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ABSTRACT

The current study aimed to characterize the plateau patterns of plasma progesterone in the peripheral circulation
during the application of vaginal sponge impregnated with different concentrations of medroxyprogesterone
acetate (MAP) and co-treated without and with different doses of equine chorionic gonadotropin (eCG) and its
effects on some items of reproductive performance. Determination the onset surges (time and level) of LH and
estradiol-17pB were also aimed in the study as a necessary pinpoint to the time of ovulation after MAP sponge-
eCG treatment. Forty Barki ewes were randomly allocated into 2 main groups (A & B) of equal numbers
(n=20/group). Groups A and B were treated with vaginal sponges containing 25 and 50 mg MAP, respectively.
On day of sponge's withdrawal, ewes of each main group were randomly reassigned according to eCG dose into
three subgroups (1, 2 and 3). Groups Al and B1 (n=6 each group), served as control, without eCG injection,
while groups A2 and B2 (n=7/subgroup) were injected at sponge removal with 300 1U/eCG, whereas, groups A3
and B3 (n=7/subgroup) were injected with 500 1U/eCG. Blood samples were taken immediately before sponge
insertion and after the placement subsequently every 2 days and continued to the end of sponge application to
studying the plateau pattern of progesterone in the peripheral circulation. Nine hours after sponge removal to 74h
latter, blood samples were also taken every 3h and 6h for determination LH and estradiol-17 surges,
respectively. The time to onset estrus (h), estrus duration, pregnancy and lambing rates (%) were recorded as
reproductive performance measuring related to the study. The started level of plasma progesterone in group A
increased gradually with level reaching to its maximum level on days 6 and 8 of sponge application and then
rapidly decreases reaching to minimum level on day of sponge removal. On contrast, the patterns of plasma
progesterone changes in group B were forcefully increased but with slightly high level from the beginning
reaching its highest concentration on day 6 and day 8, then decline gradually to reach lower level on the day of
sponge withdraw. The mean time from sponge withdraw to LH and estradiol-17f surges were significantly
shorter (P<0.05) in-group A than B and significantly longer (P<0.01) in group A1B1 than other eCG treated
groups. Neither MAP nor eCG have significant effects on LH concentration, while, eCG have positive effects on
the concentration of estradiol-17p. Generally, the hormonal plateau patterns of group A were associated with
acceleration the time to onset estrus with high pregnancy rate. In conclusion, the protocols used for estrus
synchronization in sheep are associated with different plateau patterns of circulating reproductive hormones and
subsequently affect reproductive performance.
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INTRODUCTION

Estrous synchronization is a valuable
reproductive technique which has been successfully
applied to reinforce reproductive efficiency in small
ruminants (Kusina et al., 2000, Mohammed et al.,
2016). Intravaginal sponges/devices impregnated with
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synthetic progestagen such as fluorogestone acetate
(FGA) or medroxy progesterone acetate (MAP) over
periods of 7-12 days, have been widely used in sheep
accompanied by an administration of equine
chorionic gonadotropin (eCG) at the time of sponge
removal to induce a more precise synchronization of
estrus and ovulation during the breeding and non-
breeding seasons (Bartlewski et al., 1999; Ataman et
al., 2006; Moakhar et al., 2012; and Sareminejad et
al., 2014). The levels of progestagens dose are the
most  important  factors leading to fertility
raterepression (Moradikor et al., 2013). There are
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suggestions that commercial formulation of MAP
sponges could be reduced to 25% without affecting
the estrus response and sufficient to achieve optimal
fertility (Simonetti et al., 2000; Ungerfeld, 2003 and
Kasikci et al., 2011). Contrary, Crosby et al. (1991)
postulated that a high level of progestagen is
necessary for acceptable fertility at the synchronized
estrus.

The circulating level of progesterone are released
then declined over the time while the sponge in the
vagina (Amer and Hazzaa, 2009). The initial release
of progestagen from intravaginal sponges is high and
peaks occurs within two (Yavuzer, 2005) three
(Wheaton et al., 1993) five days (Satterfield, 2004) of
sponge administration and declined gradually as the
efficacy of the sponge decreases during the remaining
period reached to minimal levels at the day of sponge
withdrawal (Husein et al.,, 1998 and Husein and
Kridi, 2002) or at the day of estrus (Kaya et al.,
2013). Contrary, Greyling et al. (1997) and Kasikci,
et al. (2011) they found the circulating progesterone
were similar on the 1st, 4th, 7th, 10th, and 13th day
after sponge insertion with no differences.

