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Abstract

Reproductive function is the cornerstone in achieving better profitability for sheep; researchers have
developed several ways to guide the reproduction of ewes and develop their reproductive
efficiency by its needs. This contributed to reducing the vaccination season and the timing of
births in ewes during a limited year to provide optimal care conditions. The optimal use of these
techniques in the reproductive function enables us to enter estrus, increase the ovulation rate, and the
appropriate timing of artificial insemination, which in turn increases the reproductive efficiency of
ewes. Therefore, it has become necessary to use modern biotechnologies such as estrus
synchronization technology, which is one of the technologies that help reduce the time and
effort required to detect estrus by collecting estrus cases in treated animals. By applying
reproductive care programs such as synchronizing estrus and increasing fertility using
compounds such as injections of human chorionic gonadotropin, gonadotropin-releasing hormone
or progesterone after mating and prostaglandin F2alpha, prostaglandin E and melatonin
hormone, it may help to be performed at a specific time if combined with ovulation induction

programs and continue pregnancy and increase fertility rates. Keywords:

Synchronization, hormones, sheep
Aim of article

This review was aimed to determine the
comparative effect of using various estrus
synchronization programs to improve the
fertility and the sustainability of reproduction
and thus pregnancy insurance. Moreover, to
review of various hormonal programs were
aimed to synchronizing estrus and, as a result,
modifying the reproductive path and
improving the qualities of reproductive
performance in ewes.

Introduction

Reproduction is important to preserve
the species and continue production [1]. Due to
the seasonality of production in sheep and
increase demand for them in certain seasons, it
is necessary to follow applied systems to
improve  reproductive and  productive
performance throughout the year under
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Estrus

conditions of intensive production. It can be
applied by regulating erogenous compatibility
in ewes and increasing the rate of twins at
times that may be outside the pollination
season, which is defined as the period when
animal fertility is at its highest [2]. Sheep are
seasonal animals with multiple estrus cycles
[3]. Estrus synchronization has many benefits,
including introducing the largest possible
group of ewes in the estrus stage, thus
facilitating their pollination and synchronizing
their births in the reproductive season [4]. The
onset of estrus can be controlled and made in
the first week of the season, its off-season
events, and the process of ovulation events [5].
There are several widespread ways to
synchronize estrus in ewes, including natural
methods (Ram effect) or pharmacological
methods such as Progesterone hormone, which
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is used in the form of vaginal sponges or
injection or implantation under the skin at the
base of the ears. Also, the hormone
prostaglandin or melatonin can be used with
variety of successful rate in or out season [6].

The reproductive season of ewes

Sheep are generally classified as
seasonal polyestrus breeding animals; the
breeding season begins as early as April and
lasts until September. The natural breeding
season for ewes is concentrated between late
June and early September, which allows ewes
to give birth between late November and early
February [ 7]. Sheep are animals that depend
on the photoperiod through the secretion of the
melatonin hormone and other environmental
factors such as temperature and nutrition [8].
The reproductive performance of ewes during
the year shows a period of sexual dormancy
followed by a period of sexual activity during
the reproductive season. Several estrus cycles
appear until the end of the season, or the
female  becomes pregnant [9]. The
reproductive season of females is regulated by
the presence of photosensitizers in the retina of
the eye; impulses are sent by the optic nerve
and other nerve impulses to the sheep's pineal
gland to detect changes in daylight by the
biological clock in the hypothalamus, which in
turn sends signals by the axons of the gonads
through the pineal gland [10]. Ewes'
reproductive season appears when the day's
length is shortened [11].
Asadi-Fozi et al. [12] pointed out that most
species of animals that live in areas confined
between 35 north and 35 south latitudes have
different animals showing reproductive
activity depending on the seasons. The reason
is due to the different hours of light and the
intensity of illumination, and there is no doubt
that light plays an important role in the
reproductive season in animals that are active
in certain seasons and are sexually inactive in
the rest of the seasons [13]. The melatonin
hormone is secreted from the pineal gland
which plays an important role in the
occurrence of these significant changes in the
functions of the gonads of animals that are
affected by the season. The evidence indicates
that the action of the melatonin hormone and
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its effect on the gonads occurs at the level of
the brain [14], hypothalamus, pituitary and
epithelial tissues as the pineal gland plays a
pivotal role in for the hormone GnRH from the
hypothalamus [15]. Thus, the melatonin
hormone indirectly regulates the reproductive
season by controlling the secretion of gonads
hormones from the anterior lobe of the
pituitary gland and their activity is regulated in
the reproductive season [16].

The estrus cycle in ewes and related
hormones

The length of the estrus cycle in
ewes ranges from 14-19 days and an average
of 17 days, and usually, the first estrus cycle is
at the beginning of the reproductive season for
non-adult ewes in which ovulation occurs
without signs of estrus, and this is called silent
estrus [17]. Cunningham et al. [18] pointed out
that ewes have 9-15 cycles per year and an
average of 12 cycles per year. The ewes of the
tropical and subtropical zone breed all year
round, and many researchers have described
that ewes have multiple seasonal estrus cycles
(Seasonal Polyestrous) [19, 20]. The estrus
cycle is divided into two phases, the first of
which is the follicular phase and its duration is
3-4 days, and the second phase is the luteal
phase (the phase of the corpus luteum), which
lasts about 14-15 days, which is characterized
by the formation of the corpus luteum and a
rise in the level of progesterone as a result of
its excretion from the corpus luteum [21]. The
day before estrus occurs, one or more follicles
grow rapidly, and there is a rise in the
concentration of the estrogen hormone in the
blood [22]. Estrogen works to show signs of
estrus from the sexual acceptance, as well as
works to increase the vascularity of the vagina
and increase the secretion of watery mucus (a
light watery nature) [23]. The LH hormone
acts on the occurrence of ovulation, which
occurs approximately 14 hours after the LH
hormone concentration reaches the peak or 24
hours after the occurrence of estrus [24], and
the LH hormone concentration remains low at
other times of the estrus cycle [25]. The length
of the estrus phase varies depending on the age,
breed, presence of the male, the season and
ranges from 18-72 hours with an average of 36
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hours. The estrus phase in wool sheep is longer
than in meat sheep. The duration of estrus is
short at the beginning and end of the
reproductive season when the male is present
and in the first reproductive cycle of early ewes
[26]. In the absence of pregnancy, luteinization
will occur starting from the 15" day of the
estrus cycle as a result of an increase in the
concentration of the prostaglandin PGF;
reaches its highest level on the 15" day of the
estrus cycle, and on the 16" the level of
progesterone begins to decrease, which
stimulates the increased secretion of ovary
nutrient hormones FSH, which works on the
growth and development of new follicles [27].
The secretion of progesterone is mainly in
sheep from the corpus luteum in the first
trimester, but after the 50" day of pregnancy,
the production of progesterone is from the
placenta, and if the dissolution of the corpus
luteum occurs, it does not affect the duration of
pregnancy  (maternal recognition  of
pregnancy) [28].

