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Abstract

BACKGROUND: Timed breeding programs are essential to implementing extensive artificial insemination (Al) programs
in sheep.

OBJECTIVES: This study aimed to evaluate whether application of pre-synchronization and controlled internal drug
releasing (CIDR) before and during fixed time Al protocol, respectively, could enhance estrus synchronization and fertility
of ewes.

METHODS: A total of 120 ewes were randomly assigned into four experimental groups (n=30 in each group) considering
age, weight, and body condition score (BCS). All ewes received GnRH (25 g of alarelin acetate), and five days afterwards,
PGFza (75 pg d-cloprostenol) plus eCG (400 IU). In the control group, ewes received no additional treatment. In Pre-synch
group, ewes received two injections of PGF,a at 9-day interval three days before GnRH administration of main estrus syn-
chronization protocol. In CIDR group, ewes received 5-day CIDR between GnRH and PGF2a of main estrus synchronization
protocol. In Pre-synch-CIDR group, ewes received both two injections of PGF,a at 9-day interval and 5-day CIDR. Blood
serum progesterone concentrations were measured in all ewes prior to injection of PGF»a (day 5). All ewes were subjected
to fixed time laparoscopic Al 48 hours after administration of the last PGF»o.

RESULTS: No interaction was found between CIDR and pre-synchronization protocols (P>0.05). Progesterone concen-
tration was higher in the CIDR groups than in groups without CIDR (P<0.0001). Estrous cycle was not affected by pre-
synchronization and CIDR (P>0.05). The estrus was earlier in ewes with pre-synchronization compared to ewes without
pre-synchronization following the last injection of prostaglandin (P=0.022). Pregnancy rate, lambing rate, prolificacy rate,
fecundity rate, lamb weight at birth, and lamb gender were not significantly different between the treatment groups
(P>0.05).

CONCLUSIONS: In our study, estrus rate and reproductive parameters showed no significant differences between dif-
ferent groups, although pre-synchronization advanced onset of estrus expression.
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Introduction

In recent years, there has been an increasing
demand for the use of various breeds in domes-
tic sheep herds to implement breeding
programs. The high price of imported rams, the
sensitivity and mortality of these rams due to
the various diseases in domestic herds, as well
as the presence of rump in the most Iranian
breeds as a cause of inefficient mating prevent
the extensive use of such breeds of rams in the
Iranian herds (Vodjgani et al., 2017). Artificial
insemination (Al) can be applied as a useful
method in breeding programs (Sathe, 2018).
Due to the special anatomy of ewes’ cervix, it
1s difficult to access inside the uterus and thus,
insemination of ewes with frozen semen has
been encountered with a big challenge (Sathe,
2018; Noakes et al., 2019).

Laparoscopic Al is currently one of the well-
known intrauterine methods of insemination
with frozen sperm in sheep (Casali ez al., 2017).
Successful synchronization of estrus and ovu-
lation is one of the major contributing factors
affecting conception rate following laparo-
scopic Al in sheep (Olivera—Muzante et al.,
2019).

In this context, various estrus synchroniza-
tion protocols have been used in sheep
including application of 12- or 14-day proges-
togen-dependent protocols (Abecia et al., 2012;
Avila-Castillo et al., 2019; Martemucci and
D’Alessandro, 2010). Yet, synchronization of
estrus by protocols merely including progesto-
gens or prostaglandin F2a (PGF2a) during the
breeding season may not lead to the desired
outcomes (Martemucci and D’Alessandro,
2010) since prolonged exposure with progesto-
gens (> 9 days) reduces the quality of oocytes,
and in turn, conception rate, and impairs em-
bryonic development (Fierro et al., 2016). It
also affects sperm transport and survival in the
female reproductive tract (Martemucci and
D’Alessandro, 2010). Moreover, devices con-
taining progestogens could escalate the risk of
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environmental and tissue contamination
(Avila-Castillo ez al., 2019). To overcome these
issues, some studies have shown short-term ex-
posure to progesterone; short-term
synchronization protocols have shown accepta-
ble results in sheep during breeding as well as
non-breeding seasons because they not only en-
hance estrus synchronization but also
culminate in oocytes of higher quality (Titi et
al., 2010).

