S 4 EEEEFBREAREMHDE
(BER  -EEERELXAS M) YA IO ABEMRESEE)
BRR Sy LR ER MDA EERHMAEEL AEREINEICE 3 AR (21KC1003)
AR RESE

PRAEXA FMESYOHRIER LA EA M FRBKIERDOREEN

AR E  MEBIEE (HBEERKFE RFEH REBEFHER)
MR AHE - El— (Eifke - aRERNE L 2 —FaRENR MR EMREER)

(e E]

[(#E ] fab N 7 > 2 NN-diethyl-5-nitro-2-[(4-propoxyphenyl)methyl]-1H-benzimidazole-1-
ethanamine: propoxynitazene (Protonitazene), 2-[(4-ethoxyphenyl)methyl]-N,N-diethyl-1H-benzimidazole-
1-ethanamine: etodesnitazene (Etazene), 2-[(4-ethoxyphenyl)methyl]-5-nitro-1-(2-pyrrolidin-1-ylethyl)-1H-
benzimidazole: N-pyrrolidino etonitazene (Etonitazepyne)3s &2 O 1-{2-methyl-4-[(2E)-3-phenylprop-2-en-
1-yl}butan-1-one (2-Methyl-AP-237)IZ O\ T, A E A4 A RZFEVER O, EEEIEIC K9 5%
BB L ORMKAAEIZ DWW TR LT, 1) AEA A FRBEARER | CHO-p Z AR BLML 2 F
HILC. protonitazene, etazene, etonitazepyne I3 &N 2-methyl-AP-237 DA &4 A NEKIEH %
fi# T L7z, Protonitazene, etazene, etonitazepyne I3 N 2-methyl-AP-237 OUSIIC LV | RIEMKLT
HIZRHEOEFEE MR STz, ZOERIE, p AT (B-FNA) ORTLEIZ X 0 242
S 7z, Protonitazene, etazene, etonitazepyne 33 U8 2-methyl-AP-237 |3 p 2K %40 L CHEELE
HARBET D EEZBD, 2) TEIfRMT : protonitazene, etazene, etonitazepyne 33 X UF 2-methyl-
AP-237 |Z X A IEENEVEICRT % 28 % f 5t L7-, Protonitazene, etazene, etonitazepyne 33 L TN 2-
methyl-AP-237 O 52 L0 | EHEMEEERAREL L7, T OEIT, A 841 RZEERASH
3 TH % naloxone HIALIEIZ J > THEICHIH S417-, Protonitazene, etazene, etonitazepyne 335 &
O\ 2-methyl-AP-237 OEBNMEEIERIL, 4841 FZREEZN L TRITIEHTH D 2 & 23
LTI o7, 3) BRI FHE : I DORSHMKAFIZAREIX, ~ 7 A ZfH L conditioned place
preference (CPP){£(Z & U #Ffli L 72, Protonitazene, etazene, etonitazepyne 3 & OF 2-methyl-AP-237 @
ST (1 B 1El6 AL 3:389), 3 1) 21772 & Z A, protonitazene, etazene, etonitazepyne
F L 2-methyl-AP-237 |2 TENEIVA E 72 CPP OIEBLH RS S #1172, Protonitazene, etazene,
etonitazepyne 33 U 2-methyl-AP-237 D FAAHIFIZ Lo THIMI RO BB MR I N2 &0 D,

FEFMKAEIERRE 2 A3 D faBRMEA R S HuTz,

ABFFEIZ LV | protonitazene, etazene, etonitazepyne 3 & U8 2-methyl-AP-237 (L5 /] 73 X Bl e
TEH & MR FIERGBE R B3 5 2 L S 578272 o 72, Protonitazene, etazene, etonitazepyne 35 &
O\ 2-methyl-AP-237 @ HHXBLEE 1EFH O R B ONTRAAMETFIZARICIX, A 844 R p SREER R
BA5- L CWD AMREMEDS IR ST, AR DIRT D, A B4 A NMEEMIZ K 2 kB EH 3
L ORGHMRAFE DB 1L, A N p ZERIERRE LMET 2 Z RGN T,
L7223 5 T, CHO-p AR K DREREREAT 0 & . A B4 A RLEW D Fx B /E ORI A= 72
EDFEMER A HER T & 5 alREMED R S 7z,
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A. HIRE/
NOAUEIRD ET LA T A RRED D
SLAEEERUC X172 L, HE MR
EERIFT D, T, T BT = A
= VERILE Y & ITEEN B2 DA A
A &Y OFENIER L TR Y, SLHICHES

