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Fig. 2.1. 

Schematic diagram of experimental model of W1DF and W2DF in Experiment 1. 

In the first follicular wave, the day of spontaneous ovulation was defined as Day 

0. In the second follicular wave, the day of spontaneous ovulation was defined as 

Day 7. Ovulation of the first-wave dominant follicle (DF) was induced by 

GnRH treatment on Day 2 to induce a new follicular wave, and induced 

ovulation was confirmed 36 h after GnRH treatment on Day 0. W1DF; DF in the 

first follicular wave. W2DF;DF in the second follicular wave. B-mode US = 

trans-rectal ultrasonography. Color Doppler US = trans-rectal color Doppler 

ultrasonography. 
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Fig. 2.2. 

 Measuring method of blood flow area (BFA). Image of (A) is 

dominant follicle with blood flow signals in the follicular wall 

using color Doppler  ultrasonography. The area of blood flow 

signals which is enclosed by white line is measured as BFA 

(image B).   

(A) (B) 
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Fig. 2.3. 

 Comparative changes of plasma P4 concentration of W1DF and 

W2DF from Day 0 to 6. Day 0 = The day of follicular wave 

emergence. W1DF; Dominant follicle (DF) in the first follicular 

wave. W2DF;DF in the second follicular wave. Effect of group 

(G) (P < 0.001), day (D) (P < 0.001) and interaction between 

group and day (G,D) (NS). Values are mean  SEM of each point. 
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Fig. 2.4. 

 Comparative changes of dominant follicle (DF) of W1DF and W2DF 

from Day 3 to 6. Day 0 = The day of follicular wave emergence. W1DF; 

DF in the first follicular wave. W2DF; DF in the second follicular wave. 

Effect of group (G) (P < 0.01), day (D) (P < 0.01) and interaction 

between group and day (G,D) (P < 0.01). The asterisk denotes 

difference between each point, : P < 0.05. Values are mean  SEM of 

each point.
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Table 2.1. Blood flow in the follicular wall on Day6.  

W1DF W2DF P-value 

BFA(cm2) 
BF% (%) 

0.32 0.05 0.21 0.05 
24.37 2.64 18.35 3.17 P < 0.1 

Values are mean  SEM. 

P < 0.1 

W1DF = Dominant follicle (DF) in the first follicular wave.  
W2DF = DF in the second follicular wave.  
BFA = Blood flow area. 
BF% = The percentage of follicle circumference with blood flow signals.  
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Fig. 2.5. 

Schematic diagram of experimental model of W1DF and W2DF in Experiment 2. 

In the first follicular wave, the day of spontaneous ovulation was defined as Day 

0. To induce follicular maturation, PGF2α and GnRH were administrated on Day 

6 and 8, respectively. In the second follicular wave, the day of spontaneous 

ovulation was defined as Day 7. Ovulation of the first-wave dominant follicle 

(DF) was induced by GnRH treatment on Day 2 to induce a new follicular wave, 

and induced ovulation was confirmed 36 h after GnRH treatment on Day 0. 

PGF2α and GnRH were administrated on Day 6 and 8, respectively. W1DF; DF in 

the first follicular wave. W2DF;DF in the second follicular wave. Color Doppler 

US = trans-rectal color Doppler ultrasonography. 
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Fig. 2.6. 

 Comparative changes of dominant follicle (DF) of W1DF and 

W2DF from Day 6 to 9. Day 0 = The day of follicular wave 

emergence. W1DF; DF in the first follicular wave. W2DF;DF in 

the second follicular wave. Effect of group (G) (P < 0.001), day 

(D) (P < 0.001) and interaction between group and day (G,D) (NS). 

Values are mean  SEM of each point. 
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 Comparative changes of plasma  P4 concentration of W1DF and 

W2DF from Day 6 to 9. Day 0 = The day of follicular wave 

emergence. W1DF; Dominant follicle (DF) in the first follicular 

wave. W2DF;DF in the second follicular wave. Effect of group 

(G) (P < 0.01), day (D) (P < 0.01) and interaction between 

group and day (G,D) (P < 0.05). The asterisk denotes difference 

between each point, : P < 0.05. Values are mean  SEM of 

each point.  
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Fig. 2.8. 

 Comparative changes of blood flow area (BFA) and the percentage of follicle 

circumference with blood flow signals (BF%) of W1DF and W2DF on Day 6 to 9. 

