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Abstract

The aim of this study was to compare the efficacy of estrus induction and fertility by using
subcutaneous melatonin (MEL, T1) and short-term intravaginal medroxyprogesteronacetate plus
pregnant mare serum gonadotropin treatments (sMAP+eCG, T2) in ewes on seasonaly anestrus.
In this study, 105 mature clinically healthy Kivircik ewes in anestrus season and 4 rams were used.
After synchronization applications, ewes exhibiting estrus signs were hand-mated with rams
known to be fertile. Blood samples were collected at different times in order to determine proges-
terone (P4) concentrations. Results showed that estrus manipulation protocols induced signifi-
cant improvement in pregnancy rate. All the fertility results obtained with the SMAP+eCG or
MEL groups were similar, in seasonal anestrus. The efficacy duration of P4 in the MEL group was
longer than that in short-term progestagen group. Plasma P4 concentrations was significantly
different between the first (I) and last (III) measurement days (p<0.01). Increase in P4 concen-
tration in T2 group was faster than that in T1 group, and blood P4 concentrations at higher levels
could successfully be achieved by using any of the protocols in this study during the seasonal
anestrus. In conclusion, according to the results obtained, the hormone application groups re-
ceived very high estrus response. In addition, the twin ratio was found to be higher in T1 group
compared to those determined in the other groups (T2 and Control group). Furthermore, plasma
P4 concentrations and high birth rates were obtained in ewes in T1 and T2 groups. These proce-
dures can be considered a good alternative to traditional procedures due to its flexibility under
field conditions.
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Introduction

Reproduction in ewes follows a seasonal pattern,
which leads to variations in the availability of products
throughout the year. To fulfil consumer’s demands for
milk and meat all year round, out-of-season breeding is
required. Seasonal anestrus reduces reproductive effi-
ciency and hinders productivity. Due to the seasonal
nature of estrus cyclicity in ewes, exogenous hormones
can be used to facilitate the induction and synchroniza-
tion of estrus in the anestrus period (Carlson et al.
1989, Forcada et al. 1999, Chemineau et al. 2008, Jack-
son et al. 2014). The estrus cycle can be manipulated by
maintaining the luteal phase using melatonin implants,
progesterone and analogues (Blaschi et al. 2014). It is
well known that fertility was related positively to con-
centrations of progesterone during the treatment,
probably as a result of more appropriate patterns of
follicular development (Johnson et al. 1996, Fleisch
et al. 2012). Release of progesterone from the sponges
declines over time. Therefore, a short term treatment
provides higher average concentrations of progester-
one during the treatment period. Such treatments
(5-8 days) have shown to be effective during anestrus
season (Ataman et al. 2006, Dogan and Nur 2006) and
breeding season (Ozturkler et al. 2003, Ustuner et al.
2007). Menchaca and Rubianes (2004) obtained 75%
pregnancy rate with ram mating after the application of
intravaginal sponges containing MAP for six days asso-
ciated with a dose of 400 IU eCG at the time of sponges
withdrawal during seasonal anestrus. Similarly, Dogan
and Nur (2006) obtained 76.5% pregnancy rate with
fixed-time artificial insemination after the use of the
MAP-eCG protocol during non-breeding season in
Kivircik ewes.

Several researchers demonstrated that melatonin
given by injection, oral administration, or vaginal or
subcutaneous implantation can advance the breeding
season in ewes (Rajkumar et al. 1989, Zuniga et al.
2002, Gomez et al. 2006). The authors explain this by
the effect of melatonin on the corpus luteum and its
ability to increase progesterone concentrations during
the luteal phase and to support embryo development.
Therefore, especially improvement of the estrus syn-
chronization and reproductive performance is very im-
portant to success in anoestrus ewes. In this context, it
is important to know that determines the most success-
ful and effective method. The objective of the present
study was to compare the efficiency of short-term intra-
vaginal progestagen sponges plus eCG administration
and subcutaneous melatonin implants administration
for 35 days to induce estrus on the reproductive perfor-
mance and litter size in Kivircik ewes during the
non-breeding season.

