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X¢äëùĬýÙÃ�ħuìòèAèócÝäë-].B� òèTUäë�� āÑS|äëėĨ  
äëe\ùĬ��UCħuìòèAèócÝäë-].B� òèTUäë�� āÑS|äëėĨ 

 
�ζр΢ɇ� 
� ɧζр9@05 ̠й?�\�s|�й͗Ĭŋ˟=6980_�_ZzŃƢ×Ø˫?Ϊɯ0ϱĨʯ
Ǵ=Ƨ,QǡЮUʁέ*21 
 
1. Cyclopropyl fentanyl (CF) 
2. Methoxyacetyl fentanyl (Meth F)�  
3. ortho-Fluorofentanyl (OFF) 
4. parafluoro butyrfentanyl (PFB) 
5. paramethoxybutyrfentanyl (PMB)�  
 
ĩĨ#6# 1k�QRØњCHO-µŃƢ×˿˦͆ͩUĖ˫*805̠й?�\�s|�й͗Ĭŋ˟
?_�_ZzŃƢ×Ø˫UΪɯ*215 ̠й?�\�s|�й͗Ĭŋ˟?ʾģ=NP0ˏǓÞƕ́
<Αû˿û!̑λ)R21'?Ø˫@0µ ŃƢ×ȜȑΏѐβ-FNAё?ĚČ͛=NPƙĀ=ȏė)R
215̠й?�\�s|�й͗Ĭŋ˟@ µŃƢ×UÅ*8Ώ˧Ø˫!˿˦,Q:͠�ORQ1ĪĨ
ă`Ċ¸њ5 ̠й?�\�s|�й͗Ĭŋ˟=NQϱĨʯǴ=Ƨ,QǡЮUʁέ*21�\�s|
�й͗Ĭŋ˟?Ȑ§=NP0˫ІÞƕ́<ϱĨãϮØ˫!˿˦*21'RO?Ħɱ@0_�_Zz

ŃƢ×ȜȑΏ9�Q Naloxone0z��� D1ŃƢ×ȜȑΏ9�Q SCH23390�NBz��� D2Ń
Ƣ×ȜȑΏ9�Q racloprideĚČ͛=N58ɟǽ=ȏė)R21CF0MethF0OFF0PFB�NB PMB
?ϱĨãϮØ˫@0z���ŃƢ×UÅ*8˿˦,QØ˫9�Q':!ɋO =<521īĨEº

üzRØ4#6# 1k�QњΏ˟=NQϱĨʯǴ:�ŃƢ×Ø˫?ǜǓ=6980?̆ЎǴUΪ

ɯ*215 ̠й?�\�s|�й͗Ĭŋ˟=NQϱĨãϮØ˫?˿˦ǜǓ:�ŃƢ×Ø˫?ǜǓ=
@ʎ?̆ЎǴ!λJOR21�

� ɧ̥̎NP05 ̠й?�\�s|�й͗Ĭŋ˟@ǜġ<¬ɲͻƌØ˫Uɟ,Q':!ɋO =<
5215 ̠й?�\�s|�й͗Ĭŋ˟?¬ɲͻƌØ˫?˿˦=@0z���̙͉̿!Ў§*89
QņͫǴ!̕ś)R21G20�\�s|�й͗Ĭŋ˟=698@ϱĨãϮØ˫?˿˦ǜǓ:�Ń

Ƣ×Ø˫?ǜǓ=@ʎ?̆ЎǴ!λJORQ': O0CHO-µŃƢ×˿˦͆ͩUĖ˫*80ķЗǴ
U¸˄9"QņͫǴ!̕ś)R215 ̠й?�\�s|�й͗Ĭŋ˟?´˫=NP0¬ɲØ˫=N
QîǕΙƠ?˿˩!ķǺ)RQ1�

 
A. äëáà 

 
� ��Z�UƑJ:,Q_�_Zz̿Ώ˟?

´˫@ϲІȱł=NQʑ¾<;0Є̶<îǕ
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ΙƠUľF,1̹ŬL`{t=�980�\

�s|�L�\�s|�й͗Ĭŋ˟?ʰⅡ!

Țƅ*8�P0´˫=Ŷ7#îǕΙƠ@ƅ"

<̗ÏŜз:<589Q 1,2)1ķЗz�ve:

*8ʰⅡ*89QɁΤ?�\�s|�й͗Ĭ

ŋ˟=698@00?Ώ˧Ø˫LɟƠØ˫=

698@0¦ɋ<˕!Ƅ91 
� ɧζр9@ 5̠й?�\�s|�й͗Ĭŋ
˟?Ώ˧Ɩ́ˠǴľB¬ɲØ˫Uɋ̑=,Q

̄́90ѕё_�_ZzŃƢ×Ø˫0іёϱ

ĨʯǴ=Ƨ,QǡЮ=698ʁέUΓ521 
 

B. äë¬Ê 
 
Û˫Ĩ њ˟,D8?ΓĨΏ˧Ɲр=@0ICR
̿ПǴ�[nѐJcl, 20 - 25g, Ɇɧd�XёU
Û˫*21 
Û˫Ώ˟њ 

1. Cyclopropyl fentanyl (CF) 
2. Methoxyacetyl fentanyl (Meth F)�  
3. ortho-Fluorofentanyl (OFF)�  
4. parafluoro butyrfentanyl (PFB) 
5. paramethoxybutyrfentanyl (PMB)�  
UÛ˫*2(ĬƖʆⅣњFig.1)1 
 
1. �\�s|�й͗Ĭŋ˟?_�_ZzŃ
Ƣ×Ø˫ 
� Chinese Hamster Ovary (CHO)u�Z| o
��ns ĸƾ͆ͩ=�y-_�_Zz µ Ń
Ƣ×Uy��n�\dl��*0˿˦ƘƜ͆

ͩɷ CHO-µ ͆ͩUʊ̩*21'?͆ͩUÛ
˫*80͆ͩą`�l[�ˏǓU˄Ɯ*21

96 ̤��vd�� y(BD Falcon)= 5

104cells/ well :<QN�=ȳ̠*037��
5.0%CO2ɫÌ¥9ŵн*2124ɐЍǥ0Fluo-4
U 1ɐЍłPϡG.0�\�s|�й͗Ĭŋ
˟ʾģ=NQΑûǜǓ?ƂĬU0Flexstation II
=NP˄Ɯ*21 
 
2. �\�s|�й͗Ĭŋ˟=NQϱĨʯǴ
C?ǡЮ 
� �\�s|�й͗Ĭŋ˟=NPμ˿)RQ

ϱ Ĩ ʯ Ǵ U 0 ͸ ˿ ϱ Ĩ І ˄ Ɯ Λ ͛

(ACTIMO-100, �Z_×j up�s ̗) 
U˫98˄Ɯ*213 ɐЍ?˨ž϶ǰǥ0Ώ
˟Ȑ§ O 120ĎЍ=T258ϱĨІU˄Ɯ
*21 
�\�s|�й͗Ĭŋ˟=NPμ˿)RQ

ΓĨƂĬ=Ƨ,Q_�_ZzŃƢ×ȜȑΏ{

�bq�ĚČ͛(Ώ˟Ȑ§?30ĎĚȐ§)?Ħ
ɱUʁέ*21G20�\�s|�й͗Ĭŋ

˟=NPμ˿)RQΓĨƂĬ=Ƨ,Qz��

� D1 ŃƢ×ȜȑΏ SCH23390�NBz��
� D2 ŃƢ×ȜȑΏ racloprideĚČ͛(Ώ˟Ȑ
§? 30ĎĚȐ§)?ĦɱUʁέ*21 
 
3. �\�s|�й͗Ĭŋ˟ϱĨʯǴ:�Ń
Ƣ×Ø˫?̆ЎǴ 
� 5 ̠й?�\�s|�й͗Ĭŋ˟=NQϱ
ĨãϮØ˫=6980˫І:ϱĨІѐ`[�

yё OØ˫ǜǓU̲č*2(A)1G20CHO-µ
͆ͩ=NQεß O0�ŃƢ×Ø˫ǜǓU̲

č*2(B)1 
 
(A) Ø˫ǜǓћѐ͑ϱĨ`[�y/˫Іё 
(B)�ŃƢ×Ø˫ǜǓ=ѐ1/EC50ё 
 
� 2 6?��� sUĖ˫*80̆ЎǴUʁ
δ*21 
 
4. ͍άΪɯ 
� Ā8?͍άΪɯ=@0GraphPad Prism 7.0d 
software (San Diego,CA)UÛ˫*21 
 

C. äëô¹ 
 
1. �\�s|�й͗Ĭŋ˟?_�_ZzŃ
Ƣ×Ø˫ 
� CHO-µ͆ͩUĖ˫*805̠й?�\�s
|�й͗Ĭŋ˟? µ ŃƢ×Ø˫UΪɯ*21
,D8?�\�s|�й͗Ĭŋ˟?ʾģ=N

P0ΑûІ?ſģ!̑λ)R2(Fig. 2)1,D
8?�\�s|�й͗Ĭŋ˟=NQΑûǜǓ

?ſģØ˫@0ϸȒ́ µ_�_ZzŃƢ×Ȝ
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ȑΏѐβ-FNA, 0.01µMё?ĚČ͛=NPƙĀ
=ȏė)R2(Fig. 3)15̠й?�\�s|�
й ͗ Ĭ ŋ ˟ : Cyclopropyl fentanyl 0
Methoxyacetyl fentanyl0ortho-Fluorofentanyl0
parafluoro butyrfentanyl 0

paramethoxybutyrfentanyl @_�_Zz�ŃƢ
×UÅ*8Ώ˧Ø˫U̕,':!ɋO =<

521 
 
2. �\�s|�й͗Ĭŋ˟?ΓĨΏ˧Ɩ́
ˠǴ 
 
�1�ƧόΏ˟: Cyclopropyl fentanyl (CF) 
(1) Cyclopropyl fentanyl =NQϱĨʯǴC?
ǡЮ 
� Cyclopropyl fentanyl (0.25, 0.5 mg/kg, i.p.)=
N580ϱĨãϮØ˫!˿˦*0¬ɲØ˫U

ɟ,Q':!ɋO =<52 (Fig. 4)1
Cyclopropyl fentanyl (0.5 mg/kg, i.p.)?Ħɱ@0
_�_ZzŃƢ×ȜȑΏ Naloxone (5 mg/kg)
?ĚČ͛=NPȏė)R2(Fig. 5A)1Ōʇ=0
Cyclopropyl fentanyl (0.5 mg/kg, i.p.)=N58
μ˿)RQϱĨãϮØ˫@z��� D1 ŃƢ
×ȜȑΏ SCH23390�NBz��� D2 ŃƢ
×ȜȑΏ raclopride ?ĚČ͛=NPɟǽ=ȏ
ė)R2 (Fig. 5B)1 
 
�2�ƧόΏ˟: Methoxyacetyl fentanyl (MethF) 
(1) Methoxyacetyl fentanyl =NQϱĨʯǴC
?ǡЮ 
� Methoxyacetyl fentanyl (0.5, 1 mg/kg, i.p.)=
N580ϱĨãϮØ˫!˿˦*0¬ɲØ˫U

ɟ,Q':!ɋO =<52 (Fig. 6)1
Methoxyacetyl fentanyl (1 mg/kg, i.p.)?Ħɱ@0
_�_ZzŃƢ×ȜȑΏ Naloxone (5 mg/kg)
?ĚČ͛=NPȏė)R2(Fig. 7A)1Ōʇ=0
Methoxyacetyl fentanyl (1 mg/kg, i.p.)=N58
μ˿)RQϱĨãϮØ˫@z��� D1 ŃƢ
×ȜȑΏ SCH23390�NBz��� D2 ŃƢ
×ȜȑΏ raclopride ?ĚČ͛=NPɟǽ=ȏ
ė)R2 (Fig.7B)1 
 

�3�ƧόΏ˟: ortho-Fluorofentanyl (OFF) 
(1) ortho-Fluorofentanyl=NQϱĨʯǴC?ǡ
Ю 
� ortho-Fluorofentanyl (0.0625, 0.25 mg/kg, i.p.)
=N580ϱĨãϮØ˫!˿˦*0¬ɲØ˫

