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�äëć­� 
̹Ŭ9@_�_Zz̿Ώ˟?´˫!Ǐ!58�P03_�_Zz�d�Zln�:*8ƅ"<̗Ï

Ŝз:<589Q10?¬=@ĮΏŗ=ģ�8ķЗz�ve:*80Ƅ̠й?�\�s|�й͗Ĭ

ŋ˟!ʰⅡ*89Q1WHO9@090̠йUϗ�Q�\�s|�й͗Ĭŋ˟U΢ψȆƧό:*8×
nyXv�*89Q1T!Ŭ9@0ŋȄ`�{�~Zz�NB`u~�̿Ĭŋ˟@0ÞƕǴL͆ͩ

ʕǴ̮?ǜġ<ɟƠØ˫U̕,2J0Ʌ=īțȞƜ̮=NQΤė!<)R21�\�s|�й͗Ĭ

ŋ˟=698K0īțȞƜ?ƫÿUʁέ,Qǯ΢!�Q:͠�ORQ1G20ŋȄ`�{�~Zz

�NB`u~�̿Ĭŋ˟=698K0īțȞƜƧόƃ?Ώ˟?ʰⅡ!Ňг*8�P0˦Γ?īțȞ

ƜƧό̴ũ=698@0ćεßUΓ9̴ũȚƅ̮?Ƨǰ!ǳĩ9�Q1Ōʇ=0ȹǳĮ˾?˦ź9

?ƧǰU͠�2źŋ0ķЗz�ve?ʁč=Ў*8@0ə<Qʁέ!ǯ΢9�Q1ɧ̥̎9@0�

\�s|�й͗Ĭŋ˟?īțȞƜ?ņͫǴ0`u~�̿Ĭŋ˟ʁčȊʩ=Ў,Q̥̎UƝɃ*21

G20ŋȄ`�{�~Zz=698@0˩× O?ʁčUņͫ=,Q2J0Êφ˪˟?ʁč�NB

0?ʋͫΪɯUΓ521G20ķЗz�ve?´˫ˡʦ�NBœ̋=Ў,QƝȀρɵUƝɃ*0ķ

Зz�veƧ̱Ȋʩ̱Ɯ=Ў,Q͠ƦUΓ521 
 

äë��Ĭ7!].3[ĥöanÑ�EºRØĊ¸Ê�ĝ1�äë��

� ɁΤ̙̽ʯǴ˟ϔ9�Q�\�s|�й͗Ĭŋ˟ Cyclopropyl fentanyl (CF)0Methoxyacetyl fentanyl 
(Meth F)0ortho-Fluorofentanyl (OFF)0parafluoro butyrfentanyl (PFB)0paramethoxybutyrfentanyl (PMB)
=698_�_ZzŃƢ×Ø˫?Ϊɯ«B=ϱĨʯǴ=Ƨ,QǡЮUʁέ*21�\�s|�й͗

Ĭŋ˟?Ȑ§=NP0˫ІÞƕ́<ϱĨãϮØ˫!˿˦*21'RO?Ħɱ@0_�_ZzŃƢ×

ȜȑΏ9�Q{�bq�ĚČ͛=N58ɟǽ=ȏė)R215 ̠й?�\�s|�й͗Ĭŋ˟?ϱ
ĨãϮØ˫@0_�_ZzŃƢ×UÅ*8˿˦,QØ˫9�Q':!ɋO =<521G20CHO-µ
ŃƢ×˿˦͆ͩUĖ˫*805 ̠й?�\�s|�й͗Ĭŋ˟?_�_ZzŃƢ×Ø˫ǜǓUΪɯ
*215 ̠й?�\�s|�й͗Ĭŋ˟?ʾģ=NP0ˏǓÞƕ́<Αû˿û!̑λ)R21'?
Ø˫@0µŃƢ×ȜȑΏѐβ-FNAё?ĚČ͛=NPƙĀ=ȏė)R215̠й?�\�s|�й͗Ĭ
ŋ˟@ µŃƢ×UÅ*8Ώ˧Ø˫!˿˦,Q:͠�ORQ1Ώ˟=NQϱĨʯǴ: µŃƢ×Ø˫?
ǜǓ=6980?̆ЎǴUΪɯ*2:'S0�\�s|�й͗Ĭŋ˟=NQϱĨãϮØ˫?˿˦ǜ

Ǔ:�ŃƢ×Ø˫?ǜǓ=@ʎ?̆ЎǴ!λJOR21�\�s|�й͗Ĭŋ˟@_�_Zz µŃ
Ƣ×=Ø˫,Q': O0CHO-µ͆ͩUĖ˫*2ΑûǜǓΪɯx s@0¬ɲØ˫?Ȩ˄=Ė˫9
"QņͫǴ!̕ś)R21G20�\�s|�?ŶɧĬƖʆⅣUø=0īțȞƜƧό̴ũUƜ͞9
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äë��Ĭ(]6:B.G9:?BG;]���fĠ1</'�³��IÎÊ�ĝ1�äë��

� ķЗz�veľBЎϬĬŋ˟UϪL =Τė,Q2J=@00RO?ϢϪ<ɟƠǴεßʩ!ǯ΢

9�Q10R=@0Z�l×hʯǴ¸˄ʩ!ɟĦ9�Q1ɧ̥̎9@0h��� sU˫92ĬƖ

ά̲=NQZ�l×hεßʩU˫98ķЗz�ve?ʯǴ¸˄UΓ90ķЗz�ve?Τė0ˠ=

īțȞƜ?̴ũUʡJQ̮?x sUÝ,Q2J?ɁΤεßʩ?Ќ˿UΓ�':Ū́:,Q1'

RG9=0Z�l×hʯǴ¸˄ʩ:*8®=ʆⅣʯǴ̆Ў(QSAR)U˫98"21ɧǋǓ@�\�s
|�й͗Ĭŋ˟? QSAR�x�ʆ̵=698ʁέ*21_�_Zz µŃƢ×=Ƨ*8ʯǴë!Ʌ̋
9�Q 9̠?Ĭŋ˟U˫98ΪɯUΓ90ЪǇ=̆ЎǴ?т9 QSAR�x�!ǧOR21QSARΪ
ɯUĖ˫,Q':=NP0�\�s|�й͗Ĭŋ˟?īțΤėC?ƳЌ!ɣǣ9"Q1 
 

äë��ĬfĠ1</'���ĥPÑĔ�³��ñ¯,&=B3]'Ê�ĜÞ.èóÏÜĝĕX{

��
	��¤À��3.��

� ķЗz�ve�NBΦ.9Ĝ<;´˫Ώ˟=NQ̙͉НƠ=�98̙͉˓˻@Є΢<ǢĞUɱ2

,:͠�ORQ1ɸą DNA͊ŋs��dϔ High mobility group box-1 (HMGB1)@0͈͙Ȯòɐ=͆
ͩƃCȷč)R0RAGE0Toll-like receptor (TLR)=͊ŋ*˓˻Ǽϖ=õ# damage-associated molecular 
patterns (DAMPs):*8̋OR89Q1ɧ̥̎9@0̙ ͉͆ͩʕǴ˿˦?ĂⅡ?Ø˫˕:<P�Q̙

͉˓˻ЎϬʈ́ĎƔ:ǻƜ)RQϖ˓˟ϔ DAMPs?ÊΘ9�Q HMGB1=̉̄*0�s��\s
��(METH)ǳǴȐ§̙͉ʕǴ�x��[n=�%Q HMGB1 ?˿˦ĨȀ<OB=z���(DA)̙
͉ʕǴ=Ƨ,Qȑ HMGB1ȑ×?Ħɱ=698ʁέ*21̙͉ʕǴ˿˦?ИǴh�y� �:<Q
BALB/c̿�[nC?METHȐ§=NP0Ǽϖ)RQ�~X��̙͉̿НƠ=ЎϬ,Qт×˃0DA
y��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'ROMETHȐ§=NQ HMGB1Β¬ˏǓ?¤ɉ:̙͉͆ͩ9?
ɸƃ̞Γ0т×˃0DAy��n� s ?ˁƭ0DA̙͉͇ɦ?ͮΉUɟǽ=ȏė,Q':!9"
21ȑ HMGB1ȑ×ɦɾȐ§=N58METH=NQ DAT?ͮΉ�NB�d�e×X?ʯǴĬ!ȏ
ė)R0)O=ͯą HMGB1?ɸƃ̞ΓKȏė)R2': O0ȑ HMGB1ȑ×=@ͯą?˓˻U
ȏ�QņͫǴ!�Q1G20ɦɾΒ¬? HMGB1!ȑ×=NP¬Ŗ)R0hyperthermia<OB= BBB
?̏͐!ȏė)R80ɦɾ O?ϖ˓˟ϔ?àÿ!Ϝˁ9"0'RO! DA̙͉͇ɦ?ͮΉȏėĦ
ɱ=Ў§,Q':!͠�ORQ1,<T40ȑ HMGB1ȑ×!ɦɾ9Ø˫,Q':=N58METH
=NQͯą̙͉ʕǴUȏė,QņͫǴ!̕ś)R21 
�


äë��Ĭn�$]254 1�ĐZ Ąåì4Mď¥`�ĝ1�äë��

� ŋȄ`�{�~Zz (SCs) ?ϻĎʆⅣ OÿȊŨФ< SCs ʈˈŗUŋȄ,Q϶ɐÝ͌×ė!ʆ
̵)R2?90ǂϏŗ:Ă='?Ȋʩ9ŋȄ)R2 SCs U˫90Ë¥?ʁέUΓ521ѕё
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?ȨƜUζH21
ATHPINACA Ò͛˳Ǵ× 2̠@9-RKÊφİˁɣ!ЪǇ=̌#0ȱłǥ?χĕ=@Êφ˟?ʁč
:0?Êφ���WZ�ǹŹ!ǯ΢9�Q':!ɋO =<521іёSCsÊφ˟? in vivoÊφȟ
Ĩ=Ў,Q̋ΣUΌ̣,Q':Ū́=0Z�tr �˨=ƫÿ)R2��u�Њ?ʆⅣ˳Ǵ× 2
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̠ѐ5F-CUMYL-PINACA0CUMYL-PINACAё=6980Ĩ˟Ɲр̿=NQ in vivoÊφƝрUΓ5
215F-CUMYL-PINACA�NB CUMYL-PINACA@×˃Ó¥<;?ΏĦU̕, 0.3ќ0.5 mg/kg (iv)
9ƝрUΓ521ªĬŋ˟?ɥƂĬ×?ư¬μʧ@̑λ)R-0in vitroÊφƝр9ǧOR2®΢Ê
φ˟K(#ǫІ9�521N580ȱł SCs?ŌƜ=@)O<QƿƇ!ǯ΢9�Q':!͠�OR
21їётϪʻ×d��ye��(LC)ѓϔІĎɯΛ͛(MS)U˫92 SCsÒ͛˳Ǵ×ѐFUB-JWH-018
:0?˳Ǵ×ё?`��=NQĎУ:ϔІĎɯ=NQχĕʩ?Ќ˿UΓ521SCs ?ʆⅣйÑĬŋ
ѐ˟˳Ǵ×̮ё?χĕŪȞ*80LC−MSľB�x�Ĭŋ˟U˫92Ŷ̥̔̎UΓ90FUB-JWH-018
:0?˳Ǵ×?χĕ!ņͫ<̿Ȗ̩*21<�0'?εß̿@0SCs UŐIΟŗ=�%QÒ͛˳
Ǵ×χĕ=K϶˫ņͫ9�521 
�


äë��Ĭ«ĈfĠ1</'�HØ��¡§�2��_¹à5Č»�Ê�åì��

ϣǋ0ƅч?Û˫ǞȀ=ƂĬ!HORQ1Ǧɬ?¶˜ƅчLƅчʊͬ=ģ�80ƅч�vdnL

ƅч×bvz:952ɟƠȄĎUˏ͘�Ȗč*2ΟŗL0ƅчUкŗ=ʽÿ*2ƅчdvb <;

?ɁΤǞȀ?ȕŁ¹Ü!ŹŒ)R89Q10?¡ɂ90Ŭą=�%Qƅч´˫=Ў,Q˷ƖǹŹ@

˩ʺ͉рˤ̮=ДOR8�P0ɁΤǞȀ?Û˫ƝȀ̮=698@¦ɋ<˕!Ƅ910'90ɧ̥̎

9@0ЎɭŰɂ9Ќñ)R2Эʄ̿?ЅƃZ��yɬź͡UƧό=0Ȱǆ̫ɦLs��vyUʯ˫

*2_��Z�ρɵUƝɃ*21ά 129 ōNPɟĦť̰Uǧ21®<ρɵЯ̄@0ƅчÛ˫?˩ʺ
͉р�NBϲļ 1ǋ͉р0ƅч?Û˫ťȼ0Û˫*2ƅч̠ĕ<;9�521 
1ё ƅч?˩ʺ͉рˤѐϲļ 1ǋ͉рˤё@016.3%ѐ5.4%ё9�521 
2ё ƅч?Û˫ťȼ@0ȼťѐ7.0%ё0ȼ�"R<9ѐ6.2%ё01ť3%ѐ3.1%ё9�521 
3ё Û˫)R2ƅчΟŗ@0¶˜ƅчѐ14.0%ё0ƅчʊ ѐͬ7.0%ё0ƅчdvb <;?ģƿŗѐ3.1%ё0

ƅч×bvzѐ2.3%ё0ƅч�vdnѐ1.6%ё9�521 
4ё ĭ̹?ƅчŋʩĬ=Ƨ*8@03Į˾̄́?Ϊ̛=@ϓȄ3!0ŢƎ̄́@ŀƧ�:9�͠�

!ɝKƄ 52ѐ43.4%ё1 
ƅч?Û˫ƝȀ O@0¶˜ƅч?H<O-0ƅчʊͬ0ƅчdvb <;?ģƿŗ0ƅч×b

vzѐХƔs�hё0ƅч�vdn<;ƄƷ=T2QɁΤǞȀ?Û˫ˡʦ!ɋO :<521G20

ƅч?Û˫ťȼU3ȼ�"R<9�:,Qť̰ O@0Ώ˟Þƕ!˶TRQŀǩÛ˫͡?ƕů!̑

λ)R21ɝǥ=0ĭ̹?ƅчŋʩĬ=Ƨ*8@0ƅчUĮ˾=˫9Q':=Ƨ*8@ϓȄ,Q¡

ɂ90ŢƎ̄́9?Ϊ̛=@ŀƧ,QǽΣ!ɝKƄ9':!ɋO :<521 
�

ôčĬ 
� (1) ɧ̥̎9@0 �\�s|�й͗Ĭŋ˟=NQϱĨʯǴ=Ƨ,QǡЮUʁέ*21�\�s|
�й͗Ĭŋ˟?Ȑ§=NP0˫ІÞƕ́<ϱĨãϮØ˫!˿˦*21Ώ˟=NQϱĨʯǴ: µŃƢ
×Ø˫?ǜǓ=6980?̆ЎǴUΪɯ*2:'S0�\�s|�й͗Ĭŋ˟=NQϱĨãϮØ˫

?˿˦ǜǓ: µŃƢ×Ø˫?ǜǓ=@ʎ?̆ЎǴ!λJOR21�\�s|�й͗Ĭŋ˟@_�_
Zz µŃƢ×=Ø˫,Q': O0CHO-µ͆ͩUĖ˫*2ΑûǜǓΪɯx s@0¬ɲØ˫?Ȩ˄
=Ė˫9"QņͫǴ!̕ś)R21G20�\�s|�?ŶɧĬƖʆⅣUø=0īțȞƜƧό̴ũ

UƜ͞9"QņͫǴ!̕ś)R21(2) h��� sU˫92ĬƖά̲=NQZ�l×hεßʩU
˫98ķЗz�ve?ʯǴ¸˄UΓ<521_�_Zz µŃƢ×Ø˫ǜǓUȞʈ=0QSARΪɯU
Ė˫,Q':=NP0�\�s|�й͗Ĭŋ˟?īțΤėC?ƳЌ!ɣǣ9"Q1(3) G20HMGB1
@´˫Ώ˟=NPǼϖ)RQ̙͉͆ͩʕǴ˿˦?ĂⅡĎƔ:<P�QņͫǴ!�Q1Äǥ@0ķЗ

z�veȐ§�ʾģ=NQ HMGB1�NB0?�p�s TLR?˿˦ĨȀ?ƂĬ=698ʁέ,Q
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':90ɟƠØ˫¸˄ŦƔ?ɟġ<êΞ:<QK?:ɣǣ*89Q1(4) ŋȄ`�{�~ZzѐSCsё
?Êφ���WY�?Ϊɯ:˳Ǵ×UŐI SCs?Ϊɯʩ?̩̑=Ў,Q̥̎UΓ5216̠й? SC
=6980LC=NQĀ8?˳Ǵ×?� dĎУ:0MS/MS�NB IT-TOF-MS=NQχĕUϳȄ*
21¡ɂ0Ĩ˟Ɲр̿�%Q SCs?˩×ąÊφȟĨ?̥̎=�98@0ư¬Êφ˟?ŌƜ!ʃJ8
ŨФ9�Q':!ɋO =<521Äǥ@0SCs ?Ώ˟ĨȀƖ́ǹŹUΌ̣*<!O0ȶŞUϮJ
89#¸Ɯ9�Q1(5) Эʄ̿?Ѕƃ�\nwY��U�Y �z:*80Ώ˟´˫=Ў,QƝȀ
ρɵUΓ521ƅч?Û˫ƝȀ O@0¶˜ƅч?H<O-0ƅчʊͬ0ƅчdvb <;?ģƿ