Hormonal regulation of the oestrous cycle of
the ewes

The Hypothalamus -Pituitary -Ovaries
Axis is the main axis that controls the
regulation of the reproductive cycle in sheep
[29]. The regulation of the estrus cycle requires
mutual interference of the endocrine and
neuroendocrine mechanism represented by
reproductive hormones of the hypothalamus
and anterior lobe of the pituitary gland and
steroid hormones of the ovaries, as well as
interference between the uterus and ovaries
[30]. During the period of the end of estrus,
progesterone concentrations are at high levels,
as it leads to blocking the release of the
hormones GnRH, FSH, and LH through the
negative feedback mechanism of the
hypothalamus and the anterior lobe of the
pituitary gland and in case pregnancy does not
occur [31]. The prostaglandin hormone
(PGF2a) is released from the uterus and is
released to the ovaries through the uterine-
ovarian vein to the ovarian artery, as it leads to
luteolytic of the corpus luteum and a decrease
in the level of progesterone concentration [32].
As the decrease in the concentration of
progesterone works to remove the negative
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feedback of the hypothalamus and the anterior
lobe of the pituitary gland, and then the
impulses of GnRH, FSH and LH begin to be
released and then stimulate the growth of
ovarian follicles and increase the secretion of
estrogen [33], and after 2 or 3 days of a
decrease in the level of progesterone
concentration, the level of estrogen
concentration will reach the concentrations
that stimulate the secretion of sufficient levels
of gonadal inducers GnRH, FSH and LH
before ovulation by positive feedback
mechanism for the hypothalamus [34]. The
FSH hormone works on the growth and
development of the ovarian follicles until they
reach maturity, and then it is called the mature
follicle; the inhibin hormone is secreted from
the mature follicle, as it regulates the release of
the FSH hormone during estrus and then
prevents excessive stimulation of the follicles
[35]. The secretion of the LH hormone before
ovulation occurs in the form of waves. The
wave that occurs before ovulation is
responsible for stimulating the final maturation
of the ovum and breaking the wall of the
mature follicle and ovulation events [36]. The
secretion of the LH hormone occurs before
ovulation at the beginning of estrus and lasts
for 6-10 hours in most animal species, and the
ovulation process occurs after the secretion of
the LH hormone for about 24-30 hours in cows
and ewes and goats 30-36 hours, and after
ovulation, a corpus luteum is formed at the site
of ovulation and begins to secrete progesterone
2-4 days after ovulation [37]. FSH, in synergy
with estrogen, helps regulate the receptors of
the hormone LH on granulosa cells; the
secretion of the prolactin hormone Prolactin at
the end of estrus also helps to perpetuate the
LH hormone receptors on Granulosa cells, and
when ovulation begins, the interaction of the
LH hormone receptors with granulosa cells,
which leads to their conversion into a corpus
luteum [38]. The LH hormone works in
perpetuating the function of the corpus luteum
by increasing the rate of blood flow to the
corpus luteum [39].

Estrus Synchronization
It is a technology that enables the
ewes within the herd to accept mating and
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pregnancy during the same time or close times
of the year [40]. The Optimal Use of these
technologies in reproductive function enables
us to tune in to estrus, increase the rate of
ovulation, and the appropriate timing of I1VF,
which, in turn, increases the reproductive
efficiency of agricultural animals [41]. The
uniformity of estrus depends mainly on the
luteal phase. This phase can be performed by
prolonging the presence of progesterone in the
blood serum using progesterone. Its derivatives
and estrus are controlled and induced in
females using techniques that artificially
control the balance of hormones through
external hormones or other methods that lead to
a change in the hormonal balance of the ewe
[42]. The technique of estrus synchronization
has many benefits; it unifies the time of feeding
and childbirth and thus reduces the efforts and
expenses spent on caring for newborns, and is
useful in raising productive efficiency by
obtaining additional births during productive
life and is also useful in embryo transfer
programs, and determining the date of
pregnancy and childbirth, and then facilitates
the process of feeding animals in homogeneous
groups [43].

Several methods have been used in the
process of unifying estrus, including
administrative methods such as male influence
and artificial control of light, including the use
of hormonal treatment, and these hormones
include progesterone, which is the best for ease
of use and low cost, prostaglandin PGF2 a and
melatonin, and treatment with these hormones
is usually followed by injections of
gonadotropins such as equine gonad
stimulating hormone (eCG), human chorionic
hormone (hCG) or follicle-stimulating
hormone (FSH), the most common is eCG
hormone [44].

