH-DPAT D ER % it L7, outside-out HEADHIBR Sy F2BREL, 7 RS 2
FUEMEE T E CHARBIE 501 3 HM - OREL AR L, 0%, 100 mM K+ 5 TeMI /MK % SIS 2 & 2
L. 0B%EIL 60 BEE 1 4 F v RVEREDRE L7-%, 8-OH-DPAT 3x10° M % st AR e Lz, +ORE,
8-:OH-DPAT IZ L BB b v v INA A v F v 2 VEROEMIBRIN o T2,

8-OH-DPAT £ 5 BA%htk 30 Bk H b 30 M O E T LIz R % Fig. 4.2 & Table. 41277, WFhO/RF A—#— (B L
THEBRELIFR bR 2T,

KiZ, 10° M @7 mRT 2 F U2 EBBNIRICER L, R 8-OH-DPAT OER%Bat Uiz, MRS 05 25 FIC
8-OH-DPAT %4 5 LI DV > 7 VA Ao Fop RVEIR ORATRER & Fig 4.3. & Table. 41077 T, £ OfE%, 8-OH-DPAT 2 L
VI INAF T ANVBROBERERITHEIMRER S 4 b, THRRIRIG & EH MR

BTG R0, 3O H

AR 5 LIS OFHEBE AT B ICER L, BV BRSO HE CERERS B b,
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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 3x 109 M. B:
Representative current trace in the presence of 8-OH-DPAT and cloperastine 106 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 cloperastine 10® M on single channel current in
the presence of 8-OH-DPAT.

A: Representative current trace in the absence of 8-OH-DPAT 3x 10® 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 10 M on single channel current in
the presence of 8-OH-DPAT.

A: Representative current trace in the absence of 8-OH-DPAT 3x 10-° M but in the
presence of intracellular cloperastine 10 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.

Table. 4. Summary of analysed parameters showing the effect of cloperastine
on the single channel current in the presence of 8-OH-DPAT.
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Fig. 4.4. Comparing the effect of internally applied cloperastine with that of
externally applied cne on single channei current In the presence of 8-
OH-DPAT.

A: Mean open times and ratios of proportion of two open components. Blank and
filed columns indicate the effect of cloperastine applied intemally 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
Extracellular Cloperastine 105 M Intracellular C} 105 M Cl 10¢ M Parameter P
Parameter
S.0HBPAT Cloperastine contral B.OH.DPAT control BOHDPAT 8-OH-DPAT With Cloperastine
Amp 2@ taot 193 2o 167 £00 172 £0.04 15 £006 185 t0.12
(PA) - ) . e ) § U i
Burst duration {ms) 1317 £25.72 162.6 +43.34
Ne(o) o7 2001 205 ta0t wo ta@ a0s 2o a@ e o3 zoor "
‘()m";‘) 058 £006 b3 sam@ 0% sa@ 649 2001 045 £a0e 0.49 £0.07 Events in burst 2247 £1.73 21.6 £2.01
x
8“1;‘; 167 2024 096 £0.11 178 £005 13 $026 1mams 119 2008
Burst frequency (Hz) 398.6 +28.47 382.0 £18.55
aP1 092 U8 D5 004 0@ xan 855 £005 07 £008 0714011
oP2 008 £0.06 05 £0.04 o3t 201 035 2005 021 £008 029 +0.11 n 3
e 071108 069 2068 [EFIR 198 £023 144025 159 £020
(ms)
frdet s00£81 836 £ 161 1045 +235 186 £178 239 £51 1049 £408
CT3 : "
(ms} 2165 #331 .90 +271 525 £6542 4349 £185 149.6 £15.45 1049 1239
CP1 821 £a01 826 a1 0.2 £8.01 0.24 £0.03 4% 009 .33 2001
"
cp2 236 £0m 035 x0m 0.56 £004 034 003 asza0n 242 £005
x
cP3 042 £02 039 £0.04 0.19 £605 042 £0.01 az rees 0.25 £006
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 compeonent 3 in the distribution of closed time.



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

e Clop‘él‘askﬁne . Spiperone Baz+ Tertiapin

= = —
. Mean op‘en}ﬁ;-obabﬂkity:; i 1 !

‘ :Meanopén or cl‘oségii;timé T ) T p T p

i :‘Shoéter open éompbnent ‘ HKC . = — — i

- = - — N 1

ompo - - - — - —

‘ ::Midd‘le:cloSgdy,,co;npoilént - 1 — A - . N

Longer c‘l{(‘)‘s“‘e“&;c‘;qsrnp‘bnént : 1 ‘ N A = — —_

T I mean open or closed time. p: proportion. 1. increased. |:@ decreased. ~ ! tended to increase.

“ | tended to decrease —. not affected.

