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D& LT, (bEREHSTI S (chemoreceptor trigger
zone: CTZ) 12175, AL RIZKD K83 v Dililis
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IO, AEF 4 Pk BIES - EhiidFEE LT
FSI VAR RADBEEG L TWwWaEELLNS. TD720,
ZoxeE LT, BUE, BRTETarsarxsvy (V
INIVY) R RY F—L (L 23— 2% 5L O
F28 3 VB EREPERS RO EhThE. L Lk
M5, Z9 L7zRRE B8 3 2 RSP, R, M
B, Rl & OEFARINRREIRRR, THY VT, VAE R
T RED, Wb BIEYED S—F v VREIROEIE
ARSI TZ LMK EMEE 2557, mETIR, Z
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Targeted Antipsychotics (MARTA) ZE DA ERAS
NTETEYY, SDATHZ ) AR FY () 238 —
L) dta b=V 2A (5-HT,,) ZAEKEEDUEH A B
T, P83V D, ARSI 2HEEHEM A2,
SRR EIZ N TR R = LZ R TS 508, L
E R & BRI A ISk e LTI 5120,
ZTNERSHEE T E DRPEARILE S £ 0 v, FHUEL
SDATHhBxuzvuoy (Lb—37 % & 5-HT, %
R P83 Vv D, REREEPHEROIEN2IZ, E 24 IV H,
SRS DUER & ik <, kD F23 3 V2B RS
OB L > 25021, BITHITHEMLELDS
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N3, F72, SDAIZINRHERIMRIERZ S 5120
MARTA &, #EREO—DE L TEZENS. F TV HV
V(DT UEHY) E, kU P VREERR P8I VR
HEEPUEROE2IZ, 2 < OZFERITHT 5 HPUEH % H
T 5 &M% MARTA TH 3. Z5 L4 7 v HEY
DEFEL, PEROBIMAITIZ T + 0 — T X &b - 72
RIS LT AAERBGETES. LrLAAS,
SDA % MARTA (3B e E AR s 25 & Z
S AREVE ARG X Y, ORI R IS I 2 & DOFE A
HRICH DEHE I OMEMFREFED ) 275D L 51
BMUEAD 2D THRBAVETHS. T LEERENAL
IR L WAT U TN D TH A 5 SHOBHIERED H D
K #F LA, ThEASTRERR L DD Ant x4

FEIEFHSERDERNEHE TH D LA 5.

AR, BIHEASINERTEE L LT, MAFO PR
XS BIERT A D, HiBlo F233 v D, ERE
SMEBHTH BT IVET IV =L (YT 74" K
HARDPUREERE L L THEH SR TS, 7IET 5T —
IR D PURBHIRSE L 1222 ) R8I v D, ZEREB Y

TEEMEA2 T2 2 Ln 5, P83 AEEIPEPRRE 23
AT, P8IV D, REKOFEY L UT/EH L,

F 72 B3 UAEBIERRRZELME T LT B EA1IE, R
IS VD, ZAREOETEHEE L TERT S K53y - V2
F 4+ AZE T4 ¥ — (dopamine system stabilizer: DSS)
ELTHLY., 2070, TVET IV =, fEROH
4% SDA, MARTA 23 & DFIMERHZIEF L AR L0
HEMENREZ 5N B.

7 ZCARMZE TR, BIEO R332 Y D, ERE A ES)
WTHBT7TIVE TSI —NIZEFEHL, T RICLBIE
S MEEAER, BEIEEEMEMEAER I KOV RS 3 VR
EWVS 7 P8I VRETE AP OICSEIERELLE XD
FHEISAT 57V ET T —LDEEZONWT, Fa
sUNRT Yy LKL, FEFERIZEEHICRET U 7.

72, FSIVARRIEE, S—F U VRSNV F UL
VBERR & o T fl A O MREICBI B LT s 2 &
DBHIEN TS, 72, @FIA N353 Vgt 4R
ZENWMEINTEHD, FHE, BEEISGHFIFARERD P83
VERGTHZEI2KD, AR OMBIEA T EikE Z
XML EAMEEATNBY, 22T, 7TIETTU—
N DRI & AR IREEEFH O IOV T g bt
THETL 7=

;] *

AWREZTTHI2H720, BT e L0,

EHEOBIT A2 5 & W IE A B FEROFE i E 3 Z & 2 HIY

& UTHilE & 7z PP IR 10, AED
BYIFBRER 2 TRRBEG725 AT, B34 2 fmetim

A - IR - At

EHAPICEEL, & SIS ERNRIZT S K55
L TTFRTOFEREIT - 7=,
1. FHEMS LIUVEREBTERME

FEIZE, A 20 ~ 25¢ O ICR RMEME~ 7 2 (L
FERB)Y (BR), HT), A 25 ~ 50¢ O C57BLKS/J i
P2 5 NCHE~ o 2 (HARF v — L2 - Yo3—(Bk), fb
=N, A&H 200 ~ 300g @ Sprague-Dawley RHEME T
b CEREEREY (K, ®n), KEHE1~15kgD -7
LR HEPE 7 = v w b (Marshall Research Labs., NY,
USA) #BEAL, TWSIHEOR, FERICHEHEL . @Y
IEWREMEE (23 £1C, 55+ 5%) I2kW\WT, 75 %
F oy 78 —DNTHEE L, 8:00 548, 20: 00 7HED
12 e 4 2 L OWRERIE T CRIH L7z, Ak, 8 (18
ZEEEMF 5 4 ) 2 ZOVIERETE (BR), Ha0) d5 K UEK
AKREAK) 1Z& B ICHBERE L.
2. FRAEY