The preovulatory LH surge (timing and
concentration) and relatively estradiol, both hormones
are taken as being indicative of ovulation (Ashwag
and Mohamed Nour, 2015). The LH surge is highly
correlated with the time of ovulation as it stimulates
ovulation, which occurs about 14 hours after the LH
peak, or 24 hours after the beginning of estrus
(Pierson et al., 2001; Alvarez et al., 2007). This
estimation time of owvulation could be of great
assistance in timing Al or natural mating with
subsequently increasing fertilization rate in ovine
breeding programs (Kennedy, 2012 and Ashwag et
al., 2015). The effectiveness of different levels of
MAP co-treated without and with different doses of
eCG on blood profiles of reproductive hormones were
aimed in this study. Evaluation the efficiency of some
items related to reproductive performance were also
aimed in the study. The present study is a part of MD
Thesis in which estrus synchronization was applied
using MAP impregnated sponge with two different
concentrations and co-treated with different doses of
eCGto improve the reproductive efficiency of ewes
under Egyptian conditions. Barki sheep was targeted
in this study where it's the most important breeds
among the native sheep breeds in Egypt and
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characterized with high meat quality and well adapted
to poor pasture and harsh desert conditions (EI-Wakil
etal., 2008).

MATERIALS AND METHODS

Location and animal's management

The study was carried out on forty Barki ewes
weighing 35-45 kg and aging 3-5 years. The animals
were  multiparous, non-pregnant, non-lactating,
clinically healthy, and free from reproductive
disorders. A maintenance ration containing Egyptian
clover plus concentrate mixture with 16.6 % crude
protein, water and mineral supplement was available
ad-libitum. The study was performed during spring
season at Animal Reproduction Research Institute
(ARRI), Giza province (located at latitude
of 30°00'29"N, longitude of 31°12'39"E, and altitude
of 30 m above sea level). Ewes were raised under
traditional management and natural field conditions
of Egypt.

Experimental design and treatment schedule

The animals under study were randomly allocated
into 2 main groups (A & B) of equal numbers
(n=20/group). GroupsA and B were treated with
vaginal sponges containing 25 and 50 mg MAP
(DEPO-PROVERA, Pfizer manufacturing, Puurs,
Belgium), respectively, for 14 days. On day 14 (day
of sponges withdrawal) ewes of each main group
were randomly reassigned according to eCG dose into
three subgroups (1, 2 and 3). Groups Al and Bl
(n=6/subgroup), served as control, without eCG
injection, while groups A2 and B2 (n=7 ewes for
each) were injected intramuscularly (IM) at the time
of sponge removal with 300 1U/eCG (Gonaser, Hipra,
Girona, Spain), whereas, groups A3 and B3 (n=7
ewes for each) were injected with 500 1U/eCG. Ewes
that showed estrus were naturally mated twice with
fertile rams. The time to onset estrus (h), estrus
duration, pregnancy and lambing rates (%) were
recorded as reproductive performance measuring
related to the study. Pregnancy diagnosis was
performed by trans-rectal ultrasonography using a
real time B-Mode ultrasound equipped with a
stiffened 7.5 MHz linear array trans-rectal probe (Pie

Medical LC 100, Netherlands) on day 35-40
following the mating. Experimental design and
treatment schedule are shown in table 1.
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Table 1: Experimental design for estrus synchronization and treatment.

Main groups Sub groups
(MAP levels) (eCG doses) NO. of treated ewes
Al 6
(Without eCG; control)
A2 7
Group A (300 1U)
(25 mg) A3 7
(500 IU)
Total A 20
B1 6
(Without eCG; control)
B2 7
(50 mg) B3 7
(500 IU)
Total B 20

