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Influence of large follicles on oestrus induction and ovulation
after embryo collection in superovulated Japanese Black cows

Masayasu TANIGUCHI' and Takeshige OTOI

Joint Faculty of Veterinary Medicine, Yamaguchi University, Yamaguchi, 753-8515, Japan
TCorrespondence: masa0810@yamaguchi-u.ac.jp

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
F,a 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.

Key words: large follicles, after embryo collection

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
[2,4,5]. In
(PGF,a)

(cloprostenol  and

efficiency of embryo production

superovulated cows, prostaglandin  Fa

(dinoplost) or its analogues
fenprostalene) have been used to induce oestrus after
embryo collection [1,2,5]. However, the interval from
embryo collection to oestrus after F,o treatment was
considerably prolonged compared to normal cyclic cows
[3,6]. Several strategies using PGF,o after embryo
collection to shorten the interval to oestrus induction
have been studied. Some authors have reported the effect
of different analogues of PGF,a [5,6]. Others have

evaluated the timing of PGF,a treatment or dosage of
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PGF,a [8,10]. Previous studies have demonstrated that
60-70% of superovulated cows exhibited oestrus within
10 days after PGF,a 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 PGF,a (cloprostenol, Resipron-C,
Asuka Seiyaku Corp., induce

Tokyo, Japan) to

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 F,o 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].
and blood

sample collection were performed every day from Day 0

Ovarian ultrasonographic examinations

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
When
interactions were not observed between the two

day and two-way interactions. significant

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 (Tablel).

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 PGF,a on
luteolysis was assessed by the reduced CL sizes detected
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

by ultrasonography and by a decrease

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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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° 38+05°
Number of corpus lutea* 70+16 6.8+1.0
Diameter of largest follicle (mm)* 20.8+1.3° 106 +1.9°
Concentration of E2 (pg/ml)* 1.2+0.3 1.1+£03
Concentration of P4 (ng/ml)* 228+4.4 13.6£3.3
Days until P4 <1 ng/ml** 40+0.7 3.6+0.7
Days until appearance of the dominant follicle** 53+0.7° 26+0.7°
Day of oestrus** 10.0+1.0° 72+0.7°
Day of ovulation** 11.0+1.0° 82+0.7°

#18mm< $<18 mm

* Ovarian and hormonal status at the time of embryo collection.

** The interval from embryo collection.

2% values with different superscript letters are significantly different (P < 0.05).
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Figure 1. Mean +SEM profiles of corpora lutea (CL:o), follicles present at the time of embryo

collection (e) and new dominant follicle (DF: A ) 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).
from treatment to the first ovulation. Maciel et al. [9] first ovulation may be attributable to the interval from
suggested that the ovulating follicle started to grow 3 to PGF,atreatment to the appearance of the new DF
4 days after PGF,a injection, and, in very few cases, (Tablel).

those present at the time of embryo collection reached It has been shown that exogenous oestradiol and

ovulation. It is reasonable to suggest that this delay to the progesterone can control the follicular wave. The high
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Figure 2. Mean + SEM. profiles of plasma concentrations of progesterone (P4) and estradiol (E2)
after embryo collection to next ovulation in Group 1 (o) and Group 2 (m).

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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£1. £ NEBBEOFEREBRN S LC-Hybrid-MS LRI &L YBRH Sh-HoER

