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B =

A A A% L R R A e 255 BF % S A% & U 7 PG #% % dopamine % D 72 %
WAL Tod D, AT REER, =)L —EF M, MR- R EIZ
BT 252 EDNHMLNTWDHRRTF KD orexin-A 721 B 2325
orexin RN AT L TEY, T 5O orexin FHNFEET 5 orexin ZHEEDH
THEATTHDHO0Xi BLPOXeZAE LML TS, 7y baHWATE
SR O A% D orexin 2 BRI, [RIFALD dopamine #FRIEENZK T L7
BAMTHA2RET2BERHLZEBRERTVDS, LLAanb, s
D OX1 B L OXo Z BARDEERAL D dopamine #FE#&E R H> 5 @ dopamine fig i
DOFIZ BV TR TEENIH 52T,

45421213, endomorphin 8, B-endorphin, dynorphin 72 & O#fE~7FF KA
fEAT 2 opioid TR L A LT\ D, Opioid ZHMRICIT p, 8, « ZHMKY
THEA TR, ZhbEIERIRITHETET 57 2 =2 MIIXE S 72851
i % 73" opioid #8%# F£ D morphine 23&% 5, —J7, nandrolone I&, HH7T > T
R—t THEDOEMZEIEY 2 MZEENTWDLZ NI [EYEA T v A RO
& DTHD, Nandrolone 1%, iDL ZEEF HHHE AR —Y OHEIFT
<, BB OFREEALOINRLOR EEIBRT D EHDAEOM TORLT R
BINDMFHETHLICHEDL LT, RN KRG EE TAREE LOEER
WAkl 24T O NERH & LT, BEMO S ©oBEMN S HFEH O L 0B
FRIZEENIE L MR RFHIE S W B R NIZ EA LRy, £,
nandrolone 13 % 1L B K CTIRAFZTER T 5 AREMEDR R S LTV 5 1E),
morphine % % €2 opioid (X% /X7 [EM{b AT v A N & & & HEITHH L TELH
SNHILFVMETH L LT HEFRERK L H D, ELH I 53T
% dopamine fHfE DIEE Z (LT 5 Z & BNA HIL TV 5 A, nandrolone DX
B G- DMUAEEZ O FLfE) 72 dopamine fXH &, morphine 23F5%6 7 2 MIALEZ D



dopamine AHAREIERIZ KIZTREIZH BT,

% Z CTAREMILTIE Sprague-Dawley ZRIEMET » M & VY, 5 1 B TIE, orexin
SRR T RO AL ~D Ry T 5- 3[R AL O fli @ 4% dopamine &2 & 1E 5
W EIRRE L L, AR O FLER) 72 dopamine HH OFIAIZIHB VT OXy B LW
OXo ZREMN R FTHENZ DN T in vivo B/NEFTIEICE W gt L=, 56 2
ETIEIEZ LD, ZEHO S LEFRHITHEYE TS 6 205 10 Bl L, HFHEMIC
YU 25 10 056 14 BEIZBNT, HAOHEEDOOE S THLIIITHT S
nandrolone D XIEH G DR ZREIT T 2205 & i U TRBEWIT T &
{T> 72, WIZ, nandrolone O K £ 53l Aa4% D HAfER) 72 dopamine it &,
morphine D #5234 L 72 MI4LE% D dopamine fift 2 M IE T EBUZ DN T in
vivo IR/ INEITIEIZ K 0 BRET &2 0 2 72,

% 1 ETIE, orexin LAY H v ROMAEE~DRFTE LA, [FHEAO
dopamine EIZ KT THEEZBIEZ LN, &£V T RORGIE, MAZICHEE
L 72N BT I O 3 IR & L 72 35 5 = — R v &2 @ CTYT o 7o,
ZORER, OXi BELV OXo ZAKRDOIFBRINAI 2T T =X FTh 5 orexin-A,
OXo ZFEARDRINH) 727 2= A k@ orexin-B (500.0 pg, 5.0 ng) 1%, HIAAEED
dopamine EIZH Y. > 72 B LR Z SR o720, OXi BL O OXo ZRIKDIE
B|RA T &% =2 D MK-4305 (suvorexant, 500.0 pg, 2.5 £721% 5.0ng) 1%
dopamine fH Z {21 S W70, MUNEHTIEZ I L7z 2 REEIZE % tetrodotoxin D
IAEKE DRETE 5 F 721 orexin-A (500.0 pg) DO PFAIX, MK-4305 (5.0ng) 73
3 LT AL E% @ dopamine JigH 2 98 < il L7z, OXo INAY T > # T =R K
® EMPA (90.0 7213 900.0 pg, 9.0 ng) % dopamine &M H7=, Z
EMPA (9.0 ng) 23#5% L 7=MRI44%% D dopamine fitHilE, [FEEAL~D tetrodotoxin
DREFRE G LV IEE Lz, OXy AR DEIRAYT > Z A=A | D SB-334867
D FEH-TlX dopamine L IZ AL 23R D B AL 72 0> > T2, Orexin-B O ff H % 5-1%
EMPA F 7213 MK-4305 233 % L 7= dopamine Ji i Z #ii L 7=, —J7, MK-4305



(10.0 mg/kg) ZMEPERG L& 2 A, 4D dopamine i HIZ HAL - 724
IFR N2> T, 2B DOFERN G, MIAEZITIE W TIE OX) TidZe < 0X,
AR EER) 72 dopamine KU A HNHIAVICHIE L TWDH Z & &, HERRELIER
W7 v FOMAEED 0X, RO BEWHIFAL D dopamine Y H 2 EHE S 5
Z & BRI AR SREL AR 22 G LAY in vivo DRIET TREETE 72,

B2 BT, X UOIC 6 Ml LN 10 D Z >~ I nandrolone O 18
b7 4 ATV, ZORGDMEITHE OB EIREOHEINC KT L8]
2L 7-, BB, nandrolone (5.0 mg/kgs.c.) F7-IXIABLED sesameoil 1%, 1 H 1

HE OS> H 6 BoOEK &K% 3 BICEVITo72%, 1 B 164 AL
TG LT, ZOfES%, nandrolone 1% 10 B Tix72 < 6 MED 7 » b THlE
ZPES IR DR ZARHE L7223y, W oo 7 > b THIKEOINIC
BN o Te B2 RIT S o T, 6 B 7 > MZ 4 K O nandrolone % #%
B LT=D BT invivo IUINEIT EBRZAT o T2 & 2 A, M- EZ O EHfE dopamine
A ZE AL IE 72 /v > 7258 morphine (1.0 mg/kg s.c.) DAMHEENFHR L=
dopamine B DREFERITME N L7z, BLEDZ & 225, nandrolone D E#
GRREEINZEE L 5 2 TS 1o 22T 2 Ao & D3R
HICTH DFHLE in vivo DFEBRSEM T TRT I ENTE L, ZOIEMORH
? nandrolone D A 5-1%, invivo THiH L7 M #x % dopamine #i% 1 &)
FIEMEE L 72 D D, nandrolone & &P L CTELH SN2 E Y TH 5
opioid IZ £ 5 Z OMBIEEOIIF(LZ IR NS L Z LRIz,

U EDE 1 BB LOE 2 mOMIEND, HAED 0Xo ZBRIRILFERFALO
dopamine & H 2 INHIHIZHIE 92 Z E AR SN, £72, opioid Z A RHIEL
ZA LT A EZ D dopamine fH OEMENL, BEEMICHE Y T 2R HIc & R
[F{t A7 7 A F® nandrolone % IEHK G2 LT 5 LW ) R RSN
7o



B1E
In vivo FAfSUNBETF EBRIC X W B O NI ENT-EREFERIR T v ORI
BT 5 OXi Tidi2 < OXoe ZAEOEW 23 E Z T [FEFBALO dopamine i H DR
P

i3

(]

Orexin-A & B (% hypocretin-1 & 2 & & FEIEIL 5 M7 F FC, R,
TRV —E I, MEIR - RERICEI S LT % (de Lecea et al., 1998; Li et al.,
2014; Sakurai et al., 1998; Wang et al., 2018), Orexin-A & B DWW E 72131
7GR T HAMRRAIIE, BUR THEAMAER 25 & AR AR R IR < &5 LT
% (Date et al., 1999; Nambu et al., 1999), & 5|2, FEEFIZ 2 DDOY 7 & A
TSN INDDRTF FICHTLHZERTH S OXi BL T OXo A&
RIx, BNIZIAL 294 LT\ 5 (Marcus etal., 2001), Orexin-A I OX; & 0X»
SRBIZFRREOBFMEEZ R T DIZx L, orexin-B 1X OXz 12~ OX S &K
~DOHFFIPEIMEV (Sakurai et al., 1998; Wang et al., 2018; Winrow & Renger, 2014)

ITEYFHIEFEN & orexin-A X R EFE R & = L F —fEFMEOHIEIZ BT
RER IR EZFERET 22 R L NS TS (Arrigoni et al., 2019;
Sakurai et al.,1998), F7c orexin-A X, 7 v FOMINEICEEGT 5L, ARE
FAMMEELZE0MBNTWD, Z OHEINIMKN O dopamine 52 24K D
EMEEZ N L TR SN Z LN TR SN TS (Nakamura et al., 2000), =
AT, ZORNENEIRN 72 Dy ZRIRT % 2= A k@ haloperidol O 25 £ 5.
WL > THHl ENTTmdTh D,

rF I RE AR 25 B A Rl % & 9 2 NI fx % dopamine FRERIE, MM O EEL e
dopamine IO OLE D TH D, T ORI, TRIERIPEZESE H S
AR SORTEE B ~$E 97 2 dopamine B AR E 4L TV D, MR E



i, BUR THEMAIES 22 5 orexin RO G 23 ¥ (Balcita-Pedicino &
Sesack, 2007; Srinivasan et al., 2012), 7 v M OHEHN~D orexin-A D5 X
D, AR T 72 < BTEECE O MRS, dopamine ®ANHE AN 5 (Vittoz &
Berridge, 2006) , MR NIZ# 5 S 4172 orexin-A D Z 3 5 O 2h F 1% P AR R H% 25