Blood sampling for hormonal assay

Blood samples were collected via a jugular vein into
vaccutainers tubes containing EDTA. For studying
the progesterone level in the peripheral circulation,
blood samples were taken immediately before sponge
insertion and after the placement subsequently every
2 days and continued to the end of sponge
application. Nine hours after sponge removal blood
samples were taken from all treated groups every 3h
and 6h for LH and estradiol-17f assay, respectively
according to Ashwag et al. (2015). The onset of LH
surge was defined according to Evans et al. (1997)
and Van Cleeff et al., 1998). LH surge defined as the
first sample in which LH concentrations exceeded
two times the pre-surge baseline and remained at this
level or above for the next one or more samples. The
pre-surge baselines for LH were calculated as the
mean of the pre-surge hormone concentrations. Blood
samples were centrifuged within 30 minutes of
collection at 3000 rpm for 15 minutes. Plasma was
pipetted into 2 mL Eppendorf tubes using sterilized
plastic disposable Pasteur pipettes, and then stored at
-20 °C until assayed for progesterone, LH and
estradiol-17p.

Hormonal assay

Progesterone and Estradiol-17p level were assayed
using a commercially available ELISA kit (Enzyme
immunoassay for the quantitative determination of
progesterone  and estradiol concentrations;
BIOTECH, Inc. Foster City, USA) according to the
instructions  provided by the manufacturer.
Luteinizing Hormone (LH)level was assayed by
sheep Luteinizing Hormone using ELISA Kit (Sun

long Biotech CO., LTD. catalogue number SL 00040
Sp) as described by manufacture.

Statistical Analysis

The SPSS version 10.0.1 (Statistical Package for the
Social Sciences) software was used for all data
statistical analyses. Hormonal assay were statistically
analyzed using analysis of variance (ANOVA), with
the GLM-General factorial procedure of SPSS and
post hoc mean comparisons were performed using
Duncan test with significance level at P<0.05.

RESULTS

The pattern of progesterone level in the peripheral
circulation has been investigated during the
application of vaginal sponge which containing
different concentrations of MAP. As shown in Figure
1, the principled mean levels of plasma progesterone
before sponge insertion were 1.52+0.24 and
1.67+0.29 ng/mL for group A (25 mg MAP) and
group B (50 mg MAP), respectively, with no
significant differences between groups. However, the
started level of plasma progesterone in group (A)
increased gradually reaching to its maximum levels
on days 6 (1.97+0.49) and 8 (2.00+0.45) and then
rapidly decreases until reach to its minimum level on
day 14 (1.08+0.20). On the other side, the patterns of
plasma progesterone changes in group B were
somewhat likewise group A, but in group B, the
beginning level was 1.67+£0.29 ng/mL then forcefully
increased to reaches 2.40+0.40 and 2.47+0.36 ng/mL
on day 6 and day 8, respectively, then decline
gradually to reach lower level (1.61+0.33 ng/mL) on
the day of sponge withdraw (Figure 1).
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Figure 1: Plasma progesterone levels during application of vaginal sponge containing 25 and 50mg
medroxyprogesterone acetate (MAP) for estrus synchronization in Barki ewes (Mean+SE)

Figure 2 shows plasma progesterone changes as
percentages in relation to day of sponge insertion. In
group A, the plasma progesterone concentration
increased gradually from beginning level to reaches
its peak at days 6 and 8 with increasing rates 29.34
and 32.11% above starting level (1.52+£0.24 ng/mL)
respectively, then decreased dramatically to be below
the beginning level with -28.95% at day 14 (day of

sponge withdraw). On the other side, the plasma
progesterone in group B showed progressively
increases from the started plasma progesterone level
(1.67+0.29 ng/mL) reaching maximum levels with
43.62% and 47.52% increases at days 6 and 8 of
sponge insertion, respectively, then dropped relatively
slowly than group A to reach its minimum level on
day 14 with -3.42% below started level (Figure 2).
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Figure 2: Effect of MAP concentration in the vaginal sponge on Percentages of plasma progesterone plateau

related to day of insertion and subsequent days.