Treatments of Estrus Synchronization

To synchronize estrus in sheep, several

treatments are used, including:

1. Treatment with male pheromones (male
effect)

The male effect is meant when the
ewes are stimulated outside the cycle
(estrus) for ovulation by the sudden
presentation of females to the male after
isolation, as it leads to stimulation and
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synchronization of estrus outside the
reproductive season and without additional
treatment [44]. Estrus Synchronization
using male isolation is one of the cheap and
easy techniques by which lambs can be
obtained outside the reproductive season
[45]. The physiological mechanism of this
response depends on the fact that males
produce a chemical called pheromone,
whose smell stimulates the onset of estrus;
exposure to these pheromones stimulates
the secretion of LH and is followed by the
occurrence of ovulation and the return of
active ovarian periodicity [46]. Males are
isolated from females for 3-4 weeks. After
this period, males are introduced to
females, and the response is by increasing
the proportion of the hormones LH and
FSH, which the sudden introduction of a
male induces their secretion through the
effect of pheromones and ovulation is 2-3
days after the introduction of males and
may be delayed to 4-7 days [47]. Ungerfeld
and Silva [48] stated that the process of
unifying estrus using male isolation is
effective and does not differ in its results
from hormonal treatment through a study in
which he compared the use of vaginal
sponges for 12 days with male isolation for
34 days after which Rams were introduced
at the same time as sponges were removed
and added that there were no significant
differences between the two parameters in
the concentration of the LH, FSH, estrogen
hormones, follicular growth, time of entry
into estrus, ovulation rate, and percentage
of pregnancy.

2. Simulation of corpus luteum by exogenous
progesterone In this method, the
function of the corpus luteum is simulated by
the  administration of  progesterone.
Progesterone suppresses the secretion of
gonadotropins and thus prevents ovulation
until the source of progesterone is removed
[49]. If progesterone is given to a group of
females and then withdrawn simultaneously,
this will synchronize estrus and ovulation in
this group. Initially, progesterone for a period
equal to the normal luteal phase length (i.e., 18
- 21days) [50]. This is a long period for corpus
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luteum to undergo a  simultaneous
decomposition in all animals regardless of the
phase of the estrus cycle in which they are at
the beginning [51]. Treatment with
progesterone for a period of 18 - 21 days
resulted in low fertility rates, and this has been
attributed to the owvulation of permanent
follicles containing ova of inferior quality. The
decrease in fertility can also be attributed to the
adverse effects of progesterone within the
internal uterine environment that affect sperm
transfer and life [52].
3. The Use of two doses of prostaglandins
The secretion of PGF2a by the internal
endometrium in a non-pregnant female ends
the luteal phase, which causes lysis of the
corpus luteum and initiates a new estrus cycle.
PGF.a or one of its analogues can be
successfully used for the timing of estrus in
periodic ewes during the breeding season [53].
Studies have shown that injections of PGF2a or
one of its analogues during the middle of the
luteal phase of the estrus cycle can induce lysis
of the corpus luteum in the female, so we can
expect to show signs of estrus after about 50
hours. The decomposition of the corpus luteum
is followed by an increase in the secretion of
estradiol 17 — beta-amino acid and culminates
in the secretion of luteinizing hormone wave
and then ovulation [54]. The decrease in
progesterone concentrations occurs rapidly
and steadily, reaching its minimum levels
within 30 hours after the injection. The
occurrence of ovulation after the injection of
PGF.a can be very variable [55]. The PGF2a

was wused in various ways in the
synchronization of estrus to reach high
synchronization rates after proving the

presence of an active corpus luteum by
measuring the concentration of the
Progesterone hormone and trans rectal
examination and after detection of estrus [56].
The  possibility of treatment  with
prostaglandins is limited only to periodic
females during the reproductive season. As for
the outside of the reproductive season, it is
preferable to use progesterone or one of its
synthetic analogues like progestagens [57].

4. GnRH in combination with prostaglandins
PGF2,
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Due to the development of estrus
synchronization parameters and ovulation and
fertilization ~ control  parameters,  other
alternatives based on the use of treatment with
GnRH followed by a dose of PGF2. have
appeared; the use of a program based on
treatment with GnRH followed by a dose of
PGF2a, gave good pregnancy rates, this led to
improved pregnancy rates when using the
GnRH-PGF.0. program [58]. This method,
called (Ovsynch) Ovulation synchronization or
ovulation timing synchronization, is designed
in order to reduce the differences in ovulation
time, allowing for In vitro fertilization (IVF) to
be performed at a specific time, usually using
either the GnRH or hCG. Both hormones are
effectively time luteinizing hormone waves
and ovulation [59]. GnRH is injected at a
random phase of the estrus cycle (Day 0),
followed by a dose of Prostaglandin PGF2 4 on
Day 7 and then another injection of GnRH 48
hours later [60].

5. Control of Intravaginal Drug- Release
(CIDR)

CIDR is placed in the vagina for 6, 7
or 12 days and sometimes stays 14 days after it
is withdrawn, preferably injecting equine
gonad stimulating hormone ECG after
withdrawal to increase efficiency, after which
rams enter at the time of CIDR removal and
females reach the climax of estrus 24-48 hours
after withdrawal [61]. One of the advantages
of CIDR is that it can be used with young ewes
(weaning) without causing problems, it is easy
to give it, its low cost, as well as the lack of
accumulation of vaginal fluids and bacteria
because it is made of rubber, which reduces the
incidence of vaginal infections while giving it
good results in the technique of unifying estrus
[62]. Many studies have been conducted to
compare the effect of CIDR and vaginal
sponges on reproductive performance and find
out the best, as reported [63] in a study
conducted on a flock of ewes to find out the
efficiency of CIDR and compare with vaginal
sponges, the results showed that the CIDR
group was superior in terms of estrus rate, as it
reached 100% compared to vaginal sponges
85.7%, but the pregnancy rate was for the
CIDR group 87.4% and the vaginal sponge
group 71.7%. As Martinez-Ros et al. [64]
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noted that using vaginal sponges and CIDR
gave similar results in the percentage of estrus,
progesterone  concentration, length  of
pregnancy and reproductive rate in Lacaune
multiparous ewes.
6. The Use of the melatonin hormone