B D orexin ZREOHPE AN L CRHELZLENEZDLND, ZHIEHF
b NE AR B 25 BF ~ D orexin-A D 5-1%, MHIA:EZ D dopamine BHHIZZ LA KIT S
IR T3, HIEHABE O dopamine S A RHE L 72720 TH D, S HITZ DR
SHFZE C O dopamine B D ENNL, RHE & BREWVITEIORIL & FIRFIZE X T
7= (Vittoz & Berridge, 2006) ,
A AERZ S S FLR TR AMANEF 20 & @ orexin R FEH 2%V (Marcus et al.,
2001), MIALEZICIE OXy & OXo DWMZBENDAMT D22 ENHRESNTND
(Martin et al., 2002), In vitro DEK/EFFRIEBROFEFR D, orexin-A & B
M OXo ZRKRERNE T D Z & TT v b OIALRE ORI B i 2 il =
HZEDIREIN TS (Mukaietal., 2009) , 5 FHE~ T A& Lz
DIBARTF IR, AAZD S H T L T2 MR DM T orexin-A & B DU
T EAITWITIE, MBEOH TIHEED 5 D Dy AR 2 FEH L - ik
A 2 B IRAIC iR T E 2 2 E BB 6TV 5 (Blomerley et al.,
2018), ZAUD AL, orexin-A & B I X ZIAEED orexin ZFIRDOIEMEAL
(%, MI4:E% 0> 5 0> dopamine Z AMHNIL 2 LI & RHEL 5 5 2 L & mme
L TW%, Orexin-A DI ~D FTix 5-1%, MI44E% D dopamine #i% OJE )
P L BE T 5 REEEIN E EIHEEOHRICEDAZ ENMoN TS T v b
DITENEALZFHEHR TCE DL LT EROHMRE —FHTDHHDTHS (Thorpe &
Kotz, 2005) ,

ITEN IR EIIFE D B 1E, OXo ZHIR ORI > F 7 A D dopamine #H#%
EEIEZMRECTE D 2 L RBEN TS, T74bbh, 0X) & OX, D% R
K% HIB T % orexin-A, OXo Z AR Z EINAIZHIILT 5 orexin-B DI ALEE~



OO 51X, WAL D% ) 7 A dopamine 52 FRFIILLFEIED T > F OA]
HAATEN DR BLZ L ET 523, orexin-A & B 1TV 1 B 5 ClIRIER1TE)
ZhH Lo 7 (Kotani et al., 2008) . HIA44EZ 123 T orexin 3 &FIK1E
dopamine ##EF& K 127>, dopamine % & #EREAVICAH AL/E M 4 % IF dopamine ##
B EOWTNNELIIZOMGITHFET LI ENEZLND, 2D LT
% orexin X ARV 7 X A 7 ORI F 72 XN HIPLIZ X Y dopamine AR
2> B S 472 dopamine SZ AR A HITE T % dopamine ZMIET H Z L2 LD
R TE LML DD, Fio, MAKIZHILL TWD orexin ZAKY 7 X
A 7N HERER 72 dopamine AL H O HIENZ BV THRZ LTV D REIOFERILA S
MNTILZR W,

2 b O D dopamine MHEREERE TR L TR S L7 A2 ORI
BERAITE) & IEARREE 721 CTid/e <, 2 @ dopamine RIS D B 52387 5 M2
20 00Bh 5L OMRBHERIZBWVWTHIREOXMRE LTHEEINLTY
% 4PN orexin # R HERE O BRAR OARHEIZ 727255 (Berhe et al., 2020; Berteotti et
al., 2021; James et al., 2021; James & Aston-Jones, 2020; Khairuddin et al., 2020),
Fio, BHASNRLTWIEY DL  IXFEREY) TITM AT 5 Ko
% dopamine #FIEENM: 2 E D 5 DT (Di Chiara et al., 2004; Koob & Volkow,
2016; Li & Jasanoff, 2020), Z 9 L7={EM % orexin 2K Y 7 KR 00T
DONTHHOLNICTHAREND D, ZOTDARIIETIE, MKFIEHR T »

N DR AAZ I I 1T % FEERY 72 dopamine i O HlANIZ 35T OXy, OXe AR
IR T T BN 2 WG D 72 DI in vivo I/ INENT FE8R 2 F2HE L 7=,

OXi, OXo Z AR IRIRATRI DB KA 3HT 9 2728, orexin-A OMIALEL
~DOFEDFERAL O B dopamine BT MIF TR 21X U OITHET L7z,
DT, OXo AR Z BTN 5 orexin-B DM 44E% D EHfE dopamine
HIZH T 2B W THbRAEMA T, ZhOOLENE - 2R %
TRERD o T272, suvorexant (Winrow & Renger, 2014) & L TH 55 0X,



EOXo ZRIRDIFRINA T > % =2 kD MK-4305 (Coxetal.,2010) O {j4k
B~ D H D RIENL O dopamine FHIZ KIET RIS OV TR L7z, S 51
OX| KT 2 T=A N ® SB-334867 (Smart et al., 2001), F72i%, OX2%
BIRT % =A@ EMPA (Malherbe et al., 2009a) DL EE~DF 5 11T
VY, [AEBALOD dopamine BT 3 5 50 R A Lk L7z, Orexin-A, B &7 X
= PO GERS SO, AL 2 C TRIAE D dopamine i H O
HHENC 31T D orexin LAY 7 X A T OEEIOFINTEY LA TS,



MR X OGE

B
FERBA AR IF DR E )Y 200~220 g O Sprague-Dawley (SD) ZHEMET v b (&
EREW) AV, WEE, [EEER (23£2°C, 55+5%), Rl 7 HEA
I7, 12 BEBARE Y1 7 VOB ETITVY, SEHETZ v ~ - v~ 7 Z2H] MF
EIERE () = ZOVEERET3E) LAKEAKE HHBIZERS T,

F

7 v BT isoflurane (3%) TESMEEZ G L, &[S E 3 E (235 L,
% (Aono et al., 2017; Watanabe et al., 2018) [ZfEVy, v =t = L —X |[T¥#E
LIEHEHADOAT VERTA RIZBROfF T2, R hh=a—V %, 77 A
(Paxinos and Watson, 1998) % Z& |Z M ORI O o3 0T EJ7 (A B H]
#7225 antero-posterior 10.6 mm, medio-lateral 1.5 mm, dorso-ventral 4.0 mm) |
IR DIBGZRET D720 EF L0 18° OMFEE Z 5 U TR L, #5
Al (TwerTrTy Ay =30 EHBHEERES LV EHNWT, ME B L
PRORSITHESE L2 fERF A A 7 o L 2B v x b R\ CHR R 2 1 1S BN [
L7z. BBREYIL TN 7~10 A OEEHIM A B\ oth, ST FEBRICH A L
Izo A R =2—IZIEMEBLOBHKTHELRWEIIZAT LR
BMOXI—Tu—TEHAL, ¥v v 7y FTHEE L, SHEREWIL, 1
[5] 0> Fr i AT FEBRI A L 7=,

FBRIT AARARFR TR FH B EREZE S OEKROT, B ERIESIC

S TATV, EEBREMW) O W R L OME HEE ORI o 7,

AT EBR
ZNETOHE (Aono et al., 2017; Watanabe et al., 2018) & [RIAED HFiETT



RLODIE Y BT FEBR AT o T2,

T —2R/ENFE (KRS 2 mm, BEE 022mm, By M4 75FEN 5
7)) O R TG AU =— RV 2B E L EE R O 7 e
—7 (MIA-4-02; = = A: Saigusaetal., 2009) % H\\7=, W5 H#/N=
— KV (Za—ZX KU 8, A8 150 pm, N 75 pm) 1%, O E
Wi FRoRmOE L (40 pum LIN) IALET D K 9T 072, ARFEER
THEHLZE e —T7 O KREFEIZTELZ 400 um TH o7z,

HOMUOTHALTEWEXY I —Ta—T7%2 A RI==2— L5V R
X, B —T% A Rh=a— L ORI 0 BITIEO NN ICE E S
NHEIITHEAL, ¥v v 7Ty N TT v FOBATICEE LTz, #ERERIL,
wWRENM 2 EHEZAT 7 Vv — (30 cm x 30 cm x 35 cm) PIZINEAE L,
G =N T T 7e s Fa—T%2F 72 —70 inlet 38 LW
outlet [ZZTN LN L TITo70, BV 7Ll (NaCl: 147 mM, KCl: 4 mM,
CaClx: 1.2 mM, MgCla: 1.1 mM; pH 7.4) #EVEIRIZH Y, JitiE 2.0 pl/min TEAT
7a—7IZ# L=, Outlet fllO7 7o Fa—TX@EBEREKs a~ K77
7 A7 I (HTEC-500; = =2.A) 285t L 7=, Dopamine (& PP-ODS column

(KiFH A X 2um, BT LY A X 46x30mm; =A 2 L) [TCTHEELTZ, B
A2 1% decanesulfonic acid (2.0 mM), EDTA (0.13 mM), 1% methanol % &
HL7Z01IM Y UEEEE R (pH 6.0) 2\, Jitif % 0.5 ml/min & L 72, Dopamine
DHEIZ AW T K% 25°C IR E Lo EIRMIZINAE L TEM L7,
Dopamine D E&(Z1%, REMEEZ+400 mV (Ag vs AgCl) & L= EXILE
mtgsE HW iz, AT AT 50 dopamine DR IT Y 7 ) A4 Xk 2:1
TH L% 0.02 pg/sample Tho7o, BN T —7 D in vitro DZMET TO Lk
@ amine D FIERITK 12% TH o7z, ARETIE, ZORIPERIZES N in
vivo DZAE T TO amine EOMIEITITOR o7, ZAUTZ ORIEN IEMES
RS EZNTWDTZHTH D (Benveniste et al., 1989 ; Lindefors et al., 1989)



B DOREVEHR 1L 5 /3 IZBI L, dopamine & E&m L7z, 7 12~ N7 7 LI
—YFrarva—FilER LA T 7 L —% (Power Chrom: AD
Instruments, NSW, Australia) Z AW THiH L7z, EYOMAN~ORERE 5 £ 7=
FRHE L, 7 e — T A% 4 DL R LT 54T o 7o, 554% dopamine
mIE, YR GEAT 12 BENCEY S 2 ERE I E £ 5 dopamine & DY
¥& iz,

Y

BRI L L T, orexin-A (Pyr-Pro-Leu-Pro-Asp-Cys-Cys-Arg-Gln-Lys-Thr-
Cys-Ser-Cys-Arg-Leu-Tyr-Glu-Leu-Leu-His-Gly-Ala-Gly-Asn-His-Ala-Ala-Gly-
Ile-Leu-Thr-Leu-NH,, Peptide Institute, Inc., Osaka, Japan) , orexin-B (Arg-Pro-Gly-
Pro-Pro-Gly-Leu-GIn-Gly-Arg-Leu-Gln-Arg-Leu-Leu-Gln-Ala-Asn-Gly-Asn-His-
Ala-Ala-Gly-Ile-Leu-Thr-Met-NHa, Peptide Institute, Inc., Osaka, Japan), MK-4305
( suvorexant:  [(7R)-4-(5-Chloro-1,3-benzoxazol-2-yl)-7-methyl-1,4-diazepan-1-
yl][5-methyl-2-(2H-1,2,3-triazol-2-yl)phenyl], ChemScene, LLC, NJ, USA), SB-
334867 ( N-(2-Methyl-6-benzoxazolyl)-N'-1,5-naphthyridin-4-yl urea, Tocris
Bioscience, Ellisville, MO, USA), EMPA (N-Ethyl-2-[(6-methoxy-3-pyridinyl)[(2-
methylphenyl)sulfonyl]amino]-N-(3-pyridinylmethyl)-acetamide, Sigma-Aldrich, St.
Louis, MO, USA), Tetrodotoxin (Sigma-Aldrich, St. Louis, MO, USA) % V7=,
PRI T 458 5\ R T2 3813, EVRIR IR L, BT & g L 7 g fr C 4 By
M B D %5 L 7= tetrodotoxin (2 uM) ZBRE, WA (ERHAERE-IX
& D dimethyl sulfoxide Z¥RIMU7=AEBBER) (AL, S ~~ A7 1
U ¥ (Hamilton) C 30 B 2NF TG Lz, AT EIL 0.5u & L7z,
~A 7 m ) U, REOILEZ I L OIS GH T 5 30 BRICERDY
4k L7z, Orexin-A 35 L O B IZ/EBERIEWRIZ, MK-4305, SB-334867, EMPA |3
W (0.1%AK4M) @ dimethyl sulfoxide Z¥RMUIZ A BB ERICZ N E AR L

