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3

Drackley, 1999

DMI

BCS DMI Grummer et al., 

2004 DMI

NEB DMI NEB

1

Grummer, 2008  

NEB

3

Holtenius & Holtenius, 1996

2 
 



3 6 

Fat Cow Syndrome

BCS 4.0 

NEB

(NEFA)

NEFA TG

1 2 

Veenhuizen et al., 1991  

3 
 



Mc Cormack, 1978

Morrow, 1976

Bobe et 

al., 2004 4 

82% 25%  Morrow, 

1976 38% 62%

Morrow, 1976  

 

Bobe et al., 2004

 

Butler et al., 1981  

Staples et al., 1990  Rukkwamsuk et al., 1999  Bobe et al., 

2004 NEB

IGF-1

4 
 



Beam & Butler, 1999

23% Beam & Butler, 1997  Beam 

& Butler, 1999 70% 3

 Laporte et al., 1994

1 5 

Geelen & Wensing, 2006 NEB

Huszenicza et al., 1988  Beam, 1995  Sovani et al., 2000  

Zulu et al., 2002

 

LH

LH

Hamilton et al., 1995  Yoshioka et al., 

1996

Gümen & Wiltbank, 2002 Silvia

2002
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0.1 1ng/ml LH

Taylor, 1971

 

 

Bobe et al., 2004  

MPG

6 
 



MPG

MPG

 

1956

C

 

MPG
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UDP- (UGT)

 

UGT

 

MPG 

 

MPG

MPG

MPG  
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NEB

NEB

NEB

TG NEFA Kobayashi 

et al., 2002 Radcliff et al., 2006

Jorritsma et al., 2000

Katoh, 2000  

Kimura et al., 1993 Sato et al., 

2003 Tamura et al., 2003

Bobe et al., 2004

3 Collins & Reid, 1980  Bobe 

10 
 



et al., 2004

IGF-1

IGF-1

LH

Kawashima et al., 2007 IGF-1

 

 

 
 

 

2-1  

78

11 
 



417

10% Collins 

& Reid, 1980 284  

 

2-2  

305  

 

2-3  

BM R

BM +

 

 

2-4  

 2-1
12 

 



11 12 25 cm  Ono et al., 

2011 2%

1 cm

No 22 

15 mm

1.5cm3

2-2 2-3  
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2-1  

 
 
 
 
 
 
 
 
 
 

2-2  

 
 
 
 
 
 
 
 
 

2-3  

 

30mm

V 1.5cm3 

14 
 



2-5  

10%

H-E 2-4 H-E

 2-5

2-6

10%  
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2-4  90% H-E 400  

 

 
 
 

 

2-5  400  
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2-6    400  
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2-6  

2-Mercaptopropinylglycine : MPG 5,000  mg/100 

ml/ 1 1 5

 

 

2-7  

Tanemura et al.,1986  

 

2-8  

Collins  Reid 1980 Bobe 2004

10%

10% 30%

30% 60%

60%

3  2-8  
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10%         30%         60%  

2-8 H-E  
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2-9   

73

BUN GOT

GPT

ALP - -GTP

T-Bil Glu TG NEFA

T-Cho TP 11

 

 

2-10  

JMP®

SAS INS. Japan 3

Tukey-Kramer

± SEM 5%

 
20 

 



 

 

3-1  

417 10%

284 68.1%

109 

38.4% 67 23.6% 108 38.0%

 

284

34.3%

17.1% 51.4% 24.5%

9.8% 4.1%

 

 

3-2  

284 233 

99 

42.5% 56 24.0% 78 33.5%

21 
 



55.1 38/69

28.3 13/56 13.6 10/78  

 

3-3  

5.3 0.4 4.8 0.4 

5.2 0.5 3.2 2.0 3.3 1.6 

3.0 1.4 

658.2 14.3 kg

636.2 20.2 kg 670.1 22.3 kg

600 kg

437.4 23.7 416.7 20.3

455.4 21.3

1

9.9 7.9 11.0 9.5

12.7 11.6

8.9 2.7

10.8 5.1 12.9 8.0

11.2 4.7 12.2 5.3
22 

 



15.9 10.1

2-1  

 

3-4  

233 188 80.7%

2-2 36.7%

33.0% 13.3% 4.8% 3.2%

9.0%

17  

 

3-5  

188 

61 32.4% 127 67.6% 305 

2-2

69.7%

44.9%

82.1% 71.7%

93.6% 86.3% 2-9  

23 
 



 

2-1  

     
 

 
 

 
 

     kg       

n=109  
5.3 

±0.4 
3.2 

±2.0 
658.2 
±14.3 

437.4 
±23.7 

9.9 
±7.9 

8.9 
±2.7 

11.2 
±4.7 

   
n=67

4.8 
±0.4 

3.3 
±1.6 

636.2 
±20.2 

416.7 
±20.3 

11.0 
±9.5 

10.8 
±5.1 

12.2 
±5.3 

   
n=108

5.2 
±0.5 

3.0 
±1.4 

670.1 
±22.3 

455.4 
±21.3 

12. 7 
±11.6 

12.9 
±8.0 

15.9 
±10.0 
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2-2  

        

      

 
 

 
n=99  

 
 

 [69] 23 20 12  3 1 10 

69.7% 23.2% 20.2% 12.1% 3.0% 1.0% 10.1% 

 [38] 12 15 7 3 1 0 

55.1% 52.1% 75.0% 58.3% 100% 100% 0 

 [31] 11 5 5 0 0 10 

44.9% 47.8% 25.0% 41.60% 0 0 100% 

        
 
 

 
n=56  

 

 [46] 19  14 5  3 1 4 

82.1% 33.9% 25.0% 8.9% 5.3% 1.7% 7.1% 

 [13] 3 5 1 3 1 0 

28.3% 15.8% 35.7% 20.0% 100% 100% 0 

 [33] 16 9 4 0 0 4 

71.7% 84.2% 64.2% 80.0% 0 0 100% 

        

 
 

 
n=78  

 
 

 [73] 27  28  8  3 4 3 

93.6% 34.6% 35.8% 10.2% 3.8% 5.1% 3.8% 

 [10] 3 4 0 0 3 0 

13.6% 11.1% 14.2% 0 0 75.0% 0 

 [63] 25 23 8 3 1 3 

86.3% 92.5% 82.1% 100% 100% 25.0% 100% 

[188] 69 62 25 9 6 17 

80.7% 36.7% 33.0% 13.3% 4.8% 3.2% 9.0% 
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2-9  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0%

20%

40%

60%

80%

100%

   

86.3% 

 
 71.7% 

44.9% 
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3-6  

 

 

3-6-1  

69 36.7% n=99

23.2% 23 52.1% 12 47.8%

11 n=56 33.9% 19 

15.7% 3 84.2% 16 n=78

34.6% 27 11.1% 3 92.5% 25 

2-10  

 

3-6-2  

62 33.0%

20.2% 20 75.0% 15 25.0% 5 

25.0% 14 35.7% 5 

64.2% 9 35.8% 28 

14.2% 4 82.1% 23  2-11  
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2-10  

 
 

 

2-11  

 
 
 
 

0%

5%

10%

15%

20%

25%

30%

35%

40%

   

 
          

 
 

 
 

 
 

92.6% 
84.2% 

47.8% 

            
 

 
 

 
 

 

0%

5%

10%

15%

20%

25%

30%

35%

40%

   