ŗ0ƅч×bvzѐХƔs�hё0ƅч�vdn<;ƄƷ=T2QɁΤǞȀ?Û˫ˡʦ!ɋO :<

521G20ƅч?Û˫ťȼU3ȼ�"R<9�:,Qť̰ O@0Ώ˟Þƕ!˶TRQŀǩÛ˫

͡?ƕů!̑λ)R21ɧ̥̎@0'�*2ƅч?ɁΤǞȀ?Û˫ƝȀLƅч?ŋʩĬ=Ў,Q͠

�=698ρD2ēJ8?ŹŒ9�Q123*0Ƨό͡?ÊΘǴ=@Д˰!�Q2J0Äǥ@ρɵ

Ƨό͡UĀŬ O˗Ø˖Ȗč*23Ώ˟Û˫=Ў,QĀŬÔʗρɵ�=�98KŌʇ?ƝȀȎȬU

ζHQ':!ʝJORQ1 
� ɧ̥̎?ķЗz�ve=Ў,Qʋͫεß O00?Ø˫ǜǓUΪɯ,Qεßlnw�@0ķЗz

�ve?¬ɲØ˫�NBɟƠØ˫˿˦?ϢϪ<εßʩ:*8ɟ˫9�P0ǧORQ̝Ɩx s@ī

ț́<Τėɹș:*8ʯ˫9"Q:͠�ORQ1ϣǋ@0ƅч?´˫Țƅ!и΋9�Q': O0

ķЗz�veŌ̮=´˫Бʍ?2J=Τė?ůPɂUć͠*0ć´˫Бʍѐˠ=ºʌ¸Бё?Ψ˕

 O¡Ƶ?ŝ˿!ǯ΢9�S�1Ōɐ=0ʇ2<Z��yUⅡ+80ķЗz�ve0ƅч̮?Ώ˟

Þƕ˻ O?ťǩCŎ �2J?Ƨ̱!ɢGRQ1 
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�ÔæOäë�� �ě 
 

A. äëáà 
 
ķЗz�ve?ʰⅡ@©˰́<Ǐ!PUΣ

.8�P00?´˫!ƅ"<̗ÏŜз:<5

89Q1ʷƃ9@0ɁΤ̙̽ʯǴ˟ϔ(New 
psychoactive substances, NPS):*8Ďй)R
QK?9�Q1ʰⅡ*89QķЗz�ve?

sZ�:*8@0ŋȄ`�{�~ZzL`u

~�̿Ĭŋ˟=ģ�0ϣǋ@�\�s|�й

͗Ĭŋ˟<;?_�_Zz̿Ώ˟?Ňг!ʼ

ę9�Q1 
ķЗz�veΎǗ=�%Qɝƅ?Ŝз˕@0

Ŭą9ʰⅡ,QʒК9@00?Ƅ#!3ɥΤ

ėĬŋ˟�9�Q˕9�Q1* *<!O0

0?Ø˫@чΏLΦ.9Ĝ:йÑ*2ĦɱU

̕,?9�Q1ŋȄ`�{�~Zz@Ƅ#?

й͗×?ƕů!̋OR8�P0ˠƜ?Ώ˟U

Τė*8K0ʌ2=Ɂ*9Ώ˟!̀ź,Qˡ

ʦ!͏98921'�*2ˡʦUȋ̏,Q2

J=0ǊȄ 25ǋ 2ɞNP0ŋȄ`�{�~Z

z?ʆⅣ=̉̄*0йÑ*2K?U¡ț9Τ

ė,Q9TMQ3īțΤė�!ƫÿ)R21

Ōʇ=0`u~�̿Ĭŋ˟=698K0Ƅ̠

й?Ώ˟!ʰⅡ*8�P0ǊȄ 25ǋ 12ɞN
P0`u~�̿Ĭŋ˟?3īțΤė�!ƫÿ

)R21¡ɂ0̹Ŭ9@_blh�u�<;

?_�_Zz̿ΏĜ?ϲĝČɂ=Ŷ7#´˫

!ˎſ*8�P0Ƙß<��Z�´˫Lǜġ

<Ø˫Uɟ,Q�\�s|�´˫C̞Γ*8

�P03_�_Zz�d�Zln�?ˡʦ9�

Q1)O=0WHO9@090̠йUϗ�Q�
\�s|�й͗Ĭŋ˟!΢ψȆƧό:*8×

nyXv�)R89Q1T!Ŭ9@0ŋȄ`

�{�~Zz�NB`u~�̿Ĭŋ˟@0Þ

ƕǴL͆ͩʕǴ̮?ǜġ<ɟƠØ˫U̕,2

J0Ʌ=īțȞƜ̮=NQΤė!<)R2!0

Äǥ@�\�s|�й͗Ĭŋ˟=698K0

īțȞƜ?ƫÿUʁέ,Qǯ΢!�Q:͠�

ORQ1 
� ɧ̥̎9@0�\�s|�й͗Ĭŋ˟?Γ

ĨΏ˧Ø˫?ΪɯUΓ90Ø˫˕9�Q_�

_Zz µŃƢ×Ø˫ǜǓ:?ЎϬǴUʁέ*
21G20ķЗz�veUϪL =Τė,Q

2J=@0¬ɲØ˫?΍˘Ǵ=Ў,QϢϪ<

εß!ǯ΢9�Q10R=@0h��� s

U˫92ĬƖά̲=NQZ�l×hʯǴ¸˄

ʩ!ɟĦ9�Q1b?BÝÀІ́ʆⅣʯǴ̆

Ў(QSAR)ʩ=NP0�\�s|�й͗Ĭŋ˟
?ĬƖʆⅣ:_�_Zz µŃƢ×ʯǴǜǓ=
6980ʯǴ¸˄ΪɯUΓ521¡ɂ0`u

~�̿Ĭŋ˟LŋȄ`�{�~Zz:952

ķЗz�ve!ȼƄ#ʰⅡ*89Q': O0

Ŋ͍̿?ķЗz�ve=̉̄*0ϢϪ=ʕǴ

̮?ɟƠØ˫Uʁč,Qεßlnw�?ʆ̵

!Є΢9�Q1ķЗz�ve�NBΦ.9Ĝ

<;´˫Ώ˟=NQ̙͉НƠ=�98̙͉˓

˻@Є΢<ǢĞUɱ2,:͠�ORQ1ɸą

DNA ͊ŋs��dϔ High mobility group 
box-1 (HMGB1)@0͈͙Ȯòɐ=͆ͩƃCȷ
č)R0RAGE0Toll-like receptor (TLR)=͊ŋ
*˓˻Ǽϖ=õ# damage-associated molecular 
patterns (DAMPs):*8̋OR89Q10'90
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ɧ̥̎9@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<OB= DA̙͉ʕ
Ǵ=Ƨ,Qȑ HMGB1ȑ×?Ħɱ=698ʁ
έ*21 
� Ōʇ=0ȹǳĮ˾˦ź9@0îǕΙƠ?ĺ

Ŧ:<PǧQķЗz�ve?˩× O?ʁč

!πз:<589Q1ɧ̥̎9@0&Mêċ

úĀüèùÛ�~ÐÀS#ÐÒ&MêċúĀüèù

åºQÑãO�Ü��å~PÐÀ&MêċúĀ

üèùÜ	ªuÚâÞÛ{J�i�rÛÕÈÖ

i¢ÐÒÁ 
� ķЗz�ve?ł͕P=�98@0ǜĬ!

