IRk 30 EEEEFBRENREM@EIS
(EEL - EEMBELXAS M) —HY A T UORABEMAEEE  H30-EZE-—i8-004)

SEMRBES

7103 ZIIVERIESYMOPRIERMBITAICEYT SR

S1AMIRE  MEEE (EifE# - #RERME L 54— BAREUERR EWMEREDIRLD)
MEHHE  BR— (EiLFE - EERWEL 2 — BEREVIRR EMKREHZRE)

[z E]
ARBRTIL, 5 FEO 7 = % = )V LA HONWT, A A R O, EhE
PRI 2 B Z R LT,

1. Cyclopropyl fentanyl (CF)

2. Methoxyacetyl fentanyl (Meth F)
3. ortho-Fluorofentanyl (OFF)

4. parafluoro butyrfentanyl (PFB)

5. paramethoxybutyrfentanyl (PMB)

1) AEA A FZRAEER : CHO-u AW BIaZFIH LC, SFEDO Y = v ¥ = /VEFRLAEY
DA A RZFENEFRERIT LT, 5 O 7 = v % S VERLEMOTEINC L0 | BEE KR
TREOEFIE MR STz, ZOEMIE, p AEETEE (B-FNA) ORILEIZ KV s2RIcimfil S h
7oo STEOT = v 2 = VERILAEWIE p SBEEN U CEEERRRELT 2 B2 0nb, 2)
TENERMT - 5 T 7 = X = )VEIL AW & D ENE IRk 2B e i Lz, 7= X =
MERALEH OG0 . HERFO/GEBMEEERNRBIL Lz, ZhbOMRIX, A4 A1 8
ZRRIETHE ToH 5 Naloxone, /33 DI ZFAEEHIETH S SCH23390 B LN R /33 D2 5%
HARFEHIEECTH D raclopride BITALEIZ K » THEICHIHI S47=, CF, MethF, OFF, PFB i3 (' PMB
OEFREERIL, R 2Rz U TRAT EMTHD Z LB LN o7, 3) HiR
BEEREAEA A FREE I X 2EETEN: & p ZHBER ORI O\ T2 OF RN - fif
Britz, 5 FEOT = % = VERILAEDIZ L DEEEEIEH ORBURE & o SRRIEFR ORI
IXIEDFBIVEDGR®D Bz,

ALY, 5 FEO T = v ¥ = VLA WIIBR ) 72 PR ER 2695 Z E BB B2
ST, S DT = 2 = VERIGEHOPIXBEER OFELZIL, R R ABEE LT
DAREMEDSRE S Tz, Flo. 7 = o Z = VERIEEIZ OV TITEENMRENE T OFBURE & p %
BARVER ORI IE ORISR S5 Z L 2D, CHO-p S A ARFEMI 2T H LT, fakit
ZTHICX B RBEMIRIE S, 5 BRI 7 = o2 = VLS OELRIC L v . FRIEAIIC &
DI E DR AENEIR SN D,

A HREM NOA IR LT DA EA A RRIED O
SLAIBRERIUC L A Y, EE R

-16-



WEEKTT, KESHFTHIZBNT, 7=
VHEZNRT = B = )VRBRAL S O EDN
PERLTEHEY, SLUHICES g EIT R
RAEMEE 2> TWD W, R RS v 7 &

LTI L CWAHTO 7 = > &7 = Vb
BN HONTIL, ZOEBEERSLAEERIC
DWTIE, AAZREDRZ N,

KRB TIL S O 7 = v ¥ = VERIES
W) D FEFRF YRR K OVPRRVE 2 BARELC 2
HIJT, 1) 44 FZEEIEH, 2) 1#
FEMEIC AT D B OV TR 21T - 72,

B. iRAE

il BN -+~ TOITENREEE FEBR I, ICR
R~ 2 (Jel, 20 - 25g, HAZ LT) %
fER L7z,

(CUEE L7/

1. Cyclopropyl fentanyl (CF)

2. Methoxyacetyl fentanyl (Meth F)
3. ortho-Fluorofentanyl (OFF)

4. parafluoro butyrfentanyl (PFB)

5. paramethoxybutyrfentanyl (PMB)
2 U7-({bF s © Fig.1),

. 7= Z = VERILEMOA A A P
HAEIER

Chinese Hamster Ovary (CHO)TF ¥ A =— X
INIA L PRI e b-AE A A R o %
BEENT AT g L, FEEZEM
fatk CHO-p Mz sz L7z, Z offifaz i
FALT, MN ALY T ABREZHIE LT,
96 X7 7 v 7 7 L — FBD Falcon)|Z 5 X
10%ells/ well & 722 X H51Z#ME L, 37C -
5.0%CO, 5ol T THEEE L 7=, 24 IF[#]T% . Fluo-4
Z 1R A EE, 7 = ¥ = VRS
WG X 58 R E D28k % | Flexstation 11
2RV HE LT,

2 7= v B = VEBALAYIC L 5T
~DRE

Tz = VERRIEAEIIC L VER SIS
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,—'—»\,H:

HEE R M A . B R EB) &N EEE
(ACTIMO-100, /NA AV H—F & ¥ —1t)
ZHAWCHIE L7z, 3 R OBRESEIN%, 3K
WG S 120 SRz » CTE#&E A2 HE
L7,

7 x B = VERRIEEMIZ L VRIS
TTEVEALIC KT DA B A R mithisiT
03 HALE (GRG0 30 Zr ARG DO %)
REMat Lz, £72. 7= ¥ =)VERLE
MINZ X 03 SN HITEVZ ICH T2 R32
¥ DI ZEERISEHIHE SCH23390 33 L OV R/X3
v D2 ZARRFEHUEE raclopride RIALE CRY#
B0 30 sraiE 5 O R A e LTz,

3. 7= X = VEBICEYIEENEME & %
FARAEH OAHEIE

5 FENAOD 7 = v X = VKR L AW L BiE
BEEERICOWT, HELERE (hv
R) s BAERTRE 2B L72(A), ¥ 72, CHO-p
AR X DRGNS, w S BARVER R 2 5
H L 72(B).

(A) TEMITRE = (RIEED v > M)
(B) u XA MAEM = (1/EC50)

2 ODORT A—FEFIH LT, fHEMEEZ K
FEL 77

4, FEEHIENT
BT OREAAHTIZIZ, GraphPad Prism 7.0d
software (San Diego,CA) & H L7z,

. 7= 2= )VEBRIEEMOA A A R
AEIEH

CHO-p #ifaZFIH LT, 5fHD 7 = 4
=NVIERIEAE D w ZRRVER &b LTz,
TR_RTDT = ¥ = )VEBAEA M ORI &
0| HECEROHMDHER SN (Fig. 2), T
TDOT =% = NVERIEEIT K DR
OEEMVERIZ, BIRW p A A A R




P (B-FNA, 0.01uM) ORLEIC LY 524
(23Nl S 7= (Fig. 3), SFED 7 = % =)L
Mk b &9
Methoxyacetyl fentanyl, ortho-Fluorofentanyl,

Cyclopropyl fentanyl .
parafluoro
paramethoxybutyrfentanyl |34 B4 A N u =&
B2 UCERBERH ZRT 2 E R 60T

277,

butyrfentanyl

2. 7w B = VEBILAY OITBIIEIL
ks

[1] %534 Cyclopropyl fentanyl (CF)
(1) Cyclopropyl fentanyl {2 k& 2 3EBhEHE~D

B R
2

Cyclopropyl fentanyl (0.25, 0.5 mg/kg, i.p)iZ
Ko T, EHEMREEMNFHE L, FRIEH 2
BT 252 ENHLNITA - = (Fig 4),
Cyclopropyl fentanyl (0.5 mg/kg, i.p.)DZhHIE,
FEHA FZEAFEEGHE Naloxone (5 mg/kg)
DORTALIEIZ L 0 I 47 (Fig. SA). [RIEEIC,
Cyclopropyl fentanyl (0.5 mg/kg, ip 2L > T
e SN D EEEEEIEL /XX D1 =%
PRFEEHIE SCH23390 B3 KOV R8I v D2 2%
{AHEHHE raclopride DRTALEIZ LV A EITH
il 7= (Fig. 5B),

[2] *I53E4: Methoxyacetyl fentanyl (MethF)
(1) Methoxvacetyl fentanyl (Z X 2 EENE A~
DI

