JEA S BB EIF SR B #iBh &
(EEE, - EFRSBRELX2T N —V A = RABORFREEE)

8 E R DI EITHR D RABRIE DX YR I E § S5

HEE B 25KC1002

TITEE REAREE

4T 8(2026) £E 3 A

KL - vk #



H R

L SM7HEE REFERESE
HBEREY DR E ISR 5 RBIEDOZ S HAHEICE T 55

R B (NEERRY: RFEE)

1L S7EE SHETERESE

woe-1

AF5E- 2

M9E-5

W5E- 6

: IRRBEME D~ T R E AW HHERBREOMEL

R f HRAERKE RFH)

CfER R T v FHERLOREROEE L RIBEF BT 5815

MAEIEEZ (MEERKYE EFEH)

: KIRER BT 2R M DAL

RFIEN (MEERKYE EFEH)

: BEATEMBIRICED < ELA TR O 224 MERFf -

7 2= VRS D UHBEEE W REE
HF RN (BEBRE FEFEN)

P ORFRBIIRIC X 217837 — AT« FEME L ARG

edi— (REERKE RER)

: IRRBRIKIT X o THEEL S S HEIRORIE

BIXE (BIETSRE  EXFE)

L 5 7HE HERROTUTICET 5 —FR#



SR 7T EERA BN ENEEME
(B - BEREREL X295 N —¥ A = RBEEFFEEE : 25KC1002)

RIETHE R
REEM DR EICIR L RBRIEDOZ Y MREEICE T 50158

MAEREE @k #

(HRAERKY FFEH)

[FEEE]

RIFZE T, FEERM O EICE T 2MBRIED S PEF N & LT, BB > i 22 3t R
ROBEEED TN D, 7 LREIEAOAEZ RE SRR EICKBIHET 2B S L
T, VU AOEIRY K& (Head Twitch Response: HTR) (27 H L7-, Bl S A Z##FTIZ L Y DOI
R HTR Ol ESh 2 My L, HTR 2B 5-HTon /RN EETHDH Z L 2R T 52
& T AR LI FARE R I X OBI# 3 2 5T ATEV AL O KBRS Y L B 57 % AlRetE A 7R LT,
S BT, LITEAREICBE T 2 8B A IHEV R 72 & O1TEN RS, MDMA FrhllakB, & &r91T
BB A G D, EKEAEOFEM T 2 D T D, T, 5-HT R, x A A A M
BARVESE, NMDA S A MRESHUEE 5% O IMTEEVAEAT ©AT V., 1TEVEA(L & 0 Bt & RETh Th
Do THUTRY ., BIAEZ AWK E O @O RHlE DRI S oo H 5 H DD,
A 72 2 M PERERR I S B 7R DIGE L IR O NN TH 5, kI, ~ U A& AW TcHr
Bl FEOBARLATFIEOR R 218 U CGGHIA R Z S LIRS E, ST 0ET
FABIRHEAR 2 ML D 2 & C IREFY OIS E T 5B PRI A R4 5 Z L 2 BH T,




MAEREE vk #
MEERAY: EFEN 2R

SYEBFSEE - A IEE
HEERAY EFH 02

SrHmEgRE B IEH
MEERAY: EFHR R

SHEBEE & KA
ERPRTF EFEW Hiz

SHHEBEEE - dbd Ri—
REEMRTE EFEN R

SrHEPFTEE I O
BRIRMMRZ EFH  GEED

A BFEED

5 E SR 1R\ X D PR B o i 7
M & FEBRENY O B R IEB A 5 T — AT ENE]
22 N7 I RO, SRS FEBRe
EDOFRERDOBIREMTOINTWD A, LIHkk
TER O EBGHII KR E LTHEECTH D,
ZNET, ARFBIEOFMITIE, ~ 7 R
X % head-twitching response (HTR) 723=E(ZH
WHILTWD A, ZOHIBIRNEETH L %D
5 R 5 O S B S0 72 7 R A v 00 B A3 3K
HHITWD, Tk x & A D LRI
W 2 TR LT BENCBIT 5 0
i, FREED R < | FE IR Ol 72 At 15 D B
K FMIEOBEEZHA L MNCTHZ N
PEND, T CRFETIE, LIERBRIED
FEENCE T 2 3l 5 00 2 4 MR D 2k

R B 2 a2, & 612, [TEEKET
HIFRERICIN A ITE EhARAT O3 7 el 55
ZBEDED ZE T, ZHEOEBER
M a BRI AR OS2 B 5T,

B. #HFED B, ik, ®R

[#F58-1 : IRERBEMED~ U A& A
BrHRBRIE OS]

gk f

WRFERKE REW

AT, «-F A A RZAERIERER
US50,488H 35 & OY 5-HTaanc % A IK1E S 3R
DOI Zfli [ L~ v A& H o S E251 57T
BRI A i LT, S BT, ZIRRBIK
TIXEB R 25 SR T RS 2 5
Niztzb, ~U AN T AEBNE UikER A 52
i Lz T _XTOITEIFEBERIZIE, ICR %
Ve~ D A& Ui, BISERRIE, IHRIE
WRKFIYERE B S OERREF YT 712,
FUES TGRS L 0T 7 A E8E
W LR 2 Fei LT, SRS g AT
BROFEF, U50,488H #&H5-HE CHEE N R
b oHNTz, 72, DOI FHREZR T HEEE
RN O DTz, BT AEBNRELRBO
fi S, US0,488H 35 XY DOI G- EEIZH
TH T AEZR LB OZEARRD i,
ST GATEH R L O T A L5
WU REBR 2 D 72 RRIE O #ESLIZ DN T
L. ARAEE R UL (Neuropsychopharmacology

Reports 45: €70075,2025) I[ZFE o7,



[AF5E-2 : fERR N T v SHROFEIERDE
B L RIBF I 0%

HAHIEE

HEERKY REH

KFEEMZ RS faR R T v 7 OERH O
T2, KIRAEM &2 EUNCREl S 5 72 D
VAT LEENBE T D, TIVE TOMSE
TiE, OREME R E R b= 2R RIEM
FICHBWT, v~ T AOHEIRY )& Head Twitch
Response (HTR)D HELAfER SN TRV | %)
FAERADBRVERY) & HTR ORI OBIRE
NDHZET, OREHORB TN TEDL Z
EDPRBENTWD, Bu b= RIRER
EARTEMRRNT v 328G ET D En
5. A AN—T» N TERAERZTRIT 5
FIEOMSLNEEN D, AWZETIE, AR %
TTEINDBERET v 71K THHEKS
N5~ ADHFKY KIS Head Twitch
Response (HTR)IZ# H L C, HTR # E&{LT
& 5 HENAE IR E DB % 2l A T,

HTR % E&(bT 2 BT, Bir OB & 2 i
WD ENTELOMNAIEEEL LT, ~
THy B A—=Z—ZAFR LT, FEBRICIE ICR
RY VR LT, U AOHEBERAEICH
NBWHERET L~ T Xy NeT o2tk
A FTHELT, EENTO HTR OB
TREMSNDERE T ZME Lz, HE L
L0, T AR ATV, TEE e~ X%
v A= =Tl Sh 2 ELE 5 OHEE
PEARGE L. HTR MIERE 2 Bt L7z,

