70— AEF EF A FREAEBMIVICH 173 7T =X MEGHMEOHEIRN
TEHRIZERANDEE | regulator of G protein signaiing (RGS) (CEI¢ 3485

THERE EBESE
KEWfRE B O, PIEZ
FAR K SRR SR R T 0 B

MREEE MEEOMRIILID, 7u— b ¥A A4 FSFASBEHERICBNTT T2 H#f*a@
ﬁ&% WX o TR ENLETTFNVESY 79 —¥ (AC) ROBRERIMHIZIE,. GEHE T2y +

i%%FQ&Acwmﬂ# PIHTHL LR L7z REFFETIE, 8, COGEHE a7
= FPOGTPase{FM WM I T LI LI VGEHAEDEBEZFE L TWAZ EXHL I E ot
regulator of G protein signaling (RGS) I H L, 7 X=X ML ERO RGS mRNA RIBEOIE
fb. RURGS 44 U A A FEFHRFRIZERCRIZTEELRY L, 20— fbudbdvide +
Ed 4 PREELTEWICEREIEPC2BBI. FREFNOT T2 b (4 I FIL ¥ R, DAMGO.
& 1U69,593) ZFFEEHICILE L7z & 2 A, PCI2#HE 1T dominant (Z5E LTV 5 RGS TH 5 RGS4 D
mRNAFERE XREKFRICHML, 2RIEABER 2EBEEE— 2L LD Th o7, 72, 20
RGS4 mRNA OEEMIL, FREFNDT > ¥ T=A b (p : FRF VY, k norBNI) DOFEAUE. 5
AVWHEEHHEBEROMABIZ I DHEESIN, —F, pF Ed 4 FEAEMKL RGS 2 ERH S/
HEK293 Mg 128> T, IV & H T & 5 forskolin % cAMP ERMFIRIRIL, 4+ A [ FEEHED
AEFEBT 5 HER2BMEOZE LB LT, BEICERITIN,, DLOERIE, A ¥4 4 FEEK
DFERALIEE, RUTERICF 53R GCEHE G 7 7 31 — DERIRIEMILIZL D, RGS4
mRNADREBEEPHEML, £72, TORGHITFT VT 4 FEEELMT L2 BREERLBICHE T
CEERULRGS 7 7 3 U =45, 4 U A FREENLEIZ X AW EOER. 5 WIEEEROBRKIC
METLUREELRIMEL Tna,

A. B ® VERAEEEUIC S LT A IR R E Lz,

1980 ELRITIC, BRIIBWT,. G v /87
BEHFNETEMAPFF—-YRIZH LT, B
FE 2T AHMATF & LTSsphRE s hL,
ZOH, OSSR LDFEO T —BEIL B
VLB, FLTI996F 1M E S & b Rk
DY NI EERLEERVWTEENR, RGS
(regulators of G-protein signaling) & #4% & #17-
2, F4E. RGSIEG ¥ v s Fat Ty b
7 GTPase G ZRET L. WhWDH GAP
(GTPase-activating protein) & L Ti&. G ¥
YT RENT HEREERTBIIRAGT A S
EDBELMICERD Y YT X B IERE R B

INETIC, H0EOPRGS 77 3 —D%
BH52VWEHESTEFNFHE,. G EhTHEH,
Tl TR Dboip 77 3~ og. oz iIxF L
T GTPase i T FEIC{RET B85, o ITxF L
TIREA LW LAHshTwna 36,
—H.ENE R EORBIEERE IS, F0E
MRMERIC & D F B IiiTE - MEEIER SR
BILEFHONLTWEN, 2OREA D =X 4
WL TRERZEAHLZAPFZKZREINTWES,
MEEEORAHNFMARGEDE (EELLEE
S [HHERORFEA =X L LB
BN ICHET 5 MEREMFE BT, KA
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i, 7u— kA ¥ A4 FEEEEEMARTH
V. invitro R TORBERKEREROT TV L E
AOLRTWAET T A MEHHLEBIZLATT
VY 75— (AC) ROBEZHEDEIZ
1379, GERB aidsrWvido, 7=y MIZ
L ABERZACOWEIFLEATHL I LE. F
ASGEHRE o =y bEHWKREIZL
DRL7z% 10,

ZOXHHRYPL, RGSVGEHE Y7
2=y FOBEBLTRETAILIZLD, TT=
2 M REBERLE T L B HRBNIEREEROEIL
AT S OREFRIZLTWEIEPELLN
5. FZTAMETIE. A A, F7TT=A M
FEOVALIE 1< X 2 MR B RIZER OBLIIH T
% RGS DS EMRETT L0, T, Fu—U
b ¥ 4 FEEETKEMICEET 5PC12H
FEHWT, + ¥4 4 FREEORRIEET
12 X 5RGS mRNA D FH & D% AL % northern blot
BIZI DR L. 8610 F G 1 FRBHEL
RGS ¥ B EMR ICRBERIELZ LD,
RGS 754 ¥4 4 FZBERBHRIZERICFILE
BlZOoWTHRE L7,

B. /5 &
(1) &> FRGSH 7% 1 7 cDNAD Y
O—=7

Z v M RGS2, 4, 7, 8, 10 cDNA ORI,
Z v MRBEE & Ui L7z otal RNA 7 5 RT-
PCREIZ X 1872, RT-PCROEIZH W2 A
BT sy AT —3BEHOT v+
RGS2. 4. 7. 8, 10D ELH] (GeneBank AAR58950,
U32327. U32328, U32432, U32437) % JCITEEE
L7z (1), RT-PCREEIC & V85 72 DNA KT
Ait. pBluescript 7' A I K27 ¥ — |l Ah
ALY — T I AERELIZEIA ENTERE
I— F¥5cDNAE100%DFRERY —HFH DT
EHEELPICRY, RO OV HFETRTE
17 v F RGS2, 4, 7. 8. 10cDNA & I— ¢
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AEMAETHDLI EDPHEEINT 2, Fko
FHiEIZ L W24 E O RGS4 cDNA b 877,

(2) PC12MBZIZBIT5 RGS mRNA HHD
northern blotting {2 & % 4

sa—fbpu-HIVHE e - A FRER
FEEMICEE &7 PCi2 #if2 (u-OPR/PC12
H At x-OPR/PC12) T HV, 5Eih (10% 3B
b <IMEDB & U5%E@ LY VIRRILEZ &4
DMEM) F & EW T MEDRED L . L
&1L 720 & PCI2 #2755 total RNA T L,
northern blot B 4T o 720 b H, 6% K IV 4
FTLFE REE12% T HAe—A7FMZT,. B5H
7> total RNA (10ug) #ERIKENL 721k, +1
QYA TSTT4NME—IEEL, 7L
TYFAX -2 a0 2P TERZLIL-ELES Y
} RGS2. 4. 7. 8. 107 ¥ F -~ ARNA 72—
TERAWTINATYFL XL TANT—%2
X 8SC .,/ 0.1% SDS T 2 8], 0.1 X SSC.” 0.1%
SDSHT4 Mk L. 77— FIIHEEHERBITEE
BAS2000 12 X W EEIL L 728, X871 VAT
B LTHRILL 72,