B BR

AU T, FAMEEIZIR S 0 5 XF U OEM A 7 =R b % outside-out FE D/ F 7 5 o Pikk FV CESRAEIZNICHE
MR L, 29, MIES L VRS LZ2 025 2F 0 8-OH-DPAT 8% 3 > 7' 4 GIRK F ¥ X VERICH T 2 1B OREAT 5
B 7RI AT EMICHER LT E 0TS, FY RO A ER S, BMELEESEL I L8R LA
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EBBR L E ol (Table. 6.),
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BRI ORIV Th, BEANLERE L2/ o9 XF it b= %% GIRK F v 3SR 2 M 42 2 &5
TENTV S, L L whole-cell B DA, AIMAA 5 B 5 LI BHTIRIE 21T GIRK F % RAEMLER 2 MiH 55 105M %
2y Ftk 30 DU LR S THH 50%0OMEl LINRERdolz, TOd, 705 AT U BN GIERT 3 23R s/
OB EN T, ABRAERE, MR BIRE Lz 05 2F 0 105 M BP5E20C GIRK 7 v 2 AVBRE IS 2 Z L %5
1o Whole-cell #3C TEBND BIWE(ER S 254013, MABEE T £ CEYA+HIIERT 212303/ 0 OB 205
Db Livier, Ei, wholecell B TOMBTIE, GIRK F 4 3L & PIP: DFEAIC S mR5 AF L 358 2 WHEME & RIR &
NTND, RIEZABELWE TS & GIRK F v %L PIP AL, BEMEMK 2 (TM2 f) X9 C SRl <, e
PRI E VAR PRI IC 5 (Fig. 1.1) 72, whole-cell R TIA T OFEIRE T/ 0T AF U RBE LIS Do wHEEHE X
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Abstract

The effect of centrally acting antitussives (CAATs) on the inwardly rectifying K*
currents mediated by GABAg receptors in acutely dissociated dorsal raphe nucleus
(DRN) neurones of rats was studied using nystatin-perforated patch and
conventional whole-cell patch recording configurations under voltage-clamp
conditions. Dextromethorphan (DM) rapidly and reversibly inhibited the K* currents
induced by 3x10-5 M baclofen in a concentration-dependent manner with a
half-maximum inhibitory concentration of 8.23x10-6 M. The inhibitory effect of DM
was voltage-independent. DM caused a suppression of the maximum response of
the baclofen concentration-response curve, thus suggesting a non-competitive type
of inhibition. In neurones perfused intracellularly with a pipette-solution containing
the nonhydrolysable GTP analog GTPyS, baclofen activated K* currents in an
irreversible manner. DM suppressed the current irreversibly activated by
intracellular GTPyS even in the absence of the agonist. Cloperastine and naltriben
also inhibited the inwardly rectifying K* currents activated by baclofen with a
half-maximum inhibitory concentration of 1.36x10-¢ M and 4.36x10-5 M,

respectively. These results suggest that CAATs may inhibit the G-protein-gated
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inwardly rectifying K* channels coupled with the GABAg receptor in the central

nervous system.

Keywords: Cloperastine; Dextromethorphan; Dorsal raphe nucleus; Dissociated

neurone; GABAg receptor; GIRK channels; Naltriben; Non-opioid antitussive

Abbreviations: CAATs, centrally acting antitussives; CGP34358,

3-aminopropyl)(diethoxymethyl)phosphinic acid; DM, dextromethorphan; DRN,

dorsal raphe nucleus; EGTA, ethylene glycol bis(3-aminoethyl

ether)-N,N,N'N'-tetraacetic acid; GIRK, G protein-gated K* channel; GTPyS,

guanosine 5'-0-(3-thiotriphosphate); Jgac, baclofen-induced GIRK channel current;

E.yr, 5-HTia receptor-mediated GIRK channel current; NTS, nucleus tractus

solitarius; PTX, pertussis toxin; Vyu, holding potential
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Introduction

It is well known that centrally acting antitussives (CAATS) act to cough center in

the brainstem and elevate the cough threshold (Benson et al., 1953; Tortella et al.,

1989). However, the mechanism remains largely unknown. We recently revealed

that dextromethorphan (DM), one of the most widely used non-narcotic antitussives

(Tortella et al., 1989) inhibited rapidly and reversibly the inwardly rectifying K*

currents mediated by 5-HT1a receptor in the DRN neurons (Ishibashi et al., 2000).

Since the 5-HT:a receptors in raphe nuclei works as the autoreceptor and negatively

regulate serotonin (5-HT) neurons (Blier et al., 1987; Innis et al., 1987; Sharp et al,,

1989; Sotelo et al., 1990; Zifa et al., 1992), inhibition of the inwardly rectifying K+

currents may increase the serotonergic tone in the brainstem. Indeed, DM increases

the release of 5-HT from the nucleus tractus solitarius (NTS), an important relay

center in the modulation of cough (Kamei et al., 1992).