LRI L LT, S-HL, EHETH 5 4-
lodo-2,5-dimethoxy-a-methylbenzeneethanamine

(DON &5 L, HTR DOFEHIZOW TR L

7z, DOI #5127 & v Fl&{&A7H)72 HTR D%
B S 7z, HTR ELEHIC W T, +
Xy hA—Z—TO/R HTR B (EX
55) LT AfEfroEt (BH) (ZIEDH
BEME(r2=0.9936) 2358 Hivf-, 72, DOI (2
X% HTR IZEREE = =2 5-HTop Z &K
5 P # D (R)-(+)-0-(2,3-Dimethoxyphenyl)-1-
[2-(4-fluorophenyl)ethyl]-4-piperinemethanol
(MDL 100907)iZ & v il & 47z, —J5. DOI
(1 mgkg) 512 X v | ATEARTEF (Prefrontal
Cortex)IZF T, A E 7 c-Fos ZELEDOHINN
DIERR S AT,

[#F5E-38 : RAERZ2H$ 2 KD AR
RIFIEH
WREERKY: FEH

fEMR R 7 v 7 HMKIRE L TR & 7 th ]
Lo TWD, ZHUffEY, BRRT v
T DBERDIRIEIN RO N TEY | ZDT
D O 72 FHIERFE R BB L s> T 5,
FHmEOMRFHCIX, AT 2 G OUHEH
VEARF R T D, AL TIILIRAETZA
THLEZLND A A A FZERITIEM
TOMEMOEREITH) Z LB ET D,
B LT AL B T L TAE ) % FHAT 9 % 3Bk
HEOBRZIZM9 5, 7-oxabicyclo[4.1.0]heptane
ZHIEREELE LT P —=FVIERK 20% T
(#)-U50,488H A k325 Z LN TX 7=, ARk
L 72(x)-U50,488H (FHEfeE & L C, FHliZ1T
Koy ARgEE I LT, F2. R ENC
0 A, 20%ee T(—)-U50,488H % #57=,



OY\C[C |
[:::IiN\CH3 Cl
1:> . Hcl

(-)-U50,488H

[BF%E-4 : BETEREECESSEATR
DRYMFE : 7 ==V RS D UHEE S
R TZBRGE]

# KA
ERBRE IR

KO HEMFERE TR, BRx 2 2 A T DL
I L - THI S Z SN DITEE(L AR,
il > 5ROWEL HIET 720, REEIL,
HEYEAEHAN 4 5 72 phenylpiperadine #5iE{4 (2
EHH L, BBV THETA 28 L L,
TFMPP, 3-CPP 5 J O} phenylpiperadine {1 &
% MDMA D5 RIRITHEN R 63 2 A,
EHICZINGDBEIREICKITTHEL R
i L7z, £ D55, phenylpiperadine 35 & OF 3-
CPP |3 MDMA ERDFHIRIEAI R 2R LT
DO, TEMPP (I L Lvir o7, —F, B
B ORI E BT, TEFMPP (XESh T %
R L7=H DO, phenylpiperadine 35 J O} 3-CPP
(X H R A RIT S o T,

[F%E-5 : RRBIKIC L 578 F—
AT BB & RG]

Fbrpi—

REF KT EKFEW

V8 3 Bk NMDA A KHEHIED 7%
b A b7 7y (MRFEREDO ) 2#

HENF~ U ATRO LN D BFETET, &
IRy . AIEEATED, REML, RS~ &
TENCh o7, T0 D HLFHE - HE&RIGHE
DD B D BEFATENIREML T o7z, =
DOEEAEIE. Er b= 5-HT2A ZAIRIEEIER
1-(4-i0do-2,5-di-methoxyphenyl)propan-2-amine
HERHL (DO k 4 B A A RZ RIR{ES)IE
U-50,488H Z#5-S o~ 7 A TORER & A
HRTholz, DOl &~ AZ—H—[E, —
M ooERi G- L, 11 B EAZEE . DOI % Hilih
P59 % & ARBML OB E TRAH A] 2 7 L
7o IREAMDZIZ, —AXA 72 BEAR 288 & 1T & 7
[ZHRp Y | BEICBERTE DS ) 2. BEiEL
MERISTERTED b D REITETHY , %)
WRBIEE ~ 7 2 G- LTe 6 o fa g
EBCEHI CE 2R ERVGD,

[AF5E-6 : RFEHIEIZ L > THEMIT D
Jich R 8R OD R R ]

b

RIETS R B

WA, Wb LER KT v 7o EERY O
TUTIE. ARIMEMEZ AT 28 MR LHE £
TW5, ZNHOHEMTIX, B b=t
RINERT 20 A4 7 U > 7 REWITIMZ,
NMDA ZAAFEREE, Ve 4 FZE
REBIER, « A B4 1 RZRREBERZ &
SHEBEIIEN BT 20 OREEND 2
ERHBNTND, —HT, fREFEM DL
X T b OB L > THFED
B DN D FTREENR D 0 . FTHULEIC
xt L CHGE DD F B M 21T 5 2 &2
ATREZ2 B R DN RO BN TN D, D



7o DIZIE, T X - THIE SN HITEE
&IPS S & OBJEMEZ B S M2 L, BF
MiHEEE L L CORUAMERIET 5 2 &N E
T CTh D, ZIVE TLRFEHIEDOTMIZI
head-twitch response <> H R BB 2L, Y
FrRlFBR 72 & OATEN R LR FEN NS
NTEERY, 2 b OEEN & OMfER D
FRETREN & et ST 5 OOV TR+
BHINTWRY, AR TIX, LIRRBIFE
BHICL > THEINLMRIGEE) ~— I —
c-Fos OIFEBZALIZAE R L, 1TEEEEE2RYRY
fili & o N TS MEA b BB S & oD B & AT 3 5
L HAME Lo, REEEIT, NMDA &K

P TH D ketamine ZET LI YL LT
AW, SAKRYZRT 77— 10 [LEHKIZL
D R HMEM 2 5 0 TR LT,

C. %%

1. KIBRBEMEDO~T R &AW G
oL AYA

kK A EAA FREEEEIIT, &EST5
FITE A PERRBR I 38 W T — R A IS B0 SR %
R, 7 AEBORELABRICENT ¢ F
A A FZAARIEEI3E US0,488H D Gl
HlZBWTFBRE 2 Tz, ZOFEH)
B3, US0,488H (2 & 2 4R FEHICEINT 5
TEMEBEZLNIL, EHIZ, 3 HHEOKREIZ
L DERMESIFRT 24 Bif# D day 4 12
U50,488H &% G- RE CIFEN R 2 T& 72, 2
OIEEY L 1L, EElD US0,488H #5102 &
D BN R A O LR FEBNE N A
MELT2 LB R BT, 5-HT) A RIFEEE

DOI DAMEEICB W TIEBR T 2T
T, ZOIFENIREEIL, US0,488H & [RIFRIZL]
HREFIERTLbDLEZDBNE, E5IC
day 4 @ DOI 5T HIEBRE B T
&, ZoOFBEEIL. RO DOl 5
WD KRB BLNEBICEEL RIT Lz L
Ex b, ORERICGERTEE 200
LI IX,. DOl TIEFHE LT\ b Z &
HOMNERoTo, FlmE TORED,
U50,488H (2t~ DOI O AR L D8RI TH
HEZEZOBN, IblC, TIREILHG S
TU' % NMDA ZFERIEHIT A hr A
M7 7 U EGHETHEBIRT 2T 2 2
ENTER, KBREHWD Z & T, LIR%
BLEE D LIFEFEBUT AL O 15 8 5 5% 23 34l #] 6E
ThoHEEZDLND, [TEFH IR
itk DR 2 5| & e & kA D, 5-HT 2814,
K AEEA A RZREKT NMDA B
PUEAEA L C. LIRBBLOMTHEE 237
D Z & CHRAM S O R AT & A
BT 2,

