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Abstract

Determining the effect of single versus double ovulations on progesterone concentration and luteal tissue
volume is so important for better reproductive management in goats. The aim of the present study was to establish
the relationship between ovulation number, luteal tissue volume and progesterone concentrations in Mamasani
goats. For this purpose, the uteri and ovaries of 192 goats were collected in a slaughterhouse during the breeding
and non-breeding seasons. Before slaughtering, blood samples were taken and analyzed for assaying progesterone
concentrations. Study groups in the non-breeding season were: 1-single ovulation, 2-unilateral double ovulations
and 3-bilateral double ovulations of non-pregnant goats. The groups in the breeding season were: 1-non-pregnant
single owvulation, 2-non-pregnant unilateral double ovulations, 3-non-pregnant bilateral double ovulations, 4-
pregnant single ovulation with one fetus, 5-pregnant single ovulation with two fetuses, 6-pregnant unilateral double
ovulations with one fetus, 7-pregnant unilateral double ovulations with two fetuses, 8-pregnant bilateral double
ovulations with one fetus, and 9-pregnant bilateral double ovulations with two fetuses. Results showed that the
right ovary had a pivotal role in ovulation during the non-breeding and breeding season. In both pregnant and non-
pregnant gravid goats, the total volume of corpora lutea (CLs) as well as the serum progesterone concentration
was higher after double ovulations. The total volume of CLs and the concentrations of serum progesterone in goats
carrying two fetuses with single ovulation was significantly higher than that of animals with single ovulation and
one fetus. It was concluded that although a higher concentration of progesterone in goats is associated with the
total volume of luteal tissue, this level is not a reliable predictor for the number of fetuses per goat.
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Introduction

Size, structure and the steroid production
of corpus luteum (CL) are different at
various stages of the estrous cycle, as well
as pregnancy period (Fields & Fields,
1996). In goats, the maintenance of
pregnancy is dependent on the secretion of
progesterone by CL (Khan & Ludri, 2002).
It is reported that the plasma progesterone

concentration is affected by the embryo or
the number of fetuses in pregnant ewes and
goats (Kulcsar et al, 2006).

It is important to know the number of
fetuses in pregnant goats and ewes for their
better health management. The goats
carrying twins need extra attention to
prevent pregnancy toxemia, optimizing
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kids' birth weight and reducing perinatal
mortality (Karen et al, 2006). The numbers
of fetuses are commonly determined by
ultrasonography or by the serum
progesterone measurement (Medan et al,
2004).  However, variable  plasma
progesterone levels exist due to individual
factors, such as the differences in blood
flow, the mass of luteal tissues and tissue
capacity for progesterone production
(Niswender et al, 2000). Moreover, it has
been reported that after single and double
ovulations in cattle (Mann et al, 2007
Voelz et al, 2015) and ewes
(KaramiShabankaren et al,  2009;
KaramiShabankareh et al, 2010) the serum
progesterone levels are changed. Lopez et al
in 2005, reported that double ovulations
increased CL volume in dairy cows.
However, some reports did not confirm the
aforementioned claims in lactating cows
(Voelz et al, 2015) and non-lactating cows
(Mann et al, 2007). Gur et al (2011),
reported that double ovulations and twining
increased serum progesterone concentration
compared to single ovulation in ewes.
There are limited data about the function
of the CL in goats and the effect of
ovulation numbers and CL volume on
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serum progesterone concentrations. We
hypothesized that a relationship may be
present between the total volume of CLs
and serum progesterone concentration in
goats. Therefore, we resorted to evaluate the
effect of single and double ovulations on
CL  volume, serum  progesterone
concentration and number of fetuses in
Mamasani goats during the breeding and
non-breeding seasons.

Materials and Methods
Animals and experimental groups

This study was carried out in Kohgiluyeh
and Boyer-Ahmad Province, southwest of
Iran (30°41'N latitude and 51°33'E
longitudes). The reproductive organs of 48
Mamasani goats (2—3 years) were collected
from a local abattoir. First, samples from
non-pregnant goats with single and double
ovulations were collected based on the
counting of CL between May and June
(non-breeding  season). Then, three

experimental groups with 16 replicates per
each were determined as follows: 1- single
ovulation, 2- unilateral double ovulations
and, 3- bilateral double ovulations (Figure
1).

