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ABSTRACT 

This study evaluated whether large follicles (LF; greater than 18 mm in diameter) affect the return to 
oestrus and ovulation after embryo collection. Eleven superovulated Japanese Black cows were used as 
donors. Group 1 had LF (N = 6), and Group 2 had no LF (N = 5). All cows received 0.5 mg prostaglandin 
F2α after embryo collection. No differences were observed between the two groups with regard to the 
superovulatory response and hormonal state at the time of embryo collection. Moreover, the interval to 
luteolysis, defined by plasma progesterone levels lower than 1ng/mL, did not differ between the two groups. 
However, the interval from embryo collection to the appearance of the dominant follicle, to oestrus and to 
ovulation was longer in Group 1. The present results suggest that the presence of LF prolongs the interval to 
the appearance of the new dominant follicle, thereby delaying oestrus and ovulation induction after embryo 
collection. 
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INTRODUCTION 
Multiple ovulation and embryo transfer programs 

have been used worldwide to hasten genetic 
improvement and increase the number of offspring from 
highly valued donor cows. Rapid return to oestrus and 
regular cyclicity after embryo collection shortens the 
calving interval of donor cows and improves the 
efficiency of embryo production [2,4,5]. In 
superovulated cows, prostaglandin F2α (PGF2α) 
(dinoplost) or its analogues (cloprostenol and 
fenprostalene) have been used to induce oestrus after 
embryo collection [1,2,5]. However, the interval from 
embryo collection to oestrus after F2α treatment was 
considerably prolonged compared to normal cyclic cows 
[3,6]. Several strategies using PGF2α after embryo 
collection to shorten the interval to oestrus induction 
have been studied. Some authors have reported the effect 
of different analogues of PGF2α [5,6]. Others have 
evaluated the timing of PGF2α treatment or dosage of 

PGF2α [8,10]. Previous studies have demonstrated that 
60–70% of superovulated cows exhibited oestrus within 
10 days after PGF2α treatment [1,2]. This study was 
designed to evaluate whether large follicles (LF) present 
at the time of embryo collection affect oestrus induction 
and ovulation after embryo collection in Japanese Black 
donor cows. 
 

MATERIALS AND METHODS 
Eleven Japanese Black cows were used as the donors 

in this experiment. Superovulation treatments were 
initiated mid-cycle (9–12 days after oestrus) by treatment 
with 21 Armour units of follicle stimulating hormone 
(Antrin-R10; Kyoritsu Seiyaku Corp., Tokyo, Japan) 
administered intramuscularly in seven injections of 
decreasing doses at 12-h intervals. On the third day, the 
cows received 0.5 mg PGF2α (cloprostenol, Resipron-C, 
Asuka Seiyaku Corp., Tokyo, Japan) to induce 
regression of the corpus luteum and were artificially 
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inseminated 60–72 h later. Embryos were collected 7 
days after artificial insemination (Day 0).  

All cows received 0.5 mg F2α immediately after 
embryo collection and were allocated to one of two 
groups: cows (N = 6) with one or more LF greater than 
18 mm in diameter (Group 1) and cows (N = 5) with no 
large follicles (Group 2). Oestrus was detected by visual 
observation performed twice daily after embryo 
collection. The collected ova/embryos were evaluated for 
fertilization and grade quality (excellent, good, fair, poor, 
and degenerated) according to the guidelines of the 
International Embryo Transfer Society [11]. Ovarian 
follicular populations were examined using a real-time 
B-mode scanner equipped with a 5.0-MHz transducer 
(Aloka SSD-500, ALOKA Co., Ltd., Tokyo, Japan). The 
size and number of ovarian follicles >5 mm were 
recorded, as were the size and number of follicles and the 
presence or absence of corpora lutea (CL). The cystic 
structure with the hyperechogenic luteinized wall was 
classified into the CL. Emergence of a follicular wave 
was defined as the day that the dominant follicle was 
retrospectively identified at a diameter of 5 mm [14]. 
Ovarian ultrasonographic examinations and blood 
sample collection were performed every day from Day 0 
to next ovulation. 

Just prior to ultrasonography, blood samples were 
collected from the coccygeal vein, put on ice for up to 1 
h, and then centrifuged at 3000 rpm for 30 min at 4 °C. 
Plasma was separated and stored at −80 °C. Plasma 
progesterone (P4) and oestradiol (E2) concentrations 
were measured with a time-resolved fluoroimmunoassay 
(TR-FIA) system as previously reported [15]. The intra- 
and inter-assay coefficients of variation were 6.6% and 
8.4%, respectively, for P4 and 10.2% and 17.4%, 
respectively, for E2. These measurements were taken 
once daily until the next ovulation. Data are expressed as 
mean values ± standard error of means (SEM). The mean 
values concerning the concentrations of hormones and 
ovaries after embryo collection between the two groups 
were analyzed using Student’s t-test. The dynamic state 
of P4 and E2 were analysed by repeated analysis of 
variance using the GLM procedure of SAS (SAS for 
Windows, version 9.1, SAS Inst. Japan, Inc., Tokyo, 
Japan). The statistical model included follicle size and 
day and two-way interactions. When significant 
interactions were not observed between the two 

parameters, they were excluded from the model. Values 
of P < 0.05 were considered to be significant. 