ELBIZE, 7Y ¥ 7 F Y — )L (Toronto Research
Chemicals, Inc., Ontario, Canada), 7227 BLNXF T V<
L A4 Vgl (Sigma-Aldrich Co., MO, USA), *+ 5 V#VtE
v (FDEMEE T (BK), KPR, HEMEL b (5=t
), HH), Xy b eg—)F Yo a (e
TEM), H5) 2EHLE 7Ly MR BNEHK
IBOWEIZFNT, T2 aLRFT Y VI 255%Y A FIL -
ANEF T F (DMSO : ADGHMIEE TS (BK), KER) (2@
R, ThPHNOFERIZKEWT, TIVIET I =Lk b
I E'L b 3R 2 A M RIET OREEE (B, D),
TaraLNT Y ViE5%DMSO IZEMR X iz, PO
BHERIRMNEGSOLA, v Z0KE10g 4720
0.Iml, 7v PDKRE100g M%7 0.lml £/l 7L v
N OIKEE 400g 24721 0.1ml & L 7=.
3. 7zl v MIBTZEMRREDAEE

Zxby FEINTHOBMM T — I L, 30 M
PR IEIS S ¥ 7z, £ D%, BRI F 7234 EE
ARG T2 304017 ET 7Y =)L (10mg/ke) &
OB AR MRS L, Earer (0.1 ~ 0.6mg/kg)
B T #5530 23S 7= 0 FHEHY 1S 2 & TN I [
JBAEBE L 72, [ARC B X 2R A 1 59
560 Eiic7a a3y (0.1 £721% 0.3mg/ke)
72X OWEEK TS L, ELrex (0.6mg/kg) K
T 5% 30 43N b 72 D HEGEIZIE S 2 & OV IEH:AE
EEEEL 72, IEUSNEI OWLEE % b 2 OIEE O UL T
H O, WEHIZNEOFEZ S FEOWEE LT, Z0
B £ 2 |IE L 7=,
4. BEREHEDRIE

BRI EOWUEZ, BREIEIERSE (AMB-M1
B7 v amx—x— s NEEREESE (BK), 500 &6
L, tilting cage IEIZHE> CThr»72. ZOHLKIE~v T 2%
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N = DIZ 1B DOAN, v ADEEIZES I —
COMEAEVA O AAL v FICKD ATV L, ThEH
FEBEE L THET S HETH S, ZOREIC, V2 —
TxAZAENLTOS=YF LTy Ea—4— (PC-98VM;
NEC (#k), #3%) Z#iL, BASIC-7u2 5 412X 0l
FENE A MY IS AT & e 72 WERIAA D 30 3RS 7 ) ¥
T, TarulRI YV ELENIITh OEEE
5L, TOH%ELE X285 L CHEEE)E L 10 57
b CaF 180 /3 b 7= D MFANITHIE L7z, ZhEho
B ARTLE L, B (2.5~ 10mg/kg, s.c.) Z%5
Lzffaxife Lz, 7YV 77— (20mg/ke,
sc) BHEWIZTurua L7V (0.3mg/kg, s.c) % Hi
ME L, 'Lk x (5~ 20mg/kg, s.c.) =5 L%
INThTIVET 7=l bsticTaralxs oy
i RO
5. ¥ RICHT BHEBHIRDAE

FEIRN AL hot-plate YEIZHEVY, hot-plate ZUFEE RN S M
R (MK-350B 5 MM (bK), #n0) % Ho Tl
L 72. Hot-plate ¥i& 55 + 0.5 CIZE%® L Tt B &
5 L7z, Plate D EICv 7 2 &3, <o 2 B0IIC &
D IHEEREEOE (UL ORE, ROELA 405, Bk
E) ZRTETICHEL 2R, $4b5HEE (latency)
EHE L2, F72, v 2OMEOIEE E i< 72 1 HlE
FRILEER] (cut-off time) % 30 M &7z, WL 5HIIC
W 2 MlE L, Z O F-¥HE % basal latency & L, %
BITHIE U 721 % test latency & L7z, X 612, $8)%
MRELT ORI DFH L7z % antinociception = (test
latency —pre-drug latency)/ (cut-off time —pre-drug
latency) X 100.
6. HILEEXEEDAE

AL AR, Tk 3 (0.7mg/ke, s.c.) ZH5T
%30 3R T V¥ T TV = (20mg/kg, s.c), T 0
TLNT Yy (0.3mg/kg, s.c) HHWIZZENE DREA
5L, ELE 25 20 53512 charcoal & A2 14%5- L,
Z D 20 RIS AR L, B DR & &5 KU charcoal
OMEEEAHE T Z LIk > CRHIiL 2. X612,
fLEEREEAEDTORIZ KD REA L /. % inhibition of
gastrointestinal-transit = charcoal % @) FREE/ 5 & O & 5
X 100.
7. YVRAIHITBHELT Y —DREIE

71 4 L 7Y —13 horizontal bar I IZREVHIE Lz v
T A %&RKA 5 5em O E O (L HEAEH (BK), 500)
CHDE A & S8, WA HER L T IR & JIE U 7
Y& PG e 5 IS & P 514 15, 30, 45 B &KV
60 Z3IZHIE U7z, & SIS EBAD R e & LLT O score
IZZH L 72 (score 1: 15~ 29 F) ;5 score 2 : 30 ~ 59 F) ;
score 3 : 60 LI E).