Methoxyacetyl fentanyl (0.5, 1 mg/kg, i.p )T
Lo T, EIMEEREH S EE L, P &
BT 252 ENHLNITA - = (Fig. 6),
Methoxyacetyl fentanyl (1 mg/kg, i.p.)DZIFIE,
F A A FZEARFEEDGHE Naloxone (5 mg/kg)
DORTALIEIZ L 0 I SH 7 (Fig. 7TA). RIEEIC,
Methoxyacetyl fentanyl (1 mg/kg, i.p )L > T
I SN D EEEERTIT RS2 DI =%
AFEHIEE SCH23390 B LUV R3S v D2 524
{AHEHHE raclopride DRTLEIZ KV A EITH
il 7= (Fig.7B),
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[3] *5:34): ortho-Fluorofentanyl (OFF)
(1) ortho-Fluorofentanyl |Z X 2 E#EMHE~D
95

ortho-Fluorofentanyl (0.0625, 0.25 mg/kg, i.p.)
(ZE T, EEREEAAREI L, THEAEH
EAT DI LG0T e o 7= (Fig. 8),
ortho-Fluorofentanyl (0.25 mg/kg, i.p.)DZhFIL,
F VA A N HTEE Naloxone (5 mg/kg)
DRTAVELZ L0 il S 47 (Fig. 9A). FIFEIC,
ortho-Fluorofentanyl (0.25 mg/kg, i.p I X > T
e SN D EEEEEIL /XX 2 D1 =%
RFEEHIE SCH23390 35 KOV R8I v D2 2%
{RIEHIIE raclopride DRIALEIZ XD A REICH]
il 7= (Fig. 9B),

[4] *}5:34): parafluoro butyrfentanyl (PFB)

(1) parafluoro butyrfentanyl {Z & % iEEhEME~
D%

parafluoro butyrfentanyl (1, 2 mg/kg, i.p)Z &
>C, EIEEERNBE L, TIRIERZA
T 52 NS NI o 7= (Fig 10),
parafluoro butyrfentanyl (2 mg/kg, i.p.)DZhHIZ,
F VA A N DK Naloxone (5 mg/kg)
DORETVELZ 20 il S 7 (Fig. 11A), [FIERIZ,
parafluoro butyrfentanyl (2 mg/kg, i.p)IZ K-> T
AP SN L EEEEREHIL Y DL =R
RFEEHIE SCH23390 33 KOV R8I v D2 2%
{RIEHIIE raclopride DRIALEIZ XD A REICH]
il 417z (Fig. 11B),

[5] %% ¥ ¥ : paramethoxybutyrfentanyl
(PMB)
(1) paramethoxybutyrfentanyl (Z J 2 EEEE

~DF R

paramethoxybutyrfentanyl (5, 10 mg/kg, i.p.)
(& C, EBREEH I L, AR
EHTDHZENHL N 2 (Fig. 12),
paramethoxybutyrfentanyl (10 mg/kg, i.p.) D %)
RiF, A A FEEEHFE Naloxone (5
mg/kg) DRETALEIZ LV Jifil] S 4U7=(Fig. 13A),
[F#%(Z, paramethoxybutyrfentanyl (10 mg/kg,
LpNZ K> THFE SN L EBEEEM T RN



I D1 ZAEEEEHIEE SCH23390 35 LY KX
IV D2 ARSI raclopride D RITALE T
LV HEICHH| ST (Fig. 13B),

3. 7= Z = VAV EYIEENENE & o %
HARVEA OFEEIM:

5 FEXHD 7 = v X = )VHERL AW L BiE
BEEEHIC O W T, R L ERE (WY
N MOERREEZRH L, £72. CHO-p
AR X DRGNS w S BARVER R 2 5
H U7z, HEIMEZREIELTZE 2 A, [EOFHES
PERfERE X7z (R=0.9184),

D. &%

AR TIE, 5 FED 7 = v Z = V%L
Methoxyacetyl
ortho-Fluorofentanyl

&% Cyclopropyl fentanyl |
fentanyl .
butyrfentanyl, paramethoxybutyrfentanyl 4t
FA FZAWER, TR BES 2 3 2
1T-7,

HIREEBRCIX, A4S R uziEE v 7
VAT x 7 v a v L, FEBLZEMIEE CHO-p
AR 2 RS2 L, SEBRPROMT ISR LT, a5
HFATORHIZ LY, 5 FEO7 =2 =1
L EWIX, A4 A F u SREERZET
b LEMER LTI,

Wi, 5 BEO 7 = % = VR A O
TRV PR 2 AT LT, 5 FED 7 = >
Z = VERIEEH O GIZ L0 | EEEEE
HRFE L, TIEHZAT2 2 LB 60
([Z7 oz, ZOFRIT, A A A RS
PFLFE Naloxone (Z & » THIf| S 5D Z &b,
5 FHHO 7 = v ¥ = VR A O R AE A
I, A A FEEREN LTRSS L
DR SNz, £lo, 5 BHO 7 = 7 =1
B bamOEBEEFEMRIL. K33 DI
ZRMIETER L OV K82 v D2 SRR SR
EOFPLEIC L Ml S iz, ZhbOfER
@%\5@ﬁ®71y&:wﬁ%mA%®¢
WAER OFEUZIL, R8I ARRRDBES L
THY, FA‘VDI SREB LRI

parafluoro
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D2 2R DR T DEFE-HRIER STz,

Al L7 7 = > Z = VERAL GOV T
(EBMEE T OFEHIREE & SZRRER D
R IEOFBMEREO DD Z b,
CHO-p 2R FMNa 2RI L <. fabett %
T TE D AREMED VR STz,

RAFPERRMY)C K DASHMEAFIE IS & UMK
B (] O FEBLUT T PR RS X g
ROBAENREIN TS, BIEETIZ, 7
U X ZUFAEAA R op ZRIRICHES L,
AL IUNT RN iR O¥ N Z 5| &
HIFZendEsnTng ¥, 295 Lk
HEPRYRFEIC DWW T IR IV T X
X VRO FER LT 2 LT, L
BIEAMNEHLI-bOEEZOND, £72.5
O 7 = 7 = VB S OEIC L D
AEMERMOFEBENMER SN D,

ARFBROFHMRERIC LY SFHO 7 = v
= VE &I & . Cyclopropyl fentanyl
Methoxyacetyl fentanyl, ortho-Fluorofentanyl,
parafluoro butyrfentanyl N
paramethoxybutyrfentanyl |58 /) 72 FHXVEH %
A5 Lnb, ZOEMOILRITITFHIE
BB+ 5LEZ20605,

ARRERD S, 5 FHO 7 = > & = )VHERAL
A %), Cyclopropyl fentanyl, Methoxyacetyl
fentanyl .
butyrfentanyl, paramethoxybutyrfentanyl |3 HHAX
B2 A L, SLH S D fabrts iz T
BMWEBERZBND, o, 7 =X =R
LA DN TITEE A O TR &
1 ZAARNEF OFREE 1T IE O FHBIME 3 FR S 5
N5 Z &b, CHO-p ZARFEBHINE 2 F1
LT, falttz FHITE 2 alRErED R S L
7

ortho-Fluorofentanyl . parafluoro

F. &3k
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Cyclopropyl fentanyl (CF) Methoxyacetyl fentanyl (MethF)
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ortho-Fluorofentanyl (OFF) parafluoro butyrfentanyl (PFB)

<

(o] /\N
/\/KN/Q

— * HCI
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o

paramethoxybutyrfentanyl (PMB)

Fig. 1. A DL )
Chemical structures of Cyclopropyl fentanyl, Methoxyacetyl fentanyl, ortho-Fluorofentanyl, parafluoro
butyrfentanyl and paramethoxybutyrfentanyl.
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OFF
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CF
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PFB

0.0008

FN

0.0014
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0.0061

PMB

0.0177

Fig. 2. (A A A REZAMIEH OFHID)

Effects of fentanyl analogues on intracellular Ca>*in CHO-p cells. (A) Changes in intracellular Ca**

levels were deteced as changes in fluorescence in the FlexStation II. Fluorescence measurements

corresponding to increases in intracellular Ca** levels following simultaneous activation by Cyclopropyl
fentanyl (CF), Methoxyacetyl fentanyl (Meth F) , ortho-Fluorofentanyl (OFF) , parafluoro butyrfentanyl
(PFB) , paramethoxybutyrfentanyl (PMB) or Fentanyl (FN). Each column represents the mean with S.E.M.
of three independent experiments. Each plot represents the mean with S.E.M. of three independent

experiments.
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Fig. 3. (A EAA B p BT O E)

Effect of pretreatment with p opioid receptor antagonist P-funaltrexamine (FNA) on fentanyl
analogues-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. *P<0.05 vs. #P<0.05 vs. fentanyl analogues-treated group.
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Cyclopropyl fentanyl

(A) (B)

= 800~ 5000+
£ - CF (0.25) <
£
% 600 - CF(0.5) S 4000- **
€ -0 SAL >
3 4004 £ 3000+
¢ 3
> onnd © 2000~
£ 200 =
B 3 i
3 2 1000
<
T T T T T T 1 =
0 20 40 60 80 100 120 SAL  CF(0.25) CF (0.5)
Time (Min)

Fig. 4. (Cyclopropyl fentanyl O EENEM: 5T 5 2 A B A A R EEAEHLER)

Effect of acute treatment with Cyclopropyl fentanyl on the locomotor activity in mice. (A) Time course
changes after acute administration of Cyclopropyl fentanyl (CF, 0.25 or 0.5 mg/kg, i.p.)-induced
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12).
(B) Total locomotor activity changes after acute administration of CF (0.25 or 0.5 mg/kg)-treated in mice.
Each column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12).

Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.

(A) (B)

__5000- __ 5000+
£ £
£ £
& 40001 o & a000- "
2 30004 l 2 30004 L
c c
3 3
& 2000 8 2000
2 2
S - ## S .
2 1000 2 1000 " y
2 % 2
= . 0= T Y
SAL NLX (5) SAL SCH RAC
CF (0.5) CF (0.5)

Fig. 5. (Cyclopropyl fentanyl ¢ $EEE 221 RE)

(A)(Cyclopropyl fentanyl D IEENEM: 5T 5 2 A B A A R EEREHIER)

Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the CF (0.5
mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity counts
with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<(.01 vs.
SAL-treated group. ##P<0.01 vs. CF-treated group.

(B) (Cyclopropyl fentanyl D IEENEMEIZ k5 52288 KN 2 IR HTER)

Effect of pretreatment with 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 CF (0.5 mg/kg)-induced
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
##P<0.01 vs. CF-treated group.
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Methoxyacetyl fentanyl
(A) (B)

= 8001 __3000-
£ - MethF(0.5) E
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0 20 40 60 80 100 120 SAL MethF (0.5) MethF (1)
Time (Min)

Fig. 6. (Methoxyacetyl fentanyl OIEENEM: xS 2 8 A A A R EEEHIEE)
Effect of acute treatment with Methoxyacetyl fentanyl on the locomotor activity in mice. (A) Time course

changes after acute administration of Methoxyacetyl fentanyl (MethF, 0.5 or 1 mg/kg, i.p.)-induced
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12).
(B) Total locomotor activity changes after acute administration of MethF (1 mg/kg)-treated in mice. Each
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s

posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.

(A) (B)
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Fig. 7. (Methoxyacetyl fentanyl O 3EEE 2 REM:)

(A)(Methoxyacetyl fentanyl DIEENEVEIZ KT 2 A A A4 4 RS EERIEHEE)

Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the MethF
(1 mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity
counts with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs.
SAL-treated group. ##P<0.01 vs. MethF-treated group.

(B) (Methoxyacetyl fentanyl OEENEMEIZ0H T 55288 RN U 5K HTEE)

Effect of pretreatment with 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 MethF (1 mg/kg)-induced
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
##P<0.01 vs. MethF-treated group.
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ortho-Fluorofentanyl

(A) (B)
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Fig. 8. (ortho-Fluorofentanyl ODEENENEIZ T 55284 A A R AR HEHIIE)

Effect of acute treatment with ortho-Fluorofentanyl on the locomotor activity in mice. (A) Time course
changes after acute administration of ortho-Fluorofentanyl (OFF, 0.0625 or 0.25 mg/kg, i.p.)-induced
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12).
(B) Total locomotor activity changes after acute administration of OFF (0.25 mg/kg)-treated in mice. Each
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s

posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
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Fig. 9. (ortho-Fluorofentanyl ¢ 3EHE == HIHFIE)

(A)(ortho-Fluorofentanyl DIEBEMEIZ kI3 2 2 A EA A R KK

Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the OFF
(0.25 mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity
counts with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs.
SAL-treated group. ##P<0.01 vs. OFF-treated group.

(B) (ortho-Fluorofentanyl DIEBEIEMEIZ ;T2 A KX S FEHEHLER)

Effect of pretreatment with 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 OFF (0.25 mg/kg)-induced
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
##P<0.01 vs. OFF-treated group.
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parafluoro butyrfentanyl
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Fig. 10. (parafluoro butyrfentanyl OIEENEMEIC KT 55288 A © A A NS AT

Effect of acute treatment with parafluoro butyrfentanyl on the locomotor activity in mice. (A) Time course
changes after acute administration of parafluoro butyrfentanyl (PFB, 1 or 2 mg/kg, i.p.)-induced
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12).
(B) Total locomotor activity changes after acute administration of PFB (1 or 2 mg/kg)-treated in mice. Each
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s

posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
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Fig. 11. (parafluoro butyrfentanyl & $EEE 21 REM:)

(A)(parafluoro butyrfentanyl OJEENEMEIZ 3T 5 8 A B A A R EHEHIHE)

Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the PFB (2
mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity counts
with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<(.01 vs.
SAL-treated group. ##P<0.01 vs. PFB-treated group.

(B) (parafluoro butyrfentanyl DIEBEM: Ik 2 2 KX U R HUER)

Effect of pretreatment with 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 PFB (2 mg/kg)-induced
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for
10 min (=10 or12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
##P<0.01 vs. PFB-treated group.
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paramethoxybutyrfentanyl
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Fig. 12. (paramethoxybutyrfentanyl OEENE M 2 58 A VA A R ARFEEHIHE)

Effect of acute treatment with paramethoxybutyrfentanyl on the locomotor activity in mice. (A) Time course
changes after acute administration of paramethoxybutyrfentanyl (PMB, 5 or 10 mg/kg, i.p.)-induced
hyperlocomotion in mice. Each point represents the mean activity counts with S.E.M. for 10 min (n=8 to 12).
(B) Total locomotor activity changes after acute administration of PMB (10 mg/kg)-treated in mice. Each
column represents the mean total locomotor activity counts with S.E.M. for 120 min (n=8 to 12). Dunnet’s

posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
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Fig.13. (paramethoxybutyrfentanyl ™ 3EEL =) R5E)

(A)(paramethoxybutyrfentanyl OEENEVEIZ KT 5 52 A A A N2 BERFEEHIHE)

Effect of pretreatment with a opioid receptor antagonist naloxone (NAL, 5 mg/kg, pre 30 min) on the PMB
(10 mg/kg)-induced hyperlocomotion in mice. Each column represents the mean total locomotor activity
counts with S.E.M. for 10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs.
SAL-treated group. ##P<0.01 vs. paramethoxybutyrfentanyl-treated group.

(B) (paramethoxybutyrfentanyl OJEBNEMEIZ 6 2 88 R8I U2 B RTEHTEE)

Effect of pretreatment with 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 PMB (10 mg/kg)-induced
hyperlocomotion in mice. Each column represents the mean total locomotor activity counts with S.E.M. for
10 min (n=10 or 12). Dunnet’s posttest was also applied on each graph. **P<0.01 vs. SAL-treated group.
##P<0.01 vs. paramethoxybutyrfentanyl-treated group.
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20000

Locomotion

-5000- 1/EC50(nM)

Goodness of Fit

R square 0.9184

Sy.x 1744

Is slope significantly non-zero?

F 90.09

P value <0.0001
Deviation from zero? Significant
Equation Y =2945*X + 328.2

Fig.14. (7 = > % =)VEiRAL S WEENE ML & u 2R AR OFHEME)

Linear correlations of log EC50 vealues (nM) for fentanyl-analogs induced hyperlocomotipn in mice.

The log (1/EC50) value was plotte against the corresponding locomotor activity (counts) for each
fentanyl-analogs. The solid line in each plot represents the linearresion of that data set. The correlation

coefficients for EC50 and locomotor activity counts was 0.9184.
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Fig. 1. Fentanyl
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Xl : EMEEO TR, Yl JEEE)

FRESR R D —F(R?) = 0.98
R FERRTE DFHBIFRER D —Fe(XR?) = 0.92
QSAR =
pECso = 14.62920
-0.063482 * PEOE_VSA+0
-0.000204 * PEOE_VSA-0
+0.071527 * SMR_VSA2
+ 0019985 * SlogP_VSAS

D. &%

7 o K = )VEERRIR D QSAR TV DS
AT o, IEMENBEETH D 9FOILEW
ZHWTTo 72, IERITHBEMED E VY QSAR
EFANE LN, 5%, T Z=)VED
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FAWTET N —A L LT 24 HAOLEHD
T AEAT > THIZ. (Fig.3)
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Table 1

b4 1‘%]& ECso
3 /QWQ
1 | N-(4-Fluorophenyl)-N-(1-phenethylpiperidin-4-yl)butyramide <N> 5.72x107°
F
o /O/v©
2 | N-(4-fluorophenyl)-N-(1-phenethylpiperidin-4-yl)isobutyramide \HEN; 6.43 X 10°
F
: /@V@
3 | N-(1-phenethylpiperidin-4-yl)-N-phenylcyclopropanecarboxamide V)% 1.23 X10°
o QN@
4 | N-phenyl-N-(1-(2-phenylethyl)piperidin-4-yl)furan-2-carboxamide o o 6.45 X 10°
e
0 Q@
5 | 2-methoxy-N-(1-(2-phenethyl)piperidin-4-yl)-N-phenylacetamide /O%N 1.81 X108
, ONG
6 | N-(2-Fluorophenyl)2-methoxy-N-(1-(2-phenylethyl)piperidin-4-yl)acetamide /O%N 1.77 X 10°
0
7 | N-(4-chlorophenyl)-N-(1-phenethylpiperidin-4-yl)isobutyramide \%/Q 4.63 X108
/v© 3.29 X 10°
ST ©
8 | N-phenyl-N-(1-(2-phenylethyl)piperidin-4-yl)tetrahydrofuran-2-carboxamide 0 N
9.09 X 10°
@ (R)
o /O/VQ
9 | Fentanyl \)LN 2.88 X10%
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m AutoQSAR - RSI 2016.11.01 = O X

