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Fig. 1. Chemical structures of AB-FUBINACA, 5F-AMB, 5F-MDMB-PICA or 4F-MDMB-BINACA  
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Fig. 2.  
Effect of synthetic cannabinoid on general behavior and rectal temperature in mice. (A) The incidence of 
immobility with the forelimbs placed on a standard horizontal bar (4 cm high). (B) Effect of and 
AB-FUBINACA (AB-FUB, 5 mg/kg), 5Fluoro-AMB (5F-AMB, 3 mg/kg), 5F-MDMB-PICA (5F-MD, 1 
mg/kg) and 4F-MDMB-BINACA (4F-ADB, 1 mg/kg) on the body temperature in mice. For antagonist study, 
AM251 (AM, 3 mg/kg) was administered 15 min before treatment of AB-FUB (5 mg/kg), 5F-AMB (3 
mg/kg), 5F-MD (1 mg/kg) or 4F-ADB (1 mg/kg). Each column represents the mean with S.E.M. of 8 animals 
in AB-FUB-treated groups and AM-pretreated groups, 5F-AMB-treated groups and AM-pretreated groups, 
5F-MD-treated groups and AM-pretreated groups, 4F-ADB-treated groups and AM-pretreated groups. 
**P<0.01 vs. AB-FUB, 5F-AMB, 5F-MD or 4F-ADB-treated group. 
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Fig. 3. 
Effect of synthetic cannabinoid on place conditioning in mice. Place conditioning produced by 
AB-FUBINACA (AB-FUB, 0.01 mg/kg), 5Fluoro-AMB (5F-AMB, 0.01 mg/kg), 5F-MDMB-PICA (5F-MD, 
0.01 mg/kg) and 4F-MDMB-BINACA (4F-ADB, 0.01 mg/kg). Conditioning sessions (3 for drug; 3 for 
vehicle: Veh) were conducted. On day 7, test of conditioning was performed. Conditioning scores (CPP score) 
represent the time spent in the drug-paired place minus the time spent in the vehicle-paired place. Each 
column represents the mean with S.E.M. of 10-12 animals. *P<0.05, **P<0.01 vs. Veh-treated group. 
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Fig. 4.  
Effects of synthetic cannabinoids on intracellular Ca2+ in CHO-CB1 cells. For antagonist study, AM251 (CB1 
antagonist, 1 µM) or AM630 (CB2 antagonist, 1 µM) was administered 15 min before administration of 
synthetic cannabinoids, AB-FUB (0.25 µM), 5F-AMB (0.25 µM), 5F-MD (0.25 µM) or 4F-ADB (0.25 µM). 
Each column represents the mean with S.E.M. of three independent experiments. **P<0.01 vs. synthetic 
cannabinoid-treated group. 
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Fig. 5.  
Cell viability in limbic cultures after treatment with synthetic cannabinoids. The relative value of cell viability 
compared to the baseline value for control (0.05% DMSO) and limbic cultures treated with AB-FUB (30, 50 
µM), 5F-AMB (30, 50 µM), 5F-MD (30, 50 µM) and 4F-ADB (30, 50 µM) for 24 h. Mean percent changes ± 
S.E.M. are shown. Statistical significance was evaluated with one–way analysis of variance. The Dunnett’s 
multiple comparison test was used to determine significant differences in the percentage of cells showing cell 
viability (*p<0.05, **p < 0.01) from that observed in controls at the 24 h time point. 
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Table 1 
   EC50 
1 Fentanyl 

 

 

2.88 x 10-8 

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

 

6.45 x 10-10 

3 2-methoxy-N-(1-(2-phenethyl)piperidi
n-4-yl)-N-phenylacetamide 

 

1.81 x 10-8 

4 N-(1-phenethylpiperizin-4-yl)-N-pheny
lcyclopropanecarboxamide 

 

1.23 x 10-9 

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

 