ϮV99Q1* *<!O0ł͕P?ǜĬ=

NP0ķЗz�ve?ʰⅡ@X�t e�[

�zĬ*89#óŎ!�P00?´˫?ƝȀ

ȎȬ@"TJ8Є΢=<589Q1ķЗz�

ve=Ў,Q´˫ƝȀUȎȬ,Q':@0ʰ

Ⅱ*89QΏ˟?ǹŹ!ŁС9"Q::K=0

Ώ˟´˫БʍƧ̱?̩ɻ0ϯΓ?Ŷ̔ϒȿ:

*8Є΢9�Q1 
� ɧ̥̎9@0�\�s|�й͗Ĭŋ˟?ī

țȞƜ?ƝĦǴUʁδ,Q̄́90¬ɲͻƌ

Ø˫?˿˦=�%QĬƖʆⅣ?ˠǴ=698

ʁέ*21G20ĬƖά̲=NQZ�l×h

εßʩU˫98�\�s|�й͗Ĭŋ˟?ʯ

Ǵ¸˄UΓ521Ōʇ=0ķЗz�ve?ʁ

čȊʩUɋ̑=,Q̄́90̙͉͆ͩʕǴ˿

˦?ĂⅡ?Ø˫˕:<P�Q̙͉˓˻ЎϬʈ

́ĎƔ�NBŋȄ`�{�~Zz?Êφ˪˟

?ʁčȊʩ=Ў,QŶ̥̃̎UΓ<521G

20ķЗz�ve?̥̎�NBεß?М?Ŷ

̔ϒȿUȪÝ,Q̄́90Эʄ̿?Ѕƃ�\

nwY��Ľģ͡UƧό=0ķЗz�veU

ŐIΏ˟´˫ƝȀ=Ў,Q˷ƖρɵUƝɃ*

21 
 

B. mäë�áà�¬Ê�ô¹ 
 

[äë��Ĭ7!].3[ĥöanÑ�EºRØ

Ċ¸Ê�ĝ1�äë] 
� � � � � ýÙÃ� 
 uìòèAèócÝäë-].B 
 òèTUäë�� āÑS|äëė 
 S|�āÑäë�� �ě 
 
� ɧ̥̎9@0ɁΤ̙̽ʯǴ˟ϔ9�Q�\

�s|�й͗Ĭŋ˟ Cyclopropyl fentanyl (CF)0
Methoxyacetyl fentanyl (Meth F) 0

ortho-Fluorofentanyl (OFF) 0 parafluoro 
butyrfentanyl (PFB)0paramethoxybutyrfentanyl 
(PMB)=698_�_ZzŃƢ×Ø˫?Ϊɯ0
ϱĨʯǴ=Ƨ,QǡЮUʁέ*21�\�s

|�й͗Ĭŋ˟?Ȑ§=NP0˫ІÞƕ́<

ϱĨãϮØ˫!˿˦*21'RO?Ħɱ@0

_�_ZzŃƢ×ȜȑΏ9�Q{�bq�Ě

Č͛=N58ɟǽ=ȏė)R21G20

CHO-µŃƢ×˿˦͆ͩUĖ˫*805̠й?
�\�s|�й͗Ĭŋ˟?_�_ZzŃƢ×

Ø˫ǜǓUΪɯ*215 ̠й?�\�s|�
й͗Ĭŋ˟?ʾģ=NP0ˏǓÞƕ́<Αû

˿û!̑λ)R21'?Ø˫@0µ ŃƢ×Ȝ
ȑΏѐβ-FNAё?ĚČ͛=NPƙĀ=ȏė)
R215 ̠й?�\�s|�й͗Ĭŋ˟@ µ
ŃƢ×UÅ*8Ώ˧Ø˫!˿˦,Q:͠�O

RQ1Ώ˟=NQϱĨʯǴ:�ŃƢ×Ø˫?

ǜǓ=6980?̆ЎǴUΪɯ*2:'S0

�\�s|�й͗Ĭŋ˟=NQϱĨãϮØ˫

?˿˦ǜǓ:�ŃƢ×Ø˫?ǜǓ=@ʎ?̆

ЎǴ!λJOR21 
 
[äë��Ĭ(]6:B.G9:?BG;]��

�fĠ1</'�³��IÎÊ�ĝ1�ä

ë] �
� � � � � ¼hÃ® 

uġcÝéçx}� ©¦�

 
ɧ̥̎9@0h��� sU˫92ĬƖά

̲=NQZ�l×hεßʩU˫98ķЗz�

ve?ʯǴ¸˄UΓ90ķЗz�ve?Τė0

ˠ=īțȞƜ?̴ũUʡJQ̮?x sUÝ
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,Q2J?ɁΤεßʩ?Ќ˿UΓ�':Ū

́:,Q1�\�s|�й͗Ĭŋ˟?ʯǴ¸

˄U 2D-QSARѐƜІ́ʯǴ̆Ўё9Γ521
ĬƖά̲�vf m MOEѐCCG ̗ёU˫9
21_�_Zz µŃƢ×=Ƨ,QʯǴǜǓ!
Ʌ̋? 9Ĭŋ˟U˫921ʯǴë@_�_Z
z µŃƢ×=Ƨ,Q EC50U˫921Ϊɯ?͊

ɱ0ЪǇ=̆ЎǴ?т9 QSAR�x�!ǧO
R2(r2=0.92)1 
 
 [äë��ĬfĠ1</'���ĥPÑĔ�³

��ñ¯,&=B3]'Ê�ĜÞ.èóÏÜ

ĝĕX{ ��
	��¤À��3.] �
 ÌÈ�L 
 ��x}x}ğcÄā} 
 õnäëêûèó[�}Ď� 
 ûèóÂ¿}XĘ� ©¦ 
�  
� ķЗz�ve�NBΦ.9Ĝ<;´˫Ώ˟

=NQ̙͉НƠ=�98̙͉˓˻@Є΢<Ǣ

ĞUɱ2,:͠�ORQ1ɸą DNA ͊ŋs
��dϔ High mobility group box-1 (HMGB1)
@0͈ ͙Ȯòɐ=͆ͩƃCȷč)R0RAGE0
Toll-like receptor (TLR)=͊ŋ*˓˻Ǽϖ=õ
# damage-associated molecular patterns 
(DAMPs):*8̋OR89Q1ɧ̥̎9@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=z���(DA)̙͉ʕǴ=Ƨ,
Qȑ HMGB1ȑ×?Ħɱ=698ʁέ*21 
� ̙͉ʕǴ˿˦?ИǴh�y� �:<Q

BALB/c̿�[nC?METHȐ§=NP0Ǽ
ϖ)RQ�~X��̙͉̿НƠ=ЎϬ,Qт

×˃0DAy��n� s ?ˁƭ0DA̙͉
͇ɦ?ͮΉ::K=0HMGB1 ?ɦɾΒ¬9
?ſģ<OB=͔ɫ×̙͉͆ͩ9? HMGB1
?ɸ O͆ͩϔC?̞Γ�ȷč!HORQ'

:UɋO =*21)O=ȑ HMGB1ȑ×?
ЩͭąȐ§=NP'RO METH Ȑ§=NQ

HMGB1 Β¬ˏǓ?¤ɉ:̙͉͆ͩ9?ɸƃ
̞Γ0т×˃0DAy��n� s ?ˁƭ0
DA ̙͉͇ɦ?ͮΉUɟǽ=ȏė,Q':!
9"21 
 
[äë��Ĭn�$]254 1�ĐZ Ąåì

4Mď¥`�ĝ1�äë]  
 � � b�Í��

� � � � � � �Ğāêx}�

� � � � � � āÑ`�}äë�� ©¦�

 
� ŋȄ`�{�~Zz (SCs) ?ϻĎʆⅣ 
OÿȊŨФ<SCsʈˈŗUŋȄ,Q϶ɐÝ͌
×ėUʆ̵*0ǂϏŗ:Ă='?Ȋʩ9ŋȄ

)R2 SCsU˫9 3πз=698ʁέUΓ5
21ѕёLCMS-IT-TOF=NQ SCs?Êφ˟Ď
ɯȊʩU˫90Xt��u�Ŷ?Ò͛˳Ǵ×

ʆⅣUȝ6 2 ̠? ATHPINACA ˳Ǵ×

ѐATHPINACA isomer 10ATHPINACA isomer 
2ё=�%Q�yͥ�d�q � (HLMs) Ê
φƝрUΓ90ϔІĎɯ=Ŷ7#Êφ˟?χ

ĕ�NB in vitroÊφ͉ϙ?ȨƜUζH21G
20іёSCsÊφ˟? in vivoÊφȟĨ=Ў,
Q̋ΣUΌ̣,Q':Ū́=0Z�tr 

�˨=ƫÿ)R2��u�Њ?ʆⅣ˳Ǵ× 2
ѐ̠5F-CUMYL-PINACA0CUMYL-PINACAё
=6980Ĩ˟Ɲр̿=NQ in vivoÊφƝр
UΓ521)O=0їётϪʻ×d��ye

��(LC)ѓϔІĎɯΛ͛(MS)U˫92SCsÒ
͛˳Ǵ×ѐFUB-JWH-018:0?˳Ǵ×ё?`
��=NQĎУ:ϔІĎɯ=NQχĕʩ?Ќ

˿UΓ521 
ѕёATHPINACA Ò͛˳Ǵ× 2̠@9-RK
Êφİˁɣ!ЪǇ=̌#0ȱłǥ?χĕ=@

Êφ˟?ʁč:0?Êφ���WZ�ǹŹ!