Figure 1: Reproductive tracts of non—pregnant goats. A and B represent singléand bilateral double
ovulations in non-breeding season; C = Single ovulation during breeding season. CL = Corpus luteum

Then the samples were collected during
the Dbreeding season (September to
December) from 144 Mamasani goats (2—3
years), at a local abattoir. In non-pregnant
goats, reproductive organs which had
ovaries possess CL, were selected (Figure
1) and in pregnant goats the reproductive

organs possess similar fetuses age were
selected (Figure 2 and 3).

Immediately after sample collection, the
right and left ovaries were carefully
detached and were transport in a 0.9%
saline solution supplemented with procaine
penicillin G 2 x 10° IU and
dihydrostreptomycin 2 g to the laboratory of
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Animal Physiology in Yasouj University
(Iran). In the laboratory the numbers of
actual or putative CL in the right and left
ovaries of each animal were recorded.
Furthermore, the presence of unilateral or
bilateral CL and the single or twins'
pregnancy was recorded for each goat. The
volume of CLs was approached by
considering them as a sphere (Bartlewski et
al, 1999). In this stage of the study, nine
experimental groups with 16 replicates
were as follows: 1- non-pregnant single

Figure 2: Reproductive tracts of pregnant goats du

ovulation, 2- non-pregnant unilateral
double ovulations, 3- non-pregnant bilateral
double ovulations, 4- pregnant single
ovulation with one fetus, 5- pregnant single
ovulation with two fetuses, 6- pregnant
unilateral double ovulations with one fetus,
7- pregnant unilateral double ovulations
with two fetuses, 8- pregnant bilateral
double ovulations with one fetus, and 9-
pregnant bilateral double ovulations with
two fetuses.

varnes

» ; s 2
ring breeding season. A = Single ovulation with one

fetus; B = Bilateral double ovulations with one fetus. CL = Corpus luteum

' -~
Figure 3: Repr

FiE e - -

oductive tracts of pregnant goats during

- 5

the bfeeding season. A = Single ovulation with two

fetuses; B = Unilateral double ovulations with two fetuses. CL = Corpus luteum

Blood sampling and analysis

Before slaughtering the goat, blood
samples were collected from jugular vein in
10 ml plain tubes and transported to the
laboratory. Blood samples centrifuged at
2500 rpm for 20 min. and kept at —20°C
before analysis. Serum progesterone
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concentration was measured using a
commercially available ELISA kit (ELA-
4825-300, Monobind, Inc. Lake Forest, CA
(92630) USA). Sensitivity of the assay was
0.105 ng/ml and intra- and inter assay
coefficient of variation were 4.5% and
9.4%, respectively.
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Statistical analysis

Incidence of single and double ovulations
and its in the right or left ovaries were
analyzed by chi-square test. Luteal
characteristics and serum progesterone
levels in single and double ovulation cases
were analyzed by ANOVA procedure of
SAS (Statistical Analysis Systems Institute,
1998, SAS Institute Inc., Cary, NC). A
Pearson  correlation  coefficient  was
calculated to determine the correlation
between the total volume of CLs and serum
progesterone level in non-pregnant goats
during the non-breeding season, and also in
non-pregnant and pregnant goats during
breading season. Means difference for the

volume of CLs was obtained by Student’s t-
test and Duncan’s multiple range test.

Results
Ovulations, corpora lutea and fetuses
During the non-breeding season, the last
single ovulation had occurred more
frequently in the right ovaries than in the
left ones (75% vs. 25%, P<0.05) (Table 1).
Moreover, the right ovaries had more
unilateral double ovulations in comparison
to the left ovaries (88% vs. 13%, P<0.05).
Similarly, the prevalence of single and
double ovulations in non-pregnant goats
during breeding season showed that single
ovulation was higher in right ovaries than in
left ones (81% vs. 19%, P<0.05) (Table 2).

Table 1: Distribution of single and double ovulations on ovaries during out-breeding season
Ovary Ovulation (%) | Single ovulation (n) | Double ovulations (n)
Right ovary (unilateral) 54.2 123 142
Left ovary (unilateral) 12.5 4° 20
Both (bilateral) 33.3 - 162
Total 100 16 32

Different letter (a, b) in the same column indicates significant differences (P<0.05).

Table 2: Distribution of single and double ovulations on ovaries in non-pregnant goats
during breeding season

Ovary Ovulation (%) | Single ovulation (n) | Double ovulations (n)
Right ovary (unilateral) 56.3 132 142
Left ovary (unilateral) 10.4 30 20
Both (bilateral) 33.3 - 162
Total 100 16 32

Different letter (a, b) in the same column indicates significant differences (P<0.05).