8. ¥ RIZH T BIMiE prolactin DEIE

TYAIZTIVET T =) (20 £7~1F 40meg/kg), 7
arualN7 Yy (03 F7213 1mg/kg) H 25 WVIEZDOHE
Pa1H 10, 7 AERER TR L ZOREES 1
e %12, 4V 705 (3%, WeA) ISTHEEL, Tk
HfIIR & D IR 2 BRI L 7=, BRE L 7= 1% % 2 WEREISE T
e L 72 1%, 2,000 Xg T 20 5[ 22C TiEL LG5 i
EdEAMAEY v 7 & L7~ I prolactin 13 mouse
prolactin enzyme immunoassay kit (R&D Systems, Inc.,
USA) MW THIEL 7=,
9. IMFEBDRIE

4 KRR U 72 CS7BLKS/ ) v Y 227 VKT I =)L
(20mg/kg), a2z a3 v (0.3mg/kg) & 6 I
F7vHEY (Img/kg) R MG Lz H5LTR5
30 %AV INT Y (3%, WEA) IZTHREEL, FREHIR
KO IR & BRI 7= %%, IR 2 JH0E L 7=,
10. HEEMZE AV RE
10-1. KB HRRE/ 2 ) 7 R EE e O B3 41

ICR RAEAR~ 7 2 (At FEREY (KR)) KA Ehi
AR 0~ 1 HiEmD~ D 22 6 RELL 72 Hili 2 £ 212 TH
Wr L 72 & ™12, 0.02% L-cysteine monohydrate (Sigma-
Aldrich Co., MO, USA), 0.5% glucose (F1 5 #fi 3% T. 3%
(Bk)) ¥ &1 0.02% bovine serum albumin (Sigma-Aldrich)
% &4 L 7= phosphate-buffered saline (PBS) 12 Ci#lL
7= 9 unit/ml papain (Worthington Biochemical, NJ, USA)
AU 7=, MGEAENC CTRERBUG & 1% 1E &, 505y
2T 1,000 X g (2,400rpm), 10 3 TR SN2 2
X 10° cells/ml IZ 38 ¥ U 7= #%, poly-L-lysine (Sigma-
Aldrich Co.) #32—5 4 2" L7z 8 well chamber (Nalge
Nunc International, Inc., PA, USA) IZ#EfEL -8 D% K
i K B R A S 2 it/ o7 ) 7 BB sl & U 22 Kl
FEHRREE R/ 7)) 7 HIg i3 g% 7 HE
K OEBICHHE L. #if2id DMEM (Invitrogen™ Life
Technologies Co., CA, USA) 12 10% ¥ ¥ Jig 1+ M &
(Invitrogen™ Life Technologies Co.) # & 1* 0.1% penicillin-
streptomycin (Invitrogen™ Life Technologies Co.) # ¥
ML 2= 850 (Fii&/ 270 7 G S AR B ) 12T
37C, 5% CO, ICHEFF S 7oA v F 2 RXR—2 —NTHEEL
7z.
10-2. KEFEfifa o L

KM BB R AR s 27 ) 7 RIS H,0,
(BuM, FIYMIETEMRE)), 7TVET T =L Qum),
TarsualXI VY (lam) HE5WEITHE EHWEL 7=
Rz As i L 2 WG L 2. £/, M/ o) 7 A
e A ARG 1 T RIIRE TR 3% U 7= e 2 xRl & U 7.
10-3. KNdBCBEHRARRE/ 277 ) 7 B MIa O Rz s E

il B % 4% paraformaldehyde/PBS %A ¥ 12 T [l %2 L,
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0.5% saponin (FISEAHIAE T3 (#k), KBR)/blockace (ZHI
FL¥, JbilEE) <7y F v s 100 fEAERL 72
cleaved caspase-3 (Cell Signaling Technology, Inc., MA,
USA) # 4C T 48 MRS & ¥ 7z, —&k¥ifk% PBS &
& U'Mg*"-BBS 12 T ¥ % %, 10,000 fif 1= & R L 7=
Alexa™ 488 [T ¥ ¥ IgG Uik % FEWIZ T 1 KRB
7. &61T, TWbitkE PBS 5K 0 Mg* -BBS 12T
Peitk, MifeE 254 FH 5 2 RICEiFx 8, L —
H — PH % $% (Radiance 2000, Biorad Laboratories, Inc.,
CA, USA) 12 CTHIgL 7=,
11. v Minvivo ¥4 7845147 X%k

RY ML EL—)LF YT a (50mg/ke, ip) LK
e, HidoE AL 2 & (Daivid Kopf, CA, USA) (Z[E%E
L, R N A4 Y (EBEREER T, KB 12X DIESRIC
Jo T R & AT, 2T VAR A A4 F (SAG-8 & 72 1%
SAG-9 : (k) Eicom, ##F) #HWTHA FH=2—VL
(SAG-8 % 7213 SAG-9 : (¥k) Eicom) O 5G¥i % Paxions
and Watson'® @ 7 » M7 b T Z XN H D TR
(bregma & VAT A+ 4.0mm, A5 — 0.8mm ¥ L U X
—6.8mm B LA 16°) IZHABEL 7~ ZTO#K%, &
I—-H=a2—V (AD-8 F721F AD-9 : (#k)Eicom) % fifi
ALTHF v v 7TF v+ (AC-1: (Bk)Eicom) Z#Hi¥, 5
BialA$ 5 £ T3 ~5 HIMRREEL CAIE L 7.
12. ZWEER

FERFMAYH, Y a4 v 2T 7Yy Fa—-TLaq
MRF7ayFa—ThTa—TITEL, v 4 rav )
v ¥ (1002 ; Hamilton Co.) H5&kUvA47uas ) v IRy
7" (ESP-32; (#k)Eicom) % H T, ¥ 2ml/min T
Ringer MEDMER A 1T > 72. BMRIE, A=A V22
% — (EAS-10 5 (#f)Eicom) 125y Z &R L, @ik
Wtk v~ 277 (HPLC) ¥ (HTEC-300: (#)
Eicom) 2 CHHlEEA1T 7. £72, BWFEEBIL, T v
b &4 30em, #E30cm, M 36em DT 7 ) Iy —VIC
L, MR TIT - 72,
13. B EE