1.77 x 10-9 
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6 N-(4-fluorophenyl)-N-(1-phenethylpip
eridin-4-yl)butyramide 

 

6.43 x 10-9 

7 N-(4-fluorophenyl)-N-(1-phenethylpip
eridin-4-yl)isobutyramide 

 

6.43 x 10-9 

8 N-(4-chlorophenyl)-N-(1-phenylpiperi
din-4-yl)isobutyramide 

 

4.63 x 10-8 
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Fig. 1. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to METH (final 

concentration: 0, 0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) 

and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. *p<0.05, ***p<0.001 vs. control group. (one-way ANOVA, post-hoc 

Fisher LSD test) 
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Fig. 2. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to MDMA (final 

concentration: 0, 0.25, 0.5, 1 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry 

(green) and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: 

intensity of HMGB1-immunopositive signals. **p<0.01 vs. control group. (one-way ANOVA, post-hoc 

Fisher LSD test) 
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Fig. 3. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to methylone (final 

concentration: 0, 0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) 

and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. *p<0.05, ***p<0.001 vs. control group. (one-way ANOVA, post-hoc 

Fisher LSD test) 
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Fig. 4. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to 4FMP (final concentration: 

0, 0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) and nuclei 

visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. (one-way ANOVA, post-hoc Fisher LSD test) 
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Fig. 5. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to PMMA (final 

concentration: 0, 0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) 

and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. ***p<0.001 vs. control group. (one-way ANOVA, post-hoc Fisher LSD 

test) 
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Fig. 6. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to 2CT-7 (final 

concentration: 0, 50, 100, 250 µM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry 

(green) and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: 

intensity of HMGB1-immunopositive signals. (one-way ANOVA, post-hoc Fisher LSD test) 
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Fig. 7. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to 2CT-4 (final 

concentration: 0, 50, 100, 250 µM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry 

(green) and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: 

intensity of HMGB1-immunopositive signals. **p<0.01, ***p<0.001 vs. control group. (one-way ANOVA, 

post-hoc Fisher LSD test) 
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Fig. 8. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to 2C-C (final concentration: 

0, 50, 100, 250 µM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) and nuclei 

visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. **p<0.01, ***p<0.001 vs. control group. (one-way ANOVA, post-hoc 

Fisher LSD test) 
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Fig. 9. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to PP (final concentration: 0, 

0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) and nuclei 

visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. ***p<0.001 vs. control group. (one-way ANOVA, post-hoc Fisher LSD 

test) 
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Fig. 10. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to 5MeO-DMT (final 

concentration: 0, 0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) 

and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. (one-way ANOVA, post-hoc Fisher LSD test) 
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Fig. 11. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to 5MeO-MIPT (final 

concentration: 0, 0.5, 1, 2 mM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry (green) 

and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: intensity of 

HMGB1-immunopositive signals. ***p<0.001 vs. control group. (one-way ANOVA, post-hoc Fisher LSD 

test) 
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Fig. 12. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to harmaline (final 

concentration: 0, 50, 100, 250 µM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry 

(green) and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: 

intensity of HMGB1-immunopositive signals. *p<0.05, ***p<0.001 vs. control group. (one-way ANOVA, 

post-hoc Fisher LSD test) 
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Fig. 13. HMGB1 immunohistochemistry and nuclear staining in B65 cells exposed to harmine (final 

concentration: 0, 50, 100, 250 µM) for 3 hrs. Top: representative photos of HMGB1 immunohistochemistry 

(green) and nuclei visualized by incubation with Hoechst33342 dye (blue). Scale bar = 50 µm. Bottom: 

intensity of HMGB1-immunopositive signals. ***p<0.001 vs. control group. (one-way ANOVA, post-hoc 

Fisher LSD test) 

 

  



-55- 

 
] [H H30- -004  

 
 

 
M 52 1  

 

    
   
    
    
    
    
   
   
   
   

 
 