Tablel BERGS O —=r 7 IZHwE
VABYIYFTrFE AT —

RGS SENSE or primer
antisense
rRGS2 sense GGTGTTGACTGACGTTCTTA
antisense CAATGAGTGGTCCTAGGAAT
rRGS4 sense ATCAGCTGTGAGGAGTACAA
antisense CAGGTTGAAAATCTTCTTCT
rRGS7 sense TTGGCAGTGGAGGACCTGAA
antisense CAGCTTGTAAATGTGCTCCT
rRGS8 sense CTGGCCTGTGAGGAGTTCAA
antisense GAGGCTGTGGACTTTTCCCT
rRGS10 sense CTAGCGTGTGAAGATTTCAA
antisense GAGATTGAAGATCTGGTCCT
rRGS4 sense GTGAGCTACGTCAACGGTTA
(complete) antisense GAGTCTTGGCATTTCGGTTIC




(3) HEK293#IBE~DRGS4cDNAD F 5 >~ A
T3 v

T E DRGS4 cDNA % LBl <
¥ —pcDNA3ILH T 70—y 7L U v EBEA L
DALY, 20— TS PSR
HEZENICR ¢/ HEK293 #l2 (u-OPR/
HEK293) {2, &52 b5 A 727 L7,
RGS4 mRNA D F it northern blot HEIZ L 1,
RGS4 # > 2327 OFHIL anti-RGS4HL A % v /-
western blot #E 12 X D HERE L 7=,

(4) Western blotting

HEK293 #ifd & MR iE M ic b L. &
bN7/-¥ 237 E 100 pg % SDS-PAGE (14.5%
TIZIUMTINFV) XY SEHLHE, = b
TRV —RARA T T VIZEEE L, anti-RGS4$T
{& (Santa Cruz Biotechnology, Inc.) % i\ THRiE
e 4T 272,

(5) cAMP assay

FRZ 24T LF Y VT L — MZI0S A/
well THERE U, 121552 L 72 . HEPES-buffered
saline 0.5 ml T— LR, cAMP 73-REREFZHIH]
3£ T & % 3-isobutyl-1-methylxanthin (IBMX) 1 mM
% & 100.45 mlOHEPES-buffered saline #1T37C.
T4 yFax—tL74, 105%. 100 uM
forskolin (FAERE 10uM). | mMIBMX, E 4
DERED ) I ¥k & 1HEPES-buffered saline 50
W ZMA CRIGEEB L. 37CTI055/ A >~
Fa~N— b L72fR, KH L7 10% TCA 0.5 ml @
WIMCE DA vFa— 3 %1 L, cAMP
THH L7 cAMPEIX, 5V 44 L/ T vt
B DEEL

C. & B
(1) PCI2MBZIZBI} % RGS mRNA RO
northern blot |2 X 5 84T

T, T v MREEE DS Hi L 72 total RNA
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ZHWT, RGS2, 4, 7. 8, 10T 27 5
t 2 A RNA 72— 7% HV>T northern blot %
fTol. #DFER, £ THRGS mRNA DRI
FERZ S 7- (datanot shown)e RIC. LT »F
Y ARNA 7T — 72 H\WT, PCI2HIfR I 81T
% ZHERGS mRNA D FEIH & 5T L /- 458 RGS4
mRNA {358 < 3 L TWw/-2%, RGS2, 7. 8. 10
mRNA OERIIMETE LW, HEZWIZRET
ETHODPLRNBEVREICLIEREL TW2d o
7z (Fig. 1), PC12HBRIZB W T, #5T L 72 RGS
DT dominant {2 L TV 372 RGS4 11, &£7&
RGS DH T HIFIZMATORBEEN ST LS
JWEINTBY, S LI BAICBW TEDEKE
ERICECESLTWwA I B TwaAE
BRI, B 5 VIR FORENS
(RONDZEHHESRTEY I, PROE
BRCI . RGHZHFLIRF DTV Z &
L7z,

(2) 70—bF ¥4 FEERLBRSEL
PCIHIREICBIT 23 EF 4 F7 TR MZE 3
RGS4 mRNA DORERH

p-HWHE k- FERERERENIZ
RE SH/-PC12#if2 (W-OPRPCI2 & 5 i x-
OPR/PC12) IZBWVT, FREFNDFT TR T
HBENE A (10uM) H 5\ i3 U69,593 (1 uM)
FRETHI LI, RERE2HEE Y-
7 & LT.RGS4 mRNADRHEDEHMIR LN
7= (Fig.2)o

T 720 p-OPRPCI2ICBWT, ELRAB I
pBIRBT TR FTH A DAMGO % 2 BEEAL

RGS2 RGS4 RGS7 RGS8 RGS10

Fig.1 PCI2MiRZIZ 3517 5 £ RGS mRNA DFEHR
(northern blot)



a) U-OPR/PC12 — morphine (10 pM) a) u-OPR/PC12 — morphine (2 hr)

(%

=3

(=4
1

160+ 186
- 140] £ 1]
3 &
§ 120 € 140 4
s 1004 — g 1204
S £
= 80 % 100 g
z =
% 60+ 80 4
3 40- lp
E 20 - -10 k] -8 7 -6 5
1 Morphine concentration (log M)
control 0.5 i 2 4 8 12 '
_ b p-OPR/PC12 - DAMGO (2 hr)
morphine (10 uM) treated time (hr)
b) k-OPR/PC12 — UJ69,593 (1 uM) 180,

1601 4

140

1201

RGS4 mRNA £ of control)

180-

160 100 ¢~

140 w0

1204 .
ol

i

a0 8 8 7 P
DAMGG concentration {log M)

100+

RGS4 mRNA (% of control)
o
bt

c) x-OPR/PC12 - U69,593 (2 hr)

control 0.5 1 2 4 8 12

169,503 (1 uM) treated time (hr) 0

180

Fig.2 7 u—Y{bA ¥4 FEFEKFERT : 1601

% PCI2MIfBICB I 27 T2 MLEIZ L 5 g

z J

RGS4 mRNA B OREF 1L g
é 100 g——

304

BTA228i1IX), FNFROT7TTZA MKt 4”@ s 8 7 6 3

L CHLEEIRAE IO 1T RGS4 mRNA DB B 010 1169393 concentation log M
PEE SNz, FARRIZ. «OPRPCIZIZBWVT, Fig3d 70— {bt Va4 FSREFRET 2
U69,593 % 2 BERALIE T 5 2 LI & | REERAE PCI2MIRLIC BT B BREDOT T=X MRLEIZ X
B2 RGS4 mRNA OFEBRELHML 72 (Fig. 3) % RGS4 mRNA O Z1E '
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a) p-OPR/PCI2 b) n-OPR/PC12

2 &

(=3
1 ¥
—
o oo
- =

S B B
8. 8.8

80

RG34 mRNA (% of conlrel)
o0
=3

RGS54 mRNA (% of conirol)

