
 
 

 

 

 
 
 
 
 

2016  

 
 

 

 
 

 
 

 



 

i 
 

 

 1 

1 ET
  

1-1.  6 

1-2. 1 ET BFA  7 

1)  7 

2)  13 

1-3. 2 ET BFA  15 

1)  15 

2)  17 

1-4.  18 

1-5.  21 

 22 

 

2 ET  

2-1.  39 

2-2.  39 

2-3.  42 



 

ii 
 

2-4.  43 

2-5.  46 

 47 

 

3 GnRH
 

3-1.  54 

3-2.  55 

3-3.  58 

3-4.  60 

3-5.  64 

 65 

 

4  81 

 88 

 89 

 

 

 



 

iii 
 

 

P4           Progesterone  

E2        Estradiol-17   

CL       Corpus luteum  

DF       Dominant follicle  

GnRH      Gonadotropin-releasing hormone  

hCG  Human chorionic gonadotropin  

FSH        Follicle stimulating hormone  

LH       Luteinizing hormone  

BFA      Blood flow area  

TAMV    Time-averaged maximum velocity  

VEGF  Vascular endothelial growth factor  

FGF    Basic fibroblast growth factor  

BCS       Body condition scores  

ET     Embryo transfer  

AI         Artificial insemination  

EIA Enzyme immune assay  

HRP  

OPD  

PG  Prostaglandin  



 

 

2013

FAO 14 6800

2015

137 249

 

2

1 1

1950 AI

AI 34

 AI 42

44 32

43

9,14

1



92 98 P4

42, 44  

P4 

P4 45 57

60 P4

88 P4 

1 46 P4

1 97

40 100

P4

P4 11

 

1970 ET

85

8 86 ET AI

ET

2014

14000 ET 96000

2



2 5

3 70 17

70 AI ET

AI 7

ET 1980

50% 27 57

79 82  

ET 12 28 57 64 P4

ET 57 64

P4 P4

P4

P4 4 36 65

ET

ET

 

30

52

Brightness B -

3



49 76 1990

10 49

1 2 30

1 30

2

P4 30

P4

30 52

ET

 

AI 40

90 2000

AI 25 29

26 87

21

21

 

 AI ET GnRH

GnRH

- -

16 GnRH

LH FSH

16 GnRH

4



AI ET GnRH P4

31 54 62 72 73 91 GnRH LH

10 mm 69 72 73 94

P4 72 73

83 73 83 91

21 LH

 

P4

ET

ET 1

ET ET

P4 ET

2 ET

7

ET7

3

ET GnRH

1 2

  

5



1 ET

 

 

1-1.  

P4 45

57 60 ET P4

57 64 P4

P4

4 36 65

ET

P4

E2

12 28 56 64 84

1

2 30 P4

30 52 ET ET

 

ET ET

6



P4

 

 

1-2. 1 ET BFA  

 

1)  

 

 

50

65 4.21 ± 0.27 2.50 ± 0.23

1

TMR

1 2 28.29 ± 2.42kg/   

BCS Edomonson 20

3.50 ± 0.08    

 

 

n = 34

 (n = 31) Day 0 Day 3, 5 7

BFA

TAMV

P4 Day 

7



7 20mm 58

1 Day 7 ET Day 30

1

Fig. 1-1.  

 

 

34

Day 0 n = 31

Siqueira 77

Day 12 2mg EB

KS 1.9 g

 CIDR 1900

Day 2 CIDR1900 500 μg

PG F2α

24 Day 1

1mgEB

Fig. 1-2.  

 

ET 

Day 7 19

28mm 50 93 20mm 20mm

ET 56 Day 7

20mm 58 ET

AI International 

8



Embryo Transfer Society http://www.iets.org/ quality grade 

1  developmental stage 4 n = 22 n = 36

4

1  

 

 

ET 23 Day 30 7.5MHz

 Tringa V linear Esaote SpA Genoa Italy

 

 

 

Day 3 5 7 7.5MHz

MyLab five Esaote 

SpA Genoa Italy B-

Day 7

 

7.5MHz

MyLab five Esaote SpA Genoa Italy color-flow Doppler 

mapping mode

 BFA

9



 (Fig. 1-3.)  

BFA

Image J version 1.49 the U.S. National Institutes of 

Health http://imagej.nih.gov/ij/ USA

 

TAMV Fig. 1-

4.  