2. fERRRT v 7BROBIEROER L FEE
BRFICBE Y 585

JECHER L 72 ELEEIC LY . =T
A DER Y FUG O F BRI % 8 A MRAT
T5ZENAREIL A o7z, e b=V RILE
MZHONTIX, v AEZH W HTR 7 vtk
A%, b MZBIT2HORMENZTHIT 5720
DHIEEKET L E LTHWD Z &3 AEE
bHEBEZOND, £z, Bu F=0ZHFE
TEHEIC L 2~ U 2D EIR Y S DORELC
IEoEr b= 5-HToa TR B B R H &



RIZLTWD Z LRI N, FFIZ, HiEA
ATEFICEBIT 52 m b= 5-HTw ZBFARNE
B 2 R L QD EE S N, AR
HFRETHBRENETH L Z L6, fi
B KT > 7 OLRAER &2 Rz PR35
FiELELT, FHTHLIEZEZOND,

3. NREHZETLIRYMDOERK

U50,488 11 T /L7247 CL (IR E (DR E
TiX, (DI KOR Ik 2 BUFPEN &
WE SN TWD, ZE L7k cfitis <
ELHEEMNLT HZ ENEEROT, T
fiEEDm EICE Y fTe Z & 2B 2 T2,

4, BEITEBEICE S ELATRIO®Z Y
M T == VRS D UFBEEE N
T-RRFE

ZHIVETIZER 21X, W)RIEEWE OELH AT
REMELZFHN T 5720, BF /U FRBLO B
U758 B AT 2IEEWIT OV T,

FEAHIECEER OB BUR R L OV E JEE) %
BIEL T 52 L CELHTHRIRAEETH S Z
LERRLTE L, AETIE, V== E
NI VB ERT 26BN THIE
BRO R % 2316 ] AT RE T db 2 732 MRRE L

LD R AP R LTz, TORK, 7
T VERTG D AT A DoNa
FREFATFVEEZEANLIALEW DI
BT, MDMA (ZHUEL L 7 HUK T 7555 58
ENDHZ LEMER LI, —F T, BREH
X DB DWW TIE, BHIEOE A
L0 SRR E SICBEb L TITEIZE O L

DNRKRES BT HZ RSN, FREEE
LTCOMRICEEZET 22 LA L E
Tpole, H%IL. 3MI~OEHIENIZ L D
FBIZOWTHHRZED D L L bi

O m O KEEE CELA TRENEZ THICTE DA
ITEHEIE O AE DY Z R LTV FE
To D,

5. ARBHAEICKLHITH TV - B
Bt & HERIGHE

DOI, U-50,488H, 7% A b A L7 7 o
DHEEGAZ L > T, AREMZFEB TV T
MBS JOHEMERGRO bz, L5
FEBIEDIER) & 72 2 Z RO FH 5T,
[Fl— DATEMRER S AR BIME B < fERB S vz, R
FAMZ A 5| &2 2 9 DOI i & 1%, = D% D
DOI #¢5-1% OiEE FEZLS° mood (AR
9 D) (TR B 2 Ipio o3, FBLRE N
M R DM AR LI, 2O EiE LT
CIRFEHIENEM L TIREMZ 28 &2 =
AH=ALN, b MW T DOl #HXL)RAE
AERATDIEEZOND T ADRER
ITEhE LB X TRV EEDbNAD T, 51%%)
RRBRERE % L0 e FHI©& 517
BRI A 5 2 T T2\,

6. LIFEFEBIKIC X o TEMALT 2 WgEED
[FE

AWFFETIE, NMDA ZAKIEFH TH D
ketamine #-5-12 & 0 SMAIThRREZ. (IAAEZ, il
FHATRVE 3 L OB IR ALIRZ I
FHENHEMT 52 26N LT, Zb

T c-Fos



DFEFIL, ketamine ASEEL O [EIFE 2/ L
TN RIS &2 2L S5 2 L 2Rl
Do —H. INFETHRAPHFIL C&ctr
=2 2A ZAFEFEEE DOI X « A
A RZREIEBZE US0488H (2 L 2 Hfikin
R L T 5 & TR L S 4 D M eEiEIC
TGS DFET D — 5T, ThZE oY
FEEDONE = PROLINDAREERH D,
B 21X, AR IEE D L) TR BIIEI @ L
TIEMHE SN DMK E LTEXLND—F,
RTEARTRCE, TR R BRSO B
EACITEED OVERBFIC L > TRARDHZ L
WRBEND, Z0OZ L%, RBHEOR
B A BL— DR [EIE T id7e < | B
RADOHEMERICL > TEHRIN TV D A]
REMEZ R LTV D, BUE, FEEFY ORI
IFATEEE ERES EICH LR TV D
. Y ORI K > TITE L OB T A
B2 2720, FHEOMRMR LT L AL Tl
22y, LT3 T, ATEEHEI N 2 TR A
RRIE B D 2 b 2 K BRI R 9 2 FiE & M
Bt D Z &N, HEEEY ORI AT R
DESLIZEHE THDH B2 biLD, AWFET
O TR RIT, LR FBIE T & IR 72
G REIR DIEAEAL 7S & — o ELET D AT RENE
ZRLTED, 2O OMEEEZ Y 74
A LTHET D Z ENTE IR, By o
SRR E 2 RIS HEE 95 2 & 3 Al R
IZe B2 bND, ST, EYOIEK
Fr 2 LT HBE MR A L invive BV
U LA A= T EOMBIEBENFHIE,
7 2 FA O TRER R O TR ENVEAL 2 3R 5
Z LTk 0| FREEYOIE R R Z RISy

FTE MR OMEZ BfETLERH D,

D. #&im

ARWFTE TILFRE S DR E 12 4% 5wk BRiE
DOFHMRREEIZE Y M7, LU OfsEm AN Hn
7o KT OFBHIFHAL AN A 22 BEIR & L
T, & - BEEREHE LN L RBEZ BN
Do AWFETIE, LIERBEIZL Y T AL
BORLABRICBWCEHREZEOH 2
ENTE T, ZOFBRF TR %2 E =
bt B L TW D ATREMER B X bivlz, 2
WETOMIERR B E 2 DD, 4%IE. 5-
HT ZRIK, « A4 A FZEKREOQ
NMDA SIS HIE 2 LT LRFEHO
PRI 2 R 7 5 2 & CHIRRE L O F %
i &M ERFTT 5, Eio, fERKT >
JTICXVFRSNDLREROBEELE L
THER L 72 ELEEIC LY, v~V 2 DHE
IR0 KIS DOF BRI A E BT 5 2
EINHRBIZ R o7, LTzhi- T, REELZF|
HLT, BRI v ZBRTv T ADOHEIRY
PR 2 AR . LA O FEBLGREL 2 HEMN| T
&5 ZENHIFEND, ATFETHBRIEN
ARETHLZEND, RN T v 7 OfELR
ERZREICTHIT2FEE LT, FATS
HEBEZBILD, RIT, (-)-U50,488 25 AKT
% 72812, 7-oxabicyclo[4.1.0]heptane % Hi%& i
B & L T . trans-N-methyl-2-(pyrrolidin-1-
yl)cyclohexan-1-amine |2 (+)-di-p-toluoyl-D-
tartaric acid (tart) Z 670 EIAl & L CT(1R,2R)-
N-methyl-2-(pyrrolidin-1-yl)cyclohexan-1-amine
ZED BRE ., US0,488H Z Ak L7-, #Ed, 85
B AR T4 20% T(—-)-US50,488H % &4k 5



