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AL TIL, fGfR R Z » 7 CTd % 2-[(4-butoxyphenyl)methyl]-N,N-diethyl-5-nitro-1H-benzimidazole
-1-ethanamine (butonitazene)lZ-DVNT, A A A RSN OfEMT, EENEIEII ST 5 228,k
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LU G, BRRNZy 7 & LBl Ty
HHFHA A A MEEMIZHOW T, £ DOFH
VERSCH EERICOW T, RIHZRENEL,

AWFFETIL butonitazene DFEELFHYREA:TS X
OHHAEHZWfEICT 2 HIT, 1) AEA4A
RZRARER, 2) EENEIEIC R 25228 3)
HWE, BLO4) HfEEIC YW TR %
1To72,

B. %A%
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U7z, AEMWRERIL, ENZAFEREIE N E A
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METZEBRIC X VKR SN B ERET i E
W2t > T L7z (KFEEE 5 2021001R4),

fiE 3K © Butonitazene Z i/ L 7= (Fig.1),

BIRW p AT A FZERE U (E)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 Rz FKHEHrE
naloxone (Sigma-Aldrich), F/X3X o D1 S5 R4,
PU3E SCH23390 (Sigma-Aldrich), K733 > D2 %%
FARFE T3 raclopride (Sigma-Aldrich) & ff H L 7=,
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AR 7 v DREEZIE LTz, 96 )T T
7 7L — bk (Greiner)lZ 5X10% cells/well & 725
EOITHEFE L, 37°C - 5.0% CO, S FCTHEEE L
720 24 FEfi1#%. Fluo-4 (Molecular Devices)% 1 Kf
MIVIAEE, A LA FMEEW
butonitazene WSHNIZ K 2 65 JL58 E Db % |
Flexstation Il (Z XV HE L7z, 7 —ZIZatim
J£ (Relative Fluorescence Units, RFU) & L CTHEHT
L7z,

-16-

2. A A A MEAEWIC K D EENEHE~D
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Table 1. Y LRMATIT A V= —1

DAY 1 31456 |7

Hor & (Fil) | © ©0|©|O|T

©|0|w

Hor & (F#%) | O O|l|O0|o|T

©: 3, OB T: 7 A G, BiEL b
(G

4. B N3 RS D R

ZFEIRA R (A7 FIY 2 04mgkg, XY
7 5 2mgkg, 7 MV 7 /—/L25mgkg) IZX
LRk R T, o~ U A & N E E 2L (Narishige,
Co)lZHE L, Hfx R8I it R oD F 2L




BRI TH HM48% (from bregma: anterior, +15
mm; lateral, -0.9 mm; ventral, -4.9 mm)% % —7%7 v
F& LT, B 72— (Bicom, Co., D-1-6-
01) Z ANRHYIZAIIA 22, BRI A M2 TEZE
(ZREE LTz, P T 24 RS, 7 m—7 WA
TR BENE (147.0 mM NaCl, 4 mM KCl and 1.2
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Butonitazene #%5-1Z X

. AR FEE O R
Hﬁé 15 HEBOFAMRE LY forebrain 2 8]0
i Lok# L7z Dulbecco's modified Eagle's medium
(Life Technologies)(Z AL, AR DWEE 21T > 72,
D%, NHEA%IE Neural Tissue Dissociation Kit
(Miltenyi Biotech) ¥ X ' gentleMACS™
Dissociator (Miltenyi Biotech)iZf L, 7’1 k=1
Wt > TR DR 2 — 3 &7 o7,
FH Rk 0% W8 1T . MACS Neuro Medium (with
NeuroBrew-21, 2 mM L-glutamine; Miltenyi
Biotech) CH& L 72, #iFuf%¥E K 4 BD Falcon™
/LA bk L—7—(BD Falcon Biosciences) Cifit
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7o MR 1%, poly-L-lysine =— k L7= 96
well black plate (Greiner)(Z 5.0 X10* cells/well T
il E 37°C+5.0% CO &M F T2 HFEEE LT,
MACS Neuro Medium (with 10 pM cytosine
arabinoside, NeuroBrew-21, 2 mM L-glutamine)(Z
EHL LT 24 Wfff5# L7z, Cytosine arabinoside
%A MACS Neuro Medium % [R% L, MACS
Neuro Medium |Z CHEfRZ#ERF L, 12 A BIZH
M B LR % 1T - 72, Butonitazene % I {5
MACS Neuro Medium {Z i #&0RE 31.25-500 pM
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24 B[R U 7=, MR O A7 % CellTiter-Glo®
Luminescent Cell Viability Assay kit (Promega) > >
1 b = UCHRE S T LT,
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272 o 7,
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\Z72 - 7= (Fig. 3AB), Butonitazene (5 mg/kg, i.p.)
DIFIZ, A EHA FZERFEHIEE naloxone (3
mg/kg, i.p.) DRTALELZ & 0 Jifill 47z (Fig. 4A),
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SN L EEREERIL R8I v D1 2R
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(Fig. 4B),
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~ U A% L conditioned place preference
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7= (Fig. 5),
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LpNZ Lo T, MIAZICIB W THER KX v
WEBEO BN e S iz (Fig. 6),