 

P4  

Day 3 5 7 21G

TERUMO 10ml

30 3,000g 15

P4 30  

EIA

P4 96 IgG Cappel

Cochranville PA USA

IgG 50 

mM NaCO3-NaHCO3(pH9.6) 15 μg/mL

100 μL

4 2

200 μL 20 mM Tris-HCl (pH7.2), 0.5% (w/v) 

(BSA) 2% (w/v) 0.01% (w/v) 

250 μL

10



4

 

EIA P4

HRP P4 Cosmo Bio FKA-301 P4

Cosmo Bio  HRP

OPD Wako HRP  492 

nm P4

250 μL 10 mM Tris-HCl (pH7.5) 0.3 M NaCl 0.1% (v/v) Tween20

36 12 4.0 1.33 0.33 ng/mL 25 μL

P4 SIGMA-ALDRICH

St. Louis USA 100 μL 50 mM Tris

(pH7.5) 0.2% (w/v) BSA 10% (w/v) 

80 P4 FKA-302E Cosmo 

Bio 100 μL Tris 16 HRP P4100 μL

3

4 100 μL

0.2 M (pH4.5) 0.03% (v/v) H2O2 0.05% (w/v) OPD

30 HRP OPD

3M 50μL 1

BioRad, Hercules, 

USA 492 nm  

 

11



 

 

  

BFA TAMV BFA/

BFA/ Day 3 BFA TAMV

P4 2

Day Bonferroni

BFA TAMV P4 2

Student t SPSS 13

SPSS Japan 5% P < 0.05

Day 7

10 BCS

BFA TAMV P4  

3

P4 BFA TAMV

receiver operating characteristics ROC ROC

Perkins 61 100%

 

 

12



 

2)  

 

 

Table1-1.

63.6% 14/22 55.6% 20/36

 

Day 30 n = 34 n = 24

BCS Table 1-2.

 

 

 

BFA Fig. 1-5. A BFA

Day 7

P < 0.01  

TAMV Fig. 1-5. B TAMV

 

Day 3 BFA TAMV Fig. 1-6. BFA

Day 7 P < 

0.05 TAMV  

BFA/ BFA/ Fig. 1-7.

13



BFA/ Day 7

P < 0.01 BFA/

P < 0.01  

BFA TAMV Fig. 1-

8. A B BFA TAMV

 

 

P4  

P4 Fig. 1-9.

 

P4 Fig. 1-8. C-F

 

BFA TAMV P4 Table1-3.

BFA TAMV P4

P < 0.05  

 

 

10 BCS

BFA TAMV P4

512

14



Table 1-4. Day 7 BFA 

P4

Day 7 P 0.458 0.620 0.715  

ROC Fig. 1-10. Day 7 BFA

Day 7

Table 1-5. BFA 0.43 cm2

79.4% 75.0%

 

 

1-3. 2 ET BFA  

 

1)  

 

 

1 50

38 4.02 ± 0.31  2.12 ± 0.20    

1

BCS Edomonson 20

3.41 ± 0.06    

 

 

1 Day 0 Day 7

BFA 20mm

15



ET Day 30

2 Fig. 1-11.  

 

 

Day 7 BFA 7.5MHz

MyLab five Esaote SpA Genoa Italy

color-flow Doppler mapping mode BFA

1 BFA

 

 

ET 

1 Day 7 20mm

ET AI

quality grade 1  developmental stage 4 n 

= 18 n = 20

4

1  

 

 

ET 23 Day 30 7.5MHz

Tringa V linear Esaote SpA Genoa Italy

 

 

16



 

BFA  

1 7.5MHz

MyLab five Esaote SpA Genoa Italy color-

flow Doppler mapping mode

BFA BFA Image 

J version 1.49 the U.S. National Institutes of Health

http://imagej.nih.gov/ij/ USA  

 

 

1 BFA 0.43 cm2 n 

= 15 0.43 cm2 n = 23

1  

 

2)  

38 16 42.1% 1

BFA 0.43 cm2 15 0.43 cm2

23 15 13

2 23

17



3 20 86.7 %

13/15 87.0 % 20/23 81.3 % 13/16  90.9 %

20/22 Table 1-6.  

 

1-4.  