82.1% 

64.2% 

25.0% 
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3-6-3  

25 13.3%

12.1% 12 58.3% 7 41.6% 5 

8.9% 5 20.0% 1 

80.0% 4 10.2% 8 

8  

 

3-6-4  

9 4.8%

3.0% 3 5.3% 3 2 

3.8% 3 

 

 

3-6-5  

6 3.2% 1.0%

1.7% 1 

5.5% 4 25.0% 1 

 

 

3-6-6  
29 

 



4 

2 

1 

17 9.0% 10 10.1% 4 7.1%

3 3.8%  

 

3-7  

73 

11 

NEFA n=25 1005.5 141.9 E /l n=20

1047.5 88.9 E /l n=28 1428.5 108.7 

E /l P<0.05 Glu

50.2 3.5 mg/dl 49.2 3.1 mg/dl

P<0.01 GOT

P<0.05

-GTP TG T-Cho

2-3  

 

30 
 



2-3  

n=25 n=20 n=28

BUN     mg/dl  3.5 2.1 13.2 1.1 13.1 0.6 

GOT     IU/l  114.3 12.3 a 135.5 21.4 171.4 21.2 b 

GPT     IU/l  15.5 2.3 20.2 3.4 16.2 1.6 

ALP     IU/l  4.6 0.6  5.1 0.6 5.3 0.6 

-GTP    U/l  28.8 3.6 22.1 2.3 50.0 13.5 

T-Bil     mg/dl  0.8 0.2  0.8 0.1 0.8 0.1 

 Glu      mg/dl   72.7 8.5 A  50.2 3.5 B 49.2 3.1 B  

TG      mg/dl  18.1 3.2 18.8 1.3 28.0 6.6 

 NEFA    E /l  1,005.5 41.9 a 1,047.5 88.9 a 1,428.5 108.7 b 

 T-Cho    mg/dl  127.8 23.7 89.1 8.1 99.7 10.9 

TP       g/dl) 8.3 0.4  7.7 0.2 7.7 0.2 

A/B : P<0.01  ,  a/b : P<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

31 
 



 

417 

10%

284 68.1%

Morrow 1976

TG

Reid, 1980  

Roberts et al., 1981  Reid & Roberts, 1982  Reid et al., 1983  

Grohn et al., 1983

 

Reid Roberts 1983 Glu NEFA

32 
 



(FCS)

Glu

NEFA FCS

417 

284 68.1% MPG 233 

82.0% 51 18.0%

233 80.7% 188 

32.4% 61/188 67.6%

127/188

18.0%

67.6% 4 3.8
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Coppock et al., 1972  McCormack, 1978  Higgins & Anderson, 

1983

Rowlands et al., 1977  

Reid et al., 1979a  Reid et al., 1979b  Reid et al., 1983

 Morrow, 1976  Gerloff et al., 1986 Veenhuizen 1991

UDP-glucuronosyltransferase UGT

Ono 2011 4

, 1986

34 
 



Silvia 2002 0.1 1ng/ml

LH

UGT

 

GH -1 IGF-1

GH

IGF-1 Zulu et al., 2002 IGF-1

Zulu et al., 2002  Kawashima et 

al., 2007 IGF-1 (FSH)

LH

Zulu et al., 2002 Kawashima et al., 

35 
 



2007 IGF-1 Glister et al., 

2001  Armstrong et al., 2003  Bulter et al., 2004  Bulter et al., 

2006 Spicer et al., 

1993 IGF-1

Zulu et al., 

2002  Patton et al., 2007 IGF-1

IGF-1

Kwashima et 

al., 2007 IGF-1

IGF-1

 

15mg 8 14
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Bobe et al., 2007 10mg/ 14 

Hippen et al., 1999

 

60%

 

 
 

 

417 

10% 284

MPG 51 

233 188 

69 36.7%

62 33.0% 2 69.7%

13.3% 83.0%
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20.2% 25.0%

25.0% 64.2%

35.8% 82.1%

 

60% 305
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UDP-  
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50% Jorristma et al., 2000  

Jorritsma et al., 2001  White, 2015

Bobe et al., 2004  Veenhuizen et al., 1991  Wada 

et al., 1995 Butler et al., 1981  

Rukkwamsuk et al., 1999  Staples et al., 1990

305

Tanemura et al., 2016

Sakaguchi, 2011

23%

Beam & Butler, 1997 Beam & Butler, 1999

2 1 30 40 Bartlett et al., 

1986 1 190 220 Bartlett et al., 1986  

Kittok et al., 1974 3 70%

Laporte et al., 1994

40 
 



1 5

Geelen & Wensing, 2006

Cook et al., 1990  Silvia et al., 2002

Kengaku et al., 2007  Yoshioka & Iwamura, 1996

Kittok et al., 

1974 Hamilton et al., 1995 Vanholder et al., 2005  Vanholder et 

al., 2006

(Simerly et al., 1996)

mRNA

Ing & Tornesi, 1997  

6 19% Silvia et al., 

2002

Cook et al., 1990  Sakaguchi et al., 2006  

Silvia et al., 2002

41 
 



 

UDP-

UGT  

 
 

2  

2-1  

23 70 

62 8 

1

 

30 

60 90 

7 
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2

25 mm

62 94.4 7.6

89.3 14.6  

 

2-2  

Ono (2011)

1.5cm3 UGT

(-196 )

70 UGT

 

 

2-3  

H-E

H-E

43 
 



H-E

10%

 

 

2-4 UGT   

UGT Rao et al., 1977

0.25 g

4 0.15 M

(5 ml) B. 

Brun Melsungen, Wendelstreinstr, Germany

1000 rpm 60 

9,000 xg , 4 15 105,000 

xg, 4 , 1 Beckman Coulter Inc., Brea, USA

250 l 0.25 M -0.1 M

pH 7.4

0, 5, 

15, 20 l 0 10 l

5 l 5 l 0 20
44 

 



10

2  

250 l 0.25 M

-0.1 M pH 7.4 20 l 1mg/ml

Sigma Chemical Co., St Louis  USA 50 l 0.1 M

100 l 10mM UDP- Sigma 

Chemical Co., St. Louis  USA 5 l 1.88x105 

dpm 100 l [4-14C] -17 58.2 Ci 

mMol-1, New England Nuclear Co., Boston  USA

37 10 120 /

200 l 1 ml

5 ml

2 3000 rpm 15

500 l 2 ml

Hitachi Aloka Medical, 

Ltd., Tokyo

Lowry 1951

pM/min/mg protein 2

45 
 



8%  

 

2-5  

JMP 11.2.0(SAS INS, Japan)

5%  

 
 

 

3-1 UGT  

UGT 2.19 0.15 

pM/min/mg protein 4.28 0.22 pM/min/mg protein 

3-1

(P<0.01) 60 90

2.30 0.36 pM/min/mg 

protein n=21 (n=8)

P<0.05  

 

3-2 UGT  

46 
 



UGT

62 H-E

62 30 32

2

n=13 n=11

n=6 3

UGT 1.57 0.12 pM/min/mg 

protein 2.78 0.23 pM/min/mg protein

4.28 0.22 pM/min/mg protein

P<0.01 UGT

3-2

UGT

3-3

60~90

UGT 1.27 0.20 pM/min/mg protein 3.10

0.51 pM/min/mg protein 

47 
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3-1 UDP-

 

** P<0.01

 

 
 

(** P<0.01  ) 

49 
 



 
 

3-2 UDP-

 

** P<0.01
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3-3  UDP-

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UGT  
4.28 0.22pM/min/mg protein 

 
 