Dopamine (3 #itk 2 2~ b 27 7 (HPLC) %iE(C
T, EICOMPAK f& 3 47 #t FH ODS # 7 4 (PP-ODS ;
(#) Eicom) ZMHWChfiERA1T-72. 72, EXLY
#etti#s (ECD) O 400mV vs. AgCl, 7 7 AT
25°C, BEFHOFMIE 550 ml/min & U7z, JIE I IZ RO $%
INBYE—2) dopamine TH 5 Z & #[EwE L, WiEd 5
HREAEETIHNT, 520D TN ETNOIRE%
10 pg/min (ZFH%E L /- fHEE A2 HPLC (HTEC-300) (23
AL, REFBOMR S XU — 7 HROFH %175 7.
F7z, WERICA — b4 VY 22 2 —ICHIRX =B
(X HTEC-300 ¥ 2 7 A HBIIZEA T KU HEE & &
, ST —su ASTHBMIZY — 7 IR S L 7.

A - IR - At

14. %t &t &

FTARTOERICE T 2 MEMIE, T+ FEUERRE
(mean + SEM.) THRL7Z. T v binvivo~vArax
A7) Y ABEORBRITICAE T, F 72, MK -
e, BFREDROME, SURIROMEE, ML EXEED
Mz, #4217 —oOW5E, I prolactin &5 & TVILEED
HTE DAERNT —TCBLIE 53 o0 & 1T > 7214, Bonferroni/
Dunn M€ % w72,

] £

1. ZzLy MIHITZTINERBRIER - BHKIE(C3E
TRFPVETSV—ESTICTOIANTT D
-7
7 x Ly MBS EL R GEFEMES - MEH RS 123

27VET T LB CICTHIULRT DY DOFEIC

DVWTHE LA FUBIC, 7zl vy MZELE R (0.1

~0.6mg/ke) HK F#5 L& 5, HRIRGEN»OH

Bl 2 o CIClEm: &S 23 ® 5 A7z (retching:

vehicle-morphine 0.3 mg/kg, 45.7+12.3, p <0.001, vs.

vehicle-saline; vehicle-morphine 0.6 mg/kg, 88.2 £6.8, p<

0.001, vs. vehicle-saline, Fig. 1A, vomiting: vehicle-

morphine 0.3 mg/kg, 2.7 £ 0.6, p<0.001, vs. vehicle-saline;

vehicle-morphine 0.6 mg/kg, 4.1 =1.1, p<0.001, vs.
vehicle-saline, Fig. 1B). £72, EL b 3 EE5IZ XD FER

ENBMEK A S CITHERISE, 7Y ET 7Y = (10

mg/kg, s.c.) DHIAVEIZ K D ARIZIIH X7z (retching:

aripiprazole-morphine 0.3mg/kg, 10.4 &= 5.3, p<0.05, vs.
vehicle-morphine 0.3 mg/kg; aripiprazole-morphine 0.6 mg/
kg, 18.2 & 6.8, p<<0.001, vs. vehicle-morphine 0.6 mg/kg,

Fig. 1A, vomiting: aripiprazole-morphine 0.6 mg/kg, 0.7 &

0.4, p<0.05, vs. vehicle-morphine 0.6 mg/kg, Fig. 1B). A

iz, 'Lk x (0.6mg/kg, sc.) HE5ICXD@FERENS

i 5 72 & CHCHEI: %, a2 allx3 2 Y (0.3mg/

kg, s.c.) ORMLEICZ KD A BIZHH & 172 (retching:

vehicle-morphine, 58.2 + 6.2, p<0.001, vs. vehicle-saline;
prochlorperazine 0.3 mg/kg-morphine, 25.4+8.4, p<0.05,
vs. vehicle-morphine, Fig. 1C, vomiting: vehicle-morphine,
4.6%+1.0, p<0.05, vs. vehicle-saline; prochlorperazine

0.3 mg/kg-morphine, 0.2 +0.2, p<0.05, vs. vehicle-

morphine, Fig. 1D). &k, @B, 7V 75— F /-

B7usulxXs Y v ORMELLEIIT VYT T —

JUHTARLE - Lk 2 0.1mg/kg #2513, WEK(Z & ONCHER:

RisEELEH L7z (0+0).

2. TINEXEREAREHEREFAICHTEZI7IETS
J=BESICTOVAIMNRT T L OEE
7Y ATH T B ' 2 AR E S R ISE L

37VETZV =N 55CIITas a7 Yy OE
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(A) B)
I Vehicle = Ve%ll.cle
2’512 i Aripiprazole 10 mg/kg %‘3 8- Aripiprazole 10 mg/kg
§100- . £
o S 6 *k%
S 801 B 51
2 60 - e E 4 stk
E 404 + E 31
g # = 2 iy
3 204 g 1
= = 0-
Saline 0.1 03 0.6 Saline Saline 0.1 03 0.6 Saline
+ vehicle Morphine + aripiprazole + vehicle Morphine + aripiprazole
© (D)
8
2 120 - s
< 100- g7
2 §6_ *
b u
: 80 okt 3 51
éﬁm 5 4-
=
é 20 % g 11 T
= 0 =
0 01 03 03 01 03 03

Vehicle prochlorperazine (mg/kg)

Saline

Morphine Saline

Vehicle prochlorperazine (mg/kg)

Saline

Morphine Saline

Fig. 1 Effects of pretreatment with aripiprazole or prochlorperazine on s.c. morphine-induced
retching or vomiting in ferrets. Groups of ferrets were pretreated with aripiprazole (10 mg/kg, s.c.,
A and B) or vehicle 30 min and prochlorperazine (0.1 or 0.3 mg/kg, s.c., C and D) or vehicle 60 min
prior to morphine (0.1-0.6 mg/kg, s.c.) injection. Animals were observed for 30 min after s.c.
injection of morphine. Each column represents the mean number of retching (A and C) or vomiting
(B and D) animals with S.E.M. of 3-7 ferrets. *p <0.05 or ***p < 0.001 vs. vehicle-saline, *p < 0.05
vs. vehicle-morphine 0.3 mg/kg, 'p < 0.05 vs. vehicle-morphine 0.6 mg/kg.