Materials and Methods

The experiment was carried out according to guide-
lines for animal research from the National Institute of
Health and all procedures on animals were approved
by the Ondokuz Mayis University Ethic Committee on
Animal Research in current study (approval date/num-
ber: December 2013/04-103). This study was conducted
at the Catalzeytin-Kastamonu, Turkey (longitude
41°52'35.14" North, latitude 34°13'13.07" East) was car-
ried out between April and July 2014. The region has
an altitude of 234 m and is characterized by an annual
temperature between 13 and 17°C on average. In this
study, 105 mature clinically healthy Kivircik ewes in
anestrus season and 4 rams were used. The body condi-
tion scores ranged from 2.5 to 4.5 with an average of
3.0 £ 0.4 (using 1-5 scale, 1-emaciated to 5-obese)
(Ucar et al. 2005). All ewes had previously lambed and
their last lambs had been weaned by them. Prior to the
study period, rams with known fertility (according
to farm records) were separated from the flock until
re-introduction. All the flock was maintained under
natural lighting conditions in Western Anatolia,
Turkey. Water and a mineral supplement was available
ad libitum. The sheep used in the study were treated
with antiparasitic medication.

The ewes (n=105) were randomly divided into
three groups: control (CON), melatonin (MEL, T1),
and short-term progestagen (sSMAP+eCG, T2). The
protocols used were as follows: Group CON (n=25):
the animals were kept as a control group and received
no hormonal treatment. Group MEL (T1) (n=40): the
ewes received one melatonin implant (Regulin®, Ceva
Animal Health, France). Each of the implants con-
tained 18 mg melatonin and were placed s.c. in the ears
for a period of 35 days. The subcutaneous implants
were not removed. Group SMAP+eCG (T2) (n=40):
intravaginal progestagen sponges impregnated with 60
mg medroxyprogesterone acetate (MAP) (Esponjavet,
Hipra, Spain) were inserted in the ewes for 7 days.
Immediately after sponge removal, 350 IU of eCG
(Gonaser, Hipra, Spain) was intramuscularly injected
to the treated ewes. The ewes in MEL group on the
35th day after melatonin implantation and starting
from the day of eCG injections in treated ewes in the
sMAP+eCG group, and aproned rams were intro-
duced to the groups, and were all visually monitored
twice a day (morning and evening) for signs of estrus
for 5 days. Uneasiness, increased occurrence of repeat-
ed tail wagging, frequent urination, an abnormal
amount of bleating, reddish and swollen vulva and mu-
cus under the tail were all considered true signs of es-
trus (Ucar et al. 2005).

The main criteria for signs of estrus were the attrac-
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Table 1. Changes in reproductive parameters as a consequence of different synchronization protocols.
Treatments
Reproductive Parameters T1 T o
Control (MEL) (sSMAP+¢CG) P values Significance
Ewes exposed (n) 25 40 40
Oestrus response 0.08+0.05" 1.00+0.00¢ 0.97+0.02¢ <0.001 o
Oestrus behaviour 0.24+0.16° 3.52+0.20° 3.60+0.20? <0.001 o
Pregnancy rate 0.08+0.05° 1.00+0.00¢ 0.97+0.02¢ <0.001 o
Litter size 0.08%0.05° 1.25+0.08° 1.12+0.07 <0.001 ok
Live litter size 0.08%0.05° 1.22+0.07 1.05+0.06 <0.001 o
Twinning rate 0.00 0.22+0.02# 0.10+0.01° <0.001 o

T1: Melatonin, T2: short-term MAP plus eCG. Values are least Mean squares + Standard error.
ab: Different letters within row indicate significant differences between treatment groups (p<0.001:%%).

tivity and receptivity of ewes (standing still to be mount-
ed by the ram). Once estrus had been observed, the
ewes were hand-mated by rams of known fertility
(according to farm records). The mated ewes were
recorded and separated from the main flock. To pre-
vent overstraining of the rams, the sponges and mela-
tonin implants were inserted at different times, and no
more than 5 ewes were treated for ram per day.
The criteria used to evaluate the efficacy of hormonal
treatments were estrus response, behavior of estrus,
pregnancy/lambing rates, twinning rate and litter sizes.
The pregnancy rate, litter size, twinning rate and num-
ber of live offspring were recorded after parturition.
The estrus response (number of ewes in estrus/total
number of ewes), pregnancy rate (number of pregnant
ewes/total number of ewes), litter size (number of
lambs born/total number of ewes), twinning rate and
number of live offspring (number of lambs born/num-
ber of pregnant ewes) were compared and evaluated in
all the groups. To evaluate concentrations of plasma P4
for the treatment groups, blood samples were collected
from certain number of ewes from each group on the
days of (I) application with sponges or implants, (II) on
the 7" day of melatonin implantation and (III) 20 days
after ram introduction by puncture of the vena jugularis
using vacutainers. Blood samples were centrifuged
within 30 minutes of collection at 3000 g for 15 minutes.
Plasma was pipetted into 1.5 mL Eppendorf tubes using
sterilized plastic disposable pipettes and then stored at
-20°C until assayed for P4 analysis using Electrochemi-
luminescence Immunoassay (ECLIA) (Roche E170,
modular analytics). The test sensitivity was 0.15 ngmL!
and intra-assay coefficient of variation was 3.1%.
Measurement range of the progesterone kit was repor-
ted in 0.030-60.0 ngmL-!. Progesterone concentrations
of 1 ngmL! were considered as indicative of ovulatory