T EMTER, BE LM TG TE
DI ELEMENLT DT ENEBE RO T, 5l &t
X, M O RICED e, 51T, 2
IVE TOMFHTIW T, MDMA #RFRBIHIT
RN IS < HERMERHGIL. B JEE 2R
FICL DR E L CAATHL Z N
IRIINTWD, HISHEB) 2 F5AE & 92 3l ©
X, EENEPECIER 278 S 7 WEEM IS 2
TET B2, AEEPENE U 2 alietE N a S
NTE, BFRIZBNT T 2= BT Y
VIRERE R GUIHRE LR R T, A
AR STz, A%IE. AFREEHED
fifE M S L OVLA M % B L o>, MDMA LA
S OBIUE R CITERIE AT AND L &
BT, ATEO ZRICftT 72 E O FiE S EAT
%2 ET, XD IEHEMED EOELH AR
EOMBEDEIZONWTHRE LTV S
WD LEZOLND, ERERNHES AT
BB Lo T, BEMED ROLIRREBIED

AHEEEE SRS HEN TV D, ZOBLRMNG

MR & b —B 4 13 2 RN & FE M R A &
T2 Z LI REITE & IS
ZEMHDRTEMLSLT VY, o, &5HE
O _LEAPRENCFEBIRED EFH %25 & 2
T2 T AREMIZA DOLIC L > THHEREIND
Tl DLRBRIEFRCTH L Z L ARSI, A
W COLRDFELZOMBEEHEESES, L
el o T, AFZETIEL, ~ U 2% HWTZIREA
PERE %2 FEMi+ 5 2 & T, BEITEI DML
bxERL LT, ZO/BREAHERNT 22 &
WAREL 72D 2 & AR LTz, LIRRBEIIKD
&R 72 IR BRI DVEMEAL /N & — U AE
ETHAMREMZ R LTRBY . 2D OMRIE

Hae ) T NEALTHETHZENTEN
1. HRERY) O SR SR R 2 R (S HEE
DL EMAREIZRD EEZHND,

E. fEREBRFEHR

ARWFZEIE, fEBR N7~ 7 OPiRfER R LU
VBT OAETH Y . RERITT R THERE
fEBRIERICEL S T D,

F. BFERE

1. FsC3sER

1) Kato H, Ichimaru Y, Kurihara M, Sogawa K,

Funada M, Suzuki T: Possible involvement of

hallucinogenic effects in the aversive effects
induced by kappa-opioid and 5-HTzanc
receptor agonists in mice.
Neuropsychopharmacol Rep. 2025; 45(4):
e70075.

2) Sogawa K, Kato K, Sano M, Nakayoshi T.
Yoshioka H. Kato H. Oda A. Funada M.
Ssuzuki T. Kurihara M. Ichimaru Y: Indirubin
derivatives bearing an oxirane moiety are
promising chemosensitizers for combination
treatment in pancreatic cancer. Med Chem Res.
2025; 35: 105-117.

3) InggESEe, )RR, M BE R, TEK
SLAR, PREPET, IWEAREE, SRR - AR
BRI D 5 EIRFR B L O v U -y
bR A AR R SR R A R RS
2025, 71, 49-51.

4) Ichimaru Y, Kato K, Sogawa K, Egawa D, Kato
H, Katakawa K, Jin W, Kurihara M, Kurosaki
H: Synthesis and anticancer activity of bis(2-

picolyl)amine derivatives with a biaryl moiety



as a photosensitizer. Chemistry. 2025; 7(2): 41.

5) Ichimaru Y, Kato K, Jin W, Kurihara M,
Kurosaki H: Bis[5-(anthracen-9-ylmeth-yl)-
1,5,9-tri-aza-cyclododecan-1-ium]
tetra-chlorido-zincate. [UCrData. 2025; 10(5):
x250356.

6) MM LT, LI, s, fmEE,
Vet e, ZEUER]. & R ETE AR B
(QSAR)IZ X % THC FifxiAkds L O HHC $4
&IED D T A4 RZEE 1(CBYHE T
PeA v aPHl EREAGERESR L
27 MY —H A R.2025; 56(5): 408.

7) R EBLAIFE A B Loy OGS
FEREfb. HRERMERR, 2026, 146(3), 149-155.

8) Mori T, Shibasaki M, Fukuma E, Uzawa N,
Suzuki T. Emesis and constipation induced by
methadone and the active metabolite of
tramadol (M1) in animals, J Appl Toxicol.,
(2026) 46, 551-559.

9) Makabe H, Narita M, Nagumo Y, Fujiwara M,
Hamada Y, Takise J, Yoshizawa T, Sano S,
lizuka S, Asaba E, Suda Y, Mori T, Saitoh T,
Nagase H, Tawfik VL, Yagishita S, Hamada A,

Yonemori, Takayama S, Yoshida M,
Yoshizawa R, Suzuki KGN, Kasai RS,
Kuzumaki N, Satomi E, Narita M, Pain
signaling via sensory neurons drives breast
cancer progression through neuropeptide
release and «-opioid counter-regulation.
Pharmacol Res. (2026), 225,108-113.

10) Matsuda K., Kitanaka N., Hall F.S., Hamana
T., Nakai M., Yuze S., Tomita K., Igarashi K.,
Sato T., Uhl G.R. & Kitanaka J. Pretreatment
with LY2090314, a potent glycogen synthase

inhibitor,

kinase-3 suppresses

methamphetamine-induced stereotyped

behavior but not hyperlocomotion in mice.

Behav Pharmacol (2025) 36(8), 579-587

11) Hamana T., Kitanaka N., Hall F.S., Amagata
K., Matsuda K., Morita C., Nakai M., Niki R.,
Yuze S., Tomita K., Igarashi K., Sato T., Uhl
G.R. & Kitanaka J.: Wortmannin, a potent

phosphatidylinositol ~ 3-kinase  inhibitor,

suppresses methamphetamine-induced

stereotypy and hyperlocomotion in mice.
Behav Pharmacol (2026) 37, 97-106.

12) Goshima Y, Nakamura H, Koga M, Koyama J,
Kimura Y, Vasishth MN, Snyder EY, Asai M,
Sakai K, Masukawa D: Distribution of the I-
DOPA Receptor Gprl43/0A1-Gene in mice
Creates a Unique Mixed Psychosis-Like
Phenotype. Neuropsychopharmacol Rep. 2026

2. TR

1) DEESER, &)1 7-BE, MAFE—RE. Tk
gis, EEP BLgak W= 2=
MHBEZ DA A Nkl b RRL R —
E NS ORREE & xR, B ARSI 146 47
2 2026.3 (KRBRURFRFRTT)

2) MRS, AR B REICI T 2 #IER
W& TS RE DRI BT 24—
T — 2N, 45 BT L3 — VR
TR TFITES 2026.2 (EHMLIATT)

3) MRS, @I T-AR, 86A i : A e
A FRAIDRFED L ERFSBS LY -
Ny DGR, PSR SEAIAR 2 50~
4 —7 A in WHEFERER T 2025.11 (Fh 41
VAT

4) INEESCEA, @)1 7-BB, $5K i« PR
HEREDLLERFLB LYY - vy b
HHFHA. SRR AREE T2 202511
(PR 2= 1 WA T 7)


https://www.jstage.jst.go.jp/article/yakushi/146/3/146_25-00025/_article/-char/ja
https://www.jstage.jst.go.jp/article/yakushi/146/3/146_25-00025/_article/-char/ja