Uɟ,Q':!ɋO =<52(Fig. 8)1
ortho-Fluorofentanyl (0.25 mg/kg, i.p.)?Ħɱ@0
_�_ZzŃƢ×ȜȑΏ Naloxone (5 mg/kg)
?ĚČ͛=NPȏė)R2(Fig. 9A)1Ōʇ=0
ortho-Fluorofentanyl (0.25 mg/kg, i.p.)=N58
μ˿)RQϱĨãϮØ˫@z��� D1 ŃƢ
×ȜȑΏ SCH23390�NBz��� D2 ŃƢ
×ȜȑΏ raclopride ?ĚČ͛=NPɟǽ=ȏ
ė)R2 (Fig. 9B)1 
 
�4�ƧόΏ˟: parafluoro butyrfentanyl (PFB) 
(1) parafluoro butyrfentanyl=NQϱĨʯǴC
?ǡЮ 
� parafluoro butyrfentanyl (1, 2 mg/kg, i.p.)=N
580ϱĨãϮØ˫!˿˦*0¬ɲØ˫Uɟ

,Q':!ɋO =<52 (Fig. 10)1
parafluoro butyrfentanyl (2 mg/kg, i.p.)?Ħɱ@0
_�_ZzŃƢ×ȜȑΏ Naloxone (5 mg/kg)
?ĚČ͛=NPȏė)R2(Fig. 11A)1Ōʇ=0
parafluoro butyrfentanyl (2 mg/kg, i.p.)=N58
μ˿)RQϱĨãϮØ˫@z��� D1 ŃƢ
×ȜȑΏ SCH23390�NBz��� D2 ŃƢ
×ȜȑΏ raclopride ?ĚČ͛=NPɟǽ=ȏ
ė)R2 (Fig. 11B)1 
 
� 5�ƧόΏ˟ : paramethoxybutyrfentanyl 
(PMB) 
(1) paramethoxybutyrfentanyl =NQϱĨʯǴ
C?ǡЮ 
� paramethoxybutyrfentanyl (5, 10 mg/kg, i.p.)
=N580ϱĨãϮØ˫!˿˦*0¬ɲØ˫

Uɟ,Q':!ɋO =<52(Fig. 12)1
paramethoxybutyrfentanyl (10 mg/kg, i.p.)?Ħ
ɱ@0_�_ZzŃƢ×ȜȑΏ Naloxone (5 
mg/kg)?ĚČ͛=NPȏė)R2(Fig. 13A)1
Ōʇ=0paramethoxybutyrfentanyl (10 mg/kg, 
i.p.)=N58μ˿)RQϱĨãϮØ˫@z�
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�� D1 ŃƢ×ȜȑΏ SCH23390�NBz�
�� D2 ŃƢ×ȜȑΏ raclopride ?ĚČ͛=
NPɟǽ=ȏė)R2 (Fig. 13B)1 
 
3. �\�s|�й͗Ĭŋ˟ϱĨʯǴ:�Ń
Ƣ×Ø˫?̆ЎǴ 
� 5 ̠й?�\�s|�й͗Ĭŋ˟=NQϱ
ĨãϮØ˫=6980˫І:ϱĨІѐ`[�

yё OØ˫ǜǓU̲č*21G20CHO-µ
͆ͩ=NQεß O0�ŃƢ×Ø˫ǜǓU̲

č*21̆ЎǴUʁδ*2:'S0ʎ?̆Ў

Ǵ!̑λ)R2ѐR=0.9184ё1 
 

D. ø� 
 
ɧζр9@05 ̠й?�\�s|�й͗Ĭ
ŋ˟ : Cyclopropyl fentanyl0Methoxyacetyl 
fentanyl 0 ortho-Fluorofentanyl 0 parafluoro 
butyrfentanyl0paramethoxybutyrfentanyl?_�
_ZzŃƢ×Ø˫0¬ɲØ˫=Ў,QεßU

Γ521 
͆ͩƝр9@0_�_Zz µŃƢ×Uy�
�n�\dl��*0˿ ˦ƘƜ͆ͩɷ CHO-µ
͆ͩUʊ̩*0Ώ˧Ɩ́Ϊɯ=Ė˫*21Α

û˿Γ?ʁč=NP05 ̠й?�\�s|�
й͗Ĭŋ˟@0_�_Zz µŃƢ×Ø˫Ώ9
�Q':Ȗλ*21 
ʌ=05 ̠й?�\�s|�й͗Ĭŋ˟?
ΓĨΏ˧ƖˠǴUΪɯ*215 ̠й?�\�
s|�й͗Ĭŋ˟?Ȑ§=NP0ϱĨãϮØ

˫!˿˦*0¬ɲØ˫Uɟ,Q':!ɋO 

=<521'?Ħɱ@0_�_ZzŃƢ×Ȝ

ȑΏ Naloxone=N58ȏė)RQ': O0
5 ̠й?�\�s|�й͗Ĭŋ˟?¬ɲØ˫
@0_�_ZzŃƢ×UÅ*8˿˦,Q':

!̑λ)R21G205 ̠й?�\�s|�
й͗Ĭŋ˟?ϱĨãϮØ˫@0z��� D1
ŃƢ×ȜȑΏ�NBz��� D2 ŃƢ×Ȝȑ
Ώ?ĚČ͛=NPȏė)R21'RO?͊ɱ

 O05 ̠й?�\�s|�й͗Ĭŋ˟?¬
ɲØ˫?˿˦=@0z���̙͉̿!Ў§*

8�P0z��� D1 ŃƢ×�NBz���

D2ŃƢ×?Ŀɂ?Ў§!̕ś)R21 
εß*2�\�s|�й͗Ĭŋ˟=698

@ϱĨãϮØ˫?˿˦ǜǓ:�ŃƢ×Ø˫?

ǜǓ=@ʎ?̆ЎǴ!λJORQ': O0

CHO-µŃƢ×˿˦͆ͩUĖ˫*80ķЗǴU
¸˄9"QņͫǴ!̕ś)R21 
ÞƕǴΏ˟=NQ̙̽ÞƕǞȄ�NB¬ɲ

ͻƌØ˫?˿˦=@¬ͯϟ͗̿z���̙͉

̿?Ў§!̕ś)R89Q1˦ůG9=0�

\�s|�@_�_Zz µ ŃƢ×=͊ŋ*0
ïűɸ=�98z���ϰУІ?ſģUǚ"

ϖ',':!ŹŒ)R89Q 3,4)1'�*2Ώ

˧Ɩ́ˠǴ=Ŷ7980ïűɸ=�98z�

��ϰУІ?ſģ!˿˦*2':90¬ɲͻ

ƌØ˫!˿˦*2K?:͠�ORQ1G205
̠й?�\�s|�й͗Ĭŋ˟?´˫=NQ

ɟƠØ˫?˿˦!ķǺ)RQ1 
ɧζр?εß͊ɱ=NP 5̠й?�\�s
|�й͗Ĭŋ˟0 Cyclopropyl fentanyl0
Methoxyacetyl fentanyl0ortho-Fluorofentanyl0
parafluoro butyrfentanyl 0

paramethoxybutyrfentanyl @ǜġ<¬ɲØ˫U
ɟ,Q': O00?´˫?Țƅ=@ˠ=ʫ

ǽU΢,Q:͠�ORQ1 
 

E. ôč 
 
ɧζр O05 ̠й?�\�s|�й͗Ĭ
ŋ˟0 Cyclopropyl fentanyl0Methoxyacetyl 
fentanyl 0 ortho-Fluorofentanyl 0 parafluoro 
butyrfentanyl0paramethoxybutyrfentanyl@¬ɲ
ͻƌØ˫Uɟ*0´˫)RQķЗǴ!ʃJ8

т9:͠�ORQ1G20�\�s|�й͗

Ĭŋ˟=698@ϱĨãϮØ˫?˿˦ǜǓ:

�ŃƢ×Ø˫?ǜǓ=@ʎ?̆ЎǴ!λJO

RQ': O0CHO-µŃƢ×˿˦͆ͩUĖ˫
*80ķЗǴU¸˄9"QņͫǴ!̕ś)R

21 
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     Cyclopropyl fentanyl (CF)� � � � � � � � � � Methoxyacetyl fentanyl (MethF) 

 

      

     ortho-Fluorofentanyl (OFF)� � � � � � � � � � parafluoro butyrfentanyl (PFB) 
 

     
            paramethoxybutyrfentanyl (PMB)� � � � � � � � � �  
 
 
Fig. 1. (Ώ˟?ĬƖʆⅣ) 
Chemical structures of Cyclopropyl fentanyl, Methoxyacetyl fentanyl, ortho-Fluorofentanyl, parafluoro 

butyrfentanyl and paramethoxybutyrfentanyl.  
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Fig. 2. (_�_ZzŃƢ×Ø˫?εß)	
Effects of fentanyl analogues on intracellular Ca2+ in CHO-µ cells. (A) Changes in intracellular Ca2+ 

levels were deteced as changes in fluorescence in the FlexStation II. Fluorescence measurements 
corresponding to increases in intracellular Ca2+ 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. (_�_Zz µŃƢ×ȜȑΏ?ǡЮ) 
Effect of pretreatment with µ opioid receptor antagonist β-funaltrexamine (FNA) on fentanyl 
analogues-induced elevation of intracellular Ca2+ levels in CHO-µ cells. Changes in intracellular Ca2+ 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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Fig. 4. (Cyclopropyl fentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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.  

 
Fig. 5. (Cyclopropyl fentanyl?Ώ˧Ɩ́ˠǴ) 
(A)(Cyclopropyl fentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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<0.01 vs. 
SAL-treated group. ##P<0.01 vs. CF-treated group. 
(B) (Cyclopropyl fentanyl?ϱĨʯǴ=Ƨ,QǡЮ:z���ŃƢ×ȜȑΏ) 
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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Fig. 6. (Methoxyacetyl fentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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.  

 
Fig. 7. (Methoxyacetyl fentanyl?Ώ˧Ɩ́ˠǴ) 
(A)(Methoxyacetyl fentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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?ϱĨʯǴ=Ƨ,QǡЮ:z���ŃƢ×ȜȑΏ) 
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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Fig. 8. (ortho-Fluorofentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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.  

 
Fig. 9. (ortho-Fluorofentanyl?Ώ˧Ɩ́ˠǴ) 
(A)(ortho-Fluorofentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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?ϱĨʯǴ=Ƨ,QǡЮ:z���ŃƢ×ȜȑΏ) 
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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Fig. 10. (parafluoro butyrfentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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.  

 
Fig. 11. (parafluoro butyrfentanyl?Ώ˧Ɩ́ˠǴ) 
(A)(parafluoro butyrfentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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<0.01 vs. 
SAL-treated group. ##P<0.01 vs. PFB-treated group. 
(B) (parafluoro butyrfentanyl?ϱĨʯǴ=Ƨ,QǡЮ:z���ŃƢ×ȜȑΏ) 
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 (n=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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Fig. 12. (paramethoxybutyrfentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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.  

