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2 

6 

1 14 

 

 

 

2 30 

 

 

 

3 42 

 

 

 

4 57 

 

 

 

63 

68 

69 

70 



1 
 

 

 

5-HT 

GABA 

GHSR1a 

IBS 

i.L. 

i.t. 

i.v. 

5-hydroxytryptamine  

γ-aminobutyric acid γ-  

growth hormone secretagogue receptor 1a 

irritable bowel syndrome  

intraluminal injection  

intrathecal injection  

intravenous injection  

  



2 
 

 

 

ATP

4, 70

 

irritable bowel syndrome; IBS

10-20%

36 IBS IBS IBS

IBS IBS 4 IBS

10 IBS

IBS

IBS



3 
 

C 5-HT 5-hydroxytryptamine; 4

IBS μ 5-HT3 IBS

10

IBS

IBS

IBS 10

 

Takaki 2

75, 76

75

45, 76

77, 84

 



4 
 

66

18, 66

AMP

Y 50

47, 48 D2

α1

2

41

46

46

 

41

1, 24, 60

26, 35, 37, 41

17 7

5-HT 5-HT1 5-HT7 in situ

13



5 
 

 

1

2

3

4

 

  



6 
 

 

 

 

300-450 g Sprague-Dawley Japan SLC, Inc., Shizuoka, Japan

23℃ 12 12

MF Oriental Yeast Co., Ltd., Tokyo, Japan

: 12121, 13076, 14100, 15094, 17011  

 

 

18, 46~50, 66 1 50 mg/kg

α- 60 mg/kg

MLT0699 Disposable BP Transducer; ADInstruments Pty. Ltd., NSW, Australia

α- , 10-20 mg/kg/h , 3-5 mg/kg/h

37℃



7 
 

S-205; SUDO & 

COMPANY Inc., Aichi, Japan

AC STRAIN AMPLIFIER AS1202; NEC 

Corporation., Tokyo, Japan T7-30-240; 

, Tokyo, Japan

3-5 mm Hg

1  

 

 

75~77 2

1.5 g/kg

80 strokes/min, 4 mL/stroke

0.9 mL/h

0.3 mL 1 

cm 0.3 mL

0 mm Hg



8 
 

3 cm

1  

 

 

48

2 mm

 

 

 

30

5 μL

L6-S1

Kwik-sil; World Precision Instruments, FL, USA

Aron Alpha Extra; Toagosei, Co., Ltd., Tokyo, Japan

intrathecal injection; i.t. 10 μL

10 μL intravenous injection; i.v.

intraluminal injection; i.L.

10 μL



9 
 

40 μL  

 

 

1 α- Nacalai Tesque, Inc., Kyoto, Japan Daiichi Sankyo 

Co., Ltd., Tokyo, Japan GR 

113808 α- m-

Sigma, St Louis, MO, USA Mitsubishi Tanabe Pharma Co., Osaka, Japan

 

2 α- Nacalai Tesque, Inc. Daiichi Sankyo Co., Ltd.

Sigma ®; Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan

 

3 Tokyo Chemical Industry, Co., Ltd., Tokyo, Japan

Sigma  

4 α- Nacalai Tesque, Inc. Daiichi Sankyo Co., Ltd.

Sigma  

α- 10% 2- -β- Wako Pure 

Chemical Industries, Ltd., Osaka, Japan α-

10%

GR 113808 100% Nacalai Tesque, 

Inc. GR 113808 10%

20% 100%

10% Tween 80 10

 



10 
 

 

 

SR-5R-HT; Narishige Scientific Laboratory, Tokyo, Japan

0.8 mm, IMB-9008; Inter Medical, Co., Itd., Aichi, Japan

-11.9 mm AP, ±0.0 mm L, +9.4 +10.8 mm DV 2

+9.4 mm DV +10.4 mm DV +10.8 mm 

DV 20 Hz 2 ms 100 

μA 2 min 1 mA, 10 s

10% 10 μm 100 μm

54

3  

 

 

± 2

t

t

P  

< 0.05  

1 5

5 5

2 mm Hg

 

3 2 2

  



11 
 

 

 

 

 

 

1  

 

37℃

3-5 mm Hg  

  



12 
 

 

 

 

 

 

2  

 

0.3 mL

1 cm

3 cm

-11.9 mm AP, ±0.0 mm L, +9.4 +10.8 mm DV

20 Hz 2 ms

100 μA 2 min   



13 
 

 

 

 

 

 

3  

 

1 mA, 10 s

10% 10 μm 100 μm

 

  



14 
 

1  

 

 

 

47, 48

90%

5-HT

5-HT3 5-HT4

25, 32, 65, 78, 82

34, 67

5-HT3 5-HT4

68 5-HT

69, 71

 

26, 35, 37 5-HT 13

5-HT

5-HT2



15 
 

9, 79

 

  



16 
 

 

 

 

30

4 L6-S1

4

10 nmol 100 nmol

1 μmol 4, 5

1 μmol 6 2

 

 

 

100 nmol

6  

 

5-HT  

5-HT2 5-HT3 5-HT4

5-10

1 μmol, i.t. 5-HT2 100 

nmol, i.t. 5-HT3 100 nmol, i.t.