Figure 3 shows that, aside of eCG effect, the mean
time from sponge withdraw to LH surge was
significantly shorter (P<0.05) in-group A than B
(42.89+4.07h vs 54.07£3.49h) and the concentrations

of LH surge were 21.83+1.94 mlU/mL and
19.80+1.78 mlU/mL, for groups A and B,
respectively with no significant  differences.
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Figure 3: Effect of MAP concentration in the vaginal sponge on the peripheral circulating surges time (h) and
concentration of LH (mIU/mL) in ewes synchronized estrus.
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Regardless of MAP effect, figure 4 showed the mean
time extended from sponge removal to LH surge was
significantly (P<0.05) longer in ewes of group A1B1;
control (61.00+4.32h) than groups A2B2; 300
IU/eCG (47.63+4.46h) and A3B3; 500 I1U/eCG
(41.71+5.11h). The mean of LH surge concentrations

were 20.56+2.13 mlU/mL, 20.72+2.28 mlU/mL and
20.95x2.42 mlU/mL for ewes of groups Al1B1
(without eCG; control), A2B2 (300 1U/eCG) and
A3B3 (500 1U/eCG), respectively with not significant
differences (Figure 4).
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Figure 4: Effect of eCG doses on the surges time (h) and concentration (mIU/mL) of LH in ewes synchronized

estrus.

Irrespective eCG effects, the time from sponge
withdraw to estradiol-17 peak required a longer
period (P<0.05) for ewes in-group B than group A
(51.13+3.90h vs 40.56+4.63h; Figure 5). Whereas,

the concentrations of estradiol-178 peaks were
8.90+0.76 pg/mL and 7.74+0.72 pg/mL, for groups A
and B, respectively with not significant differences
(Figure 5).
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Figure 5: Effect of MAP in the vaginal sponge on the time (h) and peak concentration of plasma estradiol-17f3

(pg/mL) in ewes synchronized estrus.

The effect of eCG doses on estradiol-17p peak and its
time and are shown in (Figure 6). The time extended
from sponge removal to the peak of estradiol-17pwas
significantly (P<0.05) longer in ewes group AlB1
(58.38+4.99h) than groups A2B2 (44.88+4.99h) and

A3B3 (39.1445.72h). In contrast, ewes of group
A3B3 (11.50+1.02 pg/mL) showed higher level
(P<0.01) of estradiol-17p than ewes of groups A1B1
(6.46+0.90 pg/mL) and A2B2 (7.06+0.79 pg/mL).
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Figure 6: Effect of eCG doses on the peak concentration (pg/mL) and its time (h) of estradiol-17§ in ewes

synchronized estrus.
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DISCUSSION

The initial levels of plasma progesterone in both
treated groups were more than 1.5 ng/mL indicates
the ewes were reproductively cyclic. Similarly,
Jarquin et al. (2014) found that ewes were considered
reproductively cyclic before the onset of experiment
as plasma progesterone concentrations higher than
Ing/mL. Accordingly, Husein and Kridi, (2002);
Fleisch et al. (2012); Najafi and Cedden, (2015)
found before sponges insertion, the plasma
progesterone concentrations were 1.4 to 2.8 ng/mL
with no significant differences among ewes groups
treated with different sources of progestagens.
Whatever the case, the high level of plasma
progesterone at the time of sponge insert indicates
that ewes were reproductively cyclic and
progesterone produced from functionally CL of ewes.
This possibility is compatible with Jarquin et al.
(2014) they found that, before the onset of the
experiment, the plasma progesterone concentrations
were >1 ng/mL in cyclic ewes. In the current study,
the started level of plasma progesterone in groups
A&B were increased gradually following sponge
insertion reaching to its maximum levels on days 8
and then rapidly decreases until reach to its minimum
level on day 14 (day of sponge with draw). The
results concur with previous investigations that have
suggested the circulating serum progesterone levels
were elevated in ewes following insertion of the
CIDR device and the mean peak levels of serum
progesterone were observed on Day 5 of CIDR
treatment then fell to its lowest level on the final day
of treatment (Satterfield, 2004; Gungor et al., 2009;
Altincekic et al., 2011).