10



7z, Orexin BIEIEY O &1L, 7 v hOEAND orexin X RRY 7 X A 7 D%
BEDIIHTIZ B 2 it £ DOATENFRBL 2 AU FE DGR (orexin-A 35 L TY B: Yazdi-
Ravandi et al., 2014; MK-4305: Gentile et al., 2018; SB-334867: Ahmadi-Soleimani
et al., 2014; EMPA: Malherbe et al., 2009b) #Z&IZ L THRET 2 & & HIT, in
vitro D32 (Yamaguchi et al., 2020) TORBRICEDSE KV T N & E OFRE
DIRFEENT K 5K R R & I/ NRIZT 2 K 955072, tetrodotoxin O H
B Eo#s (Saigusa et al., 2012a; Saigusa et al., 2012b) (ZHE-SWWTEIR L
oo EHEGFEH T EMPA I3, #@EDOHE (Gentileetal.,2018) (&I

# C dimethyl sulfoxide (0.1 mg/kg) (ZIEME L 7=,

BT 0 — T ANLE O FERIRESE
FERAL T, D Napentobarbital (80 mg/kg,i.p.) (T & DEEMEAZIT 720
10% /v~ U R Z2 R DIEFETE LTz, WAt L TR S 50 pm O FiITEEET O
TERLFRRAEA Z/ERL L, cresyl violet Tzl L, BT 7 0 —7 OfANE L
FEAR A CHERS LT,

HEt

T =TT N THAE dopamine ®ITx D H R LIEHERRZE (S EM.) TX
L7ce 2D OEEREEIL, /A2 R (time) O FIZOWTITVY, i
LTI L7 H o A BICE W TR FIICHERZNRRO bR > 72
BAZIR Y RE Uiz, BT — X O#E TIXALE (treatment) & time DX
FIZONWTHY XKL D H D ZJulliE o BmotriE (two-way ANOVA) W7
#%, posthoc fR7E & L T Scheffé’s test Z MBI U CTIT- 72, ARAKEZT NS
nt P<0.05 & L7,

11



R

FHT 7 0 — T AN E ORI TERR

MM PRI R ORER, N RGN =— RV & @t 7 e — 713,
Fig. 1 IZ/R L7230 Y W3 L H Paxinos and Watson 12825 7 >~ FDOI{OT kT A
(1998) @ 10.00 7>5 10.70 OFEiPHDMILEZICFE D ATz, AREBRTHM L7z
BT (EE 2mm) CTIZAAEZ D core B & shell #8% BAfEIZIZ X B T & 72 h
Slc, ARWZETHMA LIz 162 BT v FD S5 L, T u—T OAEDHK O
FASMZH -T2 b DIX 38 B TH o7z, 7 —T N HIINEIZH - 7= 129 Bl
B T fEHT LTz, Fig. 2 (127 7 — 7 DMAAREZIC AL E LT 2 SRR 22 i B
R LTER, u—7 OEMMBRICITHE N > 72 EFEITR D N o Tz,

RIARZ T 11T 5 R 2 RS dopamine &
AEEZ > & EIL S 472 W 2 7V O SEWY) RLEEHI O FERERY 72 dopamine 1T,

0.74£0.04 pg (= 9.66+0.52nM) /5min TohH->7- (mean+S.EM.;n=129),

Orexin-A 3 X ' B Tid72 < MK-4305 ORIBEE~D BT 5135 R L 7= FEH
ALD dopamine fix R HEZH R

R (dimethyl sulfoxide % 0.1% & Te A B AR 0.5 ul) O 2 (ALK 2 R T
BhH L& Z A, BB O dopamine EIXHM T M7 %2 = < R LZ0
L, KEYONREDOIH 24T 72 240 5 MO FEBRIIRNIC B 0 5BER DO R
(2P L7z (Fig. 3 upper panel, n=6),

OX1, OXo ZBIKDIERINH) 72 7 2= A k@ orexin-A (500.0 pg: n=6; 5.0 ng:
n=8) 7% OXo ZBIRDEINA /2T I =& I ® orexin-B (500.0 pg: n=6;5.0
ng: n=6) DML~ RFFTE 51X, 4O dopamine T B 7 - 7= &4k
R X722/ o 72 (Fig. 4),

12



ZHITH LT OXy, OXo ZEKRDIFEIRAY T o 2 = X | D MK-4305(500.0
pg, 2.5 B LU 5.0ng) DRAEE~OEEIX, [RFAL ORI ~D dopamine &
D &= A EERAICHEIN S &7 (Fig. 3 upper panel, two-way ANOVA, 5-240
min, treatment: F' 3,937y = 10.99, P <0.001; time: F 45,937y = 10.45, P <0.001; no time
x treatment interaction) , Scheffé test D #& &%, 5.0 ng D MK-4305 #% 5-# &, vehicle,
500.0 pg ® MK-4305, 2.5 ng ® MK-4305 D& FH 5RO ZNENAE ZEEN
b (P<0.01),

MK-4305 ORISR E~D R E53FHER LIZFHALD dopamine HH{RLE DAF
3G U ER A

Tetrodotoxin (2 uM) Z {HlA44%~ 2 RERIC BV BT 2 9 L Cfids it T HEbR
BehH L&A, M7 dopamine &IIHB L% 71%WA L7z (Fig. 3 middle
panel) , Z @ tetrodotoxin D FELH 515, MK-4305 2555 % L 7 ll44 1% @ dopamine
i OHE AN % S22 HH L2 (two-way ANOVA, 5-240 min, treatment: F (1, 447) =

234.51, P<0.001; time: F (45,447y=5.67, P<0.001; no time x treatment interaction) ,

MK-4305 DRIBZE~DRFTRE 3 HFE L2 [FHALD dopamine S HELE IZxF
35 orexin-A DOPHIBHE

M CII MR 72 dopamine ST 528 4 5- 2 727> - 72 orexin-A (500.0 pg)
Z MK-4305 (5.0ng) &M ~PEAEG LIcE 2 A, MK-4305 ORI ~D
FeHAZ & o> THR I N RENLD dopamine i H OB INTMH & 7= (Fig. 3
lower panel; two-way ANOVA, 5-240 min, treatment: F (3,892 = 10.53, P < 0.001;

time: F (4s,892) = 9.77, P <0.001; no time x treatment interaction)

Orexin-B 3 X 1% SB-334867 Tix72< EMPA DOHIBE~D/HFTHENTER L
72 FIERALD dopamine RN R
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OXo Z B DIRINH) T > % I = N TdH 5 EMPA (90.0 35 X T} 900.0 pg, 9.0
ng) DML A~OE G L0 A OMFES dopamine L, HEKAFRIIC
{28 L 7= (Fig. 5 upper panel; two-way ANOVA, 5-100 min, treatment: F (3, 380) =
4.39, P < 0.05; time: F (19,380) = 16.80, P < 0.001; time x treatment interaction: F (s7,
380) = 2.01, P < 0.001), tetrodotoxin DA ~DHEEFIL, Z D EMPA IZX 5
dopamine HHH DY R 2 T K 220 R & R £ THIf L7z (Fig. 5 lower
panel; two-way ANOVA, 5-100 min, treatment: F (1, 470) = 318.65, P < 0.001; time: F
47,4700 = 8.11, P < 0.001; time x treatment interaction: F (47, 470) = 1.55, P < 0.05)
OX) SRR 72T % I =2 D SB-334867 (10.0 ng: n = 6; 20.0 ng: n
=6) DAL EE~DOEHIZFHENLD dopamine EIZIX E L » 7283 5 2 72

- 7= (Fig. 6),

EMPA ¥ 7213 MK-4305 OIS EE~D /&R 513 FHFFR L 12 RFALD dopamine
HHREEIZ XT3 5 orexin-B OHIHIZIR
EMPA (Fig. 7 upper panel; two-way ANOVA, 5-100 min, treatment: F (1, 190) =
261.63, P < 0.001; time: F (19, 190) = 5.66, P < 0.001; time x treatment interaction: F
(19,190)=2.36, P<0.01), F£721%, MK-4305 (Fig.7 lower panel; two-way ANOVA,
5-240 min, treatment: F (1, 447) = 29.59, P < 0.001; time: F' @45, 447) = 7.74, P < 0.001;
no time x treatment interaction) M 4% 5-12 X % A 4£4% @ dopamine fix i D BN I
Z VA K TIX dopamine MHICH N > 7 B % LIEF SR WHE D orexin-B
(500.0 pg) DOOFHHTE G X #fl STz,

MK-4305 D25 #5348 D dopamine FLHHIZ KX T L

IO RE R 5-1%, MIARE D BRI L 72308 @ dopamine &1T 240 47 AT
BOIFEAEETR S o7 (n=6), £7=, MK-4305 (10.0 mg/kg: n
=6) DOEHERE 21T > THMAEZD dopamine FUTIZ BN - 72 LN D 5

14



n7pino7- (Fig. 8),

15



Fig. 1

Schematic illustration showing locations of the injection sites (open circles),
beginning (closed squares) and tip (open squares) of the membrane of microdialysis
probes in the nucleus accumbens. The planes are taken from the atlas of Paxinos and
Watson (1998) and an approximate coordinate indicated is in mm anterior to the
interaural line.
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Fig. 2

An image of a typical brain section with correct probe insertion, indicating no material

tissue damage around the probe. The horizontal bar indicates 1 mm.
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Fig. 3