% tilting cage IEIZHE > THMET L7z, ZDFER, Erex
Pe512 K 0 % & B HRAKAFI 25 B S8 B e E 1
&, TUVET IV = (20mg/kg, s.c.) DORIRLEIZ X DFH
PRICPIfl S, 2 O KROBIZIEST 5 & 78 5 72 (saline-
morphine 2.5mg/kg, 240 £24.7 counts; saline-morphine
5mg/kg, 473.6 =92.8 counts; saline-morphine 10 mg/kg,
2,939.0 £ 438.3 counts; aripiprazole-morphine 5mg/kg,
83 & 26.1 counts; aripiprazole-morphine 10 mg/kg, 624.8
+ 142.8 counts; aripiprazole-morphine 10 mg/kg, 625.6 =
149.8 counts, Fig. 2A). —J7, B X HEEGIZXDEEH X
h 3 HRBEHRIEEEIE T 200 X7 Y Y (0.3mg/
kg, s.c.) HIALEC & O FIICHIHI &, € O &ERIGH
BITEN271> 7 1 L7z (ECsy vehicle-morphine, 5.5
+ 0.8 mg/kg; prochlorperazine-morphine, 14.84+0.9 mg/kg,
total activity: vehicle-morphine 2.5 mg/kg, 284.2 = 35.7
counts; vehicle-morphine 5mg/kg, 901.2 £379.6 counts;

vehicle-morphine 10 mg/kg, 2,311.0 £ 275.5 counts;

prochlorperazine-morphine 5mg/kg, 362.6 & 95.6 counts,

prochlorperazine-morphine 10 mg/kg, 765.9+257.5 counts,
prochlorperazine-morphine 10 mg/kg, 1,590.0 £153.6
counts, Fig. 2B).

3. v MUERKIZE TS EIE XFEFH dopamine FEEE
ERICHTE7UET SV —Ivestic7a7alN
STCDRE
J vy MUERIZE TS 3 E5IC kD5 X Eh

% fiflabt dopamine WHEEFIZ T2 7V T 7 — L%k

LIZTa sz unXT Y VDRBIZONWT, in vivo &4

TV AW > THRET L2 ZORE, ELrex

(10 mg/kg, i.p.) EEHIZEDAEL 25120 74—

& U 7=#liff@4t dopamine ¥ DFEW & EHIE, 7IVET S

V=)L (20 mg/kg, i.p.) % FIL X5 30 SEIICALE S

2Lk ERICIEI N7z (saline-morphine, 220.6%
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+ 19.3% ; aripiprazole-morphine, 146.7 £ 22.2%, ¢

120 min, saline-saline vs. saline-morphine, F(; 335 = 29.90,

max

p<0.05; saline-morphine vs. aripiprazole-morphine, F'; 33
= 10.80, p<0.05, Fig. 3A). —JF, EL X HE5IZLD
E T B Mlllast dopamine YD ESHIE, Turarxs Y
¥ (0.3mg/kg, i.p.) %FNE 15 30 SFRTICALET S Z
CICEDARICERS N, SHI2ZTOY - I KERMIZRE%
100 4712 # 47 L 7= (prochlorperazine-morphine, 249.5 +
13.6%, t,,,=100 min, saline-morphine vs. prochlorperazine-
morphine, F 33 = 37.09, p<0.01, Fig. 3A). 7, 4H
BIEWEE B AR G A 100% & L 72 & & D 180 47t
I2%1F % dopamine W EEFR ISR FHofHiZ 2z h2h, LB
BT L e 3 5 B 154.0 + 2.1% (»<0.001 vs.
saline-saline), 7V ¥ 7 7V —L-EL b 1 &5 116.2
+10.4% (p<0.01 vs. saline-morphine), 7127 Q)L
Vrv-FL b 2GR 185.5 £ 5.0% (p<0.05 vs. saline-
morphine), 7V ¥ 75— - HEE KRS 83.1 +
42%B LT O 0l RF Y LIRS 106.6

(A) 4000 7
]
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& 30001 A Aripiprazole 20 mg/kg
i
3
e
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z
z
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S /_}
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(B)
4000
E
-
< 3000 ©® Control
z m Prochlorperazine 0.3 mg/kg
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=
-
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25 5 10 20 100
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Fig. 2 Effects of aripiprazole or prochlorperazine on s.c.
morphine-induced hyperlocomotion. Groups of mice were pre-
treated with either aripiprazole (20 mg/kg, s.c.) or saline (A)
and prochlorperazine (0.3 mg/kg, s.c.) or vehicle (B) 30 min
before morphine (2.5-20 mg/kg) injection. Each column
represents the mean total activity for 180 min with S.E.M. of
5-9 mice.