Although the plateau patterns of plasma progesterone
to some extent were similar in both groups, but group
A (25mg MAP) was generally slightly lower in
plasma progesterone than group B (50 mg MAP) with
no significant differences (Figure 1). These results are
concurred with Kasikci et al. (2011) they found
slightly lower in plasma progesterone levels in halved
sponge group than those of the whole sponge.
Additionally, they have suggested that no significant
differences in the serum progesterone concentrations
on days 1, 4, 7, 10, and 13 after sponge insertion.
This gives an indication that the amount of MAP,
which absorbed in both groups, may be
approximately similar for all treated ewes. This
possibility is compatible with Simonetti et al. (2000)
they found the absorbed levels of MAP were not
different among animal groups treated with 40, 50 or
60 mg MAP. These researchers postulated that
differences among initial doses of sponges correlate
with differences among residual sponges remaining
on sponges following treatment, but not with the
absorbed levels. Similarly, Greyling et al. (1997)
informed that the dose of progestagen in the sponge
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was superfluous. Furthermore, research done by
Munro, (1987) compare the trends of plasma
progesterone profiles between CIDR devices and
progesterone releasing intra-vaginal devices (PRIDs)
containing two different dosage levels. He found that,
regardless of treatment type, mean progesterone
levels prior to treatment were not significantly
different from concentrations observed 24 and 48
hours post treatment. Upon initiation of the
treatments, concentrations rose rapidly on day 1 and
declined to lower level on day 14 of treatment, with
no significant differences between treatments.
However, contrary to this finding, Mobarak et al.
(1984) found that the level of progestagen absorbed
to increase as the initial dose increased.

The maximum levels of plasma progesterone reached
after 6-8 days of sponge insertion in both treated
groups (A & B). Consistency, the mean peak levels of
serum progesterone were observed on days 5
(Satterfield, 2004) or seven (Kaya et al., 2013) of
sponge insertion, then gradually decline to lowest
level on the final day of treatment. Other studies
reported that, plasma progesterone concentrations
sharply raised to reach its maximum level more early
at one day (Hamra et al., 1986; Vinoles et al., 2001)
two days (Greyling and Van der Nest, 2000) three
days (Wheaton et al., 1993) after sponge insertion,
then declined steadily reaching to its minimum
concentration on the day of sponge with drawal.
Actually the plateau of plasma progesterone in group
(A) may be prospecting causes in acceleration the
time to estradiol surge in group A than group B which
have led to shortening the time to onset estrus in this
group (36.23 vs 46.10 h, untabulated data). Moreover,
the plateau of plasma progesterone in group A was
associated with higher pregnancy rate than ewes of
group B (83.33 vs 65.24; untabulated data).
Accordingly, Greyling et al. (1997) compared the use
of whole or halved sponges and although no
significant differences in plasma progesterone
between the two groups, but the females treated with
halved sponges had a tendency to be in estrus more
sooner than those treated with whole sponges. In
accordance, Haresign, (1985); Hamra et al. (1986);
Scaramuzzi et al. (1988) and Menchaca and
Rubianes, (2004) reported that high doses of
progesterone or long term of treatment have a
negative effect on oocyte development. Long-term
progestagen  treatment  results in  subluteal
progesterone level (Haresign, 1985) and this
phenomenon leads to increase the LH pulse’s
frequency, but the LH surge does not occur and result
in a prolonged dominant follicle ovulate oocyte with
inferior quality and less fertile, which subsequently
reduces the fertility rate (Ainsworth and Downey,
1986). This depression in the conception rate also
may be because of asynchrony between estrus and
ovulation (Scaramuzzi et al., 1988).
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The preovulatory LH surge is a prerequisite for
ovulation and occurs as a response to GnRH surge
which released from the hypothalamus (Moenter et
al., 1990; Karsch et al., 1997 and Evans et al., 1997).
The acute rises of LH to a peak concentration in the
blood (LH surge) trigger the mechanism of ovulation
in sheep (Younes, 2008). Cumming et al. (1973)
concluded that knowledge of the time of the LH peak
had a greater predictive value of the time of ovulation
than had the onset of estrus. The LH surge is highly
correlated with the time of ovulation as it stimulates
ovulation, which occurs about 14 hours after the LH
peak, or 24 hours after the beginning of estrus
(Pierson et al., 2001 and Alvarez et al., 2007). This
estimation of time of ovulation could be of great
assistance in timing Al or mating for maximum
conception in ovine breeding programs (Ashwag et
al., 2015).