 
Fig.13. (paramethoxybutyrfentanyl?Ώ˧Ɩ́ˠǴ) 
(A)(paramethoxybutyrfentanyl?ϱĨʯǴ=Ƨ,QǡЮ:_�_ZzŃƢ×ȜȑΏ) 
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?ϱĨʯǴ=Ƨ,QǡЮ:z���ŃƢ×ȜȑΏ) 
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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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. (�\�s|�й͗Ĭŋ˟ϱĨʯǴ:�ŃƢ×Ø˫?̆ЎǴ) 
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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Qx sUÝ,Q':Ū́:,Qє ɧǋǓ
@�\�s|�й͗×?QSAR=698ʁέ
*2є 
 

B. äë¬Ê�
 
�\�s|�й͗×?ʯǴ¸˄U

2D-QSARѐƜІ́ʯǴ̆Ўё9Γ52єĬƖ
ά̲�vf mMOEѐCCG̗ёU˫92є 
ʯǴ!Ʌ̋?Ĭŋ˟:*8 1ќ9 ?Ĭŋ˟U
˫92єѐTable 1ёʯǴë@_�_Zz µŃƢ
×=Ƨ,Q EC50U˫92є  

 
Fig. 1. Fentanyl 

 
 

C. äëô¹�
 

AutoQuaSARʩUÛ58Ɛǝ<QSAR�x
�ǙUʆ̵*2єQSAR�x�Ǚ9˫92ί
ϥƔ@ђMOE ¤9ĨØ,Q AutoQuaSAR �
�e��=N58ђMOE =ȯϞ)R89Q
184 ?,D8? 2D ίϥƔ OϸȒ)R2K
?9�QєQSARǙ@ÀǀʁƜ? R2ѐ̆Ўâ

ȼ? 2²ё!ɝK΀9K?U˫92єѐFig. 2ђ



-31- 

XϛњʯǴë?¸˄ђYϛњʯǴëё 
 
̆Ўâȼ?º²(R2) = 0.98 
ÀǀʁƜ?̆Ўâȼ?º²(XR2) = 0.92 
QSARǙ 
pEC50 = 14.62920  

- 0.063482 * PEOE_VSA+0 
- 0.000204 * PEOE_VSA-0 
+ 0.071527 * SMR_VSA2 
+ 0019985 * SlogP_VSA8 

 
D. ø��

 
� �\�s|�й͗×?QSAR�x�?ʆ̵
UΓ52єʯǴë!Ʌ̋9�Qљ̠?Ĭŋ˟

U˫98Γ52єЪǇ=̆ЎǴ?т9 QSAR
�x�!ǧOR2єÄǥђ�\�s|�й?

īțΤėC?ƳЌ!ɣǣ)RQєQSARǙU
˫98�x�f n:*8 24 è?Ĭŋ˟?
¸˄UΓ58H2є(Fig.3) 

 
E. ôč�
�

� ɧǋǓ@ђ�\�s|�й͗×? QSAR�
x�?ʆ̵=698ʁέ*2єЪǇ=̆ЎǴ

?т9 QSAR �x�UǧQ':=ȄĢ*2є
�\�s|�й?īțΤėC?ƳЌ!ɣǣ9

"Qє 
 

F.�iøªÓ 
<* 

 
G. äëÞą 

1. σȾ˿Θ 
1) ɶĺʎɋ 

in silicoά̲ʕǴεß?2J? QSARȊ
ʩ?ʯ˫ʩ 
in silico ğΏ=�%Qnd× |�e?
тϪĬ�т̽ǓĬȍΔђȍΔǹŹĳÏ, 
2018.1.31, 261-267 

 
2) Eto R, Misawa T, Noguchi-Yachide T, 

Ohoka N, Kurihara M, Naito M, Tanaka M, 

Demizu Y.; Design and synthesis of estrogen 
receptor ligands with a 
4-heterocycle-4-phenylheptane skeleton. 
Bioorg Med Chem., 2018, 26, 30060-9.  
 

3) K. Okitsu, T. Hattori, T. Misawa, T. Shoda, 
M. Kurihara, M. Naito, Y. Demizu; 
Development of a small hybrid molecule 
that mediates degradation of His-tag fused 
proteins 
J Med Chem., 2018, 61, 576-582. 
 

4) Tsuji G, Hattori T, Kato M, Hakamata W, 
Inoue H, Naito M, Kurihara M, Demizu Y, 
Shoda T.; Design and synthesis of 
cell-permeable fluorescent nitrilotriacetic 
acid derivatives. 
Bioorg Med Chem., 2018, 26, 5494-5498.  
 

5) Misawa T, Tsuji G, Takahashi T, Ochiai E, 
Takagi KI, Horie K, Kakuda S, 
Takimoto-Kamimura M, Kurihara M, 
Demizu Y.; Structural development of 
non-secosteroidal vitamin D receptor (VDR) 
ligands without any asymmetric carbon. 
Bioorg Med Chem., 2018, 26, 6146-6152. 

 
2. ƖÏ˿Θ�
1) ΅¼Ν͜Ɣђ˅ƶĆɔђCiloy, JoseђЇ
ϋϐΓђɧЍʎùђɶĺʎɋ 
ʆⅣйÑǴ=Ŷ792Z�l×hƂ˳

ĺǴ¸˄ʩ?Ќ˿ 
ɆɧΏƖÏ̭ ��	 ǋÏѐ���	������	���

įΊё�

2) ˅ƶĆɔђɮэʟЃђĺˬΝ̪ђЇϋ
ϐΓђɶĺʎɋ 
QSAR ľBzvb�ensxY=NQ
`�{�~ZzŃƢ××a�z?ʯǴ

εß 
ɆɧΏƖÏ̭ ��	 ǋÏѐ���	������	���

įΊё�

�

I. ãàđ×Á�WĤAßĚÒÉ�

�

ˠαłǧ0Ɲ˫Ɂɻ̀Љ00?Ç�

ˠ=<*1
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Table 1 
 ĬƖō ʆⅣ EC50 

1 N-(4-Fluorophenyl)-N-(1-phenethylpiperidin-4-yl)butyramide 

 

5.72 x 10-9 

2 N-(4-fluorophenyl)-N-(1-phenethylpiperidin-4-yl)isobutyramide 

 

6.43 X 10-9 

3 N-(1-phenethylpiperidin-4-yl)-N-phenylcyclopropanecarboxamide 

 

1.23 X 10-9 

4 N-phenyl-N-(1-(2-phenylethyl)piperidin-4-yl)furan-2-carboxamide 

 

6.45 X 10-10 

5 2-methoxy-N-(1-(2-phenethyl)piperidin-4-yl)-N-phenylacetamide 

 

1.81 X 10-8 

6 N-(2-Fluorophenyl)2-methoxy-N-(1-(2-phenylethyl)piperidin-4-yl)acetamide 

 

1.77 X 10-9 

7 N-(4-chlorophenyl)-N-(1-phenethylpiperidin-4-yl)isobutyramide 

 

4.63 X 10-8 

8 N-phenyl-N-(1-(2-phenylethyl)piperidin-4-yl)tetrahydrofuran-2-carboxamide 

 

3.29 X 10-9 

(S) 

9.09 X 10-9 

(R) 

9 Fentanyl 

 

2.88 X 10-8 
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Fig 2 
 
 

 
    

 2.88×10-8 8.46×10-8 8.46×10-8 8.40×10-8 

 3.58×10-6 5.72×10-9 7.92×10-8 3.56×10-7 

 8.47×10-7 6.43×10-9 1.59×10-6 4.63×10-8 

 1.23×10-9 5.24×10-9 5.24×10-9 2.36×10-8 

 6.45×10-10 6.16×10-8 6.16×10-8 2.77×10-7 

 1.81×10-8 6.06×10-10 1.77×10-9 2.72×10-9 
 

Fig 3 
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�� 30��gÖ^Vê}äëēĆ]ę 
ħcāqAcÝÂtî?B:<M=B) "],¨ðäëJ¾ĬH30-cā-Cþ-004Ĩ 

 
X¢äëvp° 

 

fĠ1</'���ĥPÑĔ�³��ñ¯,&=B3]'Ê�ĜÞ 
.èóÏÜĝĕX{ ��
	� �¤À��3. 

 
X¢äëùĬÌÈ�Lħ��x}x}ğcÄā}õnäëêûèó[�}Ď�ûèóÂ¿}�©¦Ĩ 
äëe\ùĬ��ú{ħ��x}x}ğcÄā}õnäëêûèó[�}Ď�ûèóÂ¿}�]©Ĩ 
 
�̥̎΢ɇ� 
[͓Ϋ] ķЗz�ve�NBΦ.9Ĝ<;´˫Ώ˟=NQ̙͉НƠ=�98̙͉˓˻@Є΢<ǢĞ
Uɱ2,:͠�ORQ1ɸą DNA͊ŋs��dϔ High mobility group box-1 (HMGB1)@0͈͙Ȯò
ɐ=͆ͩƃCȷč)R0RAGE0Toll-like receptor (TLR)=͊ŋ*˓˻Ǽϖ=õ# damage-associated 
molecular patterns (DAMPs):*8̋OR89Q1ɧ̥̎9@0̙͉͆ͩʕǴ˿˦?ĂⅡ?Ø˫˕:
<P�Q̙͉˓˻ЎϬʈ́ĎƔ:ǻƜ)RQϖ˓˟ϔ DAMPs?ÊΘ9�Q HMGB1=̉̄*0Φ
.9Ĝ�s��\s��(METH)ǳǴȐ§̙͉ʕǴ�x��[n=�%Q HMGB1 ?˿˦ĨȀ<O
B=z���(DA)̙͉ʕǴ=Ƨ,Qȑ HMGB1ȑ×?Ħɱ=698ʁέ*21 
[͊ɱ] ̙͉ʕǴ˿˦?ИǴh�y� �:<Q BALB/c̿�[nC?METHȐ§=NP0Ǽϖ)R
Q�~X��̙͉̿НƠ=ЎϬ,Qт×˃0DAy��n� s ?ˁƭ0DA̙͉͇ɦ?ͮΉ::
K=0HMGB1 ?ɦɾΒ¬9?ſģ<OB=͔ɫ×̙͉͆ͩ9? HMGB1 ?ɸ O͆ͩϔC?̞
Γ�ȷč!HORQ':UɋO =*21)O=ȑ HMGB1ȑ×?ЩͭąȐ§=NP'ROMETH
Ȑ§=NQ HMGB1Β¬ˏǓ?¤ɉ:̙͉͆ͩ9?ɸƃ̞Γ0т×˃0DAy��n� s ?ˁ
ƭ0DA̙͉͇ɦ?ͮΉUɟǽ=ȏė,Q':!9"21 
[͠Ʀ] ɧ̥̎9@0METH=NQɦɾ9? HMGB1˿˦¤ɉ!͔ͯɫ×9? METHǳǴ̙͉ʕǴ
=Ў§*89Q':UɋO =*2::K=0HMGB1!METHǳǴ̙͉ʕǴ͖Ŗ?ʈ́:<P�
Q':U̕*21'RG9?̥̎90METHȐ§=NQɦɾΒ¬ HMGB1ˏǓ?¤ɉ!0ȑ HMGB1
ȑ×Ȑ§=NPȏė)RQ':UΣč*89Q1ȑ HMGB1 ȑ×ɦɾȐ§=N58 METH =NQ
DAT?ͮΉ�NB�d�e×X?ʯǴĬ!ȏė)R0)O=ͯą HMGB1?ɸƃ̞ΓKȏė)R2
': O0ȑ HMGB1ȑ×=@ͯą?˓˻Uȏ�QņͫǴ!�Q1G20ɦɾΒ¬? HMGB1!ȑ
×=NP¬Ŗ)R0hyperthermia<OB= BBB?̏͐!ȏė)R80ɦɾ O?ϖ˓˟ϔ?àÿ!
Ϝˁ9"0'RO!DA̙͉͇ɦ?ͮΉȏėĦɱ=Ў§,Q':!͠�ORQ1,<T40ȑHMGB1
ȑ×!ɦɾ9Ø˫,Q':=N58 METH =NQͯą̙͉ʕǴUȏė,QņͫǴ!̕ś)R21
HMGB1 @´˫Ώ˟=NPǼϖ)RQ̙͉͆ͩʕǴ˿˦?ĂⅡĎƔ:<P�QņͫǴ!�P0Äǥ
͆ͩ�Ъ͆ͩεß̿U˫92ķЗz�veȐ§�ʾģ=NQ HMGB1�NB0?�p�s TLR?
˿˦ĨȀ?ƂĬ=698ʁέ,Q¸Ɯ9�Q1 
 

A. äëáà 
 
� 'RG9=0ŵн̙͉͆ͩU˫980ķЗ

ѐϴʩ0ͮʩёz�ve?̙͉͆ͩʕǴ=Ў

,QʁέUΓ90ʕǴ˿˦?���WZ�<

OB=ʆⅣʕǴ̆ЎUɋO =*8"2 1)-12)1
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'RO?̋Σ@0¡Ɯ?ʆⅣUɟ,QΏĜU

ȞƜΏ˟=,Q':9īț́=Τė,Q':

?ǯ΢Ǵ0Є΢ǴU̕,K?9�Q1* *0

ʌ2=ĕ?йÑʆⅣUK6ĬƖ˟ϔ!ΟⅣ)

R0ʰⅡ�´˫)R89Q': O0ķЗz

�ve�NBйÑĬƖ˟ϔ?ķЗǴ�NB̽

�̙̙ ͉ʕǴU¸˄,QȍΔ0,<T4̙̽�

̙͉ʕǴ˿˦?΍˘Ǵ?Ȟʈ:<Q˩×ĎƔ

C?Ø˫U̷á=ϢϪ=εß9"Qnd× 

|�eʩ?̩̑!ǳĩ9�Q:͠�OR21

ǊȄ27ǋǓ OǊȄ29ǋǓ?¡Ϭ?ʁέ90
ķЗz�ve?̙̽�̙͉ʕǴ˿˦?΍˘Ǵ

U̕,ĂⅡ?Ø˫˕:<P�Q:͠�ORQ

MAOВƠʯǴ=̉̄*0˿ ûǴMAOŶϔ=
NQ MAO ʯǴ?˿ûʁčlnw�U˫9R
A0̽Ο)R2̻ɦ�ж̼ˡ´˫z�ve?