204 20+

04 ; ; i
A
woge - 4w ohmM +

Fig.4 70—t Yt A FEEETFRERT S
PCI2HAREIC BT AT IT= X MILEIZ X A RGS4
mRNA E¥EININTA2T v ¥ T=X FOFhE

7z, p-OPR/PC12 B & P k-OPR/PC121IZ 5
W, FRENENE SR (10uM). 69,593 (1
uM) @ 2 BEEALEIC X 5 RGS4 mRNA F OB
F.FNFNDT ¥ = A M T Bnaloxone (1
uM) B LT norBNI (10puM) %, 7IT=A L &
FIRFICES A 2 L1 X DS R (Fig 4)0

& 52, u-OPR/PC12 B & U'k-OPR/PC12 128
WT, FhEFhEee R (10 pM) H 5 0id
U69,593 (1 uM) * 2IRBIMET A &Ik 3
RGS4 mRNA B DOWEINE, B HEEZE (20 ng/ml)
T I6BERILE L TBL I LIZLy, HESR
7> (Fig. 5) o

(3) RGS4 12k B F ¥t 4 FEEAEHRIZER
D FES

A Y44 FEEERE L BREER IS
HRGSADHEG BT 5720, TERIZZ 10—

AbA ¥ d 4 FREET FHEHE SE 7 HEK293 #

Bz, 8 LICRGS4cDNAR VS A 722 by
AZEIZIY LA FREARERGSA T L5
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a) W-OPR/PC12 b) u-OPR/PC12

@

=

¥
— —
B oo
S &

g

S
g

= )
=T~
1 iy

RGS4 mBNA (% of control)
5

RGS4 mRNA (% of controt)

e
g

[+ B!

PT.
(20 nptnl for 164y - + + Q0ngmi for 16k T

morphine 69,593
Pl -+ + - S - + o+

Fig. 5 70— fbt 4 FEEBREREETS
PCI12MIBIZ B A 7 = A MLEIZ & 5 RGS4
mRNA BLEIIICA T 2 B HEERE PTX) AiLE
DFHFE

Bag, AT 7T A PABREIZL S
forskolin #5 % cAMP ZREHAHIZIRIC 52 5 BF
HRE L 720

p A A FPEERETEENIIRERES TR
HEK293 #ifai2. REH~N2 ¥ — pcDNA3
(mock). »ABVIZRGS4 ¢cDNA 3 AL
pcDNA3E ) VEEAN VI LRICT IS Y A7 =
7 FL7z, Zho Ofifad 5 mRNA I L.
RGS4 x5 B 7F LV ARNAZTO—7%H
W northern blot #7072 & 2 A RZ ¥ —D A
(mock) ¥ b ¥ A 72 a v LicliEIzBW
Tid. RGS4 mRNA OERITHE ST, —H.
RGS4cDNA% 9V A7z 7 v a v Li-MlElc
BWTITERH 2 RGS4 mRNA ODEBEFHER SN
725 [RELZ. anti-RGS4 B/ % B V> 7 western blot
XD IRSHIIZBITARGSE ¥ N DF
HERE LR, RGS4DNAR F 9V A7 x
72 var L7-BBRIIBWTDOARGSE 7 87
PRE SN (Fig. 6)o

ZDuF A4 FEFMEE RGS4 T HFEH S



a) RGS4 mRNA (northern blot)

@"C}

o
o

b) RGS4 protein (western blot)

(kD)

974
66— "~

45 ——

31—

SO A S RGS4

215 —a
14.5 —

Fig. 6 HEK293#if2(Z 317 5 RGS4 mRNA (a) B
LUTRGS4 # w82 (b) OFIB

4 72HEK293fif2 o BT, e 2 2N EIC
X % forskolin 5% cAMP EFFHIFIZNFIC DOV T
B Lo ¥ -0k (mock) 8 FF VA7
7 M L7-HEK293Mfg - BT T 2 OEHE
ME (4 rFax—2a VERHI05) KX
forskolin $5% cAMP &8 11 iR B AF B9 1T 0 &
N, FOICsEIZ3.58 £0.65asM TH o7z, —
5. RGS4 ¢cDNA %2 S VA T7x27 FLT
HEK?293 flfaicB W T, T RIZLED
forskolin &% cAMP ERFHIHIAI R 12, mock = b
SVAT7x27 b+ LI-HEK293Mifa & KB L T &
BN O TH o7z (ICs50fE=10.2 + 1.72 nM,
P<0.05, Mann-Whitney U-test, I5]2-7),
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120

IOOT—

80

40 O mock transfection
IC50=3.58+0.65 nM

@ RGS4 transfection

201 ICs0=10.2+1.72 nM*

cAMP accumulation (% of control)
(=,
<
i

0"‘""7//’ T T T T T
- -10 9 -8 17 6

morphine concentration [ log M ]

Fig.7 pA U4 A FEEHFLRGS4 THERT
AHEK293FHBIC BT 5 EN L FEMEMEIC &
% forskolin 5% cAMP ETEHNIHIRIR

* P<0.05 vs. mock transfection (Mann—Whitney [Jtest)
, n=5.

D. £ £

G¥ NI BENTARBREERTBICHE
THHRFE LT, BRIIBWTERINSst2p
EDRETT—REDL, EFE, BILEIIBNT
b EROBEE L EOH -y VN7 E, RGSH
FE S, HRENEREENSHRFO—-—2L L
TEBREDHTWA, ThTTIZ, 20fEEHIE
DT A TOFEPHERINTVSRGS &,
WENRBGio 77 I . GgdHAWIEG Dalt
7=y P DGTPaselfMfx LR IELH I LITL
D, GF U7 BEOEEILTIARNT 2B E 0D
ZIEHFELAICENTWS S, UL
L, BADRGS ¥ VX2 EBEADGHY ¥ 237
Fod 7=y MO LCEREEZ RS VG
EVEL. DL IEBDRGS YT I A T
FETAERNERIIABOTEITH S, R,
Gold 513, ERGSH 7% 4 TORA TOIHIBIE
1% % in situ hybridization ¥ 12 & 0 SERIICARET Lo
ZRGSH T ¥ A TIC L W R o RPNy — >
PRTILEEOAICLAEI, I5ITESIE,
S MIERESLHBT I LICXNEEEIIBY