ǯ΢9�Q':!ɋO =<521<�0ª

Ĭŋ˟?®΢Êφ͉ϙ@Xt��u�ŶC?

ϪL <ʙЁŶ?ƫÿ9�P0Êφŀǰ 3ɐ
Ѝǥ?®΢Êφ˟@0isomer 1 9@ºʙЁĬ
×0isomer 2 9@¡ʙЁĬ×9�Q':!ɋ
O :<521<�0ª isomer?ɥƂĬ×�
NB®΢Êφ˟?��y�ÈģĎƔ O˩Ȅ
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)RQ��tdyZ_�=@ɋ̑<ϴ9!�

P0ATHPINACAÒ͛˳Ǵ× 2̠?χĕ@0
ɥƂĬ×0®΢Êφ˟?9-R?ʁč=N5

8Kņͫ9�Q':!̕ś)R21іё

5F-CUMYL-PINACA � N B CUMYL- 
PINACA @×˃Ó¥<;?ΏĦU̕, 0.3ќ
0.5 mg/kg (iv)9ƝрUΓ521ªĬŋ˟?Β
¬ˏǓU˄Ɯ*0PK ΪɯUΓ52͊ɱ02-
h�� y��y�x�=NP0ªĬŋ˟?

Ώ˟ĨȀƖ́��� s Uƫ%Q':!ɋ

O =<521* *0ªĬŋ˟?ɥƂĬ×

?ư¬μʧ@̑λ)R-0in vitroÊφƝр9
ǧOR2®΢Êφ˟K(#ǫІ9�521N

580ȱł SCs?ŌƜ=@)O<QƿƇ!ǯ
΢9�Q':!͠�OR21G20їё9@

SCs ?ʆⅣйÑĬŋ˟ѐ˳Ǵ×̮ё?χĕU
̄Ȟ*80LC−MS ľB�x�Ĭŋ˟U˫9
2Ŷ̥̔̎UΓ90FUB-JWH-018:0?˳Ǵ
×?χĕ!ņͫ<̿Ȗ̩*21<�0'?

εß̿@0SCs UŐIΟŗ=�%QÒ͛˳Ǵ
×χĕ=K϶˫ņͫ9�521 
 
[äë��Ĭ«ĈfĠ1</'�HØ��¡§�

2��_¹à5Č»�Ê�åì]  
 �½dG 
 uìòèAèócÝäë-].B 
 òèTUäë�āÑS|äëė 
 �ÔæOäë�� �ě 
 
� ϣǋ0ƅч?Û˫ǞȀ=ƂĬ!HORQ1

Ǧɬ?¶˜ƅчLƅчʊͬ=ģ�80ƅч�

vdnLƅч×bvz:952ɟƠȄĎUˏ

͘�Ȗč*2ΟŗL0ƅчUкŗ=ʽÿ*2

ƅчdvb <;?ɁΤǞȀ?ȕŁ¹Ü!Ź

Œ)R89Q10?¡ɂ90Ŭą=�%Qƅ

ч´˫=Ў,Q˷ƖǹŹ@˩ʺ͉рˤ̮=Д

OR8�P0ɁΤǞȀ?Û˫ƝȀ̮=698

@¦ɋ<˕!Ƅ910'90ɧ̥̎9@0Э

ʄ̿?ЅƃZ��yĽģ͡UƧό=0ƅч?

ɁΤǞȀUŐIÛ˫ƝȀ=698ρDQ':

Ū́:*21ɧ̥̎UⅡ+80ɁΤķЗz

�ve?´˫ƝȀȎȬ?2J?Ħɱ́<ρɵ

ȊʩȖ̩).Q1 
� ЎɭŰɂ9Ќñ)R2Эʄ̿?ЅƃZ��

yɬź͡UƧό=0Ȱǆ̫ɦLs��vyU

ʯ˫*2_��Z�ρɵUƝɃ*21ά 129 
ōNPɟĦť̰Uǧ21®<ρɵЯ̄@0ƅ

чÛ˫?˩ʺ͉р�NBϲļ 1ǋ͉р0ƅч
?Û˫ťȼ0Û˫*2ƅч̠ĕ<;9�521 
� ρɵNP0Ë¥?͊ɱUǧ21 
1. ƅч?˩ʺ͉р ѐʕϲļ1ǋ͉рˤё@0

16.3%ѐ5.4%ё9�521 
2. ƅч?Û˫ťȼ@0ȼťѐ7.0%ё0ȼ�
"R<9ѐ6.2%ё01 ť3%ѐ3.1%ё9
�521 

3. Û˫)R2ƅч̠ĕ@0¶˜ƅч
ѐ14.0%ё0ƅчʊͬѐ7.0%ё0ƅчdv
b <;?ģƿŗѐ3.1%ё0ƅч×bv
zѐ2.3%ё0ƅч�vdnѐ1.6%ё:͏
921 

4. ĭ̹?ƅчŋʩĬ=Ƨ*8@03Į˾̄
́?Ϊ̛=@ϓȄ3!0ŢƎ̄́@ŀƧ�

:9�͠�!ɝKƄ 52ѐ43.4%ё1 
� ƅч?Û˫ƝȀ O@0¶˜ƅч?H<O

-0ƅчʊͬ0ƅчdvb <;?ģƿŗ0

ƅч×bvzѐХƔs�hё0ƅч�vdn<

;ƄƷ=T2QɁΤǞȀ?Û˫ˡʦ!ɋO 

:<521G20ƅч?Û˫ťȼU3ȼ�"

R<9�:,Qť̰ O@0Ώ˟Þƕ!˶T

RQŀǩÛ˫͡?ƕů!̑λ)R21 
 

C. ø� 
 
� �7!].3[ĥöanÑ�EºRØĊ¸

Ê�ĝ1�äë�

 
� ɧ̥̎=NP0�\�s|�й͗Ĭŋ˟@

ǜġ<¬ɲͻƌØ˫Uɟ,Q':!ɋO =

<5215̠й?�\�s|�й͗Ĭŋ˟CF0
Meth F0OFF0PFB0PMB?´˫=NP0Є
̶<îǕΙƠ?˿˩!ķǺ)RQ1ɧ̥̎ 

O05 ̠й?�\�s|�й͗Ĭŋ˟@_�
_Zz µŃƢ×UÅ*8¬ɲͻƌØ˫U̕*0
тˏǓ9@͆ͩʕǴU̕,': O0´˫=
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NPîǕΙƠU̕,ķЗǴ!�Q:͠�OR

Q1�\�s|�й͗Ĭŋ˟@_�_Zz µ
ŃƢ×=Ø˫,Q': O0CHO-µ͆ͩUĖ
˫*2ΑûǜǓΪɯx s@0ɟƠØ˫?Ȩ

˄=Ė˫9"QņͫǴ!̕ś)R21G20

FN ?ŶɧĬƖʆⅣUø=0īțȞƜƧό̴
ũUƜ͞9"QņͫǴ!̕ś)R21 
 
� �(]6:B.G9:?BG;]���f

Ġ1</'�³��IÎÊ�ĝ1�äë�

 
ķЗz�veľBЎϬĬŋ˟UϪL =Τ

ė,Q2J=@00RO?ϢϪ<εßʩ!ǯ

΢9�Q10R=@0Z�l×hʯǴ¸˄ʩ

!ɟĦ9�Q1ɧ̥̎9@0h��� sU

˫92ĬƖά̲=NQZ�l×hεßʩU˫

98ķЗz�ve?ʯǴ¸˄UΓ90ķЗz

�ve?Τė0ˠ=īțȞƜ?̴ũUʡJQ

̮?x sUÝ,Q2J?ɁΤεßʩ?Ќ˿

UΓ�':Ū́:,Q1'RG9=0Z�

l×hʯǴ¸˄ʩ:*8®=ʆⅣʯǴ̆Ў

(QSAR)U˫98"21ɧǋǓ@�\�s|�
й͗Ĭŋ˟?QSAR�x�ʆ̵=698ʁέ
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16) Miyazaki, I., Isooka, N., Kikuoka, R., Wada, 
K., Kitamura, Y., Asanuma, M.: 
Neuroprotective effects of coffee ingredients 
against rotenone induced neurodegeneration 
in parkinsonian model. 22nd International 
Congress of Parkinson’s Disease and 
Movement Disorders, Hong Kong, China, 
2018.10.5-9. 