A - IR - At

+73%CTh -7 (Fig. 3B).
4. PYETZV=NESTICTAOMNRT I BB
£BHHL T KA

TURILEFATIVET TSI TE s BLR
T VEGIZXB LT Y —RBLDAH % horizontal
bar I K DG L 72, ZORR, 7aruan~x7 v (0.1
~ 1mg/kg, s.c.) IEHEMKAEN, 2OHEIHIL LT
v — % JBL X B 7= (total catalepsy score: prochlorperazine
0.3 mg/kg, 1.0 = 0.7; 0.6 mg/kg, 3.1 £ 1.0, p<0.05 vs.
vehicle; prochlorperazine 1 mg/kg, 6.7 £ 0.8, p<0.001 vs.
vehicle, Fig. 4B). —J, SHEOTVET I =)L (3
~ 40mg/kg, s.c.) ZRELTEHNZL TV =3 RB L&
» 572 (aripiprazole 3mg/kg, 0.17 £ 0.14; 10 mg/kg, 0 +
0; 20 mg/kg, 0.43 £ 0.17; 40 mg/kg, 0 £ 0, Fig. 4A).

(A) -O- Saline-saline
<&~ Saline-morphine
- Aripiprazole-morphine
=&~ Prochlorperazine-morphine
< Aripiprazole-saline
. 3000 A Prochlorperazine-saline
2
:
3
R
bt
g
£
5]
2.
<3
=)
— T T T T
-40 -20 0 20 40 60 80 100 120 140 160 180 200
Time after the morphine treatment
(B)
250 7 [ Saline-saline
g [ Saline-morphine
E 200 1 EZ Aripiprazole-morphine
g E= Prochlorperazine-morphine
.g 150 1 Aripiprazole-saline
g ES Prochlorperazine-saline
3
= 100 1
;
5 50
0 -

Fig. 3 Effect of aripiprazole or prochlorperazine on the i.p.
morphine-induced dopamine release in the nucleus accumbens.
After baseline fractions were collected, rats were pretreated
with either aripiprazole (20 mg/kg, i.p.), prochlorperazine
(0.3mg/kg, i.p.) or saline 30 min before morphine (10 mg/kg)
injection at time 0 to evoke the release of dopamine. (A) Data
are expressed as percentages of the corresponding baseline
levels with S.E.M. for 2-3 rats. Saline-saline vs. saline-
morphine, F; 33,=29.90, p <0.05; saline-morphine vs.
aripiprazole-morphine, F; ;5= 10.80, p <0.05; saline-morphine
vs. prochlorperazine-morphine, F; 33,= 37.09, p <0.01. (B)
Data are expressed as a percentage of the area of the under
curve to 0-180min. ***p < 0.001 vs. saline-saline, *p <0.05 or
#p <0.01 vs. saline-morphine.
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5. PUVETSV—NEAQ37O070WNRIT L5
7& prolactin ENZE{t

TVET IV = LEiFTaranxs Py ERSIC
&£ B L9 prolactin & D Z 1t # ELISA 12 & O #MGT L 7.
ZOMRR, Turarxs vy (03 £/ 1mg/ky) %
10 1M\, 7 AMRIER P55 L72& Z A, il prolactin
HITTE BB & IR U CHREIRFN 2 DFEZICHML 72
(prochlorperazine 0.3mg/kg, 193.2 + 24.0% , p<0.05 vs.
vehicle; prochlorperazine 1mg/kg, 340.6+51.2%, p<0.001
vs. vehicle, Fig. 5). —7, FMOEG 27 ¥ 12— itk
DT7VET T =L (20 £7213 40me/keg) % KR FH%
B U72h, AEREIEER 51 & i U T I prolactin &
ICHEAZLLGEYD 5k - 72 (aripiprazole 20 mg/kg,
124.6 £ 1.1% ; aripiprazole 40 mg/kg, 107.7 £ 1.5% , Fig.
5).

(A) o

2.5

Total catalepsy score

0 =F F;‘ :; A
Saline 3 10 20 40

Aripiprazole (mg/kg)
10

(B)

7.5

Total catalepsy score

2.5

\ =

Vehicle 0.1 0.3 0.6 1.0

Prochlorperazine (mg/kg)

Fig. 4 The catalepsy caused by aripiprazole (A) or prochlorperazine
(B) in mice. Total catalepsy values were obtained at 15, 30, 45
and 60 min after s.c. administration of saline or aripiprazole
(3-40 mg/kg, s.c.) and vehicle or prochlorperazine (0.1-1 mg/kg,
s.c.), respectively. The horizontal bar test was performed by
placing the forepaws of the mouse on a 5-cm high bar. The time
until the forepaw touched the floor or when the mouse climbed
onto the bar was measured up to 60 s. A score was assigned to
each animal based on the duration of the cataleptic posture
(score 1, between 15 and 29 s; score 2, between 30 and 59 s;
score 3, 60 s or more). Each column represents the mean with
S.E.M. of 6-9 mice. *p <0.05 vs. vehicle, "*p <0.001 vs.
vehicle.

6. PVEZTZV—IE£E370700WNT T > OIMEE
(x93 %

YU AIBITARTIVET IV, TarsualXs Yy
&b WNTA T v Y OMBEEIN$ 2 EIC DO THRES
L7z, ZORER, AR SR o bEE & ik L <,
* 7YY (Img/kg) 5 30 H#HICHWTHE &M
B O ESA 28 ® 6 72 (saline, 115.5 = 1.5mg/dl;
olanzapine, 216 & 24 mg/dl, p<0.05 vs. saline, Fig. 6). —
Ji, TVET IV =)L (20mg/kg) A5 MIZT I TN
7V (0.3mg/kg) %5 L CLAEMERERGHEI
BLUTIMEMEOE{IZIEEAERDO NG 5 2
(aripiprazole, 77 %= 11.0mg/dl; prochlorperazine, 124 =+
41 mg/dl, Fig. 6).