The pineal gland secretes the hormone
melatonin, and its concentration level rises
during the dark period; increased secretion of
the hormone melatonin is responsible for
inducing ovarian cycles in ewes [65], and
continuous administration of the hormone
leads to inducing the reproductive season by
affecting the hypothalamus gland to secrete the
release GnRH hormone and thus the secretion
of the hormones LH and FSH from the anterior
lobe of the pituitary gland [66]. Treatment of
ewes with  melatonin  improved the
reproductive performance of domestic ewes by
increasing the fertility rate and the number of
additional pregnancies [67]. As Kassim et al.
[68] noted, Melatonin treatment at doses 12
and 15 mg/ head showed an increase in the
percentage of fertility and twinning in ewes.
Conclusion

By extrapolating the article's topic, it
highlights what modern international research
has included in the extent of the response of the
ewes synchronization methods and indicates
the best of them in terms of the vital effect on
various reproductive traits of ewes.
Conflict of interest:

The author declare that there is no
conflict of interest of this work.
Acknowledgment:

Author is very grateful to the
University of Mosul / College of Agriculture
and Forestry for their provided facilities, which
helped improve the quality of this work. Author
also thanks Dr.Uday Talaat Naoman for her
assistant work, College of Veterinary
Medicine, University of Mosul.

References
1.Tibary A. Grand Challenge Animal
Reproduction-Theriogenology:  From  the

Bench to Application to Animal Production
and Reproductive Medicine. Frontiers in

32

Veterinary Science.2017;4:114.
https://doi.org/10.3389/fvets.2017.00114

2. Khotijah, L., Arofah, N., Erlangga, K.,
Wijaya, S. H., Diapari, D., Komalasari, K., &
Astuti, D. A. Reproductive Performance of
Ewes, Fed Flushing Diet at Different
Management  Feeding  Program. Pakistan
Journal of Biological Sciences 2022;25(9):
827-834.
https://doi.org/10.3923/pjbs.2022.827.834

3. Bartlewski, P. M., Baby, T. E., & Giffin, J.
L. Reproductive cycles in sheep. Animal
Reproduction Science. 2011; 124(3-4): 259-
268.
https://doi.org/10.1016/j.anireprosci.2011.02.
024

4. Yu, X., Bai, Y., Yang, J., Zhao, X., Zhang,
L., & Wang, J. Comparison of Five Protocols
of Estrous Synchronization on Reproductive
Performance of Hu Sheep. Frontiers in
Veterinary Science.2022; 9: 843514.
https://doi.org/10.3389/fvets.2022.843514

5. Lassoued, N., Rekik, M., Khenissi, S., &
Merai, A.Seasonality of oestrus, ovulation and
ovulation rate of Sicilo-Sarde sheep. Journal of
Animal physiology and Animal
Nutrition.2014; 98(4): 686—692.
https://doi.org/10.1111/jpn.12123

6. Bruno-Galarraga, M., Cano-Moreno, V.,
Lago-Cruz, B., Encinas, T., Gonzalez-Bulnes,
A., & Martinez-Ros, P. The use of hCG for
Inducing  Ovulation in  Sheep  Estrus
Synchronization Impairs Ovulatory Follicle
Growth and Fertility. Animals.2021; 11(4):
984. https://doi.org/10.3390/ani11040984

7. Weems, P. W., Goodman, R. L., & Lehman,
M. N. Neural mechanisms controlling seasonal
reproduction: principles derived from the
sheep model and its comparison with
hamsters. Frontiers in
Neuroendocrinology.2015; 37: 43-51.
https://doi.org/10.1016/j.yfrne.2014.12.002

8. Chemineau, P., Guillaume, D., Migaud, M.,
Thiéry, J. C., Pellicer-Rubio, M. T., &
Malpaux, B. Seasonality of reproduction in
mammals: intimate regulatory mechanisms
and practical implications. Reproduction in
Domestic ~ Animals.2008; 43(2):  40-47.
https://doi.org/10.1111/j.1439-
0531.2008.01141.x



https://doi.org/10.3389/fvets.2017.00114
https://doi.org/10.3923/pjbs.2022.827.834
https://doi.org/10.1016/j.anireprosci.2011.02.024
https://doi.org/10.1016/j.anireprosci.2011.02.024
https://doi.org/10.3389/fvets.2022.843514
https://doi.org/10.1111/jpn.12123
https://doi.org/10.3390/ani11040984
https://doi.org/10.1016/j.yfrne.2014.12.002
https://doi.org/10.1111/j.1439-0531.2008.01141.x
https://doi.org/10.1111/j.1439-0531.2008.01141.x

Kufa Journal For Veterinary Medical Sciences

Vol. (14) No. (1) 2023

9. Abecia, J. A., Chemineau, P., Gomez, A.,
Palacios, C., Keller, M., & Delgadillo, J. A.
Exposure to Photoperiod-Melatonin-Induced,
Sexually-Activated Rams after Weaning
Advances the Resumption of Sexual Activity
in Post-Partum Mediterranean Ewes Lambing
in January. Veterinary Sciences.2017; 4(1), 4.
https://doi.org/10.3390/vetsci4010004

10. Malpaux, B., Viguié, C., Skinner, D. C.,
Thiéry, J. C., & Chemineau, P. Control of the

circannual rhythm of reproduction by
melatonin in the ewe.Brain Research
Bulletin.1997; 44(4): 431-438.

https://doi.org/10.1016/s0361-
9230(97)00223-2

11. Mura, M. C., Luridiana, S., Farci, F., Di
Stefano, M. V., Daga, C., Pulinas, L., Stari¢, J.,
& Carcangiu, V. Melatonin treatment in winter
and spring and reproductive recovery in Sarda
breed sheep. Animal Reproduction
Science.2017; 185: 104-108.
https://doi.org/10.1016/j.anireprosci.2017.08.
009

12. Asadi-Fozi, M., Bradford, H. L., & Notter,
D. R. Direct and correlated responses to
selection  for autumn  lambing in
sheep. Genetics ~ Selection Evolution.2020;
52(1): 56. https://doi.org/10.1186/s12711-020-
00577-z

13. Goodman, R. L., Jansen, H. T., Billings, H.
J., Coolen, L. M., & Lehman, M. N. Neural
systems mediating seasonal breeding in the
ewe. Journal of Neuroendocrinology.2010;
22(7): 674-681.
https://doi.org/10.1111/].1365-
2826.2010.02014 .