Administration of a single dose of PGF2a
during the breeding season does not influence
synchrony of estrus and ovulation, because it
can induce luteolysis but not synchrony in fol-
licle  development.  (Martemucci  and
D’Alessandro, 2011). Nevertheless, two injec-
tions of PGFza at 7-16-day intervals have been
reported to improve synchrony of estrous and
ovulation (Fierro et al., 2016; Carvalho et al.,
2018), but the interval between two administra-
tions of PGF2a could impact fertility (Ataman
and Akoz, 2006). In this sense, administration
of GnRH was incorporated at the beginning of
the protocol to control follicular growth prior to
PGF2a injection (Ataman and Akoz, 2006; Titi
et al., 2010; Vallejo et al., 2019). As a result,
short-term GnRH-PGF2a-based protocol (5-
day interval) has been recommended as a prac-
tical alternative to common progestogen-based
estrous synchronization protocols during the
breeding season (Ataman and Akoz, 2006; Titi
et al., 2010; Martemucci and D’Alessandro,
2010; Hashem et al., 2015).

Studies on ewes (Bartlewski et al., 2017, Titi
et al., 2010) and cows (Simodes et al., 2018)
have shown that the use of exogenous proges-
terone between GnRH and PGF2a injections
prevents the spontaneous luteolysis resulted
from irresponsiveness of the dominant follicle
to GnRH injection. Response to GnRH depends
on the stage of the estrous cycle in which the
injection is made. Furthermore, exogenous pro-
gesterone also increases pregnancy rates and
boosts follicular growth (Martinez and Gonza-
lez, 2019).
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In cows, the highest efficiency of Ovsynch
program is achieved when there is a dominant
responsive follicle at the time of GnRH injec-
tion and a suitable corpus luteum at the time of
PGF2a injection (Youngquist and Threlfall,
2007). Studies have shown that starting
Ovsynch at the beginning and at the end of the
estrous cycle has not good results due to the
presence of new follicles that are not responsive
to GnRH, and premature luteolysis and onset of
estrus before the second GnRH administration,
respectively (Youngquist and Threlfall, 2007).
Therefore, pre-synchronization using two
PGF2a injections 14 days apart was used 12
days before the start of the Ovsynch program in
cows, until the cows were in ideal phase of es-
trus cycle at the beginning of the Ovsynch
program (days 5-12) (Zarkouny et al., 2004).

The use of pre-synchronization to increase
the efficiency of GnRH-PGF2a based pro-
grams in sheep is a new practice and only has
been carried out sparingly in one study, with
two PGF2a injections nine days apart (Avila-
Castillo et al., 2019).

To increase the efficiency of short-term pro-
tocols based on GnRH-PGF2a, Ferdowsi ef al.
(2018) evaluated eCG performance at different
time intervals to PGF2a. The results of the
study showed that the concomitant use of eCG
with PGF2a can increase the effectiveness of
short-term GnRH-PGF2a-based programs.

This study aimed to increase the efficiency
short-term protocols to of GnRH-PGFYa- eCG
achieve the appropriate program for increasing
the fertility rate resulting from laparoscopic
insemination. Therefore, the effects of pre-
,synchronization with two PGFYa injections
nine days apart, three days before the start of
GnRH-PGFYa- eCG-based short-term
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programs, and the effect of using ©°-day
exogenous progesterone were evaluated in this
study.

Materials and Methods

Location of Study

The study was carried out in an ewe flock lo-
cated in Alborz province of Iran in Eshtehard
District with a longitude of 50 degrees and 22
minutes and latitude of 35 degrees and 43
minutes during the breeding season.
Animals

In this study, 120 healthy ewes of Zandi
breed were used (age range: 2-6 years). Aver-
age weight and body condition score (BCS)
were 57.3+1.4 kg and 3.1+0.1, respectively. All
ewes received the same diet and had ad labium
access to fresh water.
Experimental Design

Ewes were randomly assigned into four ex-
perimental groups (n=30 in each group)
considering age, weight, and BCS. All ewes re-
ceived GnRH (25 pg of alarelin acetate,
Vetaroline, Aboureihan, Iran), and five days af-
terwards, PGFo (75 pg d-cloprostenol,
Vetaglandin, Aboureihan, Iran) plus eCG (400
IU; Gonaser, Hipra, Spain) (Ferdowsi et al.,
2018). In controls (Group 1), ewes received no
additional treatment. In controlled internal drug
releasing (CIDR) group (Group 2), ewes re-
ceived 5-day CIDR between GnRH and PGF2a
of' main estrus synchronization protocol. In Pre-
synch group (Group 3), ewes received two in-
jections of PGF2a at 9-day interval three days
before GnRH administration of main estrus
synchronization protocol. In Pre-synch-CIDR
group (Group 4), ewes received both injections
of PGF2a at 9-day interval and 5-day CIDR

(Figure 1).
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Figure 1. Experimental design including blood sampling (BS), injection and timing in different experimental groups (30 ewes

in each group)

Estrus Detection

Estrus detection using teaser rams equipped
with aprons and crayons was started six hours
after PGF2a injection and lasted for 48-hour af-
ter that (Ferdowsi et al., 2018).