M  (SCs) G

B M SCs M  
G ATHPINACA G

G G M ATHPINACA Tail
2 SCs (AFUBINACA, ACHMINACA) 

LCMS-IT-TOF M in vitro M M

M M in vivo 5F-CUMYK-PINACA
CUMYL-PINACA G M M

LC-MS-IT-TOF M

M  
G

M ESI (QqQ)
SCs FUB-JWH-018 M  

HLMs in vitro Tail
M

M isomer 1
isomer 2 B M M

MS2 isomer 1
G M

LC-MS-IT-TOF M MS2

H B M  
5F-CUMYK-PINACA CUMYL-PINACA

B B M



-56- 

M  
M 3

× (CE)
M CE 80eV M

B G M M

M  
SCs

SCs B M  
 

A. 
 

 (SCs) 
B

M

G “
B” M 1) M SCs

B
2) SCs

in vitro in vivo
B 3) in vivo

SCs
G M

G B

SCs
SCs

M

G e-liquid SCs
B

SC G

3 M in 
vitro  (Fig. 1) 
5F-CUMYL-PINACA
CUMYL-PINACA M in vivo

M  
SCs

B G

LC-PDA LC-MS GC-MS

M SCs
G

M

G

1

FUB-JWH-018
ESI-QqQ-MS

M M

G M

M

(in vitro, in vivo) 
G B M  
 

B.  
 
1. M in vitro
 

Erratico 4)

M  
100 mM buffer (pH 7.4) 900 µL

HLMs 0.5 mg/mL (XenoTec, Kansas, 
USA) NADPH Regeneration System Solution A 50 
µL  Solition B 10 µL (Corning, USA) UDPGA

1 mM (Sigma-Aldrich, St. Louis, USA)
alamethicin in DMSO 10 µg/mL 
(Sigma-Aldrich, St. Louis, USA)
990 µL M  
B 5 M

SCs 10 µM
10 µL 37 ˚C 3

M  



-57- 

 
1-1.   

(0, 10, 20, 30, 40, 60, 120, 180 
) 200 µL

 0.01 µg/mL ( , ) G

 (4˚C) 1200 µL
M M

 (12,000 rpm, 10 min) 45˚C
80 µL 50%

M

M M  
 
2. SCs  
in vitro AFUBINACA

ACHMINACA
in vivo CUMYL-PINACA

5F-CUMYL-PINACA M

 (NMR) 
M M  
 
3. M in vivo  

M 14 
Wistar/ST  (SLC ) 

M  
 
3-1. in vivo  

10
M  
 1 mL

β-  176 µL
M M

1000 µL B

: 3:1 (v:v) 
2000 µL M

M  (36000 rpm,20 min) 
M 50℃

M 50
M M  

 300 µL
β-  52.8 µL

M  1200 µL
 (12000 rpm,10min) M

QuEChERS M 5)

 (12000 rpm,10 min) 45℃

M 50
M M  

 
4.  

LCMS-IT-TOF (Shimadzu, Kyoto)
LC ZORBAX Eclipse Plus C8 2.1×150 
mm, 3.5 µm M  

(A) 0.1% formic acid in water 
(B) 0.1% formic acid in acetonitrile

(B) 0-2 min 10% 2-40 min: 
10→90% 40-48 min  10% 48

M M 40 ˚C
0.18 mL/min

5 µL M LCMS-IT-TOF
positive electrospray 

ionization (ESI) m/z 100-700
M 40 

msec. M M ×

1 Da 45.0 kH CID
100 % M  

 
5.  

M

MS2

M M

M G

MGB M  
  
  
 

5 ppm  
 

 
 

C.  
 

