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VR ERR, R 650500, % d;

EHENETBEERERBANERELLE T, 29 650228, % &

HE HAY:ATR ¥ &% & B (methamphetamine ,
METH) 4& ## & 4 1 1% & 48 & ( conditioned place
preference ,CPP) £H X A KKk G ZH G125
* B -F 4 (regulator of G-protein signal 4 ,RGS4) #=
% @Bz D2 % 4k (dopamine receptor D2) 4% 5 i 3%
MERYTFHRBEM, Fik: &3 METH & #
CPP XA 1 A2 A, B A& G FeiE(West-
ern blot) M & &40 kK & Lk 4k RGS4 #F= D2, 74
" G % ¥ o T & (inhibitory G protein a-subunit,
Gai) | £ 3L R % 7% 69 % & % B ( mitogen-activated
protein kinase ,MAPK) & & & ik 89 T 4L ; oL B BR
%, 9% "B M X % (enzyme linked immunosorbent as-
say , ELISA) 3 & &40 K & SUR AR SRR IR (cy-
clic adenosine monophosphate ,cAMP) - #) & 4L,
SR 5AE AR RAML, METH 428 1 A
A2 AR REHGHY TS G oA BE
K(P<0.05), HAZE R RAML,RCH &
B METH 42 #i 1 B .2 AR EXHA L TR
(P<0.01),B5 METH #&# 1 A4afak,2 A4
HTHREAARB(P<0.05); 5AZERASRA
F¥, D2, Gai, MAPK % & A & cAMP £ METH
wR#1 A2 ARty £XHABIEH(P<0.01),
B5 METH 4 # 1 Aa4ark,2 ABGTHEH
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HB(P<0.05), &if: £ METH 4k #1#4 CPP X
RECRAE T ,RGS4 v D2 £ F 44 FEBARX
PFEAETAE,RGH T AL T METH 4& #i
# CPP K A 50Kk D2 43 54 8 %4948
Fo

X TEARXAEFHBREERE; GEYE
ZEFRAYEAT ;2B 24K, WHREGCES
o T3k 2 URME G R 6 W SRR B R

hE 45 HES: RI65.2
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I 1% 7 % ( methamphetamine , METH) J& T
RARERXEN, BRIk T, R— T BRABH
YRR METH 3 7T A5 B i
PEXGAT VAR KU A HIT RE RS S S RS, B
T XS ORISR EER TR
HIfE 3 o

SRS 5T YR Mg
B MNZEEZET LIS, DI-Ds 3t R A
WA, D1 f1 D2 ZHEEARAREZ, LH
RESREREZER R, b D2 ZhEds
Goi fBEXIH 5 AC-cAMP-PKA f553E 8%, iS5
AR R . L RR IS N E H B
( mitogen-activated protein kinase, MAPK) 15§ 5 &
BEMTEFETEMARTHN —-REESHIR
72, 2 RRE AN E OB RE , SR A EIME
S8 77 8 5% ( extracellular signal-regulated protein
kinase , ERK) . c-Jun &2 K ¥5#E7 ( c-Jun n-termi-
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nal kinase, JNK) . P38 Z MR ¥ EN E A KM
(P38 mitogen-activated protein kinase, p38MAPK)
SABA I THRBBENETRNERNFARE
BEEREIEA . MAPK 5 7 # 2 B AR 2%
B MAAREENZEEZEEEARD
MAPK W& , D2 Z {63 E#IE ERK, HiX—1F
Fifk#h AC-cAMP-PKA & Ras'*”, G EAEEA
F7 K (regulator of G-protein signaling, RGS) BT
—HKFR MBI E A F K, Hd RGS4 2 RGSs Hik
MBRZ—, 2 CEARFSESMAKATH
F, oA E Gei RARBEBYERS, B
AT, METH i 89 KEZCIR K RGS4 #1 D2 Z{K45
SHID T UM FE,

