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( )

(DA) (NA)

DA

NA methamphetamine DA

GBR-12909

formalin test formalin

methamphetamine DA NA

DAD1

DAD2 SCH-23390 haloperidol α α1 α2 β

phenoxybenzamine prazosin yohimbine propranolol α2

dexmedetomidine NA DSP-4 methamphetamine

DA NA

 

ddY formalin

 

1-4% formalin 10 μl

0 3 0

1

2

3

formalin 10 20 30 methamphetamine

GBR-12909 formalin

methamphetamine 10 DSP-4

methamphetamine DSP-4 methamphetamine

6 7  

Saline methamphetamine 10 formalin

DA NA HPLC-ECD  

 

1. 1-4% formalin
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1 6 2 10

2 60 2 5 6 10

4% formalin  

2. Methamphetamine GBR-12909 formalin

methamphetamine formalin 10 GBR-12909 30

methamphetamine formalin 

1 2 GBR-12909 2

methamphetamine (2 mg/kg) formalin 10

 

3. DA methamphetamine

formalin DA Formalin DA

 

4. NA methamphetamine formalin NA

 

5. SCH-23390 (0.1 mg/kg) 2 methamphetamine

haloperidol (0.2 mg/kg) methamphetamine

(1 mg/kg) 2  

6. Phenoxybenzamine prazosin 2 methamphetamine

Yohimbine propranolol 1

methamphetamine  

7. Dexmedetomidine (200-400 μg/kg) 1 methamphetamine

 

8. DSP-4 formalin methamphetamine

6 DSP-4 1 2

methamphetamine  

 
methamphetamine formalin

DA NA

GBR-12909 formalin test 2

DA 2 methamphetamine

DA 1 2

DSP-4 NA

DA NA
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DA

83

DA

7 DA

DA

8  

methamphetamine

methamphetamine 0.25-1.0 mg/kg

> 2.5 mg/kg

methamphetamine DA A10

DA A9

9 methamphetamine

DA NA

DA

NA NA

NA 10  

 DA NA methamphetamine

DA GBR-12909

formalin test

 

formalin methamphetamine

DA NA

 

DA SCH-23390 haloperidol

phenoxybenzamine prazosin yohimbine propranolol α2

dexmedetomidine NA DSP-4 methamphetamine
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2 Methamphetamine GBR-12909  
 

 

1 Formalin test 
 

 

1  

 
formalin

 

 

 

2  

 

 
ddY 6 8

12 8 00 20 00 25 1

50

1

A16-8  

 

 
10% formalin Kenei Pharmaceutical Co., Ltd., Osaka, Japan

 

 

 
Formalin 0.9  saline 25 1

9 7

 

Saline 1 2 4 formalin 10μl

13.5cm 19cm 1

Dubuisson and Dennis 11

0 1

2

3
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Saline formalin 6 8 1 1

area under the curve AUC

 

 

 

3  
 

Formalin 1 2 4 Formalin

6

formalin 10

40 60 1

1 formalin 0 7 2 formalin

8 65 AUC

2  

formalin test 4  formalin 10 μl

65  

 

 

 

2 Formalin methamphetamine  
GBR-12909  

 

 

1  
 

Formalin methamphetamine 2 mg/kg GBR-12909 10 

mg/kg  

 

2  
 

 
1  

 

 
methamphetamine hydrochloride Philopon R  Dainippon 
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Pharmaceutical Co., Ltd., Osaka, Japan GBR-12909 dihydrochloride Sigma-Aldrich 

Co., LLC., St.Louis, U.S.A. Formalin 1  

 

 
Methamphetamine 2 mg/kg GBR-12909 10 mg/kg 0.9  saline

10 0.1ml

5 8 1 10 20 30 4  formalin 10μl

1  

 

 

3  
 

DA NA methamphetamine 2 mg/kg formalin 

test 1 2 Methamphetamine

formalin methamphetamine 10 formalin

3-A, B  

DA GBR-12909 10 mg/kg formalin test

2 GBR-12909 formalin

GBR-12909 30 formalin

4-A, B  

methamphetamine formalin 10

GBR-12909 formalin 30  

 

 

 

3 Formalin methamphetamine GBR-12909  
 

 

 

1  
 

Methamphetamine GBR-12909 formalin test
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2  
 

2

Methamphetamine 1 2 4 mg/kg formalin 10 GBR-12909 3 5 10

15 20 mg/kg formalin 30  

 

 