14. Lehman, M. N., Ladha, Z., Coolen, L. M.,
Hileman, S. M., Connors, J. M., & Goodman,
R. L. Neuronal plasticity and seasonal
reproduction in sheep. The European Journal
of Neuroscience.2010;32(12): 2152-2164.
https://doi.org/10.1111/].1460-
9568.2010.07530.x.

15. Batailler, M., Chesneau, D., Derouet, L.,
Butruille, L., Segura, S., Cognié, J., Dupont, J.,
Pillon, D., & Migaud, M. Pineal-dependent

increase of hypothalamic  neurogenesis
contributes to the timing of seasonal
reproduction in sheep. Scientific

Reports.2018;8(1): 6188.
https://doi.org/10.1038/s41598-018-24381-4

33

16. Kopycinska, K., Wojtulewicz, K., Herman,
A. P., & Tomaszewska-Zaremba, D. The
Effect of Photoperiodic Conditions on
GnRH/LH Secretion in  Ewes. Animals

.2022;12(3): 283.
https://doi.org/10.3390/ani12030283
17. Bottino, J. P., Pérez-Clariget, R.,

Rodriguez, M., Ratto, M., & Ungerfeld, R.
Multiple matings modify the estrous length,
the moment of ovulation, and the estradiol and
LH patterns in ewes. Animal
Reproduction.2021; 18(3): €20210045.
https://doi.org/10.1590/1984-3143-AR2021-
0045.

18. Cunningham, K., Van Burgel, A., Kelman,
K. R., Macleay, C. M., Paganoni, B. L., &
Thompson, A. N. Interactions between Ewes
and Rams during Mating Can Be Used to
Predict Lambing Dates Accurately, but Not
Sire. Animals.2022; 12(13): 1707.
https://doi.org/10.3390/ani12131707

19. Shorten, P. R., Edwards, S. J., & Juengel,
J. L. The role of reproductive loss on flock
performance: a comparison of nine industry
flocks. Translational Animal
Science.2021; 5(1): txab013.
https://doi.org/10.1093/tas/txab013.

20. Zywicki, M. E., Blohowiak, S. E.,
Magness, R. R., Segar, J. L., & Kling, P. J.
Impact of the ovarian cycle and pregnancy on
plasma chemistry values in ewes. Journal of
Veterinary Diagnostic  Investigation.2018;
30(2): 238-244.
https://doi.org/10.1177/1040638717752217
21. Ajayi, A. F., & Akhigbe, R. E.Staging of
the estrous cycle and induction of estrus in
experimental rodents: an update. Fertility
Research and Practice.2020; 6: 5.
https://doi.org/10.1186/s40738-020-00074-3
22. Wang, X., Guo, X., He, X., Liu, Q., Di, R,
Hu, W., Cao, X., Zhang, X., Zhang, J., & Chu,
M.Effects of FecB Mutation on  Estrus,
Ovulation, and Endocrine Characteristics in
Small Tail Han Sheep. Frontiers in Veterinary
Science.2021;8: 709737.
https://doi.org/10.3389/fvets.2021.70973723.
23. lida, K., Kobayashi, N., Kohno, H.,
Miyamoto, A., & Fukui, Y. A comparative
study of induction of estrus and ovulation by
three different intravaginal devices in ewes
during the non-breeding season. The Journal



https://doi.org/10.3390/vetsci4010004
https://doi.org/10.1016/s0361-9230(97)00223-2
https://doi.org/10.1016/s0361-9230(97)00223-2
https://doi.org/10.1016/j.anireprosci.2017.08.009
https://doi.org/10.1016/j.anireprosci.2017.08.009
https://doi.org/10.1186/s12711-020-00577-z
https://doi.org/10.1186/s12711-020-00577-z
https://doi.org/10.1111/j.1365-2826.2010.02014.x
https://doi.org/10.1111/j.1365-2826.2010.02014.x
https://doi.org/10.1111/j.1460-9568.2010.07530.x
https://doi.org/10.1111/j.1460-9568.2010.07530.x
https://doi.org/10.1038/s41598-018-24381-4
https://doi.org/10.3390/ani12030283
https://doi.org/10.1590/1984-3143-AR2021-0045
https://doi.org/10.1590/1984-3143-AR2021-0045
https://doi.org/10.3390/ani12131707
https://doi.org/10.1093/tas/txab013
https://doi.org/10.1177/1040638717752217
https://doi.org/10.1186/s40738-020-00074-3
https://doi.org/10.3389/fvets.2021.70973723

Kufa Journal For Veterinary Medical Sciences Vol. (14) No. (1) 2023
of  Reproduction and  Development. pituitary-adrenal axis. Frontiers in
2004; 50(1): 63-609. Neuroendocrinology.2014; 35(2):  197-220.

https://doi.org/10.1262/jrd.50.63.

24. Contreras-Solis, 1., Vasquez, B., Diaz, T.,
Letelier, C., Lopez-Sebastian, A., & Gonzalez-
Bulnes, A.  Efficiency of  estrous
synchronization in tropical sheep by
combining short-interval cloprostenol-based
protocols and "male
effect”. Theriogenology.2009; 71(6):1018—
1025.
https://doi.org/10.1016/j.theriogenology.2008.
11.004

25. Fergani, C., Saifullizam, A. K., Routly, J.
E., Smith, R. F., & Dobson, H. Estrous
behavior, luteinizing hormone and estradiol
profiles of intact ewes treated with insulin or
endotoxin. Physiology&Behavior.2012; 105(3
): 757-765.
https://doi.org/10.1016/j.physbeh.2011.09.025
26. Miguel-Cruz, E. E., Mejia-Villanueva, O.,
& Zarco, L. Induction of fertile estrus without
the use of steroid hormones in seasonally
anestrous Suffolk ewes. Asian-Australasian
Journal of Animal Sciences.2019; 32(11):
1673-1685. Advance online publication.
https://doi.org/10.5713/ajas.18.0769.