Table 3 shows that when two fetuses
existed in uterus, it was only due to one
single ovulation and this matter was seen
mostly in right ovaries than left ovaries
(94% vs. 6%, P<0.05). This could due to
have homozygous derived fetuses. Thus,
right ovaries appear to predispose the
condition of developing homozygous twins.
Some pregnant goats had unilateral double
ovulations resulting in the presence of only
one fetus. In 63% of these goats two corpora
lutea were on right ovary. In unilateral

double ovulations with two fetuses, right
ovaries were involved in 88% of the goats.
We observed 74 CLs on right ovary in 50
goats and 22 CLs on left ovary in 14 goats. In
total, all 74 putative ovulations resulted in 79
fetuses in goats with right ovary ovulation and
17 fetuses in goats with left ovary ovulation.
Twinning rate estimated to be 91% in both
single and double ovulations in the right
ovary goats however, twinning rate estimated
to be 3% and 6% for single and double
ovulations in the left ovary, respectively.
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Table 3: Distribution of single and double ovulations and fetus number in pregnant
goats during breeding season

. Single ovulation (n) unble
Ovary CL Fetus Ovu!atlon ovulations (n)
(n) (n) ) One- Two- One- | Two-
fetus fetuses fetus | fetuses
Rightovary | 742 794 78.1 112 152 102 142
Left ovary 22° 17° 21.9 52 1° 62 2P
Total 96 96 100 16 16 16 16

Different letter (a, b) in the same column indicates significant differences (P<0.05).

CL volume and
concentration

The results of CL volume and serum
progesterone concentration in non-pregnant
goats are shown in Table 4. The mean
volume of individual CL was larger
(P<0.05) after single ovulation than double
ovulations, both in breeding and non-
breeding seasons. Furthermore, as expected
the total volume of CLs in single ovulations
was significantly smaller (P<0.05) than
double ovulations. The breeding season had
a clear effect on CL volume, since both the
volume of individual CL and the total
volume of CLs were larger (P<0.05) in

serum progesterone

comparison to non-breeding season. There
was no significant difference in total CL
volume after unilateral or bilateral double
ovulations. During the breeding season, the
total volume of CL after unilateral double
ovulations was larger than in the non-
breeding season. In non-pregnant goats,
serum progesterone concentration after
double ovulations was significantly
(P<0.05) higher than after single ovulation,
during both breeding and non-breeding
seasons. There was a significant (P<0.05)
effect of the breeding season on
progesterone levels (Table 4).

Table 4: Luteal characteristics and serum progesterone concentration in single and double ovulations in
non-pregnant goats during out-breeding and breeding seasons (mean+S.D)

Season Out breeding season Breeding season
CL Single Double Single Double

Position - Unilateral Bilateral - Unilateral Bilateral
CL(r;f;;g?e 136.11+2.38° | 130.94+1.54¢ | 129.76+1.62¢ | 138.04+1.74% | 132.85+1.79° | 132.82+1.38°
Total CL b b

5 | 136.11+2.38° | 261.88+3.08 259.53+3.24 138.04+1.74° | 265.70+3.572 | 265.65+2.75%

volume (mm?)

Sg:;mqf;“ 314+0259 | 4.040.30° | 3.91+027° | 352:033¢ | 475:047° | 4.56+0.332

Different letters (a, b, ¢, d) in the same row for single and double ovulation indicate significant differences (P<0.05).

In the pregnant goats as a whole the mean

higher (P<0.05)

in goats after single

volume, of individual CL after single
ovulation was larger (P<0.05) than after
double ovulations. On the other hand, the
total volume of CL and serum progesterone
concentration after double ovulations were
both larger (P<0.05) than after single
ovulation. The total volume of CL and
serum progesterone concentration was
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ovulation resulting in two fetuses compared
to goats with single ovulation and one fetus.
This also applied for goats with double
ovulation and one fetus compared to goats
with single ovulation and one or two
fetuses. Also, our results indicated that the
total volume of CL and serum progesterone
concentration was not affected by unilateral
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and bilateral double ovulations. In addition,
the results notably indicated that the total
volume of CL and serum progesterone

concentration was not affected by double
ovulations (unilateral and bilateral double
ovulations) and a number of fetuses (Table 5).

Table 5: Luteal tissue volume and serum progesterone concentration in single and double ovulating
pregnant goats during breeding season (meanzS.D).

