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1  

1.  

24

(Ma Y et al., 2003)

(Bray MS et al., 2010, Hirao A et al., 2010)

1 24

(Ramsey KM et al., 2007) 24

(Spanagel R et al., 2005, Yu EA  et al., 2011)

(Schernhammer ES et al., 

2001,2006, Kubo T et al., 2006)
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22.  

1

24

24

24.5

24

(Shibata S et al., 2010) Clock

Per1 (Tei H et al., 1997, King DP et al., 1997) 10

1

24

CLOCK BMAL1

Per1,Per2 E/E’-Box

Per1/Per2 PER1/PER2

CLOCK BMAL1 PER1/PER2

CLOCK BMAL1

24 (Fig.1)

(Fig.2)

(Hara R et al 2001, Kudo T 
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et al., 2008)

Per2 (Balakrishnan A et al 2008, 2010)

 

 

 

 

 

  

 

 

 

Fig.22 

Fig.1
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33.  

(Angleton P et al., 1989)

(Kowanko IC et al., 1982, Bellamy N et al., 1991,2002)

(Reinberg A et al 1987)

(Nishimura K et al., 1992, 

Shigeyoshi Y et al., 1997, Duncan WC 1996, Ohdo S et al., 1996,2001)(Fig.3)

(ACTH)

(Krieger DT 

et al., 1971)

(Turek FW et 

al.,2005, Oishi K et al.,2006)
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Fig.3 
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44.  

(Smolensky MH et al., 1997, Ohdo S 2007)(Fig.4)

(Hermida RC et al., 

2005,2007, Portaluppi F et al., 1995, Kario K et al.,2000)

(Pandi-Permal SR et al., 2008)

(Hirao A et 

al., 2009)  

 

 

 

Fig.4 
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55.  

(Balakrishan A et al., 2008,2010, Fatima J et al., 2009)

(Cho K. 

2001)

(Dos Santos 

ML et al., 2006)

 

 

 

 

 

Fig.5
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66.  

restricted feeding

(King DP et al., 2000)

(Wakamatsu H et al., 

2001)

Cry1/Cry2

Npas2

(Dudley 

CA et al., 2003) Npas2

(Wu X et al., 2010) Per1

Bmal1

Clock
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(Fuller PM et al., 2008, 

Forbes-Robertson S et al., 2012)

(Murphy BA et al., 2007)  

  

 

7. Clock  

Clock 1994 (Vitaterna 

MH et al., 1994) Clock 25 27~28

(Florez JC et al., 1995)

Clock (Bernardi RE et al., 

2013) (Easton A et al., 2003, Koizumi H et 

al., 2013) C57BL Clock

TG

(Turek FW et al., 2005) ICR

Clock

(Oishi K et al., 2006)

(Kudo T et al., 2007)

Clock

(Pan X et al., 2013)

Clock
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88.  

10mg 1-2% 90% 8-9%

(Ciarlegho CM et al., 

2011)

5-HT2

5-HT3 5-HT4 5-HT2 Ca

5-HT3

5-HT4 cAMP

(blood brain barrier:BBB) (Fujimura J et al., 

1994)  

SCN 5-HT1A, 5-HT1B, 5-HT2C,5-HT7 (Kiss J et al., 1984, Bosler O et al., 

1985, 1989, Manrique C et al., 1993,1994, Lovenberg TW et al., 1993, Prosser RA et 

al., 1993) SCN

(Pickard GE et al., 1999, Quintero JE et al., 1999 Flett J et al., 1999)

(Lungwitz E et al., 2009, Paulus EV et al., 

2012)

(Fig.6)  
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FFig.6  
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99.  

(Hara R et al 2001, Kudo T et al., 2008)

TG

Clock(-/-) (Fig.7)

Clock(-/-)

(Kudo T et al., 2007) TG

2

(Fig.7)

(Fig.8)
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FFig.77  22 TTG

FFig.88  33
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2 TG  

 

1.  