 
RESULTS AND DISCUSSION 

The numbers of collected ova/embryos between 
Groups 1 and 2 were not significantly different (13.5 ± 
3.3 and 10.0 ± 3.3), or in transferable embryos (5.7 ± 1.7 
and 4.6 ± 2.2), nor were there differences in the 
percentages of transferable embryos (50.0 ± 12.7% and 
36.0 ± 11.4%), as previously reported [13]. 

Misra et al. [12] reported that in superovulated 
buffalo, an increase in the number of ovulations (>5) 
significantly delayed the return to oestrus. However, in 
this study, more than 5 ova/embryos were collected from 
all of the cows. In agreement with Maciel et al. [9], all 
donors returned to oestrus and ovulation occurred within 
13 days after embryo collection.  

As shown in Figure 1, ultrasonographic examination 
indicated that all follicles present at the time of embryo 
collection regressed regardless of their size and that 
induced oestrus was detected with a new dominant 
follicle (DF). These results are in agreement with 
previous reports [10]. Moreover, Lucy et al. [8] reported 
that ovarian remnants of superovulation (CL and 
nonovulated follicles) remain on the ovary for 25 days 
from the day of artificial insemination. Likewise, these 
follicles at the time of embryo collection could be due to 
the lack of ovulation. 

Group 1 had more follicles (P < 0.05) than did Group 
2 and the diameter of the largest follicle was greater (P < 
0.05). The number of CL and the concentration of P4 at 
the time of embryo collection did not differ between the 
two groups (Table1).  

The results of daily plasma P4 and E2 concentrations 
are shown in Figure 2. The plasma P4 concentration on 
day 0 were higher than other days in Group 1 and Group 
2 respectively (P < 0.01). The effect of PGF2α on 
luteolysis was assessed by the reduced CL sizes detected 
by ultrasonography and by a decrease of P4 
concentration on the following days [7]. The dynamic 
state of plasma P4 and E2 did not different between the 
two groups. Moreover, the average interval from embryo 
collection to luteolysis (P4 < 1 ng/ml) did not differ 
between the two groups, as reported in previous studies 
[9]. However, Group 2 had longer (P < 0.05) intervals 
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from treatment to the first ovulation. Maciel et al. [9] 
suggested that the ovulating follicle started to grow 3 to 
4 days after PGF2α injection, and, in very few cases, 
those present at the time of embryo collection reached 
ovulation. It is reasonable to suggest that this delay to the 

first ovulation may be attributable to the interval from 
PGF2αtreatment to the appearance of the new DF 
(Table1).  

It has been shown that exogenous oestradiol and 
progesterone can control the follicular wave. The high 

 
Table 1. The dynamic state of hormones and ovaries after embryo collection 
  Group (n) 

 Group 1# (6)  Group 2$ (5)  

Number of follicles*   9.7 ± 1.7 a   3.8 ± 0.5 b 

Number of corpus lutea*  7.0 ± 1.6  6.8 ± 1.0 

Diameter of largest follicle (mm)*  20.8 ± 1.3 a  10.6 ± 1.9 b 

Concentration of E2 (pg/ml)*  1.2 ± 0.3  1.1 ± 0.3 

Concentration of P4 (ng/ml)* 22.8 ± 4.4 13.6 ± 3.3 

Days until P4 <1 ng/ml**  4.0 ± 0.7  3.6 ± 0.7 

Days until appearance of the dominant follicle**   5.3 ± 0.7 a   2.6 ± 0.7 b 

Day of oestrus**  10.0 ± 1.0 a   7.2 ± 0.7 b 

Day of ovulation**  11.0 ± 1.0 a   8.2 ± 0.7 b 
# 18 mm <  $ <18 mm 
* Ovarian and hormonal status at the time of embryo collection. 
** The interval from embryo collection. 
a,b Values with different superscript letters are significantly different (P < 0.05).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Mean ± SEM profiles of corpora lutea (CL:□), follicles present at the time of embryo 
collection (●) and new dominant follicle (DF: ▲) diameters after embryo collection to next ovulation in 
Group 1 (cows with one or more large follicles >18 mm in diameter) and Group 2 (cows with no large 
follicles). 
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concentration of oestrogen and progesterone induces 
regression of FSH-dependent follicles (by oestrogen) and 
LH-dependent follicles (by the synergistic action of 
oestrogen and progesterone), followed by emergence of a 
new follicular wave after FSH resurgence [14]. It would 
perhaps have been expected that the amount of oestradiol 
would be higher in Group 1 since their ovaries clearly 
had more large follicles. However, no such difference in 
plasma oestradiol concentration at the time of embryo 
collection was detected in the present study. Furthermore, 
it did not differ from the density of a luteal phase in 
normal oestrus cycle cows. Therefore, other 
intrafollicular factors (e.g., inhibin) which suppress FSH 
release from pituitary [16] may prolong the interval to 
the appearance of the new dominant follicle. 

In conclusion, the presence of LF at the time of 
embryo collection may delay oestrus induction and 
subsequent first ovulation after embryo collection, which 
is attributed to the interval from treatment to the 
appearance of the new DF. However, the underlying 
mechanism remains unclear. In future studies, we intend 
to investigate other effectors of LF.  
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