5) bl — Ab IR Aok ER s R4 EOR,
PR H | s PR MR B — RIS WA
EHS, AR PEREAIE. EBRN
ELE 32 EERE L OFIER~O R
GSK3 PHEIEDOZE. 5 18 [0 H AfEFE
WIS 2025.6.20-22 (T-3E)

6) ZAFEARLA, ALPIEA, R, Z4F
B A ERYD IREEA, RHERE, (L
RO & B G & BN | A REA
e RR, dbhfli—. ~ v 2B 4R
#| DOI Hi[a# 5l L > THl &z Shd
FEATENC R 2 KBGO R, 5 99
[ 0 AR 34 2026.3.16-18 (i)

7) ZhpE . ALPIEE, R, A
BUZR . A B, Mg B, R HEREE, L
ENONPANGEE- PN S =g TSN
TtjalbE A A, dEhii— ~ v %
B 5E/L e REEBEGI2L D Straub
DZE RSO M OBm /E k972 PI3K FH.
EIK pictilisib OLHE. 45 99 [A] H AFKH 2
A4 2026.3.16-18  (flIF)

8) MBI, bR, a7, A
BIR R BIRYD . RBEAE, HSKEE, (L
RO & Fr, WEEERES, /IMETHRD, & HEAD
5. hA-EEA AR, PREM, db
HFfli— TaTr A R AT 72— 2A [
FHELB-100 (2 X 2 A FIRE 5 [T 5
OMEl. 99 [H B AR FEH A S
2026.3.16-18 ({lif2)

9) A LRV, ALHES, IR, A
1. SAFERYR. WS, IRERE, L
ROEH, EHMS, H+REEAN, EEL

10

W, dbpfli—. %A ke A L7 7 o %
HEHET S LIk 0BRSS R
ITEN DRI DWW T, 55 99 [A] H ASSKHE =2
A4 2026.3.16-18  (filF)

10) b liEE, FmEda, ZAHRE . =47
BAUS . M BJRYD, SR, ISR,
IWARDE . EHFT, LAREA, ek
K At —. Z)5EAI DOI % ifgefi - L
Te~ U AT GRIHEIR & U TOIREMLZ
gR < FELT HMHICH D, 5 99 [A] H AZE
B ES 2026.3.16-18 (i)

11) derpfli—. AbrpliE&, EERE. St
BEN AR ZAF0E - B EUR,
R VEEAIE. ~ 0 A28 DR
JRIFRILEICE DAY T 28IV
A EE) O PG 55 99 [M] B AKEHE
HNES 2026.3.16-18  (iLA)

12) EHME, FEYE RN R
Ffn, dehfti—, b EE, B, 5
BeHsL, VEREAIE. REEHEIEI hav R
U 7 Bhe 2 [m118 =, 8 A9 B R LPS 12
LD RIEZ T 5. 5 99 [A] A ASHKEL R
AAES 2026.3.16-18  (filif?)

G. FMHIMEED K - B&RDL

FERFEUS, FERBrERBE. T ol
Brlop L



w7 ERBEESBNFENER M &
(BEM - BEFRERELX =27 ) — A = RBURBIEEE)

R ERY DIRE ISR 5 RBIEOFHEMRFE & 3 SHF5E

5 #H O % B EFE

SRS  IORRBEWED~ T R AW
R R BRI DOHEST

MAELSHEE ok B WEERKRY K
WrEt % R MRERRY  EFEH

(e E]

LIFAER 2 FBLT 2 I 2 00 TR LT JEREICHI L TAT< 72dicid, WERE <, fiifE
TR RFHIEDOBRFENEEN D, £, ARFEMOEBRFHME L LT, €&k - it 52
BN D A TIL LRI BIIELE LT e A A RZREBHE US0,488H 15 L 5-HTaane %
FAREENIE DOl ZEH L, ~ 7 A& AW &S T A i L7z, & 512, LR%
BISRIZ L 0B RFE 25| SR T ABEENB I O6ND 7D, v VAT T AEBOR LB Ei
L7z BT AEBORLRBRICBWT ¢ A A FZEBIEEHIKES L O 5-HToane ZHEIEBH
L DEBRFEZRIET D ENTE T, ZRUOOFMETIEEZ WD Z & T, XIRBBIEDOLR
FEBUTLE O BV 23l WD 2 L ATRE & & 2 DD, RNE L, Neuropsychopharmacology
Reports F5I1Z3R LTz,

A. WFZEE R EDRMBNTWD 5-HToa S BIRIEENSR /2 &
FBE W) T PARARERICVER L, BliZER W, ~ 7 AZBWTEIEY K& Head Twitch

L <k, #fil ST L RAEH 2 3Bl 5 K Response (HTR) Z#%%7 5 Z E N L NI E
DEIND, INOEREEWE LTHET TS, £ Y Z B L 2R DEFN R
DITHT=0 | T X 2D AR B 1E oAl % 3T 2 S FR AL TIX LA AR DR
TERICHOWTIT A RER R, M7 I & IRERBET L ENMbN TN D 34-
EAb, ZRIRREG TR E ORI B EN methylenedioxymethamphetamine (MDMA) @
ITHOITWD P, KIFAEHOFALILIEH (2 A FRRIFNE N RN H LT 5-HTon 2B IREB) I
#THDH, INFETICLRIERAEZRETS 2 ® 2,5-dimethoxy-4-iodoamphetamine (DOI) A3

11



At 5 2 & B L - ORAEAEORRE
R E R RREMESH LIS TN D, &S
HIZ, k VA FRREBIETH L)L
B/ U A (salvinorin A) 13 Z)RAVEH & 58
THZEMBIRERYD & L TRl STV,
k AEAA FZEEREEHIEKIL, RMEST 5T
WA PERRBR IZ I T RAVIC BN R A 7R T
e EEHEBICER S, T HES %)
AR 2 S8 BLT 2 $- A 0 IS L C L
WRHTHREI L CIT< i B E A& L |
{58 ~C TR 72 FEATTE O BRSO L) R BLIE & &5
MEDZLBHEEZH LN T I ENREEND,
LIRFEBIETITHE R 2 5] & & Z 9 mIRet
WEZ LN KR TIL, ¢ AEAA K
ZRRVEEEE US0,488H, 5-HTaanc 2 AMAE
3 DOI I L, v~ 7 A& W&o
V5 T EMERABR (conditioned place aversion:
CPA) BLXUH 7 AEBN R U2 e L
77

B. WF9E 51k
ERE « 3 COFTEIEEPEFEBRIZ X, ICR
R~ 2 (Jel, 25-30g, HAZ LT %ff
Uz, B I8 IRT R Ehi SR 2

B2OAREH/TUTo 1,

Y - e ARG LT c A VS
A RZREEFHTH S (+)-U50,488H (trans-
(¥)-3,4-Dichloro-N-methyl-N-[2-(1-pyrrolidinyl)
cyclohexyl]benzeneacetamide hydrochloride)) 33
L 5-HToane ZHEKFEBHETH D 2,5
dimethoxy-4-iodoamphetamine (DOI) % f H L
7o WTNOREY) & AR IR (RIFEEE) (1T
WL TR L7z, (Fig. 1)