Upper panel: Effects of intra-accumbal administration of MK-4305 (500.0 pg, n = 6,
open squares; 2.5 ng, n = 7, closed squares; 5.0 ng, n = 6, open circles) on basal
extracellular efflux of dopamine (DA) in the nucleus accumbens. Data are expressed
as mean change in 5 min observation periods after intra-accumbal injection of MK-
4305. Vertical bars indicate S.E.M. The arrow above the abscissa indicates the timing
of intra-accumbal injection of vehicle or MK-4305. Middle panel: Effects of perfusion
of tetrodotoxin (TTX: 2 uM) on the intra-accumbal injection of MK-4305 (5.0 ng)-
induced increase in dopamine (DA) levels in the nucleus accumbens (n = 6, open
diamonds). Data are expressed as mean change in 5 min observation periods after
intra-accumbal injection of MK-4305. Vertical bars indicate S.E.M. The arrow above
the abscissa indicates the timing of intra-accumbal injection of MK-4305. Lower
panel: Effects of co-administration of orexin-A (500.0 pg) on the intra-accumbal
injection of MK-4305 (5.0 ng)-induced increase in dopamine (DA) levels in the
nucleus accumbens (n = 6, closed circles). Data are expressed as mean change in 5
min observation periods after intra-accumbal injection of MK-4305. Vertical bars
indicate S.E.M. The arrow above the abscissa indicates the timing of intra-accumbal
injection of compounds or vehicle, which comprised 50% of saline to dissolve orexin-
A and 50% of saline with a small amount of dimethyl sulfoxide (<0.1%) to dissolve
MK-4305.
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Fig. 4

Intra-accumbal administration of neither the non-selective OX; and OX; receptor
agonist orexin-A (500.0 pg: n = 6, open diamonds; 5.0 ng: n = 8, closed circles: upper
panel) nor the preferential OX> receptor agonist orexin-B (500.0 pg: n = 6, open
squares; 5.0 ng: n = 6, closed squares: lower panel) altered dopamine (DA) efflux in
accumbal dialysates.
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Fig. 5

Upper panel: Effects of intra-accumbal administration of EMPA (90.0 pg, n = 6, open
diamonds; 900.0 pg, n = 6, closed diamonds; 9.0 ng, n = 6, open triangles) on basal
extracellular efflux of dopamine (DA) in the nucleus accumbens. Data are expressed
as mean change in 5 min observation periods after intra-accumbal injection of EMPA.
Vertical bars indicate S.E.M. The arrow above the abscissa indicates the timing of
intra-accumbal injection of vehicle or EMPA. Lower panel: Effects of perfusion of
tetrodotoxin (TTX: 2 uM) on the intra-accumbal injection of EMPA (9.0 ng)-induced
increase in dopamine (DA) levels in the nucleus accumbens (n = 6, open diamonds).
Data are expressed as mean change in 5 min observation periods after intra-accumbal
injection of EMPA. Vertical bars indicate S.E.M. The arrow above the abscissa
indicates the timing of intra-accumbal injection of EMPA.
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Fig. 6
Intra-accumbal administration of the selective OX receptor antagonist SB-334867

(10.0 ng: n = 6, open squares; 20.0 ng: n = 6, closed circles) did not affect dopamine
(DA) levels in accumbal dialysates.
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Fig. 7

Upper panel: Effects of co-administration of orexin-B (500.0 pg) on the intra-
accumbal injection of EMPA (9.0 ng)-induced increase in dopamine (DA) levels in
the nucleus accumbens (n = 6, closed circles). Data are expressed as mean change in
5 min observation periods after intra-accumbal injection of EMPA. Vertical bars
indicate S.E.M. The arrow above the abscissa indicates the timing of intra-accumbal
injection of compounds or vehicle, which comprised 50% of saline to dissolve orexin-
B and 50% of saline with a small amount of dimethyl sulfoxide (<0.1%) to dissolve
EMPA. Lower panel: Effects of co-administration of orexin-B (500.0 pg) on the intra-
accumbal injection of MK-4305 (5.0 ng)-induced increase in dopamine (DA) levels
in the nucleus accumbens (n =5, closed squares). Data are expressed as mean change
in 5 min observation periods after intra-accumbal injection of MK-4305. Vertical bars
indicate S.E.M. The arrow above the abscissa indicates the timing of intra-accumbal
injection of compounds or vehicle, which comprised 50% of saline to dissolve orexin-
B and 50% of saline with a small amount of dimethyl sulfoxide (<0.1%) to dissolve
MK-4305.
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Fig. 8
Intraperitoneal injection of vehicle did not alter basal DA levels in accumbal
dialysates for a period of 240 min (n = 6, closed triangles) and intraperitoneal injection

of MK-4305 (10.0 mg/kg) was without effect on accumbal DA efflux (n = 6, open
squares).
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z #®

TTICHE SN TS & 91T (Saigusaetal, 2001), AEBREM: T THIALE:
K0 EUR S 72 BT R D B FERE I R S 72 dopamine B D D B, 70% LA
F13 tetrodotoxin DV 512 &4 7~ L7= (DiChiaraetal., 1996), L7223
o TAMFFE TRIER G & U7z HAfER 7 dopamine 1%, #fEFEAIC XV KH SN
BT ENTEI,

OXi, OXo DWZERMDT =2 kD orexin-A, T72I1E, OXo ZEEDIEIR
727 =2 ~® orexin-B DI Z~D R 518, AR B EILL 728
Mk o O FEfER) 72 dopamine FUHIZIZ H N - 7o 8% RIF S e ino Tz, ZHLIC
% L, orexin-A L3 F72 0 OXy, OXo OWZFROIFRINKGT > X T=A hD
MK-4305 [ZMRIAAE 2> B [EIY L 72 3& ik T ¢ dopamine % F B FAIICHE K
7= (Fig. 3 upper panel) , = @ MK-4305 2335 % L 7= dopamine & D ¥ 1%
tetrodotoxin DRI AARE ~DHETEAE 512 K 0 K Lz 72, #hiF ki X v Mo
Fh~JiEH S 7= dopamine & KB L TWAH Z EMNMEZ HiZ, Z D MK-4305
e % L7z dopamine gt OMEEL, i H KR TIXAEHEM 7L dopamine I
B KA S 72 VMR & D orexin-A DO F 512 X 0 #1ifil & 47z (Fig. 3 lower
panel) .

IAERZICIE, OX1, OXo DWZAENFIEL TWDHZ &M (Martin et al.,
2002), ZAUHDWT LD E 2T T DOZFERD MK-4305 D% L7l A%
@ dopamine g OB G L T2 DN TIE, RO EBROMKE T
THIRE L, L LR S, OXy /KT 2 =2 D SB-334867 &
TR, OXoZB/IKT &2 T =A s ® EMPA |ZMIBE~RiTEE54+ 25 & H
EARAFRI 2R [FREAL O dopamine L DR HEZ 753 L7z (Fig. 5 upper panel and
Fig. 6), 2N 6D &b, 0Xi LV b OXo ZBROMEW %2 /1 L T MK-4305
12 & % dopamine JEHDEIMN X 722 RN EZ BN D, £72Z D EMPA O%)
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RIE, AEEZEA~D tetrodotoxin DFEFHK G2 K-> T BHIH SN2 2 & bk
TR L0 MRS~ S 72 dopamine A MR L TWe Z &L I LD,

S HITIAERZ ~D orexin-B O R 5-1%, EMPA £ 721% MK-4305 28538 L 7=
1 A4:4% D dopamine S DIREZ WL Lz, 2o DFERBER S, Al
AR TIE OXi £V b OXo S BAR DWW 23 [FIEAL D dopamine i HH o il fH] C &
WL RIFTZ EHERMTTVD

BLIRTRVNZ 210 OXo AT v & =2 s Ml dopamine fi H % 1
M0z L, OXo ZRET T=X MNIHEMBP G CIEES TH-o72b D
D OXy ZHET 2 A=A NOHRITIHITE 2, ZhbDZ &g, AHP
SIETIE, OXe ZARITEBRETIZT T=A N TEZICHE TE W
EmSIEHE SN TVDLI VWD LI RAMREEZ L TNLHZEERL TV D,
IHIZZNGDOEFE, OXy RO 721G AL O AEFRAOMEEIL, M4k
¥ dopamine DM TH D Z L ZR L TW D,

HIABEZIZ BT D OXo ZRED T A LUV TORLE & REAIZBIT 5
dopamine X Z Il 25 A = X LA OFEMIZTAHTH 508, FERICE S GE
WITEE L 2oL LEZ NS, AlD, ML~ L TOERNGIT PCI2 M

Z¥1F % dopamine D5 L% orexin-A 35 KX N B I3 L, Z O#ild~o Ca®*
DPMNINTHEZ 52§71 dopamine WEREIZINHIT 25 Z & BRI TWVD
(Nanmoku et al., 2000), Fex DWFIEZ L —TTH T v MTENT, BHEEHE
ET VRO C BRMERR ORI O BLE % orexin-A 1% OXo Z FARRINK &/ L
THIHIT % Z L 28 LT\ 5 (Ishikawa et al., 2017; Yamaguchi et al.,2020),
L7223 T, fl4E%2 D dopamine R RIZIHEEL L TV D OXo B IR ~D I
ISPRRESE KATAKAF L 72 dopamine i Z ELEEHNHI L 72 AIREME DN B 2 B D,
Orexin-A & B X, 7 v MDA T A ZER L TRIAEE ORI % BLE S &
% AREMEN B 2 B 5 28 (Mori et al., 2011, Muraki et al., 2009), Z#uH D Z &
FRAEEN BRI TO Ny F 7 7 0 7k TH b LT BB TR
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AELE —E LT\ D, TNH DI L, orexin-A & B OFHITHEKERNDS
® dopamine FLH DA ZFERT 5% > F 7 AMED NMDA B DK T &
GABA EiiD EHZHZ T2 L Z/RLTWS (Martin et al., 2002),

X HIHUNBHT RSBV T2 13X, 1448 dopamine O ik 1L, RIFRAL D
dopamine & &K~ A T3 D GABA MR IZ L o TRfEMICHfl ST\ s Z
LEWELTWS (Aono et al., 2008; Saigusa et al., 2008; Saigusa et al., 2012a,
Saigusa etal., 2021), BLBRIEN 2 &40, Hh AR Y 25 55 0> pf 6 i oD 7B 26 B
LHIFENT D, orexin-A 3 LU B 1L GABA iR &2 B X5 Z LB I
S TS (Korotkova et al., 2003), L7223 > THH DML TIL, ML
GABA #ifRIZHIT 5 OXo XA ORI )Y dopamine ##%IE K Z il 9~ 2 72,
EBHIZZ ) Lz OXe AR JERr L7254 M4 E%E D dopamine St % il #1
N Z DM EEEDENCOVTHRETHHLERH 5,

TR AL FHIBE TR DA 2 BT D 2 < OfEI T, orexin Ik &
noradrenaline ##% D M CHEREM LM EFEANGFET L2 ENRIN TV

(Baldo etal., 2003) , % I3l 44 8% D noradrenaline ##EHIIEIL, FHALD o 5
AR % I LT dopamine #HFE DIEMEAL Z I35 Z & 2 #E L T 72 (Aonoet
al., 2013; Saigusa et al., 2012b), L 7223 - THAI4£4% D noradrenaline #17#% |12 3§
BLTWD OXo ZBFRD, BENALO dopamine #HFEE R EICH D o ZBEIEE A
L T dopamine M IEE 2 M3 5 /BN B D, Z DT ORFROMFEITIB
T, A% D noradrenaline #fE& R D OXo 52 4R DRI 728 W 23[R O
noradrenaline A M S5 NI OWVWTHRMNTOIMLEND D,