Cows were treated with PGF2α and GnRH on Day 6 and Day 8, respectively. Day 

0 = day of follicular wave emergence. W1DF; Dominant follicle (DF) in the first 

follicular wave. W2DF;DF in the second follicular wave. For BFA, effect of 

group (G) (P < 0.01), day (D) (P < 0.01) and interaction between group and day 

(G,D)(P < 0.05). For BF%, effect of group (G) (P < 0.01), day (D) (P < 0.01) and 

interaction between group and day (G,D) (P < 0.01). The asterisk denotes 

difference between each points,  : P < 0.05,   : P < 0.01. Values are mean  

SEM of each point. 
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Table 2.2. Plasma E2 concentration on Day 8.  

W1DF W2DF P-value 

E2 (pg/ml) 7.5 0.9 4.4 0.5 

Values are mean  SEM. 

P < 0.01 

Day8 = The day of after 48h of PGF2α treatment. 
W1DF = Dominant follicle (DF) in the first follicular wave.  
W2DF = DF in the second follicular wave.  
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Fig. 2.9. 

Schematic diagram of experimental model of W1DF and W2DF in 

Experiment 3. In the first follicular wave, the day of spontaneous ovulation 

was defined as Day 0. To induce follicular maturation, PGF2α and GnRH 

were administrated on Day 6 and 8, respectively. In the second follicular 

wave, the day of spontaneous ovulation was defined as Day 7. Ovulation of 

the first-wave dominant follicle (DF) was induced by GnRH treatment on 

Day 2 to induce a new follicular wave, and induced ovulation was 

confirmed 36 h after GnRH treatment on Day 0. PGF2α and GnRH were 

administrated on Day 6 and 8, respectively. W1DF; DF in the first follicular 

wave. W2DF;DF in the second follicular wave. DF were aspirated by trans-

vaginal ultrasonography in different estrous cycle. 
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Table 2.3. Primers used in real-time PCR.  

Gene Sequence of nucleotide(5  - 3 ) Accesion No. 

LHr Fa 

Rb 
GCATCCACAAGCTTCCAGATGTTACGA 
GGGAAATCAGCGTTGTCCCATTGA 

CYP19A1 F 
R 

TTGCAAAGCATCCCCAGGTT 
AGGTCCACAACGGGCTGGTA 

COX - 2 
F 
R 

TCCTGAAACCCACTCCCAACA 
TGGGCAGTCATCAGGCACAG 

PGFS F 
R 

GATCAAAGCGATTGCAGACA 
CAATGCGTTCAGGTGTCACT 

PGES F 
R 

CGCTGCTGGTCATCAAAAT 
GGAAGGGGTAGATGGTCTCC 

iNOS F 
R 

TCATCTTCGCCACCAAGCAG 
CAGTGATGGCCGACCTGATG 

eNOS F 
R 

GGAAATCGGGGGTCTGGAGT 
TTGGCGAGCTGAAAGCTGTG 

Size(bp) 

NM 174381 

Z32741 

AF031698 

S54973 

AY032727 

U14640 

M89952 

204 

151 

241 

113 

186 

180 

219 

Annealing  
temperature(  C ) 

62 

60 

60 

59 

60 

60 

60 

VEGF120 F 
R 

CCCAGATGAGATTGAGTTCATTTT 
GCCTCGGCTTGTCACATTTT 

M32976 377 56 

VEGF164 F 
R 

CCCAGATGAGATTGAGTTCATTTT 
AGCAAGGCCCACAGGGATTT 

M32976 245 58 

GAPDH F 
R 

CTCTCAAGGGCATTCTAGGC 
TGACAAAGTGGTCGTTGAGG 

NM001034034 160 

a F, forward  
b R, reverse 

60 

StAR F 
R 

GTGCATTTTGCCAATCACCT 
TTATTGAAAACGTGCCACCA 

M174189 203 54.3 

P450-scc F 
R 

CTGCAAATGGTCCCACTTCT 
CACCTGGTTGGGTCAAACTT 

K02103 209 56.3 

3β-HSD F 
R 

TCCACACCAGCACCATAGAA 
AAGGTGCCACCATTTTTCAG 

X17614 118 56.3 
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Table 2.4. Sex steroids concentration in follicular fluid on Day 8.  