Original File:| c: /ccg/moe/bin/mr/mr-autogsar-copy2.mdb v Work in Original File
Work File: gsar_1_mr-autogsar-copy2-2|.mdb Settings...
Conditions: Method: GA-MLR v Model Options: Options No. of Desc.: Fixedvy 4

Activity Field: -logED50 v  Descriptor Preference: Select Z Score Limit.: 2.5

Trajectory Outlier + R2: 0.984022
Descs -logED50 RMSE: 0.0879616
Model T ! ! ' LOF: 1.#INF

Summary B | XR2: e.916071

XRMSE: 0.193383
gl i
Click plot to
display molecule.
1 1 1 1
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Calc.
Model : Const. * Desc. | Definition A
+ 14.62920 Rank: 27 | §

- 0.063482 * PEOE_VSA+0 | Total positive @ vdw surface area
- 0.000204 * PEOE_VSA-© | Total negative @ vdw surface area
+ 0.071527 *  SMR_VSA2 | Bin 2 SMR (©.260,0.350] Save as fit file
+ 0.019985 * SlogP_VSA8 | Bin 8 SlogP ( ©.30, 0.40]

View Report
v
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Fit Ignore Outliers Exit
Fig2
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SEMRBES

BRESYITEIVELMEOEEEERAY V-2V TEDEFR
~ PRiE R EREE S F HMGB1 Z481RICL T~

SAMIRE  REBRA (AUXZRFRERERZZRSRR AR EEEBENERET U0
MEHHE  BHEF (FAURFRZFRERRFLRSTRR R HEFEE R EEET %)

[WFstEE 5]

[fEE] fabR FZ v 78 JORE WA EELA T X 2 #REEE 2 W TR SR R B B 7%
ERETEEZ OIS, BN DNA #5G 4 > 737 E High mobility group box-1 (HMGB1)iZ, ##kiEE
REIZHIES N ~HifH &4, RAGE, Toll-like receptor (TLR)IZHE G LARIEAELIZME < damage-associated
molecular patterns (DAMPs)& L CHIHAL TV D, AMFIETIE, Mt sBlo @m0 EH A L
720 9 DR RIEBIERERY 1 & ARE SN D ERWE DAMPs DRE TH S HMGBL IZFH L, &
HFWHIA X 7 = % I (METH) GWER G @t T 7 L~ U7 22815 HMGB1 OFEEEIRER &
T R/ (DAY EEEIZ X D 5T HMGB1 LR OB ST DV TRdf L 7=,

[ 0] AR RO b a—L & 725 BALB/c 2~ 7 A~0D METH #5.1C L v  #E &h
HE T R SAMIREEECRRE 5 EATE, DA R T AR —Z —DJE), DA MERECR O L b
12, HMGB1 OFRM ML H T OEENNZ: & CNZTHRSAAMRRAINL TO HMGB1 D06 M E ~D%
T+ DR BN D Z EEH LN LT, S HIZH HMGBI HUEOEARNE 512 L Y Ziv s METH
P52 X% HMGBI i FRE O EF LA COIMEIT. @iRE, DA N7 U AR —2 —OJ
V. DA MR DM 2 A IS5 Z &N TE T,

[%%2] AWFF2 Tl METH (2 X % KR4 T HMGBI1 F&3 LR 23 AR T METH Akt et
WG L TWAZ EHHELMNT LI E & BT, HMGBI 728 METH A s tEfe o) & 720 5
HZ L ER LT, 2 E CTOMFSE T, METH #5012 X 2 KR4 1+ HMGB1 2 o E5H-A3, i HMGBI
PUAEGIC LIS Nn D Z L2 R L TWa, it HMGBI HUiARM & G2 X > T METH ICX %
DAT Oifci KO 7 v 7 U 7 OIEMAL I S, & BTN HMGB1 OAVEAT b Bl S 417z
Z M5, HiHMGBI1 FURICIIMN O RIEZ I 2 5 ATREMER H 5, F7-. KL+ O HMGBI1 2341
RIZ & 0 FI &4, hyperthermia 72 & ONZ BBB OEFED I S AU T, KD ORRYE DIRADN
B T X | 250 DAMRRKER OEIHIZNRICEE G35 Z LB 2 bhvd, 77206 HiHMGBI
PUEADKRY TIEAT % Z 212X > C METH (X PR it &2 309~ % aTREME D VRIE S vz,
HMGBI1 [TELHSEMIC L0 FE S 2 s B0 @0 7 L7200 9 DRlREER S Y | 4%
Al - FERRREN R 2 WG K7 > 78 - IRINC X 5 HMGB1 B XD L 7% —TLR @
FHEBEOEIIZ OV THRATETFETH S,

A. BIEE® GEEE. BE) T v 7 ol iEm: B
THRBZITV, TBERFAO T 7 7 A L7
IHNETIT, BEEARHN A VT falR S ONTHEEFREMAIRE 2 H v L C& 7= D12,
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IRHORRIE, —EOMIEEH T D HEAE
FREHEMICT 5 Z & TS5 2 &
DRV BHEMZRTHDOTHD, Ll
R 2 R OFALIEE 2 & DI E 2 s S
o, Wil - SLA SR TWA Z e, Al R
7 v 7B L UMb E O falRitds LU
e AR E A I D A b Bk
PR RN E T BL O ZEIRMEDFREE & 72 D AR 7
~OVEM ZEICHEICFHMicE 2 A7 U —
=V TEDOWMNLN B Th D LB b,
R 27 AR B K 29 4R DO — DR T
fERR K7 7 OkE « PR ERMEFEHL 0O FIRME
T IEOEHRERY 95 EF2 6D
MAO FHEFEMECAE B L, FEME MAO FEHIC
£ % MAO DTSR > AT A& Vi
R INTEER - ERRELA R T v 7o
KESHL D MAO PRETEM: 4 I 5 1 il T
fEICRHIC X, KR - PREREEMEIEELO FIRME
HAT ) == TS MR TTRO—D LR
DH5HZLEHALNTE B,

fERR N7 > 73 LORE WA EELREEY
(2 K DR |2 W TR ARE T 2 e
FERT=3 & # % 5%, High mobility group
box-1 (HMGB1)IZ, ¥/ DNA #5564 v R0 &
Th o0, MAHREGIS T Tt~ S
U . Receptor for Advanced Glycation End
products (RAGE), Toll-like receptor (TLR)(Z
L RIE & IZ 8 < damage-associated
molecular patterns (DAMPs) & L CTHI S LTV
% 1O - FETOIEIC L Y Mz (4
REZE, WHHI), BaSME, TAD A PREEIRIME
YEIRET /UZEBW T HMGBI BT E S
THY ., PREEZ A4 5460 HMGBI fifk %
B3 2% 2 LI Ko THRBEE 2 B ]

ENDHZENWESNTWD 9, KR TIL,

FEE A R R OB OERS E 2D 5 5
PR JE BERERE) 771 & ARE S D I RWE
DAMPs OftFETH5H HMGBI ([ZEH L, %
WA A X T = # I (METH)RWE R G4
BIEMET L~ 7 21281T 5 HMGB1 O3H
BRE 72 & NC DA MR EMEICX T 56
HMGBI1 HURDNFAIZ DT L 72,
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B. iR AE

fEHEM) - 8 HElEDIENE BALB/ 52~ 7 A(H
AKF ¥ — X« Y= 2 Lz,
METH SR Bt 7 /v~ U AERK : ~ v
ANZA VT IT RN T
phosphate-buffered saline (pH 7.4: PBS), 7 >~ b
IgG., 7 v FHLHMGBI &/ 7 v —JF Lk
(HMGBI1 Ab: 1 mg/kg) % JBFFARE 0 & 5L, &
HE#% & 2 FEf##4 (2, METH (4 mg/kg, i.p. x 2)
F TR ZIERENEES- L, METH &
PRI T T L B ERR LT,