3  
 

Methamphetamine 1 2 4 mg/kg formalin test 1 2

5-A,B  

GBR-12909 3 5 10 15 20 mg/kg formalin test 2

6-A,B  

methamphetamine 2 mg/kg formalin

10   
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3 Formalin test methamphetamine

 
 

 

1  
 

 

methamphetamine formalin

methamphetamine DA

NA saline vehicle formalin test

methamphetamine formalin test

 

 

 

2  
 

 
2 1 6-9  

 

KOPFmodel900 David 

Kopf Instruments California U.S.A. BAS Japan Tokyo Japan

BAS Japan Tokyo Japan

CXG-6 Eicom Kyoto Japan CXD-6 

Eicom Kyoto Japan  

CX-I-6-02  2mm

 0.22mm Eicom Kyoto Japan CMA102

CMA microdialysis Solna Sweden CMA102

2.5ml CMA microdialysis Solna Sweden CMA125/L

TSU-20: 2 TCS2-23

TSB-23 WT-20T JT-10 Eicom

Kyoto Japan  

NaCl 147mM KCl 4mM CaCl2 2.3mM  

DA NA HPLC-ECD HPLC-ECD

HTEC-500 Eicom Kyoto

Japan EAS-20S Eicom Kyoto Japan
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EPC-500 Eicom Kyoto Japan PP-ODS DA CAX NA Eicom

Kyoto Japan DA 0.1M 2%

500 mg/L EDTA-2Na 50 mg/L NA 0.1M

0.05M EDTA-2Na 50 mg/L  

 

 
2 3

pentobarbital sodium Somnopentyl

Kyoritsu Seiyaku Co. Tokyo Japan 2% lidocaine hydrochloride

XylocaineR Aspen Japan K.K., Tokyo, Japan  

 

 
1  

25 1

pentobarbital 60 mg/kg 2  lidocaine

0.2 mm 2 mm 2.5 mm

7-A 1.8 mm 0.3 mm 1.1 mm

7-B 3 mm

48  

9 pentobarbital 50 mg/kg

 

 
2 HPLC-ECD  

4 DA NA

DA 500 μL/min

25

10 DA

NA 250 μL/min

35
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20 NA

 

30 μm

 

 
3  

DA NA 2 saline

methamphetamine 2 mg/kg 10 4  formalin 10 μl

 

 

 

3  
 

DA saline formalin

8-A methamphetamine

formalin saline 8-B  

NA saline formalin

methamphetamine methamphetamine formalin

9  

formalin methamphetamine

DA NA  
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4 Formalin methamphetamine
 

 

 

1 Formalin methamphetamine  
DA  

 

 

1  
 

DA NA formalin

methamphetamine formalin

methamphetamine

D1 SCH-23390 D2

haloperidol formalin methamphetamine

 

 

 

2  
 

 
2  

 

 
+ -SCH23390 hydrochloride Wako Pure Chemical Industries, Ltd., 

Osaka, Japan haloperidol SerenaceR, Dainippon Pharmaceutical Co., Ltd., Osaka, Japan
Formalin methamphetamine 2

2  

 

 
saline SCH-23390 0.1 mg/kg haloperidol 0.2, 1.0 mg/kg

10 methamphetamine 2 mg/kg 10

4  formalin 10 μl

1 65

2  
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3  
 

D1 SCH-23390 0.1 mg/kg 1

2 methamphetamine 10-A, B  

D2 haloperidol 0.2 mg/kg 1 2

1.0 mg/kg 2

methamphetamine 10-C, D  

 

 

 

2 Formalin methamphetamine  
NA  

 

 

1  
 

SCH-23390 haloperidol formalin

methamphetamine α

phenoxybenzamine α1 prazosin

α2 yohimbine β

propranolol formalin methamphetamine

 

 

 

2  
 

 
2  

 

 
phenoxybenzamine hydrochloride Tokyo Chemical Industry CO., 

Ltd., Tokyo, Japan prazosin hydrochloride Tokyo Chemical Industry CO., Ltd., Tokyo, 

Japan yohimbine hydrochloride Wako Pure Chemical Industries, Ltd., Osaka, Japan

-propranolol hydrochloride Sigma-Aldrich Co., LLC., St.Louis, U.S.A.