 

(TG)

(Lottenberg AM et al., 2012, Koo 

SH et al., 2013)

(Roden M 2006) (FFA) TG

(Fatp1,Fatp4) (Fabp1,Fabp4)

Srebp-1c -CoA- (Acc) (Fas)

(Horton JD et al., 1998) Dgat1 Dgat2 TG

(Turkish AR et al., 2008)

(Ppar- )

(Pgc-1 )

1(Cpt1) Srebp-1c

1(Pepck1) (Badman MK et al., 2007, Gan 

SK et al., 2008)

(Cagampang FR et al., 2012) Srebp-1c Acc  Fas

Ppar- Pgc-1 Pepck

(Le Martelot G et al., 2009)

(SCN)

(Shibata S et al., 2010)



17 
 

(Kohsaka A  et al., 

2007, Hsieh MC et al., 2010)

TG

1 1

2

(Shibata S et al., 2010)

(Hatori M et al., 2012)

TG FFA

(Wang X et al., 2013)

TG

CoA

(Gan SK et al., 2008) 12-36

(Badman MK et al., 2007, Sokolovic M et al., 2010) (Moller L 

et al., 2008) TG

(Shibata S et al., 2010, Hatori M et al., 2012) TG

TG 1 1 TG

Clock(-/-)
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TG  

(Fig. 9)  

 

FFig. 9 2 TG  
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22.  

 

(1)  

6 C57BL/6J (20g 28g) 6

ICR (30g 40g) 6 Clock

Clock ICR

 

 

(2)  

22 ± 2 60 ± 5% 12 :12 8

20

8:00 ZT0 ZT: Zeitgeber time 20:00 ZT 12

MF

AIN-93M(14%

) ( 2 2(3))

2

 



20 
 

(3)  

( ) 2  

 

1 AIN-93M(14% )  

2 AIN-93S(6% ) AIN-93M(14% )

AIN-93G(20% )  

 

 

 

 

 

 

 

α α α
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(4) (RF) 

Restricted Feeding ; RF

(King DP et al., 2000) 1-3 1-4 2-3 2-4

 

 

(5)  

Clock(-/-) WT

(FAFIG05F5B, Omron, Japan)

1 1

Clock Lab (The Nath Works, Inc.)  
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(6) TG  

20

20 0.5ml PBS (Life Technologies Japan, 

Tokyo, Japan) 50 l  

(NAKALAI TESQUE, INC. Kyoto, Japan) 2.5 ml

15000rpm 10 4

2 l Triglyceride E Test Wako (Wako Pure Chemical Industries, 

Osaka, Japan) GPO-DAOS

POD DAOS

4-

iMark Microplate Reader (BIO-RAD, Tokyo, Japan)

595nm  

 

 

 3.54 mg/mL  

  2 μL  298 μL 0.6mL  

 37 10  

 96 well 200 μL  

 595 nm  
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(7) TG  

0.5ml

1 (22 2 ) 3000rpm 20 4

TG

 

 

(8) (FFA)  

TG 5 l Nonesterified fatty acid C – Test Wako

(Wako Pure Chemical Industries, Osaka, Japan) ACS-ACOD

POD MEHA 4-

(NEFA) iMark 

Microplate Reader (BIO-RAD, Tokyo, Japan) 550nm  

 

 

 A 11.97 mg/ml B 4.48mg/ml

 

 NEFA  5 μL A 100 l 0.6mL  

 (37 10 ) 

 B 200 l  



24 
 

 (37 10 ) 

 96 well 200 μL  

 550 nm  

NEFA  

 

(9) RNA Real – Time RT – PCR  

I.  

RNA RNA-Solv Reagent, Omega Bio-tek 500 

μL RNA 1/5

100 μL) 15000 rpm 10 min 20 

180 μL

CIA =49 1 60 μL

11500 rpm 10 min 4 

100 μL 100 μL 3 M 

10 μL 20 11500 rpm 20 min 4 

70 

200 μL 8000 rpm 5 min 4 

80 μL DEPC

NanoVue, GE Healthcare

RNA DEPC 50 ng/μL
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II. mRNA  

PCR Real-time PCR PCR Q-PCR

 PCR  

DNA DNA

 SYBR green

DNA

RT-PCR mRNA

 

 

One-Step SYBR RT-PCR kit (TaKaRa, Otsu, Japan) in a PIKO REAL 96 Real – Time PCR 

System (Thermo Scientific Japan, Yokohama, Japan). 