EGRHIE : METH & 72 (342 B R K D 1
WHEEH-(1 BB IERTR X OB 5% 1 BT S
R4 & CRREFIOICIE IR Z HE L7z,
BIR{ERK : METH $¢5-3 H#&lZ, ~X» h UL
X — VIRBREE T C AR R KRS LUV %
INTHRIVET VT b RIZK DHEREEZIT -
Too BEER. MERYH L, 15%A7 B—2
WRIZIZESE, 7 VA AH Y FT20 um /&
DHREEIRWTE A2 VER LTz,

S AR L (IR « A REDORRSIR TS 2
e ERE Y & T free-floating 1EIZ XK 5
DAT D5 ufa 2147 - 7=, FUEDORENEE &
DB, 0.2% TritonX-100 %54 L7= PBS
(0.2% PBS-DIZYIH % 10y 42 & & 31
MR Uz, FERFRAOCZR S Toli, bl
F % 0.5%iEfR{b/KET 30 ofEE L, =56
2 1%IEH 7Y FilyE T30 o7 e v % o
TR AEAT S T21%, 1 IRPUAZ » N1 DAT £
J 7 va—F ViR Millipore: MAB369, PBS-T
T 500 %A FR) T 4°CT 1 BE incubate L7z, &
D% Y% PBS-T T 10 43ff 3 gL, »
XA T AEHRILT v b 1gG HLAR(BA-4000,
1000 5 R) T 2 RELE L7z, Wik,
3,3’-diaminobenzidine tetrahydrochloride 72 %%
(SIGMA-ALDRICH: D5905) T3, S+, Yl i
BATA RHTAZH#HETH%, =% ) — L%
Flexv LAz LBk - BRI, =T
7 v =a2—Merck)Z HHWTEA LT,

e b P (Ot « MR AL &




Vel a1 2 729, YR % 0.2% PBS-T H1iZ 10
SDNETZ &% 3R LTz, PURICH L
TOIRF RIS T2z, BHURIZE
L7z 1%IE M5 T 30 07w v & o 7 ju
4T o 72, Y % PBS-T CTAR L7= 1 IRFUA,
7Y P Ibal RV 7 v —F LHR(WAKO:
019-19741, 500 f5478), ¥ %4t HMGBI 78
Y 7 v —J /LK (abcam: ab18256, 5000 {47
). ¥~ AP NeuN €/ 7 o —F /LHK
(Millipore: MAB377, 2000 {547 #R), ¥ ¥H17 /L
7 VAR Y 7 a—F R (Bethyl:
A90-234A-7, 500 {54 H) & 4°CT 1 BES S H
7z PBS-T T 10 43f# 3 EI¥EF L. T2
1000 {5 R L7z —RPLil, Y FH 3% 1gG
Alexa Fluor488 $ii{&(Alexa: A-11034), ¥ ¥t
~ 7 A IgG Alexa Fluor 594 HL{f(Alexa:
A-11032), 2351 % IgG Alexa Fluor594 HifA
(Alexa: A-11058) & =2l T 2 ¢t incubate L7,
PBS T 10 77D 2 3 [FIfTV,
Hoechst33342 (Thermo Fisher, 2000 {5 A7) (2
LAYt % AT o 1=, PBS T2 /M %4T
W IR &R AT A RATT AZ#H 2%, DAKO
Fluorescence Mounting Medium % VN CTHEA
L7,

MM« RS AMAI T D> v
EoM R OIS K OV YR EE & cellSens
7 hv =7 (Olympas)iZ &> THIZE L, DAT
D7 VGRS Image T 1.52a(NIH)IZ L 0
HE LTz, AEFRMEIL. one-way ANOVA 5
L W post-hoc test & LT Tukey 1E% VN,

1. METH #% % hyperthermia (Z %} 9~ 2% $1t
HMGBI FiADZN R

METH O 2P 5-12 £ U hyperthermia (75 &
ByNERESND ZEnmbhTnd, it
HMGBI1 /& METH |Z KL % hyperthermia (Z
KD REETR D720, BB Z BRI
HIE LT,

xR (saline+PBS) & Lb#z L C, METH &
PBS & %\ 1gG %5 L 72 #E(METH+PBS,
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METH+IgG) Cl% METH a5 3 FFE#% (2
[0] 5 $&5- 1 BE#7%)1Z hyperthermia 23581 & 4
7273, METH & $T HMGBI1 $iikZ#% 5 U 7= R
(METH+HMGB1 Ab) Tl hyperthermia 73]
HENTWZIH 1),
2. METH ##% g%t~ 5 5t HMGBI ik
DERFHEN T

METH &8 512 K 2 i et i, Mgk
K DA #EHER O A B2 MR SR S D,
METH ##% #MEIZ351T 251 HMGBI1 HiLiR D4R
HNEE AT D720, DA MRER DR
BECThDH DAT OREREBEIT -T2,
METH+PBS, METH+gG #£ Tld., Maerhin
TWAMANZ I 1T 5 DAT OI8O HivT-, =
AUZH LT, METH+HT HMGBI #£TiX DAT
DD S T2 2),
3. METH #5% Ibal (PEX 7 vt 77U 7 OIEME
{kiZ%9- 551 HMGBI HiikDh F

METHIZ K> Tlbal Bt 7 v 77U 7 OIE
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1. METH 2MfmEtEe 7 /b~ U 212800 5 EGROREHIZ(Y

saline & % VN3 METH $5-ELRT & #e 5% 1 RIS E T b~ 0 AOENGEZ]E L7, saline + PBS
(n=5), saline+IgG (n=4), salinetHMGB1 Ab (n=4), METH+PBS (n=6), METH+IgG (n=6), METH+HMGB1
Ab (n=6). *p<0.05 vs time-matched saline-treated group. (one-way ANOVA, post-hoc Tukey’s test)
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2. METH %2 L 5 DAT i & it HMGBI HLikoZh#

(A)SfEYtats, saline+PBS (n=4), saline+IgG (n=4), salinetHMGBI1 Ab (n=4), METH+P

BS (n=5), METH+IgG (n=6), METH+HMGBI1 Ab (n=4), scale bar=500 um.

(BYFRSARTT IMAl DAT 5t o 7 Va8, *%p<0.01 vs. saline+PBS-treated group. *p<0.01 between
indicated groups. (one-way ANOVA, post-hoc Tukey’s test)
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PBS [e]€ HMGB1 Ab

saline

METH

scale bar: 100 um

B
#H
#
300 - -

g | $ ok %
= 250 *
i
Q— r —T
T g 200 T T
O~
© 9
Q75 150
5

(/)] L
E 2 100
o O
E © 50
£ L
c

0
PBS 1gG HMGB1 PBS 19G HMGB1
Ab Ab
saline METH

3. METH &M 512 L 57 v 7 ) 7 OIEMHIZRT 5 5t HMGBI Huik 02

(A7 aZ )7 ~—J1—Ibal DEIEFHRIEGLELE, saline+PBS (n=4), saline+IgG (n=4), saline+tHMGBI
Ab (n=4), METH+PBS (n=5), METH+IgG (n=6), METH+HMGBI1 Ab (n=4), scale bar=100 pm.
(B)FRSARTTSMAl Tbal Bt 7 v 27U 7 #lfagk, *p<0.05, ***p<0.001 vs. saline+PBS-treated group,
#p<0.05, #p<0.01 between indicated groups. (one-way ANOVA, post-hoc Tukey’s test)
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PBS IgG HMGB1 Ab

saline

scale bar 10um

PBS IgG HMGB1 Ab

METH

scale bar 10pm

##

|

400

350

*
300 I
250 I —
200 I
150 I
100 I
50 I
. L
PBS

number of HMGB1 translocation
positive cells(cells/mm?)

#
PBS 19G HMGB1 19G HMGB1
Ab Ab

saline METH

4. METH &ERGC X 2 il Z381) 2 HMGBI1 B)fE & 5T HMGBI ikt 5.5 2
(A)NeuN(7R), HMGBI(k) D B %, METH #4512 X W HMGBI1 OAMEAT(REH), it
JH (inset) 23728 H ALz, saline+PBS (n=4), saline+IgG (n=4), salinetHMGB1 Ab (n=4), METH+PBS
(n=5), METH+IgG (n=5), METH+HMGBI1 Ab (n=5), scale bar=10 um.

(BFRERMAETIMANZ 31T 5 HMGB1 ORZAMEATHI 2 b AL T2 #iiflila D 224k, *p<0.05 vs.
saline+PBS-treated group, *p<0.05, #p<0.01 between indicated groups. (one-way ANOVA, post-hoc Tukey’s
test)
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PBS I9G HMGB1 Ab

40 I I i

PBS IgG HMGB1 HMGB1

saline

METH

}_.

relative intensity of albumin-
immunoreactivity
N
(6]

saline METH

4 5. METH #¢ 512 & % BBB fiffiE (25§ % 5L HMGB1 Htik D%

(AVERSARPES ORI O IC BT 2 7 V7 2 v e safE e tafg, saline+PBS (n=4), saline+IgG
(n=4), salinetHMGBI1 Ab (n=4), METH+PBS (n=5), METH+IgG (n=5), METH+HMGBI1 Ab (n=5), scale
bar=500 pm.