27. Cérdenas, H., Wiley, T. M., & Pope, W. F.
Prostaglandin F2alpha-induced estrus in ewes
exhibiting estrous cycles of different
duration. Theriogenology.2004; 62(1-2): 123—
129.

28. Blaschi, W., Lunardelli, P. A., Marinho, L.
S., Max, M. C,, Santos, G. M., Silva-Santos, K.
C., Melo-Sterza, F. A., Baldassarre, H., Rigo,
T.R., & Seneda, M. M. Effects of progestagen
exposure duration on estrus synchronization
and conception rates of crossbreed ewes

undergoing fixed time artificial
insemination. Journal of Veterinary
Science.2014; 15(3): 433-437.

https://doi.org/10.4142/jvs.2014.15.3.433.

29. Zhang, Z., Tang, J., He, X., Zhu, M., Gan,
S., Guo, X., Zhang, X., Zhang, J., Hu, W., &
Chu, M.Comparative Transcriptomics Identify

Key Hypothalamic Circular RNAs that
Participate in  Sheep  (Ovis aries)
Reproduction.Animals  .2019;9(8):  557.

https://doi.org/10.3390/ani9080557.
30. Handa, R. J., & Weiser, M. J. Gonadal
steroid hormones and the hypothalamic-

34

https://doi.org/10.1016/j.yfrne.2013.11.001.
31. Moenter, S. M., Silveira, M. A., Wang, L.,
& Adams, C. Central aspects of systemic
oestradiol negative- and positive-feedback on
the reproductive neuroendocrine
system. Journal of
Neuroendocrinology.2020; 32(1): el2724.
https://doi.org/10.1111/jne.12724.

32. Kim, S. O., Markosyan, N., Pepe, G. J., &
Duffy, D. M. Estrogen promotes luteolysis by
redistributing prostaglandin F2a receptors
within primate
lutealcells, Reproduction.2015; 149(5):453-
464.

, https://rep.bioscientifica.com/view/journals/r

ep/149/5/453.xml.
33. Ciechanowska, M.O., Lapot,
M., Mateusiak, K., Paruszewska, E.,

Malewski, T., and Przekop, F.Biosynthesis of
gonadotropin-releasing hormone (GnRH) and
GnRH receptor (GnRHR) in hypothalamic-
pituitary unit of anoestrous and cyclic ewes.
Canadian Journal of Physiology and
Pharmacology.2016; 95(2): 178-
184. https://doi.org/10.1139/cjpp-2016-0137.
34. Misztal, T., Gorski, K., Tomaszewska-
Zaremba, D., Molik, E., & Romanowicz,
K.lIdentification of salsolinol in the mediobasal
hypothalamus of lactating ewes and its relation
to suckling-induced prolactin and GH
release, Journal of
Endocrinology.2008; 198(1): 83-
89. https://joe.bioscientifica.com/view/journal
s/joe/198/1/83.xml.

35. Fry, R. C., & Driancourt, M. A.
Relationships between follicle-stimulating
hormone, follicle growth and ovulation rate in
sheep. Reproduction, Fertility, and
Development.1996; 8(2): 279-286.
https://doi.org/10.1071/rd9960279.

36. Goodman, R. L., He, W., Lopez, J. A,
Bedenbaugh, M. N., McCosh, R. B,
Bowdridge, E. C., Coolen, L. M., Lehman, M.
N., & Hileman, S. M. Evidence That the LH
Surge in Ewes Involves Both Neurokinin B-
Dependent and -Independent Actions of
Kisspeptin. Endocrinology.2019; 160(12):
2990-3000. https://doi.org/10.1210/en.2019-
00597



https://doi.org/10.1262/jrd.50.63
https://doi.org/10.1016/j.theriogenology.2008.11.004
https://doi.org/10.1016/j.theriogenology.2008.11.004
https://doi.org/10.1016/j.physbeh.2011.09.025
https://doi.org/10.5713/ajas.18.0769
https://doi.org/10.4142/jvs.2014.15.3.433
https://doi.org/10.3390/ani9080557
https://doi.org/10.1016/j.yfrne.2013.11.001
https://doi.org/10.1111/jne.12724
https://rep.bioscientifica.com/view/journals/rep/149/5/453.xml
https://rep.bioscientifica.com/view/journals/rep/149/5/453.xml
https://doi.org/10.1139/cjpp-2016-0137
https://joe.bioscientifica.com/view/journals/joe/198/1/83.xml
https://joe.bioscientifica.com/view/journals/joe/198/1/83.xml
https://doi.org/10.1071/rd9960279
https://doi.org/10.1210/en.2019-00597
https://doi.org/10.1210/en.2019-00597

Kufa Journal For Veterinary Medical Sciences

Vol. (14) No. (1) 2023

37. Bartlewski, P. M., Baby, T. E., & Giffin, J.
L. Reproductive cycles in sheep. Animal
Reproduction ~ Science.2011; 124(3-4):259—
268.
https://doi.org/10.1016/j.anireprosci.2011.02.
024.

38. Fabre, S., Pierre, A., Mulsant, P., Bodin, L.,
Di Pasquale, E., Persani, L., Monget, P., &
Monniaux, D. Regulation of ovulation rate in

mammals: contribution of sheep genetic
models. Reproductive Biology and
Endocrinology .2006; 4: 20.

https://doi.org/10.1186/1477-7827-4-20.

39. Wiltbank, M. C., Salih, S. M., Atli, M. O.,
Luo, W., Bormann, C. L., Ottobre, J. S.,
Vezina, C. M., Mehta, V., Diaz, F. J., Tsali, S.
J., & Sartori, R. Comparison of endocrine and
cellular mechanisms regulating the corpus
luteum of primates and ruminants. Animal
Reproduction.2012; 9(3): 242-259.