17) ʲʥǍÃ, ƟƺͦƔ, ̜ʎŖ̈, ·Ƹ Â, 
̓ƸƉɥ, ɁƲ ц, ŭϻƊ˩, ͿϘ΃­, 
¬ƶǶĖп, Ϯ ʴƆϺ, ƶɧƅŰ, Kyle 
Quin: ƏƓ�Ȣµɣ]�blʊͬɗШ˪
Æ�[nͯC?ǡЮ=Ў,Q͈͙Ɩ́�

ΓĨƖ́ʁέ. ɆɧΪěƖÏ̭ 73ť¬
Ŭ�ŤŬȵϻƖΔСÏ, Ǭƹ, 
2018.10.20-21. 

18) ̓ƸƉɥ, Ŗˬɑ¡, ŅƼɕ΃Ɣ, Ɵƺ
ͦƔ, ʲʥǍÃ: � b�q�˺�x�
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�[n=�%Q�s�u_}Z�UÅ*

2`�\Z�Ёђd��g�Ё?̙͉å

ϊĦɱ. �s��Z_jZ]�n̥̎Ï
2018, ÉŇ, 2018.11.16. 

19) ·Ƹ Â, ƟƺͦƔ, ¯åˬΈɞ, ĚˬǶ
Ɲ, пƼƅʊ, ƗƶРɑ, ̺ ɋɆп, ĭ
ɪÙ¯, ʲʥǍÃ: ȑ�6Ώ��sk�
�=NQXny�jZy? 5-HT1AŃƢ
×UÅ*2�s�u_}Z�˿˦μƫ:

z���̙͉åϊ. �s��Z_jZ]
�n̥̎Ï 2018, ÉŇ, 2018.11.16. 

20) ƟƺͦƔ, ʲʥǍÃ: Xny�jZy=
�%Q�s�u_}Z�˿˦Uʈ́:*

2̙͉åϊ. �s��Z_jZ]�n̎
̥Ï2018l��m[�: �s�u_}Z
�̥̎?ɝɁĨŎ, ÉŇ, 2018.11.17. 

21) ̓ƸƉɥ, Ŗˬɑ¡, ŅƼɕ΃Ɣ, Ɵƺ
ͦƔ, ʲʥǍÃ: �w~�μ˿̙͉ʕǴ
=Ƨ,Q`�\Z�Ёђd��g�Ё?

̙͉åϊĦɱ. ̭ 134ťɆɧΏ˧ƖÏϣ
˴ϻÏ, ̙Ȉ, 2018.11.23. 

22) ·Ƹ Â, ƟƺͦƔ, ¯åˬΈɞ, ĚˬǶ
Ɲ, пƼƅʊ, ƗƶРɑ, ̺ ɋɆп, ɪ
¤̈ʊ, ĭɪÙ¯, ʲʥǍÃ: ȑуΏ�
�sk��?̙͉ e×XϬЎUÅ*2

z���̙͉åϊĦɱ. ̭ 134ťɆɧΏ
˧ƖÏϣ˴ϻÏ, ̙Ȉ, 2018.11.23. 

23) оɪΈɞђŅƼς¡ђƼƹ΃вђɮ¯ϐ
Řђɛˬ͟ђ̙ƶǶ˧Ɖђ̯ɧϐϺђʛ

¼ ƚ ǌ ђ Î ΐ Ś ɡ ђ ĭ ǂ ʿ ǌ . 
LCMS-IT-TOF U˫92ķЗz�veȄ
ĎATHPINACA?Ò͛˳Ǵ×χĕ�NB
Êφ˟?ȨƜ. ̭64ťɆɧΏƖÏɭʷȵ
ϻ ͑Ï�ƅÏђǾ̋ђ2018ǋ 6ɞ 30Ɇ. 

24) ÎΐŚɡђоɪΈɞђɮ¯ϐŘђƼƹ΃
вђ̙ƶǶ˧Ɖђɛˬ͟ђ̯ɧϐϺђʛ

¼ƚǌђͽˬʎǟђĭǂʿǌ. ķЗz�
veΎǗБʍ=Ŏ%2ƷЏ̇=�%Qł

P͈H(ї)њŋȄ`�{�~ZzÊφ˟
?ŌƜ:˳Ǵ×?ʆⅣχĕє ̭ 53ťɆ
ɧX�h ��XxYdl��ĮƖÏƖ

Δ͑Ïђʉʳђ2018ǋ 9ɞ 8-10Ɇ. 
25) ̯ɧϐϺђоɪΈɞђŅƼς¡ђƼƹ΃

вђɮ¯ϐŘђ̙ƶǶ˧Ɖђʛ¼ƚǌђ

ɛˬ͟ђĭǂʿǌђÎΐŚɡ. LC-MSU
˫92ķЗz�ve?˳Ǵ×χĕ -
FUB-JWH-018=698-є̭ 55ťĀŬΕ
˩ĬƖȍΔĳωÏǋÏђƉ΀ђ2018ǋ 11
ɞ 29-30Ɇє 

26) ÎΐŚɡђ̙ƶǶ˧ƉђƼƹ΃вђоɪ
Έɞђɮ¯ϐŘђɛˬ͟ђ̯ɧϐϺђʛ

¼ƚǌђɮʛä°ђĺ΃Ǡђĭǂʿǌ. Ʒ
ЏķЗz�veΪɯȍΔϬȰĳωÏ?ł

P͈H=698ѐ̭£Źёє̭ 51ťɭʷ
ΏĜǅƖΔÏђЩƸђ2018ǋ 12ɞ 2Ɇ.  

27) ÎΐŚɡђ̙ƶǶ˧Ɖђ̯ɧϐϺђʛ¼
ƚǌђƼƹ΃вђоɪΈɞђɮ¯ϐŘђ

ɛˬ͟ђĭǂʿǌ. ȞƜΏ˟?ŌƜŪ
Ȟ*2ƛƖϬȰ=NQŶ̥̔̎=698є

ǊȄ 30 ǋǓŰɂΕ˩̥̎ȉĀŬĳωÏ
ɭ �̫ĭЖȵϻΕ˩ĬƖϻÏђƷЏђ2019
ǋ 1ɞ 31Ɇ-2ɞ 1Ɇ. 

28) Kadomura N., Kawashima H., Matsuhisa T., 
Soda M., Kohyama E., Chikumoto T., Nagai 
H., Ito T., Kitaichi K. The isomeric 
discrimination and investigation of the 
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28.– Mar. 2. 

29) Shimane T ,Wada K , Qiu DњPrevalence of 
binge drinking and association with 
substance useњA cross-sectional nationwide 
general population survey in Japan. 19th 
World Congress of International Society for 
Biomedical Research on 
Alcoholism(ISBRA2018)ђKyoto, Japanђ
2018.9.12 

30) Shimane T ,Tani MђYamaki MђKobayashi 
M ђ Kondo A ђ Takahashi M њ

Methamphetamine users in Japanese 
prisons њ Comorbid hazardous alcohol 
consumptionє 19th World Congress of 
International Society for Biomedical 
Research on Alcoholism(ISBRA2018) ђ
Kyoto, Japanђ2018.9.12 

31) Yamaki MђTakeshita YђTakahashi Mђ
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Kondo AђShimane TњPrevalence and 
correlates of adverse childhood 
experience(aces)among methamphetamine 
users in Japanese prisonє 19th World 
Congress of International Society for 
Biomedical Research on 
Alcoholism(ISBRA2018)ђKyoto, Japanђ
2018.9.11 

32) Shimane TњDrug use and addiction in Japan: 
Increase and decrease with new 
psychoactive substances є The 20th 
International Society of Addiction Medicine 
Annual Meeting(ISAM BUSAN 2018)ђ
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33) ƻɹĲ³ђϣΐ�MHђ̹ˍРƔђϣΐ
ǵƇђɮɧäǟњʗЍȵȭŧ×Ė˫͡?

h� yρɵ:ȵȭ?πз=Ў,Q̥̎

ѐ̭ºŹёєl��m[� 33 đ?¡ϻŴ
Γˣ¸ėǓɃΓǥ=�%QΏ˟Þƕ˻Ű

ųȵȭ?˦ˡ:πзє̭ 114ťɆɧ̙̽
̙͉ƖÏƖΔ͑Ïђăǔђ2018.6.21. 