PCR mRNA

Table 2A RT-PCR  

RT-PCR  

 1 repeat  

reverse transcript 40 5  

pre-PCR 95 10  

 PCR 40 repeat  

Denaturing 95 5  

primer annealing, extension 60 34  

 Dissociation Protocol 1 repeat  

95 15  

60 1  
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0.3 / 95  

95 15  
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(10)  

StatView for Windows SAS Institute Inc. 2

Student’s t-test Tukey-Kramer 1

One-way ANOVA 2

Two-way ANOVA p < 0.05  * 

 # p<0.01  **  ##
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(11)  

1 TG  

1-1 TG 1

 

1-2  : TG

12  

1-3 1 1  : TG

2

mRNA  

1-4  : TG

1-3 mRNA

 

1-1 1-2 2 AIN-93M

1-3 1-4 AIN-93M

2
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2 Clock(-/-) TG  

2 Clock(-/-)  

2-1  : 6 (AIN-93S) 20

(AIN-93G) 2

TG

6% 20% 2 TG

 

2-2  TG

4  

2-3 Clock(-/-)

12 TG

Clock(-/-)

 

2-4

TG 6% 20

24  

2 6% (AIN-93S) 20 (AIN-93G)

2 2-1 2-2 2-3

24

2-4 24
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33.  

1 TG  

 

1-1  

TG 2

AIN-93M ZT0,ZT6,ZT12,ZT18 4

24

(FD) (FF) (Fig.10A)  

FF FD FF

(Fig.10B) ZT0 ZT12

FF FD

(Fig.10C) TG

FF FD

FD (Fig.10D) TG FD

ZT6

FF FD Fig.10E two-way-ANOVA

TG  

TG

TG  
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FFig.10 24 TG  
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1-2  

TG 12

ZT12 2 Fig.11A

24 TG 12 TG

24 4 24 48

2 (Fig.11B)  

TG 24

 

  

Fig.11 TG  
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1-3-1 1 1 TG  

TG

2

(FF) 24 (FD) 1

1 3 24 (RF)

(Fig.12A) FF RF (Fig.12B)

(F2,24 102.69, P<0.01)

ZT0 ZT12 ZT0 FF RF

FD ZT12 (Fig.12C) TG

ZT0 ZT12 

ZT12 FD FF RF TG ZT0

FF FD RF RF FF

TG FD FF

RF TG (Fig.12D)

TG ZT0 FF FD RF

(Fig.12E) FF ZT0 TG

FFA TG

(Fig.12F)  

TG

TG 1 1  
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FFig.12 TG  
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1-3-2 mRNA  

TG mRNA

(1) (2) (3) (4) (5) (6)

(Fig.13)  

(1)  

1-3-1 mRNA

(Fig.14A) Fatp1 mRNA

(Fig.14B) ZT0 ZT12 FD FF RF

Fatp4 mRNA (F2,24

5.07, P<0.05) FF ZT0 ZT12 ZT0 ZT0

RF ZT0 FF (Fig.14C)

Fabp1 mRNA (F2,24 8.78, 

P<0.01) ZT0 FF RF ZT12 FD

FF RF RF ZT0 ZT12

(Fig.14D) Fabp4 mRNA

(Fig.14E)  

TG FFA

3 FFA
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FFig.13 mRNA  
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FFig.14 mRNA  
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(2) TG  

Srebp-1c Fas mRNA

Fig.15A,C ZT0 ZT12 Srebp-1c mRNA FF FD

RF FD Fas mRNA

ZT0 ZT12 FD FF RF

Srebp-1c mRNA Acc mRNA

(F2,24 12.54, P<0.01, Fig.15B) 

FF RF FF FD ZT0 ZT12

FD (P<0.05) RF FF

RF ZT0 (P<0.01) Dgat1 mRNA 

(F2,24 6.55, P<0.01, Fig.15D)

ZT0 FD FF RF (P<0.01) ZT12

FF FD RF (P<0.01) RF

ZT12 ZT0 (P<0.01)

Dgat2 mRNA

(Fig.15E)  

Srebp-1c Acc Fas Srebp-1c Acc Fas

1 1

TG  
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FFig.15 TG mRNA  
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(3)  

Ppar mRNA

ZT0 ZT12 FF FD RF

Fig.16A Cpt1 mRNA

ZT0 ZT12 FF FD RF

(P<0.01, Fig.16B) FF FD RF

FD RF FD

Pgc-1  mRNA

ZT0 FD FF RF

(P<0.01, Fig.16C)  

Ppar Cpt1 Pgc-1

TG
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FFig.16 - mRNA  
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(4)  

Mtp mRNA ZT0 FD

RF P 0.05, Fig.17 VLDL TG

1

 

 