12

1. R0 T GRS

SN S T S ATEEMERRBR (CPA) 13, AR
2-2> 73— K A2 K CPP (conditioned place
preference) & A HVVCHEM L7-, ZE@EIT
H (M R) KEds X OEA CEER)
DB 7> O AR S A1, A5 I 0D W (E R 4 7R
At h—Ic KV RE Lz, 7 LT
X, EYREE T T 15 oME&XEME B
HCERIR S, A X O RFERF R 2 I E L
Tt BEOT T AT o T2, SRAFDITIT 3 AL
1 B 2 EZEH L, FRTCAEBEEREAK (10
mL/kg), FHRICFED &G L, ZTNEIRR
%X E~ 30 Sy CiAd 7z, RBRIT day 4.
7 BEO 14 [ZER L., EMIERE T 1S
o3 R4S X IR 2 A IS ERR S, & XE T
OFERZRE LT-, CPA A7 1%,
WG X & ot BR DX I 0D /R IRf R #2720
L7 URBRIFOELZ Z LW THEE L, E
% Wh 5, A A BCE R OfRIE L L
7. (Fig.2)

2. W7 AEBERL B

NI AEBNRELRBRIL, 7y NHSE S
—¥ (27x44x19cm, MExERxEI) ZHN
T A Sem OIS TR E 2B &5z,
T AEPREEIZH N2 K DI B s
LB E B 25 Hoh T 2 Ea¥)5%s
IR L, v U A% 30 B RICERES T,
WG % —VIcv U AR AR 15 BEY
30 k. B ENDBIZ LR, 2/3 PLERE
ENBNNEISISTWVNDLH T AEDK
(number of buried marbles) Z#l%i L 7=, #7 A
EEVE LHBRIE, Ehoatxkb%mE LT
day4.7 B IO 14 ORERFITHRIZT N LT,




(Fig. 2)

2. HEEHENT

TRTCOT— X
(GraphPad) 1T XV fiftr L7z, 1TEN3EH YT
— 2 &, FEEE EAENERGE (mean=S.EM.) &
L CTHFL L. At P A B 22 ORI, Dunnet
0> % F LR E & Tz,

. In stat 3 for Windows

C. WF7ERE R
1. DT G E A PR
U50,488H (0.3, 1, 3LV 3mgkg,s.c) %
AWK %O dayd, 7 BELO 14 128
555 % Fig. 3A-C (2 L7=, US50,488H 1
mg/kg BHHETIL, day4 (1 mgkg; p<0.01,
p<0.05) FBLO day7 (1 mgkg; p<0.05) I
BT, AR BREE & i L TR E e
CPA A7 %R LIZAY, day 14 TIERRH B
7eino Tz, DOI (1 B X3 mgkg, sc.) %=H
WERHEDTHO dayd, 7 BIO14 28
% ft B % Fig. 4A-C 1278 L7-, DOI 3 mg/kg
B H5RECIL, Day4 (3 mgkg ; p<0.01) (ZF
W, AR RS i L CHE R
CPA A2 7 %R LT2M, day 7 8LV 14 Tl
D BRI,

2. BT AEBORE LaER

UmA%H(milxﬁiU3m%@§Q)%
PEREGE L 15 0B L0830 ok 5 8%
Fig. SA |27k L7z, U50488H O T &
B ERECIN T, AP AR AR & Bt L
T, 15531 (0.3, 1, B XL 3mg/kg; p<0.01)
BELU307% (0.3mgkg ; p<0.05, 1 BLW
T ARBOE LR

3mg/kg ; p<0.01) (Z

B @B bni, DOI (03, 1, BLV
3 mg/kg, s.c.) MR GERL 15 B L3041
BT 5E%% Fig. 5B (I L7z, DOI D%
BEGRHCB O T, AR A FRRE & i
LT, 15%% (03mgkg; p<0.05, 1 mgkg ;
p<0.01) BEU30 5% (1 mgkg;p<0.01,
3mg/kg ; p<0.01) IZH T AEBNELEOH
BRI TR Tz, U50,488H (0.3, 1, ¥
L OV 3mglkg, s.c.) REDITREICI T 5, day 4,
7. BEO14 O CPA iRBR 1 FEfIE OFER %
Fig. 6A-C (Z/r L7z, Day 4 (2B T,
U50,488H 1 mg/kg ST HETIE, 30 2% D
F (1 mg/kg ; p<0.05), AEHEHEKKHEE L
HE L CTH T AEBOFR LEOAE RN
b, DOI (1 3L U3 mgkg, s.c.) &
PESITREICEIT 5, day4, 7. BL V14 O CPA
AR 1 FEH#% ORI % Fig. 7A-C IR LT,
Day4 (23T, DOI §ESTHETIE, 154
% (B mgkg;p<0.05 BLO30HHE (1B
LU 3mg/kg ; p<0.05) (T, AP /K G T
LI L TH 7 AEBORR LEOAEZREM
B BTz, & 512 Day7 2BV TH,DOI
MSITRETIX 15 9% (3 mg/kg ; p < 0.05)
ICH BB b,

K A EAA FZFBFEFETHY & Mk
JAEAbHE IR T A rE 2 U A
(salvinorin A) 1%, ZJRAERZHTHZ LD
FREEWE LAl TWD D, x EF A
NSNS B SESIES ISoIbET T3y SiE e iy
(BN T RIICHEN R 2R3 2 L 3 5
TS 29, KIFFEIZENTH, « A4 A



R R RVEENSE US0,488H DI iE#HH12 LY
CPA MR LN, HEENREAT D Z LMk
RENTZ, EBIT, T OHEFIIEMES T
THL—EMEFREL TN ENG,
U50,488H (Z & 2 1 &)~ D 5 808l iy =
< HEFFS D ATREMEDS R STz, F 72, R
#) 72 5-HT2ARRC Z A KIEEIFE TH % DOI
IZBWTH CPA DFEH b7z, DOl T4
HEVEREZRTLE D E L THOLNTEY,
AW TR BT HE RIZOVWT | 5-
HT2A/2C S AARIEMEAIC Y © 158 - G EnHERE
LG LTS ARt B 2 b v, %
IZ DOI TiX., SRS THBHBICDI Y B
BNRPRD SN s, FHm~0%
A3 US0,488H & i L TR Vi<, Fifeh
ThHAREMENRE 2 b, —&IC, B MZE
WCPRIEA & D WXL RN S D 1EH
ThoTh, EREW CIIBETE L L CH#E
BINDIEENRH DL, AFETRO LN
CPA X, ZJHFEELBEIEM) I & D APRIEE <
BN Y O HEVA LA R LT 5 AT
PENREZ 2 BTz, D=, CPA I[XLIRIEHL
B OIE B B A LM T 5 LA AT
BEIE & R D ATREMES RIB Sz, S BITA
BFZE Clk, « A v A4 A4 FZRKRER K
U50,488H (0.3-3 mglkg) DAt 52 XY
T AEBORELITEOZENRD S, 1F
B & D VNTFRAIE A~ D B R ST,
Z DAL, US0,488H & « A A A REZE
RIS PEARIZ P 5 LIFEARVE B AR B & B
LTCWDAREMENE Z bz, S 6T, 3 HIH
DEESTHET 24 W% Th 5 day 4 128
WTh, U50,488H 1 mg/kg & 57 CRIEED A

14

IERBO LNz, DT L b BRI SC
P89 BRERLIE S 2 \WIXKIRARE A IS BEE L 7=
BV L2 RifE LT 2 aTERIE A R Sz,
—J7C, AR CIXZEA IS B b
RO B, WBEOWE TR B HEEHEROM
HGLb—HTHAREERB X b, £,

DOI (0.3-3mg/kg) DR GIZENTYH, [H
FRICH 7 A BB R ULITEIOZ RO B
oo RIFZETRD HNTZE(IZHONT S, 5-
HToazc SZRIRIEMEALICRE 5 58 - FRAFERE ~
DN L TWD RN E 2 bilTe,