7. BIVEXERERERICHTITIETSI YLD
CIC7TAY7AINRT T > DEE

YU ACBET S ELE RCKSERSRITHT ST E
TV =AW TursalRT Yy DOFEEE hot-
plate (55°C) HEIZH-> THEFL 7=, Tk 3t (10mg/kg,
s.c.) #6530 pHROFEREMNRISHL, TIVIET TV -
(20 mg/kg, s.c.) EHIZTarz a5V (0.3mg/kg,
s.c.) 1330 PANICALEL C{M 6L 5 A o572 (%
antinociception: saline- or vehicle-morphine, 57.1 + 11.2
or 69.0£9.3% ; aripiprazole- or prochlorperazine-morphine:

59.9 £ 16.9 or 66.0 = 9.3%, Fig. 7A, B).
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Aripiprazole Prochlorperazine

Fig. 5 Plasma prolactin level after chronic treatment with saline
or aripiprazole (20-40 mg/kg, s.c.) and vehicle or prochlorperazine
(0.3-1mg/kg, s.c.). The hyperprolactinemia was not observed by
treament with aripiprazole, whereas the prolactin level was
significantly increased by prochlorperazine in mice. The values
in aripiprazole- or prochlorperazine-treated mice are expressed
as a percentage of the changes in saline-treated mice. Each
column represents the mean with S.E.M. of 3 mice. *p <0.05
vs. vehicle. ***p < 0.001 vs. vehicle.
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300 8. ENEXBRHELERMIMFERICHTZITIUETS

J=IbESWIITAIAIMNT Y L OFE

U ZTE B | b AL Bk P E T g
537VET IV BH5IITaralLRT VYO
122, charcoal DL E IR L 26 L L THETL
2. ZTOFE, Erexr (0.7mg/kg, s.c.) 12Xk - TiE¥
N BWLERAMEERE, 7VET TV - (20mg/

T kg, s.c.) HHCIZ7Ta a3V (0.3mg/kg, s.c.) D
/ WA 2L R R h 572 (% of control: saline- or vehicle-
/ morphine, 58.14£5.2% or 58.8+6.8%, p<0.001 vs. saline-
or vehicle-saline; aripiprazole- or prochlorperazine-
morphine, 55.7 = 3.0% or 52.4 = 3.0%, Fig. 8A, B).

200

100-

Plasma glucose level (mg/dL)
1

/////Aﬁ*

Saline  Aripiprazole Prochlorperazine Olanzapine

(20mg/kg)  (0.3mg/kg) (Img/kg)

Fig. 6 Plasma glucose levels after treatment with either saline,
aripiprazole (20 mg/kg, s.c.), prochlorperazine (0.3 mg/kg, s.c.)

or olanzapine (1 mg/kg, s.c.). Hyperglycemia was not observed (A)
by treatment with aripiprazole or prochlorperazine, whereas 120
plasma glucose was significantly increased by olanzapine in
mice. Each column represents the mean with S.E.M. of 2-4 100- T
mice. *p < 0.05 vs. saline. — T
£ 80-
= skskok
S 60
(A) 100+ k] 7
1S3
= 40+
S 80
= —
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o
‘s 60
E 0
b= 40 20 20
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S
& 20 Saline Morphine 0.7 mg/kg Saline
(B) 120 .
i Aripi le 20
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—E' 80
E skokesk
(B) S 60
100, s =
& 40-
= 80
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o !
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_2 0.3 0.3
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® Saline Morphine 0.7 mg/kg Saline
20
Fig. 8 Effect of pretreatment with aripiprazole (A) or
0- prochlorperazine (B) on the morphine-induced gastrointestinal

Vehicle Prochlorperazine 0.3 mg/kg

transit (GIT) inhibition. Each point represents the mean with
S.E.M. of 6-8 mice. Charcoal was orally administered 20 min
after morphine (0.7 mg/kg, s.c.) injection, respectively. Groups
of mice were pretreated with aripiprazole (20 mg/kg, s.c.) or

prochlorperazine (0.3 mg/kg, s.c.) at 30 min before administration

Morphine 10 mg/kg

Fig. 7 Effects of aripiprazole (A) or prochlorperazine (B) on s.c.

administered morphine-induced antinociception in mice using
the hot-plate assay. Antinociception is expressed as % antinociception.
Each column represents the mean with S.E.M. of 7-9 mice.

of morphine. GIT was evaluated at 20 min after oral
administration of charcoal. **p < 0.001 vs. saline or vehicle-
saline vs. saline or vehicle-morphine.
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9. v ARIRERERE/J ) T HESHRICE (T SEEX
hL 2AFHREEMBEICHTET7IETZV-ILEDS
WICFO70OIRTT > OFE
TRN =V ZBMEHBE TH 5 caspase-3 DIEMALIIT

» 5 cleaved caspase-3 {2 Ff 2 1y 22 HL 1A & H \» T H,0,

(Bum) ALEIZ X % cleaved caspase-3 FEih M & ey (baE

PG ERIZ K O RRET L7z, ZO8ER, ~ 2 2 KM HIR

figk/ o) 7 A EEREINAIC H0, Qum) ZRUEL 728 Z 5,

F W7 cleaved caspase-3 DiBEAFRD S zh, 7V

T3V LBLUO T alLNXT VY (lum) & cleaved

caspase-3 F i L s -7z (Fig. 9A, B, 10A, B). — /4,

H,0, (Bum) ALUEIZ X DFEFE X B cleaved caspase-3 %

PERSMEMIE B OB 7 V75— (Lum) £72137

s ulRITYy lum) #HETZZEICKDERIC

il &z (Fig. 9C, D, 10C, D).