Ovulation Single Double
g Unilateral Bilateral Unilateral Bilateral
Fetus (n) 1 2 1 2 2
CI‘(n\Q?TI]g)m € 141.28+2.41° | 189.62+2.55% | 135.94+1.37¢ | 136.82+1.26° | 136.88+0.42° | 136.44+0.53¢
Total CL o | 141.28+2.41° | 189.62+2.55° | 271.88+2.74% | 273.63+0.88% | 273.78+2.53? | 272.89+ 1.05°
volume (mm?)
anr;x]nll:;df 4.17+0.334 4.88+0.23¢ | 5.26+0.24% | 511+0.25"b 5.38+0.20 @ 5.32+0.162

Different letters (a, b, c, d) in the same row for single and double ovulation indicate significant differences (P<0.05).

The volume of individual CL in double
ovulations was compared between breeding
and out-breeding season and/or non-
pregnant and pregnant goats in Table 6.
Results showed that the CL volume in
unilateral double ovulations of non-
pregnant goats during the non-breeding
season was minimum and bilateral double
ovulations in pregnant goats with two
fetuses was maximum (No 1; group 1)
(P<0.05). However, the mean volume of
corpora lutea No 2 (group 2) in unilateral
double ovulation of pregnant goats with two
fetuses was significantly (P<0.05) higher

than the remaining ovulation condition.
However, this parameter in bilateral double
ovulations of non-pregnant goats during
out-breeding season was significantly
(P<0.05) smaller than the remaining
ovulation condition.

Serum progesterone concentration and
total luteal tissue volume had positive
correlation (r=0.722, P<0.0001) in non-
pregnant goats during the non-breeding
season as well as in non-pregnant and also
over pregnant goats during breeding season
(r=0.846; P<0.0001: r = 0.828; P<0.0001).

Table 6: Volume of paired corpora lutea after double ovulations (meanS.D)

Volume of corpus luteum 1 (mm?3)

Volume of corpus luteum 2 (mm?)

Double ovulations (1) 134.25+2.32°¢ * 127.63+1.81 %
Double ovulations (2) 135.74+2.309% * 123.79+1.91¢
Double ovulations (3) 136.26+2.599* 129.44+2.25"
Double ovulations (4) 139.41+2.02¢* 126.24+2.32¢
Double ovulations (5) 140.32+1.64°¢* 131.56+1.792
Double ovulations (6) 142.44+2.09°* 131.19+1.35%2
Double ovulations (7) 141.12+1.49bc * 132.65+1.48 2
Double ovulations (8) 144.35+1.612* 128.54+1.68 ¢

1 and 2 = Unilateral and bilateral double ovulations in non-pregnant goats during out-breeding season, respectively; 3 and 4
= Unilateral and bilateral double ovulations in non-pregnant goats during breeding season, respectively; 5 and 7 = Unilateral
double ovulations in pregnant goats with one and two fetuses, respectively; and 6 and 8 = Bilateral double ovulations in pregnant
goats with one and two fetuses, respectively.
*Significant differences in the same row for the volume of corpus luteum 1 and 2 (P<0.01).
Different letters (a, b, ¢, d) in the same column for volume of corpus luteum 1 and 2 indicate significant difference (P<0.05)
per each position ovulation (n=16 cases in each groups).
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Discussion

The characteristics of double ovulation in
goats are not well understood and reported.
Therefore, this study was conducted to
clarify more details on the aspects of single
and double ovulation and progesterone
concentrations in goats. In agreement with
Pramod et al (2013) report, the present
study showed that the right ovary is more
active than left ovary in single and double
ovulations during the breeding as well as in
the non-breeding season. Dominancy of the
right ovary was also reported for other
ruminant species such as ewes and heifers
(Shorten et al, 2013; Ginther & Hoffman,
2016). However, some studies challenge
this concept, since no difference were
observed in the numbers of ovulations
between left and right ovaries (Chacur et al,
2015; Rezagholizadeh et al, 2015). Regassa
et al (2007), reported that a higher
proportion of single ovulations occurs in
right ovaries, while there is no significant
difference in proportion of double or more
ovulations between both ovaries. The
reason for discrepancies between studies
may be related to species and environmental
conditions.

Local paracrine and or autocrine factors
and differences in lymphatic drainage of
right and left ovaries may contribute to the
observed variation in their activities (Alosta
et al, 1998). Differences in vascularization
and blood flow could be another
explanation (Morales et al, 1998).
According to Cushman et al (2005), the
increased functional activity of the right
ovary in cattle is probably caused by a local
temperature effect on the left ovary due to
the nearness to the rumen.

The results of this study showed that both
single and double ovulations in Mamasani
goats occurred considerably more often in
the right ovary than the left one.
Furthermore, it seems that ovulations in the
right ovary yielded more twin pregnancies.
Nevertheless, in one-third of the non-
pregnant population bilateral ovulations
were occurred. Finally, there are some
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indications from the results of the present
study that show the homozygous twins also
appear to come more often from the oocytes
of the right ovary.