No. #&HiFFME m/z (A== ME2
1 233.0926 C12H13N203 ? (fragment of ?1)
2 251.0304 C10H7N20¢ ?
3 136.0762 CsH1oNO Acetoanilide?
4 175.0243 CsHoO7 aconitic acid
5 205.0977 C11H13N20; N-Acetyl-Tryptophan fragment
6 175.1195 CeH15N4O2 Arginine
7 197.1014 CsH14N4sNaO; Arginine Na salt
8 133.0613 C4HgN203 Asparagine
9 134.0453 C4HsNO4 Aspartic acid
10 162.1130 C7H16NO3 carnitine
11 149.0603 CoHoO Cinnamic acid
12 193.0348 CeHgO7 citric acid
13 215.0162 CsHgNaOy citric acid Na salt
14 210.0611 CsH12NO7 citric acid NH4 salt
15 241.0317 C6H13N20482 Cystine
16 167.0933 C7H11N4O FAMP (N-Formyl-amino-aminomethyl-methylpyrimidine)
17 180.0872 CsH14NOs Glucosamin
18 147.0770 CsH11N203 Glutamine
19 203.0532 CsH12NaOg Hexose Na salt
20 156.0773 CeH10N302 Histidine
21 188.0706 C11H10NO, indoleacrylic acid
22 245.0921 C13H12N203 indolylacryloyl Glycine (IAG)
23 132.1025 CsH14NO> Leucine/lsoleucine
24 154.0844 CsH13NNaO; Leucine/lsoleucine Na salt
25 1471134 CeH15N202 Lysine
26 169.0953 CsH14N2NaO; Lysine Na salt
27 150.0589 CsH12NO2S Methionine
28 218.1141 CgH16N304 N-Acetyl Citrulline
29 240.0956 CsH15N4sNaO; N-acetyl citrulline Na salt
30 247.1083 C13H15N203 N-Acetyl Tryptophan
31 269.0902 C13H14N2NaO3 N-Acetyl Tryptophan Na salt
32 170.0818 CsH12NO3 Norepinephrine
33 220.1179 CoH1gNOs Panthothenic acid
34 166.0868 CoH12NO> Phenylalanine
35 188.0682 CoH11NNaO; Phenylalanine Na salt
36 116.0712 CsH10NO> Proline
37 138.0531 CsHgNNaO, Proline Na salt
38 263.0967 C12H15sN4OS Thiamin aldehyde
39 120.0661 C4H1oNO3 Threonine
40 182.0817 CoH12NO3 Tyrosine
41 204.0637 CoH11NNaO3 Tyrosine Na salt
42 118.0869 CsH12NO» Valine
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Co., Ltd., Fukushima, Japan)Z#¢5-L, & D481
7.5 TUDhuman chorionic gonadotropin (hCG; Novartis
Pharma K.K., Tokyo, Japan)z#¢5-L . iBHEIRALBE A1 T
572, hCGH G- DD 14RF 2 IZICR~ 7 ADFRE K
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TERR DRI NI IR T2 IEH SR IR 7 LI L 72,
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7
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O b O fa A -, e MR R, AFZE IS
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JOHEFIRITINVERZ AW, v~ 7 AB L0 e Mg
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alcohol (Sigma)Z RN 7=AT 7 L(LL T, PBS-PVA)
T3[EE L, PBS-PVAIZ2% (w/v) paraformaldehyde
(Sigma), 0.2% (v/v) Triton X-100 (Sigma)% % 1C LR
JAL ., HRT6043 [, [EE L7z, FFU'PBS-PVAT3[EIYE
# L. PBS-PVAIZ2.5% (v/v) Tween 20 (GE Healthcare,
Bio sciences, AB, USA)&ZUSIILT= AT 47 2% VTR
IRC24r M. #i&E L7z, D%, PBS-PVAT3[EIBEN:
PBS-PVAIZ1% (w/v) BSA (Sigma)Z¥RIML7=AT 47 A
(LLF, PBS-BSA)Z VT4 °C T2 il L7, D
% . PBS-BSA (2 10% (v/v) goat serum (Cedarlane,
Hornby, Ontario, Canada)ZiRINL7=AT 47 L% AT
W T 40 43 [ | blocking & 1T - 7=, PBS-BSA IZ
PBS-BSA: 1" antibody Dopamine-B-Hydroxirase
Antibody (DBH: Cell Signaling Technology, Inc.
Danvers, USA) = 100:1&725 15121 antibodyZ #sJIL,
4 °CT16WfLL | PRAFL 7=, PBS-BSAT3[RIVEH% .
PBS-BSA (= PBS-BSA:2™ antibody (Alexa 488
anti-rabbit IgG, Life technologies, Carlsbad, CA, USA)
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PBS-BSA T 3 [ ¥t ¥ L . Vectashield® (Vector
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A== NI, b— W — B8 (Laica Co.
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£L72[8],
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