1. 
in vitro  

AFUBINACA ACHMINACA
ATHPINACA Tail

M

M SCs
 (Fig. 1) B



-58- 

LC
M

isomer 1
isomer 2 G

M (Figs. 2 and 3) HLMs M in vitro
M SCs

M 3
isomer 1

isomer 2
B M (Figs. 4 and 5) M

MS2

isomer 1

M (Figs. 6 and 7)
HLMs

ATHPINACA isomer 1 (4.4 ± 0.8 min) 
AFUBINACA isomer 2 (63.4 ± 1.8 min) 

M M AFUBINACA
H Tail

M  (Fig. 4) ACHMINACA
Tail M

M M 
(Fig. 5)  

 
2. in vivo  

5F-CUMYL-PINACA 
(n=10) CUMYL-PINACA (n=21) 

M  
5F-CUMYL-PINACA

M (Fig. 8)
G B M

M (Fig. 9) CUMYL-PINACA
M  (Fig. 10)

CUMYL-PINACA M

M (Fig. 10)  
 

D.  
 

SCs in vitro

ATHPINACA
AFUBINACA ACHMINACA M

M Tail
G M  

SCs M

5F-AKB-48
M 6–8)

B Tail
SCs G B

M  
M isomer 2

B

M  

isomer 1
3 isomer 2 2
G 3

M 9) M isomer 1

G isomer 2

M

M M M

ATHPINACA
Tail

SCs B M  
AFUBINACA

ATHPINACA ACHMINACA
M B Tail

H

B  (e.g., 
FDU-PB-22 and FUB-PB-22 10), and AB-FUBINACA 
11–13)) AFUBINACA Tail

M M

AFUBINACA G

B AFUBINACA



-59- 

G

M  
M ACHMINACA Tail

2
 4, 14)  14, 15) 

M

B M

B ACHMINACA
M  

M

B M

SCs G

B  
M in vivo 2 SCs

M CUMYL-PINACA
5F-CUMYL-PINACA

G

G

M M C

MB

G

M  
 

E.  
 

SCs M

Tail SCs
G B M M

G

B SCs
G B  

M SCs

 
 

F.  
 

1) Kikura-hanajiri R 
.  150:129–

134, 2017 

2) Diao X, Huestis MA New synthetic 
cannabinoids metabolism and strategies to best 
identify optimal marker metabolites. Front 
Chem 7:1–15, 2019 

3) Kevin RC, Lefever TW, Snyder RW, et al In 
vitro and in vivo pharmacokinetics and 
metabolism of synthetic cannabinoids 
CUMYL-PICA and 5F-CUMYL-PICA. 
Forensic Toxicol 35:333–347, 2017 

4) Erratico C, Negreira N, Norouzizadeh H, et al 
In vitro and in vivo human metabolism of the 
synthetic cannabinoid AB-CHMINACA. Drug 
Test Anal 7:866–876, 2015 

5) Hasegawa K, Minakata K, Gonmori K, et al 
Identification and quantification of 
predominant metabolites of synthetic 
cannabinoid MAB-CHMINACA in an 
authentic human urine specimen. Drug Test 
Anal 10:365–371, 2018 

6) Vikingsson S, Josefsson M, Gréen H 
Identification of AKB-48 and 5F-AKB-48 
metabolites in authentic human urine samples 
using human liver microsomes and time of 
flight mass spectrometry. J Anal Toxicol 
39:426–435, 2015 

7) Holm NB, Pedersen AJ, Dalsgaard PW, Linnet 
K Metabolites of 5F-AKB-48, a synthetic 
cannabinoid receptor agonist, identified in 
human urine and liver microsomal 
preparations using liquid chromatography 
high-resolution mass spectrometry. Drug Test 
Anal 7:199–206, 2015 

8) Diao X, Huestis MA Approaches, Challenges, 
and Advances in Metabolism of New 
Synthetic Cannabinoids and Identification of 
Optimal Urinary Marker Metabolites. Clin 
Pharmacol Ther 101:239–253, 2017 

9) Rasul G, Olah GA, Prakash GKS Density 
functional theory study of adamantanediyl 
dications C10H142+ and protio-adamantyl 
dications C10H162+. Proc Natl Acad Sci 
101:10868–10871, 2004 