Formalin methamphetamine 2

2  
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Propranolol 0.9  saline Phenoxybenzamine prazosin yohimbine

1 CMC 10g 0.1ml

 

saline 1  CMC phenoxybenzamine 10 mg/kg yohimbine 5 mg/kg

propranolol 20 mg/kg 10 methamphetamine 2 mg/kg

10 4  formalin 10 μl

Prazosin 5 mg/kg 30 methamphetamine 2 mg/kg

10 4  formalin 10 μl

1 65

2  

 

 

3  
 

α phenoxybenzamine 10 mg/kg 1

2 methamphetamine 11-A, B  

α1 prazosin 5 mg/kg 1

2 methamphetamine 11-C, D  

α2 yohimbine 5 mg/kg 1 2

11-E, F  

β propranolol 20 mg/kg 1

methamphetamine 2

11-G, H  

 

 

 

3 Formalin methamphetamine  
NA  

 

 

1  
 

phenoxybenzamine prazosin formalin

methamphetamine propranolol formalin

methamphetamine
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α2 dexmedetomidine formalin

methamphetamine  

 

 

2  
 

 
2  

 

 
dexmedetomidine hydrochloride PRECEDEX R , Maruishi 

Pharmaceutical Co., Ltd., Osaka, Japan Formalin methamphetamine

2 2  

 

 
saline dexmedetomidine 30 100 200 400 μg/kg

10 methamphetamine 2 mg/kg 10 4  

formalin 10 μl

1 65 2

 

 

 

3  
 

α2 dexmedetomidine 30 100 200 400 μg/kg 1

methamphetamine 2

12-A,B  
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4 Formalin methamphetamine  
NA DSP-4  

 

 

1  
 

dexmedetomidine formalin methamphetamine

NA DSP-4

formalin methamphetamine  

 

 

2  
 

 
2  

 

 
N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine hydrochloride

DSP-4 Sigma-Aldrich Co. LLC., St.Louis, U.S.A. Formalin

methamphetamine 2 2

 

 

 

 
Saline DSP-4 50 mg/kg 7 6

methamphetamine 2 mg/kg 10 4  formalin 10 μl

1

65 2  

 

 

3  
 

NA DSP-4 50 mg/kg 7 1 2

methamphetamine 13-A, B 6

methamphetamine 13-C, D  
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5  
 

 

12

formalin 2 60

1 2

12-14 2 A C

12.14.15 formalin C

16

2 5

17  

formalin test

formalin test

11.12 formalin

Dubuisson and Dennis 0-3

1 area under the curve AUC

 

2 methamphetamine GBR-12909 DA

NA methamphetamine 2 mg/kg formalin

1 2 Methamphetamine

methamphetamine 5 10

Methamphetamine formalin

1 2 10

methamphetamine

methamphetamine methamphetamine

18.19 1 2

18 Methamphetamine

DA NA DA formalin test

19 DA NA
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methamphetamine

methamphetamine

formalin test 19

methamphetamine 20

 

DA GBR-12909 formalin

30 2

GBR-12909 30 DA

21 GBR-12909

formalin

methamphetamine formalin 1 2

GBR-12909 2 GBR-12909 DA

DA

DA 22 NA

DA GBR-12909

23 DA GBR-12909

DA NA methamphetamine

  
DA DA

DA 24 DA 40

50

25 DA 25

DA 8

DA methamphetamine

NA 27

28 NA

29

29

methamphetamine NA

 
DA D1 D5 7 G

Gs/olf D1

D1 D5 Gi/o D2 D2 D3

D4 D1 D5

D1 D1

D5 D1
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D5 D5 D1 DA

D2 D4 D3

DA

G G

D1 Gs D2 Gi

D1 SCH-23390 D2

haloperidol methamphetamine 2

D1 D2

D2 D1

27 D2

30 D2 25

D2 methamphetamine

D1

31 D1 formalin test D2

32 D1 methamphetamine

D1

D2 methamphetamine

 

α phenoxybenzamine α1

prazosin methamphetamine α2

yohimbine NA α2

NA yohimbine α2

NA methamphetamine NA

α2

α1 33

α1 Bmax α2 1.4 Kd

7 34 methamphetamine

NA α1

β propranolol

formalin test

35 methamphetamine

 

α2 NA  α2

methamphetamine dexmedetomidine

methamphetamine 1 Dexmedetomidine

α2 NA
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α2

P 36

dexmedetomidine methamphetamine

methamphetamine NA α2

dexmedetomidine  

DSP-4 [N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine] NA

NA

NA -β- DBH

37 DSP-4 NA

6 38

1 2 DBH NA

38 DSP-4 6 methamphetamine

6 NA methamphetamine

NA 7

NA 39 7

methamphetamine

DSP-4 DSP-4

NA 37.40 DSP-4

NA

methamphetamine NA

 