ET ET

Day 7 BFA BFA/

BFA/ Day 

7 P4 TAMV BFA

0.43cm2

BFA

 

1

80

 

BFA P4

30 49 76

P4 30

P4 BFA BFA

18



P4 30

P4 BFA TAMV

Day 7

P4 TAMV

BFA Day 7

P4 BFA

P4

24 15 55 P4

11 97

P4 95

96 P4

P4 95

96 P4 Day 7

BFA

P4 P4

P4  

1 P4

Day 7

19-28 mm 50 93 P4

36 Day 7 20 

mm ET

19



P4

ET

47 56 57

E2 E2

47 57

56 2 3

1 2

71 78 71

6 7 1 12.0 15.0 mm

E2 5 71 ET 10mm

Day 7

20 mm

Miura 51

AI 1

E2

AI

51

E2 Day 7

 

2 1 BFA

38 BFA 0.43 cm2

20



15 0.43 cm2 23

1

1 BFA

 

ET

BFA TAMV P4

Day 7 BFA

BFA

0.43 cm2

P4

BFA

Day7 BFA

 

 

1-5.  

ET BFA

P4

P4

BFA  

 

21



0 3 5 7 30

ET PD

Fig. 1-1. Schematic views of ultrasound examinations and sampling schedules.
The day on which the recipient cow had been observed to be in standing estrus
was considered to be Day 0. Ultrasound examination of ovaries and blood
samplings ( ) were conducted on Day 3, 5, and 7. Embryo transfer (ET) and
pregnancy diagnosis (PD) were conducted on Day 7 and 30, respectively.
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Day 0 7

ET

Day –12 –2 –1 7

ET

0

Fig. 1-2. Schematic views of treatments for estrus synchronization. The estrus of
cows in the spontaneous estrus group (n = 34) was detected without
synchronization. Cows in the synchronized group (n = 31) were treated with the
following protocol; estradiol benzoate (EB, 2 mg, i.m.) with a simultaneous
insertion of an intravaginal progesterone (P4 )-releasing device containing 1.9 g of
P4 (CIDR 1900) on Day –12, prostaglandin-F2α analogue (PGF2α, 500 μg, i.m.) and
CIDR 1900 removal on Day –2, and a second administration of EB (1 mg, i.m.)on
Day –1. The day on which the recipient cow had been observed to be in standing
estrus was considered to be Day 0.
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Fig. 1-3. Image of the corpus luteum (CL) using color Doppler ultrasonography.
The colored area was measured as BFA.
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A B

Fig. 1-4. Schematic model of the corpus luteum and the spiral artery in
cows illustrated by according to Yamada et al. (1995). A: The corpus
luteum, B: The spiral artery. The arrow indicates the point where blood
flow velocity was measured (the basement of the spiral artery).

25



-

–
–

–

26



-

27



Fig. 1-5. Changes in the blood flow area (BFA) of the corpus luteum (A) and the
time-averaged maximum velocity (TAMV) of the spiral artery (B). Black bars
represent the pregnant group (n = 34). White bars show the non-pregnant
group (n = 24). Data points show the mean SEM for each day. The BFA of
the pregnant group was significantly higher than those of the non-pregnant
group on Day 7. The TAMV did not differ among these groups.
Difference between the two groups (P < 0.01) on the day indicated.
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Fig. 1-6. Relative changes of the blood flow area (BFA) (A) and the time-
averaged maximum velocity (TAMV) (B) (% of respective values on Day 3). Data
points show the mean SEM for each day. The relative changes of BFA in the
pregnant group was significantly higher than those in the non-pregnant group
on Day 7. The relative changes of TAMV did not differ among these groups.
Difference between the two groups (P < 0.05) on the day indicated.
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Fig. 1-7. Relative changes in the blood flow area (BFA) expressed as the
percentage of the corpus luteum (CL) area (A) and the CL tissue area (B) .
Data points show the mean SEM for each day. The BFA/CL area of the
pregnant group was significantly higher than those of the non-pregnant group
on Day 7. The BFA/CL tissue area of the pregnant group was significantly
higher than those of the non-pregnant group throughout the experimental
period.
Difference between the two groups (P < 0.01) indicated.
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Fig. 1-8. Changes in the blood flow area (BFA) (A), the time-averaged maximum
velocity (TAMV) (B), plasma P4 concentrations (C), corpus luteum (CL) area (D), CL
tissue area (E), and dominant follicle (DF) area (F). Black bars represent the
spontaneous estrus group (n = 34). White bars show the synchronized estrus group (n
= 31). Data points show mean SEM for each day. There were no significant
differences between the spontaneous estrus group and the synchronized estrus group.
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Fig. 1-9. Changes in the corpus luteum (CL) area (A), CL tissue area (B), dominant
follicle (DF) area (C), and plasma P4 concentrations (D). Black bars represent the
pregnant group (n = 34). White bars show the non-pregnant group (n = 24). Data
points show the mean SEM for each day. In both groups, these trait values
gradually increased during the experimental period and did not differ between the
groups.
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Fig. 1-10. Receiver operating characteristic (ROC) curves of the five pregnancy
predictors on Day 7. The horizontal and vertical axes are a false positive rate
(1 - specificity) and sensitivity, respectively. Thus, the upper left corner is the
ideal point of 100% sensitivity and 100% specificity. The BFA provided the
most appropriate prediction of pregnancy among the other four single
predictors.
Abbreviations: BFA; blood flow area, TAMV; time-averaged maximum velocity,
CL; corpus luteum.
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0 7 30