Dbz tazsldsdd, NIRMD orexin-A B X WB %, (1) dopamine ##
RT3 A T 5 dopamine MFRIGEN A M T 2B X DdH D OXy KD,

(2) GABA % 721% noradrenaline #if% & Vo 72 dopamine #f#% LAk o 1 i i
249 % dopamine MFRIEEN 2 INH T 2= O H D OXe ZBEKDWNT I
PDNE TR T OTEME L Z I U THEEAER 72 dopamine S % il 183~ 5 AT REME A3/
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e X7,

ZIVE THE SNIATEV AL & AL PR ORE RN S, HERRERIE
PR > s OMIAEZD dopamine HFETEEN O HIENC I 1T 2 [FEALD OX, 524
ROBENIZ = 2oH D Z ERHEE I NTZ, FB—13% T 7 AD dopamine 5% &
RN AR AZ VY O RIS B) 2 (2 9~ 5 "W BEME Td % (Kotani et al., 2008;
Nakamura et al., 2000), % % dopamine f#f#&RKICBIT HHIS T 7 A L~UL
T O HEHER 72 dopamine MG B DMK T 5, & S ISR T HAMAEF A 5 1%
IAREE 721 C 72 < D %% dopamine f5 O F i 5 12 B 2 M IR % &
To R IE L 2512 b orexin MR Z < EH LT D, Z D orexin FRFEHGS
X, TREMPEES TITMRMIRE HFE Y T T RAERR LR E OGN
BHDI2, FRAEMIBEE S O orexin MRREICIT S T 7 AMB LV b ILEFHE
DILED B0 D Z & BHELE ST WD (Balcita-Pedicino & Sesack, 2007; Liu et
al., 2020), MIAZIZF T orexin M & dopamine ##R D FTEDFEM & T
SOMBEOMAEEMREZRIET D720, A% ERIBRHAB/LETH 5,

Orexin X BKY 7 % 4 T OIEBRKY T % 2= hD MK-4305 %,
suvorexant & L THIH D RNRIEDIBREICH WD EKRBI DO L D> TH D, KE
Tl Controlled Substances Act (HLfil4EE) (T XV EK CTHEHT 2 YR E
B EOMH®EO B E L E I BENRIREHICE SN, 5§ oA 7Y

2= VI SN TWD, BIERAMFZEICHE-S< & suvorexant X F CELAH &
NDEHEEITERNES 2 5N 52 (Bornetal, 2017), ZO/LEWIT 44~
VOTRBEURREDEYLFE U AT Y 2 — LIVICMNESIT 5 TWhe, il
ST WEEYIE, EBREIW CII MR I 53 2 H M4 % dopamine f#
FOEBIMEZE & ® 5 (Di Chiara et al., 2004; Koob & Volkow, 2016; Li & Jasanoff,
2020) , AEERSEME T TMK-4305 O 25 #5137 » MUAAE O Mt dopamine
B 2 BN X725 728, MK-4305 O AR~ D JR AT G- 1 X R ER AL D FE Al
dopamine I Z A EICHEINIE-, T Tl L HIT, [ELZIZEBIT D
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dopamine Ji t Z #195 OXo %2 2K O Fifge 0 7 TEMEAL O R 137\ Al BEE 23
b2 (RIFBR; BEOK 4 BilES M), Orexin-A OENELI1Z L0, 4k
% dopamine SHIITEEEE Z 1T 72\ S, RiIBERE @ dopamine fit 1325
HZENRENTWDIED (Vittoz & Berridge, 2006), AHFFE TR I7- X9
IZ orexin-A D J&jpT#¢ G- 13144 8% D dopamine &% 2L SE R o7, LIz -
T, MK-4305 % $ERRIPIEH R T » MR 5 L72354A, dopamine fig [ %
Hid D MBEED OXo TR T 2REDOWREL, ZOZREELNLE
orexin MfRIRIELHLET DI+ DR VIZE LR ST ENRB I BN
2

Uboztzgslndl, RO OX) TiEa< OXo Z AR FHAL O L
) 72 dopamine Jix tH 2 M AOICHIEE L, Z D OXo 32 &K O MW 13 8 BRI )
WZ v NOMAIZEH T % dopamine it R HET D Z & ZI/RT in vivo TO
PR FEFL PR 2R FEHLAS AFIE K 0 24 T & 72, MK-4305 <°1E 22D orexin 5 %
K7 v 2 A=A M PMAAEZIZ B W TR LT AR B L IREHRCH EE
M EOEEMEZIGNCT S0, ERLIMEAVMLETH D,
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H2E
ERFRELIEM IR T v b OMIALEED dopamine FEHZFRE L L TRENT-, B
¥ 721 morphine & DHFAIZ X 2 KM & OBIE D> 5 R 72 nandrolone D ff /)
HWMIEAREROBAY & LToREH

i3

(]

BRI AEAT v A REGT@EBRE) & h LS8 2%, AR — Y%
FOMTOEAHIED 72 < 72y (Mazzeo, 2018; McDuffetal., 2019), % > /37 [i]
fbATuA KL, A7 VF R—r ZEEOEIEEY Y 2 Mg Eh T
D0, ZAVTEBNRE ) ORETS T TR @RI TAFIMFEH LRI TH D,
Nandrolone (%, 7 A AT AZHA_BHERLVE & L TOEMIZHLS, #
YRTEURER DS 58 W Z X7 I AT B A ROOE-DTH S (Patané et al.,
2020), ZOEPITEER THHEHINTEY, Fl2IXARMOLMEOFH L &
IREDIRIFEDIZD, 1BIEE A4, EIEEE, SABFN, 4ME, k{5, AIDS I
K DEFEIEBERE OB I G- S5 (Patanéetal,, 2020), AL E T, BEAE
Mtz & U To BB MR SRR dopamine & & WM 25 07 A fhndZ & U 7o h G
% dopamine 1% % & & T il PN O dopamine #5215~ % nandrolone
DTN T B RET T CE 72, 4L nandrolone (ZIXEAFZ KT %
SV H T L L (Kanayama et al., 2010; Bontempi & Bonci, 2020), &LAH 4
2 WL P %% dopamine AR ZTEMEAL T D5 Z &AM OLNTWVWL O TH
D

F¥) 3Bk 7> 5 1% nandrolone 7% dopamine % ZA{AM 3 H & (Kindlundh et al.,
2001; Martinez-Rivera et al., 2015), PN D dopamine S IEENC B A K IX T
ZEMNREINTWD, FlxlE, ¥ 7 AIZkF % nandrolone O HL[E#z 513 /%
JERIPE T T, Z OERICE T D dopamine FRR A 0> HILZE 1 1 48 A L 1 -
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% Z LI XV dopamine MR DIk ZTLHETZ 5 (Bontempi & Bonci, 2020),
R IEHI R = ~ b DO % R dopamine #H#&7EE) 1, amphetamine <°

cocaine & WO TAKIFZFHF R T HEMIC L VEEINLI ZENMBNATND
(amphetamine: Birrell & Balfour, 1998; Cadoni et al., 1995; Danielsson et al., 2021;
cocaine: Danielsson et al., 2021; Frank et al., 2008; Panos & Baker, 2010), 7 v k
~DFE DFE S, amphetamine & cocaine (FV 4L & AN f% %R dopamine 5%
DERLLZEHFH DO L D>TH L4 D dopamine it & & i 3 %

(amphetamine: Kurling et al., 2008; Kurling-Kailanto et al., 2010; cocaine: Kurling-
Kailanto et al., 2010) ,

Morphine @ 7 > b ~ORH 5 &[4 dopamine HHZ R4 5 Z &
MHI S TWS (Cadoni & Di Chiara, 2007; Corongiu et al., 2020; Danielsson et
al., 2021), & 5|2 morphine DHURFEZFIEM X, nandrolone D E Wi 51T &
Vi <45 (Philipova et al., 2003), % @ =, morphine DU AFMEDFEARE D O
&> T ¥ % morphine DEFEIHT %~ 7 2D SARAH 1T S5 Frvg 47 % nandrolone @
1B 513055 S5 (Célérieretal., 2003), LU 5, MIAKICKITS
FEHER 72 dopamine JitHHE X TV morphine 23#53%& L 7= dopamine Jix i D KIC
nandrolone D& MEHE 5-73 KT T IOV TIZH 622 TR,

Nandrolone (%, 5 /] D58t & 29 % itk AR —> D215 T/ < (Patané et
al., 2020), EA&FHOIHEL H S DI DO M EEBRT 5 FHDFEOR TOELH
MR SN DL TFMEDO O E D THSH (Denham, 2006; Kindlundh et al., 1999;
Piacentino etal., 2022), L 7> L7228 5 Z @ nandrolone D %hFA3ic & BHE TARK
e EOEBMIEZIT ) XYL LT, mEHO S 5o BRI L FHEL
O E DM FRICE AN L CIERE R ERME L A LR, FERIC,
nandrolone % Bl % L < (X nandrolone O [ & B3 2 GLAL =W E & [
BT % Y54, nandrolone ~DKIFDO IR D FT L OB 3 SN AH Y 5
HMHH LT, ZOROARETIE, H#7 v FOREHMO I H, Zo0D
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FRICEERERCTH L EFEMEXM LT 6 5 10 #Hin & FHEMZ2 K L7z
10 7>5 14 #fi (Spear, 2000, 2015) 2B WT, HHOFHEOOLEHSTH HE
F11Z%F9 % nandrolone D AEHE G DR FAZHOWTIREO (L & bl L TRt
HINCIRET AT o 72, & BT in vivo IU/INENTIEZ VY, (RO EBRET L
D& > & LT nandrolone O A8 # 5- 23l 4444 @ dopamine HHIZ KIFE T 20 R
(22U T nandrolone DRRIFET OIS & L TRIE LIZHIRIZB W TRHRE %
Mz 7=, Opioid IZ# > XV AT A RERLBEBEIZIFHLTEHEIND
LW 720 ¢ (Kanayama et al., 2003, 2010), nandrolone [ZHl ¢ L < 1%
morphine & fH L TH G- L7z,
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MR X OGE

EuL7]
HEREAMAIFIC 6 B Hs ((KHE 205~215 g) F 7213 10 lEp (KE 335~365 g)
@ Sprague-Dawley (SD) ZREEMEZ » b (BMEEREY) 2 HWZ, FHEIE,