51 
 



3-3 UGT  

UGT 3

UGT 2.0 pM/min/mg protein

n=31 1.37 0.08 

pM/min/mg protein 2.0 3.0 pM/min/ mg protein

n=18 2.35 0.06 

pM/min/mg protein 3.0 pM/min/mg protein

n=12 4.15 0.31pM/min/mg 

protein UGT

51.6% 32/62 29.0% 18/62 19.4% 12/62

UGT

UGT 78.1%

25/32 22.2% 4/18  8.3% 1/12

3-4  P<0.01  
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3-4  UDP-

 

UDP-

3

(**) P<0.01  

 
 
 
 
 
 
 
 
 
 

 

(** P<0.01  ) 
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4  

-17 UGT

UGT

(Xu et al., 2012) Rao (1977)

UGT -17 6

-17 UGT

-17 0,  

7  14  21 UGT

UGT  

-17

UGT

(P<0.05)

UGT

UGT 51.6%

54 
 



78.1%(25/32)

22.2%(4/18) 8.3%(1/12)

Veenhuizen (1991)

UGT

60~90

UGT

UGT

Wiltbank (2006)

Ono (2011) 4

-17

55 
 



Grummer et al., 1990 Silvia 2002

0.1 1ng/ml

LH

Vanholder (2005)

UGT

 

-17

 

 
 

5  

UDT- UGT

56 
 



-17

UGT

P<0.01 48.4

UGT

UGT

UGT

3

UGT 78.1%

22.2% 8.3%

-17 UGT

60 90

UGT
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%

1979

UDP-

UGT (You, 

2004)  -

 28 -

(Norin et al., 1991)

1979

(Barr & Sommers,1957)

 

(1956)

59 
 



C

hCG

84.2%

( )  

(RIA)

 

 
 

 

81 50

157

288 RIA

20 10%

60 
 



H-E

Reid(1980) 10%

10% 30% 30%

Tsumagari (1993) (E1)

-17 (E2) (E3)

Sephadex LH-20R GE

RIA (1973)

RIA

E1-6 -BSA E2-6

-BSA E3-6 -BSA

-6 -BSA

 

 
 

 

3-1  

288 179 62.2 109

61 
 



37.8 65 59.6

44 40.4 109

71.6% 58/81

52.1% 26/50 15.9% 25/157

 4-1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

62 
 



 
             (n=81)         (n=50)         (n=157) 
 

4-1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

63 
 



3-2 3

 

E1 0.24±0.03 ng/ml

0.66±0.16 ng/ml 1.05±0.29 ng/ml

P 0.01 4-2 E2 0.06±0.009 

ng/ml 0.17±0.041 ng/ml

0.23±0.058 ng/ml

E2 P

0.01 4-3 E3 0.02±0.003 

ng/ml 0.03±0.003 ng/ml 0.08±0.031 

ng/ml E3

P 0.01  

 

3-3  

11.8±0.7 

ng/ml 12.4±1.1 ng/ml 24.0±6.7 

ng/ml

P 0.01 4-4  

 

64 
 



 
            (n=179)           (n=65)          (n=44) 

 4-2  

** P<0.01  

 
 
 
 
 
 
 
 
 

ng/ml

 

65 
 



 
           (n=179)           (n=65)           (n=44) 

 4-3 -17  

** P<0.01  

 
 
 
 
 
 
 
 

 

66 
 



 
              (n=179)          (n=65)              (n=44) 

4-4  

** P<0.01  
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            (n=179)           (n=65)           (n=44) 
 

4-4  

**

P<0.01  
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(Reid, 1980)  

(1976)

3

E1

3

1976

E2 E3 E1

E1, E2, E3

(1976)

30%

3 3

69 
 



P 0.001  

P 0.01

(Zumoff, 1967)

 McCann & Fulton, 

1975   

ACTH LH

Dobson et al., 2000

(Stoebel & Moberg, 1982 Bosu & Peter, 1987)

 

 

70 
 



 

3

E1 E3

3
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72 
 



 

(McCormack, 1978  Morrow 

et al., 1979 Reid et al., 1981 Roberts et al.,1981)

NEB

TG NEFA

Kobayashi et al., 2002 Radcliff et al., 2006

Jorritsma et al., 2000 Katoh, 2000  

73 
 



(Kimura et al., 1993 Sato et al., 2003 Tamura et 

al., 2003)  

Collins Reid(1980) TG

(T-Bil)

(T-Cho)

(GOT) 

(LDH) (MDH) -

( -GTP)

(GLDH) GOT T-Bil T-Cho T-Bil

(TP) T-Bil Sommer, 1975)

Grohn 1983 54

(Glu) (Alb) TP -GTP

74 
 



Morrow 1976

 

SH

1980)

 (2-Mercaptopropionylglycine: MPG

)

 

 

 

2-1  

113 63

50 63 4.7±2.6 ±

2.6±2.0 435.8±77.4 

15.0±22.9  
75 

 



 

2-2  

BM R ) +

 

 

2-3  

10%

(H-E) H-E

10%

Collins Reid 1980

10% 10 30%

30% 3 5-1

5-2  

 
 
 
 

76 
 



 

5-1 90% H-E  200  

 

 

5-2 H-E  200  

 
 
 
 
 
 

77 
 



2-4 MPG  

63 MPG 5,000mg/100 ml/

2,500mg/50 ml/ 1 1 5

 

MPG

MPG MPG n=34

MPG

n=29 2 MPG

100ml 100ml n=30

100ml 2 50ml

100+50ml n=4 2 100ml n=25

100+50ml n=4  

 

2-5  

2002
78 

 



1

MPG

 

 

2-6  

MPG

113

GOT (GPT)

(ALP) -GTP T-Bil (ZTT) Glu TG

(BUN) NEFA T-Cho TP 12

 

 

2-7  

 

(HITAC M-280H) SPSS, BMDP

 

 
 

79 
 



 

 

3-1  MPG  

MPG 63 49 77.8

49 MPG

70 79% 2 80 89% 4 90 99%

2 100% 41 14

14.54±10.04 kg MPG 24.31±6.61 

kg P<0.05  

MPG 19 16 84.2%

44 33 75.0%

 

 

3-2  MPG  

MPG 100 ml 6 7 7 10 

19 4 100+50 ml

10 4 100 ml

6 5 7 10 10 60.0%

80 
 



10 100+50 ml 8 4 100%

84.2% 16/19 75.0% 33/44 MPG

MPG 88.2% 30/34 

65.5 19/29

9.46±6.76 

12.40±9.47 5-1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

81 
 



5-1  MPG  

MPG

100 ml 100+50 ml  100 ml 100+50 ml

n=30 n=4 n=25 n=4 n=63 

9/11 1/1 4/5 2/2 16/19 

81.8% 100% 80.0% 100% 84.2% 

17/19 3/3 11/20 2/2 33/44 

89.5% 100% 55.0% 100% 75.0% 

26/30 4/4 15/25 4/4 49/63 

86.7% 100% 60.0% 100% 77.8% 

30/34 88.2%  19/29 65.5%   

4 0 10 0 14 
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3-3  

n=19

n=44 GOT 

P<0.01 T-Bil P<0.01 NEFA P<0.05

GOT P<0.01  T-Bil P<0.01 NEFA P<0.01

ZTT P<0.05 T-Cho P<0.05  BUN P<0.01

5-2  

NEFA 10 25

1,500 E /l

 