TRGSIOmRNA YR T 5 Z L & L. RGS
BITL2ORBITL ) FORBEIHRG SN 2
YDTHLIEEFRLE, KFEIZBNT, »
O— bt ¥ 1 FEELEE BB ¥ -PC124
FLIZBWT. FEF A N7 T2+ 2 5B, &
FAITMLE T4 Z L2 X YPCI2ZMIBEIc BV Tl
#EZRY dominant |Z583 L TV 5 RGS4 mRNA D&
AT % Z & % northern blot I X W BHS
P L7z, /2. ZTORGS4 mRNA =DM,
WET LTI OEEIVKENTHY, F
Ty IRAFORBALARBICL VEREN
Z & XD, ZDORGS4mRNADEHIIIFRHE X 47>
FEF L FEBEEALEODOTHD T LIASE
SN EHIC. AHEERORREBIZL Y o
MRVHEINA-ZL I, FESA FEHEE
HHALICNE ) BHEERREE Gtk G 7 3
7 BORRBRIEEALIZE o THIERIE N2
bDTHAZ LHRENTRGS4IT. ThIT
IZ Ggy11 %D bombesin FHEORFIC X 5
MAPKIEMSB L PR AR NN—- Y CiERDO LR,
HENIGXBFROD: REKORBIZL B
MAPK MO LAY BAICHE T2 Z L i s
NTWBE12, Thbt, AFFFHRICBITS 4
Ut A FEEEOFHENESEIICL 5 RGS4
mMRNADFHEOWMIE. GF v N2 Hatr 7L
= b GTPase AT LR SEDLZ LITE D,
ARAEREZEROBR 2 THEY T 28 X
Wb EFTFHENE, #I T, EBEIZRGSS
DEBIZL N A A FEEEE 4 LR
BRIEZERFEDI I LHELS T A2, %

HEK203 ffaic 7 o — b ¥ 4 FEEAK S
RG4ZTHKBBEI®HLILIZI ORI L. 20
R RGSADFEBIZEI VA EF A FFIT=Z K
SMEMLE 2 X 5 forskolin 353 cAMP EFEEEI%
RPBEITRIGEN., RGSADVERIZA LA A N
REEE AL HMBREREERTRICHS L
TWBZEMFRENT, TNEDORERZERED L

RGS41E. A EF 4 F %m%ﬁtt%ﬁ@L%
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OFRBLEEIC LY ZORHEABEML,
AYF A FEFEEREEROBRE 2 ERLD
HOREAIZWE L TwDB T LIRE SIS (Fig.
8o DL LRGSDEHEMMIZL T, 7
T MFERALEBROGERE o (2 i
o) 722y M X B AC~DEIEIEE HTIRTS
SN, ZOTLEHR, ar T2y MIXBACD
FEFCREIN) 2 DIE & 7 B ACR DBIRE M D IEE
TS A A C TREE A E L b 2,

JeR oL

GTP
GTPaseactiviry’ WP
1

PO MMEEAGLER

‘ cAMP
GTPase activity ’

Fig.8 7 J=2A MERIVLERORGSIZLE 54
VA A FEERERIEROEE



E. # #

yu— A A4 FEEREREERE B
T, 7= A MEEBIOME D X 5 e FE=
BERAOEIIT ARGS DHESG EMeT Lo e 2
A, A ¥ I A NEEEE A LIEREERORF
BE 2 EMALIC & W RGS4 mRNA DEF =47
mL. #0Z &P HBRAEREEROEORE
5452 LR ENT,
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EEMEMARWEE (EEREBAMETE)
S RHREE
TIEREE | FUHFEICB T A MBENEREEYE 0%
Phencyclidine % place aversion 35 & UF place preference i~ 313 5 cyclic AMP D7 ]

THEFRE  $BEERED Y
Bt n®E  FHERY 2 SAEHRY
BEBRRFRFREEMEHEREED | ERIHEREERRY

MREEE

# 4 i3 conditioned place preference % 12 33> T phencyclidine (PCP) i3, place aversion (PA) % %
%Y 555, PCP % EHix S L 2B IZ BT, place preference (PP) 2 FHRT 2 2 L 3 8HEL
Td, £Z T, BEYEFILERLRRE R L T2 MBENBEIZEYE cyclic AMP (cCAMP)
A PCP &% PA BIU PP TBVWTEDL ) RBREZHEALLTVEh, EIRE cAMP
phosphodiesterase fHE IO rolipram 3 & UHlIlLA cAMP &8 % # 1 & & 2 nefiracetam % Fi\> T
& L72. PCP &% PA (I, rolipram 3 & UF nefiracetam iZ & o THEIZHIHI S h iz, PCP % &M
#5545 &, A cAMP SEIEHA L, 0@ rolipram O RRSIC & H EEI S 7z, PA
eRB LYY ADKN cAMP 23t L Twido7ze —F, PCP & rolipram & 5 V32
nefiracetam % 28 H I EHHERAES L2y AIZBWTPCP I3, PPEFER Lo r, AR
£ 13, conditioning DEAREIH, PCP & rolipram @ 5\ i3 nefiracetam % A5 L7410 22
HHNTZPCP % 28 BEBERZR G LAY AB LI PP2EHL< Y ADHA cAMP 2511
EMLTWiz, 2D X9 % cAMP EEDHEMIL, rolipram % PCP & 28 B RIEFEMBLET 2 L
RIS iz, LEDOHREP S, PCPFHR PA B LU PP OEEBE., X5171X PCP 5 PP O
RGBT cAMP 2SS L TWa 2 EWRBENS,

A HZEEM MM EL, PoBEETHY, BYo
T H 5 IHEE T D 5 phencyclidine (PCP) FEGF ¥4 (preference) 72VF Tl < B EH
F. B MICBWTHERIC X W EYERE OB (aversion) * DR T A EHFTE B ¥, &
- BRIERAE) 252 TSN @D CPP {RIZBV>T PCP X, place aversion
TWwh, 7z, EFEYICBWTIE, BB PA) ZFRTEIZEIREINRTW S,
5 D, FHRERR 2 5 ViIERES TAITLARTIC, PCP ZEHFEHZS L2 v b
BOKREIZL DBEERD 258HT 5, L RIYAIBWT, PCPFHE PA JTPP |2
L. PCP DEFHRA I = A LIZDNWT fEyaZez@WELTVwE Y, Z0HEEII,

3. KRZERHEL ZHBE 0, RRE. & MIBWTPCP 2 2MMICHS
Conditioned place preference (CPP) i3, 3 THE, IBEAXrOL FBERNELELT

MERGEZFMTAERFED VD EOTH UL, EBEICIVKREI R SIS &
D, BYECHRGERPEYRNEICERT WIOHREELULTWAE I 25, PCP O
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WHERR A D =X L5BHETS) LTEE
BRI VHETH 5,

WA, FEHFHNFEORRIZLY n
vitro COIEPEIEDTER X 71 = X L DfEH
IR TBD., SRb DY LEES
WAHR/EREIC L 2EMIKFEORRA I =
Anicid, pah B L oHERCHEA
SHEERFES LTV L I EHRRREN
Twb, F0OHT, Eoiaits L U
HEIZIMA cyclic AMP (cAMP) RDHE G-I
EINTWDSE, FHiC, HREATO cAMP
o ET B cAMP response element binding
protein (CREB) . CRE B & U‘Fﬂﬁi’ﬁfﬁ%ﬁ
EQEE~LRL —ED A AT — FH5, #
BOBEEERL LTEEEIRLTNWS %,

#27, AL TIE, in viro DEERIZ X
DWBLNIRERICETE, PCP ILL->TH
HEND PA BLU PP ITBITH cAMP
OZENT DV TITEEER 2093 & gt
FRICHRE L7,