  Fig.17 mRNA  
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(5)  

Pepck mRNA (P2,24 19.86

P<0.01) ZT0 ZT12 Pepck mRNA FF RF FD

(P<0.01) ZT12 FF RF

(P<0.01, Fig.18) 1

1 1  

  

Fig.18 mRNA  
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(6)  

Per2 Bmal1 mRNA Per2 

mRNA F2,24 4.210 P<0.05, 

Fig.19A ZT12 RF FF FD (P<0.01)

Bmal1 mRNA (F2,24

16.77 P<0.01, Fig.19B) ZT0 RF FF FD

(P<0.01) FD FF (P<0.05)

 

FFig.19 mRNA  
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1-4  

1-4-1  

12 (12-hr) 6 (6-hr) 3 (3-hr)

2 24 (Fig.20A)

(Fig.20A B)

1 3-hr

2

(Fig.20C) TG TG FFA

12-hr (Fig.20D,E,F) TG 3-hr

TG 12-hr  

TG TG FFA

12  
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FFig.20  
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1-4-2  mRNA  

(1)  

1-3-2 mRNA Fatp4 mRNA 3-hr

12-hr (P<0.05, Fig.21C)

(Fig.21B,D,E) Fatp4

3
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FFig.21 RNA  
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(2) TG  

TG Srebp-1c mRNA 3-hr 6-hr 12-hr

(P 0.01, Fig.22A) Dgat2 mRNA 3-hr 12-hr

(P 0.01, Fig.22E) TG

(Fig.22B-D)  

Slebp-1c Dgat2

(

)  
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FFig.22 TG RNA  
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(3)  

Ppar- mRNA 12-hr 6-hr

3-hr (Fig.23A) Pgc-1 mRNA 6-hr

12-hr (P<0.05, Fig.23C) Cpt1mRNA

(Fig.23B)

 

 

FFig.23 mRNA  
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(4)  

Mtp mRNA

Ppar-  mRNA 12-hr 6-hr 3-hr

Fig.24

 

  

Fig.24 RNA  
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(5)  

Pepck mRNA

(Fig.25)  

 

FFig.25 RNA  

 

 

 

 

 

 

 

 

 

 

 

 



54 
 

1 TG  

TG  

24 TG  

1 1

 

Srebp-1c Acc Fas Ppar Cpt1

Pgc-1  

24

 

1 1
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2 Clock(-/-) TG  

 

2-1  

Clock(-/-) TG

WT Clock(-/-) 20 6%

TG (P<0.05, Fig.26) WT

Clock(-/-) TG  

 

Fig.26 Clock(-/-) TG  
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2-2  

ZT0,ZT6,ZT12,ZT18 4 TG

(Fig.27A) 6% 20% (Fig.27B C)

6%

6% 20% Clock(-/-) WT

TG  

  

Fig.27 TG  
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2-3  

2-3-1  6%  

Clock(-/-) 12

(Fig. 28A) Clock(-/-) WT TG

Clock(-/-) Clock(-/-)

12

6%

WT

(Fig.28B-D)

(P<0.01 Fig.28E,G) Clock(-/-)

50

(Fig.28H-J)

WT

(P<0.01 Fig.28K-M) TG WT FF 12

Clock(-/-) FF

WT TG 12

WT TG (Fig.29)  

WT

Clock(-/-)
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FFig.28 6%  
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FFig.29 6% TG  
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2-3-2 20%  

6% Clock(-/-) TG

20% WT

6%

(Fig.29A-C)

(P<0.01

Fig.29D-F) Clock(-/-) 6%

(Fig.29G-I)

WT

45% 55%

65

35 (P<0.01 Fig.29J-L)

TG WT Clock(-/-) FF 12

TG (P<0.01) WT

Clock(-/-) (Fig.30)  

6% WT

Clock(-/-)

20%

WT  
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FFig.29 20%  
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FFig.30 20% TG  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

2-4  

24

Clock(-/-) TG 6% 20%

2 24 (Fig.31A) WT

6% ZT18 TG

(Fig.31B) 20%

ZT6 TG (Fig.31C) Clock(-/-)

6% 20%

WT TG  

  

Fig.31 TG  
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2 Clock(-/-)  

TG  

WT (6% ) TG  

WT TG  

 

1

 

TG  

20%  

TG  
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44. 2  

 

24 TG

24

TG

TG

TG 3

24 TG

(Shibata S et al., 2010)