GOT

30% GOT 100 IU

5-3  
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 n=50  
 

n=19  n=44  
GOT IU/l  62.7±17.8  107.6±42.3**   130.1±89.4** 
GPT IU/l  16.5±8.8 15.0±7.3 15.5±8.4 
ALP IU/l  5.1±3.8   4.5±1.8   5.4±4.3 

T-Bil mg/dl  0.2±0.1  0.8±0.6**   0.8±0.9** 
ZTT  IU/l  10.8±4.5 13.1±5.2  15.1±5.2* 
-GTP U/l  27.2±18.0  25.5±10.8   33.4±34.5 

TG mg/dl  20.6±20.9 18.1±8.9   20.4±15.9 
Glu mg/dl  58.5±21.6   77.8±18.5   53.6±16.5 

T-Cho mg/dl  175.2±139.7 122.6±73.3 102.2±54.7** 
TP  g/dl  7.5±0.4  8.1±1.3  7.8±0.9 

NEFA E /l   469.5±1,277.0  992.3±458.8* 1,147.3±512.9** 
BUN mg/dl  15.6±8.5 13.5±4.1 13.5±3.4** 

* P<0.05 ** P<0.01 
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5-3  MPG

GOT   
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3-4  

ALP T-Bil TG NEFA P<0.01  BUN P<0.05

T-Cho P<0.01

GOT GPT  -GTP P<0.05  

 

3-5  

63 2

ZTT GOT TTT GOT GPT T-Bil NEFA T-Cho

ALP 5-4, 5-5

2

95% 5-6

ZTT T-Bil

ALP NEFA BUN GOT

GOT

ALP ZTT BUN T-Bil NEFA
86 

 



 

 
 
 
 
 
 
 
 
 
 

 
5-4 5-5  

               
 
 
 
 

87 
 



 

5-6  

(95% ) *:P<0.05  **:P<0.01  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

88 
 



  

10%

113 63 55.8% Morrow 1976

38%

Morrow 1976 1982

435.8±77.4

30% 426.3±70.7

30% 435.8±96.7 Reid

1979 63

SH

1980) MPG

50 ml 2,500 mg 100 ml 5,000 mg

34 30 88.2%

MPG 29 19 65.5%

MPG

MPG MPG 6

61.9% 7 85.7%

1986

89 
 



MPG MPG

6 95.8% 82.7%

MPG 84.2%

75%

(P<0.05)

 

Hippen 1999 (10 

mg/ ) 14

15 mg

8 14

Bobe et al., 2007

 

MPG 1984

T-Bil ALP (P<0.01)

90 
 



TG P<0.01

TG

GOT GPT

1984 NEFA 1,000 

E /l

NEFA

BUN 1983) MPG

MPG

GOT ALP T-Bil  ZTT  BUN

  

 
 

 

63 MPG

MPG 63 49 77.7%

91 
 



MPG  

NEFA GT ALP T-Bil P<0.01 BUN P<0.05

GOT GPT -GTP

P<0.05  

MPG

GOT ALP T-Bil ZTT BUN

GOT 100IU

30%

GOT 100IU

MPG GOT

 

 
 
 
 

92 
 



 
 
 
 
 
 
 
 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

93 
 



 

LH

Kesler & Garverick, 1982  

Day, 1991  Garverick, 1997  Peter, 2004  LH

GnRH LH

LH GnRH

 Brown et al., 1986  Cook et al., 1991

LH

LH

Gümen et al., 2002  Gümen & Wiltbank, 

2002  Kaneko et al., 2002 Vanholder (2005)

 

94 
 



LH hCG

LH GnRH LH

Nanda et al., 

1988  Calder et al., 1999

 

1956

2016

UDP- UGT

UGT

1986

MPG

MPG

95 
 



 

 
 

 

2-1  

53

30

60 90

7 2 3

25  mm

33 62.2% 15 28.3% 5 9.4%

 

 

2-2  

2-Mercaptopropinyl- 

glycine: MPG, 

hCG, MPG
96 

 



5,000 mg/100 ml/ 1 1 5 hCG

10,000 IU 1

MPG MPG 15 hCG

MPG hCG MPG 16 hCG MPG

hCG+MPG 12 hCG MPG hCG

hCG hCG+MPG 10 4  

4 

35 40  

 

2-3  

JMP® SAS INS.Japan

 

 
 

 

MPG MPG 15 13 86.7%

13 9 69.2% hCG

MPG hCG MPG 16 9 
97 

 



56.3% 9 6 66.7% MPG

hCG MPG 31 22 71.0%

hCG MPG hCG+MPG

12 7 58.3% 7 4 57.1%

hCG hCG MPG hCG

hCG+MPG 10 7 70% 7 4

57.1% hCG+MPG hCG hCG+MPG

22 14 63.6% 6-1  

MPG 22 1  

6 2 11 3 3 4 2 hCG+MPG 14 

1 5 2 6 3 3 6-2  

MPG 19 18

94.7% 9 4 44.4% 3

hCG+MPG

14 10 71.4% 6 3 50%

2 6-3  

 

98 
 



 

6-1 %  

MPG MPG 15 hCG MPG 16 hCG MPG
 
hCG+MPG(12 ) hCG MPG hCG hCG+MPG 10 
hCG hCG MPG  
 
 
 
 

0
10
20
30
40
50
60
70
80
90

100

 

(%)

99 
 



 

                          

6-2  

MPG (22 ) MPG hCG MPG  
hCG+MPG 14 hCG MPG hCG hCG MPG

 
 
 
 
 
 
 
 
 

0

2

4

6

8

10

12
MPG hCG+MPG

 

( ) 

100 
 



 
6-3  

 
MPG (31 ) MPG hCG MPG  
hCG+MPG 22 hCG MPG hCG hCG MPG

 
 
 
 
 
 
 
 
 
 
 
 
 

 

0
10
20
30
40
50
60
70
80
90

100
MPG hCG+MPG

 

(%) 

101 
 



 

hCG 65 80% Young uist, 

1986 GnRH 72 85% Dismore et al., 1987 hCG

GnRH Peter, 2004) hCG

GnRH

Drost & Thacher, 1992

hCG 3

Kahn, 2010 GnRH 4

Dinsmore et al., 1990 9 14

LH

7

Brito & Palmer, 2004 68%

Kim et al., 2004 hCG GnRH

 

1956

10

6 5 7 28

102 
 



70% 3

Laporte et al., 1994

Geelen & Wensing, 2006

Tanemura et al., 2016  

MPG 1980

1986 1986

15 MPG

13 86.7%

hCG

16 MPG 9 56.3%

MPG

1956 53 26 49.1%

hCG MPG

9 34.6% hCG MPG 7 26.9%

103 
 



16 61.5%

2 3 Young uist, 

1986  Dismore et al., 1987) MPG

Tanemura et al., 2016

Tanemura et al., 2017

5

 

hCG MPG

MPG

MPG hCG

hCG MPG

MPG 2

104 
 



 

3

80%

Young uist, 1986 33 62.2%

15 28.3% 5 9.4%

MPG

5

 

MPG

 

 
 

 

MPG 15 13 86.7%

hCG

105 
 



MPG 16 9 56.3%

hCG MPG

12 7 58.3% hCG hCG

MPG 10 7 70%

MPG 22

1 2 MPG+hCG 14

 

MPG

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

106 
 



 
 
 

 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 
 

107 
 



UDP

 