5. Butonitazene ¢ #ffifial 74 D ZFAf

Butonitazene 35 & T" morphine ZLEE 24 EFEfijt
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I U 7=, =R REE C & 5 morphine Tlifiiz
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v 7 Cd % butonitazene (%, FEEMKAFHIITHINE
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Butonitazene D FEHKIFIZEEE % . conditioned
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Fig. 1. Chemical structures of butonitazene and isotonitazene.
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Fig. 2. Analysis of the opioid receptor action of butonitazene

(A) Effect of treatment with butonitazene, isotonitazene or morphine on calcium signal in cloned human p
opioid receptors expressed CHO cells. 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
butonitazene, isotonitazene or morphine-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. butonitazene-treated groups. #p<0.01 vs. isotonitazene-treated
groups. ¥¥p<0.01 vs. morphine-treated groups.
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Fig. 3. Effect of butonitazene on locomotor activity in mice

Effect of acute treatment with butonitazene on the locomotor activity in mice. (A) Time course changes after
acute administration of butonitazene (0.5 or 5 mg/kg, i.p.)-induced hyperlocomotion in mice. Each point
represents the mean activity counts with S.E.M. for 10 min (n=16). *p< 0.05,**p< 0.01, saline (SAL)-treated
group versus (vs) butonitazene-treated group for individual time points, two-way repeated-measures ANOVA
followed by Tukey’s multiple comparison test. (B) Total locomotor activity changes after acute administration
of butonitazene (0.5 or 5 mg/kg, i.p.)-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. Pharmacological properties of butonitazene in expression of hyperlocomotion in mice

(A) Effect of pretreatment with an intraperitoneal injection of a opioid receptor antagonist naloxone (NLX, 3
mg/kg, pre 30 min) on the butonitazene (5 mg/kg, i.p.)-induced hyperlocomotion in mice. 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. butonitazene-treated group.

(B) Effect of pretreatment with an intraperitoneal injection of a dopamine D1 receptor antagonist SCH23390
(SCH, 0.5 mg/kg, pre 30 min) or a dopamine D2 receptor antagonist racropride (RAC, 6 mg/kg, pre 30 min)
on the butonitazene (5 mg/kg, i.p.)-induced hyperlocomotion in mice. 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.

*%1p<0.01 vs. SAL-treated group. #p<0.01 vs. butonitazene-treated group.

3 & %

SAL (0.5) (5)

Butonitazene

Fig. 5. Place conditioning produced by butonitazene in mice

Effects of new psychoactive substances on place conditioning in mice. Place conditioning produced by
butonitazene (0.5 and 5 mg/kg, i.p.). 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<0.01 vs. saline (SAL)-treated group.

24-



Butonitazene (5)

_ 300

(o]

= ok

§ %

2200- /

t | pinp

® 100 ////77',

N nr

= 1AGa99007
&,\o\ PRSP SRS

Time (min)

Fig. 6. Effect of butonitazene on dopamine release in the nucleus accumbens

Effects of treatment with butonitazene on the dialysate dopamine level in the nucleus accuumbens.
Butonitazene (5 mg/kg, i.p.) was injected at time 0. The data are expressed as percentages of the
corresponding baseline levels with S.E.M of 6 mice. Dunnet’s posttest was also applied on each graph.

**p<0.01 vs. basal levels.
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Fig. 7. Evaluation of cytotoxicity for butonitazene

Cell viability in forebrain cultures after treatment with butonitazene or morphine (Mor). The relative value of
cell viability compared to the baseline value for control and forebrain cultures treated with butonitazene (31.25-
500 uM) and Mor (500 uM) for 24 h. Mean percent changes + S.E.M. are shown. Statistical significance was
evaluated with one—way analysis of variance. The Dunnett’s multiple comparison test was used to determine
significant differences in the percentage of cells showing cell viability from that observed in controls at the 24

h time point. **p<0.01 vs. control.
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