KaramiShabankareh et al (2009),
reported that unilateral double ovulations
were only observed in the right ovaries.
Similarly, Kusaka et al (2017), showed that
all unilateral double ovulations in first
estrus postpartum in dairy cows occurred on
the right side. The unequal activity of
ovaries may cause differences in the
development  potential of  oocytes.
Moreover, in previous study it has shown a
significant difference between the right and
left ovaries regarding the recovery rate and
the maturation of oocytes (Majeed & Adel,
2015). Fritzsche et al (2000), showed that
oocytes originating from the right ovary led
to pregnancy more often than oocytes
originating from the left ovary. In the
present study we showed that follicular
activity of the right ovary resulted in more
twins. Also, it is demonstrated that after
superovulation by eCG, the response of the
right ovary was stronger than the left one
(Kermani-Moakhar et al, 2010; Martinez et
al, 2007). Lehloenya et al (2008), showed
that there were more CLs in the right ovary
of Boer goats after superovulation
compared to the left ovary.
KaramiShabankareh et al in 2015, showed
that the dominance of the right ovary can be
atresia by induction of luteolysis, which
causes a greater proportion of ovulations in
the left ovary.

Spell et al (2001), showed a relationship
between corpus luteum size and plasma
progesterone concentrations during the
development of CL. Since the production of
progesterone by CL only is mandatory to
maintain pregnancy in goats (Islam et al,
2013), we studied the relationship between
the volume of luteal tissue and progesterone
level in more detail. The results showed that
the total volume of luteal tissue is
moderately / strongly correlated with serum
progesterone levels in Mamasani goats
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during the breeding and non-breeding
season. The volume of single CLs appeared
larger than those developed after double
ovulation, but the total volume of CLs was
always larger than after single ovulations,
which eventually resulted in a higher mean
concentration of  progesterone.  This
mechanism also occurs in cattle (Bech-
Sabat et al, 2008). Our results are in contrast
with those described in previous studies in
which  similar  plasma progesterone
concentrations were recorded for non-
pregnant and pregnant cows with a single
CL and two CLs (Starbuck et al, 2004;
Mann et al, 2007). Other studies confirmed
that there was a positive correlation
between the total volume of luteal tissue
and the progesterone concentration in cyclic
and pregnant sheep (Kaulfuss et al, 2003).
In addition, Manalu et al in 1997, have
argued that increasing the number of CLs
results in more progesterone secretion in
pregnant sheep and goats bearing more than
one fetus.

The most important finding in the current
study for goat fertility management was the
correlation between the serum progesterone
concentration and the number of fetuses in
pregnant goats. This study showed that in
twin pregnancies coming from single
ovulation, the volume of resulting CL
develops more and produces more
progesterone compared to a singlet
pregnancy. Furthermore, goats that had

Acknowledgements

double ovulations but carried a single fetus
had a higher total volume of CL tissue and
corresponded to higher serum progesterone
concentration than goats with two fetuses
after single ovulation. This finding shows
that the serum levels of progesterone in
pregnant Mamasani goats is not a reliable
predictor for single or twin pregnancy.
Although a previous study (Boscos et al,
2003), showed a significant positive
correlation between progesterone
concentration and the number of kids born,
this relation is not strong enough to reliably
diagnose the numbers of kids in the
individual goat. Our data did not support the
previous observations in goat and ewes
(Gur et al, 2011; Nawito et al, 2015), which
reported that animals bearing more than one
fetus had higher levels of progesterone
compared to those bearing a single fetus.
However, in goats during the last three
weeks of gestation, maternal serum
progesterone concentrations were
positively correlated with the number of
corpus luteum and fetus (Khan & Ludri,
2002).

In summary, our results showed that
progesterone levels depend on the total
volume of luteal tissue and this volume is
not always correlated with the number of
fetuses. Therefore, for the individual goat
an elevated progesterone level cannot be
used to accurately predict twin pregnancy.

The authors would like to express special thanks to the Yasouj abattoirs management for
providing the present research with facilities such as reproductive tracts and blood sampling,
and the staff who volunteered to assist goats' age detection and for their proficiency, reliability
and providing a friendly environment during sample collection.

Conflict of interest
The authors have no conflicts of interest.

Funding

This research project has been financially supported by the office of vice chancellor for

research and technology of Yasouj University.

Iranian Veterinary Journal




Relationship of single and double ovulations with serum . . .