40. Avila-Castillo, B. R., Garcia-Flores, E. O.,
Molina-Mendoza, P., Peralta-Ortiz, J. J. G,
and Séanchez-Torres-Esqueda, M. T. Estrous
synchronization in hair sheep using a protocol
based on prostaglandin+ GnRH.
CienciaUAT.2019; 13(2): 141-
151.https://doi.org/10.29059/cienciauat.v13i2.
1012

41. Hameed, N., Khan, M. |., Zubair, M., &
Andrabi, S.  Approaches of estrous
synchronization in sheep: developments
during the last two decades: a review. Tropical
Animal Health and Production.2021; 53(5):
485. https://doi.org/10.1007/s11250-021-
02932-8.

42. Ayoub, M. A, Tharwat, R. A. M., Yaseen,
M. A., and Soliman, E. S. Using Progesterone
and Prostaglandin F2a for Ewes Estrus
Synchronization during Summer Season in
Egypt. Journal of Animal, Poultry & Fish

Production .2020;9(1): 1-8.
DOI: 10.21608/japfp.2020.119466
43. Hasani, N., Ebrahimi, M., Ghasemi-

Panahi, B., and HosseinKhani, A. Evaluating
reproductive performance of three estrus
synchronization protocols in Ghezel ewes.
Theriogenology.2018;  122: 9-13. doi:
10.1016/}..2018.07.005

44. Habeeb, H., & Anne Kutzler, M. Estrus
Synchronization in the Sheep and Goat. The
Veterinary clinics of North America Food

35

Animal  Practice.2021; 37(1): 125-137.
https://doi.org/10.1016/j.cvfa.2020.10.007.
45. Hameed, N., Khan, M. |., Zubair, M., &
Andrabi, S. Approaches of estrous
synchronization in sheep: developments
during the last two decades: a review. Tropical
Animal Health and Production.2021;53(5):
485. https://doi.org/10.1007/s11250-021-
02932-8

46. Senger, P.L. Pathways to pregnancy and
parturition. 2nd revised Edition. Cadmus
Professional Communication USA;2012

47. Fabre-Nys, C., Kendrick, K. M., &
Scaramuzzi, R. J. The "ram effect": new
insights into neural modulation of the
gonadotropic axis by male odors and socio-
sexual interactions. Frontiers in
Neuroscience.2015; 9: 111.
https://doi.org/10.3389/fnins.2015.00111.

48. Ungerfeld, R., & Silva, L. The presence of
normal vaginal flora is necessary for normal
sexual attractiveness of estrous ewes. Applied
Animal Behaviour Science.2005;93(3-4): 245-
250. DOI:10.1016/j.applanim.2004.11.014
49. Nestor, C. C., Bedenbaugh, M. N.,
Hileman, S. M., Coolen, L. M., Lehman, M.
N., & Goodman, R. L. Regulation of GnRH
pulsatility in ewes. Reproduction
.2018;156(3): R83-R99.
https://doi.org/10.1530/REP-18-0127.

50. Mlyczynska, E., Kiezun, M., Kurowska, P.,
Dawid, M., Pich, K., Respekta, N., Daudon,
M., Rytelewska, E., Dobrzyn, K., Kaminska,
B., Kaminski, T., Smolinska, N., Dupont, J., &
Rak, A. New Aspects of Corpus Luteum
Regulation in Physiological and Pathological
Conditions: Involvement of Adipokines and
Neuropeptides. Cells.2022; 11(6): 957.
https://doi.org/10.3390/cells11060957.

51. Bolton, R. L., Mooney, A., Pettit, M. T.,
Bolton, A. E., Morgan, L., Drake, G. J.,
Appeltant, R., Walker, S. L., Gillis, J. D., &
Hvilsom, C. Resurrecting biodiversity:
advanced assisted reproductive technologies
and biobanking. Reproduction &
Fertility.2022;3(3): R121-R146.
https://doi.org/10.1530/RAF-22-0005.

52. Brasil, O. O., Moreira, N. H., da
Conceicdo, F., Souto, P., da Silva, C., &
Ramos, A. F. Synchronization of follicular
wave emergence does not improve embryonic



https://doi.org/10.1016/j.anireprosci.2011.02.024
https://doi.org/10.1016/j.anireprosci.2011.02.024
https://doi.org/10.1186/1477-7827-4-20
https://doi.org/10.29059/cienciauat.v13i2.1012
https://doi.org/10.29059/cienciauat.v13i2.1012
https://doi.org/10.1007/s11250-021-02932-8
https://doi.org/10.1007/s11250-021-02932-8
https://dx.doi.org/10.21608/japfp.2020.119466
https://doi.org/10.1016/j.cvfa.2020.10.007
https://doi.org/10.1007/s11250-021-02932-8
https://doi.org/10.1007/s11250-021-02932-8
https://doi.org/10.3389/fnins.2015.00111
http://dx.doi.org/10.1016/j.applanim.2004.11.014
https://doi.org/10.1530/REP-18-0127
https://doi.org/10.3390/cells11060957
https://doi.org/10.1530/RAF-22-0005

Kufa Journal For Veterinary Medical Sciences

Vol. (14) No. (1) 2023

yield in  superovulated ewes. Animal
Reproduction.2022; 18(4): €20210084.
https://doi.org/10.1590/1984-3143-AR2021-
0084.

53. Dozier, B. L., Watanabe, K., & Duffy, D.
M. Two pathways for prostaglandin F2 alpha
synthesis by the primate periovulatory
follicle. Reproduction .2008;136(1): 53-63.
https://doi.org/10.1530/REP-07-0514.

54. Niringiyumukiza, J. D., Cai, H., & Xiang,
W. Prostaglandin  E2 involvement in
mammalian  female fertility:  ovulation,
fertilization, embryo development and early
implantation. Reproductive Biology and
Endocrinology.2018; 16(1): 43.
https://doi.org/10.1186/s12958-018-0359-5.
55. Grycmacher, K., Boruszewska, D.,
Sinderewicz, E., Kowalczyk-Zigba, 1.,
Staszkiewicz-Chodor, J.,, & Woclawek-
Potocka, I.Prostaglandin Faa (PGF20)
production possibility and its receptors
expression in the early- and late-cleaved
preimplantation ~ bovine  embryos. BMC
veterinary research.2019; 15(1), 203.
https://doi.org/10.1186/512917-019-1939-0.
56. Fitzgerald, J. A., Ruggles, A. J., Stellflug,
J. N, & Hansel, W. A seven-day
synchronization method for ewes using
medroxyprogesterone acetate (MAP) and
prostaglandin F2 alpha. Journal of Animal
Science.1985; 61(2): 466-4609.
https://doi.org/10.2527/jas1985.612466x.