B. A&
e S UEY

Std-ddY oMM~ 2 (HAE SLC) %,
ERESEGT (iR 2431 CT.BE 55+
5 %) THT L., EEREIC 1 R LEME
Lizts., EERICEHLZ

Phencyclidine (PCP) 13, &K FERELRD
HINFEEE AR L T iz7Zvw7z, Rolipram
13X RBI & b B A L . nefiracetam (DM-9384) I
msla k DR L Cwiz7iwiz, PCP,
nefiracetam i3 24E B AIE K IZ rolipram i3 2%
DMSO Z#&E#B L 72,

CPP %

CPP BB, EREVERIIFOF
YEFTTHGAZI LD TELZEBORES
& UBRTE 1T 1 0 ¥ % B 7B B R

- B4 —

LRAZTIZINBOLDOEHERL /2, EB
AP a2—Nik,Noda BDOFHE? IZHE>T
Fole $hbb, A7—T 1 (Pre
conditioning) (& 3 HREfT\, HEEANOF O
FUYRTRBATLRET, YO AZEEIL
AN 000 BHBRICIERS ¥, Pre-
conditioning ? 3 HHIZ, FEHBRITHEL 72
BErHElel.,. RAHERELLHEZ
preferred side, WMDHFE % non-preferred side
E L7z #t< 17*-—*/“ 2 (Conditioning) 1
6 BREIICED TV, 1. 3. 5 HEIZIZ PCP
(8 mg/kg) %Hjﬁ:’é—?u’ BE&IC¥oFrF
7 % BJ® 7z preferredside 1. 2. 4. 6 H
HiZiZ saline * FTHG L-ERIZF2 T
¥ ¥ 7 % &7 non-preferred side (Z£ %
h 20 STV AZEHLRAD, 2B, PCP
(10 mgkgday s.c) B & U rolipram (1
mgkg/day ip.) % 28 HEEHRKS I/-E
BEMAEAES LY ARAWVWIERT
. 1. 3. 5SBEIZIX PCP (8 mgky) %
BELERIIYOF Y F7 27 non-
preferred side 12, 2. 4. 6 HHEIZ{E saline
¥HRELABERICFOF VT EHADL
preferred side (€N EFN 20 THETTVA %
LAz, AT — 7T 3 (Postconditioning)
¥, Conditioning T DFEHIZIT Vv, TV
2HEFuFry F72EIT-EBRHICAR
900 #V [ B H IC#R%E & ¥, Pre-conditioning
D3 HE CFERICEBECHEEL 2B T
B % L 7o Pre-conditioning 3 X ¥ Post-
conditioning BT 7 AFERBITHEEL
TWAEMIL, FEEFRILD SCANET SV-
101D #FWTHE L,

3 % 5 ffi 1X . Pre-conditioning 3 X T
Post-conditioning 2 B W T PCP T
conditioning L7z side IZ{#TE L7252 5
saline C conditioning L 7 side IC#FEL 72
BEZ 5w {EL FNE Pre value B &



U Postvalue & L, &5, Post value 7
& Prevalue % 5[{\272fE% Post-Pre value &
LTFHI L 72,

Rolipram (JEEA#E5) & L U nefiracetam
(BO&ES) &, #FnFPCP 5D 30 B
£ T 60 FRIICHLE L 72

R cAMP £ B ORITE

RUANLNA O I~ TRBEE L., W
BHICL VWU L ERaE» S 7 %
8% L, Pharmasia Biotech @ cAMP il B
EREBREX y PEHWTHA cAMP &8
ZPlE L7z,

et e

BRI, $_XTESY £ EERECTRL
2o RO NIT— ¥ OFEHENIL, figure B
L P table ISR L7-BREEZHWTITW,.P<
005 THE2LbDEHETHLE L,

C. BE
PCP X PA OEEBRICHT S rolipram &
& U nefiracetam D{ER

Conditioning D HAfE #. rolipram (0.1 & %
Wit 1 mgkgip.) & PCP (8 mgkgs.c) ¥
HEH%ES T2 &, PCP #F5 PAIX, BEIC
MHIS N7z (Fig. 1A). FERZEIFITER L,
nefiracetam (5 & % \*i% 10 mgke p.o.) Dff
AESFIZL > THHE SN (Fig 1B).

Rolipram (1 mgkg i.p.) 3 & U nefiracetam
(10 mgkg p.o )DEMIZGIT, PA & 5 \id
PP DWINLFER L L d o7 (Fig. 1A and
B)o

PCP # & Urolipram D Et & B L\ 2 HEFE
S & BMA cAMP EEDEAL

PCP (8 mg/kg s.c.)D BRI #iK /R
RTEIZBIT S cAMP EBZHZITED S
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/245, rolipram (1 mgkg) DXEMIEEIT,
WITHMS 72 (Table 1)s ZDPCPIZL %
cAMP ZEDWAVER I, rolipram (1 mgke
ip) OHEATSICL DI S 72 (Table
Do REBLUTHEMBEIZBITS cAMP 5 &
i, WTFhoEEIZL- THEE LTI
RO LISz h o 72 (Table 1o

PCP &% PA 2RHEL 727 2D cAMP
BEIE. BER. BEAEB X UHEKR B/ET
BOWTNOHME BN TIEE 2L
BOOLNL Do RT— )

A : Rolipram
W r
(12) {12) (16} (13) {16)
o r 1— l;;a W
100 I A
20 v 1
'g #
s <300
E]
2 -4
[
-
£ sw
500
0 = X
41 1 1
Conditioning (i.p.)  Vehicle Vehicle
Rolipram (mg/kg)
Conditioning (s.c.)  Saline PCP (8 mg/kg) Saline
B : Nefiracetam
100 o
0 (16) {16) (16) (16) (16)
V
-100 /j:
. N |
ﬁ =200
- #
=
g a0 b
£
E 400
500
600
16 10
Conditioning (p.0.)  Vehicle Vehicle
Nefiracetam (mg/kg)
Conditioning {s.c.}  Saline PCP (8 mg/kg) Saline

Fig. 1 Effects of rolipram (A) and nefiracetam (B) on the
acquisition of PCP-induced place aversion in mice.
Rolipram (0.1 or 1 mg/kg i.p.) and nefiracetam (5 or 10



mg/kg p.o.) were administered 30 and 60 min,
respectively, before PCP treatment (8 mg/kg s.c.). Each
column represents the mean * S.E.M. Numbers in
parentheses are the number of animals used *P < 0.05,
*%%P « 0,001 vs comesponding (vehicle+saline)-treated
group. #P < 0.05, ##P < 0.01, ##P < 0.001 vs
corresponding  (vehicle+PCP)-treated group (Student-
Newmann-Keuls multiple comparisons test).