SHIT, 3 HHEDORMESTHT 24 WFEE D
day 4 1251725 DOI1 BX O 3 mgkyg #5
B, 72 5 ONT Day7 @ DOI3mglkg #% 58
BOWTHREBROZENRRD L, ZhbHD
FEAR S DOl T & 2 EE) i~ F 8 TR A4
B 514550 B R+ 5 rTREPEAS RIS S 7z,

FFlZ DOl 128\ Clid, U50,488H & b LC
LY EMEZ IR N LD, 5
HToaoe ZBMRZN LT21EE) - B2 ki
L08R FRfE T 5 AIRRENE 2 Dtz A
JECHW= A7 AEBOR LkBRIL, —f&IiC
RERRATE M AR TEY 2 FF I3 5 72 D DT
BB L LML TWD, L L2as
O AL TIE, LR FE BB E Y B 5141

HL 7 FLASZE VR OO 0 C LB R 7 1 TBh 28
EAFRD LT, 23D O bIE, LIRARIEA
ZOLDOEEHERRL TWDH DI TIERN D
DO, LIFEFBUMED EBR B 5 VIEERAR
ZoAb % RIHERIIC SO U TN 5 ATREMEDN B 2. &
Nz, £, ABFGEZ L— 7 Tld, LIREEVER
DEBEIFEME & LT HTR TR OREE L

H#DTEY, DOl #F% HTR 12 5-HTa &



EPEIETHLZ L 2R L TS, HTR (X
ZIRERVER & OB MR E O & L TIA<
ANHNTWD R, RIFRTHWT T A%
BWELHABRTIL, HTR &38R 25 /m, &
22O B LTEIRBU O BB RO E R &
FHICE D AREMENZ 2 bilc, ZDT2H | R
RBRIT HTR 24527 2178EHIE S L TR
o 5 TREMEA R STz, S HIT, &5
FRRICHITEVZEDFBO D=2 &b, K
AR RIIBMEFBER O AR 63 ks
RRERIZ LK S B LA ORI D
THaHi CE DN ZE X bD, —FH T,
ARBPUTL AR 2 B ERLT 5 b O T
70 < AEE - AR b A M L 72 TIRAUERIE T
HLWRMELEZEZ HbIVD, TDH, HTR, 3
W RaER, ERAATENBIZ, IS EhARAT 72
L M DOFHI R & A A D TG BT A
HETHDLEHZZ DL,

E.

CPA BLXUOHT 7 A EBOEE LEBREZ AW
TATEV AL OFFIE, L0 R B - X
% S BOAE B B A 18 7> O L2 SR AT
TELHREMEDR &V | FREEMEHEIZ BT 5
BREHEED —2 L LTHATH D Z &3
RIS, — T, EOZEPEICTONTIL,
S B 70 % PP RRGEE RS K O Aa1E & O FLlik
BB LETHD LB LN, RNAEIL,
Neuropsychopharmacology Reports HE1Z CTIF
Y L,

F. 2% 30k
1) Brito-da-Costa AM, Dias-da-Silva D, Gomes

15

NGM, Dinis-Oliveira RJ, Madureira-Carvalho
A.: Pharmaco- kinetics and pharmacodynamics
of salvinorin A and salvia divinorum: clinical
and forensic aspects. Pharmaceuticals 14(2),
116, 2021.

2) Jay PM, Benjamin BL, Shuang L, John
EP.: Charles ChavkinPrior activation of kappa
opioid receptors by U50,488 mimics repeated
forced swim stress to potentiate cocaine place
preference conditioning.
Neuropsychopharmacology 31(4 ),787-794,
2006.

3) Ehrich JM, Messinger DI, Knakal CR, Kuhar JR,
Schattauer SS, Bruchas MR, Zweifel LS,
Kieffer BL, Phillips PE, Chavkin C.: Kappa
opioid receptor-induced aversion requires p38
MAPK activation in VTA dopamine neurons. J
Neurosci. 35(37), 12917-12931, 2015.

4) Kato H, Ichimaru Y, Kurihara M, Sogawa K,
Funada M, Suzuki T: Possible involvement of
hallucinogenic effects in the aversive effects
induced by kappa-opioid and 5-HTzanc
receptor mice.

Neuropsychopharmacol Rep. 45(4): e¢70075,

2025.

agonists in

G. WFFEREE
1. G SCHERR
1) Kato H, Ichimaru Y, Kurihara M, Sogawa K,
Funada M, Suzuki T: Possible involvement of
hallucinogenic effects in the aversive effects

induced by kappa-opioid and 5-HTzanc

receptor agonists in mice.
Neuropsychopharmacol Rep. 2025; 45(4):
e70075.

2) Sogawa K, Kato K, Sano M, Nakayoshi T.
Yoshioka H. Kato H. Oda A. Funada M.



Ssuzuki T. Kurihara M. Ichimaru Y: Indirubin
derivatives bearing an oxirane moiety are
promising chemosensitizers for combination
treatment in pancreatic cancer. Med Chem Res.
2025; 35: 105-117.

3) InpgESER, )RS, AEABE— BB, JEK
BLS, PREPET, INEAEE, SRR - BRI
HEREHDLLEFRFESKIB IR Y - Ny b
TR, AR AR A HERE 2025,
71, 49-51.

4) Mori T, Shibasaki M, Fukuma E, Uzawa N,
Suzuki T. Emesis and constipation induced by
methadone and the active metabolite of
tramadol (M1) in animals, J Appl Toxicol.,
(2026) 46, 551-559.

2. FRFEE

1) NEESEEA, &)1 F7-BB, HIASEE—AR, TEK
LIS SIS < S AN 7 7 NI B S e %
INHBZDAEAA Rt L BT 4A—
EINAA DR &, B AR 146 4
2 2026.3 (KB KB )

2) MEEREEA, gk fh : REICE T D EKIEIR
L& ITEERE D ERMER IR 2 4 — 7
T— 2. B 45 BTV a— VIEFAY)
LRGSR S 2026.2 (BRI AT

3) MEESEEA, EIFFER, $aR  fih : A A
A REFID D L ERFESIS LYY -
Ny MEEBIRRA. PR R EAI R i~
4 —7 A in WHRFEHE KT 2025.11 (FRZ=) 1]
PRI )

4) NEERERA, @I FRR, BaAR B : BRI

FENPEDLERFIB IO YD -~y b

16

HEFAA. )RR RS 2025.11
(F 241 IR AR )

H. 5H9 EERED A « BRIk
FRFEUS, FERFEEE, Zofth
Brlz7a L



(A) (B)

8]
CH N ek
il M. L. HCI | cH, Cl
g|m U (relative) D“CH;.,
U50,488H DO1

Fig. 1 Chemical structures of U50,488H and DOI. We synthesized the k- opioid receptor agonist U50,488H
(A) and the 5-HT2A/2C receptoragonist DOI (B) and administered them to mice, respectively.
(Neuropsychopharmacology Reports 45: €70075, 2025)
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(A) CPA test

Conditioning session Test session
Pre-test Post-test Post-test Post-test
(Day-1) | D™! Day2 | Dayd | 'y vs > Day 7 > Day 14
4., Pre- or Post-test
(Black baox) Black box White box
P
(White bex) Drug Dirug Drug
Haole
4.1 R . s
(White box) Vehicle Vehicle Yehicle
p.m. Smsoth Moor Textured Moor
{Black box) E— : Mouse
After CPA test session
(B) Marble-burying test ih l (Days 4, 7and 19)
Acute