17 
 

7A, B

7C

5 2

8 5-HT4 GR 113808 100 nmol, 

i.t. 1 μmol, i.t.

7D

 

5-HT2 5-HT3 5-HT4

5-HT2 α- 300 nmol

9A 5-HT3

m- 300 nmol, i.t.

9B 5-HT4 300 nmol, i.t.

9C  

 

 

T8

1

1 μmol 10A

4  

1 μmol 10B  

10 mg/kg 4 mg/kg/h



18 
 

1 μmol 11A

1 mg/kg 6 

mg/kg/h 1 μmol

11B  

  



19 
 

 

 

 

 

4  

 

1 μmol

i.t.

6  

  



20 
 

 

 

 

 

 

5  

 

A

B 100 nmol, 1 μmol

n = 4-6 *

P < 0.05  

  



21 
 

 

 

 

 

6  

 

100 nmol i.t.

4  

  



22 
 

 

7 5-HT  

A

B C D

GR 113808

100 nmol, i.t. 100 nmol, i.t. 1 μmol

100 

nmol, i.t. 100 nmol, i.t. 1 μmol , i.t.

GR 113808 100 nmol, i.t. 1 μmol

i.t.

3-6   



23 
 

 

 

 

 

 

8 5-HT  

 

5-HT

A B

 

n = 3-6 *

P < 0.05  

  



24 
 

 

 

9 5-HT  

 

A α- B m-

C

α- 300 nmol, i.t. m-

300 nmol, i.t. 300 nmol

i.t.

3   



25 
 

 

10  

A

8 B

8 1 μmol, i.t.

1 μmol

i.t.

3   



26 
 

 

 

11  

 

A B

10 mg/kg 4 mg/kg/h 1 mg/kg

6 mg/kg/h 1 μmol

i.t. i.v.

3  

  



27 
 

 

 

47, 48

4, 5 11

27

6

 

5-HT2 5-HT3

7-9 5-HT2

G C 5-HT3

20 5-HT2 5-HT3

N1E-115

73 5-HT2 5-HT3

5-HT2 5-HT3 7, 8

5-HT2 5-HT3

9

2

5-HT2 5-HT3

3, 19, 31, 44



28 
 

15, 74 1 μmol

17 5-HT

5-HT2 5-HT3

 

8 10A

5-HT

13

10B

47, 81 5-HT2 5-HT3

13

17, 35

62

11



29 
 

 

1 5-HT2

5-HT3

2 5-HT2 5-HT3

3

5-HT2 5-HT3

 

  



30 
 

2  

 

 

 

47, 48 1

5-HT2 5-HT3

5-HT2 Gq/11

G Ca2+

5-HT3

0 mV

5-HT

α1 5-HT2

Gq/11 G

Gi/o D2

D2

D2

47

5-HT2 α1



31 
 

Ca2+

 

  



32 
 

 

 

 

10 nmol

0.5 nmol 5 nmol 12

3

13, 14A 7 4 3

14B  

 

 

5-HT

, 100 nmol , 100 nmol, i.t.

5 nmol, i.t. 300 nmol, i.t.

15 1 μmol, i.t. α1

, 25 nmol, i.t. D2

, 100 nmol, i.t. 16

, 25 nmol, i.t.

, 100 nmol, i.t.

17   



33 
 

 

 

12  

 

A B

C 10 nmol

0.5 nmol 5 nmol

i.t. 4

  



34 
 

 

 

 

 

 

13  

 

10 nmol 0.5 nmol 5 nmol

i.t. 7 4  

  



35 
 

 

 

 

 

 

14  

 

A

B 10 nmol, i.t. 0.5 

nmol, i.t. 5 nmol, i.t.

7 4 n = 7 *

P < 0.05  

  



36 
 

 

 

15 5-HT  

 

A B

100 nmol 100 nmol

5 nmol, i.t. 300 nmol, i.t.

i.t. 4  

  



37 
 

 

 

16  

α1 D2  

 

A B

25 nmol, i.t.

1 μmol

100 nmol, i.t. 1 μmol, i.t.

i.t. 4

 

  



38 
 

 

 

17  

 

A

B

25 nmol, i.t. 300 nmol, 

i.t. 100 nmol, i.t.