417 284

10%

1 1 5

284 233 188

108 
 



20.2% 25.0%

25.0 64.2%

35.8 82.1%

60%

UDP

UDT

UGT

UGT 17

62 8 UGT

109 
 



2.19 0.15 pM/min/mg protein 4.28 0.22 pM/min/mg 

protein

P<0.01

UGT

62 

62 30 

32 UGT

1.57 0.12 pM/min/mg protein 2.78 0.23 

pM/min/mg protein

P<0.01

60 90 UGT

1.27 0.20 3.10±0.51 pM/min/mg protein 

UGT 3 

UGT 2.0 

pM/min/mg protein 78.1% 

2.0 3.0 pM/min/ mg protein 22.2% 3.0 

110 
 



pM/min/mg protein 8.3% 

17  UGT

60 90 

UGT

 

179 10%

65 10% 30% 44 

30% 3

3 

3
111 

 



P<0.01

P<0.01

10  63 

MPG

63 MPG 1 1  

50ml 2,500 mg 100 ml 5,000 mg

34 30 88.2%

MPG 29 19 

65.5% MPG

MPG 63 49 77.7%

112 
 



MPG

6 61.9% 

95.8% MPG

MPG 30% 

84.2% 30% 75%

NEFA GT ALP T-Bil P<0.01

BUN P<0.05

GOT GPT -GTP P<0.05

GOT ALP T-Bil ZTT BUN 

GOT  100IU 

30%

 

MPG

hCG MPG
113 

 



7 2 3

25 mm 

53

33 62.2% 15 28.3% 5 9.4%

MPG 15 13 86.7%

hCG MPG

16 9 56.3%

hCG MPG

12 7 (58.3%) hCG

hCG MPG 10 7 70%

MPG 22

1 2 hCG+MPG

14

MPG

hCG

114 
 



hCG

305 

UGT

UGT

MPG

MPG

115 
 



 
 
 
 
 
 
 
 
 
 

116 
 



 

 
1. Armstrong, D. G., Gong, J. G. and Webb, R. 2003. Interactions 

between nutrition and ovarian activity in cattle: Physiological, 
cellular and molecular mechanisms. Reprod. Suppl. 61: 
403-414. 

2. Barr, R. W. and Sommers, S. C. 1957. Endocrine abnormalities 
accompanying hepatic cirrhosis and hepatoma. J. Clin. 
Endocrinol. Metab.  17:1017-1029. 

3. Bartlett, P. C., Ngategize, P. K., Kaneene, J. B., Kirk, J. H., 
Anderson, S. M. and Mather, E. C. 1986. Cystic follicular 
disease in Michigan Holstein-Friesian cattle: Incidence, 
descriptive epidemiology and economic impact. Prev. Vet. Med. 
4: 15-33. 

4. Beam, S. W. 1995. Follicular development in postpartum cattle: 
effects of energy balance and dietary lipid. Ph.D Dissertation, 
Cornell University, p.124-136 

5. Beam, S. W. and Butler, W. R. 1997. Energy balance and 
ovarian follicle development prior to the first ovulation 
postpartum in dairy cows receiving three levels of dietary fat. 
Biol. Reprod. 56: 133-142. 

6. Beam, S. W. and Butler, W. R. 1999. Effects of energy balance 
on follicular development and first ovulation in postpartum 
dairy cows. J. Reprod. Fertil. Suppl. 54: 411-424. 

7. Bobe, G., Young, J. W. and Beitz, D. C. 2004. Invited review: 
Pathology, etiology, prevention, and treatment of fatty liver in 
dairy cows. J. Dairy Sci. 87: 3105-3124. 

8. Bobe, G., Ametaj, B. N., Young, J. W., Anderson, L. L. and Beitz, 
D. C. 2007. Exogenous glucagon effects on health and 
reproductive performance of lactating dairy cows with mild 
fatty liver. Anim. Reprod. Sci. 102: 194-207. 

9. Bosu, W. T. K. and Peter, A. T. 1987. Evidence for a role of 
intrauterine infections in the pathogenesis of cystic ovaries in 

117 
 



postpartum dairy cows. Theriogenology 28:725–736. 
10. Brito, L. F. C. and Palmer, C. W.  2004. Cystic ovarian 

disease in cattle. Large Domest. Anim. 30: 36-38. 
11. Brown,  J. L., Schoenemann, H. M. and Reeves, J. J. 1986. 

Effect of treatment on LH and FSH receptors in chronic 
cystic-ovarian diseased dairy cows. J. Anim. Sci. 62: 1063-1071. 

12. Drackley, J. K. 1999. Biology of dairy during the transition 
period:the final frontier? J. Dairy Sci. 82: 2259-2273. 

13. Butler, W. R., Evertt, R. W. and Coppock, C. E. 1981. The 
relationship between energy balance, milk production and 
ovulation in postpartum Holstein cows. J. Anim. Sci. 53: 
742-748. 

14. Bulter, S. T., Pelton, S. H. and Bulter, W. R. 2004. Insulin 
increases 17 beta-estradiol production by the dominant follicle 
of the first postpartum follicle wave in dairy cows. 
Reproduction 127: 537-545. 

15. Bulter, S. T., Pelton, S. H. and Bulter, W. R. 2006. Energy 
balance, metabolic status, and the first postpartum ovarian 
follicle wave in cows administered propylene glycol. J. Dairy 
Sci. 89: 2938-2951. 

16. Calder, M. D., Salfen, B. E., Bao, B., Young uist, R. S. and 
Garverick, H. A. 1999. Administration of progesterone to cows 
with ovarian follicular cysts results in a reduction in mean LH 
and LH pulse fre uency and initiates ovulatory follicular 
growth. J. Anim. Sci.  77: 3037-42. 

17. Collins, R. A. and Reid, I. M. 1980. A correlated biochemical 
and stereological study of periparturient fatty liver in the dairy 
cow. Res. Vet. Sci. 28: 373-376. 

18. Cook, D. L., Parfet, J. R., Smith, C. A., Moss, G. E., 
Young uist, R. S. and Garverick, H. A. 1991. Secretory 
patterns of LH and FSH during development and 
hypothalamic and hypophysial characteristics following 
development of steroid-induced ovarian follicular cysts in dairy 
cattle. J. Reprod. Fertil. 91: 19-28 

118 
 



19. Cook, D. L., Smith, C. A., Parfet, J. R., Young uist, R. S., 
Brown, E. M. and Garverick, H. A. 1990. Fate and turnover 
rate of ovarian follicular cysts in dairy cattle. J. Reprod. Fertil. 
90: 37-46. 

20. Coppock, C. E., Noller, C. H., Wolfe, S. A., Callahan, C. J. 
and Baker, J. S. 1972. Effect of forage concentrate ratio in 
complete feeds fed ad libitum on feed intake prepartum and 
the occurrence of abomasal displacement in dairy cows. J. 
Dairy Sci. 55: 783-789. 

21. Day, N. 1991. The daiagnosis, differentiation, and 
pathogenesis of cystic ovarian disease. Vet. Med., July:753-760. 

22. Dobson, H., Ribadu, A. Y., Noble, K. M., Tebble, J. E., Ward, 
W. R. 2000. Ultrasonography and hormone profiles of 
adrenocorticotrophic hormone (ACTH)-induced persistent 
ovarian follicles (cysts) in cattle. J. Reprod. Fertil. 120: 405–
410. 

23. Drost, M. and Thatcher, W. W. 1992. Application of 
gonadotropin releasing hormone as therapeutic agent in 
animal reproduction. Anim. Reprod. Sci. 28: 11-19. 