Table 1. Cyclic AMP levels in brain regions of mice
treated with PCP and/or roliplam acutely.
cAMP levels (% of control)

Drug treatment . Thalamus/
Cortex Striatum hypothalamus
Vehicle + Saline 1000t 7.8 1000+ 9.1 100.0 + 10.1
Vehicle + PCP 113.6 158 1143 £13.5 656+ 52*
Rolipram + PCP 1122+ 14.0 982+192 1214+ 118+
Rolipram + Saline 1057 £183  141.1:218  1561:17.4%

Rolipram (1 mg/kg i.p.) was administered 30 min before
PCP treatment. Mice were sacrificed 10 min after PCP
treatment (8 mg/kg s.c.). Cyclic AMP levels in the
cortex,, stristum and thalamus/hypothalamus in the
(vehicle+saline)-treated  group  were  496.1+38.7,
2737.7+249.1  and 293.2429.6 pmol/g  tissue,
respectively. N = 7-8. *P < 0.05, **P < 0.01 vs
(vehicle+saline)-treated group. ##P < 001 s
(vehicle+PCP)-treated group  (Student-Newmann-Keuls
multiple comparisons test).

PCP #¥ PP OEEICHT 3 rolipram &
& U nefiracetam DEMH

PCP (10 mg/kg/day s.c.) % 28 H HEHx
5 L7229 A28V, conditioning O i fH
o, rolipram (0.1 & %V 1 mgke i.p.) &
%\ id nefiracetam (5 & 5 X 10 mg/kg
p.0.) & PCP (8 mgkg s.c.) ZHFHEEST 5
L .PCP &% PP Z. FRICEM L (Fig.
2A and B)o

Rolipram (1 mgkg ip.) & % v &
nefiracetam (10 mg/kg p.o.) D HEHE G113, PA
HBVIE PP OVTNIFRL Lo
{Fig. 2A and B).

PCP % PP OFICHT S rolipram &
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& U nefiracetam O{EF

Rolipram (1 mgkg/day ip.) & 5 \» i
nefiracetam (10 mg/kg/day p.o.) & PCP (10
mgkg/day s.c.) 28 HEERMHES L
727 %7 A 2BV, conditioning #i & &, PCP
(8 mg/kg s.c.) HMIES L2k, PCPFHHE
PP IIgEE SN o7 (Fig. 3Aand B),

Rolipram (1 mgkg/day ip.) 5% \» ik
nefiracetam (10 mg/kg/day p.o.)% 28 HREE
BHRESL<Y 2128w T PCP (8 mgkg
sc.) . PABIXUPPOVTNRIFERL L
o,

A : Rolipram
LU o
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I e (16}
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B : Nefiracetam
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Saline Saline

Conditioning {s.¢.}

Fig. 2 Effects of rolipram (A) and nefiracetam (B) on



the acquisition of PCP-induced place preference in mice.
Mice were pretreated with PCP (10 mg/kg/day s.c.) for
28 days before the CPP task. During conditioning,
rolipram (0.1 or 1 mg/kg i.p.) and nefiracetam (5 or 10
mg/kg p.o.) were administered 30 and 60 min,
respectively, before PCP treatment (8 mg/kg s.c.). Each
column represents the mean * S.E.M. Numbers in
parentheses are the number of animals used. *P < 0.05 vs
corresponding (vehicle+saline)-treated group. #P < (.05
vs corresponding (vehicle+PCP)-treated group (Student-
Newmann-Keuls multiple comparisons test).

Table 2. Cyclic AMP levels in brain regions of mice
pretreated with PCP for 28 days
cAMP levels (% of control)

Drug treatment
e Cortex Striatum Thalamus/
hypothalamuos
Saline 100.0 £ 11.3 100.0 4 8.9 100.0 + 10.3
PCP B8.5+125 1343:145* 16051 14.2%*
Rolipram + PCP 99.7+12.7 91.8 £13.8 8631142 #

Mice were pretreated with saline, PCP (10 mg/kg/day
s.c.), and rolipram (1 mg/kg/day i.p.) + PCP (10
mg/kg/day s.c.) for 28 days. Such mice were sacrificed 24
br after the final administration of PCP. Cyclic AMP
levels in the cortex, striatum and thalamus/hypothalamus
of saline-treated group were 514.24£58.1, 2471.0+£220.0
and 316.32+32.6 pmol/g tissue, respectively. N =7-8. *P «
0.05, **P < 0.01 vs corresponding saline-treated group.
##P < 0.01 vs comesponding PCP-treated group (Student-
Newmann-Keuls multiple comparisons test).

A : Rolipram
500 r L)
500 B
400 B
g wr
F]
o =3
E 200 " - T
&
E mw | //
F /1 %
(12} (16} (14} (18)
100 -
1 1
Pretreatment {i.p.) Vehicle Vehicle
Rolipram (smgfkg)
Pretreatment (s.c.) Saline e PCP (10 mgrkg) Saline
Conditioning (s.c.} Saline PCP (8 mgkg)
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B : Nefiracetam
GO0 r -
sm -
w
g e f
K #
T e | '[ hid
£ 7
w0
: Zza
¢ b 1 fd A
14 (14) {15) an
10 =
Pretreatment (p.o.) Vehicle Vehicle 10 0
Nefiracetam (mgkg)
Pretreatment (s.c.) Saline e PCP (10 mg/kg) Saline
Conditioning (s.c)  Saline PCP (8 mg/kp)

Fig. 3 Effects of rolipram (A) and nefiracetarn (B) on the
development of PCP-induced place preference in mice.
Rolipram (1 mg/kg i.p.) and nefiracetam (10 mg/kg) were
administered 30 and 60 min, respectively, before PCP
treatment (10 mg/kg s.c.). Such treated mice were used in
the CPP test. Each column represents the mean + S.E.M.
Numbers in parentheses are the number of animals used.
**P < 0.01, *RXP < 0.001 vs comesponding
(vehicle+saline+saline)-treated group. ##P < 0.01 vs
corresponding {vehicle+PCP+PCP)-treated group
(Student-Newmann-Keuls muitiple comparisons test).

PCP EFE I XICHEITE PCP 54U
rolipram DOBiMH 2 N EHABRSIC L2 B
A cAMP EENZE L

PCP (10 mg/kg/day s.c.) % 28 HREIEER
SLAT Y AOBGEB L URE HET
BIZBITS cAMP &EIZ, AZICHEmMLT
W7z (Table 2)2%, = D#EINIZ. PCP &
rolipram (1 mg/kg i.p.)DERELHIESIC L -
THEITHH] & 17z (Table 2),

PCP &% PP 2 HBAL 2~y 2B LT
condiioning @ Hj ] #* PCP(8 mgkg) &
rolipram (1 mgkg) ZHHAKE Lz v 2D
MEEB LUK/ BETEHIZBW T
CAMP &&= 33 L T\ 72 (Table 3).