AUC 4 formalin 1 AUC 10

2 AUC 65 2 methamphetamine 2mg/kg

1 AUC 5 2 AUC 3 13

methamphetamine AUC 6 DSP-4 1

AUC 12 2 AUC 40 13 DSP-4 AUC

4 formalin AUC 1 100 2 60

DA SCH-23390 haloperidol 2 AUC

16 18 10 4 formalin AUC

25 28 DSP-4 NA 2

methamphetamine 60 DA

100 methamphetamine

formalin 1 NA 2 NA DA

 

methamphetamine DA NA
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formalin 2

1 2 NA 2 DA

methamphetamine

methamphetamine

methamphetamine formalin

D1 D2 α1

D1 D5
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6  
 

 
formalin methamphetamine GBR-12909

formalin methamphetamine DA

NA DA NA methamphetamine

 

 
1. 1-4  formalin formalin

1 2 2 60

2 5 6 10  

2. Methamphetamine GBR-12909 formalin

Methamphetamine formalin test 10 GBR-12909 formalin test 30

 

3. Methamphetamine GBR-12909 formalin

Methamphetamine formalin 1 2

GBR-12909 2  

4. DA formalin

methamphetamine formalin DA

NA methamphetamine

formalin NA  

5. SCH-23390 0.1 mg/kg 2 methamphetamine

haloperidol 0.2 mg/kg methamphetamine

1.0 mg/kg 2

Phenoxybenzamine prazosin 2 methamphetamine

Yohimbine propranolol 1

methamphetamine  

6. Dexmedetomidine 200 μg/kg 400 μg/kg 1

methamphetamine  

7. 7 DSP-4 methamphetamine

6 DSP-4 1 2 methamphetamine

 

 
methamphetamine GBR-12909 formalin

methamphetamine DA
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NA GBR-12909 formalin test 1

DA 2 methamphetamine

DA 1 2

Methamphetamine 1 2 DSP-4

NA

DA NA
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1 formalin  

AUC formalin 1

6-8 1 saline 1 2 4 formalin 10 μl

1 0-3 0

1

2

3 1

 

n=6-8  
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2 Formalin test AUC 1 2  

AUC 1 2 6-8 1 saline

1 2 4 formalin 10 μl 1

0-3 Area under the 

curve AUC AUC 1 formalin 0-7 ; Phase 1 2

formalin 8 -65 ; Phase 2  

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)

n=6-8, ***p<0.001 compared with saline group; One-way Factorial 

ANOVA and Multiple Comparison tests . 
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3 Formalin methamphetamine  

Formalin methamphetamine

methamphetamine 5-8 1 methamphetamine

2 mg/kg 10 20 30 4  formalin 10 μl

1 0-3  

A AUC 1 formalin 0-7 ; Phase 1 2 formalin

7-65 ; Phase 2  

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)

n=5-8, *p<0.05 **p<0.01 ***p<0.001 compared with control group; 

One-way Factorial ANOVA and Multiple Comparison tests . 

B AUC 5  

n=5-8 . 

A 

B 
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4 Formalin GBR-12909  

Formalin GBR-12909 GBR-12909

6-8 1 GBR-12909 10mg/kg

10 20 30 4  formalin 10μl 1

0-3  

A AUC 1 formalin 0-7 2 formalin

8-65  

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)

n=6-8 compared with control group; One-way Factorial ANOVA and 

Multiple Comparison tests . 

B AUC 5   

n=6-8 . 

B 

A 
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5 Formalin methamphetamine  

Formalin methamphetamine Formalin

methamphetamine saline

methamphetamine 1, 2, 4mg/kg 10 4  

formalin 10 μl 1 0-3  

A AUC 1 formalin 0-7 2 formalin

8-65  

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)

n=5-8, *p<0.05 **p<0.01 ***p<0.001 compared with control group; 

One-way Factorial ANOVA and Multiple Comparison tests . 

B AUC 5  

n=5-8 . 

A 

B 
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6 Formalin GBR-12909  

Formalin GBR-12909 Formalin

GBR-12909 saline GBR-12909 3, 5, 10, 15, 

20mg/kg 30 4  formalin 10 μl

1 0-3  

A AUC 1 formalin 0-7 2 formalin

8-65  

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)

n=5-8, *p<0.05 **p<0.01 compared with control group; One-way 

Factorial ANOVA and Multiple Comparison tests . 

B AUC 5  

n=5-8 . 