Laparoscopic Al

All the ewes were inseminated based on
fixed time laparoscopic Al at 48 hours after ad-
ministration of the last PGF2a (Youngquist and
Threlfall, 2007). To this end, the ewes were de-
prived of food and water for 12 h prior to
laparoscopy (Sathe, 2018). Animals were se-
dated with 0.3 ml acepromazine maleate
(Neurotang; 10 mg/mL, Alfasan, Holland) 10—
30 minutes before insemination (Sathe, 2018).
Ewes were placed in laparoscopic cradles and
kept in dorsal recumbency. Local anesthesia
was performed by administration of 2 mL lido-
caine hydrochloride (Luracaine; 20 mg/mL;
Vétaquinol S.A., France) in the site of ab-
dominal puncture 5 min prior to insemination
(Sathe, 2018). Two trocars were inserted about
3 c¢m on either side of the midline and about 3
cm cranial to udder to allow for introducing tel-
escope and insemination pipette (Sathe, 2018).
Following observation of uterine horns, half of
the volume of thawed frozen semen (100 x 10°
sperm; Animal Breeding Center, Karaj, Iran)
was inseminated in each uterine horn. After in-
semination, all trocar puncture wounds were
sprayed with a combined antiseptic and insect
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repellant (Vetaque, Animal Health Division,
Iran). All laparoscopic operations were per-
formed by an experienced operator.
Evaluation of Blood Serum Progesterone Con-
centration

Blood serum progesterone concentrations
were measured in all ewes prior to injection of
PGFza (day 5). Blood samples (10 mL) were
collected from jugular vein, poured into vac-
uum tubes without anticoagulants (Sunphoria,
Mediplus, China; Figure 1), and centrifuged at
3000 rpm for 15 min. Serum was isolated and
transferred to 2-mL tubes and maintained at -
20°C until measurement of progesterone (Fer-
dowsi et al., 2018). Progesterone concentration
was measured by ELISA kit (DRG Instruments
GmbH, Germany) with detection limit of 0.045
ng to 40 ng progesterone per mL. Intra-assay
and inter-assay coefficients of variation were
calculated as 5.40% and 9.96%, respectively.
Pregnancy Diagnosis

Diagnosis of pregnancy was performed by
transabdominal ultrasonographic examination
using a B-mode ultrasound machine (V9, Em-
peror, China) equipped with a 3.5 MHz convex
probe, 50 days after laparoscopic Al
(Youngquist and Threlfall, 2007).
Evaluation of Reproductive Parameters

The following reproductive parameters were
assessed: time of estrus onset, estrus detection
rate (number of estrous ewes divided by total
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number of ewes % 100), pregnancy rate (num-
ber of pregnant ewes divided by number of
inseminated ewes % 100), lambing rate (number
of lambed ewes divided by number of insemi-
nated ewes % 100), fecundity rate (number of
lambs divided by number of inseminated
ewes), and prolificacy rate (number of lambs
divided by number of lambed ewes x 100).
Weight and gender of lambs were also recorded
(Vodjgani et al., 2017).
Statistical Analysis

Continuous data (i.e., progesterone concen-
tration, time of estrus onset, and birth weight)
were analyzed by General Linear Model
(GLM) procedure. Binary data (i.e., estrus de-
tection rate, pregnancy rate, lambing rate,
fecundity, prolificacy, and sex ratio) were ana-
lyzed using GENMOD procedure including
function link logit in the model. Multiple com-
parisons were performed using LSMEANS
statement. All analyses were conducted in SAS
version 9.4 (Statistical Analysis Systems, Cary,
NC, USA). Data were presented as mean +
SEM or percentage. Differences were consid-
ered significant at P-value<0.05.