BBREAEEIMUNCIIT 2T VT X v 7 /VEEE, *p<0.05, **p<0.01 vs. saline+PBS-treated group.
(one-way ANOVA, post-hoc Tukey’s test).
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IRk 30 EEEEFBRENREM@EIS
(EER-EEEBELXAS M) —HYAM T UORABEAEREE - H30-EE—H%-004)

SEMRBES

BRAUFE/ A FOBANBRIHEL & KBEHCET SR

SHEMRE . dhE (RBERKF EYBREFHEE)
MEHHE . FHREHE (RERFREBREWHER 4£ERZEEH)
MEBHE . NIEERE (REREFKF EYBEFHER)
MEHHE . BFNEA (REEHKXF EYBEFVHER)
MEHHE . BRAER (REREFKF EYBEFHER)
MEHNE: BH B (REBEEHXE RYBEFHRE)
MEHHE . FAEL (RERFREBREWHERF £EHRFEEH)
MEHHE . MUBRER (RERFREBIREWHER SEHZEEH)
MEHHE . KHBRE (RERFREBREWHEF S£EHZEEH)

[ E]

KL AT E A R (SCs) O D b NFIREEZ SCs FEUES & 5 a7 5 i Rt
KRB RERE SN2 T, Tl &I 2 OFIETHRR Sz SCs 2V, FROMF 217> 72,
T b, 1) WEERE £ TICHESL L7 LCMS-IT-TOF (2 X % SCs DR FiE4 v, 74~
v F IV EL DT B B A 0 2 flD ATHPINACA B4R (ATHPINACA isomer 1, ATHPINACA
isomer 2) [ZBIFHt MNFI 7 vy —24 (HLMs) GHEREZITV, EESITIZHED <A 075
B I Winvitro RNEHREE OHEE 238 A 1=, F72. 2) SCs fNHM D in vivo S ENC T A2 MR A2 &
BT A2 ELZHMIZ, AV Y = VBRICEAINTEXYFIOLHEOME RZMEKR 2

(5F-CUMYL-PINACA, CUMYL-PINACA) (Z2OW\W T, BMWIEBRAIC L D invivo Nt EBRZ1T -7,
52, 3) BEERAK s v~ 7T 7 (LC) —E RN EEMS)Z H 7z SCs /i & B LR
(FUB-JWH-018 & Z D BMEIR) DA T 2 X D50 E BT X D BNEDBR 21T - 7=,
1) OFNT LY, ATHPINACA {7 f& BMER 2 TRV S AERERE N IR I E < . B Ok
BN OB EZDORH T a7 7 A MERPMLETH D Z ENHL DR T2, 728, Wik
A O FEERBHREE LT X~ o FNIADHESLOTKIEIEDOE A TH Y | ARG 3 FEf %o F %
R, isomer 1| TIL Z/KERILAK, isomer2 TlX—7KE{LAETHZZ ENALMNE o7, 2B,
i isomer OARZALARIS LOEZRFHOT 0 N AN BERSND T a Xy M A2l
FRE 7223 U . ATHPINACA (L& BLE(R 2 FEOFRAINIL, KRR, FEREHOWT OB
LS THARETHD Z ERBENT-,
2) 1%, SF-CUMYL-PINACA 5 £ T8 CUMYL-PINACA [{ATEAK T 72 & D35h & 774 0.3~0.5 mg/kg
(V) CHEEBRZIT o7, T{EEWOMFIREZHE L, PK T2 ToTofER, 2-2 03— A ME
TINZ LY . BB OIYENREFHI/NT A — 2 —5E T 5H Z ERH LN/ >7-, LvL, ik
B DOREALRD PR PPN IHER ST, invitro [CHER TE LN FERFHH L < METH-
72o Lo T, BEISCs DRIEIIZE LR LRBMETHD Z ENBZ b,
F£7o. 3) TIE SCs DEEFRL LAY (BYEARSE) Ofdlx HfE L T, LC-MS X WNET UEEY
Z T BTS2 21TV FUB-JWH-018 & 2 O BMEROFRBIN FIRE /R Z ML LTz, 7ok, 2D
FEfSRIZ, SCs & Eeflihicds 1) A A0 B AERBIC b rTEECTH - 72,
PLEOI X, B SCs 38 L O ORI OB AR e LI A i & L TR THATH Y |
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SO SCs DIERIHIHICB VW T AN THDL Z ENER b,

A. HAEEH

fabR K7 v ZIWZEENDDNTH T/ >~
YEPA A e A4 R (SCs) Enmmbi
TW5, EHIZZNSIZHOWTIERIS X 5 HIH
EATHo>TWDHN, TOWED %K 2 1=+

TERDR G OFHUL SR 2 & HBT D,

WD LA ZTF T o TN T X T, RIS
BRI T A Rix, REGERR ED
EREENOREREECH D Z ENF LT
W5, —J7. BRI D HEE~DO% .
T ORI 2 Tt G & LTfER KT v 71
HlZ &7 5 I ERE R LIEZ L <, SCs
B L O ORI DR 70 FE HERS >R
MOPEIEEEN T 2 F50I3IE & A EfThbi
TN, o Tl invitro 38 XN in vivo FEBk
ET UL, EBEOAERNIZIS T S SCs %
LV IEFEICTRITAIEDICEETHY, 2
SORETE T A NOIEREERETH L
IXSCs DIEREEMIFTHET AL LTH
HThodrEZbN5, BIfE, SCs DI
TKIZIRSTEIZEZSOILTNDD, MBHMNT
BWTEFZ NS D e-liquid 127
X FRID SCs DAFAEDHETR SV TWN D, AHfF
ZETIE, o7 2 REID SCs DR TA%H
ATHWMBEBTHAMEENETE TR
ATHPINACA f7 & # Mk 2 fE B L O
5F-CUMYL-PINACA & *= OfEEHE P WE
CUMYL-PINACA %% VT, invitro {5
B Rds L Win vive (R R R IZ BT G
A ONTAREEHR I DHEE 2 7l ATz,

SCs IZfRFSNDEME T v 713, BT
g r77ay 7 OEBBEIZEY ., Hlk5sH

OB EERADRIZEOFHEMRA L EZITE ),

FHORBWIFIZIEICES D, REmo1L
P & VR O BIFENTIERR KT v 7
MO EER IR 25 L 22570, #5
TERTGHS & SNDIETEHM O BAERE RO
HIRRNT & BAL A OREIT. ARFFEREED
Wi Lo s, =2 TR TR, Koy
HULSEREE 2 EIE L. 0T RIS EEIRE 7
a~ h7 T 7EENHTERE (LC/MS) K UE
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T EE Y 2 AT BEATER 2 BRRE 2 2
LB LT, Eo. ZHESERRGHMT T
v/ A RORITHIST D72h, 777 A
T A7 Z U —FAHIZ L DB ORI
22 % & L bz, ERNORHEIR %X
e U7 LB & BV RET VLEM DA
WAEtED, AR e A RONRERIE
X (in vitro, in vivo) OFIFEIZETHZ L& H
L7,

B. iR AE

1. 7 vy —A@Es 2V in vito 1R

HY) DA SO T Erratico.et al? o kI —
MR Az TITo 7,

JK 2T 100 mM U > 1% buffer (pH 7.4) 900
uL 12, HLMs #JRE 0.5 mg/mL (XenoTec,
Kansas, USA), NADPH Regeneration System
Solution A 50 pL, Solition B 10 pL (Corning,
USA), UDPGA & 1 mM (Sigma-Aldrich, St.
Louis, USA), alamethicin in DMSO #&JFE 10
pg/mL (Sigma-Aldrich, St. Louis, USA)% ¥/
L. &28%990uL & L7,

ZOiRWKEZ., 5 DT LA Fa— |
L7=fI, x5 & 72 D SCs ZHIRE 10 uM &
725 X912 10 uL #shifz, 37 °C OKIET 3
Rl & T/ v F 2 X— b &fTo T,

1-1. FREFY- > 7L DR

KB A DIRA (0, 10, 20, 30, 40, 60, 120,
180 47) DR % 200 uL £-HEL L, NEEEHEDY)
HCThHH/3_Y > 001 pgmL (HETL, &
Ly #5635 7 % = F VU WRIIKR @°C) %
1200 pL iNL, @S EiE1E ST, 15
izt 7, =0 (12,000 rpm, 10 min)
L. Eif% . 45°C Tl L, e
DHET 100 pL @ 50%7 & b=k U LIZH
R U=, Ok, =0 (12,000 rpm, 10 min)
210, BEEE 7 o2 gL, HIEICH
Y5