ʙˉʻ? MAO ВƠʯǴUЪǇ=тǿǓ9̷
á=εß9"0̙̽�̙͉ʕǴ˿˦?΍˘Ǵ

Und× |�e,Qɟ˫<ɂ̱?¡6:<

P�Q':UɋO =9"2 13)-15)1 
� ķЗz�ve�NBΦ.9Ĝ<;´˫Ώ˟

=NQ̙͉НƠ=�98̙͉˓˻@Є΢<Ǣ

ĞUɱ2,:͠�ORQ1High mobility group 
box-1 (HMGB1)@0ɸą DNA͊ŋs��dϔ
9�Q!0͈͙Ȯò=ǰ+8͆ͩƃCȷč)

R0 Receptor for Advanced Glycation End 
products (RAGE)0Toll-like receptor (TLR)=͊
ŋ*˓˻Ǽ ϖ=õ# damage-associated 
molecular patterns (DAMPs):*8̋OR89
Q 16)-18)1'RG9?̥̎=NP0ͯı¬(ͯ
ɽŻ0ͯčΒ)0ͯƃò08V V0̙͉ŦǴ
˸˽�x�=�98 HMGB1˿˦!μƫ)R
8�P0¬ŖʯǴUɟ,Qȑ HMGB1ȑ×U
Ȑ§,Q':=N58̙͉НƠ!ɟǽ=ȏė

)RQ':!ŹŒ)R89Q 19)1ɧ̥̎9@0

̙͉͆ͩʕǴ˿˦?ĂⅡ?Ø˫˕:<P�Q

̙͉˓˻ЎϬʈ́ĎƔ:ǻƜ)RQϖ˓˟ϔ

DAMPs ?ÊΘ9�Q HMGB1 =̉̄*0Φ
.9Ĝ�s��\s��(METH)ǳǴȐ§̙
͉ʕǴ�x��[n=�%Q HMGB1?˿˦
ĨȀ<OB= DA ̙͉ʕǴ=Ƨ,Qȑ

HMGB1ȑ×?Ħɱ=698ʁέ*21 

 
B. äë¬Ê 

 
Û˫Ĩ˟њ8ϭъ?ПǴ BALB/c̿�[n(Ɇ
ɧu� �o�×� ɷǙÏ̗)UÛ˫*21 
METHǳǴ̙͉ʕǴ�x��[nØȄњ�[
n=Zq����őÿчϿ¥9

phosphate-buffered saline (pH 7.4: PBS)0�vy
IgG0�vyȑ HMGB1�~d� {�ȑ×
(HMGB1 Ab: 1 mg/kg)UƯЩͭNPȐ§*0Ȑ
§̅ǥ: 2ɐЍǥ=0METH (4 mg/kg, i.p. × 2)
G2@˩˧кżʙUͳͱąȐ§*0METHǳ
Ǵ̙͉ʕǴ�x�UØȄ*21 
̅Ͳ˃˄ƜњMETHG2@˩˧кżʙ?ͳͱ
ąȐ§(1ť̄)̅Ě�NBȐ§ǥ 1ɐЍʔ= 5
ɐЍǥG9͉ɐ́=̅Ͳ˃U˄Ɯ*21 
ď˝ØȄњMETHȐ§ 3Ɇǥ=0��y��
�s �ʼчϿ¥90Ċ˩˧кżʙ�NB4%
�����X�x�z=NQˑʰūƜUΓ5

21ūƜǥ0ͯUłPč*015%nd� n
ˉʻ=ʸϧ).0d×_nsvy9 20 µmĹ
?ċ͊Ĉˡɀď˝UØȄ*21 
ý˷͈͙ĬƖ(˿΁ʩ)њŊ͝?͔ɫ×¬ϻU
ŐIċ͊ď˝U˫98 free-floating ʩ=NQ
DAT?ý˷ɴ΁UΓ521ȑ×?ʸϧǴUт
JQ2J00.2% TritonX-100UŐɟ*2 PBS 
(0.2% PBS-T)=ď˝U 10ĎЍʸ,':U 3ť
͚PϤ*21Ъˠ˳́ŀǰUБ$2J=0ď

˝U 0.5%ϲЁĬʙ̈́9 30ĎЍČ˧*0)O
= 1%ʎǇ[jcΒʿ9 30ĎЍ?��vb�
eČ˧UΓ52ǥ01ʌȑ×�vyȑ DAT�
~d� {�ȑ×(Millipore: MAB369, PBS-T
9 500éǄЂ)9 4℃9 1ɒ incubate*210
?ǥď˝U PBS-T9 10ĎЍ 3ťʭʱ*0[
jc�_u�ʈχȑ�vy IgGȑ×(BA-4000, 
1000 éǄЂ)9 2 ɐЍČ͛*21ʭʱǥ0
3,3’-diaminobenzidine tetrahydrochloride ζΏ
(SIGMA-ALDRICH: D5905)9˿΁).0ď˝
Un�Zza�n=Ϟ.2ǥ0]s~ �̿

Ē:bl��=NQͮʙ�ͮͬǥ=0]�w

��|� (Merck)U˫98ƨÿ*21 
ý˷͈͙ĬƖ(Αûɴ΁)њ͆ͩ͵ʸϧČ˧:
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ʭʱUΓ�2J0ď˝U 0.2% PBS-T¬= 10
ĎЍʸ,':U 3ť͚PϤ*21ȑ×=Ƨ*
8?Ъˠ˳́ŀǰUБ$2J=0Ŋȑ×=϶

*2 1%ʎǇΒʿ9 30ĎЍ��vb�eČ˧
UΓ521ď˝UPBS-T9ǄЂ*2 1ʌȑ×0
[jcȑ Iba1�×d� {�ȑ×(WAKO: 
019-19741, 500éǄЂ)0[jcȑ HMGB1�
×d� {�ȑ×(abcam: ab18256, 5000éǄ
Ђ)0�[nȑ NeuN�~d� {�ȑ×
(Millipore: MAB377, 2000éǄЂ)0�cȑX�
����×d� {�ȑ×(Bethyl: 
A90-234A-7, 500éǄЂ):4℃91ɒŀǰ).
21PBS-T9 10ĎЍ 3ťʭʱ*00R1R
1000éǄЂ*2ºʌȑ×0�cȑ[jc IgG 
Alexa Fluor488ȑ×(Alexa: A-11034)0�cȑ
�[n IgG Alexa Fluor 594ȑ×(Alexa: 
A-11032)0��ȑ�c IgG Alexa Fluor594ȑ×
(Alexa: A-11058):ƞ˃92ɐЍ incubate*21
PBS9 10ĎЍ?ʭʱU 3ťΓ90 
Hoechst33342 (Thermo Fisher, 2000éǄЂ)=
NQɸɴ΁UΓ521PBS9 2ĎЍʭʱUΓ
90ď˝Un�Zza�n=Ϟ.2ǥ0DAKO 
Fluorescence Mounting MediumU˫98ƨÿ
*21 
εßĎɯʩњ͔ɫ×¬ϻͨƃï9?le{�

ИǴ͆ͩ?èȼ�NBΑûǜǓU cellSensq
�y[\X (Olympas)=N58˄Ɯ*0DAT
?le{�ǜǓ@ Image J 1.52a(NIH)=NP
˄Ɯ*21ɟǽ͞ʁƜ@0one-way ANOVA�
NB post-hoc test:*8 TukeyʩU˫921 
 

C. äëô¹ 
 
1. METH μ˿ hyperthermia =Ƨ,Qȑ
HMGB1ȑ×?Ħɱ 

METH?ǳǴȐ§=NPhyperthermia (т×
˃)!Ǽϖ)RQ':!̋OR89Q1ȑ
HMGB1ȑ×?METH=NQ hyperthermia=
Ƨ,QǡЮUρDQ2J0̅Ͳ˃U͉ɐ́=

˄Ɯ*21 
� Ƨ˚͝(saline+PBS):ʖϝ*80METH :
PBS�Q9@ IgGUȐ§*2͝(METH+PBSђ

METH+IgG)9@ METH ēťȐ§ 3 ɐЍǥ(2
ť̄Ȑ§ 1ɐЍǥ)= hyperthermia!Ψ˄)R
2!0METH:ȑ HMGB1ȑ×UȐ§*2͝
(METH+HMGB1 Ab)9@0hyperthermia !ȏ
ė)R892(Ū 1)1 
2. METH̙͉ʕǴ=Ƨ,Qȑ HMGB1ȑ×
?åϊĦɱ 
� METHǳǴȐ§=NQ̙͉ʕǴ9@0͔ɫ
× DA̙͉͇ɦ?ɟǽ<ͮΉ!Ǽϖ)RQ1
METH̙͉ʕǴ=�%QȑHMGB1ȑ×?å
ϊĦɱUʁέ,Q2J=0DA ̙͉͇ɦ?Ȟ
ʈ9�Q DAT ?ý˷ɴ΁UΓ521

METH+PBS0METH+IgG͝9@0͔ ɫ×¬ϻ

ͨƃï=�%Q DAT?ͮΉ!λJOR21'
R=Ƨ*80METH+ȑ HMGB1 ͝9@ DAT
?ͮΉ!ȏė)R892(Ū 2)1 
3. METHμ˿ Iba1ИǴ�d�e×X?ʯǴ
Ĭ=Ƨ,Qȑ HMGB1ȑ×?Ħɱ 
� METH=N58 Iba1ИǴ�d�e×X?ʯ
ǴĬ<OB=˓˻ŀǰ!μƫ)RQ2J0�

d�e×X?ʯǴĬ=Ƨ,Qȑ HMGB1ȑ×
?Ħɱ=698ʁέ*21METHȐ§=NP
͔ɫ×ͨƃï=�%Q Iba1 ИǴ�d�e×
X?ʯǴĬ:͆ͩȼ?ſģ!λJOR2!0

ȑ HMGB1ȑ×Ȑ§=NPȏė)R2(Ū 3)1 
4. METHǳǴȐ§=NQ HMGB1˿˦?Ƃ
Ĭ:ȑ HMGB1ȑ×Ȑ§?Ħɱ 
� METHȐ§=NQ͔ɫ×=�%Q HMGB1
?ĨȀ<OB=ȑ HMGB1ȑ×Ȑ§?Ħɱ=
698ʁέ,Q2J0HMGB1 :̙͉͆ͩ?
ɸ?� ` 9�Q NeuN:?ºЄɴ΁UΓ
521METHȐ§=NP͔ɫ×ͨƃï=�9
8̙͉͆ͩ? HMGB1?ɸą O͆ͩϔC?
̞Γ0)O=͆ͩƃC?Ďʨ!H:JOR0

ȑ HMGB1 ȑ×Ȑ§=NP0METH μ˿
HMGB1?ɸƃ̞Γ!ɟǽ=ȏė)R2(Ū4)1 
5. METHȐ§=NQ BBB ̏͐=Ƨ,Qȑ
HMGB1ȑ×?Ħɱ 
� METHȐ§=NQ hyperthermia!BBB?̏
͐UK2O,':!ŹŒ)R89Q 20,21)1ȑ