SHERHCE IR E RALRRE E 72> T D 349,

LU b, AR RT v 7L LTt L T
HHHA A A REEMITHONTIE, £ D3RR
TERRHEZEERICOW T, AR ERZ,

A #F 92 T IX protonitazene .
etonitazepyne 35 L TN 2-methyl-AP-237 DIEFLE
HORFME R O X E I 2 eI+ 2 BT, 1)
FEAA RZRMEM, 2) EEEEICHT 5
W 3) W RICOWTRET ZIT o 72,

AWFFETIE, FEFA NMEEmoO1TEI3EE Y
HIRHE EER R CTh DA A A N p /RIS
T HERIZOWTRRET L, {TEESEER AR E D
FELE A EAA N p K ERIEH & OBEMEIC S
WTHRT LT, 72, ARUFEN LG LN 58
FBR &I £k D R D DT — & ORARME
TS 2 LT fER R T v AR AR
TP RREDZ LI ONTHEZE LT,

etazene .

B. BiRAGE

BN - 4~ T OATENHRER SRR I ICR %
Mt~ 2 (Jel, 25-30g, AAZ L) ZfiH]
L7z,

{5 FH 3 ¥ . Protonitazene . etazene .
etonitazepyne 35 L TN 2-methyl-AP-237 Z{HiH L
72 (Fig.1),

BIRA p AT A FBEEREHHEE)4-
[[5a,6B)-17-Cyclopropylmethyl)-4,5-epoxy-3,14-
dihydroxymorphinan-6-yl]Jamino]-4-o0xo-2-
butenoicacid methyl ester hydrochloride (B-FNA,
Tocris Bioscience), A B A A R FKHEHrE
naloxone (Sigma) & i/ L 72,

. BiA EAA MEEY DA EA A REZHEE
1A
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Chinese Hamster Ovary (CHO)T ¥ A =— &/~
LAAZ—PIEMIfEIZ B b-A A A K p K
BRI UAT =T v a L, BRELEMERE
CHO-u Mifa & fir L=, ZofiiazfEH LT,
MR T2 Lo D B EZIE LTz, 96 X7 T »
7 7L — b (Greiner)iZ 5X10*cells/well & 722
FKOITHEREL ., 37C  5.0%CO, S FThEE L
2o 24 W%, Fluo-4 2 1 WRefHER D IA F, Bt
WA A A NME& W) protonitazene, etazene,
etonitazepyne 35 S TN 2-methyl-AP-237 #sHNiZ &
%W D2 b % | Flexstation II (2 X 0 JIE
L7z, 7 —Z I8t (Relative Fluorescence
Units, RFU) & L CTHEMT L 7=,

2. FBA EAA MEEWIZ L L EETEME~D

Bz
s

Protonitazene, etazene, etonitazepyne 33 J U8 2-
methyl-AP-237 |2 & 0 #%8 S 2 E@BEMEL A
EEE = EHEE (ACTIMO-100, /A 4 U 4
—F & —th) FRCTHE L, 3 FFEO
BRELHEIC R . FME G5 120 23725 T
EE)E 2 E L,

F 72, Protonitazene, etazene, etonitazepyne 3
L 2-methyl-AP-237 |2 & V) #% S HITENZE
{EIZ 2 A A4 A R4S HT3E naloxone Hil
WLiE Y E-D 30 R G ONRERET L
7o