1 ME5FZE

1.1 ¥ fERREM Swague-Dawley KR 90 R,
R E (220 £20) g, HRUERI KELB Y
WAL, She A HKILS : SCXK (i) K2015-002,
1.2 HRERIERH HEFREZHZFHEE
BN AEE ARTESEAERSTEEFEAL
ZHEREREREEM KA, e REN
R k=50 A FRAR] s BCA & BV B WE i
&, AR KRA AR TYE A maker
0671, B Fermentas 2 &) ; ECL 4k & 564 3K
7,9 A Thermo A7) ; —¥0: RHL D2 BT EH
K, 14 A3 E abgent A7) ; Rt Goi BERIE,
W B abcam 24 7] ; bt MAPK R Hiik, W 2
% Cell Signaling A7) ; &1 RGS4 B EHLIE,
1) B 3% E abgebt 22 7); i B-actin B ILFEHE,
Wy B 3&E SAB A F]; —#i: HRP R id I FH R =
P .9 B3 E Cell Signaling 22 F]; HRP ARICHI ¥
PR =30, W H EE Cell Signaling 2 7]; K K
cAMP BREX S35 AT G0 &, 0 B _L BT EEY
LIS
1.3 METH {k#; CPP BRI E T fns5r4A 90
AR BN N =4 A KT RR4H (30 H) JH
EXRWRRKH 1 AH 30 R) .2 AHGB0 K)o 5
4441057 B i 2 ( conditioned place preferance, CPP)

S (1) FRSEH: B BT RG AN LK B
FRIELsWAT A0 RELIA N, B PR

R KT LATERA 5 AR SGEIEN A B g sh,
W3 d,1 %/, &K 15 min, 3 d FMHICFREFH
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REAEASMEBEEN FHF RN, #ERENX
RImEBI . 3 d BMLERSG &SP IER
BN ARG HET T LR, (2) &4k
Yk B A METH Y125 K BR,, 38 Y g8 ot 1425
FAr=A AR ST, 7SR 28 ] S FE S METH 10
mg - kg - d*,2 ¥k/d(8:00.,20:00) , ¥4+ METH J5
BRRCAPEZ5 58 ve, R PR AR B 18 B , 4R 30 min,
HELEEST METH FI45 KR 10 d, BRAEEh K3t
IRA LA THAFEN A B E K ES 10 mg - kg'*
d", 2 ¥k/d(8:00,20:00) 5F, H B HY-5 METH 45t
CPP 4#H[E), (3) IR/ 11 d #47 CPP 3%
WE WX ACE AT, XS AR &ET
A A BES), WEE 15 min, 53 FE R SHRKBER
W T B e mHa . Wik, /R 2R CPP FA
FLR AR B BRI L E
Hrikzh4 e sy 7 9 B A9 METH 4K #i /5,2 4
METH {40 §) 5h 4% 7 15 2 18 f 1 4+ METH 10
mg - kg - d",2 ¥/d(8:00.,20:00) , 5 I LK
PG BV A PR AR Y, R AR ES @ 18, 2R
30 min, FrEEESTEIS> 51 1 A2 A, #r 2
A RR RS ) B AR K AR A, 3F 43 Bl
w1 A2 RERUER 2 d #47 CPP %5, i0F
TR,
1.4 Western blot ¥ A# il METH 4k #i CPP
ARG R RGS4.D2,God , MAPK ER RIEM
B BEEKRA 10% K S EEBERRE:, Wik b
AL, FF fR BT , B BCIRIK, 2 BB Paxinos Al Wat-
son'” K BURARHI I, 2 BSSCRIK, I AR ELRR
WA HEENE, RS RIFNHE, #1T
SDS-PAGE Hi 2k, 5% B, Ve, 5% 4 &1 2 h /5,
AEE&—i R B, —HH 1% 19 PBST MR,
Rk E. D2 25 1: 1000, RGS4 % 1: 1000,
MAPK %y 1:1 000, Gei 3% 1: 10 000, B-actin 3 1:
2 000,4 CHEHEITIT . 1% PBST YR #1178k
%, WA ZH B, Goat anti-rabbit IgG-HRP #%
FELL# 4 1:3 000, Goat anti-mouse IgG-HRP i B
Hefil Ky 1:20 000, EIR FHEH 2 h; 1% PBST $iik
IS R B ER ERIER AT
1.5 ELISA A%#&NREXTR&N CPP X
BERE cAMP SERNTL SHKRKBHR
R (NG, A 10% B9 7K S B R B G AL ST K
8, Bl Kig BECRIR, A PBS, pH 7.45)%
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ke, HARR cAMP BEER AR 44 il 0 & ) 3R
FHGTRBLCARE cAMP FEELRI R,