Results

Pre-synchronization using two administra-
tions of PGF2a nine days apart had no
influence on the concentration of progesterone
at the time of PGF2a administration in the main
synchronization protocol (P>0.05) (Table 1).
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However, application of CIDR for five days be-
tween GnRH and PGF2a injections in the main
protocol culminated in higher concentration of
circulating progesterone at the time of PGF2a
in the main synchronization protocol
(P<0.0001) (Table 1), and in turn, progesterone
concentration at this time point was greater in
CIDR and Pre-synch-CIDR groups as com-
pared with the control and Pre-synch groups
(P<0.0001) (Table 1).

Estrus detection rate was not affected by pre-
synchronization using two administrations of
PGF2a nine days apart, five-day usage of
CIDR, and their interaction (P>0.05) (Table 1).

Time to commencement of behavioral estrus
expression was advanced by 3.65 hours by the
main effect of pre-synchronization using two
administrations of PGF20 nine days apart
(30.44£1.19 hours in non-pre-synchronized
ewes versus 26.79+1.02 hours in pre-synchro-
nized ewes; P=0.022; Table 1). Yet, five-day
CIDR and interaction of pre-synchronization
using two PGF2a injections nine days apart and
five-day CIDR did not impact the estrus onset
time (P>0.05) (Table 1).

Pregnancy rate, lambing rate, fecundity, pro-
lificacy, birth weight of lambs, and sex ratio of
offspring were not influenced by two admin-
istrations of PGF2a nine days apart, five-day
usage of CIDR, and their interaction (P>0.05)
(Table 1).

Table 1. Reproductive indices of ewes prepared for timed breeding using GnRH- prostaglandin F20s days apart, in association
with pre-synchronization (two prostaglandin F2 ,a9 days apart) and CIDR during breeding season

Experimental group P-value
Presynch Pre- Presynch-
Parameter Control CIDR Presynch CIDR synch CIDR CIDR
<

Progesterone (ng/ml)  2.6+0.33* 4.6+023* 24+£022° 47+0.15° 0.38 0.0001 0.62
Estrus detection rate 933 933 96.7 96.7

(%) (28/30) (28/30) (29/30) (29/30) 039 1.00 1.00
Time of estrus onset 51\, 54 2984182 2714148 265+148  0.02 0.53 0.81

(hour)
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Experimental group P-value
46. . .

Pregnancy rate (%) 50 (15/30) (146/370) (1576/370) (16;)/;)0) 0.27 0.99 0.71

46. . .0
Lambing rate (%) 50 (15/30) (146/370) (1576/370) (16;/30) 0.27 0.99 0.71
Fecundity 60£12 47+9 70+ 12 70+ 11 0.24 0.55 0.55
Prolificacy 120+ 11 100 +0 120+ 10 110+ 8 0.60 0.12 0.42
Birth weight (kg) 42+0.19 474018 44+026 44+022 0.91 0.36 0.21
Sex ratio (%) 50 (9/18)  42.9 (6/14) (1515/50) 30.0 (6/20) 0.71 0.17 0.44

*PVarious letters indicate significant difference (P<0.05).
Discussion

The present study aimed to evaluate whether
application of pre-synchronization using two
PGF2a injections nine days apart and usage of
5-day CIDR before and during fixed time Al
protocol, respectively, could enhance estrus
synchronization and fertility of ewes. The effi-
cient estrus and ovulation synchronization is
considered as one of the cornerstones of fixed
time Al programs in sheep industry (Noakes et
al., 2019; Sathe, 2018; Youngquist and Threl-
fall, 2007).

Pre-synchronization protocol with two injec-
tions of PGF2a with 9-day interval and three
days before GnRH administration of main es-
trus synchronization protocol (Group 3)
increased fertility rate by 56.7 %. No signifi-
cant difference was found between the third
group and the controls. While fertility and fe-
cundity rates (60%) improved in the pre-
synchronization technique, the progesterone
was used in the original protocol for five days;
but no statistically significant difference was
found between the groups, which might be due
to small sample size. These results were con-
sistent with the findings of Avila et al. (2019)
who assessed pre-synchronization utilizing two
injections of PGF2a within 9-day intervals. Alt-
hough no significant difference was found
between the pregnancy and normal mating
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rates in the studied groups, the highest rates be-
longed to the pre-synchronization protocol with
5-day progesterone administration (90%)
(Avila-Castillo et al., 2019). An explanation for
this improvement in fertility could be the fact
that pre-synchronization prepares the females
to initiate the main protocol at a more appropri-
ate stage of estrous cycle so that the GnRH
could act as an agent to eliminate the current
follicular wave to pave the way for emergence
of the subsequent follicular wave at the favora-
ble time (Navanukraw et al., 2004).