10) Diao X, Scheidweiler KB, Wohlfarth A, et al 
In Vitro and In Vivo Human Metabolism of 
Synthetic Cannabinoids FDU-PB-22 and 
FUB-PB-22. AAPS J 18:455–464, 2016 

11) Vikingsson S, Gréen H, Brinkhagen L, et al 
Identification of AB-FUBINACA metabolites 
in authentic urine samples suitable as urinary 
markers of drug intake using liquid 
chromatography quadrupole tandem time of 
flight mass spectrometry. Drug Test Anal 
8:950–956, 2016 

12) Castaneto MS, Wohlfarth A, Pang S, et al 
Identification of AB-FUBINACA metabolites 



-60- 

in human hepatocytes and urine using 
high-resolution mass spectrometry. Forensic 
Toxicol 33:295–310, 2015 

13) Takayama T, Suzuki M, Todoroki K, et al 
UPLC/ESI-MS/MS-based determination of 
metabolism of several new illicit drugs, 
ADB-FUBINACA, AB-FUBINACA, 
AB-PINACA, QUPIC, 5F-QUPIC and α-PVT, 
by human liver microsome. Biomed 
Chromatogr 28:831–838, 2014 

14) Franz F, Angerer V, Moosmann B, Auwärter 
V Phase I metabolism of the highly potent 
synthetic cannabinoid MDMB-CHMICA and 
detection in human urine samples. Drug Test 
Anal 9:744–753, 2017 

15) Carlier J, Diao X, Sempio C, Huestis MA 
Identification of New Synthetic Cannabinoid 
ADB-CHMINACA (MAB-CHMINACA) 
Metabolites in Human Hepatocytes. AAPS J 
19:568–577, 2017 

 
G.  

 
1.  

1) Chikumoto T, Kadomura N, Matsuhisa T, 

Kawashima H, Kohyama E, Nagai H, Soda M, 

Kitaichi K, Ito T. Differentiation of 

FUB-JWH-018 positional isomers by 

electrospray ionization–triple quadrupole mass 

spectrometry. Forensic Chemistry 13, 

Doi.org/10.1016/j.forc.2019.100157 
 
2.  
1  Natsuki Kadomura, Hidenobu Kawashima, 

Takaya Matsuhisa, Midori Soda, Erina 
Kohyama, Takao Chikumoto, Hiroyuki 
Nagai, Tetsuro Ito, Kiyoyuki Kitaichi. The 
isomeric discrimination and investigation 
of the metabolic profiles of synthetic 
cannabinoids. ASEAN INTERNATIONAL 
CONGRESS 
NEUROPSYCHOPHARMACOLOGY 2019, 
Yogyakarta, Indonesia, 2019 2 28 -3

2  
2  

G 38
2019 7 26 -7 27  

3  

. 

56
2019 12 5-6  

4  

. 

52
2019 12 1 .  

 
15) 2.  

3.  
1  

M

27 , 33-38, 2019. 
 
 

H.  
 

 

 

 

 

 

 

 

 

 

 

 

 

  



-61- 

  

Fig. 1 The chemical structures of the compounds investigated in this in vitro study 

Fig. 2 EICs and MS2 spectra for AFUBINACA isomers 
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Fig. 3 EICs and MS2 spectra for ACHMINACA isomers 

Fig. 4 Production of the metabolites of AFUBINACA (a: isomer 1, b: isomer 2) and proposed 
metabolic pathways 
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Fig. 5 Production of the metabolites of ACHMINACA (a: isomer 1, b: isomer 2) and 
proposed metabolic pathways 
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Fig. 6 EICs and MS2 spectra for the major metabolites of AFUBINACA isomers 

Fig. 7 EICs and MS2 spectra for the major metabolites of ACHMINACA isomers 



-65- 

 

Fig. 8 M  

Fig. 10 CUMYL-PINACA  

Fig. 9 5F-CUMYL-PINACA  
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