57. Lee, J., McCracken, J. A., Banu, S. K.,
Rodriguez, R., Nithy, T. K., & Arosh, J. A.
Transport of prostaglandin F(2alpha) pulses
from the uterus to the ovary at the time of
luteolysis in ruminants is regulated by
prostaglandin transporter-mediated
mechanisms. Endocrinology.2010;151(7):
3326-3335
https://doi.org/10.1210/en.2009-0948.

58. Hajibemani, A., Sheikhalislami, H.,
Shahrbabak, M., Jozani, R. J., & Ommati, M.
M. Effect of PGF2a and GnRH administration

on reproductive performance in Ghezel
ewes. Prostaglandins &  Other  Lipid
Mediators.2022; 161.: 106640.

https://doi.org/10.1016/j.prostaglandins.2022.
106640.

59. Vallejo, D. A., Londofio, J. D., Yepes, Y.
A., Tamayo, V., Mejia, A. F., & Maldonado, J.

36

G. Pregnancy rates in hair sheep after Ovsynch
synchronization and a combined intracervical
fixed-time artificial insemination and 10-day
mating period. Veterinary
World.2019; 12(11): 1779-1783.
https://doi.org/10.14202/vetworld.2019.1779-
1783

60. Salloum, A., & Saleh, M. Comparison of
GnRH and hCG effects on oestradiol,
progesterone and premature luteolysis in
Ovsynch-synchronized ewes. Reproduction in
Domestic  Animals.2022; 57(5):  550-555.
https://doi.org/10.1111/rda.14094.

61. Jakes, A.M. and Anderson, L.
Reproduction and Breeding Management of
Goats and Sheep. Small Ruminants. Bulletin |
,Vol. VII1;2008.

62. Kasimanickam, R. ; Asay, M. ; Firth, P. ;
Whittier, W.D. and Hall, J.B. Artificial
insemination at 56 h after intravaginal
progesterone device removal improved Al
pregnancy rate in beef heifers synchronized
with five-day CO-Synch _ controlled internal
drug release (CIDR) protocol.
Theriogenology.2012; 77(8): 1624-1631. doi:
10.1016/j. 2011.12.007

63. Ezzat, A. A., Ahmed, M. N., Elabdeen, M.

A. E. Z, and Sabry, A. M. Estrus
synchronization in Ossimi sheep by progestins.
Alexandria Journal of Veterinary
Science.2016;51(1): 207-214.

doi: 10.5455/ajvs.245197
64. Martinez-Ros, P., Lozano, M., Hernandez,
F., Tirado, A., Rios-Abellan, A., Lopez-
Mendoza, M. C., & Gonzalez-Bulnes, A.
Intravaginal Device-Type and Treatment-
Length for Ovine Estrus Synchronization
Modify Vaginal Mucus and Microbiota and
Affect Fertility. Animals.2018; 8(12): 226.
https://doi.org/10.3390/ani8120226.

65. Arikan, M. S., Mat, B., Alkan, H.,
Cevrimli, M. B., Akin, A. C., Sahin, T. S., &
Tekindal, M. A. A meta-analysis of the effects
of synchronization protocols applied to sheep
in Turkey on pregnancy rates during breeding
and non-breeding seasons. Veterinary
Medicine and Science.2021;7(6): 2280-2289.
https://doi.org/10.1002/vms3.610.

66. Bouroutzika, E., Kouretas, D.,
Papadopoulos, S., Veskoukis, A. S,
Theodosiadou, E., Makri, S., Paliouras, C.



https://doi.org/10.1590/1984-3143-AR2021-0084
https://doi.org/10.1590/1984-3143-AR2021-0084
https://doi.org/10.1530/REP-07-0514
https://doi.org/10.1186/s12958-018-0359-5
https://doi.org/10.1186/s12917-019-1939-0
https://doi.org/10.2527/jas1985.612466x
https://doi.org/10.1210/en.2009-0948
https://doi.org/10.1016/j.prostaglandins.2022.106640
https://doi.org/10.1016/j.prostaglandins.2022.106640
https://doi.org/10.14202/vetworld.2019.1779-1783
https://doi.org/10.14202/vetworld.2019.1779-1783
https://doi.org/10.1111/rda.14094
https://dx.doi.org/10.5455/ajvs.245197
https://doi.org/10.3390/ani8120226
https://doi.org/10.1002/vms3.610

Kufa Journal For Veterinary Medical Sciences

Vol. (14)

No. (1)

2023

Michailidis, M. L., Caroprese, M., & Valasi, I.
Effects of Melatonin Administration to
Pregnant Ewes under Heat-Stress Conditions,
in  Redox Status and Reproductive
Outcome. Antioxidants.2020;  9(3):  266.
https://doi.org/10.3390/antiox9030266.

67. Song, Y., Wu, H., Wang, X., Haire, A,
Zhang, X., Zhang, J., Wu, Y., Lian, Z., Fu, J.,
Liu, G., & Wusiman, A. Melatonin improves
the efficiency of super-ovulation and timed
artificial ~ insemination  in  sheep.Peer
Journal.2019;7:e6750
https://doi.org/10.7717/peerj.6750.

68. Kassim , W.Y., Al-Rishdy ,K.A. and M.F.
AL-Helou, M.F.The impact of melatonin
administration on the fertility performance and
several relating parameters during the breeding
season in the Arabi ewes. Iraqgi Journal of
Veterinary Sciences.2019; 33 ( 2) : (461-468).
http://www.vetmedmosul.com

37


https://doi.org/10.3390/antiox9030266
https://doi.org/10.7717/peerj.6750