W1DF W2DF P-value 

P4 (ng/ml) 
E2 (ng/ml) 
A4 (ng/ml) 

37.4 8.5 34.6 2.2 
1,942.4 247.9 1,169.3 90.9 

161.8 26.2 104.6 12.7 

NS 
P < 0.05 
P < 0.05 

Values are mean  SEM. 
Day 8 = The day of after 40h of PGF2α treatment. 
W1DF = Dominant follicle (DF) in the first follicular wave.  
W2DF = DF in the second follicular wave.  
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LHr CYP19A1 

Fig. 2.10. 

The relative amounts of mRNA of LHr and CYP19A1 in W1DF and 

W2DF granulosa cells on Day 8. In each figure, the black bar indicates 

W1DF and the white bar indicates W2DF. W1DF; Dominant follicle (DF) in 

the first follicular wave. W2DF;DF in the second follicular wave. Day 8 = 

the day of after 40h of PGF2α treatment. The asterisk denotes differences, *: 

P < 0.05. Values are shown as mean  SEM. 
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W1DF W2DF P-value 

P4 (ng/ml) 

E2 (ng/ml) 

90.1 11.8 91.4 7.7 

82.5 20.7 64.1 8.7 

NS 

Table 2.5. Follicular fluid sex steroids concentration on Day 9.  

Values are mean  SEM.  

NS 

W1DF = Dominant follicle (DF) in the first follicular wave.  
W2DF = DF in the second follicular wave.  

Day 9 = The day of after 24h of GnRH treatment.  
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Fig. 2.11. 

The relative amounts of mRNA of COX-2, PGES and PGFS of W1DF 

and W2DF granulosa cells on Day 9. In each figure, the black bar 

indicates W1DF and the white bar indicates W2DF. W1DF; Dominant 

follicle (DF) in the first follicular wave. W2DF;DF in the second 

follicular wave. Day9 = the day of after 24h of GnRH treatment. Values 

are shown as mean  SEM. 
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Fig. 2.12. 

The relative amounts of mRNA of iNOS and eNOS in W1DF and 

W2DF granulosa cells on Day 9. In each figure, the black bar 

indicates W1DF and the white bar indicates W2DF. W1DF; 

Dominant follicle (DF) in the first follicular wave. W2DF;DF in the 

second follicular wave. Day9 = the day of after 24h of GnRH 

treatment. The asterisk denotes differences, : P < 0.1. Values are 

shown as mean  SEM. 
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Fig. 2.13. 

The relative amounts of mRNA of VEGF120, VEGF164 and FGF-2 in 

W1DF and W2DF granulosa cells on Day 9. In each figure, the black 

bar indicates W1DF and the white bar indicates W2DF. W1DF; 

Dominant follicle (DF) in the first follicular wave. W2DF;DF in the 

second follicular wave. Day9 = the day of after 24h of GnRH treatment. 

The asterisk denotes differences, : P < 0.1, *: P < 0.05. Values are 

shown as mean  SEM. 
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Fig. 2.14. 

The relative amounts of mRNA of StAR, P450-scc, and 3 -HSD in W1DF 

and W2DF granulosa cells on Day 9. In each figure, the black bar indicates 

W1DF and the white bar indicates W2DF. W1DF; Dominant follicle (DF) in 

the first follicular wave. W2DF;DF in the second follicular wave. Day9 = the 

day of after 24h of GnRH treatment. The asterisk denotes differences, : P < 

0.1, *: P < 0.05. Values are shown as mean  SEM. 

 * 

* 
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Fig. 2.15. 

Schematic diagram of experimental model of W1CL and W2CL in Experiment 4. 

Day 0 = The day of spontaneous ovulation. Day10 = The day of W1DF or W2DF 

ovulation. W1DF; Dominant follicle (DF) in the first follicular wave. W2DF;DF 

in the second follicular wave. W1CL; Corpus luteum (CL) formed after ovulation 

of W1DF. W2CL; CL formed after ovulation of W2DF. B-mode US = trans-

rectal ultrasonography. Color Doppler US = trans-rectal color Doppler 

ultrasonography. 

Day10

Ovulation

Day11 Day13Day12 Day15Day14 Day19 Day20 Day21Day17Day16 Day18

Color Doppler US

W1CL
W2CL
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W1DF W2DF P-value 

Diameter (mm) 
BF%(%) 

Table 2.6. Diameter and blood flow in the follicular wall on Day 9.  