34) ƅΡ̈˭͜ђƯƺȻƔђƻɹĲ³њŬМ
åî:˷Ɩќ�Y �z:X`x�XU

6<$2J=є̭ 33ťɆɧŬМåîĮ˾
ƖÏƖΔƅÏl��m[�ђɭÁђ

2018.12.1. 
35) ƻɹĲ³њķЗz�veŜз?ΓɂњĀ
ŬÔʗρɵ 2015ǋ?͊ɱNPє̭ 22ť
ŷ˥̇ΏĜǅÏƖΔƅÏђŷ˥ђ

2016.11.6. 
36) ŖˬʿђŋƼħ£ђɿˬƳǠђƻɹĲ³њ
Ώ˟´˫�Þƕ˻͡=�%Q HIV�HCV
̮ǿɴˡʦ:ǿɴ�Z×ndΓĨ=Ў,

Q̥̎єǊȄ 29ǋǓɆɧX�h ��X
xYdl��ĮƖÏƖΔ͑Ïђ̙ƉƼђ

2017.9.9. 
37) ƻɹĲ³ђϹĉɼђŖˬʿњ¡;Ôʗ=
�%Q`�\Z�ΟĜÛ˫ˡʦ:Ώ˟Û

˫:?ЎϬњΏ˟Û˫=Ў,QĀŬÔʗ

ρɵNPєǊȄ 30ǋǓɆɧX�h ��
XxYdl��ĮƖÏƖΔ͑ÏђÁϼђ

2018.9.10. 
38) ƻɹĲ³ђϹĉɼђŖˬʿњ¡;Ôʗ=
�%Q]{m z×�dÛ˫ˡʦ:Ώ˟

Û˫:?ЎϬњΏ˟Û˫=Ў,QĀŬÔ

ʗρɵNPєǊȄ 30 ǋǓɆɧX�h 
��XxYdl��ĮƖÏƖΔ͑ÏђÁ

ϼђ2018.9.10. 
39) ƻɹĲ³ђϹĉɼђŖˬʿњ¡;Ôʗ=
�%QƅчÛ˫?ſģњΏ˟Û˫=Ў,

QĀŬÔʗρɵNPєǊȄ 30ǋǓɆɧX
�h ��XxYdl��ĮƖÏƖΔ͑

ÏђÁϼђ2018.9.10. 
40) ǚŮ͎ɥђƸƺЄÃђģΐЙђƶɧƅђ
ƶэɋ͞ђɮɧäǟђƻɹĲ³њťǩȵ

ȭɃΰ=�%Q TC ]�`[�s �e
� �?϶˫=Ў,Q̥̎єǊȄ 30ǋǓ
ɆɧX�h ��XxYdl��ĮƖÏ

ƖΔ͑ÏђÁϼђ2018.9.10. 
41) ƻɹĲ³ђÄɪиňђʠˬŖƔђƶɧȸ
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Ώ˟Û˫͉р?�QHIVИǴ͡=�%Q
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n=§�QǡЮє̭ 32ťɆɧ]ZoƖÏ
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G. ãàđ×Á�WĤAßĚÒÉ 
 

ˠαłǧ0Ɲ˫Ɂɻ̀Љ00?Ç 
ˠ=<*  
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�� 30��gÖ^Vê}äëēĆ]ę 
ħcāqAcÝÂtî?B:<M=B) "],¨ðäëJ¾ĬH30-cā-Cþ-004Ĩ 

 
X¢äëvp° 

 

7!].3[ĥöanÑ�EºRØĊ¸Ê�ĝ1�äë 
 
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 
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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.  
 
 



-22- 

 

 
 

 

 

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. 
  

SAL OFF (0.0625) OFF (0.25)
0

1000

2000

3000

4000

5000

A
ct

iv
ity

 (C
ou

nt
s/

12
0m

in
)

ortho-Fluorofentanyl

**

**

(A) (B)

0 20 40 60 80 100 120

0

200

400

600

800

Time (Min)

A
ct

iv
ity

 (C
ou

nt
s/

10
m

in
)

OFF (0.0625)
OFF (0.25)
SAL

0

1000

2000

3000

4000

5000

Ac
tiv

ity
 (C

ou
nt

s/
12

0m
in

)

0

1000

2000

3000

4000

5000

Ac
tiv

ity
 (C

ou
nt

s/
12

0m
in

)

SAL NLX (5)

OFF (0.25)

**

##

SAL RAC

OFF (0.25)

**

##

SCH

##

(A) (B)



-27- 

 
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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@�\�s|�й͗×? QSAR�x�?ʆ̵=698ʁέ*2є�\�s|�й?īțΤėC?ǃ
̍:,Q':!9"Q:͠�ORQ1 
 

�

A. äëáà�
�

�

�

ϴʩz�ve!ƅ"<̗ÏŜз:<589

Qє0'9ђϴʩz�veUϪL =Τė,

Q2J=@ђϴʩz�ve?ϢϪ<εßʩ!

ǯ΢9�Qє0R=@ђZ�l×hʯǴ¸˄

ʩ!ɟĦ9�Qєɧ̥̎9@ђh��� s

U˫92ĬƖά̲=NQZ�l×hεßʩU

˫98ķЗz�ve?ʯǴ¸˄UΓ9ђķЗ

z�ve?Τėђˠ=īțȞƜ?̴ũUʡJ

Qx sUÝ,Q':Ū́:,Qє ɧǋǓ
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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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�����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 
 

E. ôč 
 
� METHȐ§=NP0Ǽϖ)RQ�~X��
̙͉̿НƠ=ЎϬ,Qт×˃0DAT ?ˁƭ0
DA ̙͉͇ɦ?ͮΉ::K=0ϖ˓˟ϔ

HMGB1 ?ɦɾΒ¬9?ſģ<OB=͔ɫ×
̙͉͆ͩ9? HMGB1?ɸ O͆ͩϔC?̞
Γ�ȷč!HORQ':UɋO =*21)

O=ȑ HMGB1ȑ×?ЩͭąȐ§=NP'R
OMETHȐ§=NQHMGB1Β¬ˏǓ?¤ɉ
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:̙͉͆ͩ9?ɸƃ̞Γ0т×˃0DAT?ˁ
ƭ0DA ̙͉͇ɦ?ͮΉUɟǽ=ȏė,Q'
:!9"21HMGB1 !´˫Ώ˟=NPǼϖ
)RQ̙͉͆ͩʕǴ˿˦?ĂⅡĎƔ:<P�

QņͫǴ!�P0Äǥ͆ͩ�Ъ͆ͩεß̿U

˫92ķЗz�veȐ§�ʾģ=NQ

HMGB1�NB0?�p�s TLR?˿˦Ĩ
Ȁ?ƂĬ=698ʁέ,Q¸Ɯ9�Q1 
 

F. iøªÓ 
 
1) ʲʥǍÃ, ƟƺͦƔ: MDMA�NB

5-MeO-DIPT?̙͉ʕǴ˿˦=Ў,Q̎
̥єǊȄ 15ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤ
ЇѐĹ˩ĥõ̝Ɩˠĕ̥̎¹ʂё3MDMA
ľBͮʩz�ve?̙͉ʕǴ<OB=̽

̙Þƕ˿˦�`|o�?Ϊɋ�̥̎ŹŒ

ɚѐ®Í̥̎ њ͡ͽˬʎǟёєP15-24, 2004є 
2) ʲʥǍÃ, ƟƺͦƔ: ʀ˟˭ɬñǎΦȄ
Ď?̙͉͆ͩʕǴ˿˦=Ў,Q̥̎єǊ

Ȅ 16ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤЇѐĹ
˩ĥõ̝Ɩˠĕ̥̎¹ʂё3ʀ˟˭ɬñǎ