Table 3. Cyclic AMP levels in brain regions of mice
showing the PCP-induced place preference
cAMP levels (% of control)

Drug treatment . Thalamus/
Cortex Striatum hypothalamus
Pretreatment with saline
Vehicle + Saline 106.0  14.9 1000 +174 1000 + 14.5
Pretreatment with PCP
Vehicle + PCP 2881+ 148 1445+ 14.5* 1561 %184 **

Rolipram + PCP 101.6 £ 143 13831143*% 1659153 %

Mice were pretreated with PCP (10 mg/kg/day s.c.) for 28
days before the CPP task. During conditioning, rolipram
(1 mg/kg i.p.) was administered 30 min before PCP
treatment (8 mg/kg s.c.). Immediately after CPP test,
mice were sacrificed.  Cyclic AMP levels in the cortex,
striatum and thalamus/hypothalamus of saline-treated
group were 464.8+69.3, 2504.4+453.2 and 278.4+40.4
pmol/g tissue, respectively. **P < 001 s
comesponding  saline-treated group (Student-Newmann-
Keuls multiple comparisons test).
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nix. PCP # 28 HHERIXS L3R LK
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JNEEMAFREEHE
NP PN 32 &

Nicotine FHARE 1 & D 755 X L5 diazepam binding inhibitor (DBIZEE D #E INASFRAIE~D
Ca*MADEIMICE B Z L b, 2O Ca” i AN 2 g E < 7 A KR E ikt A
WTHRET L7z Nicotine ERE (24 BRI B & 12 & V) [PH]nicotine FE&058E M L. & DI Bmax
EDEEIMIZERE L T, 8 512,30mMKCLiZ & ) FR S N B [%Ca i A 12 nicotine BEEIC B
WTHEBIIHIIML Tz KCl FRME[PCa™ 1H A DIFI DR 1L nicotine BE B X IR EM
DWFRIZBWT D PQ B LN BIEMKAN Ca»*F v 2V (VDCC) BEFE TH 5 w-agatoxin
IVA, 3 & U'w-conotoxin GVIA DFHKF T TiZR—TH ) .—F L & vDCC FHEFE TH % nifedipine
2 X % KCl FREEMCa A THE RS nicotine BEFH THEEIZHE . L2 nifedipine 3t Fi2
A 5N KC FREUCCANEARBIIMEICBWTH-EEZ R L7:.L B vDeC B LETH %
Bay k 8644 iZ X 5 [¥Ca™ il A nicotine BREERE TH BICHME % R L 720 *H] Verapamil & &3
nicotine BEHF THEIIR . CNEKIEDETICL 2D TH ) B max EIZIIELIFED S

ol TN DEBEED 5., nicotine FRFAIBRE I L 2 MM~ [YCa® 15 A DM

X, LE VDCC @ Ca*iZ3f 3 2 BHEOLHE L L 72 LB VDCC O EETTEICRA T2 2 L2t

%6%)3&&07‘:0
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IO TVE, PREARRIFET 5
nicotine 14 acetylcholine %%tk (nAChR) i35 B4
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ERLABHECESLTVAY) , TEMERICE
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FBLTWREEZLRTWE,

— 7 ATEM benzodiazepine HME & LTH LR TWY
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AREARIZE VT, GABA L#H T 547 10kDa O
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FHSIN TV 2% BID REYOFEROSEFII L T,
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METHIEANTARIERIESTIIDEELDS
NTWVh, Lo T, A ML ABETE L UF#
WARTFEMERRE BRI, Y 0% C O BAREROE{LIZ
BAEEL TS RENEZ R TS, £72, 37
4F DBl D HEEE & cDNA ORI B & U° DRI DRBKR 5
M EOEYENRENHELPIZShTVnE),



DBI & alcohol.nicotine. 35 & UY morphine 7 & DRFES
TS mi- el  FORARBESENT S &
HWESNTWS 7,20k 9 % DBIRBEOEMORKTF
CoWTOFMIIABETHEE . FHRERIZIBVT
nicotine DEHBREIZ L V£ T % DBl BHEOEMAH
BIA Ca i ADEINICRER T AW RH L RET 5
EERAF 15TV 5. F 2 T RIFFE CIHRFREEY
B 1oTH5 nicotine & B ICRIFRBE L2 H
BT BEBEII VPR AEAEFE LS NIIDNT,
nACh Z54B X CEMEFE Ca*F v F V(VDCO)%
Hua & LT, aftigs e o AKRE Argli e A v
THRLERICRFEEMA

B. Fi&
1. fhiRR oo HimE - R

7 7 A KB E B 6 OO HEE s X UFE O 1)
feks#Eld, Ohkuma SOFFEICE D THEL Y, ¢
bbb BE 1S HEHO AY R~ AR DFRE %
BRELL ., BERBE L0 LMY L7 Trypsin JLEIC
LW B S NMER % RIS L D 8L . Dulbecco's
modified Eagle medium (DMEM)iZ FiF# D% . nylon
mesh (mesh size; 60 pm) THB L7z, B 6NNz &
L AT, Fo 24 BHE poly-L-lysine TR L AHFEMN
(PRIMARIA™, Falcom)IZ#M L . iR 100%. 37T, 95%
air- 5% CO2 DEHTT 1 BREKE L=, £0O%, BE
W% 15% fetal bovine serum % & {r DMEM (ZZEE L, L
W EFE—&ET T3 BEEELL RICIEERE 10%
horse serum 3 £ UF 10 uM cytosine arabinoside % & &r
DMEM (2 B# L T 24 B E L, B 10% horse serum
% &1 DMEM TREZ #5 L 7o EHIE 4 BEICH
#£ 72 10% horse serum 575 DMEM IZAHE L. ERRiZi3
K3 14 HEORBEHBAER L, B, FHETHE
B LSRG 90%l LA KRS EMERRTH -
720

B R~ O & EE 4 & UNT nicotine DEEEIL
Hanks CHERLZ b OERELF CEERMT S 2
L NP/ e AN

o MR~ nicosine BEERTE

AL RS~ O nicotine DIRRILEEERINTEL
T ol Thbb, BREREF LI UM & 25 L1
Hank’s solution (Z¥3#% L 72 nicotine % BRI BB P IR
L. 24 BEOBRELTo72. THRERDP L., I
THAV2 nicotine DIEE B & UHREERER I3, KD DBI
mRNA BBEZFERTHEHTHLIEFHBEL TS

8)
°

3._[PH]Nicotine #% &525%

SRR B3t B [PHinicotine #EEOH EIXEER
Lt L CiT o Th b MElRTRE L 50
mM Tris-HC buffer (pH 8.0) T 3 @ L7 DB [F—
@ buffer & & B ITHEEEEMN X D FBEL (Polytron K€ F
A F— TR L .48,000 xg.4TC.20 THEOZELEET
MA 7 FHDRCEBREC L A%EL 4 AT 205,
EBRIHT 2 ETRCTREL L. ZOREMEEEE
BRaTic R L. bk b Fl—o%EREE 2 @7V R
A% 18720 Z DR E 4% 50 mM Tris-HC buffer (2 &
b B%% .5 nM [Hinicotine DFE T T 2C.60 45HD
incubation % 4T o 7z BUBHE T . RITRIC 2 ml DK
L 72 50 mM Trs-HCl buffr % M- % . 03% O
polyethylenimine & & % |2 Whatman GF/C 7 4 V¥ — %
HWTHBHEBL 72 74 V7 —% K& L7 50 mM
Tris-HCI buffer T 5 HI¥EEL-0L HEI Y F L -3
VATVt LD 74V — L ICRET S
M2 BT L7 JERRIEESDOEIEL.1 uM cystine
HET I CRAEBRET o/ '

Scatchard EHF % T B AR VBHES L SE OB
(0.2 — 20 nM)D[PHnicotine DFIE T |2 Lk & FHkD
FEERCTHEERRTo 7.