Martemucci and D'Alessandro (2011) as-
sessed the efficacy of short-term 5-day GnRH-
FGA-PGF20-eCG-based synchronization pro-
tocol for natural mating and laparoscopic Al
Fertility rates in laparoscopic Al in different
treatment groups were reported as 60% and
40%, respectively, within 60 and 52 hours.
These results were consistent with the findings
ofthe present study regarding fertility rates (46-
60%).

Pre-synchronization with two injections of
PGF2a within 9-day interval prior to five-day
GnRH-PGF2a-eCG-based protocol advanced
estrus manifestation, although it had no effect
on progesterone concentration at the last PGF2a
injection, estrus rate, and other reproductive pa-
rameters in ewes. It has been reported that pre-
synchronization with two injections of PGF2a
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prior to Ovsynch in cattle can enhance the fer-
tility rate in artificial insemination by
synchronizing estrus and ovulation (Nowicki et
al., 2017). Moreover, El-Zarkouny ef al. (2004)
assessed the effect of pre-synchronization tech-
nique with two injections of PGF2a within 14-
day interval prior to Ovsynch protocol; they
also assessed the efficacy of CIDR. The results
showed that a single use of pre-synchronization
and CIDR increased the fertility rate, but com-
bination of CIDR and pre-synchronization had
no effect on fertility rate (El-Zarkouny et al.,
2004).

Use of progesterone caused a sudden in-
crease in progesterone level followed by
decreased secretion of pituitary LH (Noakes et
al., 2019), which resulted in follicular atresia
and generation of new waves of follicles (Mar-
tinez and Gonzalez, 2019). A 5-day
progesterone protocol generated regular waves
of follicles. Adequate progesterone level during
follicular development helps to create healthy
oocytes (Martinez and Gonzalez, 2019,
Nowicki et al., 2017). However, the 5-day pro-
gesterone in the synchronization protocol
significantly increased the progesterone level at
the time of PGF2a injection in the original pro-
tocol (on day 5); but no significant difference
was found in reproductive parameters. This
finding was consistent with the findings ob-
tained in the study on cyclic cows (Nowicki et
al., 2017). This might be due to the fact that in
the main estrus synchronization protocol,
GnRH injection induced ovulation and lutein-
ization or luteinization without ovulation in
some ewes (Youngquist and Threlfall, 2007),
which would lead to increased endogenous pro-
gesterone. Therefore, it is possible that
elevation of endogenous progesterone by
GnRH overrode the potential beneficial effects
of exogenous progesterone provided by CIDR.
However, Titi et al. (2010) used the 5-day pro-
gesterone in the GnRH-PGF2a protocol. The
results showed that exogenous progesterone
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improved estrus and fertility. The difference be-
tween the present study and the former study
was simultaneous injection of eCG and PGF2a,
which did not necessitate progesterone proto-
col. Furthermore, Martinez et al. (2019)
showed that 5-day progesterone administration
without eCG (the same as 14-day conventional
protocol) was more effective than 6- or 7-day
progesterone administration in ovulation and
fertility. This might be due to ovulation of a
dominant follicle induced by progesterone on
day 5 without eCG administration. The eCG
should be added to the protocol for accurate
synchronization of ovulation and estrus. Mar-
tinez et al. (2019) used the short-term
progesterone administration in GnRH-PGF2a-
based protocol without eCG in Group 3 and re-
ported the fertility rate in normal mating as
68.4%, which did not significantly differ from
the other studied groups.

Conclusion

Given the findings of the present study and
the certain length of estrus in ewes (24 to 36
hours, Abecia et al., 2012), estrus might have
long passed in some ewes due to early onset of
estrus cycle following the last PGF2a injection
at the time of AlL. Therefore, Al was delayed in
pre-synchronized ewes with early estrus cycle.
A certain Al time should be determined in pre-
synchronized ewes in future studies.

Considering the fertility rate in the different
groups in this study (46%-60%), short-term 5-
day GnRH-PGF2a-eCG-based protocols can
be used during the breeding season to synchro-
nize estrus and ovulation (50% fertility rate in
the control group). However, estrus rate and re-
productive parameters (e.g., pregnancy rate,
lambing rate, fecundity, and prolificacy) did not
show significant differences between different
groups in this study. Yet, pre-synchronization
improved the onset of estrus expression.
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