References

Alosta, R. A., Vaughan, L., & Collins, J. D. (1998).
An abattoir survey of ovine reproductive tracts in
Ireland. Theriogenology, 50(3): 457-464.

Bartlewski, P. M., Beard, A. P., & Rawlings, N. C.
(1999). An ultrasonographic study of luteal
function in breeds of sheep with different
ovulation rates. Theriogenology, 52(1): 115-130.

Bech-Sabat, G., Lopez-Gatius, F., Yaniz, J. L.,
Garcia-Ispierto, 1., Santolaria, P., Serrano, B., et
al. (2008). Factors affecting plasma progesterone
in the early fetal period in high producing dairy
cows. Theriogenology, 69(4): 426-432.

Boscos, C. M., Samartzi, F. C., Lymberopoulos, A.
G., Stefanakis, A., & Belibasaki, S. (2003).
Assessment of progesterone concentration using
enzyme immunoassay, for early pregnancy
diagnosis in sheep and goats. Reproduction in
Domestic Animal, 38(3): 170-174.

Chacur, M. G. M., Arrebola, T. A. H., Ibrahim, D.
B., Sanches, O. C., Gabriel-Filho, L. R. A,
Cremasco, C. P., et al. (2015). Characterization
and cellular proliferation of ovarian structures of
ewes by the technique of Agnor: ovarian
morfometry and correlations. Brazilian Journal of
Biosyatems Engineering, 9(3): 209-220.

Cushman, R. A., Allan, M. F., Snowder, G. D.,
Thallman, R. M., & Echternkamp, S. E. (2005).
Evaluation of owvulation rate and ovarian
phenotype in puberal heifers from a cattle
population selected for increased ovulation rate.
Journal of Animal Science, 83(8): 1839-1844.

Fields, M. J., & Fields, P. A. (1996). Morphological
characteristics of the bovine corpus luteum during
the estrous cycle and pregnancy. Theriogenology,
45(7): 1295-1326.

Fritzsche, P., Riek, M., & Gattermann, R. (2000).
Effects of social stress on behavior and corpus
luteum in female golden hamsters (Mesocricetus
auratus). Physiology and Behavior, 68(5): 625-
30.

Ginther, O. J, & Hoffman, M. M. (2016).
Interactions of side (left and right ovary) with the
number of follicles per ovary and with the
intraovarian relationships between dominant
follicle and corpus luteum in heifers.
Theriogenology, 86(4): 907-913.

Gur, S., Turk, G., Demirci, E., Yuce, A., Sonmez,
M., Ozer, S., et al. (2011). Effect of pregnancy
and foetal number on diameter of corpus luteum,
maternal  progesterone  concentration  and
oxidant/Antioxidant balance in ewes.
Reproduction in Domestic Animal, 46(2): 289-
295.

13| Iranian Veterinary Journal

Islam, M. M., Mondal, S. K., & Patel, B. H. M.
(2013). Post-synchronization progesteroneprofile
of indigenous goats during early pregnancy. The
Indian Veterinary Journal, 90(3): 22-23.

KaramiShabankareh, H., Habibizad, J., Sarsaifi, K.,
Cheghamirza, K., & Kazemein Jasemi, V. (2010).
The effect of the absence or presence of a corpus
luteum on the ovarian follicular population and
serum oestradiol concentrations during the
estrous cycle in Sanjabi ewes. Small Ruminant
Research, 93(2-3): 180-185.

KaramiShabankareh, H., Habibizad, J., & Torki, M.
(2009). Corpus luteum function following single
and double ovulation during estrous cycle in
Sanjabi ewes. Animal Reproduction Science,
114(4): 362-369.

KaramiShabankareh, H., Hajarian, H., Shahsavari,
M., & Moradinejad, R. (2015). In vivo and in
vitro study of the function of the left and right
bovine ovaries. Theriogenology, 84(5): 724-731.

Karen, A., Amiri, B. E., Beckers, J., Sulon, J.,
Taverne, M. A. M., & Szenci, O. (2006).
Comparison of accuracy of transabdominal
ultrasonography, progesterone and pregnancy-
associated glycoproteins tests for discrimination
between single and multiple pregnancy in sheep.
Theriogenology, 66(2): 314-322.

Kaulfuss, K. H., Moritz, S., & Giucci, E. (2003). The
influence of the ovulation rate on ultrasonically
determined ovine corpus luteum morphometry
and progesterone concentrations in cyclic and
early pregnant sheep. Deutsche Tierarztliche
Wochenschrift, 110(6): 249-254.