1.6 Zital LREERHSE s REE
=) F7n, AT SPSS 17. 0 S HATE 4.
FZHEZE BB One-way ANOVA BT E
SHF L TESTRAE R LSD i r L P <0.055%: %
EREFHRITFEIL WRITEZASF A Dunnett s
T3 ks, P <0. SR ERERIER N,

2 &R

2.1 METH k% CPP X4 F  METH ¥ 1
.2 A RBEAFSEAE RN SRR
THHABAKRA(P <0.05), #r FHERXHIK
1 H.2 BERRSE T FHELERE
(Tab. 1},

Tab. 1 Comparison of the average time of rats in the
methamphetamine-paired chamber between two groups

(xxs,n=30)

Group Average time (s)
Saline control group 343 +42
1 week of METH dependence group 556 +141°
2 week of METH dependence group 644 +180°

Compared with Saline control group, °P <0.05.

2.2 METH ##i CPP % R4 1%k RGS4.D2,
Gai MAPK ZERFRIZMTNL SEHEIEAKN R
ZHAH L, METH K56 1 JAI4H.2 A4 RCM4 EHF*E
KRB TR (P <0.01); H5 METH K% 1 J§
Mk, 2 AW THEHE A (P<0.05),
METH 4&#i CPP & BSrik i D2 .Gai . MAPK ZE
B , 5K R4 A ., METH 4K 1
JA4 .2 A4 D2,Gai MAPK EAFRZHHE -
(P <0.01), H5 METH &5 1 {4 1,2 J§
AW ERAEARE, ZERARITFE X (P <
0.05) , WFig. 1,

2.3 METH 4k #i CPP X R4l itk cAMP & &
HEE SR KN4 i, METH 4K 1
A2 FAREEXNHE LA, ZRERITFE
X (P<0.01), H5 METH % 1 JA4AE, 2 J§
AW ERAEARE, ZERARITFE X (P <
0.01), WTab. 2,
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Fig. 1 Expression of RGS4, D2, G alpha I and MAPK
protein in the striatum of CPP methamphetamine de-
pendent rats(x xs,n =3)

Compared with Saline control group, °P < 0.01; compared with 1
week of METH dependence group, °P <0.05.

Tab. 2 Changes of the cAMP expression in the striatum
of CPP methamphetamine dependent rats(x £s,n=6)

cAMP concentration
Group

( nmol/L)
Saline control group 37.54 £2.45
1 week of METH dependence group 42.30 +1.72°

2 week of METH dependence group 47.76 +1.85"

Compared with Saline control group, °P < 0.01; compared with 1
week of METH dependence group, P <0.01.

3 itig

RERE B, 25t 10 d B9 I B P R
(10 mg - kg' - d") #AZ4)5 , METH &#i 1 &.2 &
SR BE AL ZE A 0 12 B i ) S K T AR K R
W4, H 2 RGN 1 AHANERERPE, 15
METH &3 CPP K A B & 57 B

Z<S2H A METH 4K CPP K RECR
kb RGS4.D2.,Gai MAPK .cAMP 5145, 54
Hok v EEAE I, 1 4.2 4 R B HEE
98 T/ ; 5 METH & 1 LA L,2 A
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BTEENHE;, SAEMEEKXTRAML,1 F
2.2 J4 D2.Gai MAPK FE H DL K cAMP {335
¥ FE; 5 METH K5 1 4,2 R4
B EVAE NS, $#7R RGS4,D2, Gai, MAPK
cAMP 7E METH f&# CPP rr =t T 284k,