4, [*H]Verapamil ¥ & %8

AR~ O PHiverapamil #E&DWEIZHHD 5
E N TIT o 2. T b5 PHinicotine 35 EED
Ba L RIBROFERETHENBE 2 RE L Ks L7 50
mM Tris-HC! buffer % FVv: 3 B OBEERIELITVVER
T 5 F TR0CIK TR LA MREL BT %
B L7-0B k¥ L7z 50 mM Tris-HC buffer T 1 {0}
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#L.F—O buffer TR L7 BHEREO.025 - 6.4
nM)?D [*H]verapamil DFEAET T 25T .90 50 incubation
4T o720 % Whatman GE/B 7 4 V¥ — & FvTHEE]
WAL, 74N - FICERFTARGNEE RS L,
R ERMNEAOHIEIR.10° M D PHlverapamil DEET
KERERBOFEERCTREER T 7%

3. FHEEMIEI A~ O [SCa* i A D HRIE

MR A DPCH A DFIE ZBEHR 2 tt - THT
272 PRI E RS L 72 20 mM Hepes & BT 5
Ca™-free Krebs-Ringer bicarbonate buffer (pH 7.4, KRB-H)
T3 EEELAEDL 37CICRIB L7 Ca-free KRB-H
M Z.37C. 10 5 @ preincubation %47 o722 @
buffer W5 1BRER. 37CITRIER L7 “Ca free KRB-H
A 2.7 mM [¥Ca™Cl2 (1 pCi [PCa* Ydsh)DHFEAET
12 37°C.2 7 @ incubation % 17 - 72, R T ., R
MRS %Ki L7 KRB-H T 5 E#EiE L .0.5 M NaOH & &
bitHEME T EELL DAL 2018 2%T V0
- BERTCHRL. P FL— L b ICBEY R L
—YarAv -k Y EEEEEEL 22,

30 mM KCl 3 & U nicotine DFRINIZ[¥Ca DM &
BIREICAT o 2o F R EH LLP/Q.N B vDCC FHEFE TH
% nifedpine . w-agatoxin IVA (0-ATX) . 8 & F o-
conotoxin GVIA (0-CTX)D @M “Ca® | DFE M 1557
HI 12472 72.L B VDCC EHEALFETH % Bay k 8644 O
IR [“Ca™ DM 15 BRTIAT - 72
6 B

FHESB LU 0.5 M NaOH L7z MEAlR P ic &
SN HEH[OEE T, bovine serum albumin % EHEWE
& L7z Lowry 5O HEDNCE HiT 072,

= =7

EBRESILT R TS ELEERETHET L KW
HEEDORE R —ILEE 58 54 (one-way ANOVA)D
%1 Bonferroni's test 38 &£ UF Dunnett's test & B\ T{F -
725

C. &8
1) Nicotine R HMEZEIZMF TN EFEHRE~D

FACHE AR I 24 BRI O nicotine ZBRE L7235
. BERKE 6 BEB & YA %% Hnicotine &
AL, ZOMMEBERHOEREE & B2k
DEBEE 2B OVEE SN (Fig. Do

“§ T nicotine BE5E 24 F¥R T DBI mRNA RE AT
KEZRT I EPHEEENTWEEZ %5 5, nicotine
BREE 24 BRI H 2B 5 *Hinicotine 58 @ Scatchard f#
WMxiToloE 2 A Fig. 1 IZRT X 5 22 OPH]nicotine
FHEDEMIL Bmax EOEMCEETSLDT.Kd
B EPED bl d ot

-k
~
"

150 |

151

[*H]Nicotine Binding {% of Control)

Bmax
{{mol/mg protein)
100 Contol 93203 62£0.7 T
Nicotine 121 +0.7* 64=07
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75 2 N N
] 12 18 24
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Fig. 1. Time course of [*Hlnicotine binding to
particulate fractions from cerebral cortical neurons
following exposure to nicotine. The neurons were
cultured with 0.1 pM nicotine at 37 T for the
period indicated in the figure. The control determined
before nicotine exposure was 178.35.1 finoi/mg
protein.  *p<0.05, **p<0.01 vs control value

(Dunnett’s test).

BB~ D[ $Ca

-

Nicotine < %F I8k B 121 5 BN ~ D[ “Ca¥ 15t
ADBEALITDOVTHRE L2 & 25 Fig. 2 12R7 & 94,
30 mM KCl RIBUZ X & [*Ca® WAl nicotine DBRFERE
FICHENENL BEE 2 BB ITTCIIRAEBRE
KIEWE L. 2D AZE DKL nicotine BRE 24 % E
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WBWT LR UTaH o o ZOF RS 5 | nicotine
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Fig.2. Time course of 30 mM KCl-induced
[*Ca*linflux into cerebral cortical neurons following
exposure to nicotine.  p<0.01 vs the value
determined before nicotine exposure (Dunnett’s test).
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Fig. 3. Effects of 30 mM KCI and nicotine on
[®Ca**linflux into cerebral cortical
#p<0.01 vs basal influx (Bonferroni's test).
*¥p<0.01 vs basal influx (Dunnett’s test).

Neurorns.

KCl D4 & B nicotine BB & A [¥Ca A
W2 oW T ARE L7z F DOFEE (nicotine HEIL B O #E
HHL T nicotine i3 A BARFEMEIC] “CaIRA DB Z
% 725 L nicotine 0.1 pM D IR T[SCa WA B KE
V3% L .nicotine 10 uM FEE T2 BV T [“Ca* IRAE
i% nicotine 0.1 uM & BEFRE Tdh - 72(Fig. 3) Tt T LA
T @ nicotine FHRME[ PCa*WADEEITIL 1 pM D
nicotine WA Z & & L7z,

Nicotine 0.1 pM DEFFHBHEBED nicotine FHTE
[“Ca® i A3 B8 S A< nicotine BB ERE B IZEVAEEIC
HInY 2 DS S 2 (Fig. 4o

12

*
*

101
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Fig. 4. Time course of changes in nicotine (1 WM}-
induced [*Ca™*linflux into cerebral cortical neurons
following nicotine (0.1 UM) exposure.” #¥*p<(.01
vs the value determined before nicotine exposure
(Dunnett’s test).
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ARRFE T AV R P/Q.L B X UNAI VDCC
PET LI EPRER EN TS D, % 2T nicotine FFE
B XU 24 BEHBRE R AT o - W O™E % Fv,
KCl FREME[CCa*IMAICRIZTEED VDCCHEED
EE e LI,

Nicotine FEBEMFRETIIFNETNPIQ.NB LT
L% vDCC HEE TH 5 0-ATX.0CTX B I
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