ΦȄĎ?Ώ˟ÞƕǴ�NB͆ͩʕǴ?ε

ß�̎ ̥ŹŒɚѐ®Í̥̎ њ͡ͽˬʎǟёє

P21-42, 2005є 
3) ʲʥǍÃ, ƟƺͦƔ: ͮʩz�veѐϴʩ
z�veё?ʆⅣçм=Ŷ7#̙͉ʕǴ

˿˦?̥̎єǊȄ 17ǋǓĹ˩ĥõ̝Ɩ̎
̥ϑΞĤЇѐĹ˩ĥõ̝Ɩˠĕ̥̎¹ʂё

3ͮʩz�ve?ʆⅣçмˠǴ:0?Þ

ƕǴ�NB̙͉ʕǴ˿˦?ЎϬǴ�̥̎

ŹŒɚѐ®Í̥̎͡њͽˬʎǟёєP22-33, 
2006є 

4) ʲʥǍÃ, ƟƺͦƔ:ϴʩz�ve?ʆⅣ
çм:̙͉ʕǴ˿˦?̆Ў=Ў,Q̥̎є

ǊȄ 19ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤЇ
ѐĮΏŗ�Į˾ʋţ̮�c��y× j

Z]�n͑ŋ̥̎¹ʂё3ϴʩz�ve?

Ώ˟ÞƕǞȄ�`|o�:0?´˫ƝȀ

ȎȬ=Ў,Q̥̎�̥̎ŹŒɚѐ®Í̎

̥͡њͽˬʎǟёєP36-64, 2008є  
5) ʲʥǍÃ, ƟƺͦƔ:ϴʩz�ve?ʆⅣ

çм:̙͉ʕǴ˿˦?̆Ў=Ў,Q̥̎є

ǊȄ 20ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤЇ
ѐĮΏŗ�Į˾ʋţ̮�c��y× j

Z]�n͑ŋ̥̎¹ʂё3ϴʩz�ve?

Ώ˟ÞƕǞȄ�`|o�:0?´˫ƝȀ

ȎȬ=Ў,Q̥̎�̥̎ŹŒɚѐ®Í̎

̥͡њͽˬʎǟёєP81-108, 2009є 
6) ʲʥǍÃ, ƟƺͦƔ: ϴʩz�ve?ʆ
Ⅳçм:̙͉ʕǴ˿˦?̆Ў=Ў,Q̎

̥єǊȄ 18ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤ
ЇѐĮΏŗ�Į˾ʋţ̮�c��y× 

jZ]�n͑ŋ̥̎¹ʂё3ϴʩz�ve

?Ώ˟ÞƕǞȄ�`|o�:0?´˫Ɲ

ȀȎȬ=Ў,Q̥̎�̥̎ŹŒɚѐ®Í

̥̎͡њͽˬʎǟёєP30-65, 2007є 
7) ʲʥǍÃ, ƟƺͦƔ:ϴʩz�ve=NQ
̙͉�͆ͩʕǴ?˿˦ʋǑ=Ў,QƄΩ

́ʁέєǊȄ 21ǋǓĹ˩ĥõ̝Ɩ̥̎ϑ
ΞĤЇѐĮΏŗ�Į˾ʋţ̮�c��y

× jZ]�n͑ŋ̥̎¹ʂё3ϴʩz�

ve?̙̽Þƕ«B=̙̽НƠ?˿˦ʋ

Ǒ:´˫ƝȀȎȬ=Ў,Q̥̎�̥̎Ź

Œɚѐ®Í̥̎͡њͽˬʎǟёєP38-55, 
2010є 

8) ʲʥǍÃ, ƟƺͦƔ:�\}u�X��̿
ϴʩz�ve=NQ̙͉͆ͩʕǴ?ʁέє

ǊȄ 22ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤЇ
ѐĮΏŗ�Į˾ʋţ̮�c��y× j

Z]�n͑ŋ̥̎¹ʂё3ϴʩz�ve?

̙̽Þƕ«B=̙̽НƠ?˿˦ʋǑ:´

˫ƝȀȎȬ=Ў,Q̥̎�̎ ̥ŹŒɚѐ®

Í̥̎͡њͽˬʎǟёєP42-57, 2011є 
9) ʲʥǍÃ, ƟƺͦƔ:ϴʩz�ve?Ɉɣ
̙͉͆ͩʕǴ?̷ɌϢϪεßєǊȄ 23ǋ
ǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤЇѐĮΏŗ�

Į˾ʋţ̮�c��y× jZ]�n͑

ŋ̥̎¹ʂё3ϴʩz�ve?̙̽Þƕ«

B=̙̽НƠ?˿˦ʋǑ:´˫ƝȀȎȬ

=Ў,Q̥̎�̎ ̥ŹŒɚѐ®Í̥̎͡њ

ͽˬʎǟёєP37-49, 2012є 
10) ʲʥǍÃ, ƟƺͦƔ:ŵн͆ͩU˫92ϴ
ʩz�ve?̙͉͆ͩʕǴεß:ʆⅣ̆
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ЎєǊȄ 24ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤ
ЇѐĮΏŗ�Į˾ʋţ̮�c��y× 

jZ]�n͑ŋ̥̎¹ʂё3ϴʩz�ve

?ʆⅣйÑǴ=Ŷ7#ɟƠǴεßʩ?̑

̩:´˫ƝȀȎȬ=Ў,Q̥̎�̥̎Ź

Œɚѐ®Í̥̎͡њͽˬʎǟёєP49-68, 
2013є 

11) ʲʥǍÃ, ƟƺͦƔ:ŵн͆ͩU˫92`
u~�̿ϴʩz�ve?̙͉͆ͩʕǴε

ßєǊȄ 25ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤ
ЇѐĮΏŗ�Į˾ʋţ̮�c��y× 

jZ]�n͑ŋ̥̎¹ʂё3ϴʩz�ve

?ʆⅣйÑǴ=Ŷ7#ɟƠǴεßʩ?̑

̩:´˫ƝȀȎȬ=Ў,Q̥̎�̥̎Ź

Œɚѐ®Í̥̎͡њͽˬʎǟёє2014є 
12) ʲʥǍÃ, ƟƺͦƔ: ŋȄķЗz�ve
?̙͉͆ͩʕǴ-ʆⅣ̆Ў?εßєǊȄ 26
ǋǓĹ˩ĥõ̝Ɩ̥̎ϑΞĤЇѐĮΏ

ŗ�Į˾ʋţ̮�c��y× jZ]�

nȸ̱̥̎¹ʂё3ϴʩz�ve?ʆⅣй

ÑǴ=Ŷ7#ɟƠǴεßʩ?̩̑:´˫

ƝȀȎȬ=Ў,Q̥̎�̥̎ŹŒɚѐ®

Í̥̎͡њͽˬʎǟёє2015. 
13) ʲʥǍÃ, ƟƺͦƔ:ķЗz�ve�NB
йÑĬƖ˟ϔ?̙̽�̙͉ʕǴ˿˦?΍

˘Ǵ=Ў,Q̷ɌϢϪnd× |�eʩ

?Ќ˿��~X��ЁĬЀ̈́ВƠʯǴU

Ȟʈ=*8�єǊȄ 27ǋǓĹ˩ĥõ̝Ɩ
̥̎ϑΞĤЇѐĮΏŗ�Į˾ʋţ̮�c

��y× jZ]�nȸ̱̥̎¹ʂё3ķ

Зz�ve�NBЎϬÊφ˪˟?ɟƠǴ

¸˄ʩ?̩̑:´˫ƝȀȎȬ=Ў,Q̎

̥�̎ ̥ŹŒɚѐ®Í̥̎ њ͡ͽˬʎǟёє

2016є 
14) ʲʥǍÃ, ƟƺͦƔ:ķЗz�ve�NB
йÑĬƖ˟ϔ?̙̽�̙͉ʕǴ˿˦?΍

˘Ǵ=Ў,Q̷ɌϢϪnd× |�eʩ

?Ќ˿��~X��ЁĬЀ̈́ВƠʯǴU

Ȟʈ=*8�ієǊȄ 28ǋǓĹ˩ĥõ̝
Ɩ̥̎ϑΞĤЇѐĮΏŗ�Į˾ʋţ̮�

c��y× jZ]�nȸ̱̥̎¹ʂё
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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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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 
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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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