(Bray MS et al., 2010) 1 2

2 3

(Turkish AR. 2008)

TG FFA

(Wang X et al., 2013)

TG

3 1

2

86-92% TG

TG (Yoshida C 
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et al., 2012)

TG

TG 3

12 6 TG

24

(Roden M. 2006) Srebp-1c Acc Fas Ppar- Pgc-1

Pepck

24 Srebp-1c

Acc Fas Pepck Ppar- Pgc-1 Cpt1

(Le Martelot G et al., 2009, Sharara-Chami RI et 

al., 2012) 24 Srebp-1c Acc Fas

Ppar Pgc-1 Cpt1 Pepck

Srebp-1c Acc Fas

Fatp1 24 3

TG

FFA 3 FFA

Bmal1 Per2 Rev-erb

Clock (Grimaldi B et 

al., 2010, Kudo T et al., 2009, Le Martelot G 2009, Shimba S et al., 2011) Per1

(Wong T et al., 2013)

Clock TG

WT TG Clock
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Per2

ZT12 ZT0 Bmal1

Per2 Bmal1 ZT12

ZT0

Per2 Bmal1 ZT12

ZT0

RF ZT0 ZT12 TG

 

(NAFLD)

(Angulo P 2002, Targher G et al., 2007) NAFLD

(Day CP et al., 1998)

(Grimm IS et al., 

1992, McFarland RJ et al., 1985) 24 36

TG

TG 1 TG

Clock

TG
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3  

 

1.  

 

Per1 Per2 Bmal1 12 (King DP et al., 2000, 

Kudo T et al., 2007) Per1 Per2 (SCN)

(Kudo T et al., 2007, Partch CL et al., 

2013) (Buijs R et 

al., 2013, Stenvers DJ et al., 2012, Cagampang FR et al., 2012)

SCN

(Inouye ST et al., 1994) SCN

Per1 Per2 (Shigeyoshi Y et al., 1997)

(Marchant EG et al., 1997, Grossman GH et al., 2000)

(IGL) 5-HT

SCN (Glass JD et al., 2003, Schuhler S et 

al., 1999) 5-HT 5-HT7 5-HT1A

(Lovenberg TW et al., 1993, Horikawa K et al., 2000, Moriya T et al., 1998)

5-HT7 5-HT1A SCN Per1,Per2

(Horikawa K et al., 2000, Moriya T et al., 1998, Takahashi S 

et al., 2002) 5-HT 10mg 90% 8-9%

1-2% 5-HT

5-HT
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(Irritable Bowel Syndrome: IBS)

IBS

(Konturek PC et al., 2011, Nojkov B et al., 2010, Kim 

HI et al., 2013) 5-HT3 5-HT4 IBS

(Ford AC et al., 2009,Manabe N et al., 2010, Spiller RC 2011)

5-HT IBS

Per1

Per2 Bmal1 PCPA

5-HT

Per1 Per2 Bmal1

(Fig.32)  

FFig.32  
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22.  

 

(1)  

6 9 ICR (30g 40g) 6

Clock Clock

ICR  

 

(2)  

22 ± 2 60 ± 5% 12 :12 8

20

8:00 ZT0 ZT: Zeitgeber time 20:00 ZT 12

MF
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3  

5-hydroxytriptamine  

1 5-

 

 

PCPA p-chlorophenylalanine) 

 

5-

 

 

 

1-(3-chlorophenyl)biguanide 248.11 

5-HT3  

5-HT (Kilpatrick GJ et al., 1990) 

5-Met 5-Methoxytryptamine 190.24 

5-HT4  

5-HT4 (Yamada J et al., 1997) 

5-HT3 (Hegde SS et al., 1996) 

 

 

ondansetron 365.85 

5-HT3  
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GGR113808 393.50 

5-HT4  

5-HT1 5-HT2 5-HT3 5-HT4 3000

10000 (Gale 

JD et al., 1994) 

 

 

clomipramine  

 

 

 

fluvoxamine  

SSRI  

 

 

 

 

(Acetylcholine, ACh) 
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(4) RRNA Real- Time RT - PCR  

III.  