Aside of eCG effects, the mean time from sponge
withdraw to LH surge was significantly shorter in
group A than group B. Similarly, Husein and
Ababneh, (1998) recorded that the time to LH peak
was significantly earlier in ewes group treated with
low dose of progestagens than the high dose. The
authors contributed these differences to the ewes,
which treated with low dose of progesterone come
into estrus more early and at the same time showed
earlier estradiol-17B surge than the ewes which
treated with high dose. Whereas, ewes treated with
high dose of progesterone showed delay in onset
estrus and consequently LH surge lateness and
required additional time for the recruitment and
maturation of the ovulatory follicle. Our results are
consistent and reinforce this explanation, hence the
ewes of group A showed early times to estradiol-17f3
peak and onset estrusthan group B.

The mean times extended from sponge removal to LH
surge are consistent with Lahoz et al. (2013) and
higher than that recorded by Godfrey et al. (1998)
and Adib et al. (2014). This discrepancy may be
linked to large extent with differences in the breeds,
location, and management protocol. However, our
results showed that as eCG doses increased the LH
surge time decreased with no significant differences.
These findings concur with previous investigations
suggested that the times to LH surge ranged from
37.3 to 51h after sponge removal, in ewes treated
with sponges containing FGA followed by different
doses of eCG, and the time to LH peak was
significantly earlier in ewes treated with eCG than
without eCG (Kaya et al., 2005; Rutigliano, 2010 and
Lahoz et al., 2013).

This interpretation enhanced by Karsch et al. (1980)
they suggested that, the beginning of the estrus
following simulated preovulatory estradiol rise which
can initiate and accelerate the LH surge in ewes. In

addition, authors found tight coupling between the
LH surge and the onset of estrus. Moreover, Karsch,
et al. (1992); Day and Geary, (2005); Senger, (2005)
mentioned that the onset of estrus is a key functions
to the estradiol and Signal for inducing the surge of
LH. However, the interval between the onset of estrus
and the beginning of the preovulatory LH discharge is
known to vary widely according to breed, body
condition score, breeding season, humber of ova shed
and to depend on the dose and duration of
progestagen treatment when estrus is synchronized
(Salamon & Maxwell, 1995; Keisler & Buckrell,
1997; Menchaca & Rubianes, 2004; Ustuner et al.,
2007; Abecia et al., 2011).

Seemingly, the protocols of estrus synchronization
beside its influence on the LH surge (time and level)
ultimately affects the time of ovulation. The
importance to have knowledge about the time of
ovulation will determine the suitable time for
insemination/mating to meet out the availability of
sperm near ovulation for successful fertilization
(Kumar and Naqvi, 2014). Barrett, et al. (2004);
Vilarinoa et al. (2010); Martemucci and
D’Alessandro, (2011) recorded that; the interval from
sponge removal to ovulation time was earlier for
ewes treated with eCG (200-5001U) than without
eCG. Unfortunately, the times of ovulations were not
determined in this study to confirm whether this was
in fact the case.

Irrespective of eCG treatment, the concentrations of
LH surge was slightly higher for group A than B with
no significant differences. Similarly, Greyling et al.
(1997) found that the halved MAP sponge ewes
treated for 14 days had slightly higher mean LH
concentrations and significantly higher conception
and lambing rates compared with the whole sponge
treated ewes. Referred to our results, the pregnancy
rates were also higher in-group A than group B and
this concurred with the previous authors. However,
the lambing rates were similar for group A and B.
The high progesterone concentrations during the mid-
luteal phase of the estrous cycle decrease LH
secretion, which is crucial for final growth and
maturation of preovulatory follicles (Gonzalez-
Bulnes et al., 2004) and causes a variability in the
timing of ovulation after luteolysis (Gonzalez-Bulnes
et al., 2005). Our results are consistent with this
vision where, ewes of group B which treated with
high dose of MAP having relatively high
concentration of plasma progesterone than group A,
as well as it recorded higher level of LH surge than
group A which treated with low dose of MAP.