ET PD

Fig. 1-11. Schematic views of ultrasound examinations and sampling schedules.
The day on which the recipient cow had been observed to be in standing estrus
was considered to be Day 0. Ultrasound examination of ovaries ( ) was
conducted on Day 7. Embryo transfer (ET) and pregnancy diagnosis (PD) were
conducted on Day 7 and 30, respectively.
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Fig. 2-1. Schematic views of treatments, ultrasound examinations, and sampling
schedules. The day on which the recipient cow had been observed to be in
standing estrus was considered to be Day 0. Ultrasound examination of ovaries
and blood samplings ( ) were conducted on Day 14. Embryo transfer (ET) and
pregnancy diagnosis (PD) were conducted on Day 7 and 30, respectively.
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Fig. 2-2. The blood flow area (BFA) of the corpus luteum (A) and the time-
averaged maximum velocity (TAMV) of the spiral artery (B) on Day 14. Black
bars represent the pregnant group (n = 34). White bars show the non-pregnant
group (n = 24). Data points show the mean SEM for each day. The BFA and
TAMV of the pregnant group were significantly higher than those of the non-
pregnant group on 14.
Difference between the two groups (P < 0.01) indicated.
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Fig. 2-3. Relative changes of the blood flow area (BFA) (A) and the time-
averaged maximum velocity (TAMV) (B) (% of respective values on Day 7). Data
points show the mean SEM for each day. The relative change of BFA did not
differ among these groups. The relative change of TAMV in the pregnant group
tended to be higher than that in the non-pregnant group.

Difference between the two groups (P < 0.1) on the day indicated.
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Fig. 2-4. The corpus luteum (CL) area (A), CL tissue area (B), dominant follicle
(DF) area (C), and plasma P4 concentrations (D) on Day 14. Black bars represent
the pregnant group (n = 34). White bars show the non-pregnant group (n = 24).
Data points show the mean SEM for each day. In both groups, these trait
values did not differ between the groups.
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Fig. 2-5. Receiver operating characteristic (ROC) curves of the five pregnancy
predictors on Day 14. The horizontal and vertical axes are a false positive rate (1
- specificity) and sensitivity, respectively. Thus, the upper left corner is the ideal
point of 100% sensitivity and 100% specificity. The paired BFA and TAMV were
the most appropriate predictors among the other predictors.
Abbreviations: BFA; blood flow area, TAMV; time-averaged maximum velocity,
CL; corpus luteum.
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Fig. 3-1. Schematic views of treatments, ultrasound examinations, and sampling
schedules. The day on which the recipient cow had been observed to be in standing
estrus was considered to be Day 0. Ultrasound examinations of ovaries and blood
samplings ( ) were conducted on Day 3, 5, 7, and 14. Embryo transfer (ET) and
pregnancy diagnosis (PD) were conducted on Day 7 and 30, respectively. Cows in
the gonadotropin-releasing hormone (GnRH) group received GnRH analogs (100 μg,
i.m.) on Day 5 after ultrasound examination and blood sampling.
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Fig. 3-2. Changes in the blood flow area (BFA) of the corpus luteum (A) and the
time-averaged maximum velocity (TAMV) of the spiral artery (B). White and black
bars represent the control group (n = 63) and gonadotropin-releasing hormone
(GnRH) group (n = 57), respectively. Data points show the mean SEM for each day.
The BFAs of the GnRH group were significantly higher than those of the control
group on Day 7 and 14. The TAMV did not differ among these groups.
Difference between the two groups (P < 0.01) on the day indicated.
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Fig. 3-3. Changes in the corpus luteum (CL) area (A), CL tissue area (B),
plasma P4 concentrations (C), and dominant follicle (DF) area (D). Black bars
represent gonadotropin-releasing hormone (GnRH) group (n = 57). White bars
show the control group (n = 63). Data points show the mean SEM for each day.
The CL area, CL tissue area and plasma P4 concentrations did not differ among
these groups. The DF areas of the GnRH group were significantly lower than
those of the control group on Days 7 and 14.