5-HT neurons in raphe nuclei project not only to brainstem but also to virtually all

regions of the brain, being involved in a large number of physiological functions

(Jacobs et al., 1992; Leibowitz et al., 1998). The electrical activity of 5-HT neurons is

under a fine control exerted by different neurotransmitters including 5-HT itself,

noradrenaline, dopamine, histamine, glutamate, y-aminobutyric acid (GABA),
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glycine and several neuropeptides (Adell et al,, 2002; Jacobs et al., 1992). The

inhibitory neurotransmitter GABA plays an essential role in the regulation of 5-HT

neurons, operating through local GABAergic interneurons as well as distal

GABAergic afferents that project to the raphe nuclei (Gervasoni et al., 2000). Both

GABAx and GABAg receptors are present in the raphe (Bischoff et al., 1999; Bowery

et al.,, 1987; Chu et al., 1990) and their stimulation appears to inhibit firing activity

of 5-HT neurons (Gallager et al.,, 1976; Innis et al., 1987). Extra- and intracellular

recordings have provided evidence that stimulation of GABAg receptors, as well as

5-HTia receptors, hyperpolarizes 5-HT neurons through the opening of a voltage

dependent, pertussis toxin-sensitive, inwardly rectifying potassium channel

coupled to a G protein (GIRK channel) (Colmers et al., 1988; Innis et al., 1987; Innis

et al., 1988; Williams et al, 1988). Recent immunohistochemical studies have

demonstrated the co-existence of GABAp receptor-like immunoreactivity with

serotonergic cell markers in single raphe neurons (Varga et al., 2002; Wirtshafter et

al., 2001). In accordance with that, microdialysis studies have shown that the

infusion of the GABAg receptor agonist baclofen in the DRN diminishes the release

of 5-HT (Tao et al., 1996).

In the raphe nuclei, Kir3.1(GIRK1), Kir3.2(GIRK2) and Kir3.3(GIRK3) subunits are
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present (Chen et al, 1997, Karschin et al, 1996). These subunits are assembled into
hetero tetramer to compose the functional channels (Jelacic et al, 2000; Mark et al,
2000; Torrecilla et al, 2002). At the present, it is unclear whether 5-HT1a receptors in
the DRN share the same GIRK channels with GABAB receptors. In the present study,
therefore, we investigated the effect of CAATs on the GIRK channel currents induced
by baclofen to examine how GABAg receptor-mediated mechanisms are affected by
CAATs using nystatin-perforated and conventional whole-cell recording techniques

in acutely dissociated rat DRN neurones.

Methods
Preparation

Animals were treated in accordance with the Guidelines of the Japanese
Pharmacological Society and Kumamoto University for the Care and Use of
Laboratory Animals.

Neurones were acutely dissociated from the DRN of rats as described previously
(Ishibashi et al., 2000; Shirasaki et al., 2004). Briefly, ten- to sixteen-day-old Wistar
rats were decapitated under pentobarbital sodium anaesthesia. The brain was

quickly removed from the skull and was sliced at a thickness of 400 pm with a
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microslicer (DTK-1000, Dosaka, Kyoto, Japan). Following 60 min maintenance in

the Krebs’s solution saturated with 95% Oz and 5% CO; at room temperature

(21-24°C), the slices were treated with pronase (125 pg / ml) at 31°C for 15-30 min

and subsequently with thermolysin (125 ug / ml) at 31°C for 15-30 min. After the

enzyme treatment, the DR regions were identified in a 35 mm culture dish (Primaria

3801, Becton Dickinson, NJ, USA) coated with silicone (Silicone, Shin-Etsu, Tokyo,

Japan) under a binocular microscope, and dissected out with a micro feather knife

(Feather No.715, Osaka, Japan). The dissected pieces were gently triturated in a

new dish filled with a HEPES-buffered external solution by the use of fire-polished

fine pipettes under a phase-contrast microscope.

Solutions

The Krebs’s solution consisted of (mM): NaCl 109.5, KC1 4.7, KH2PO4 1.2, MgCl

1.3, CaCly 2.5, NaHCO3 15.5 and glucose 11.5, saturated with 5% CO2-95% O, gas.

The ionic composition of the HEPES-buffered external solution was (mM): NaCl

131.7, KC1 5, MgCl, 1.2, CaCl; 2.5, glucose 11.5 and HEPES 10. External solution

containing 20 mM K* (20K external solution) was prepared by replacing NaCl in the

HEPES-buffered external solution with equimolar KCl. The pH was adjusted to 7.4
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