HMGB1 ȑ×Ȑ§=NP hyperthermia !ȏė
)RQ':Ȗλ*2?9(Ū 1)0BBB ?̏
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͐=Ƨ,Qȑ HMGB1ȑ×?Ħɱ=698ʁ
έ*21METH ǳǴȐ§=NP BBB ?̏͐
U̕,X����?ͯƝϔąC?ʰÿ!HO

R2!0ȑ HMGB1ȑ×Ȑ§=NPX���
�?ʰÿ!ˁƭ*892(Ū 5)1'R=NP0
METH Ȑ§=NQ BBB ?̏͐!ȑ HMGB1
ȑ×9ȏė)R2:͠�ORQ1 
 

D. ø� 
 

METH?ǳǴ̙͉ʕǴ=@ʇ2<НƠʋϚ
!Ў§,Q':!̋OR89Q 22-26)1METH
=NQ hyperthermia@0BBBȔ͐).0˓
˻ŀǰUǼϖ*�Q˟ϔ�̮͆ͩ?ɦɾ O

ͯąC?àÿUſƅ).Q:͠�OR89Q
20,21)1G20hyperthermia@ͯą9? DA?͸
ĨЁĬU¿Ϯ).0ʯǴЁ̠̈́�NB DAb
~�˩Ȅ=NP DA̙͉НƠUſǸ).Q
23,27)1�× �m`�ʹļĜ edaravoneȐ§=
NPMETH=NQDA̙͉ʕǴ@ȏė)RQ
!0hyperthermia�NB�d�e×X?ʯǴ
Ĭ@ȏė)R<9': O0�× �m`�

˪˩@ hyperthermiaL�d�e×XʯǴĬN
PK¥ʰ?¹ό:͠�ORQ 28)1G20ͯą

͔ɫ×C?METH̅ȧȐ§=NPɦɾȐ§
:Ōʇ=͔ɫ×9? DAȷč@¿Ϯ,Q!0
DA̙͉ʕǴ(DAɳˀ)�NB hyperthermia@
Ǽϖ)R<9': OK0ɦɾ9?Ø˫!

METH̙͉ʕǴUǼϖ,Q':!̕ś)R8
92 29)1)O=ȅ2@0IFN-γ?ͳͱąȐ§
�NBͯƞąȐ§@METH=NQDA̙͉ʕ
ǴUȏė*0hyperthermia@ͳͱąȐ§9ȏ
ė)RQ!ͯƞąȐ§9@ȏė)R<9':

UΣč*8�P 30)0METH=NQhyperthermia
@ɦɾ?ĎƔʋϚ=NQ:͠�ORQ1 
ɧ̥̎9ȅ2@0ȑ HMGB1ȑ×?ɦɾȐ
§!METH?ǳǴ̙͉ʕǴ=Ƨ*åϊĦɱ
U̕,':0G2 hyperthermiaUȏė,Q'
:UΣč*21'RG9?̥̎90METHȐ
§=NQɦɾΒ¬ HMGB1ˏǓ?¤ɉ!0ȑ
HMGB1ȑ×Ȑ§=NPȏė)RQ':UΣ
č*89Q1*2!580ȑ HMGB1ȑ×@

ɦɾ9 HMGB1U¬Ŗ,Q':=NP
hyperthermiaUȏė*89QņͫǴ!͠�O
RQ1hyperthermia?ȏėĦɱ!METH̙͉
ʕǴ?ȏėĦɱ=6<!52 ;� =69

8@0×˃h�y� �¥9?ʁδ!Äǥǯ

΢:<Q:͠�ORQ1 
ȑHMGB1ȑ×ɦɾȐ§=N58METH=N
Q DAT ?ͮΉ�NB�d�e×X?ʯǴĬ
!ȏė)R0)O=ͯą HMGB1?ɸƃ̞Γ
Kȏė)R2': O0ȑ HMGB1ȑ×=@
ͯą?˓˻Uȏ�QņͫǴ!�Q1G20ȑ

HMGB1 ȑ×Ȑ§=N58ͯąC?X���
�ʰÿUˁƭ).Q':!9"22J0ɦɾ

Β¬? HMGB1 !ȑ×=NP¬Ŗ)R0
hyperthermia<OB= BBB?̏͐!ȏė)R
80ɦɾ O?ϖ˓˟ϔ?àÿ!Ϝˁ9"0

'RO! DA̙͉͇ɦ?ͮΉȏėĦɱ=Ў§
,Q':!͠�ORQ1,<T40ȑ HMGB1
ȑ×!ɦɾ9Ø˫,Q':=N58 METH
=NQͯą̙͉ʕǴUȏė,QņͫǴ!̕ś

)R21* *0ɧ̥̎9@ȑ HMGB1ȑ×
?ͯƞąȐ§�Q9@ͯąȐ§UΓ589<

92J0ɦɾ9?Ø˫=Ŷ7#:9�̑δU

ǧQ':!9"89<91'?˕=Ў*8@

Äǥ?πз:*291Πȼ?σȾ90̙͉˓

˻!͋I̙͉˹Ƿ˺Ȁ�x�=�%Qȑ

HMGB1 ȑ×Ȑ§=NQʤ˾Ħɱ!ŹŒ)R
89Q 31-35)1ɧ̥̎͊ɱ@0HMGB1!METH
ǳǴ̙͉ʕǴ=Ў§*89Q':UɋO =

*2::K=0HMGB1!METHǳǴ̙͉ʕ
Ǵ͖Ŗ?ʈ́:<P�Q':U̕*21 
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Ū 1єMETHǳǴ̙͉ʕǴ�x��[n=�%Q̅Ͳ˃?͉ɐ́ƂĬ 
saline�Q9@METHȐ§̅Ě:Ȑ§ǥ 1ɐЍʔ=�x��[n?̅Ͳ˃U˄Ɯ*21saline + PBS 
(n=5)ђsaline+IgG (n=4)ђsaline+HMGB1 Ab (n=4)ђMETH+PBS (n=6)ђMETH+IgG (n=6)ђMETH+HMGB1 
Ab (n=6)є*p<0.05 vs time-matched saline-treated group. (one-way ANOVA, post-hoc Tukey’s test) 
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A

 

B 

 

Ū 2єMETH̙͉ʕǴ=NQ DATͮΉ:ȑ HMGB1ȑ×?Ħɱ 
(A)ý˷ɴ΁ö1saline+PBS (n=4)ђsaline+IgG (n=4)ђsaline+HMGB1 Ab (n=4)ђMETH+P
BS (n=5)ђMETH+IgG (n=6)ђMETH+HMGB1 Ab (n=4)ђscale bar=500 µmє 
(B)͔ɫ×ͨƃï DATИǴle{�ǜǓ1**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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A 

 

B 

 

 
Ū 3єMETHǳǴȐ§=NQ�d�e×X?ʯǴĬ=Ƨ,Qȑ HMGB1ȑ×?ǡЮ 
(A)�d�e×X� ` Iba1?Αûý˷ɴ΁ö1saline+PBS (n=4)ђsaline+IgG (n=4)ђsaline+HMGB1 
Ab (n=4)ђMETH+PBS (n=5)ђMETH+IgG (n=6)ђMETH+HMGB1 Ab (n=4)ђscale bar=100 µmє 
(B)͔ɫ×ͨƃï Iba1ИǴ�d�e×X͆ͩȼ1*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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A 

 
 
B 

Ū 4єMETHǳǴȐ§=NQ͔ɫ×̙͉͆ͩ=�%Q HMGB1ĨȀ:ȑ HMGB1ȑ×Ȑ§?ǡЮ 
(A)NeuN(ϕ)0HMGB1(͒)?ΑûºЄɴ΁ö1METHȐ§=NP HMGB1?ɸƃ̞Γ(̊г)0͆ ͩƃ

ȷč(inset)!λJOR21saline+PBS (n=4)ђsaline+IgG (n=4)ђsaline+HMGB1 Ab (n=4)ђMETH+PBS 
(n=5)ђMETH+IgG (n=5)ђMETH+HMGB1 Ab (n=5)ђscale bar=10 µmє 
(B)͔ɫ×ͨƃï=�%Q HMGB1?ɸƃ̞Γ!HOR2̙͉͆ͩȼ?ƂĬ1*p<0.05 vs. 
saline+PBS-treated groupђ#p<0.05, ##p<0.01 between indicated groups. (one-way ANOVA, post-hoc Tukey’s 
test) 
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A 

 
B 
 

 

 
Ū 5єMETHȐ§=NQ BBB̏͐=Ƨ,Qȑ HMGB1ȑ×?Ħɱ 
(A)͔ɫ×¬ϻ?ͯĈˡɀď˝=�%QX����?Αûý˷ɴ΁ö1saline+PBS (n=4)ђsaline+IgG 
(n=4)ђsaline+HMGB1 Ab (n=4)ђMETH+PBS (n=5)ђMETH+IgG (n=5)ђMETH+HMGB1 Ab (n=5)ђscale 
bar=500 µmє 
(B)͔ɫ×ͨƃï=�%QX����le{�ǜǓ1*p<0.05, **p<0.01 vs. saline+PBS-treated group. 
(one-way ANOVA, post-hoc Tukey’s test). 
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�� 30��gÖ^Vê}äëēĆ]ę 
ħcāqAcÝÂtî?B:<M=B) "],¨ðäëJ¾ĬH30-cāCþ-004Ĩ 

 
X¢äëvp° 

 
n�$]254 1�ĐZ Ąåì4Mď¥`�ĝ1�äë 

 

X¢äëùĬ b�Í� ħ�Ğāêx} āÑ`�}äë�Ĩ 
äëe\ùĬ NĂs´ ħ�ĞâTUÕwäë�� ÖËê}ėĨ 
äëe\ùĬ ��ÿģ ħ�Ğāêx} āÑ`�}äë�Ĩ 
äëe\ùĬ Ħ¶Ā² ħ�Ğāêx} āÑ`�}äë�Ĩ 
äëe\ùĬ ·FĒr ħ�Ğāêx} āÑ`�}äë�Ĩ 
äëe\ùĬ ±Ù� ÷ ħ�Ğāêx} āÑ`�}äë�Ĩ 
äëe\ùĬ ïµĒĖ ħ�ĞâTUÕwäë�� ÖËê}ėĨ 
äëe\ùĬ è��Ôy ħ�ĞâTUÕwäë�� ÖËê}ėĨ 
äëe\ùĬ ÆK~� ħ�ĞâTUÕwäë�� ÖËê}ėĨ 

 
�̥̎΢ɇ��

� ɧǋǓNP0ŋȄ`�{�~Zz (SCs) ?ϻĎʆⅣ OÿȊŨФ< SCsʈˈŗUŋȄ,Q϶ɐÝ
͌×ė!ʆ̵)R2?90ǂϏŗ:Ă='?Ȋʩ9ŋȄ)R2 SCsU˫90Ŋ̠?ʁέUΓ521 
,<T40ѕёɏǋǓG9=̩̑*2 LCMS-IT-TOF=NQ SCs?Êφ˟ĎɯȊʩU˫90Xt�
�u�Ŷ?Ò͛˳Ǵ×ʆⅣUȝ6 2̠? ATHPINACA˳Ǵ×ѐATHPINACA isomer 10ATHPINACA 
isomer 2ё=�%Q�yͥ�d�q � (HLMs) ÊφƝрUΓ90ϔІĎɯ=Ŷ7#Êφ˟?χĕ
�NB in vitroÊφ͉ϙ?ȨƜUζH21G20іёSCsÊφ˟? in vivoÊφȟĨ=Ў,Q̋ΣUΌ
̣,Q':Ū́=0Z�tr �˨=ƫÿ)R2��u�Њ?ʆⅣ˳Ǵ× 2 ̠
ѐ5F-CUMYL-PINACA0CUMYL-PINACAё=6980Ĩ˟Ɲр̿=NQ in vivoÊφƝрUΓ521
)O=0їётϪʻ×d��ye�� (LC)ѓϔІĎɯΛ͛(MS)U˫92 SCs Ò͛˳Ǵ×
ѐFUB-JWH-018:0?˳Ǵ×ё?`��=NQĎУ:ϔІĎɯ=NQχĕʩ?Ќ˿UΓ521 
ѕё?ʁέ=NP0ATHPINACA Ò͛˳Ǵ× 2̠@9-RKÊφİˁɣ!ЪǇ=̌#0ȱłǥ?χ
ĕ=@Êφ˟?ʁč:0?Êφ���WZ�ǹŹ!ǯ΢9�Q':!ɋO =<521<�0ªĬ