KermaniMoakhar, H., Kohram, H., Salehi R., &
Zare-Shahneh, A. (2010). Follicular and
ovulatory responses of the right versus left ovaries
to eCG treatment in Shall Iranian ewes. African
Journal of Biotechnology, 9(10): 1523-1527.

Khan, J. R., & Ludri, R. S. (2002). Hormonal
profiles during periparturient period in single and
twin fetus bearing Goats. Asian-Australasian
Journal of Animal Science, 15(3): 346-351.

Kulcsar, M., Danko, G., Magdy, H. G. |, Reiczigel,
J., Forgach, T., Prohaczik, A., et al. (2006).
Pregnancy stage and number of fetuses may
influence maternal plasma leptin in ewes. Acta
Veterinaria Hungarica, 54(2): 221-234.

Kusaka, H., Miura, H., Kikuchi, M., & Sakaguchi,
M. (2017). Incidence of double ovulation during
the early postpartum period in lactating dairy
cows. Theriogenology, 91: 98-103.



Javad Habibizad, Mustafa Muhaghegh-Dolatabady, et al.

Lehloenya, K. C., Greyling, J. P. C., & Grobler, S.
(2008). Effect of season on the superovulatory
response in Boer goat does. Small Ruminant
Research, 78(1-3): 74-79.

Lopez, H., Caraviello, D. Z., Satter, L. D., Fricke, P.
M., & Wiltbank, M. C. (2005). Relationship
between level of milk production and multiple
ovulations in lactating dairy cows. Journal of
Dairy Science, 88(8): 2783-2793.

Majeed, A. F., & Adel, A. M. (2015). In vitro
production of ovine embryo. Journal of
Veterinary Medical Science, 6(1): 76-84.

Manalu, W., Sumaryadi, M. Y., & Kusumorini, N.
(1997). Effect of fetal number on concentrations
of circulating maternal serum progesterone and
estradiol of does during late pregnancy. Small
Ruminant Research, 23(2-3): 117-124.

Mann, G. E., Robinson, R. S., & Hunter, M. G.
(2007). Corpus luteum size and function
following single and double ovulations in non-
lactating dairy cows. Theriogenology, 67(7):
1256-1261.

Martinez, J. A., Sanchez, M. T., Cordero, J. L.,
Mendoza, G. D., Garcia, C. M., & Garcia, M.
(2007). Ovarian follicular dynamics after
cauterization of the dominant follicle in anestrous
ewes. Animal Reproduction Science, 98(3-4):
225-232.

Medan, M., Watanabe, G., Absy, G., Sasaki, K.,
Sharawy, S., & Taya, K. (2004). Early pregnancy
diagnosis by means of ultrasonography as a
method of improving reproductive efficiency in
goats. Journal of Reproduction and Development,
50(4): 391-397.

Morales, L., Chavez, R., Ayala, M., & Domlnguez,
R. (1998). Effects of unilateral or bilateral
superior ovarian nerve section in prepubertal rats
on the ovulatory response to gonadotrophin
administration.  Journal of Endocrinology,
158(2): 213-219.

Nawito, M. F., Mahmoud, K. G. M., Kandiel, M. M.
M., Ahmed, Y. F., & Sosa, A. S. A. (2015). Effect
of reproductive status on body condition score,
progesterone concentration and trace minerals in
sheep and goats reared in South Sinai Egypt.

African Journal of Biotechnology, 14(43): 3001-
3005.

Niswender, G. D., Juengel, J. L., Silva, P. J,
Rollyson, M. K., & Mclntush, E. W. (2000).
Mechanisms controlling the function and life span
of the corpus luteum. Physiological Reviews, 80:
1-29.

Pramod, R. K., Sharma, S. K., Singhi, A., Pan, S., &
Mitra, A. (2013). Differential ovarian
morphometry and follicular expression of
BMP15, GDF9 and BMPRI1B influence the
prolificacy in goat. Reproduction in Domestic
Animal, 48(5): 803-809.

Regassa, F., Tamrat, H., & Bekana, M. (2007).
Ovarian activity, transuterine embryo migration
and prenatal losses in Ethiopian highland ewes.
Tropical Animal Health and Production, 39(2):
131-139.

Rezagholizadeh, A., Gharagozlou, F., Akbarinejad,
V., & Youssefi, R. (2015). Left-sided ovulation
favors more male foals than right-sided ovulation
in Thoroughbred mares. Journal of Equine
Veterinary Science, 35(1): 31-35.