24. Garverick, H. A. 1997. Ovarian follicular cysts in dairy 
cows. J. Dairy Sci. 80: 995-1004. 

25. Garverick, H. A., Kesler, D. J., Cantley, T. C., Elmore, R. G., 
Young uist, R. S. and Bierschwal, C. J. 1976. Hormone 
response of dairy cows with ovarian cysts after treatment with 
HCG or GnRH. Theriogenology  6: 413-425. 

26. Geelen, M. J. and Wensing, T. 2006. Studies on hepatic 
lipidosis and coinciding health and fertility problems of 
high-producing dairy cows using the “Utrecht fatty liver model 
of dairy cows”. A Review. Vet. Q. 28: 90-104. 

27. Gerloff, B. J., Herdt, T. H. and Emery, R. S. 1986. 
Relationship of hepatic lipidosis to health and performance in 
dairy cattle. J. Am. Vet. Med. Assoc. 188: 845-850. 

28. Dinsmore, R. P., White, M. E., Guard, C. L., Jasko, D. J., 
Perdrizet, J. A., Powers, P. M. and Smith, M. C. 1987. A 
randomized double blind clinical traial of two GnRH analogs 

119 
 



for the treatment of cystic ovaries in dairy cows. Cornell Vet. 
77: 235-243. 

29. Dinsmore, R. P., White, M. E. and English, P. B. 1990. An 
evaluation of simultaneous GnRH and cloprostenol treatment 
of dairy with cystic ovaries. Can. Vet. J. 31: 280-284. 

30. Glister, C., Tannetta, D. S., Groome, N. P. and Knight, P. G. 
2001. Interactions between follicle-stimulating hormone and 
growth factors in modulating secretion of steroids and 
inhibin-related peptides by nonluteinized bovine granulose 
cells. Biol. Reprod. 65: 1020-1028. 

31. Gröhn, Y., Lindberg, L. A., Bruss, M. L. and Farrer, T. B. 
1983. Fatty infiltration of liver in spontaneously ketotic dairy 
cows. J. Dairy Sci. 66: 2320-2328. 

32. Grummer, R. R. 2008. Nutritional and management 
strategies for the prevention of fatty liver in dairy cattle. Vet. J. 
176:10-20. 

33. Grummer, R. R., Bertics, S. J., Lacount, D. W., Snow, J. E., 
Dentine, M. R. and Stauffacher, R. H. 1990. Estrogen induction 
of fatty liver in dairy cattle. J. Dairy Sci. 73: 1537-1543. 

34. Grummer, R. R., Mashek, D. G. and Hayirli, A. 2004. Dry 
matter intake and energy balance in the transition period. Vet. 
Clin. North Am. Food Anim. 20: 447-470. 

35. Gümen, A., Sartori, R., Costa, F. M. J. and Wiltbank , M. C. 
2002. A GnRH/LH surge without subse uent progesterone 
exposure can induce development of follicular cysts. J. Dairy 
Sci. 85: 43-50. 

36. Gümen, A. and Wiltbank, M. C. 2002. An alteration in the 
hypothalamic action of estradiol due to lack of progesterone 
exposure can cause follicular cysts in cattle. Biol. Reprod. 66: 
1689- 1695. 

37. Hamilton, S. A., Garverick, H. A., Keisler, D. H., Xu, Z. Z., 
Loos, K., Young uist, R. S. and Salfen, B. E. 1995. 
Characterization of ovarian follicular cysts and associated 
endocrine profiles in dairy cows. Biol. Reprod. 53:890-898. 

120 
 



38. , , , , ,  
, , ,  , ,  , 
, ,  . 1986.  

. 39: 345-352. 
39. Herdt, T. H. 2000. Ruminant adaptation to negative energy 

balance. Influence on the etiology of ketosis and fatty liver. Vet. 
Clin. North Am. Food Anim. Pract. 16: 215-230. 

 
40. Higgins, R. J. and Anderson, W. S. 1983. Fat cow syndrome 

in a British dairy herd. Vet. Rec. 113: 461-463. 
41. Hippen, A. R., She, P., Young, J. W., Beitz, D. C., Lindberg, 

G. L., Richardson, L. F. and Tucker, R. W. 1999. Alleviation of 
fatty liver in dairy cows with 14-day intravenous infusions of 
glucagon. J. Dairy Sci. 82: 1139–1152. 

42. Holtenius, P. and Holtenius, K. 1996. New aspects of 
ketone bodies in energy metabolism of dairy cows: a review. J. 
Vet. Med. Series A 43: 579-587. 

43. . 1979. . , 37: 
1186-1192. 

44. Huszenicza, G. Y., Kulcsár, M., Dieleman, S. J., Nikolic, J. 
A., Jánosi, S. Z., Kóródi, P., Bartyik, J., Ribiczei-Szabó, P. and 
Rudas, P. 1998. Endocrine alterations and resumption of cyclic 
ovarian function in dairy cows affected by various forms of 
hyperketonaemia in early weeks of lactation. In: Wensing, T. 
(Ed.): Production diseases in farm animals. Abstracts of 10th 
International Conference, 24–28 August. Wageningen Press, 
Utrecht, The Netherlands, p. 239  

45. , ,  ,  , , , 
 ,  ,  , , , 

,  , , , . 1980. 

.  .  1: 127 -149. 
 

121 
 



46. Ing, N. H. and Tornesi, M. B. 1997. Estradiol up-regulates 
estrogen receptor and progesterone receptor gene expression in 
specific ovine uterine cells. Biol. Reprod. 56: 1205-1215. 

47. Jorritsma, R., Jorritsma, H., Schukken, Y. H. and Wentink, 
G. H. 2000. Relationships between fatty liver and fertility and 
some periparturient diseases in commercial Dutch dairy herds. 
Theriogenology 54: 1065-1074. 

48. Jorritsma, R., Jorritsma, H., Schukken, Y. H., Bartlett, P. 
C., Wensing, T. H. and Wentink, G. H. 2001. Prevalence and 
indicators of post partum fatty infiltration of the liver in nine 
commercial dairy herds in the Netherlands. Livest. Prod. Sci. 
68: 53-60. 

49. Katoh, N. 2000. Relevance of apolipoproteins in the 
development of fatty liver and fatty liver-related peripartum 
diseases in dairy cows. J. Vet. Med. Sci. 64: 293-307. 

50. Kawashima, C., Fukihara, S., Maeda, M., Kaneko, E., 
Montoya, C. A., Matsui, M., Shimizu, T., Matsunaga, N., Kida, 
K., Miyake, Y., Schams, D. and Miyamoto, A. 2007. 
Relationship between metabolic hormones and ovulation of 
dominant follicle during the first follicular wave post-partum 
in high-producing dairy cows. Reproduction 133: 155-163. 

51. Kahn, C. M. 2010. Cystic ovary disease. In:Kan, C. M. and 
Line, S. (eds). The Merck Veterinary Manual. 10th ed. 
Whitehouse Station, NJ: Merk., p1243-1247. 

52. Kaneko, H., Todoroki, J., Noguchi, J., Kikuchi, K., 
Mizoshita, K., Kubota, C. and Yamakuchi, H. 2002. 
Perturbation of estradiol-feedback control of luteinizing 
hormone secretion by immunoneutralization induces 
development of follicular cysts in cattle. Biol. Repro. 67: 
1840-1845. 

53. Kengaku, K., Tanaka, T. and Kamomae, H. 2007. Changes 
in the peripheral concentrations of inhibin, follicle stimulating 
hormone, luteinizing hormone, progesterone and 
estradiol-17beta during turnover of cystic follicles in dairy 

122 
 



cows with spontaneous follicular cysts. J. Reprod. Dev. 53: 
987-993. 