RNA RNA-Solv Reagent, Omega Bio-tek 1000 μL

RNA 1/5

200 μL) 15000 rpm 10 min 20 

360 μL

CIA =49 1 120 μL

11500 rpm 10 min 4 

200 μL 200 μL 3 M 

20 μL 20 11500 rpm 20 min 4 

70 

200 μL 8000 rpm 5 min 4 

60 μL DEPC

NanoVue, GE Healthcare

RNA DEPC 50 ng/μL

 

 

IV. mRNA  

PCR Real-time PCR PCR Q-PCR

 PCR  

DNA DNA

 SYBR green

DNA



74 
 

RT-PCR mRNA

 

One-Step SYBR RT-PCR kit (TaKaRa, Otsu, Japan) in a PIKO REAL 96 Real – Time PCR 

System (Thermo Scientific Japan, Yokohama, Japan). 

PCR mRNA

Table 2A RT-PCR  

 

RT-PCR  

 1 repeat  

reverse transcript 40 5  

pre-PCR 95 10  

 PCR 40 repeat  

Denaturing 95 5  

primer annealing, extension 60 34  

 Dissociation Protocol 1 repeat  

95 15  

60 1  

0.3 / 95  

95 15  
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Sequences of primers used in RT-PCR. 

Gene Primer Sequence  Reverse 

18s rRNA  5’-GGGGAGTATGGTTGCAAAGC-3’ 5′-TGTCAATCCTGTCCGTGTCC-3′ 

Per1      5′-CAAGTGGCAATGAGTCCAACG-3′ 5′-CGAAGTTTGAGCTCCCGAAGTG-3′ 

Per2      5′-TGTGTGCTTACACGGGTGTCCTA-3′ 5′-ACGTTTGGTTTGCGCATGAA-3′ 

Bmal1     5′-CCACCTCAGAGCCATTGATACA-3′ 5′-GAGCAGGTTTAGTTCCACTTTGTCT-3′ 
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(5)  

10 5.5

2

Acro.exe, by Dr. 

Refinetti (Refinetti R et al., 2007) 24  

 

(6) HHPLC  

 

30mg 0.2M PCA200 l

(100ng/ l 0.1N 10 ) 2 l 15000rpm10 4

1ml 0.45 m

HPLC(ECD-300 Eicom) 0.1M

(pH3.5 850ml) (150ml)

100mg/ml(1.7ml) EDTA 2Na 5mg/ml(1.0ml) HPLC

30 l Power Chrom(EPC-500 Eicom) 5-HT g

ng (Kojima S et al., 2005)  

(7) ELISA  

HPLC Serotonin 

ELISA(Enabling Discovery in Life Science)

0.5ml 1

(22 2 ) 3000rpm 20 4

1 30 100 l 96
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conjugate 50 l 2

500rpm 3 200 l

substrate solution 1 500rpm 50 l

405nm

 

 

(8)  

 

2cm

10ml

37

5

0.1ml PowerLab 

4/26 (ML846 AD Instruments, Japan) Quad Bridge 

Amp (ML224: AD Instruments, Japan) (MLT050/D AD 

Instruments, Japan)

PowerLab LabChart6 Pro (AD 

Instruments, Japan)  
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2000ml pH7.4  

 

 

 

 

 

 

 

 

(8)  

 

StatView for Windows SAS Institute Inc. 2

Student’s t-test Tukey-Kramer 1

One-way ANOVA 2

Two-way ANOVA P< 0.05  * 

 # P<0.01  **  ##
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(9)  

 

1  

1-1  

 

ZT4 ZT6 2 3  

ZT7 ZT11 ZT15 ZT19 ZT23 ZT3  

 

1-2  

ELISA

2 3

30 ZT6  

 

1-3  

ZT4 ZT6 2 1 ZT6

RT-PCR  

 

2  

2-1-1 PCPA  

PCPA  

PCPA 250mg/kg,375mg/kg 0.1ml

4 1 2 HPLC  
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PCPA  

ZT14/ZT22 ZT4/ZT20 ZT2/ZT10 ZT8/ZT16  PCPA

ZT0,ZT6,ZT12,ZT18 RT-PCR

24  

 

2-1-2  

ZT0, ZT6, ZT12, 

ZT18 4 RT-PCR RNA

1 10mg/kg 10g 0.1ml

24  

 

2-1-3  

3mg/kg, 10mg/kg, 30mg/kg saline ZT5

ZT6 RT-PCR  

24  

 

2-2  5-HT3, 5-HT4  

 

5-HT3,5-HT4

ZT5 5-HT3

5-HT4 5-Met

1mg/kg,5mg/kg ZT6

24  
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ZT4.5

ZT5 ZT6 5-HT3

5-HT4 GR113808

10mg/kg 5mg/kg 24

 

 

 

ZT5 5mg/kg ZT6  

 

2-3 ( )  

ZT4

ZT6 RT-PCR RNA

24

 

 

 

3.  