Shorten, P. R., O’Connell, A. R., Demmers, K. J.,
Edwards, S. J., Cullen, N. G., & Juenge, J. L.
(2013). Effect of age, weight, and sire on embryo
and fetal survival in sheep. Journal of Animal
Science, 91(10): 4641-4653.

Spell, A. R., Beal, W. E., Corah, L. R., & Lamb, G.
C. (2001). Evaluating recipient and embryo
factors that affect pregnancy rates of embryo
transfer in beef cattle. Theriogenology, 56(2):
287-297.

Starbuck, M. J., Dailey, R. A., & Inskeep, E. K.
(2004). Factors affecting retention of early
pregnancy in dairy cattle. Animal Reproduction
Science, 84(1-2): 27-39.

Voelz, B. E., Cling, G. F., Hart, C. G., Lemley, C.
O., & Larson, J. E. (2015). Effect of 2 corpora
lutea on blood perfusion, peripheral progesterone,
and hepatic steroid-inactivating enzymes in dairy
cattle. Journal of Dairy Science, 98(1): 288-294.

Received: 30.09.2019
Accepted: 04.04.2020

Iranian Veterinary Journal




Vf"J@_?nJ[«i_[,AJéAU_;; J.a\s‘du.d
DOI: 10.22055/1VJ.2020.203564.2186

Jaxd g8 g g e gy AL b aligu g 0 b slas,yliSSadS bl )
ssas Sla g jo Gaas

\‘)LAA.A J‘J)@A K] ru_..ul:t‘) daal ‘Y(sd\._\TCA.‘JJé:QM u_daa.a.a ‘*\A‘-}Lﬁ‘f; J‘J;

Ol gl gamls ol (53,058 0aSEls (gl o5k 055 ol
Ol gl ol oIS (55,558 0aSs  als psbe 0y S L2 T

O 1 Olghna! (Dl s &5 (55, 5LES 0ISENs  als psle 05 S sl

ARCVAVAE NI Pt WAMVIA 23l s fo b

LRYLEN

Lase 5o Jhoal 5 Sigs oo sl JUB 50 il paa 5 o sl SBle p aBos Jilie 5o 3site slas,lSSaaS 58T s

D s LAl 5u el g cble 5 JUS ) e8b aaa (IS SaaT haad bLS) ) dalllas ool 5 Sua ol age sl
Gl ad soslpen endd 5 b 5 Jlend § e o oSS 5o sud HEES 830 By (el VAT laplaeds 5 an ke s
S rdels Band 5 5ae Juad oo dalllas ujse slass S b SIUT Gasindsn cble 5 as @S oua slad s HLas ol
aose slas g S o g (ien] suk slads 5o 4ok s 2B s IKKAT Y 5 4ipb LB a6l - it (5,18 KA
SIS Saas Y (i 5a2) AobSs LB0 (I8 SaaS —Y (Gl 522) 0 ofke (5,18 SadS -) bt ol 55 Jumd (b dalllas
L b o RS Eads —F fhnia S b ujdie (5,I8S0A3 -0 toia S L oslie IS Ses —F (il 2) 4k s oG gs
Wb g 2Ugs LIS -4 5 Gaia S b b s (o0 OISSLAT A Oaia 9o b 4b S (LB g0 (ST -V ia S
Onl B8 fienl 65 a2 (pinan g (Meadd 5 Jead o 58 o LRSS I Gl el GlaadS aS uls LaS B s i g0 b
B9 IESAAT 55 a s i3 ooy SBIE Guigas 5055 s JS pas (Gl e g Gl slad asse 59 58 5o sls saiS
Lol 4 Gl 59 5 9 (OISSLAT L (slads 5o p e (st SllE 5 ) aa JSaaa g S0k ol e sk 4
paa b O o8 Dol ooy Slle s SYL ap S aS 0l oSl u S0k ol sk 4 Oria S aste LIS L

e 53 A 5 i olaal (9 g el (sl slaiel BB Gty S b Cpl Lol ) b e 05 s S

‘-;.LA.HM:)?IC)J‘);‘LISJ_):}lﬁjé&h&:\.ﬁuﬁh‘“‘ﬁluj.\6)‘3&5@(.‘):)&9:6%“5&“5

1) g amls gy olRS5 ((6355L58 0aKils ¢ s p sl 03 8 Hlslinl 3l 3lgr 1 g 0k 55T
E-mail: j_habibi58@yahoo.com

QOB

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0
license) (http://creativecommons.org/licenses/by-nc/4.0/).

I\\\ VPor olen ) o lach anada o gu (ol ol (Sudi jaols du il