54. Kesler, D. J. and Garverick, H. A. 1982. Ovarian cysts in 
dairy cattle: a review. J. Anim. Sci. 55: 1147-1159. 

55. Kim, S., Kengaku, K., Tanaka, T. and Kamomae, H. 2002. 
The therapeutic effect of a progesterone-releasing intravaginal 
device(PRID) with attached estradiol capusule on ovarian 
uiescence and cystic ovarian disease in postpartum. J. Reprod. 

Dev. 50: 341-348. 
56. Kimura, Y., Arai K., Minato, K. and Noro, A. 1993.

Changes in milk, blood and rumen components at each 
lactation stage of dairy cows with high milk production. J. Jpn. 
Vet. Med. Assoc. 46: 385-391. (in Japanese with English 
summary) 

57. Kittok, R. J., Britt, J. H. and Edgerton, L. A. 1974. Serum 
steroids after gonadotropin treatment in cows with ovarian 
follicular cysts. Am. J. Vet. Res. 35: 1575-1576. 

58. Kobayashi, Y., Boyd, C. K., McCormack, B. L. and Lucy, M. 
C. 2002. Reduced insulin-like growth factor-I after acute feed 
restriction in lactating dairy cows is independent of changes in 
growth hormone receptor 1A mRNA. J. Dairy Sci. 85: 748-754. 

59. , , , , , , 
, , . 1982. 

.  225: 
27-31.  

60. , ,  , , . 2006. 
.  24: 41-46.  

61. Laporte, H. M., Hogeveen, H., Schukken, Y. H. and 
Noordhuizen, J. P. T. M. 1994. Cystic ovarian disease in Dutch 
dairy cattle, I. Incidence, risk factors and conse uences. Livest. 
Product. Sci. 38: 191-197. 

62. Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Radall, R. J. 
1951. Protein measurement with the folin phenol reagent. J. 
Biol. Chem. 193: 265-275. 

123 
 



63. McCann., V. J. and Fulton, T. T. 1975. Cortisol metabolism 
in chronic liver disease. J. Clin. Endocrinol. Metab. 40: 
1038-1044. 

64. McCormack., J. 1978. Fat cow syndrome and its 
complications. Vet. Med. Small Anim. Clin. 73: 1057-1060. 

65. Morrow, D. A. 1976. Fat cow syndrome. J. Dairy Sci. 59: 
1625-1629. 

66. Morrow , D. A., Hillman, D., Dade,  A. W. and Kitchen, Y. 
1976. Clinical investigation of a dairy herd with the fat cow 
syndrome. J. Am. Vet. Med. Assoc., 174: 161-167. 

67. Nakagawa-Ueda, H. and Katoh, N. 2000. Reduction in 
serum lecithin:cholesterol acyltransferase activity prior to the 
occurrence of ketosis and milk fever in cows. J. Vet. Med. Sci. 
62: 1263-1267.  

68. Nanda, A. S., Ward, W. R., Williams, P. C. and Dobson, H. 
1988.   Retrospective ananysis of the efficacy of different 
hormone treatments on cystic ovarian disease in cattle. Vet. 
Rec. 122: 155-158. 

69. Norin, K. E., Persson, A. K., Saxerholt, H. and Midtvedt, T. 
1991. Establishment of Lactobacillus and Bifidobacterium 
species in germfree mice and their influence on some 
microflora-associated characteristics. Appl. Environ. Microbiol. 
57: 1850-1852. 

70.

 
71. Ono, M., Ohtaki, T., Tanemura, K., Ishii, M., Watanabe, G., 

Taya, K. and Tsumagari, S. 2011. Effect of short-term fasting 
on hepatic steroid hormone metabolism in cows. J. Vet. Med. 
Sci. 73: 1145-1150. 

72. Parkinson, T. 2009. Infertility and subfertility in the cow: 
structural and functional abnormalities, management 
deficiencies and non-specific infections. pp. 393-475. In: 
Veterinary Reproduction and Obstetrics, 9tn ed. (Noakes, D. E., 

124 
 



Parkinson, T. J. and England, G. C. W. eds.), Elsevier, 
Amsterdam. 

73. Patton, J., Kenny, D. A., McNamara, S., Mee, J. F., O'Mara, 
F. P., Diskin, M. G. and Murphy, J. J. 2007. Relationships 
among milk production, energy balance, plasma analytes, and 
reproduction in Holstein-Friesian cows. J. Dairy Sci. 90: 
649-658. 

74. Peter, A. T. 2004. An update on cystic ovarian degeneration 
in cattle. Reprod. Domest. Anim. 39: 1-7 

75. Radcliff, R. P., McCormack, B. L., Keisler, D. H., Crooker, B. 
A. and Lucy, M. C. 2006. Partial feed restriction decrease 
growth hormone receptor 1A mRNA expression in postpartum 
dairy cows. J. Dairy Sci. 89: 611-619. 

 
76. Rao, G. S., Haueter, G., Rao, M. L. and Breuer, H. 1977. 

Steroid glucuronyltransferases of rat liver. Biochem. J. 162: 
545-556. 

77. Reid, I. M. 1980. Incidence and severity of fatty liver in 
dairy cows. Vet. Rec. 107: 281-284. 

78. Reid, I. M., Dew, S. M., Collins, R. A., Ducker, M. J., 
Bloomfield, G. A. and Morant, S. V. 1983. The relationship 
between fatty liver and fertility in dairy cows: a farm 
investigation. J. Agr. Sci. 101: 499-502. 

79. Reid, I. M. and Roberts, C. J. 1982. Fatty liver in dairy 
cows. In Practice 4: 164-169. 

80. Reid, I. M. and Roberts, C. J. 1983. Subclinical fatty liver in 
dairy cows. Current research and future prospects. Irish Vet. J. 
37: 104-110. 

81. Reid, I. M., Roberts, C. J. and Manston, R. 1979a. Fatty 
liver and infertility in high-yielding dairy cows. Vet. Rec. 104: 
75-76. 

82. Reid, I. M., Roberts, C. J. and Manston, R. 1979b. Reduced 
fertility associated with fatty liver in high-yielding dairy cows. 

125 
 



Vet. Sci. Commun. 3: 231-236. 
83. Roberts, S. J. 1986. Infertility in the cow. p. 495-512. In: 

Veterinary Obstetrics and Genital Disease (Theriogenology) 
3rd ed., Edwards Brothers Inc., Michigan. 

84. Roberts, C. J., Reid, I. M., Rowlands, G. J. and Patterson, A. 
1981. A fat mobilization syndrome in dairy cows in early 
lactation. Vet. Rec. 108: 7-9. 

85. Rowlands, G. J., Little, W., and Kitchenham, B. A. 1977. 
Relationships between blood composition and fertility in dairy 
–a field study.  J. Dairy Res. 44: 1-7. 

86. Rowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. 
J. 1951. Proteine measurement with the folin phenol reagent. J. 
Biol. Chem., 193: 265-275. 

87. Rukkwamsuk, T., Kruip, T. A. M. and Wensing, T. 1999. 
Relationship between overfeeding and overconditioning in the 
dry period and the problems of high producing dairy cows 
during the postparturient period. Vet. Q. 21: 71-77. 