2.SCs DREALK

Fig. 1 CRTEHEWMAF—LITELDY
5F-CUMYL-PINACA 5 X OV F L 8K il
DOREE FAMER CUMYL-PINACA Z &% L.
B DICFREER T A7 u~ 75 7TEES
Wik L ORI 6k (NMR) 125D
BONTERE TICRE L%, S FERRIC
7=,

3. 7 v b EHAWE in vivo {REHFEER

9 Jf D Wister-ST HEPEZ » & (SLC, HA)
P LT, SHERES K OWEtic 7 —7 v
RN L., SEERIRD> 5 2 mL/hour DR T 4%
~ = h—/L & A L7RRE TR 7o R 1M
BRLOBRRZAT o7, 7236, SCs 1&, R
L Tx=X J—)b 1%, Tween80 5% & 725 K&
) ABIRK CHIN L2 b D& E RN G- L
7= . SF-CUMYL-PINACA Ti¥ 0.5 mgke,
CUMYL-PINACA Ti% 03mgkg #7 v hZ
e 5 L7z, SF-CUMYL-PINACA {22\ Tldf
5 %% 5, 15, 30, 45, 60, 90, 120 4y

AN
CUMYL-PINACA (=W Tl FERIThN % 180,
240 53D A LIRA > FT 0.5 mL O %
Tolze BIRIZ TR Z 12T o7, BB
OY T ITEBIZE L BEETV, Ok
& % 0Hr £ T-80°CTHATE LT,

ISR R B O 2 &L 0, 30, 50,
100, 200, 300 ng/mL DR A > b THERKR L7,
MAEH > 7 AZ-DUVTIX, Oasis HLB 1cc (30
mg, Waters, Milford, MA, USA) % H\ T SPE
WP ZIT >, 7 M=KVl 1mL T2IH
AT 4 va =y T ETV, UK 2 mL T
PHHktk, S vEn— KL, UL
L, fE 100 pL, FERIK 900 uL, 7 K
= K U LT 600 pg/mL [ ZAR L 7= NSRBI HER)
' 50 puL  (SF-CUMYL-PINACA ¥ 7= 1%
CUMYL-PINACA), MEFROFIREIZAR L
AR =R TINVERETE =R
JU S0l & L7z, 5% 7 h=FU/L 1mL %
AW o v 2% 3 To72%, 1.2mL D
T r=Rr)ATZY 22— kL, 45C Tzl
B L7,

JR W > 7 v iE B-Glucuronidaze (#4 J2 F&E
15,000 Unit/mL) % AV 7= 37°C, 120 43> A
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VX aN— g TN a AR
DK G fette . WRIRFMIN AT o 7o, JRED 2 fi%
BosuafRih: A Y TasxR ) —L=3:1,
600 pg/mL 2R L7 NI YHEYE 50 ul
(5F-CUMYL-PINACA ES 7= %
CUMYL-PINACA) % /il 2 . 10%NHsaq T
pH=10 IZF#&E L7, 5 RS L, =008
(3600 tpm, 20 4y) % DOKEE 50°CIC TEEHR
B L7,

HLI% DEY T T O LT
100 uL @ 50%7 & k= b U WA LT,
Z D, =m0 (12,000 rpm, 10 53) Z170, b
HE7 02— L, JEICHNW,

4. Pt

TNENDERS e /A FRBXOZED
R D43HTIZ 1L, LCMS-IT-TOF (Shimadzu,
Kyoto), LC 77 7 AIZIL ZORBAX Eclipse Plus
C82.1x150 mm, 3.5 pum = L 7=,

BEIFIZIE. (A) 0.1% formic acid in water
5 L O(B) 0.1% formic acid in acetonitrile % JH
W, T VT FOSMEE (B)0-2min: 10%,
2-40 min: 10—90%, 40-48 min: 10%& L.
TERFREIIT 48 J3ICERTE LT, £72. BT AiRE
1% 40 °C, #E# (% 0.18 mL/min & L, HEH
TNDA Ve NEIZ10uL & LTHIEZ
1T>72, LCMS-IT-TOF %, A A AkikL LT
positive/negative electrospray ionization (ESI)
% O RIEHIPA 2 m/z 100-700 & L CHIE
EAToT2, 2B, A A ERERFFIE 40 msec.
ElT, ¥, KTV YT A VL —Ta
ViEIE 1 Da & L, AT 450 kH, CID —
FOLX =1L 100% CTHIEETTT-,

5. T — FRMT

REFFE], BEEEBIOREMEEZ 5N
LHwArna< NI AFOE—7nbELR
=uX g "AF AR NLDOT—H LD
ZDILEW N SCs kDb THH = L %
R LS E L, e, 77027 &1L T
F\W = HLMs IR D S 6 oo
TN SR LTz, £72. o
AV — I B L CITva R (Re)
NEIZ A4 U, B AL 7 v o v g



BRI G 2T T Lz, 7238,

FALHNT T T ORHIILLL T O FAEZ 72

T2 L EER LT,

O T2V T NAFICFEE LN

@ ORI ORINLIRTILARW

@ 7V h—HY—A F OB E RN
75 5ppm LANTH %

@ TuBy A F NIV D —Y—A T
DERIHEE & L THEEFRETH D

RO HIE, FBRIZH VMV SCs D4

ZALRA L MBS0~ N7 L0

— 7 HFEOEA L& AW THEI Lz,

RO EIL, SR O — 7 mfE%x

WEEEYE O — 7 I CHIE L= b D%

v, 2R ZBIEE LT,

in vivo EEROFEMENREFH) /X T A — X —DH

Hi1Z1E Phoenix PK fi#dT >~ 7 k& 7=,

6. LC-MS |Z X 2 Bl D i B A7
Rl i NN e e L [ kg P By (A
EEET MMEEMDOER (7 > FALE M)
ZATVN, Fig. 2 IR T 6 EOET /WELAEM%E
5T % (FUB-JWH-018 (3) e V% D BAME(K 5
fE (1, 2, 4-6)) Y, ZNDHDRAK ) —LIRHK
(5ppm) ZAFHEAIR & LT,
LC-MS %5i& & A
LCIIMS  #4{& : 1100 Series LC/MSD (Agilent
Technologies, Santa Clara, USA), 7 7 A :
Discovery HS F5 (2.1x150 mm, 3 um, Supelco
(PFP 7 7 1), BEIMH : 0.1 % X/ /0.1% =X
W7 =N UL (58 @ 42), s : 0.4
mL/min, 777 AJEFE : 40°C, AR 5 uL,
A A AbE— R:ESI (+). Scan i : m/z 50-450
LCLIMS/MS  ZEE : 1200 Series / 6460 Triple
Quadrupole MS (Agilent Technologies) . 7 7
2\ 1 ZORBAX Eclipse Plus C8 (2.1x150 mm,
3.5 um, Agilent Technologies (C8 77 7 2), ¥
BiFH 0.1 % X /0.1 % X7 r=kKV
JVIRR (20 :80) , ¥t : 0.18 mL/min, % DA
DEAFTLC-MS EREETH %,
LC-IT-TOF-MS  #%£{& : Prominence UFLC /
IT-TOF (Shimadzu, Kyoto, Japan), B EFH5
2 C8 U 7 L DY E 1L LC-MS/MS, PFP 71 5
LAOLEITLC-MS IZHET T2,
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ATOREBIZBNT, =L 7 FrRxA S L—
AF b ESDEEH L, AT 4 7E— R
12T, AF v UONH(LC-MS) & 182257 ko fig i
(2 & D5 HH(LC-MS/MS, LC-IT-TOF-MS) % 1T
72 BB T OKRFEHINA 4> (MHH]+ m/z
380) 7V I —HY—A A4 ELTHEL,
fix ODFMETELNIZANT FAVOZERNG
BYEREZRONT D2 & & Lz,

C. AEHER

1. ATHPINACA {7 {& SR DR 35 J OMKEH
MoOHEE
ATHPINACA isomer 1 3 X O isomer 2 14,

7 X FREBITHBET 57 ¥~ > FLIEONLE
BYHARE R FF OB T E /A4 RTh D,
HLMs %= W72 in vitro SRERIZEB W T
ATHPINACA isomer 1 Ci% 14 f&, isomer 2 T
X 12 OB HEE ST, Fig 3 1R
£ 212, WA DORE(RDOIRFFRFIZIZ
IERCTHY . isomer 1 TIE 34.5 47, isomer 2
TiE 337 HCThote, 2. REEKD
HLMs (2 K 2 RE-RIE isomer 1 Tl 4.56
+0.85 47, isomer 2 TIL5.1+051 2 CTho
Too WHEEY O EEHRRIKILT ¥~ TF v
FADIHC 72 KR FEDEATH Y . I
i 3 IR TR O AT, ATHPINACA
isomer 1 TIi¥ Z/KE&Mk{A, ATHPINACA
isomer 2 Tl KUK TH D Z LB B
Llpol-, (Fig. 4,5) £, REMEB IO
FERFIO T 1 N A0SR S
H7aK Y A A ANTIREIREO D R B A,
isomer 1 Tl 7 ¥~ F /L% isomer 2 Tl
AT VEKRERTLORE LT
(Fig. 6) .