5 nmol, i.t. i.t.

4  

  



39 
 

 

 

1 μmol, i.t.

3

13, 14 7

3 14B

12

14A

α1

15-17

 

Gi/o Gq/11 5-HT

α1 15B, 17A

D2 Gq/11

D2 5-HT2



40 
 

GHSR1a growth hormone secretagogue receptor 1a

2 5, 29 5-HT2 D2

5-HT2 D2 Gi/o D2

5-HT2 Gq/11 5

D2 Gq/11 Ca2+

GHSR1a

D2 C

Ca2+ 29 GHSR1a

14, 18, 66 D2

GHSR1a Ca2+ Gq/11

59

Gq/11

 

5-HT

α1 D2

15, 16

5-HT3

5-HT3

9B Ca2+

 



41 
 

28, 63

 

1

2

5-HT2 GHSR1a

D2

 

  



42 
 

3  

 

 

 

1

3 35

17

45, 76

76

 

  



43 
 

 

 

 

30

1 μmol

18  

 

 

19

γ- γ-aminobutyric acid; GABA

7, 41

GABAA

GABAA 1 nmol

20 2

21

1 nmol, i.t.  

 

 



44 
 

5-HT2 5-HT3

5-HT2 100 nmol, i.t. 5-HT3

100 nmol, i.t. 22

23

3 

nmol 24

25  

 

 

26A

26B   



45 
 

 

 

 

 

 

18  

 

1 μmol

i.t. 5  

  



46 
 

 

 

 

 

 

19  

 

2 5

 

  



47 
 

 

 

 

 

 

20 GABAA  

 

 

1 nmol

2 i.t.

10  

  



48 
 

 

 

 

21  

 

A B

n = 5-10 * P < 0.05  

  



49 
 

 

 

 

 

22 5-HT  

 

1 nmol

100 nmol 100 nmol

2 i.t.

9  

  



50 
 

 

 

 

 

 

23 5-HT  

 

5-HT

A B

n = 9 * P < 0.05  

  



51 
 

 

 

 

 

24  

 

1 nmol

3 nmol

2 i.t.

6  

  



52 
 

 

 

 

 

 

25  

 

A B

n = 6 *

P < 0.05  

  



53 
 

 

 

26  

 

A B

1 nmol

2 i.t.

5  

  



54 
 

 

 

1

19, 21

76

3

2

26

GABA GABA

20, 21 80%

GABA 7 GABA

GABA

 

20, 21 3

26, 35

5-HT



55 
 

22-25

26A

45, 76

53

A5 A7 A11

41

6

 

5-HT

22, 23

49 GABAA

GABA 19, 21

 



56 
 

18

1

4

 

1 5-HT

2

 

  



57 
 

4  

 

 

 

1

2

46

D2

41

3 5-HT

 

  



58 
 

 

 

 

27A 100 nmol

27B  

 

 

5-HT2 5-HT3

5-HT2 100 nmol 5-HT3

100 nmol 100 

nmol 28A 5-HT2

5-HT3

, 100 nmol , 100 

nmol i.t. 100 nmol, i.L. 28B, C  

  



59 
 

 

27  

 

A B

100 

nmol i.L.

5   



60 
 

 

28  

A

B C

100 nmol 100 

nmol 100 nmol 100 nmol

100 nmol

i.t. i.L.

5   



61 
 

 

 

3

46

28

5-HT

41

26, 35

35

6

 

5-HT

28

46

2

3



62 
 

α1

46

α1

16A  

1 5-HT2 5-HT3

5-HT2 5-HT3

7A, B, 8

5-HT2 5-HT3 28B, 

C 5-HT 1 μmol

 

5-HT2 5-HT3

 

  



63 
 

 

 

1

2

3

4

1 2

3 5-HT2 5-HT3

4

 

20, 

21 5-HT

28

5-HT2

9, 79 5-HT

7

 



64 
 

1, 2, 24, 60

16, 51

61

 

IBS

36

1, 41

41, 52



65 
 

20, 21 IBS

27, 28

41

47, 48

6

41, 43, 64

26, 35, 41

On-cell Off-cell

Neutral-cell Neutral-cell 38, 58

Neutral-cell 30

Neutral-cell

6



66 
 

 

IBS

33

IBS

8, 23, 

57, 83 IBS

21, 22

IBS

IBS

IBS

80

5-HT

IBS

IBS

IBS  



67 
 

IBS

39

5-HT 24, 40, 60, 72

- 42, 55, 56

- 75, 77

IBS

IBS

 

  



68 
 

 

 

1 5-HT2 5-HT3

 

 

2

5-HT2 GHSR1a D2

 

 

3

 

 

4

 

 

IBS
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