3. HHIA B A A MMEEW ORI AT
FERMEAFIE A ORI IZ 1%, conditioned place
preference (CPP) %% H\ 7=, HE 2 Xi#D CPP
4i# (ENS-CPP, Neuroscience £1) % FVWC, 1 H
2 1 [EIEMEATHT 2 6 BREICHT-» TiTo 72, ¥
H(Z Protonitazene, etazene, etonitazepyne I3
O 2-methyl-AP-237 F 72 13RMECTH 5 AFAE
i (SAL)Z %5 L. 30 Z2[FEESE NI CiA o7,
BRI Y LRI TH D SAL OfAGDE%E
ANz, Hb L<IE SAL #8451, 30 43
E2EENICPA CiA 7= (Table 1),

7 HEETA MYy ar LT, EhB kL
O L B IR G715 3o AXER L O
BRI O WA ERFE 2 HIE L7z,




Table 1. EYHRMATT A= —1

DAY 1 2 3145 ]|6 |7

O

Hor & (Fil) | © ©l0|O©|0O|T

Hor & (F#%) | O Ol|O0|O]|T

©

©: ., OB, T: 7 A G, WL
(ZALE )

4. HeEHEMT

2 TOT —H %, Prism 7 for Mac OS X (Z X
0 fENT LTz, ATENSEIR AT — & 35 L ONHIARLC
& B EHTT — 21X — o Bl iE 53 1805 AT (one-way
ANOVA)Z AT\, RA Ry 7T A RELT
Dunnett’s multiple comparison test {Z J2 ¥ Lbi U7=,

C. BIERHER

L BA A A MEEMOA A A RZERE
1EH

CHO-pn #fifa 2 FI)H L T, protonitazene, etazene,
etonitazepyne 33 & O 2-methyl-AP-237 @ p =25
RYEM 2 f# 4T L7, CHO-p #lfZIZH VT
protonitazene, etazene, etonitazepyne F3 LT 2-
methyl-AP-237 OFPKIZ LV A E 2RO
SN A3 fife 38 S 4L 72, Protonitazene , etazene .
etonitazepyne I3 X T 2-methyl-AP-237 @ ECs I &
ENEITOXI0MM, 9.9X1012 M, 6.8X1013
M BLO46X108M Th 7= (Fig2A),
Protonitazene (0.01 pM) . etazene (0.01 pM) .
etonitazepyne (0.01 uM) 35 KUY 2-methyl-AP-237
(0.1 uM) T X DHOEHREE OBENER L, B
p A A A RZEREEHEE B-FNA (25 uM) D
LB K0 sEaI gl S vt (Fig2B).
Protonitazene, etazene, etonitazepyne ¥ KT8 2-
methyl-AP-237 (34 A4 A N u ZFAEEN LT
IR A3 2 LR LN 0T,

2. A EAA MUY OHEEEVE~D
Protonitazene (0.1 mg/kg). etazene(l mg/kg).
etonitazepyne(0.04 mg/kg) 3 K TV 2-methyl-AP-
237(20 mg/kg) DIEIAENEE 512 & o T, EEELE
TERIEELL, TIXBUEIER 26925 2 & 25
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ST/ o 7= (Fig. 3), N HOhFIF, A4
A RZFAEEEGTHETH % naloxone (3 mg/kg) DRI
RLIELZ 10 P S Au7- (Fig. 4).

3. BBIA EAA MUY OISR LR

~ 7 A% L conditioned place preference
(CPP) {EIZ & 2 Kt RAFPE DRI 24T > 72,
Protonitazene (0.1 mg/kg, i.p.). Etazene (1 mg/kg,
i.p.). Etonitazepyne (0.01 mg/kg, i.p.)¥ L O 2-
Methyl-AP-237 (20 mg/kg, i.p.)DSMATHITIZ L -
T CPP DFEHL, T 72D LN R DO FEH TR
Sz (Table 1),

D. &

A ME 78 TIE
etonitazepyne 35 KX TN 2-methyl-AP-237 DA A4
A AR, FRAEH, AT B 7
L i i 24T o 7,