2. invivo FEBRIZE T DR OMFHT
CUMYL-PINACA, 5F-CUMYL-PINACA &
MERlOREE Z FF OB e/ A4 RTH D,
mbaEmiadkic, 7y b~ EN 03~
0.5 mg/kg T SCs 234l L TR OIKRIR R &
OFEBWER 2R L, ThUl LG ETIHE
IR & RN L B BOE M BlER ST,
PK f#ir Y 7 FE Wz a 28—k A b




itz ) o a =R A RETIL, -T2
IN—= R RA NET I, 2-T /=R AU R E
TNENEILTITY, BbEmE bz 2-a
IN—= R A NET VR WD, b T
HE S FZERUED XL/ SWET L E o
oo TOETNALVEH LUz, mREHR
DT 7 % Fig. TR d, W{bawiE -2
2= N A2 NET USRI B MBI 72 1 R

EHRE AR LT, BRI T A —H —
OFEENHIE, FEAEMORIEER =2 > /3— K

AV NOGHER (V) Kb, Kz s
— h A NOGAARFE (V2) OAFRREL AR
HZENHBLMNE 2572 (CUMYL-PINACA:
V1 =11+ 02 mL/kg, V2 =29 + 1.0 mL/kg;
5F-CUMYL-PINACA: VI = 0.5 = 0.2 mL/kg,
V2=15+02mLkg), F7z. HIHREIIL
CUMYL-PINACA: 34 + 15
5F-CUMYL-PINACA: 1.0 + 02 h THHZ &
HEALNNI o T,

IR LI R & b IS R A
LI FTH -7~ (datanot shown),

3. LC-MS (T X % Kl 54 O i B MG

FeEHY) FUB-JWH-018 3) BL Ui
PEIR S TR (1, 2, 4-6) DIREIAR A LC-MS T
IHTLT=E Z A, PFP B 7 L& W=
BNTT RTORMERN BAFIZBES LT
(Fig. 8),

LC-MS/MS 2B\ T, C8 17 L% H,
m/z380 ((M+H]) 27V h—H—A A&
L T Collision energy (CE) 10-80 eV (28T 5

TaL g b F AT MLERIE LTS,

XV CE TIZ calbonyl 20 a-BHZUC L2 m/z
155 &N m/z 252, =V CE Tl fluorobenzyl
cation (m/z 109) 7> U % m/z 83, naphthalene
cation (m/z 127) AU D m/z 77 YRS
A G E LTHBE SN, £T2, mz 109
& m/z 252 OFEHIREIZITEV TR Hi,
[f U naphtyl 24 G5 2 BMEERDO 7 » FOHE
BLE DB FRE TH - 72,
é%mLomﬂmwmémmt#% ATy
BRI CLom/z 252 DA A U TREEIZENO DR
OOz, 7B, A A UFEREIL meta-. ortho-
KX para-isomer DJIE (2>1>3, 5>4>6)
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ThH-7= (Fig. 9),

LC-MS/MS . (X LC-IT-TOF-MS O~ 71 &'
A AL DEN LA A HRE & S5 2
& T, TRTOMERMEROFR N FIHETH
77,

2B, AEIX FUB-JWH-018 Hpbkz &
LIZBW T HEANRETH D Z &L
Mo T,

D. &%

AWFGETIL, 7 X~ o T IIVEEONE BRIER
W& A £ 2 LA T 2@, R
BRI LN in vitro TOMRHANH S E 7
STz, RERITZE OREE DOFERIMED S I1FIE
[ CRERIICIRH L, LC ORI K DT X~
F VLD E BMER DO FERSBEEITIINEETH 5
ZENRBRE N,

W LA OB S 1X, SIEEEOK
TUVEHE EEWBUKEOME A O T A~
F VLD RGR T KB b 2 52 1T TG S,
HLMs |2 X 2 IEFITBMREPERI~F 5 L
TWDZ ENRBEINT, [FIERERE~DKEE
DM O WAREBAL & Eeie U CHE SIS T
4% Z &%, SE-AKB-48 Z 7= [FIRE 0T
FEBRL %DT%%méﬂTDé:kﬁg“\
ASJSNET <~ o FNEEE ORI T
A RIZBEORHEFEI CTHL EEZ DD,

F7-. isomer 2 TIXFERBYNT X~
FNEEO— KL TH Y . ZH LD
FOSMIIEF IR WD EAVRIB S T,

WL A ORELRE X OEE G D
Bond7TaL s A A ORMEEOITI,
THE = TN HTF A DEEMENES LTV
AiEzZobhD, 7ulkr AL LT,
isomer 1 TIZH 3 k. isomer 2 TIXFE 2 HT
B FINHF U DNERT D, B3I
NI FA L, BIEGETHL AT LU
JEPHZHENTEY , BET o RER 1 LD
C-CHEEB INC-HIER & DG &
D=L EACIWCEHRTH D, D78, isomer
| CRTHE~TNDTENA ) —)
BHE D BBEICRE ST < RoTND
EEZONTZ, T, TH~ T IVIRITKEE



FEDMEINT 212> TEOLEMEIFKR T L.
A FANCEZ T TA v F S — VB R H RO A
I PRI ST < b B2 D
N7z, —J7. isomer2 DT X~ F )V F A
V56 2 S VAR A F A T D 1= o et s
ZEV I K, BEILEZTIZL K o =i
RA FUGRED NS LT A b EZT
7oA E ) — VBRSO A N R
RMETHREINZEEZ ORI, ZORE
{WEDT e &7 s A F 2 DEWT L HikiliE
X GC-MS THEINTWD N Y, LC-MS %
FHV 7= ATHPINACA {7 & BMER ORI L O
KRB IHTIR D TORAETH Y . ABFFED

HREIR, FERBFHO T ORI L
ST, THEEORBNIARETH H Z &N
TR X T,

in vivo EBRN S, A VY —VEREB X
UORCTFUHZ AT 2660, £ OGN
DEE R ENBIERFICEENE N RS
N & 7 o 7=, CUMYL-PINACA,
5F-CUMYL-PINACA (28} 2 [k D&%
MEARB OFERBEERIC BN T H S S TWn
%9,

PK f#HT Y 7 k& N A SR O B H i
R G | TEEWITEG& M D 5 HGEIZTE
KL, BN~ ENT-1%I12 - < D L
~HH E A, TR SN D Z LR S
i, Z DX 5 e ka > SCs 13 HEIFH] C
RPN TLEY, HFORD KT v 7 &2k
SILT=L 725720, HEHENES MK
WCEDZEREME LTEEINZEEZD
N7,

7B, WEDOIFEMENREFH)NT A —H —%
te# 4% & SF-CUMYL-PINACA D5 418
H1Z CUMYL-PINACA [ZHE L CTHEL . A%
HEH/INEhotz, —IZT7 v REFOEAL
REHEHUESHRBA T K ZE b= bT &
EZ2OHNTEY, FEHOERSL S AAFED
WREZGIZEZTZENEZVR, A RIOHKE R
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Fig. 1 Synthetic scheme of SF-CUMYL-PINACA
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Fig. 2 Structures of FUB-JWH-018 (3) and five isomers (1, 2, 4-6) synthesized in this study.
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Fig. 3 The extracted ion ion chromatograms of ATHPINACA isomer 1 (a) and isomer 2 (b)
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Fig. 4 The production of the metabolites of ATHPINACA isomer 1 (a) and isomer 2 (b) using HLMs

incubations. Data represents mean + SD (N=3).
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Fig. 5 The estimated major metabolic pathways of ATHPINACA isomers
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Fig. 6 The product ion spectra and proposed fragmentation of ATHPINACA isomer 1 (a), M11 (b), isomer 2
(c) and m12 (d)
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Fig. 7 Mean observed and predicted plasma concentrations-time plots of CUMYL-PINACA and
SF-CUMYL-PINACA following i.v. injection in male Wister-ST rats. Data represents mean + SE.
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Fig. 8 Total ion current chromatogram obtained by liquid chromatography—mass spectrometry of isomeric

synthetic cannabinoids (1-6).
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Fig. 9 Mass spectra of FUB-JWH-018 and its regioisomers obtained by electrospray ionization ion trap
time-of-flight mass spectrometry (Precursor ion: [M+H]" m/z 380, CID energy: 100%).
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