Estradiol plays an important role and consider as a
switch key from negative to positive feedback action
underlying neurobiological mechanisms on both the
hypothalamus and the pituitary gland in control of the
estrous cycle and regulating reproductive function
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(Day and Geary, 2005). The time from sponge
withdraw to estradiol-173 surge was significantly
longer for ewes in-group B than group A, in return,
the concentration of estradiol-17p peak was slightly
higher for group A than B. Similarly, Pearce and
Robinson, (1985) observed that, the time to estradiol-
173 peak was significantly longer in synchronized
ewes treated with high dose of progesterone than
treated with low dose. Regardless of MAP
concentration, the time extended from sponge
removal to estradiol-17p time peak was longer in
ewes group A1B1 (control) than groups A2B2 (300
1U/eCG) and A3B3(500 1U/eCG). In contrast, ewes
of group A3B3 showed higher level surges of
estradiol-17p than ewes of groups A1B1 and A2B2.
Similarly, Barrett et al. (2004) and Habibizad et al.
(2015) found that the mean serum estradiol
concentrations for the pre- and early post-ovulatory
periods were higher in eCG treated ewes compared to
the control group. Moreover, the higher doses of
gonadotropin (400-600 1U/eCG) would presumably
lead to more estrogen production (Moakhar et al.,
2012 and D’Souza, 2013) from the largest follicle
which is the principal source of estradiol (Munoz-
Gutierrez et al., 2002).

Irrespective to eCG treatment, ewes in-group A
which showed earlier time with higher level of
estradiol-17p were exhibited onset estrus more earlier
and slightly longer of estrus duration than group B.
On the other side, regarding to eCG effects, ewes in
groups A3B3 and A2B2 were expressed shorter time
and higher level of plasma estradiol-17 and
associated with shorter times to onset estrus than
control group (without eCG). Our findings promote
interpretative statement that, the high preovulatory
level of circulating estrogen is responsible for induces
estrous behavior (Moakhar et al., 2012), and
consequently promotes higher levels of estrogen
production by the growing follicles, that improve the
occurrence of estrus (Dogan and Nur, 2006). So, one
would expect estrous responses to be positively
correlated with estrogen concentration during the
peri-estrus period (Mondal et al., 2006) as a sequel of
gonadotropin doses (D’Souza, 2013). Moreover,
current observation reinforce the hypothesis of Yildiz
et al. (2004) they suggests that the prolonged estrus
probably results in elevation of circulating estrogen
that causes LH peak.

Complementing the same topic, Noor Hashida et al.
(2013) showed that, eCG injections can be substituted
LH/FSH of the pituitary gland which stimulate
development of the ovarian follicle and consequently,
leads to increase plasma estradiol-17B concentration
and increase the number of ovulations in
synchronized ewes. Further than that, serum estradiol
increased after one day of sponge removal and ewes
treated with eCG had greatest (P<0.05) concentration
of estradiol produced from large follicles of ewes
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having two ovulations and twin births (Habibizad et
al., 2015). This explains that, despite there are no
significant  differences in the fecundity and
prolificacy rates between ewes groups in the current
study, but the rates of twins increased as eCG doses
increased, opposite no twins was recorded in control
ewes (without eCG).

The early estradiol peak conducive leads to more
coincide of estrus frequency, so more than 80% of
ewes in-group A exhibited onset estrus during 48h
after sponge withdraw, while only 60% of ewes in
group B showed estrus signs with the same period.
On the other side 80, 75 and 64% of ewes in groups
A3B3, A2B2 and A1BL1, respectively, showed estrus
within 48h after sponge removal. Similarly, eCG
injection at the end of the progestogens treatment
causes more precise synchronization of estrus
(Ustuner et al., 2007), and induces a tighter
synchrony of ovulation in both anestrous and cycling
sheep (Dogan and Nur, 2006). Injecting eCG after
CIDR removal causes estrus signs to begin earlier,
become more pronounced and prolonged, this
probably results in elevation of circulating estrogen
that causes LH peak (Yildiz et al., 2004 and Ataman,
et al., 2006).

CONCLUSION

The plateau patterns of plasma progesterone in ewes
treated with 25 mg MAP (group A) causes in
acceleration the time to estradiol peak which may be
the cause of shortening the time to onset estrus than
group B which treated with 50 mg. Moreover, the
plateau patterns in group A were associated with
higher ~ pregnancy rate.  Regardless MAP
concentration, eCG treatment showed higher level of
estradiol-17B associated with early signs of estrus
than untreated ewes. The mean time from sponge
withdraw to LH surge was shorter and subsequently
the ovulation is early in the group treated with 25 mg
MAP and co-treated with eCG, so insemination
should be more early in these groups. This mean, the
plateau patterns of circulating reproductive hormones
is affected by the protocols used for estrus
synchronization in sheep and subsequently could
affects reproductive performance.
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