F1EEFECRMETITo I,

#8E

7y FOBIAEICIE, TIOXNALTH—ARNT VAT 2 —H— &M%
Y AT T R O SEBR BN R I E S E (GPM-100; A /L7 =& k) & Wiz,
WEFIXZ v MEeMEICEE, UK TEME RS E0obREE HNICHE
FIZHIN TSl DN BRI T VAN T — AN T VAT a2 —H%—
NI o TR (g) AL Lz, ZoOHEIZER LT3 EfITY, Sohiz
B OV E 2 EBRAIZRE LB N & L, 2 TORIEIL, 13016 14 K
DORIAT o 7o, EEOKIEIL, B LIEEENELITITo 72, B OHE
I%, nandrolone ¥ 72 |3 MEDO# 5B R] (day 1), nandrolone ¥ 72 |ZIEE O -
%138 18] (day6, 13,20,27) 1Z4T-72, 52, 4 HWEICHE 5 EBRBIRFIC
nandrolone ALE MR DHIINIA~MIT T REZBIZE LT (Fig. 9; FEMH S,

Fr
H 1 EORRME RIS, MEUNETEBROTZD DT A R =2 — L O
Fiz1T o7, ZOFMIE day 11 £721F 12 (Fig. 9) 1247\, 14~15 H DA

B Z B W=D BT day 26 ([ NENT EBR 21T - 72,

PR/ N T SEBR
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M N R PT % 5 AU = — RVDELE S 40TV 70 WV ELE B o ks g B
7uv—7 (A-1-6.5-02; =A 22A) &MV, morphine O N5 % Z OFHT
2—7HEAD 20 REZICIT o722 L 2B, F 1 BORLE & FRICIT- 72,

Ry

#BRFEY) & L T, nandrolone (nandrolone decanoate: FUJIFILM Wako Pure
Chemical Corporation, Japan) & morphine (morphine hydrochloride hydrate:
Dainippon Pharmaceutical Co., Ltd., Japan) %V 7=, Nandrolone /& sesame oil

(Sigma-Aldrich, MO, USA) |Z, morphine |ZAFBERICENETNIAML, K
H100g %4720 0.1 ml 2% F#&5 L7,

Nandrolone (5.0mg/kg) O F#51%, E 1 B 1816 Ak LT3 HEIC
S>TIT- 7%, 4 MBIZ 1 H1[E4 HEfEL TITo72 (Fig.9), RILAFZ Y=
— VT BED sesame oil Z XM E R DTG Lz, /bbb, Y EIT
RIED BB 51, day 1-6, day8-13, day 15-20, day22-25 @ 14 K5 15 B
DFIZAT > 7, AL D dopamine 2 %4 % morphine (1.0 mg/kg s.c.) D
EHEH OEIL, day25 12 nandrolone D& 5% 1T > T B 24 FFfE 14
O day 26 28152 L7z (Fig. 9),

Nandrolone (5.0 mg/kg s.c.) & 72 1LZ OB D H[A# 51X, morphine 4L{&E (1.0
mg/kgs.c.) D 24 FEAIIZIT - 72, Morphine & 72 13% O EEIL, MK/ NENT
2= OfFAG 20 KfE] LA B L T b5 b L7,

Nandrolone D XiE#5- DM & & [#M&, morphine DK G &EITWF L bimED
HRAEIZFE DWW TEEIR L7~ (nandrolone: Breuer et al., 2001; Zotti et al., 2014;

morphine: Cadoni & Di Chiara, 2007; Corongiu et al., 2020) ,

FAT 71— 7 AN E OARF IR
751 O & FRRICAT - 7,
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et

T —HE T RCOEEEARRERRZE (SEM.) TH L, BAHEEFERTIX
B (g) LEBEICHTDEDROM T DOSNEIT>T=, Z ORERHEIC
nandrolone F 7 (ZIFIE DO F 5-BHAAELAT ORI 28 Uiz, i/ INgG it 5T
X, 7— 21T T dopamine EIZXIT D oy L AEREAE (S.EM.) T
7% L7, Morphine #5-ERTD 12 fHOFEHIE £ 412 dopamine & D -3 %
W dopamine £ & L7z, Zi1 5 OHEE dopamine EiX, 5 #OHT & FF[#  (time)
DERFIZONTITV, e L TR LZ3 > ZABICB O TRAZICHEE
IRENED LN TBE IR E Lz,

TR 727 — 2 O LB TIXALE  (treatment) & time DK 112D\ T
LD D " IehliEmBmoAriE (two-way ANOVA) % H V) 721%, posthoc BiiE &
L T Scheffé’s test & #EIZJi U THT o7, Nandrolone & 7= (XA MEALE B O [H]
D HEHE dopamine & D L#ER 21X, Student’s t-test & -, HEAKEIIWNT Y
P<0.05 & L7,
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wEOR

Nandrolone O KEHF G2 6 BL 10 HER T v FOKEENCKIETEE

Nandrolone ® 18 #¢ 5-Bi4aR1 O 6 Hln 7 »~ ~ OKREIL, AL T 205.7+£2.9
g (n=6), nandrolone ALEHE T 209.5+2.7g (n=6) ToH > 7= (Fig. 10Aleft and
right), Nandrolone (5.0 mg/kg s.c.) F72ILEEE (sesame oil) @ 4 M E I
EHEGICEY (&5 A7 Y 2— L OFEMIE Fig. 9 28) (REIT, SHREETIR
413.2+82¢g (n=6), nandrolone ERE TIX 4162+65g (n=6) FTENE
NI U7z, 4 8O RAE G-I T ORE OIN=RIE, *FHREE T 203.7 +
3.2% (n=6), nandrolone ZLiEH#E TIL 198.6+3.1% (n=6) ThHo7-, HlIbH,

W7 >~ b ORERINZ® LTI nandrolone O KAE #5133 0580 1
727y 7= (Fig. 10A left and right; two-way ANOVA, weeks 1-4: time, F (3,30) = 820.61,
P <0.001; treatment, F (1,30) = 1.45, NS; time x treatment interaction, F (3, 30) = 1.30,
NS).

Nandrolone O 18 # 5-BAaw0D 10 Wilis 7 » b OREIL, *HHREET 359.8 +
3.2g (n=5), nandrolone ZL{EHE T 360.3+1.6g (n=4) Toh >7 (Fig. 10B left
andright), Nandrolone (5.0 mg/kgs.c.) F7ZILEMEE (sesameoil) @ 4 HHIZ
HREFRGICE Y (BGA 7Y 2 — /L OFEIT Fig. 9 M) KEIX, *REET
14782+ 1.4¢ (n=35), nandrolone AL{ERE TIX 475.3+63¢g (n=4) £TEN
TR U7, 4 TR O AL 5 5 R O R E OB, S IREETIE 132.9
+0.4% (n=135), nandrolone ZL{EHRE TIL 132.9+1.8% (n=4) Tho7-, HID,

0 M7 v N OREHINIZX LT nandrolone O KE 51382 KIT X 72
7> 7= (Fig. 10B left and right; two-way ANOVA, weeks 1-4: time, F (3,21) = 588.18,
P <0.001; treatment, F' (1,21) = 2.02, NS; time X treatment interaction, F 3,21y = 0.77,

NS).
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Nandrolone D XEHRED 6 BL K10 HE 7 v FOEB /ORI KIETTHE

Nandrolone D E#HG-BA4ARHTD 6 #ilin T » b O IIL, *HEET 972.7 +
62.9g (n=6), nandrolone LERET 1053.3+43.5g (n=6) THh 7= (Fig. 10C
left and right), Nandrolone (5.0 mg/kgs.c.) F72ILIEME (sesame oil) D 4 i [t
WCHEAREERGICEY (B&5A 7Y 2 — L OFEMIT Fig. 9 /) E1X, T
HETIX 14479+775¢ (n=06), nandrolone #LiERETIL 1866.3+£69.2¢g (n=6)
EFTERENINL Tz, 4 BEOREFRGHIE S O o n=RI%, xtRET
1% 147.5+£10.9% (n=6), nandrolone ALERETIX 177.2+6.6% (n=6) Th -
2. IS, 6 = v k O¥2 ) OEEN% nandrolone D K8 #% H- 132 L 7= (Fig.
10C left and right; two-way ANOVA, weeks 1-4: time, F 3, 30) = 22.37, P < 0.001;
treatment, F (1, 30) = 20.82, P < 0.01; time X treatment interaction, F'3,30) = 5.83, P <
0.01), Nandrolone #%5-7 v MIBEEALE T » M, #E05 week 3 (P <
0.05) & week4 (P<0.01) DORFRIZIBWTAHEITHERKL T,

Nandrolone ® A G-BRAGHTO 10 #is 7 » b O J)I%, FHEEET 1585.7 +
50.9g (n=5), nandrolone LEHE T 1618.4+78.1g (n=4) Toh->7= (Fig. 10D
left and right), Nandrolone (5.0 mg/kgs.c.) F7-ILIABE (sesame oil) @ 4 i ]
WCEDERGICELY (5 A7 Y 2— LOFEMIE Fig. 9 28 12 711%, *H#
BETIL 2561.9+59.5g (n=15), nandrolone AL{ERETIL 2739.8 £67.6 g (n=4)
ETETNTIVHINU 7o, 4 T O AR 55 I T o387 OHm=R1L, > REET
(3 161.6 + 2.3% (n=75), nandrolone ALEHE TIL 169.3 £2.5% (n=4) TH-
7o BB, 10 s 7 v s OO KIZx L TlX nandrolone @ I8 #% 5135
WA NFE S 72> 7= (Fig. 10D left and right; two-way ANOVA, weeks 1-4: time,
F3,21y=19.87, P<0.001; treatment, F (1,21) = 0.41, NS; time x treatment interaction,

F3,21)=0.84,NS),
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Nandrolone O XE& G 6 Bl D EFRELIER R T v N O BRI 72 dopamine
BHIZRIETTEE

W7 > M 4 HWIZE D EE (sesame oil) &5 LD HIZFEI L -
B O FLBE ) 72 dopamine (3 0.55 £ 0.10 pg /5-min sample (3.59 + 0.65 fmol;
n=06) ThH-o7=DIZkL, nandrolone (5.0 mg/kg s.c.) Z&E5 LD HIZEITL
7o B R O JE ) 72 dopamine f1E, 0.70 = 0.10 pg/5-min sample (4.57 £ 0.65
fmol; n=15) THY, IEBEALEFEL nandrolone AL E BE D FEH D JLAE AT 72 dopamine
EOMIIIMEH PR A B 2ITRD LR 5T (t 9 = 1.28, NS), ZiHLbH D 2
FEICF VT, nandrolone ™ 4 I B 5 KIGH 513, REOHINIX L TldE
A NFE S 2o 7m0 (Fig. 11 leftandright), 48 7) O K132 L7~ (Fig. 12
left and right; two-way ANOVA, weeks 1-4: time: F 3, 300 = 28.55, P < 0.001;
treatment: F(1,30) = 30.51, P <0.001; time X treatment interaction, F (3,30) = 8.33, P <

0.001),

ERELIEM R T » M2 T morphine B3 F L 72| 244% D dopamine HH D
{& 1~ nandrolone M H[\E]} L K EH 55 KIiTT 7R