88. Sakaguchi, M. 2011. Practical aspects of the fertility of 
dairy cattle. J. Reprod. Dev. 57: 17-33. 

89. Sakaguchi, M., Sasamoto, Y., Suzuki, T., Takahashi, Y. and 
Yamada, Y. 2006. Fate of cystic ovarian follicles and the 
subse uent fertility of early postpartum dairy cows. Vet. Rec. 
159: 197-201. 

90. Sato, S., Ono, H., Uematu, M., Hatakeyama, N. and 
Tunoda, M. 2003. Blood components of periparturient diseased 
cows during dry periods. Jpn. J. Large Anim. Clin. 26: 21-26. 
(in Japanese with English summary) 

91. , , , , . 1983. 
245: 25-29. 

92. Seguin, B. E., Convey, E. M. and Oxender, W. D. 1976. 
Effect of gonadotropin-releasing hormone and human chorionic 
gonadotropin on cows with ovarian follicular cysts. Am. J. Vet. 
Res. 37: 153-157.   

126 
 



93. . 1984. . 125: 50-57. 

94. Silvia, W. J., Hatler, T. B., Nugent, A. M. and Laranja da 
Fonseca, L. F. 2002. Ovarian follicular cysts in dairy cows: an 
abnormality in folliculogenesis. Domest. Anim. Endocrinol. 
23:167-177. 

95. Simerly, R. B., Carr, A. M., Zee, M. C. and Lorang, D. 1996. 
Ovarian steroid regulation of estrogen and progesterone 
receptor messenger ribonucleic acid in the anteroventral 
periventricular nucleus of the rat. J. Neurodocrinol. 8: 45-56. 

96. Sovani, S., Heuer, C., Straalen, W. M. and van Noordhuizen, 
J. P. T. M. 2000. Disease in high producing dairy cows following 
post parturient negative energy balance. Proceeding Soc. Vet. 
Epid. Prev. Med, Annual Conference, Edinburgh. p.137-150 

97. Spicer, L. J., Alpizar, E. and Echternkamp, S. E. 1993. 
Effects of insulin, insulin-like growth factor , and 
gonadotropins on bovine granulosa cell proliferation, 
progesterone production, estradiol production, and (or) 
insulin-like growth factor in vitro. J. Anim. Sci. 71: 1232-1241. 

98. Staples, C. R., Thatcher, W. W. and Clark, J. H. 1990. 
Relationship between ovarian activity and energy status 
during the early postpartum period of high producing dairy 
cows. J. Dairy Sci. 73: 938-948. 

99. Stoebel, D. P. and Moberg, G. P. 1982. Effect of 
adrenocorticotropin and cortisol on luteinizing hormone surge 
and estrous behavior of cows. J. Dairy Sci.,  65: 1016-1024. 

100. , , , , . 1976. 
-5- 

658 279-281. 
101. Tamura, T., Seimiya, Y., Takahashi, M. and Murakami, R. 

2003. Hepatic encephalopathy associated with severe fatty 
liver in a post-parturient cow. J. Jpn. Vet. Med. Assoc. 56: 
587-591. (in Japanese with English summary) 

127 
 



102. , , , , , . 
1986. .  39: 
749-756. 

103. Tanemura, K., Ohtaki, T., Ono, M. and Tsumagari, S. 2016. 
Development of ovarian diseases in dairy cows with a history of 
fatty liver, and their prognosis.  J. Vet. Med. Sci. 78: 755-760.  

104. Tanemura, K., Ohtaki, T., Kuwahara, Y. and Tsumagari, S.  
2017.  Association between liver failure and hepatic 
UDP-glucrosyltransferase activity in dairy cows with follicular 
cysts. J. Vet. Med. Sci., doi:10.1292/jvms. 15-0674. 

105. Tsumagari, S., Kamata, K., Takagi, K., Tanemura, A, Yosai, 
A., Takeisihi, M. 1993. Aromatase activity and oestrogen 
concentrations in bovine cotyledons and caruncles during 
gestation and parturition, J. Reprod. Fertil. 98: 631-636. 

106. , , , , . 1956. 
I. .  

9: 210-214.  
107. Vanholder, T., Leroy, J. L., Dewulf, J., Duchateau, L., Coryn, 

M., de Kruif, A. and Opsomer, G. 2005. Hormonal and 
metabolic profiles of high-yielding dairy cows prior to ovarian 
cyst formation or first ovulation post partum. Reprod. Domest. 
Anim. 40: 460-467. 

108. Vanholder, T., Opsomer, G. and de Kruif, A. 2006. Aetiology 
and pathogenesis of cystic ovarian follicles in dairy cattle: a 
review. Reprod. Nutr. Dev. 46: 105-119. 

109. Veenhuizen, J. J., Drackley, J. K., Richard, M. J., 
Sanderson, T. P., Miller, L. D. and Young, J. W. 1991. Metabolic 
changes in blood and liver during development and early 
treatment of experimental fatty liver and ketosis in cows. J. 
Dairy Sci. 74: 4238-4253. 

110. Wada, Y., Muto, M. and Matsuura, K. 1995. Prognosis of 
cows with displaced abomasum and fatty infiltration of the 
liver. J. Jpn. Vet. Med. Assoc. 48: 387-390. (in Japanese with 
English summary) 

128 
 



111. Watson, E. D. and Williams L. A. 1987. Influence of liver fat 
on post-partum hormone profiles in dairy cows. Anim. Prod. 45: 
9-14. 

112. White, H. M. 2015. The role of TCA cycle anaplerosis in 
ketosis and fatty liver in periparturient dairy cows. Animals 5: 
793-802. 

113. Wiltbank, M., Lopez, H., Sartori, R., Sangsritavong, S. and 
Gümen, A. 2006. Changes in reproductive physiology of 
lactating dairy cows due to elevated steroid metabolism. 
Theriogenology 65: 17-29. 

114. Xu, J., Kulkarni, S. R., Li, L. and Slitt, A. L. 2012. 
UDP-glucronosyltransferase expression in mouse liver is 
increased in obesity- and fasting-induced steatosis. Drug 
Metab. Dispos. 40: 259-266. 

115. , , . 1984. 
.  247: 37-40. 

116. Yoshioka, K. and Iwamura, S. 1996. Ultrasonic 
observations on the turnover of ovarian follicular cysts and 
associated changes of plasma LH, FSH, progesterone and 
oestradiol-17beta in cows. Res. Vet. Sci. 61: 240-244. 

117. You, L., 2004, Steroid hormone biotransformation and 
xenobiotic induction of hepatic steroid metabolizing enzymes. 
Chem. Biol. Interact. 147: 233-246. 

118. Young uist, R. S. 1986. Cystic follicular degeneration in the 
cow. In: Morrow D (editor). Current therapy in Theriogenology. 
2nd ed., 1986, Philadelphia, WB Saunders Co. p 243-246 

119.  2002.  p73, 
, . 

120. Zulu, V. C., Nakao, T. and Sawamukai, Y. 2002. Insulin-like 

growth factor-  as a possible hormonal mediator of 

nutritional regulation of reproduction in cattle. J. Vet. Med. Sci. 
64: 657-665. 

121. Zulu, V. C., Sawamukai, Y., Nakada, K., Kida, K. and 
Moriyoshi, M. 2002. Relationship among insulin-like growth 

129 
 



factor-I, blood metabolites and post partum ovarian function in 
dairy cows. J. Vet. Med. Sci. 64: 879-885. 

122. Zumoff, B., Bradlow, H. L., Gallagher, T. F. and Hellman, L. 
1967. Cortisol metabolism in cirrhosis. J. Clin. Invest. 46: 
1735-1743. 

 

 
 

130 
 