AR CIX, AEAA R u /s 7
A7z ar L, FBULEMAE CHO-p #f
felZR6Ir U, BRBRSEROMEAT IR U, JOR%
fTO MK HIZ X W | protonitazene . etazene .
etonitazepyne 35 X U8 2-methyl-AP-237 (%, A4 &4
A N uZHERIEHETH L Z L 2fEd L,

IRIZ., protonitazene, etazene, etonitazepyne 33
L 2-methyl-AP-237 DFTENFEERFReME % fifbT
L7z, Protonitazene, etazene, etonitazepyne 33 X
O 2-methyl-AP-237 OFEAZ LV | EENEHENE
APFE L, TIRIERZA T2 Z LB BN
Ipolz, TOMBIE, AEAFA REZREREHEE
naloxone |2 K> THiflEn 2T &b,
protonitazene, etazene, etonitazepyne F3 TN 2-
methyl-AP-237 O PHAEHNIL A EA A RZAE
I UCHELT 5 2 & SR S 7z,

Protonitazene, etazene, etonitazepyne 33 J OF 2-
methyl-AP-237 DREHKAFIZAEEIZEE L Tl
conditioned place preference (CPP){%(Z & V) FFAf
L 7z, Protonitazene, etazene, etonitazepyne 33 X
O 2-methyl-AP-237 OEMEFIFICEY . HER
IR DO REL MRS STz, L7ehi» T,

protonitazene, etazene, etonitazepyne F3 L TN 2-

protonitazene . etazene .



methyl-AP-237 (IHFHKIFIEREEL AT 52 &
ANV Wi
RIS L 2R AE I i ds K OV
B /EH O FBUIT D8R R8I AR
ROMENTRENTWS, BIEETIZ, 7=
VHE DTS A R p /RIS L, I
BIZBEWT RN VRO A5 & 2
TZERMESINTND O, Z 5 LIz HE#)
FEPEIZEE DWW T, MIAEBZIZ I T RN 2 il
EOWMMARBL L7 Z & ¢, PIREEERR X
OB R RB LI2bD B2 DD,
INETOHRETIL, A=A M7 U 72BN
T etazene DT X - TRERINH & KILEIC
ED2EBHEEPMEEINLTWD ¥, Fio,
Etonitazepyne |£, 7 = ¥ =L/ E R LD
bR 72 W BRI o7 A=A MEEZ A
LTEY, KESHFZ 7 ECHREH LA S
LTS %19 2-Methyl-AP-237 IZ2WThH, p
ZRBICHTEHT T =2 MEERFRD b,
2020 4 2 H72v b 2021 4 4 A ORI T 4 FDFET
FHDRESNTWD D, KIF7ERERIZIBNT
%, protonitazene, etazene, etonitazepyne 3 SN
2-methyl-AP-237 [L58 /) 72 HAXAEH & RS A7
KRR Z 95 Z Lovn, ZOREHADIERIZIE
FRCEEZET D LEZEZ DN,
AWFFRDMMT N . A EHA MLz L D
HHAX B 1 H 6 L OSSR A2 D R BBR L 1
FEAA N p S ERRE S FEBT 5 Z &8
B SN~ T2, L7z23> T, CHO-p MIfRIZ &
DSREFRATING | A A A REEY O rhix Sl
VEFSOR A F M 7 E OB EMER 2 HEHl T &
L EDTRRE NI, AWFEOITENRITRS L O
SR — 2 X2 — B RTHZ LT A
EA A MG OUTERENAIETH D L&
zHivd,
AW CHERR SN T-BM IR e A &A1 R
AP BAINGIZ K DBEREMITIA I, R G HI7R
BEERGG A7 58 LT, fHiotuE Lo

TEOICARARFETHLEEZAOND, EHIT,

FEFA FMEAEWIZEBT 20 ET AT
HA LM FiETH L LS h D,
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E. #5&