RGS4 & Goi ) GTP BRI E & A, W G &
HERZAESHES" . RCS4 FXTHE, T
REXT D2 B2 4AME 5 38 B (D2-Gai-cAMP) B il 4
FRW5, f D2 3Z k{55 8 B% ( D2-Gai-cAMP) #
Mo FFRB LR, REBHFTER P REERER
BIE UG RCGS4 AT, Tl Re Rl D2 &
BIEESES, e CREB flRpZ] B KF F X
HIRAE , TS 5 F R PR AR O T B . T D2
TR BB Y BT AL R B T BhISR AT N
&S EEAEENEM, TR E AR
[5] 37 Mk R 1] B Bk METH Jk BLUIRG P9 3- B2 SR %5
Bk D2 ZikFEAR A, D2 ZihEXBE E
AU BB R R B R AR 4
FHEA R cAMP {5 S E B L, 18R 38
FRIBCF A cAMP 3E B 13, % EiRER AR
AC K cAMP A EBH 5., Schroeder %[13] SEITEE
SERTREEATN B R, R BRI Gai BH
B EVE, MAPK 3 5% 7] i £ U 2 AR 0TS,
T LA [ 26 B4 ) 22 B2 i 3% PR B0V R /] B9 MAPK
WA, Ak v e PR AT DA S D BRSO B
ERK ¥, ERK 3 il ) BT BELo57 7+ B % /DN B A
SRR M T ARtk T B R T S B R
B X ERK S5 H585R " . Lemer 11
WoEis i RGS4 RIEMKRRE S D2 255
RS, VR Z RN AR EA, R
HSZA BB NBIT ISR E &R, Min
U RTSEHE— 18 1 RCS4 it 3 N R
St D2 B ks 558 B AT IR AR, NIE TR
MWERRNARAELS, 2LRERER
METH {&#i CPP KB 2CIR s RGS4 W Ek 5
D2 3245 5 38 B ( D2-Gai-cAMP) 364> TR ik
FR 3% 5 Lemer, Min U gy BE5E 45 BA ),
/R RGS4 W[ A5 METH &K CPP X B20R &
D2 ZAfEEEBEET A X,

& & X W
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Expression of RGS4 and D2 receptor signaling pathway in striatum of
methamphetamine-dependent CPP rats
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ABSTRACT AIM: To study the expression of
signal transduction molecules in the striatum G pro-
tein protein 4 (RGS4) and dopamine D2 receptor
(D2) in conditioned place preference ( CPP) rats
treated with methamphetamine ( meth ). METH-
ODS: METH dependence CPP model was estab-
lished (1 week and 2 weeks of METH dependence
groups) , The protein expression of RGS4 and D2,
inhibitory G protein alpha-subunit ( Gai) , mitogen-
activated protein kinase ( MAPK) in striatum were
determined by Western blotting ( WB) . The changes
of cyclic adenosine monophosphate (cAMP) content
in striatum of rats were determined by enzyme linked
immunosorbent assay ( ELISA). RESULTS: Com-
pared with saline control group, the average time of
rats in the methamphetamine-paired chamber for two
groups was increased (P <0.05). Compared with

saline control group, RGS4 protein expressions in

the two METH dependent groups were reduced (P <
0.01) ; compared with 1 week of METH dependence
group, that of 2 weeks group was reduced signifi-
cantly( P <0.05). D2, Gai, MAPK protein and
cAMP expressions in the two METH dependent
groups were increased (P <0.01) ; compared with 1
week of METH dependence group, those of 2 weeks
were increased significantly (P < 0.05). CON-
CLUSION: RGS4 and D2 receptor signaling path-
ways in striatum have changed in METH dependent
rats, RGS4 may be involved in the regulation of
METH-dependent D2 receptor signaling pathway in
METH dependent rats.

KEYWORDS  methamphetamine; CPP; RGS4;
D2; Gai; MAPK; cAMP
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