Values are mean  SEM.  

P  0.01 17.7 0.3 15.7 0.5 
55.3 4.0 36.1 2.3 P  0.01 

W1DF = Dominant follicle (DF) in the first follicular wave.  
W2DF = DF in the second follicular wave.  

Day 9 = The day of after 24h of GnRH treatment. 

BF% = The percentage of follicle circumference with blood flow signals.  
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G : P < 0.01 
D : P < 0.01 

G,D : P < 0.05 

 

 

 
W1CL 
W2CL 

Days from follicular wave emergence 

Fig. 2.16. 

Comparative changes of cross-sectional area of corpus luteum (CL) of 

W1CL and W2CL on Day 12, 15, 18 and 21. Day 10 = ovulation day of 

W1DF and W2DF. W1DF; Dominant follicle (DF) in the first follicular 

wave. W2DF;DF in the second follicular wave. W1CL; CL formed after 

ovulation of W1DF. W2CL; CL formed after ovulation of W2DF. Effect 

of group (G) (P < 0.01), day (D) (P < 0.01) and interaction between 

group and day (G,D)(P < 0.05). The asterisk denotes difference between 

each point, : P < 0.05. Values are mean  SEM of each point.
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G : P < 0.05 
D : P < 0.05 

G,D : P < 0.05 

 

 

W1CL 
W2CL 

Fig. 2.17. 
Comparative changes of blood flow area in the corpus luteum (CL) of 

W1CL  and W2CL  on Day 12, 15, 18 and 21. Day 10 = ovulation 

day of W1DF and W2DF. W1DF; Dominant follicle (DF) in the first 

follicular wave. W2DF;DF in the second follicular wave. W1CL; CL 

formed after ovulation of W1DF. W2CL; CL formed after ovulation 

of W2DF. Effect of group (G) (P < 0.05), day (D) (P < 0.05) and 

interaction between group and day (G,D)(P < 0.05). The asterisk 

denotes difference between each point, : P < 0.05. Values are mean 

 SEM of each point. 
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Fig. 2.18. 

Comparative changes in the plasma P4 concentration of W1CL and 

W2CL. Blood samples were collected daily from Day 10 to 21. Day 

10 = ovulation day of W1DF and W2DF. W1DF; Dominant follicle 

(DF) in the first follicular wave. W2DF;DF in the second follicular 

wave. W1CL; Corpus luteum (CL) formed after ovulation of W1DF. 

W2CL; CL formed after ovulation of W2DF. Effect of group (G) (P < 

0.05), day (D) (P < 0.05) and interaction between group and day 

(G,D)(NS). Values are mean  SEM of each point. 
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Student t P < 0.05

StatView Abacus Concepts Inc. Berkeley CA USA
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Table 3.1. Plasma P4 concentration on Day 6.   

IG CG P-value 

P4 (ng/ml) 2.7  0.3 3.5  0.3 P < 0.05 

68 

Values are mean  SEM. 

Day0 = The day of the first follicular wave emergence. 

IG; Ipsilateral group: Dominant follicle (DF) ipsilateral to the corpus luteum (CL).  
CG; Contralateral group: DF contralateral to the CL. 



Fig. 3.1. 

 The linear relationship between plasma P4 concentration and 

diameter of the first wave dominant follicle on Day 6. Day 0 = The 

day of the first follicular wave emergence.  
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Fig. 3.2. 

 The linear relationship between plasma P4 concentration and 

diameter of the first wave dominant follicle (DF) on Day6 in IG and 

CG. Day0 = The day of the first follicular wave emergence. IG; 

Ipsilateral group: DF ipsilateral to the corpus luteum (CL). CG; 

Contralateral group: DF contralateral to the CL. 
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Table 3.2. Diameter of the first follicular wave dominant follicle on Day6.  

IG CG P-value 

Diameter (mm) 15.5  0.2 14.7  0.2 P < 0.01 

71 

Values are mean  SEM. 

Day0 = The day of the first follicular wave emergence. 

IG; Ipsilateral group: Dominant follicle (DF) ipsilateral to the corpus luteum (CL).  
CG; Contralateral group: DF contralateral to the CL. 



Fig. 3.3. 