Morphine 23#5 %8 L 7= {1 448% D dopamine A% H D{EEE ~ nandrolone O [ 15 $¢
BB EAE TR % MG R0, nandrolone AL{E Z 4T o T 7 W ME R D I A4
B D FAE dopamine &~ morphine D28 #5728 KIF T2 RO HERISHEIZ D

YT LT,

ZORBIZHNTET v b OEREOFEEIL, WHALER T 2838 +45 ¢

(n=6), morphine 0.5 mg/kgs.c./LEHRE TIL291.9+4.7¢g (n=7), morphine 1.0
mg/kg s.cALERETIEL 2983 +£39¢g (n=7) Tholo, £z, LD HE
dopamine &= O VHMEIE, PWEALERETIX 0.53+0.15pg (=3.46+0.98 fmol; n=
6), morphine 0.5 mg/kg s.c.ZLERETIL 0.50+0.10 pg (=3.26+£0.65 fmol; n=7),
morphine 1.0 mg/kg s.c.LERE TIX 0.50 £ 0.06 pg (=3.26+0.39 fmol; n=7) T

38



Hole, HEREORME dopamine &I 4 RO EBRHIMFICE Y ZEL T\ iz
(Fig. 13),

Morphine 0.5 £ 7213 1.0 mg/kg DR L FH1%, 240 432 B O AIAAE O Hll i
4% dopamine i % H BARAFRIICE N S & 7= (Fig. 13; two-way ANOVA, 5-240
min: treatment, F (2, 790) = 81.82, P < 0.001; time, F 47, 790) = 9.12, P < 0.001; time X
treatment interaction, F (94, 790) = 5.95, P <0.001),, Scheffé’s test DR, HFtFM
725 7 7% 0% morphine 0.5 mg/kg ALEHE & IR BHALEREO R & O (P <0.01)
?1E7%>, morphine 1.0 mg/kg ALE#E & morphine 0.5 mg/kg ALERE F 7 1 XA AL
EFFOREOFICERENRD LN (W Fhh P<0.01),

6 W7 ~ MZ 4 BIZE Y nandrolone (5.0 mg/kgs.c.) ##5 L= L Z A,
morphine (1.0 mg/kgs.c.) DL 52 L - THFHH I 7= 4E% D dopamine JiX
H OB, W2 %5 LIz I~ A EI2Es L T\ (Fig. 14; two-way
ANOVA, 10-240 min: treatment, F (1,395) = 14.30, P <0.01; time, F (46,395 = 15.91, P
<0.001; time x treatment interaction, F (46, 395) = 3.92, P < 0.001)

gD 7= 6, FEERBHAAREIC 6 W #H T nandrolone F 72 IXIABE A 4 HICH U &
HBLEZ LA 2 10 #im~ >~ & MW, nandrolone O Hi[nl# 5%
morphine (1.0 mg/kg s.c.) ALED 24 WEMETIZITVY, Z @ nandrolone L& 7
morphine D% L 7= |44 4% @ dopamine /it (H ORHE~KIZTHEIZ OV T H 5
Prive, ZORBRICHWZT v b OREOFME, WREALER TIX 409.5
52 g (n=6), nandrolone ZLiERETIL 418.0+48¢g (n=6) ThHh-oT-, F7z,
A8 D FetfE dopamine & D EIE I, ABLALERE TIX 0.53 £ 0.06 pg (= 3.46
+0.39 fmol; n = 6), nandrolone ZLE#E TIX 0.56 +0.04 pg (= 3.66 + 0.26 fmol; n
=6) ThH-oT-, BEAEREL nandrolone ALE B DORCELF O FEMER) 72 dopamine
BORNIIHF A B 2B O L) 572 (¢ 10) = 0.67, NS), Nandrolone
O H R 5 O fE R, morphine D &2H & HIZ L > THR IO
dopamine S O KITLRWF T 2HEMARBO NI b DD, Zhb DA
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(R EH A B 2213720 - 72 (Fig. 15; two-way ANOVA, 5-240 min: time, F (47, 408)

20.43, P <0.001; treatment, F (1, 408y = 2.42, NS; time x treatment, F (47, 408) = 0.66,

NS).
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3 204 +
21—
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23 =
24 =
25=— +
26 = Microdialysis
4 27=d +

+

T T T S S S

o+ 4+

+ 4+

Fig. 9

Time schedule for the grip strength test (GST), repeated administration of nandrolone
(NDL) or vehicle and microdialysis experiments (Microdialysis). GST was performed
on five occasions during the experimental period, i.e. on days 1, 6, 13, 20 and 27.
NDL or vehicle were administered subcutaneously on days 1-6, 8-13, 15-20, and 22-
25. Body weight was measured on days 1, 6, 13, 20 and 27 when GST was performed.
Results for GST on day 1, 6, 13, 20 and 27 are also at week 0, 1, 2, 3 and 4. The final
GST on day 27 was carried out approximately 40 h after the final NDL or vehicle
treatment. All other GST were performed immediately prior to administration of NDL
or vehicle. We also monitored the effects of NDL on increases in body weight and
grip strength in rats used for microdialysis experiments. Guide cannula implantation
for microdialysis experiments was performed on day 11 or 12 and microdialysis
experiments were carried out on day 26. The final GST was performed on the day
following microdialysis experiments, i.e. day 27.

41



6-week-old rats

Body weight(g)

Weeks

_ 10-week-old rats

B
w
N
o
1

Weeks

_ 6-week-old rats
*

Grip strength (kg)

* %k

D 3.0

Grip strength (kg)
- - - N N
© b ©® M O

0 1 2 3 4
Weeks
10-week-old rats
0 1 2 3 4

42

% of basal grip strength % of basalbody weight % of basal body weight

% of basal grip strength

250 -
200
150
100

L L L1 '}

L

50 -

—&— Vehicle
- Nandrolone

1 2 3 4
Weeks

—A— Vehicle
—{ Nandrolone

Weeks

—A— Vehicle

—{J- Nandrolone

*k
*

250 -
200 -

50

Weeks

—— Vehicle
-1~ Nandrolone

150 w/'%vgﬂ
100




Fig. 10

A. Effects of repeated administrations of nandrolone (5.0 mg/kg s.c., n = 6, open
squares) or vehicle (sesame oil s.c., n = 6, closed triangles) on (left panel) increases
in mean body weight (g) and (right panel) mean change from basal body weight (%)
of 6-week-old rats at the start of experiments. B. Effects of repeated administrations
of nandrolone (5.0 mg/kg s.c., n = 4, open squares) or vehicle (sesame oil s.c., n =5,
closed triangles) on (left panel) increases in mean body weight (g) and (right panel)
mean change from basal body weight (%) of 10-week-old rats at the start of
experiments. C. Effects of repeated administrations of nandrolone (5.0 mg/kg s.c., n
= 6, open squares) or vehicle (sesame oil s.c., n = 6, closed triangles) on (left panel)
mean increases in grip strength (kg) and (right panel) mean change from basal grip
strength (%) of 6-week-old rats at the start of experiments. D. Effects of repeated
administrations of nandrolone (5.0 mg/kg s.c., n =4, open squares) or vehicle (sesame
oil s.c., n =5, closed triangles) on (left panel) mean increases in grip strength (kg) and
(right panel) mean change from basal grip strength (%) of 10-week-old rats at the start
of experiments. Vertical bars indicate S.E.M. * P <0.05, ** P <0.01 vs vehicle.
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Fig. 11

Left panel: Effects of repeated administrations of nandrolone (5.0 mg/kg s.c., n = 6,
open squares) or vehicle (sesame oil s.c., n = 6, closed triangles) on increases in mean
body weight (g) of 6-week-old rats subsequently used in microdialysis experiments.
Vertical bars indicate S.E.M. Right panel: Effects of repeated administrations of
nandrolone (5.0 mg/kg s.c., n = 6, open squares) or vehicle (sesame oil s.c., n = 6,
closed triangles) on increases in body weight of 6-week-old rats subsequently used in
microdialysis experiments. Data are expressed as mean change from basal body
weight (%). Vertical bars indicate S.E.M.
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Left panel: Effects of repeated administrations of nandrolone (5.0 mg/kg s.c., n = 6,
open squares) or vehicle (sesame oil s.c., n = 6, closed triangles) on mean increases
in grip strength (kg) of 6-week-old rats subsequently used in microdialysis
experiments. Vertical bars indicate S.E.M. Right panel: Effects of repeated
administrations of nandrolone (5.0 mg/kg s.c., n = 6, open squares) or vehicle (sesame
oil s.c., n = 6, closed triangles) on increases in grip strength of 6-week-old rats
subsequently used in microdialysis experiments. Data are expressed as mean change
from basal grip strength (%). Vertical bars indicate S.E.M. * P < 0.05, ** P <0.01 vs
vehicle.
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Fig. 13

Effects of subcutaneous injection of morphine (0.5 mg/kg, n = 7, open circles; 1.0
mg/kg, n =7, closed squares) or vehicle (saline s.c., n = 6, closed triangles) on basal
extracellular efflux of dopamine (DA) in the nucleus accumbens. Data are expressed
as mean change in 5 min observation periods after subcutaneous injection of morphine.
Vertical bars indicate S.E.M. Arrow above the abscissa indicates the timing of
subcutaneous injection of morphine or vehicle.
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Fig. 14

Effects of repeated administrations of nandrolone (5.0 mg/kg s.c., n = 6, open squares)
or vehicle (sesame oil s.c., n = 6, closed squares) on morphine (1.0 mg/kg s.c.)-
induced increases in extracellular efflux of dopamine (DA) in the nucleus accumbens
in 6-week-old rats at the start of experiments. Data are expressed as mean change in
5 min observation periods after subcutaneous injection of morphine. Vertical bars
indicate S.E.M. Arrow above the abscissa indicates the timing of subcutaneous
injection of morphine.
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Fig. 15

Effect of a single administration of nandrolone (5.0 mg/kg s.c., n = 6, open squares)
or vehicle (sesame oil s.c., n = 6, closed squares) on morphine (1.0 mg/kg s.c.)-
induced increases in extracellular efflux of dopamine (DA) in the nucleus accumbens.
Nandrolone was given 24 h before morphine. Data are expressed as mean change in 5
min observation periods after subcutaneous injection of morphine. Vertical bars
indicate S.E.M. Arrow above the abscissa indicates the timing of subcutaneous
injection of morphine.
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z #®

e 2B 5 MMICL Y ZEBE D7 >~ MZxt LAT - 72 nandrolone
(Johansson et al., 2000; Kurling et al., 2005; Takahashi et al., 2004; Yu-Yahiro et al.,
1989) &fhod & X I [EfE AT v A R (Tsutsuietal., 2011) O IERH G5O