ZT6 ZT18

10-8g/ml 10-7 g/ml 10-6 g/ml 10-5 g/ml 0.1ml
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WT Clock(-/-) PCPA

PCPA 50mg/kg(1%CMC)

3 1 1 Clock(-/-) PCPA
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33.  

 

1-1  

3

(Fig.33A) (Acro.exe, by Dr Refinetti)

Per1 Per2 Bmal1 mRNA

(P<0.05) Per1 Per2(P<0.05) Bmal1(P<0.01)

(Fig.33,B,C,D)

mRNA

Acro Per1 10.2

7 (Fig.33E) Per2 

13.4 7.4

(Fig.33F) Bmal1 21.4 18.6

(Fig.33G)
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FFig.33  
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1-2  

(Fig.34A)

ELISA

(P<0.01, 

Fig. 34B)  

 

FFig.34  
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1-3  

1

(Fig.35A) Per1mRNA (P<0.01

Fig.35B) Per2 mRNA (Fig.35C) Bmal1 mRNA

Per1mRNA (P<0.05 Fig.35D)

Per1 Bmal1 Per2  

 

FFig.35 
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1  
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2-1  

2-1-1 PCPA  

PCPA  

PCPA PCPA

250mg/kg,375mg/kg HPLC PCPA ZT2

ZT10 4 1 2 7 ZT12 (Fig.36A)

375mg/kg (P<0.01 Fig.36B) PCPA

375mg/kg  

PCPA  

ZT14/ZT22 ZT20/ZT4 ZT2/ZT10 ZT8/ZT16  PCPA

ZT0,ZT6,ZT12,ZT18 PCPA

1 2 7 4

(Fig.36A) Per1mRNA(F3,10 4.81

P<0.05 Fig.37A) Per2mRNA(F3,10 7.30 P<0.01 Fig.37B) Bmal1mRNA(F3,10

25.63 P<0.01 Fig.37C)

Per1mRNA Per2mRNA Bmal1mRNA 12

PCPA

Per1mRNA(F3,8=2.32,NS) Per2mRNA(F3,8=3.75,NS)

Bmal1mRNA(F3,8 30.18 P<0.01)  

PCPA375mg/kg Per1 Per2

Bmal1  
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FFig.36 PCPA  

 

 

 

 

 

 

 

 

Fig.37 PCPA  
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2-1-2  

1 10mg/kg ZT0,ZT6,ZT12,ZT18

(Fig.38A) 2-2 PCPA

ZT0,ZT6,ZT18 Per1 Per2

(Fig.38B C) Bmal1 ZT6,ZT12,ZT18 (Fig. 38D)

Per1 Per2 Bmal1 ZT6

Per1 Per2 Bmal1
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FFig.38  
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2-1-3  

(Fig.39A) Per1 Per2

3mg/kg 10mg/kg (Fig.39B C) Bmal1

(Fig.39D) 10mg/kg

30mg/kg 10mg/kg

 

 

FFig.39  
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2-2 5-HT3 5-HT4  

2-2-1  

5-HT3 5-HT4 1

(Fig.40A) 5-HT3

5-HT4 5-Met

Per1 Per2 (Fig.40B,C) Bmal1

(Fig.40D)

Per1 Bmal1

5mg/kg 1mg/kg

1mg/kg Per1,Per2

10mg/kg 5-HT

Per1 Per2

Bmal1  
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FFig.40  
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2-2-2  

Per1 Per2 Bmal1

30

(Fig.41A) 5-HT3 5-HT4

GR113808 Per1

5-HT3,5-HT4

(Fig.42B)

Per2

5-HT3,5-HT4

(P<0.05 Fig.43C) Bmal1 5-HT3

(P<0.05) 5-HT4 (P<0.01)

(P<0.05) Fig.43D  
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FFig.41  
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2-2-3  

5-HT3,5-HT4

(Fig.42A) PCPA

Per1 Per2

Bmal1 (Fig.42B-D)  

FFig.43  
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2-3 ( )  