Difference between the two groups (* P < 0.05, ** P < 0.01) on the day
indicated.

(A) (B)

(C) (D)
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Fig. 3-4.. Blood flow area (BFA) in the corpus luteum (A; Day 3, B; Day 5) and the time-
averaged maximum velocity (TAMV) of the spiral artery (C; Day 3, D; Day 5) in the
pregnant and non-pregnant groups. Black and white bars represent the non-pregnant
group (n = 49) and pregnant group (n = 71), respectively. Data points represent the
mean standard error of the mean (SEM) for each group. The BFA of the pregnant
group was significantly higher than those of the non-pregnant group on Day 5. The
TAMV did not differ among these groups.
Difference between the two groups (P < 0.05) indicated.
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Fig. 3-5. The blood flow area (BFA) of the corpus luteum (CL) in the control (non-
pregnant “dotted column” and pregnant “white column”) and gonadotropin-releasing
hormone (GnRH) (non-pregnant “slanted-line column” and pregnant “black
column”) groups (A) and the representative image of each group on Day 7 (B). The
BFAs summed the colored areas in the CL in the images, respectively (B). Data
points show the mean SEM for each group. Letters (P < 0.05) indicate significant
differences determined by t-tests with Bonferroni's multiple comparison correction.
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Fig. 3-6. The blood flow area (BFA) of the corpus luteum (CL) in the control (non-
pregnant “dotted column” and pregnant “white column”) and gonadotropin-releasing
hormone (GnRH) (non-pregnant “slanted-line column” and pregnant “black column”)
groups (A) and the representative image of each group on Day 14 (B). The BFAs
summed the colored areas in the CL in the images, respectively (B). Data points
show the mean SEM for each group. Letters (P < 0.05) indicate significant
differences determined by t-tests with Bonferroni's multiple comparison correction.
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Fig. 3-7. The time-averaged maximum velocity (TAMV) of the spiral artery in the
control (non-pregnant “dotted column” and pregnant “white column”) and
gonadotropin-releasing hormone (GnRH) (non-pregnant “slanted-line column” and
pregnant “black column”) groups on Day 7 (A) and 14 (B). Data points show the
mean SEM for each group. Different letters (P < 0.05) indicate significant
differences determined by t-tests with Bonferroni's multiple comparison correction.
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Fig. 3-8. Changes in the corpus luteum (CL) area (A) and CL tissue area (B) in the
control (non-pregnant “dotted column” and pregnant “white column”) and
gonadotropin-releasing hormone (GnRH) (non-pregnant “slanted-line column” and
pregnant “black column”) groups. Data points represent the mean SEM for each
day. The values of these trait did not differ among the four groups by t-tests with Bonferroni's
multiple comparisons correction (P > 0.05).
.
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Fig. 3-9. Receiver Operating Characteristic (ROC) curves of the five predictors of
pregnancy in the control (A) and gonadotropin-releasing hormone (GnRH) (B)
groups on Day 7. The horizontal and vertical axes are the false positive rate (1 –
specificity) and sensitivity, respectively, and thus, the left upper corner is the ideal
point of 100% sensitivity and 100% specificity.
Abbreviations: BFA; blood flow area, TAMV; time-averaged maximum velocity, CL;
corpus luteum.
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Fig. 3-10. Receiver Operating Characteristic (ROC) curves of the five predictors of
pregnancy in the control (A) and gonadotropin-releasing hormone (GnRH) (B)
groups on Day 14. The horizontal and vertical axes are the false positive rate (1 –
specificity) and sensitivity, respectively, and thus, the left upper corner is the ideal
point of 100% sensitivity and 100% specificity. Abbreviations: BFA; blood flow area,
TAMV; time-averaged maximum velocity, CL; corpus luteum.
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Fig. 3-11. Receiver Operating Characteristic (ROC) curves of the blood flow area
(BFA) of the corpus luteum on Day 7 (A) and the paired BFA and TAMV of the
spiral artery (B) on Day 14. The horizontal and vertical axes are the false positive
rate (1 – specificity) and sensitivity, respectively, and thus, the left upper corner is
the ideal point of 100% sensitivity and 100% specificity.
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