ŋ˟?®΢Êφ͉ϙ@Xt��u�ŶC?ϪL <ʙЁŶ?ƫÿ9�P0Êφŀǰ 3ɐЍǥ?®΢
Êφ˟@0isomer 1 9@ºʙЁĬ×0isomer 2 9@¡ʙЁĬ×9�Q':!ɋO :<521<�0
ª isomer ?ɥƂĬ×�NB®΢Êφ˟?��y�ÈģĎƔ O˩Ȅ)RQ��tdyZ_�=@
ɋ̑<ϴ9!�P0ATHPINACAÒ͛˳Ǵ× 2̠?χĕ@0ɥƂĬ×0®΢Êφ˟?9-R?ʁč
=N58Kņͫ9�Q':!̕ś)R21 
іё@05F-CUMYL-PINACA�NB CUMYL-PINACA@×˃Ó¥<;?ΏĦU̕, 0.3ќ0.5 mg/kg 
(iv)9ƝрUΓ521ªĬŋ˟?Β¬ˏǓU˄Ɯ*0PK ΪɯUΓ52͊ɱ02-h�� y��y�
x�=NP0ªĬŋ˟?Ώ˟ĨȀƖ́��� s Uƫ%Q':!ɋO =<521* *0ªĬ

ŋ˟?ɥƂĬ×?ư¬μʧ@̑λ)R-0in vitroÊφƝр9ǧOR2®΢Êφ˟K(#ǫІ9�5
21N580ȱł SCs?ŌƜ=@)O<QƿƇ!ǯ΢9�Q':!͠�OR21 
G20їё9@ SCs?ʆⅣйÑĬŋ˟ѐ˳Ǵ×̮ё?χĕŪȞ*80LC−MS ľB�x�Ĭŋ˟
U˫92Ŷ̥̔̎UΓ90FUB-JWH-018 :0?˳Ǵ×?χĕ!ņͫ<̿Ȗ̩*21<�0'?
εß̿@0SCsUŐIΟŗ=�%QÒ͛˳Ǵ×χĕ=K϶˫ņͫ9�521 
Ë¤?̋Σ@0ȱł SCs�NB0?Êφ˟?χĕȍΔ̩̑=ȍΔ́Ŷ̃:*8ʃJ8ɟ˫9�P0
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Äǥ?Ħˤ́< SCs?ʩ́Τė=�98Kɟ˫9�Q':!͠�OR21 
 

A. äëáà 
 

ķЗz�ve=ŐGRQȄĎ=@`u~�

йLŋȄ`�{�~ZzѐSCsё̮!̋OR
89Q1Ŭ@'RO=698ʩǤ=NQΤė

UΓ589Q!00?ʆⅣ?¡ϻUƂ�2Ȟ

ƜΏ˟Ƨόƃ?ɁΤĬŋ˟!ʌ2:č˦,Q0

9TMQ“Zsu(5'”!͏98"21ˠ=
ŋȄ`�{�~Zz@0ɥƂĬ×!ư<;?

˩×ζȿ OʁčŨФ9�Q':!̋OR8

9Q1¡ɂ0ͷǐ=�%Q¬ʕ͡C?Ƨǰ0

ľBÊφ˟UĎɯƧό:*2ķЗz�veΤ

ė=ϒ,QΏ˟ĨȀƖ́̋Σ@±*#0SCs
�NB0?Êφ˟?͉ɐ́<ˏǓȨ̞LÊφ

˟?μʧȟĨ=Ў,Q̥̎@E:V;ΓTR

89<91Ǧ580in vitro�NB in vivoƝр
�x�@0ƝМ?˩×ą=�%Q SCsÊφU
NPʎ̑=¸˄,Q2J=Є΢9�P0'R

O?Êφ���WZ�?ǹŹUΌ̣,Q':

@SCs?ȱłUΜÈ%Q]�x�n:*8ɟ
˫9�Q:͠�ORQ1˦ů0SCs ?Û˫@
¥˒=<58"2:ΫTR89Q!0ʷƃ=

�98ХƔs�h=ΛŽ,Q e-liquid ¬=X
�zŲ? SCs?ƕů!̑λ)R89Q1ɧ̎
̥9@0'ROX�zŲ? SCs?¬9ÄǥɆ
ɧ9KʰⅡ,QņͫǴ!ŏƜ9"<9

ATHPINACA Ò͛˳ Ǵ× 2 ̠�NB
5F-CUMYL-PINACA :0?ʆⅣйÑ˟ϔ

CUMYL-PINACA̮U˫980in vitroÊφƝ
р̿�NB in vivoÊφƝр̿=�%QÊφ˟
«B=Êφ͉ϙ?ȨƜUζH21 

SCs =ÊΘ)RQķЗz�ve@0��x
Y�e��vd?͛ȫ=NP0ΤėƧόƃ¨

6ɟƠØ˫!Ō̮?μƫ×C:ƢɌ=ƫ R0

0RO?Êφ˟@ƄƷ=˂Q 1)1Êφ˟?Ĭ

ƖʆⅣ:Ø˫?̆ЎΪɯ@ķЗz�veÊφ

˟?ɟƠØ˫UΪЂ,QŶ̔:<Q2J0Ȟ

ƜƧόƃ:)RQȞƜΏ˟?˳Ǵ×˭ɬ?Ê

φ˟Ϊɯ:ΧĬŋ˟?ŌƜ@0ɧ̥̎πз?

Ŷ̃:<Q10'9ɧ̥̎9@0Êφ˟?˟

˧ĬƖ́ˠǴU͠ȁ*0Ďɯ̿=тϪʻ×d

��ye��ϔІĎɯΛ͛ (LC/MS) ľB�

x�Ĭŋ˟U˫92˳Ǵ×χĕUЌ˿,Q'

:ŪȞ*21G20Ƅ̠Ƅʇ<ŋȄ`�{

�~Zz?Ďɯ=Ƨǰ,Q2J0��e��

y�Z��× Ƚð=NQĬŋ˟?϶ɐÝ͌

×ėUȽ�Q::K=0Ŭą?ʁčĨŎUŀ

ɍ*2Ĭŋ˟ϸƜ:˳Ǵ×�x�Ĭŋ˟?ŋ

ȄUϮJ0ŋȄ`�{�~Zz?Êφ˟˄Ɯ

̿(in vitro, in vivo) ?Ќ˿=ϒ,Q':Ū
Ȟ*21 

 
B. äë¬Ê 

 
1. ͥ�d�q �˯ĎU˫92 in vitroÊφ
Ɲр 
� Ώ˟?Êφŀǰ@ Erratico.et al2)?ɂʩ=¡

ϻȶ΀Uģ�8Γ521 
� ʚ¤=80100 mM×�Ёbuffer (pH 7.4) 900 
µL =0HLMs ͇ˏǓ 0.5 mg/mL (XenoTec, 
Kansas, USA)0NADPH Regeneration System 
Solution A 50 µL0 Solition B 10 µL (Corning, 
USA)0UDPGA͇ˏǓ 1 mM (Sigma-Aldrich, St. 
Louis, USA)0alamethicin in DMSO ͇ˏǓ 10 
µg/mL (Sigma-Aldrich, St. Louis, USA)Uʾģ
*0ĀІU 990 µL:*21 
� '?ʽʻU05 ĎЍ?��Z�b�� y
*2ǥ=0Ƨό:<Q SCsU͇ˏǓ 10 µM:
<QN�= 10 µLʾģǥ037 ˚C?ʙʶ9 3
ɐЍG9Z�b�� yUΓ521 
 
1-1. ͉ɐj���?ØΟ  
� ŊsZ��Z�y(0, 10, 20, 30, 40, 60, 120, 
180 Ď) ?ʽʻU 200 µLȥł*0ąϻʈˈ˟
ϔ9�Q���×� 0.01 µg/mL (ɆĮƿ, ƥ
ƶ) UŐɟ,QXpy|y×�ˉʻ (4˚C) U
1200 µLʾģ*0ÊφŀǰUíʍ).21ǧ
OR2j���@0ϵǮ (12,000 rpm, 10 min) 
*0¤ʿU045˚C9ϵǮ¶ū*0ϗЭʪČ˧
?K:9 100 µL? 50%Xpy|y×�=ć
ˉΪ*210?ǥ0ϵǮ (12,000 rpm, 10 min) 
UΓ90¤ʿU�Y�s ːϲ*0˄Ɯ=˫

921 
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2. SCs?ƅІŋȄ 
Fig. 1 =̕,ŋȄnb �=NP

5F-CUMYL-PINACA �NB��u�Њɦ̫
?ʆⅣ˳Ǵ× CUMYL-PINACA UŋȄ*0
Ŋ2?ĬƖʆⅣUand��ye��ϔІĎ

ɯʩ�NBɸ̒ʘĂфĎûʩ (NMR) =NP
ǧOR2ǹŹUø=ʡƜ*2ǥ0Ĩ˟Ɲр=

˫921 
 
3. �vyU˫92 in vivoÊφƝр 

9ϭъ?Wister-STПǴ�vy (SLC, Ɇɧ) 
UÛ˫*21дЩͭ�NBʹͪ=`w w�

UȠÿ*0дЩͭ O 2 mL/hour?ϪǓ9 4%
��|y �UύΆ*2ˡȀ9͉ɐ́<ȥΒ

�NBȥưUΓ521<�0SCs @0͇ˏǓ
:*8]s~ � 1%, Tween80 5%:<QN
�˩˧кżʙ9ǄЂ*2K?UЩͭąȐ§*

21 5F-CUMYL-PINACA 9@  0.5 mg/kg, 
CUMYL-PINACA9@ 0.3 mg/kg U�vy=
Ȑ§*215F-CUMYL-PINACA=698@Ȑ
§ ǥ 5, 15, 30, 45, 60, 90, 120 Ď 0
CUMYL-PINACA=698@¤ί=ģ� 180, 
240 Ď?sZ��Z�y9 0.5 mL ?ȥΒU
Γ521ȥư@ 1ɐЍ(:=Γ521ȥłǥ
?j���@̅4=ϵǮĎУUΓ900?¤

ʿUĎɯG9-80℃9åƕ*21 
Βˌ¬ˏǓ̲č=˫9QʁІ͔@00, 30, 50, 

100, 200, 300 ng/mL?�Z�y9ØȄ*21 
Βˌj���=698@0Oasis HLB 1cc (30 
mg, Waters, Milford, MA, USA) U˫98 SPE
Č˧UΓ521 Xpy|y×� 1 mL9 2ť
h�xYl�|�eUΓ90̽Οʙ 2 mL9
ǊΗĬǥ0j���U� z*21j���

ρΟ@0Βˌ 100 µL, ̽Οʙ 900 µL, Xpy
|y×�9 600 µg/mL=ǄЂ*2ąϻʈˈ˟
ϔ  50 µL � (5F-CUMYL-PINACA G2@

CUMYL-PINACA), ʁІ͔?ŊˏǓ=ǄЂ*
2ns�t zj���G2@Xpy|y×

� 50 µL:*215%Xpy|y×� 1 mLU
˫92[^vl�U 3ťΓ52ǥ01.2 mL?
Xpy|y×�9]×� y*045˚C9ϵǮ
¶ū*21 
ưj���@ β-Glucuronidaze (͇ˏǓ

15,000 Unit/mL) U˫92 37℃, 120ĎЍ?Z

�b�� l��=8e�d��Ёȓŋ×U

ģʙĎΪǥ0ʻʻȖčUΓ521ưІ? 2é
І?d�����њZq���~ �ћ3њ10
600 µg/mL =ǄЂ*2ąϻʈˈ˟ϔ 50 µL 
(5F-CUMYL-PINACA G 2 @

CUMYL-PINACA) Uģ�0 10%NH3aq 9
pH=10=ρȽ*215 ĎЍʽŋ*0ϵǮĎУ 
(3600 rpm, 20 Ď) ǥ?ʙƵU 50℃=8̨̈́
¶ū*21 
¶˜ǥ?Ŋj���@ϗЭʪČ˧?K:9

100 µL? 50%Xpy|y×�=ćˉΪ*21
0?ǥ0ϵǮ (12,000 rpm, 10 Ď) UΓ90¤
ʿU�Y�s ːϲ*0˄Ɯ=˫921 
 

4. ĎɯɫÌ 
� 0R1R?ŋȄ`�{�~Zz�NB0?