Drug or vehicle
administration

ciles
edles

@ : Marble

Fig. 2 Schedule of conditioned place aversion (CPA) and marble-burying tests. In the present study, the
CPA and marble-burying tests wereperformed with U50,488H and DOI to establish a method for evaluating
substances with hallucinogenic effects. U50,488H and DOI were adminis-tered acutely or once daily for 3
days. CPA tests were performed on Days 4, 7, and 14 (A). The marble-burying test was performed after a
single ad-ministration, and also on Days 4, 7, and 14 after the CPA test (B). (Neuropsychopharmacology
Reports 45: €70075, 2025)
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Fig. 3 U50,488H-induced place aversion in mice. Conditionedplace aversion (CPA) tests were performed
by administering U50,488H(0.3, 1, 3 mg/kg, s.c.) or saline to mice twice daily for 3 days, in themorning and
afternoon. CPA scores for the test sessions were measuredfor 900 s each on Days 4, 7, and 14. CPA scores
(s) for the time spent ineach black or white box were calculated from the difference betweenthe
postconditioning and preconditioning test scores. Each column rep-resents the mean scores with S.E.M. of
eight to ten animals. *p < 0.05,**p < 0.01, versus saline control (Dunnett's multiple comparison test;daily

analysis). #p < 0.05 versus saline control (Dunnett's multiple com-parison test; multiple-day analysis).

(Neuropsychopharmacology Reports 45: €70075, 2025)
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Fig. 4 DOI-induced place aversion in mice. Conditioned placeaversion (CPA) tests were performed by
administering DOI (1 and 3 mg/kg, s.c.) or saline to mice twice daily for 3 days, in the morning and af-
ternoon. CPA scores for the test sessions were measured for 900 s eachon Days 4, 7, and 14. CPA scores (s)
for the time spent in each blackor white box were calculated from the difference between the postcon-
ditioning and preconditioning test scores. Each column represents themean scores with S.E.M. of ten to

twelve animals. *p < 0.05, versus sa-line control (Dunnett's multiple comparison test; daily analysis).
p p p y y

(Neuropsychopharmacology Reports 45: €70075, 2025)
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Fig. 5 Marble-burying behavior after acute administrationof U50,488H and DOI. Acute administration of
U-50488 H (0.3, 1, and3 mg/kg, s.c.) (A) and DOI (0.3, 1, and 3 mg/kg, s.c.) (B) was evaluat-ed by marble-
burying test in mice. The number of marbles buried 15and 30 min after administration of U-50488H and DOI
were counted. Twenty-five marbles were placed in the field. Each column representsthe mean counts with
S.E.M. of nine (A) and 14 to 16 (B) animals.*p < 0.05, **p < 0.01, versus saline control (Dunnett's multiple
compari-son test; daily analysis). (Neuropsychopharmacology Reports 45: €70075, 2025)
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Fig. 6 Marble-burying behavior in U50,488H- conditionedmice. Marble-burying tests were performed 1 h
after the CPA post-conditioning test in the U-50488H (0.3, 1, and 3 mg/kg, s.c.) or saline-conditioning groups
in mice on Days 4 (A), 7 (B), and 14 (C). The numberof buried marbles at 15 and 30 min were counted.
Twenty-five marbleswere placed in the field. Each column represents the mean counts withS.E.M. of eight
to ten animals. *p < 0.05, versus saline control (Dunnett'smultiple comparison test; daily analysis).

(Neuropsychopharmacology Reports 45: €70075, 2025)
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Fig. 7 Marble-burying behavior in DOI-conditioned mice.Marble-burying tests were performed 1 h after
the CPA test session inthe DOI (1 and 3 mg/kg, s.c.) or saline- conditioning groups in mice onDays 4 (A), 7
(B), and 14 (C). The number of buried marbles at 15 and30 min were counted. Twenty-five marbles were
placed in the field.Each column represents the mean counts with S.E.M. of 10 and 12 an-imals. *p < 0.05,
versus saline control (Dunnett's multiple comparisontest; daily analysis). (Neuropsychopharmacology

Reports 45: €70075, 2025)
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Figure 1. Effects of phenylpiperazine derivatives on locomotor activity in ICR mice.

Locomotor activity was recorded for 120 min following subcutaneous administration of the following compounds:
1-phenylpiperazine (PP, 3.0-30 mg/kg) (A), 1-(4-fluorophenyl)piperazine (4-FPP, 0.3-30 mg/kg) (B), 1-(4-
chlorophenyl)piperazine (4-CPP,1.25-25 mg/kg) (C), 1-(4-bromophenyl)piperazine (4-BPP,3.0-30 mg/kg) (D),
1-(m-tolyl)piperazine (4-TPP, 3.0-30 mg/kg) (E), as described in the Materials and Methods section. Each point
represents the mean locomotor counts + S.E.M. (n = 6). Statistical analysis was performed using two-way ANOVA
followed by Bonferroni’s post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001 vs. saline (SAL).
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Figure 2. Substitution tests with phenylpiperazine derivatives for the discriminative

MDMA in rats.

Substitution tests were conducted using the following compounds: 1-phenylpiperazine (PP, 0.1-1.0 mg/kg, s.c.)
(A), 1-(4-fluorophenyl)piperazine (4-FPP, 0.3-3.0 mg/kg, s.c.) (B), 1-(4-chlorophenyl)piperazine (4-CPP, 0.1-1.0
mg/kg, s.c.) (C), 1-(4-bromophenyl)piperazine (4-BPP, 0.1-1.0 mg/kg, s.c.) (D), 1-(p-tolyl)piperazine (4-TPP0.1-
1.0 mg/kg, s.c.) (E). Rats had been trained to discriminate 2.0 mg/kg MDMA from saline. Each point represents

the mean percentage of MDMA-appropriate responding (upper panels) and the mean response rate (lower panels)

+S.E.M. (n=5-8).
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Zigkth, DAPI # HH CTaRd, A7 —/ L 38— : 100 um, (B) ZMAFFFEEZ (LSN) B XL (C) M4

(NAc) 28T D c-Fos BtEifiaskoiE & (BHE n=3), 7 — X I FEEESEM TRd, #ia T IE
UL E S TR DL BRI L VAT o 72, *P<0.05, ns: HEAER L,
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Fig. 2. Ketamine 35 & O PF-2545920 A3iSHRTR'EZ351F 5 c-Fos FEBLIZ BT T 52

(A) ZAHE Atk (Saline). ketamine, PF-2545920, ¥ 7-(% PF-2545920 Rij# 514 ketamine %5-12

K 2 ATEHATEE (PFC) (2317 % c-Fos % Yettff o MBI, c-Fos MtEABILZ ik, DAPI % &4

TRT, A7 —/L3—: 100 um, (B)PFC |23} 5 c-Fos BatEflatio e (%58 n=3), 7—%

IFFAEESEM C/Rd, SERHIRAT X Znil i 0 BT % O L B EERIZ L VAT o 72, **P <0.01, ns:
BEERL,
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Fig. 3. Ketamine 35 JX 0" PF-2545920 2N HINALKEZ (DEn) (236517 % c-Fos FEBLIT KT 3 5%

(A) AHE Atk (Saline), ketamine, PF-2545920, % 7-(% PF-2545920 Rij# 5% D ketamine #%¢5-12
& % DEn (2315 % c-Fos fuf ettt o #RIBI, c-Fos BEMIE 2 k., DAPI 2 &H A TRy, AT
—/L3—: 100 um, (B) DEn IZ31F % c-Fos il O E & (KHE n=3), 7 — X X FE£SEM
TaRY, WRHENTIE ooEE BT R DL BRI L ViTo 72, ns: AEERL,
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