A 

B 
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7  

 

A  

B  

 

  

A 

B 



40 
 

 

 
8 DA methamphetamine 2 mg/kg

 

Saline methamphetamine 2 mg/kg formalin test

DA Saline methamphetamine 0

30 DA 100

n=5  

A Saline formalin test DA  

n=5  

B Saline methamphetamine formalin test DA

Statview Ver.5.0 (SAS Institute Inc, Cary, NC, USA.)

n=5, *p<0.05 **p<0.01 compared with saline group; Two-way 

Factorial ANOVA with post-hoc test, Fisher’s PLSD .  

A 

B 
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9 Formalin test NA methamphetamine 2 mg/kg  

Saline methamphetamine formalin test

NA Saline methamphetamine 2 mg/kg

0 60 NA 100

n=2-3  
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10 Formalin methamphetamine

DA  

Formalin methamphetamine DA

saline SCH-23390 0.1 mg/kg haloperidol 0.2 1.0 mg/kg

10 methamphetamine 2 mg/kg

10 4  formalin 10 μl 1

0-3 Prism version 7.03 (GraphPad Software, San Diego, 

CA, USA)  

A AUC 1 formalin 0-7 2 formalin

8-65 n=5-12, *p<0.05 

compared with control group; Student’s t test . 

B AUC 5

n=5-12, *p<0.05 compared with control group; Two-way Factorial ANOVA with 

post-hoc test, Bonferroni  

C AUC 1 formalin 0-7 2 formalin

8-65 n=5-12 compared 

with control group; One-way Factorial ANOVA and Multiple Comparison tests . 

D AUC 5

n=5-12, *p<0.05 compared with control group; Two-way Factorial ANOVA with 

post-hoc test, Bonferroni  

A B

C D 
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11 Formalin methamphetamine

NA  

Formalin methamphetamine

NA saline 1  CMC phenoxybenzamine 10 mg/kg  

A B 

C D 

E F 

G H 
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yohimbine 5 mg/kg propranolol 20 mg/kg 10

methamphetamine 2 mg/kg 10 4  

formalin 10 μl 1 0-3 Prazosin 5 mg/kg

30 methamphetamine 10

4  formalin 10 μl  

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)  

A AUC 1 formalin 0-7 2 formalin

8-65 n=7-8, *p<0.05 

compared with control group; Student’s t test . 

B AUC 5

n=7-8, *p<0.05, **p<0.01 compared with control group; Two-way Factorial 

ANOVA with post-hoc test, Bonferroni  

C AUC 1 formalin 0-7 2 formalin

8-65 n=5-7 compared with 

control group; Student’s t test . 

D AUC 5

n=5-7, *p<0.05 compared with control group; Two-way Factorial ANOVA with 

post-hoc test, Bonferroni  

E AUC 1 formalin 0-7 2 formalin

8-65 n=5-7 compared with 

control group; Student’s t test . 

F AUC 5

n=5-7; Two-way Factorial ANOVA with post-hoc test, Bonferroni  

G AUC 1 formalin 0-7 2 formalin

8-65 n=5-12, *p<0.05 

compared with control group; Student’s t test . 

H AUC 5

n=5-12, *p<0.05 compared with control group; Two-way Factorial ANOVA with 

post-hoc test, Bonferroni  
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12 Formalin methamphetamine

dexmedetomidine  

Formalin methamphetamine

NA saline dexmedetomidine 30, 100, 200, 

400 μg/kg 10 methamphetamine 2 mg/kg

10 4  formalin 10 μl 1 0-3

 

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)  

A AUC 1 formalin 0-7 2 formalin

8-65 n=5-12, **p<0.01, 

***p<0.001 compared with control group; One-way Factorial ANOVA and Multiple 
Comparison tests . 

B AUC 5

n=5-12, ***p<0.001 compared with control group; Two-way Factorial ANOVA 

with post-hoc test, Bonferroni  

A 

B 
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13 Formalin methamphetamine DSP-4

 

Formalin methamphetamine

NA saline DSP-4 50 mg/kg 7

6 methamphetamine 2 mg/kg 10

4  formalin 10 μl 1 0-3

Prism version 7.03 (GraphPad Software, San Diego, CA, USA)  

A AUC 1 formalin 0-7 2 formalin

8-65 n=5 compared with 

saline group; Student’s t test . 

B AUC 5

n=5 compared with saline group; Two-way Factorial ANOVA with post-hoc test, 

Bonferroni  

C AUC 1 formalin 0-7 2 formalin

8-65 n=5, **p<0.01 

compared with saline group; Student’s t test . 

D AUC 5

n=5, *p<0.05, **p<0.01, ***p<0.001 compared with saline group; Two-way 

Factorial ANOVA with post-hoc test, Bonferroni  

 

A B 

C D 