Per1 Per2 Bmal1

ZT4 ZT6

Per1 Per2

(Fig.44B,C) Bmal1

(Fig.44D)  
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FFig.44  
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2  

 

5-HT3 5-HT4

 

Bmal1
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3  

(Ach)

ZT6 ZT18 2

Ach0.1ml Ach 1 10-8 1 10-7

1 10-6 1 10-5 ZT6 ZT18 (Fig.45A) Ach

WT

Clock(-/-) PCPA

WT ZT18

(Fig.45B,C)

Clock(-/-) WT

(Fig.45D,E) Ach WT

10-6 10-5 PCPA

Fig.45F,G

 

WT

Ach Clock(-/-)

Ach WT

PCPA Ach  
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FFig.45  
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3  

(Ach)  

WT  

Clock(-/-) Ach

 

PCPA Ach

 

Ach
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44. 3  

 

Per1 Per2 Bmal1

3 1 ZT6

Per1 Bmal1 Per2

(Krieger DT et al., 1971) 5-HT

1-2

5-HT3 (Spiller RC. 2011, 

Hirata T et al., 2008)

(Irritable Bowel Syndrome IBS) (Konturek PC et al., 

2011, Nojkov B et al., 2010, Kim HI et al., 2013)

IBS IBS

IBS

 

PCPA Per1 Per2

5-HT3 5-HT4

PCPA

(Buijs R et al., 2013, Stenvers DJ et 

al., 2012, Cagampang FR et al., 2012)

PCPA 5-HT
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5-HT

(Ferraro JS et al., 1990, Cagampang FR et al., 1993, Nagayama 

H. 1999) 5-HT ZT3-ZT15 ZT18-ZT0

(Ferraro JS et al., 1990) 5-HT

5-HT ZT3-ZT15 5-HT

ZT Per1 Per2 SCN

5-HT PCPA

5,7DHT 5-HT

5-HT

(Morin LP et al., 1991, Cutrera RA et al., 1994)

PCPA

 

5-HT Per1 Per2 Bmal1

Per1 Per2 ZT0 ZT6 5-HT

Per1(P<0.01) Per2(P<0.05) Bmal1 ZT12

ZT18 5-HT 5-HT

Per1 Per2 Bmal1 5-HT

5-HT 1

5-HT

 

5-HT3 5-HT4 IBS

(Ford AC et al., 2009, Manabe N et al., 2010, Spiller RC. 2011)

5-HT3, 5-HT4 5-HT

5-HT3, 5-HT4
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Per1 Per2 Bmal1 5-HT

5-HT3, 5-HT4

5-HT 5-HT3, 5-HT4

5-HT4 5-HT3

5-HT3

248 5-HT4 5Met

190

5-HT4

G A

PKA cAMP (CREB) (Noda M et al., 

2004) Per1 Per2 CREB Per1 Per2

CRE (Lee B et al., 2010) 5-HT1a

G SCN Per1 Per2

(Horikawa K et al., 2000) 5-HT

5-HT3 Na

(Noda M et al., 2004)

Na SCN Per1 Per2 (Paul 

KN et al., 2005) Per1 Per2

5-HT3, 5-HT4

 

5-HT3 (Pae 

CU et al., 2006, Omori IM et al., 2010)
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(Omori IM et al., 2010,Anderson IM. 2001)

(Minami M et al., 

2003) 2 Per1 Per2 Bmal1

 

5-HT 5-HT3 5-HT4

5-HT3 5-HT4

5-HT

 

5-HT4

(Hooqewerf WA et al., 2008,2010 )

Per1 Per2

Per1 Per2

(NO) nNOS
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nNOS nNOS

Per2

Per2

 

WT

Clock(-/-)

PCPA
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4  

 

2 TG

Clock(-/-) TG

24

TG

TG

1

TG

TG

12 6 6 3 TG

24 Srebp-1c Acc Fas

Ppar Pgc-1 Cpt1 Pepck

Srebp-1c Acc Fas

Fatp1 24 3

TG FFA

3 FFA

TG

Clock(-/-)

TG WT WT

Clock(-/-) TG

Clock(-/-)

WT
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TG TG

2

 

3

Per1 Per2 Bmal1 3

PCPA Per1

Per2 Bmal1

PCPA

5-HT3 5-HT4

5-HT 5-HT3 5-HT4

WT

Clock(-/-) PCPA

Clock(-/-)
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PCPA

PCPA

(IBS) (IBD)
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