 Comparative changes of the first follicular wave dominant follicle (DF) of 

IG and CG from Day 0 to 4. Day 0 = The day of the first follicular wave 

emergence. Effect of group (G) (NS), day (D) (P < 0.01) and interaction 

between group and day (G,D) (NS). IG; Ipsilateral group: DF ipsilateral to 

the corpus luteum (CL). CG; Contralateral group: DF contralateral to the CL. 

Values are mean  SEM of each point. 
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Fig. 3.4. 

 Comparative changes of cross-sectional area of corpus luteum (CL) of IG 

and CG from Day 0 to 4. Day 0 = The day of the first follicular wave 

emergence. Effect of group (G) (NS), day (D) (P < 0.001) and interaction 

between group and day (G,D) (NS). IG; Ipsilateral group: Dominant follicle 

(DF) ipsilateral to the CL. CG; Contralateral group: DF contralateral to the 

CL. Values are mean  SEM of each point. 

Days from follicular wave emergence  
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Fig. 3.5. 

 Comparative changes of plasma P4 concentration of IG and CG from Day 

0 to 4. Day 0 = The day of the first follicular wave emergence. Effect of 

group (G) (NS), day (D) (P<0.001) and interaction between group and day 

(G,D) (NS). IG; Ipsilateral group: Dominant follicle (DF) ipsilateral to the 

corpus luteum (CL). CG; Contralateral group: DF contralateral to the CL. 

Values are mean  SEM of each point. 
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Table 3.3. Plasma E2 concentration on Day4.  

IG CG P-value 

E2 (pg/ml) 1.69  0.12 1.51  0.15 P < 0.1 

75 

Values are mean  SEM. 

Day0 = The day of the first follicular wave emergence. 

IG; Ipsilateral group: Dominant follicle (DF) ipsilateral to the corpus luteum (CL).  
CG; Contralateral group: DF contralateral to the CL. 



Table 3.4. Sex steroids concentration in follicular fluid on Day4.  

IG CG P-value 

P4 (ng/ml) 
E2 (ng/ml) 
A4 (ng/ml) 

48.8  12.7 16.2  3.2 
419.2  33.2 339.4  53.5 

84.6  23.1 102.7  40.2 

P < 0.05 
NS 
NS 

Values are mean  SEM. 

Day0 = The day of the first follicular wave emergence. 

IG; Ipsilateral group: Dominant follicle (DF) ipsilateral to the corpus luteum (CL).  

76 

CG; Contralateral group: DF contralateral to the CL. 
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Fig. 4.1. 

 Comparative changes of corpus luteum (CL) of IG and CG on Day 2, 4, 6, 8, 

10. Day 0 = The day of the first follicular wave emergence. Effect of group (G) 

(NS), day (D) (P < 0.001) and interaction between group and day (G,D) (NS). 

IG; Ipsilateral group: Dominant follicle (DF) ipsilateral to the CL. CG; 

Contralateral group: DF contralateral to the CL. Values are mean  SEM of 

each point. 
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Fig. 4.2. 

 Comparative changes of the first follicular wave dominant follicle (DF) 

of IG and CG on Day 2, 4, 6, 8, 10. Day 0 = The day of the first 

follicular wave emergence. Effect of group (G) (P < 0.01), day (D) (P < 

0.001) and interaction between group and day (G,D) (P < 0.01). IG; 

ipsilateral group: DF ipsilateral to the corpus luteum (CL). CG; 

contralateral group: DF contralateral to the CL. The asterisk denotes 

difference between each point, : P < 0.05. Values are mean  SEM of 

each point. 
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 Comparative changes of plasma P4 concentration of IG and CG on 

Day 2, 4, 6, 8, 10. Day 0 = The day of the first follicular wave 

emergence. Effect of group (G) (NS), day (D) (P < 0.001) and 

interaction between group and day (G,D) (NS). IG; ipsilateral group: 

Dominant follicle (DF) ipsilateral to the corpus luteum (CL). CG; 

contralateral group: DF contralateral to the CL. Values are mean  

SEM of each point. 
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Figure 4.4. 
 Conception rates in IG and CG. Conception rates were 

different between IG and CG in both lactating dairy cows 

and dairy heifers. IG; ipsilateral group: Dominant follicle 

(DF) ipsilateral to the corpus luteum (CL). CG; 

contralateral group: DF contralateral to the CL. The asterisk 

denotes difference between each point, : P < 0.01.  
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