% =

AW TiE, 3L®BIZ, 7Ly FPEHWTELE I
KBER - SIS 3 T as a5 v BLUT
JET T — LOERIZ DWW THRE 517572, ZDFEE,
T ARG Y VIFEILE FZ K BUES - EHAET A
BT OFREICIHIL 7. £, ZVETSV -
FaralxRs Y VR, Bk RIZKBIES - EHER
FHERFN 2 DOERICHHIL 72, 72, BB XFRM
REAR B K OE L 3 O LE R REIIRIERI N4 5
TVET I = LOWBIZONWT IR 41T T A,

(A) Control (B) Aripiprazole 1 yM

(C) Hy0, 3 pM

D) H,0, 3 uM
+Aripiprazole 1 pM

Fig. 9 Effect of aripiprazole on neural survival with H,0,-
triggered apoptosis. (B) Aripiprazole at the concentration used
in the present study had no effect on the control level of
cleaved caspase-3-positive neurons. (C) Treatment with H,0,
(3 um) for 2 h caused the activation of cleaved caspase-3-
positive cells in cortical neuron/glia cocultures as compared to
medium alone (A). (D) Aripiprazole produced neuroprotection
against H,0,-triggered apoptosis. Scale bars: 50 um for all
panels.

WERIZT )V E T I = L ONFINC & 0 AT &h 5
7. ZheDERED, 7VET IV = LIZEIL L FDH
SANHICITEE 5 423, £z, B X OMMAEH
fbxEs3Z L EBLE MK BMES - MEHOPIHNI SR
WThDZENHLLEL ST

F R, MO AERIRE S 2554 T, M
TTEMAICHAL 2254, £ RRRRIE &0 - 72k
Tk L OB ARRHELL EDRERERT Z BRI T
W5, 29 L2zELE xDOERIE, EAE R [0
EVWIA X =V ESZ, BIRICETZEILE XOM A E
BEX LUK E L >TWAD, B 1K B IEMRA T REE
13, & LU GHRRICHET S, iMoo fE=2—a v
Td % GABA RO % ST L7z F28 3 ikt o id
IZ &% RS2 v OWEEEEIMSEIK$ 2%, 25 Lk2
ENG, BLYERIZKD P8I v OB WS R Fok
cnMETHIEZEALNS. 22T, £9, BRI
£ B Fo83 VEHEITEIO D TdH B A RSHEEN R RN & 5
L, 7usulRIVVEXCTIET TV - LD
IZOWTHE 21T 572, ZORH, 7ursolxs vy s
BILVE S 2 Z 12k, B LRI X 5 EREE) EO
O R RISHERIZA I PHTRBEI L, 2 OmARIBIZIZZAL
Dotz —J, TIVETS VU — L ERLELEZEZ
A, Bl K ZHBERISHBHIGICEELZE D0,
SEATHEENIFED 5N, ZORAMISIIETITS & &% 5 7.
INEDZ ENE, 7027l RFIVVIFEILL RIZED
WEEL 72 K283 V& B8 VAR L THAMICHEEDIT 5

(B) Prochlorperazine 1 uM

(C) H,0, 3 pM

(D) H,0, 3 uM

+ Prochlorperazine 1 pM
e

Fig. 10 Effect of prochlorperazine on neural survival with H,0O,-
triggered apoptosis. (B) Prochlorperazine at the concentration
used in the present study had no effect on the control level of
cleaved caspase-3-positive neurons. (C) Treatment with H,0,
(3 um) for 2 h caused the activation of cleaved caspase-3-
positive cells in cortical neuron/glia cocultures as compared to
medium alone (A). (D) Prochlorperazine produced neuroprotection
against H,0,-triggered apoptosis. Scale bars: 50 um for all
panels.
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Usefulness of Aripiprazole for Reducing Morphine-Induced Dopamine-

Related Side Effects
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Abstract: In the management of pain, nausea and vomiting are some of the most distressing adverse effects
induced by opioids. Dopamine receptor antagonists are commonly used to counter the adverse effects of opioids.
However, most of these agents themselves have side effects, including extrapyramidal symptoms. Here, we
investigated the effect of the dopamine system stabilizer aripiprazole on morphine-induced dopamine-related actions
in mice. Morphine-induced hyperlocomotion was significantly suppressed by either the dopamine receptor antagonist
prochlorperazine or aripiprazole. Catalepsy was observed with a high dose of prochlorperazine, but not with higher
doses of aripiprazole. The increased level of dialysate dopamine in the nucleus accumbens stimulated by morphine
was significantly decreased by pretreatment with aripiprazole. However, the morphine-induced dopamine elevation
was enhanced by pretreatment with prochlorperazine. Dopamine receptor antagonists showed an elevation in serum
prolactin levels. Furthermore, an atypical antipsychotic, olanzapine, produced hypergycemia. However, aripiprazole
failed to increase the blood serum levels of prolactin and glucose. In addition, the increase in cleaved caspase 3-like
immunoreactivity induced by H,0, was suppressed by treatment with either the prochlorperazine or aripiprazole in
cortical neuron/glia co-cultures. In conclusion, we demonstrated that the morphine-induced emesis, hyperlocomotion
and dopamine release were significantly suppressed by pretreatment with aripiprazole, whereas catalepsy,
hyperglycemia and elevation of plasma prolactin levels were not produced by aripiprazole itself. We propose here
that the combination of aripiprazole with opioids may be useful for the control of pain with decreased sensitivity to
morphine-induced dopamine-related side effects.
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