W N U0y A Y YN i I N (e 7 T
X B ] 6 L OSSR A D FE BB EE 13
FEAA N p B AERRE S FERT 5 2 &8
B &M o T2, LA > T, CHO-p fifIC &
DESRERRATING | A B A A RLAW O X s
TERSORAR AR 72 E OB FEEH el T =
DT EDNTRBRE NI, AWFEOITENENTR L O
IR — 2 R — BYERTHZ LT A
A A MEAWOUEIEEN AR TH DL & FH
Zbid,
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Protonitazene Etazene

Etonitazepyne 2-Methyl-AP-237

Fig. 1. CE¥ DAL )
Chemical structures of protonitazene, etazene, etonitazepyne or 2-Methyl-AP-237.
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Fig. 2. Effect of treatment with Protonitazene, Etazene, Etonitazepyne or 2-methyl-AP-237 on calcium signal

in cloned human p opioid receptors expressed CHO cells. (A) Changes in intracellular Ca®" levels were

detected as changes in fluorescence in the Flexstation II. Each plot represents the mean with S.E.M. of

three indepent experiments. The effective concentration 50% (ECso) values calculated using GraphPad
Prism (GraphPad Software, Inc., La Jolla, CA). (B) Effect of pretreatment with p opioid receptor

antagonist B-funaltrexamine (B-FNA) on protonitazene, etazene, etonitazepyne or 2-methyl-AP-237-

induced elevation of intracellular Ca?* levels in CHO-p cells. Changes in intracellular Ca®* levels were

detected as changes in fluorescence in the Flexstation II. Each columun represents the mean with S.E.M.

of three indepent experiments. Results were expressed in relative fluorescence units (RFU). **p<0.01

vs. control. ##p<0.01 vs. protonitazene-treated groups, etazene-treated groups, etonitazepyne-treated

groups or 2-methyl-AP-237-treated groups.
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Fig. 3. Effect of acute treatment with protonitazene on the locomotor activity in mice. Total locomotor activity
changes after acute administration of protonitazene (Pro, 0.1 mg/kg), Etazene (Eta, 1 mg/kg),
Etonitazepyne (Eto, 0.04 mg/kg) or 2-Methyl-AP-237 (237, 20 mg/kg)-treated in mice. Each column
represents the mean total locomotor activity counts with S.E.M. for 120 min (n=16). Dunnet’s posttest was

also applied on each graph. **p<0.01 vs. SAL-treated group.
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Fig. 4. Role of opioid receptor on the synthetic opioid-induced hyperlocomotion in mice. Effect of pretreatment
with the opioid receptor antagonist naloxone (NLX, 3 mg/kg, pre 30 min) on the acute administration of
protonitazene (0.1 mg/kg), Etazene (1 mg/kg), Etonitazepyne (0.04 mg/kg) or 2-Methyl-AP-237 (20
mg/kg)-induced hyperlocomotion were examined. Each column represents the mean total locomotor
activity counts with S.E.M. for 10 min (n=16). Dunnet’s posttest was also applied on each graph. **p<0.01
vs. SAL-treated group. ##p<0.01 vs. opioid-treated group.
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Table 1

Effects of the synthetic opioids on place conditioning in mice.

CPP score
Dunnett's multiple comparisons test SAL Protonitazene (0.1) | Etodesnitazene (1) | Etonitazepyne (0.01) | 2-Methtl-AP-237 (20)
Mean 7.32 104.4 59.7 94.82 71.27
SEM +10.79 +14.56 +13.12 +13.02 +21.73
p value summary (vs SAL) p<0.01 p<0.05 p<0.01 p<0.05

Effects of new psychoactive substances on place conditioning in mice. Place conditioning produced by
Protonitazene (0.1 mg/kg), Etazene (1 mg/kg), Etonitazepyne (0.04 mg/kg) or 2-Methyl-AP-237 (20 mg/kg).

Conditioning sessions (3 for drug; 3 for saline) were conducted. On day 7, test of conditioning was

performed. Conditioning scores (CPP score) represent the time spent in the drug-paired place minus the time

spent in the saline-paired place. Each column represents the mean with S.E.M. of 12 animals. p<0.05, p<0.01

vs. saline (SAL)-treated group.
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