Êφ˟?Ďɯ=@0LCMS-IT-TOF (Shimadzu, 
Kyoto)0LC`��=@ ZORBAX Eclipse Plus 
C8 2.1×150 mm, 3.5 µmUÛ˫*21 
� ̞Ĩ̆=@0(A) 0.1% formic acid in water 
�NB(B) 0.1% formic acid in acetonitrileU˫
90e�m]�y?ɫÌ@0(B) 0-2 minњ 10%0
2-40 min: 10→90%040-48 minњ 10%:*0˄
ƜɐЍ@ 48Ď=ΰƜ*21G20̀ ��˃Ǔ

@ 40 ˚C0ʰϪ@ 0.18 mL/min:*0˄Ɯj�
��?Z�m\dyІ@ 10 µL:*8˄ƜU
Γ521LCMS-IT-TOF@0Z_�Ĭʩ:*8
positive/negative electrospray ionization (ESI) 
ʩU˫90˄ Ɯ̴ũU m/z 100-700:*8˄Ɯ
UΓ521<�0Z_�Ό̣ɐЍ@ 40 msec.
:*21G20Ŋ�×` jXZq� l�

�ǈ@ 1 Da:*0œʪȼ@ 45.0 kH0CID]
}�c @ 100 % 9˄ƜUΓ521 
 
5. x sΪɯ 
åȝɐЍ0̽ƤϔІ�NBÊφ˟:͠�OR

Q�nd��ye��¬?� d OǧOR

2��tdyZ_�n�dy�?x sNP0

0?Ĭŋ˟!SCs˭ɬ?Ĭŋ˟9�Q':U
̑λ*Êφ˟:*21<�0���d:*8

˫92HLMsˉʻ Oʁč)RQK?=69
8@Êφ˟ OЕƃ*21G20Êφ˟?ŕ

ō@̭¡̆Êφ˟=Ў*8@ˉčɐЍ (Rt) 
а=ŕō*0̭º̆Êφ˟@e�d��Ёȓ
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ŋĚ?Êφ˟ō=GUÈ%8ŕō*21<�0
ɝ͇́=,D8?Êφ˟@Ë¥?ŶˈUˆ2

,':Ȗλ*21 
,  ���dj���¬=ƕů*<9 
-  Ç?Êφ˟?ŌÒ×9@<9 
� �×` j Z_�?̽ƤϔІ!˧σë
 O 5 ppmËą9�Q 

/ ��tdyZ_�!�×` j Z_�
?ϻĎʆⅣ:*8ȨƜņͫ9�Q 

Êφİˁɣ?̲č@0Ɲр=˫92 SCs?Ŋ
sZ��Z�y=�%Qd��ye��?�

 dЫ̣?ƂĬU˫98̲č*21 
Êφ˟?˩ȄІ@0ŊÊφ˟?� dЫ̣U

ąϻʈˈ˟ϔ?� dЫ̣9Ξʎ*2K?U

˫900?͉ɐƂĬUΨƦ*21 
in vivoƝр?Ώ˟ĨȀƖ́��� s ?̲
č=@ Phoenix PKΪɯq�yU˫921 
 
6. LC-MS=NQΤėΏ˟?ʆⅣ˳Ǵ×χĕ 
ȅ2@Ʌ=0ʁčĨŎUŀɍ*2Ĭŋ˟ϸ

Ɯ:�x�Ĭŋ˟?ŋȄѐ�v̈́Ò͛˳Ǵ×ё

UΓ90Fig. 2 =̕, 6̠?�x�Ĭŋ˟U
ǧ89QѐFUB-JWH-018 (3)ľB0?˳Ǵ× 5
̠ (1, 2, 4-6)) 3)1'RO?�s~ �ˉʻ 
(5ppm) Uʈˈˉʻ:*21 
LC-MSΛ͛:ɫÌњ 
LC�MS� Λ͛њ1100 Series LC/MSDѐAgilent 
Technologies, Santa Clara, USA)0`��њ
Discovery HS F5ѐ2.1×150 mm03 µm0Supelco 
(PFP`��)0̞ Ĩ̆њ0.1 % cЁ / 0.1 % c
ЁXpy|y×�ʽʻѐ58 : 42ё0ʰϪњ0.4 
mL/min0`��˃Ǔњ40℃0ʫÿІњ5 µL0
Z_�Ĭ� zњESI (+)0Scan̴ũњm/z 50-450 
LC�MS/MS� Λ͛њ1200 Series / 6460 Triple 
Quadrupole MSѐAgilent Technologiesё0`�
�њZORBAX Eclipse Plus C8ѐ2.1×150 mm0
3.5 µm0Agilent Technologies (C8`��)0̞
Ĩ̆њ0.1 % cЁ / 0.1 % cЁXpy|y×
�ʽʻѐ20 : 80ё0ʰϪњ0.18 mL/min00?Ç
?ɫÌ@ LC-MS:Ōʇ9�Q1 
LC-IT-TOF-MS� Λ͛њProminence UFLC / 
IT-TOFѐShimadzu, Kyoto, Japanё0̞Ĩ̆ɫ
ÌњC8`��?źŋ@ LC-MS/MS0PFP`�
�?źŋ@ LC-MS=ˈ+21 

� Ā8?Λ͛=�980]�dy�n�� 

Z_�Ĭ (ESI)U϶˫*0�mwY�� z
=80nb��Ďɯ(LC-MS):Ζ̧μϖΪУ
=NQĎɯ(LC-MS/MS, LC-IT-TOF-MS)UΓ
521ǥ͡9@0ʙ̈́ÈģZ_� ([M+H]+ m/z 
380) U�×` j Z_�:*8ΰƜ*0
̠2?ɫÌ¥ǧOR2n�dy�?ǀ˳ O

˳Ǵ×Uχĕ,Q'::*21 
 

C. äëô¹ 
 

1. ATHPINACAÒ͛˳Ǵ×?χĕ�NBÊφ
˟?ȨƜ 

ATHPINACA isomer 1�NB isomer 2@0
X�z͊ŋ=ÈЛ,QXt��u�Ŷ?Ò͛

˳Ǵ×ʆⅣUȝ6ŋȄ`�{�~Zz9�Q1

HLMs U˫92 in vitro ζр=�98
ATHPINACA isomer 19@ 14̠0isomer 29
@ 12̠?Êφ˟!ȨƜ)R21Fig. 3=̕,
N�=0ªĬŋ˟?ɥƂĬ×?åȝɐЍ@E

FŌ+9�P0isomer 19@ 34.5 Ď0isomer 2
9@ 33.7 Ď9�521G20ɥƂĬ×?
HLMs=NQÊφİˁɣ@ isomer 19@ 4.56 
± 0.85 Ď0isomer 29@ 5.1 ± 0.51 Ď9�5
21ªĬŋ˟?®΢Êφ͉ϙ@Xt��u�

ŶC?ϪL <ʙЁŶ?ƫÿ9�P0Êφŀ

ǰ 3 ɐЍǥ?®΢Êφ˟@0ATHPINACA 
isomer 1 9@ºʙЁĬ×0ATHPINACA 
isomer 2 9@¡ʙЁĬ×9�Q':!ɋO 
:<521 (Fig. 4, 5) G20ɥƂĬ×�NB
®΢Êφ˟?��y�ÈģĎƔ O˩Ȅ)R

Q��tdyZ_�=@ɋ̑<ϴ9!ΣOR0

isomer 19@Xt��u�ŶU0isomer 29@
Z�tr �сɺU̕,K?!ǧOR2 
(Fig. 6) 1 

 
2. in vivoƝр=�%QÊφȟĨ?Ϊɯ 
� CUMYL-PINACA, 5F-CUMYL-PINACA @
йÑ?ʆⅣUȝ6ŋȄ`�{�~Zz9�Q1

ªĬŋ˟@Ă=0�vyC?Ȑ§І! 0.3ќ
0.5 mg/kg 9 SCs !ĂⅡ*8ȝ6Ó×˃<;
?Ώ˧Ø˫U̕*00RË¤?Ȑ§І9@Ó

×˃:Ŕőȏė=NQͺʑ!ΨƦ)R21 
PK Ϊɯq�yU˫92h�� y��y
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ΪɯU~�h�� y��y�x�01-h�
� y��y�x�02-h�� y��y�
x�0R1R9Γ90ªĬŋ˟:K= 2-h�
� y��y�x�U˫92Ϊɯ!0ɝK¸

˄ë OƝ˄ë?o�!Ƭ)9�x�:<5

21'?�x�NP̲č*20Β¬ˏǓȨ̞

?e��U Fig. 7=̕,1ªĬŋ˟@ 2-h�
� y��y�x�=�%QĄŲ́<Β¬ˏ

ǓȨ̞U̕*21Ώ˟ĨȀƖ́��� s 

?̲č O@0ªĬŋ˟?×Ǫ˨h�� y

��y?ĎǃƢ̣ (V1) NPK0ɦɾh��
 y��y?ĎǃƢ̣ (V2) ?ɂ!ƅ"#<
Q':!ɋO :<52ѐCUMYL-PINACA: 
V1 = 1.1 ± 0.2 mL/kg, V2 = 2.9 ± 1.0 mL/kg; 
5F-CUMYL-PINACA: V1 = 0.5 ± 0.2 mL/kg, 
V2 = 1.5 ± 0.2 mL/kgё1G20ʹƈİˁɣ@0
CUMYL-PINACA: 3.4 ± 1.5 h; 
5F-CUMYL-PINACA: 1.0 ± 0.2 h9�Q':
KɋO =<521 
Êφ˟=Ў*8@Β¬ư¬:K=ʁčД˰

Ë¥9�52ѐdata not shownё1 
 
3. LC-MS=NQΤėΏ˟?ʆⅣ˳Ǵ×χĕ 
ȞƜΏ˟ FUB-JWH-018 (3) �NB0?˳
Ǵ× 5̠ (1, 2, 4-6) ?ʽŋˉʻU LC-MS9
Ďɯ*2:'S0PFP`��U˫92ɫÌ=
�98,D8?˳Ǵ×!΀Ǝ=ĎУ)R2 
(Fig. 8)1 

LC-MS/MS =�980C8 `��U˫90
m/z 380ѐ[ M + H ]+ёU�×` j Z_�:

*8 Collision energy (CE) 10-80 eV=�%Q
��tdyZ_�n�dy�U˄Ɯ*2͊ɱ0

Ó9 CE 9@ calbonyl Ŷ? α-ЌΚ=NQ m/z 
155 ľB m/z 2520т9 CE 9@ fluorobenzyl 
cationѐm/z 109ё O˩+Q m/z 830naphthalene 
cationѐm/z 127ё O˩+Q m/z 77!ˠǭ́
<Z_�:*8ΨƦ)R21G20m/z 109
: m/z 252?̆ƧǜǓ=@ϴ9!λJOR0
Ō+ naphtyl ŶUɟ,Q˳Ǵ×?�v̈́?͊
ŋÒ͛?χĕ!ņͫ9�521 
)O= LC-IT-TOF-MSU˫92͊ɱ0Ò͛
˳Ǵ×Ѝ90m/z 252?Z_�ǜǓ=ϴ9!λ
JOR21<�0Z_�ǜǓ@ meta-0ortho-
ľB para-isomer?аѐ2 > 1 > 305 > 4 > 6ё

9�52 (Fig. 9)1 
LC-MS/MSľB LC-IT-TOF-MS?��td
yZ_�?ϴ9ľBZ_�ǜǓUʖϝ,Q'