ORI, KREHEMOMENCET I WEREENLTVD, ZIHDKE
MO T O A =X e LT, REEEROBEA (Lindblom et al., 2003;
Tsutsui et al., 2011) F 72 (ZAHAENTH & Ofed  (Yu-Yahiro et al., 1989) A3 /RI2 &
TV, REFEIE A6 OREICIEIRKT 200, fio®%E (Kurlingetal.,
2005; Zotti et al., 2014) & —% L T, nandrolone O 513 EHEM 7213 F
FHNCHIRD =L LTH 4 BT E 2 EBRBIM T OKREOEMICIZIE N 75
BARIFTSRNZ EERLTWD,

NIRPED T A AT o vzl S50 RE2MHE LI~ 2Tl
nandrolone D FAEH G-I DIRT LT HH T Z L BHE SN TS (White
et al., 2013) , AWFFED 4 B OFZERWIK PIZ 6 BL V10 BHiisD 7 » ~ D
TNINT B 150% I LTz, REICHES 2 b OB D OHRIE, 10 i

T2 < 6 D T v b ~D 4 BRFIZ H % nandrolone O K £ 512 X 0 {2k
L7z, 2FY, fi/1o B ZEHET 5 9 2 T nandrolone OREE 51X, H/v
T NPT U AESR A 72 mTEBVE DS @ W IR RIS RN R CEE R
HMThHoZ ERHLNIRST,

EFE IR IE N D Z NI Wb AT e A ROELHEIL, Z0AXATRrA RE
FFIZ opioid ZEZTIENDOELHWE X T DARF O W 5 2 T 2 AletE s R
SN TW5 (Kanayamaetal, 2003,2010) ., & 512, W OKIFTERAE DT
MIZHNDITBER CTH D 7 v b OSRUEATTSHFTELG BRI X 580 51
nandrolone M 1&MALE A morphine ~DEFEE K A LT 5 Z L AR EN TV
% (Huang et al., 2016) . ZALH DOFERICHEDE, 4 HHIZH % nandrolone %
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H-OBRBEFIC 10 8 Cixe< 6 D 7 v b & O TR O MR 7R 5R %
1To 72, ZOFEBTIE, nandrolone OG5 N ERRELIEHI R T~ ~ O M A-EZ
D HHER KO morphine 23575 % L 7= dopamine it 2 K AE 320 A2 D TN
INBHTIEIC L0 R LTz,

42 %% D dopamine &% 3" 5 nandrolone DN EHK G DO FIL, #ix &
EREGHIM O & Tinvitro & 2HHEET & L ITEEHIEREROZ v &2 H
W72 din vivo OFEBRFIEICL VG AOFMIT 2 VEETHRF SN TS

(Birgner et al., 2007; Kurling et al., 2005, 2008; Kurling-Kairanto et al., 2010; Zotti
etal.,2014) . Invivo TIT S T ARBFZED B, MIAEE O FERER) 72 B 4% dopamine
i, U< invivo CIHATLUCHIE LM NIFERSEL 2N TET 61
fn = > M4 % 4 HHIZHE % nandrolone DKAEH 52 L A2 BT T a0
ZEWNRENT, L2 L72A 5 nandrolone AL & 1T o> TV R WM T T,
morphine 4= & % 5- 1 X0 A5 4% O dopamine Ji HH % F EARFHIARHE L 7= D125t
L, nandrolone O 8 #¢5-1% Z @ morphine 2335 % L 7211 444% @ dopamine Ji%
DEEZMGEI Lz, 7o P s BRI X b U BRIFRNICIE LS 4
MLTEY, EOREHENAL & LI PR ICX9 D nandrolone D) A
BUZEE L TWb & Az E TS (Wood, 2008) , AMFIEE ZiE TOREIR
(25-3< &, nandrolone DOZNROFH T TRROETFHRELG L TWD Z &n
#e2xn b,

% —1%, nandrolone DX H G ORGSR, M4 D dopamine A 2 #E K S &
% opioid Z DY 7 % A4 71Zxt 3 % morphine DFHZIMEIMK T L 7= "l §EM: T
HD, ZIILT v FITEBWT, nandrolone O E B G- 13 LB ~FEH T 5
dopamine R DE LA A & 2 TIIEMHLZEEF T p, § T/RIRONKMET 2=
A ROV EDTH D B-endorphin DFELARHET HZ LN RINTWNHIZD T
&% (Johanssonetal., 1997), F7z, &AM 5 L7z nandrolone [Z~ 7 A @ H fiK
MEEZES O p ZREZE &2 L HRrEN TS (Bontempi & Bonci,
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2020), =D K 5 22 IR 2 O opioid ZREY T X A4 FITH L TR D,
nandrolone 2 #%% L7 Bi G IICIER T2 NRMET T =2 bk L, RN

@ nandrolone DHL D S5 & 5V MI W — 12K Y, morphine (255 2

O DOZRIK~ORIBEAMET T 2 /TN S 5,

% 1%, nandrolone @ {815 MMl D dopamine g % Hil#H1 9% opioid
SZREOY T 2 A T ORI RN T v A BEE 5 2 - AlfEtETh D,
A% D dopamine FH OFIENC BN T, p 3 LS ZARMITIEAEN 72 5E % F
7= ?IZ% LT (Aono et al., 2008, 2017; Okutsu et al., 2006; Saigusa et al., 2008;
Saigusa et al., 2021; Spanagel et al., 1992; Watanabe et al., 2018) , « &KL
A 22 B A& B 7= (Spanagel etal., 1992) Z & 2345 X4 TV %, Nandrolone
DEH G2 LY morphine & # 5 L 72 BRIZ 1% dopamine X Z R HET 5 p I
R OVS Z AR L dopamine it &2 B35 x ZBRKDNT o ARFTTITEL L
TWEABEERNEZE XL OND, 2ERHIE (1) MAZIZBWT p ZRIEON
KU 77 > K B-endorphin & x ZZBAROWNEKMEY 77 > K dynorphin DI
WZITRWIEOFHEER H 523, (2) T b D p 7003 « /IR E Z i Z fl
%9 % B-endorphin & dynorphin D FEHL DI A 545 AHESAY, nandrolone
RERG#HIZIZTERT 5720 Th 25 (Johansson et al., 2000) .

% =1, nandrolone @ [AE 512 X 0 M UHEE R D755 23 £ T morphine
DR TCHE L 7= Z 212X Y, morphine @ opioid ZBIKY 7 X A4 FI2BIT 5
BN L= REMETH D, Uridine 5'-diphosphate glucuronosyltransferase

(UGT) @0V & >3 UGT2B7 (Strahmetal.,2013) (X nandrolone &7 > K
07 ORAIZED DY, Z OF%EFE T morphine D M3G 1 LT M6G ~D {34
WCHEE5 952 ENnmbN TS (DeGregorietal., 2012), Z DOf#ESE DOTEMED
fRAEDS, A% D dopamine fiH Z N & & % opioid % A KIZF5 1T % morphine
DEZFD ST TR S 5,
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EROWTNDLD AT =X LTE T TlEe < ZOMA TN G5 5 mHEMEN
HDEFE R, AR TRENTZZ T [EUEAT v A K& opioid DFAAE
ML, B MIBTDIFWEOEMICED L L EhTE R Z I A AT
oA K& opioid ®FHA/EH (Kanayama etal., 2003,2010) DI H 2 4fi52 L TV
LT ENEZBND, BIIXZ I EHEAT v A FNOELHEL, TN
% dopamine MRIEEOMIMEZ N LTI REZHLH7-0, BFH LV LZED
morphine DERWNMETH D Z & AW RE L TWD,

AWFZEIIL, A RBAPGLEZLRBREN RSN TV D, Bl 21X, RK4F5EEFEC
FEEREME WD Z & TR dopamine & 70%LL A tetrodotoxin KA
PWTHDZ L BHERSN TS (Okutsu et al., 2006; Saigusa et al., 2012) , L
oMo T, REBRSMT CHRHLZEREIER KT v b ORI O L
dopamine JHIXE DIF & A EPHHRERIEKITESHN TR ST D L Hied
Z L3 T&% (DiChiaraetal., 1996 Z/) , LIrL7e3 6, AWFFETHE L
HEM O FOFRBNZE T DMMAEED core 38 LN shell FEIK D BEZ > TH

2957 SROMFVBMETH D, S BITAMTE TR D S
#)72 dopamine /125 L T nandrolone |Z morphine %)% % 122 L /=B i2%h
BENRRD BN o728, MIAEE D dopamine #8452 % L C nandrolone 73
BHEBICEAEOH R Z R T HEEIL T LLRETE RV, LER-> T2
DZEHIEROMIETE LR DIMANPMLETH D,

Nandrolone DB H1%, HEM LV b EEMICHBET S Z LICk - TR
BHOWINIH B L HEZ 5 Z LRSI B NOMRERET LT L% in
vivo DITENERIZ L DFEUCE S W TR R T Z LN TE R, DFED,
AEFELICHET 2R E LOELEEZRT D LT, oI RO BT
DI ZXMRIZTHIENRBE L TND EZZXOND, KFAKE O R

1%, JEFERBIZ BT D nandrolone O JAE % 5-13 HH I3 % dopamine ##%{E 8]
% in vivo O T TIERIE L722 W E OO, morphine (2 X 2 1AM #% %
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dopamine HHFIES) DL R T &2 = L 2 o5 MR 3B 0 72 HEL % A BT
SR LTV A, 0 LIZEMOELT LR TOHEAICBNT, &8
s AT B A K& opioid DHEMERIE, ZHH 2 SORIMH < o P
NEbAERICEILE R TR DS - L2 RT b0 ThH B,
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S i

AR AZ 13 P B B AR 4 25 B L B2 Ak & 8 3 D Hh I % 5% dopamine #1% D F: 72
BHEDOOEOTH D, RKUZEIL, T v FEHWT in vivo INI/NEHTIEIC K
v, AR OIS dopamine BT %F3 % orexin F 721 opioid = &K A 1EH A
T DY ONEH OREOMNCERLA TS, 5 1 BB X OEF 2 B MEERELIE
R T v ME AWM S, RSO 0X) Tk < OXe AR D FRALO
dopamine /i H Z MHIICHIE 2 Z £ AR Eiz, £72, morphine (2 X 2 1
HERE D opioid S22 A HIIL & A L 7= dopamine FcH OfEHE L, BRI YT 5
BEC % > X7 [A{b AT 2 A K@ nandrolone % XE#H 532 L4252 &
DR ST,

PRSP IER N O, AL IS 3 2 F IO % % dopamine ##FTEE) T
XTI~ DREIK I ORRRICEE T2 L B2 b T D, RIFRIE, R
JiE D FTHIAREIED suvorexant & JFR3E M SR 3K D morphine 234444 O dopamine
IS BAETERICHE S %2 Y T, orexin Z&RIR L opioid S &K% A L 7=l 44
% ® dopamine HHH DRI SNWT, G T HZEEKY T H A 7L 2 X7 [H
fbAT v A FORERG DOEEL RS 2T DR HNCEE T 258172 70 0 7L 4 1 it
T5H5HDOTHD,
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