:90,D8?Ò͛˳Ǵ×?χĕ!ņͫ9�

521 
<�0ɧʩ@ FUB-JWH-018 ˳Ǵ×UŐI
Οŗ=�98K϶˫!ņͫ9�Q':KɋO

 =<52- 
 

D. ø� 
 

ɧ̥̎9@0Xt��u�Ŷ?Ò͛˳Ǵ×

ʆⅣUȝ6 2̠Ĭŋ˟=�%QÊφ˟0Êφ
͉ϙ�NB in vitro 9?İˁɣ!ɋO :<
521ɥƂĬ×@0?ʆⅣ?йÑǴ OEF

Ō+ɐЍ=ˉč*0LC ?H=NQXt��
u�Ŷ?Ò͛˳Ǵ×?ƙĀĎУ@ŨФ9�Q

':!̕ś)R21 
ªĬŋ˟?ÊφȟĨ O@0̩×НƠ?ƅ

"9сɺ:т9˵ʙǴ?ǴϔUȝ6Xt��

u�Ŷ!ϢϪ=ʙЁĬUŃ%8Êφ)R0

HLMs =NQЪǇ=̌9ÊφİˁɣCƣ§*
89Q':!̕ś)R21ŌƛͫŶC?ʙЁ

Ĭ!Ç?ΙÊφϻÒ:ʖϝ*8÷ú́=ϮΓ

,Q':@05F-AKB-48U˫92Ōʇ?Êφ
Ɲр=�98K̑λ)R89Q': O 4)0

ɧŀǰ@Xt��u�ŶUȝ6ŋȄ`�{�

~Zz=ˠɟ?ÊφȟĨ9�Q:͠�ORQ1 
G20isomer 2 9@®΢Êφ˟!Xt��
u�Ŷ?¡ʙЁĬ×9�P00RËГ?Êφ

ŀǰ@ЪǇ=ϮH=#9':!̕ś)R21 
ªĬŋ˟?ɥƂĬ×�NB®΢Êφ˟ O

ǧORQ��tdyZ_�?ɋ̑<ϴ9=@0

Xt��u�`u_�?ƘƜǴ!ƣ§*89

Q:͠�ORQ1��tdyZ_�:*80

isomer 1 9@̭ 3̓0isomer 29@̭ 2̓X
t��u�`u_�!˩Ȅ,Q1̭ 3̓`�
�`u_�@0ХƔÝ§Ǵ9�Q�u��=

œũUũGR8�P0Оȧ,Q˔̈́ĺƔ¤?

C-C͊ŋ�NBC-H͊ŋ:?ϗĂǢʆⅣU:
Q2JƘƜĬ=ɟĖ9�Q10?2J0isomer 
1 9@Xt��u�`u_�!Z�tr �
сɺNPKɺʒ=ʁč)RL,#<589Q

:͠�OR21G20Xt��u�Ŷ=ʙЁ
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Ŷ!Èģ,Q=Ð580?ƘƜǴ@Ó¥*0

Z_�ĬUŃ%2Z�tr �сɺ˭ɬ?Z

_�!̆Ƨ́=ʁč)RL,#<Q:͠�O

R21¡ɂ0isomer2?Xt��u�`u_�
@̭ 2̓`��`u_�9�Q2JĂǢʆⅣ
UłP=##0ƘƜĬUŃ%=##<52͊

ɱZ_�ǜǓ!Ƭ)#<P0Z_�ĬUŃ%

2Z�tr �сɺ˭ɬ?Z_�!NPƅ"

<ǜǓ9ʁč)R2:͠�OR21'?ɥƂ

Ĭ×?��tdyZ_�?ϴ9=NQχĕʩ

@ GC-MS9ŹŒ)R89Q! 5)0LC-MSU
˫92ATHPINACAÒ͛˳Ǵ×?χĕ�NB
Êφ˟Ďɯ@ēJ8?ζH9�P0ɧ̥̎ 

OɥƂĬ×0®΢Êφ˟?9-R?ʁč=N

58K0ªĬŋ˟?χĕ@ņͫ9�Q':!

̕ś)R21 
in vivoƝр O@0Z�tr �сɺ�N
B��u�ЊUɟ,QĬŋ˟@00?ͬˉǴ

?т)<; OЪǇ=ʕǴ!т9':!ɋO

 : < 5 2 1 CUMYL-PINACA, 
5F-CUMYL-PINACA =�%QŌʇ?ʆⅣʯ
Ǵ̆Ў?͊ɱ!ɅŹ=�98KŹŒ)R89

Q 6)1 
PK Ϊɯq�yU˫92ĎǃƢ̣?̲č͊
ɱ O0ªĬŋ˟@Ȑ§ǥΒ¬ OϢϪ=ʹ

ƈ*0×ąCĎǃ)R2ǥ=M5#P:Β¬

Cȷč)R0ͥͶ9Êφ)RQ':!̕ś)

R21'?N�<ˠǭUȝ6 SCs@̌ɐЍ9
Ħɱ!ďR8*G90ćBʌ?z�veUő

ǚ*2#<Q2J0Û˫͡!ƢɌ=Ώ˟Þƕ

=͹Q':Ū́:*8ΟⅣ)R2:͠�O

R21 
<�0ª͡?Ώ˟ĨȀƖ́��� s U

ʖϝ,Q:05F-CUMYL-PINACA?ʹƈİˁ
ɣ@ CUMYL-PINACA=ʖ*8̌#0ĎǃƢ
̣KƬ) 521¡;=�v̈́ĺƔ?ƫÿ@

ÊφȔȑǴL͈͙̞ΓǴ?ſƅUK2O,:

͠�OR8�P0İˁɣ?ǗЋLĎǃƢ̣?

ſƅUǚ"ϖ',':!Ƅ9!0Äť?͊ɱ

@'R:@˳<58921'?˕=698@

Äǥ)O=ʁέ,Qǯ΢!�Q:ǲTRQ1 
G20Äťʁέ*2 SCs@ɥƂĬ×:*8
ư¬9@ʁč)R< 521G20Êφ˟K

Β¬9K(#ô * ʁč)R-0ư¬ O

?ʁčK(#ǫІ9�521ªΏ˟@ HLMs
=NQÊφƝр9@Êφ˟?˩Ȅ!̑λ)R

8�P0'?͊ɱ:@щы!˩+89Q1 
ʁčʩ?тǿǓĬ@ι͆<ʁέ=ǯб9�

P0)O=ϮJ89#ǯ΢!�Q!0Äť˫

92 SCs=Ў*8@0˩Ȅ)R2Êφ˟!b
��lwY?ƅ"9ͰͶËƃ=ƕů,Qy�

�n� s N58˩Ȅǥ0̅4=μʧ)R

89QņͫǴK�Q10?êΞ=@0e�d

��Ёȓŋ×Uμʧ,Qy��n� s !

Πȼƕů,Qͧʜμʧ͉ϙ!ȟ&ORQ1 
N580Êφ˟!ʁč)RQņͫǴ?�Q

ͧʜL̾á=�%QÊφ˟ˏǓ˄ƜUΓ90

SCs Êφ˟?μʧy��n� s ȞŎǴ=
Ў,QǹŹUΌ̣*89"29:͠�89Q1 
¡;=�v̈́ĺƔ!΂п˨=͛ȫ,QĬŋ

˟?Ò͛˳Ǵ×@0˟Ǵ!йÑ,Q2J0ϣ

ȧ*2åȝɐЍ:йÑ*2�nn�dy�U

§�QóŎ=�P0ŌƜ=@ʫǽU΢,Q 3, 

7-10)1FUB-JWH-018�NB AB-FUBINACA?
N�= 1H-Z�z �G2@ 1H-Z�tr 
�? N-1Ò= 4-��_���m�ŶUȝ6Ĭ
ŋ˟@0ƝМ=ʀ˟˝ǞȀΟŗ¬ Oʁč)

R͏%8�P0ķЗz�veǂź=�980

2-G2@ 3-��_���m�ŶUȝ6Ĭŋ˟
!ʰⅡ*2źŋ0ȞƜΏ˟:*8νŌƜ)R

QņͫǴ!�Q1*2!580ǂź=ʰⅡ,

Qʇ2<Ò͛˳Ǵ×Uχĕ,Q2J=0GC
�NB LC ?ªɂU˫92˄ƜȊʩ!ʝJO
R8"21FUB-JWH-018 �NBÒ͛˳Ǵ× 
(1−6) =698@GC-MS/MSʩ=NQʆⅣχ
ĕ@ϳȄ*89Q! 3)0Ƅʇ<ĬƖʆⅣ:Ǐ

̴<˟˧ĬƖ́ˠǴUȝ6Êφ˟?ĎɯUΓ

�2J=@ LC-MS ʩ=NQχĕʩUЌ˿,
Qǯ΢!�521ɧ̥̎9@ PFP`��U˫
980'RO?ĎУ=ȄĢ*0LC-IT-TOF-MS
�NB LC-MS/MSU˫9Q':90��_�
��m�ŶUȝ6ŋȄ`�{�~Zz?˳Ǵ

×χĕUΓ�':!9"21NPΠТ<ȄĎ

̿Uȝ6˩×ζȿѐÊφ˟ёU˫92˳Ǵ×

χĕC:0϶˫UȚƅ,Q2J0)O<Qx

 sΌ̣!ǯ΢9�Q1 
 

E. ôč 
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Äť?¡Ϭ?̥̎=NP0SCs?Êφ��
�WZ�U)O=Ό̣,Q':!čɬ21'

?͊ɱ?ǰ˫@ȱł� ` :<P�QÊφ

˟U¸˄*0̈́Ɉ9ķЗz�ve?ʩ́Τė

LÛ˫͡?Ȳ˿=¡Ɯ?ώˢU,Q':!ɣ

ǣ)RQ1 
¡ɂ0ŋȄ`�{�~Zz?Êφ˟ŌƜ=

�98@˳Ǵ×̮?ʆⅣйÑĬŋ˟?ņͫǴ

U͠ȁ*660ΧĬŋ˟ŌƜ,Qǯ΢!�Q

!0ǂϏʈˈĬŋ˟?Ƚð!Ѝ=ŋT-0Ê

φ˟Ďɯɐ?˳Ǵ×χĕǹŹ@ɪ¤O=NQ

ŹŒ!<)R89QK??0Ǆƭ9�52 9, 

10)1 
Äťȅ2@0�x�Ĭŋ˟ј̠U˫980

LC =NQĀ8?˳Ǵ×?� dĎУ:0
MS/MS �NB IT-TOF-MS =NQχĕUϳȄ
*21Äǥ@0ȅ2!Ќ˿*2ʆⅣχĕȊʩ

?X�zŲ0]nw�ŲŋȄ`�{�~Zz

C?϶˫ȚƅUζHQ::K=0ƝМ?˩×

ζȿ=�98KΧĬŋ˟?ʆⅣχĕ=͢��

Q':UƝδ,Qǯ΢!ɟQ1 
¡ɂ90Ĩ˟Ɲр̿�%Q SCs?˩×ąÊ
φȟĨ?̥̎!0SCs?ƅІŋȄȍΔU˫9
Q':=NPɧǋǓ Oņͫ:<52!0ǻ

Ɯ:@˳<P0ư¬Êφ˟?ŌƜ!ʃJ8Ũ

Ф9�Q':!ɋO =<521Ç? SCs=
698KŋȄUΓ90SCs?Ώ˟ĨȀƖ́ǹ
ŹUΌ̣*<!O0'?ˡʦU˧Ϊ*8"2

9:͠�89Q1 
¡ɂ0Ä;?ȞƜΏ˟C?ȞƜˡʦUʅΨ,

Q:0чΏȄĎ9�Q�\�s|�μƫ×!

еΣ)RQ:Ă=0Ō̿μƫ×?�v̈́Ò͛

˳Ǵ×?ʆⅣχĕ!Ɂ2<Ŝз:*8ʵ¤*

89Q1'?': OK0ɧ̥̎=�%QŶ

̔x s@0Ɂ2=č˦,QÞƕǴΏ˟?Ō

Ɯ:ʆⅣχĕUΓ�¤9Ŷ̃:<P�Q:͠

�ORQ1 
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Fig. 1 Synthetic scheme of 5F-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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 
5F-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). 
  
 
 
 

 
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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