activity. Ewes with P4 concentrations less than 1 ngmL!
in all the three blood samples were classified as noncyclic.

Statistical Analysis

The data for the response of estrus, behavior of es-
trus, pregnancy rate, and litter size, twinning rate and
plasma P4 concentrations of synchronization groups
were investigated with Shapiro-Wilk normality test for
normal distribution. Therefore, all data were accepted
as normal. Data for plasma P4 concentrations were an-
alyzed with Y,=u+a+e; linear model equations,
where Y, is the observation for i. treatment group and
j. observation; u is the overall means; a, is the fixed ef-
fect of i. treatments and e, is the individual random er-
rors for the i. treatment and j. observations. The Dun-
can multiple range tests was used to analyze the
differences in plasma P4 concentrations between
groups. Discrete data such as response of estrus, behav-
ior of estrus, pregnancy rate, and litter size and twin-
ning rate were executed by GENMOD procedures ana-
lyzing with the normal distributions and linked with ID
functions. Comparisons between the groups were ana-
lyzed with compare structures in the GENMOD proce-
dures. P-values were derived from likelihood ratio tests
and considered as significant when <0.05/0.01. All data
were presented as mean = SEM. Data were analyzed
by SAS (SAS Institute Inc, Cary, NC, 2009).

Results

There were no statistically significant differences in
between the hormone treated groups for reproductive
performances (p>0.05, Table 1). In the present study,
all the MAP sponges remained in place until the time
of withdrawal (no losses). We observed an approxi-
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Table 2. Changes in plasma progesterone concentration (ng/ml) after different synchronization protocols.

First Second Last
Groups n Measurement Measurement Measurement P values Sionificance
(1) (I1) (1) &
Control 10 0.36x0.05* 0.33%0.02¢ 0.61+0.15° >0.001 e
T1 10 0.36+0.03% 1.42+0.34° 4.46+0.48° >0.001 e
T2 10 0.46=0.11% 1.65+0.64° 4.46%+1.03° >0.002 o

b Means (£SEM) having different superscripts (a,b) within the same column significantly different from each other (p<0.05).
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Fig. 1. Plasma progesterone concentration (P4) changes after different synchronization applications.

mately 100% estrus response in ewes in all the hor-
mone-treated groups. We achieved an approximately
8% estrus (only 2 ewes) in the control group. This dis-
crepancy could be due to the fact that the control group
ewes might have been influenced by the inclusion of
rams for the treatment groups. Indeed, some of control
group ewes could have been sexually stimulated by
the rams (through combined effects of visual, auditory
and olfactory factors) and this situation led them to
show estrus. The number of newborns was greater in
sMAP+eCG and MEL groups than the control group
(p<0.01). However, live litter size and litter size did not
differ significantly between the hormone treated groups
(p>0.05, Table 1). Although, the occurrence of twin-
ning rates was significantly (p<0.001) higher in the
T1 group (0.22 = 0.02) compared to both the T2
(0.10 = 0.01) and control groups (0.00). We believe that
this situation could be attributed to the stimulatory
effect of melatonin upon the corpus luteum.

Mean plasma P4 concentrations in ewes synchro-
nized subcutaneously with melatonin and short-term
intravaginal progestagen are summarized in Table 2.
In the present study, plasma P4 levels in the T1 group
were detected 6.56 ngmL-, while in the T2 group

10.43 ngmL! were measured as highest concentration.
Initial plasma P4 concentrations on day first measure-
ment was basal between the groups and averaged
0.39 = 0.04 ngmL" (<1 ngmL!), indicating absence of
cyclicity and seasonal anestrus. Differences in P4 con-
centrations on the days of treatment with sponges and
implants were not significant between the groups
(p>0.05). As shown in Fig. 1, P4 concentrations
increased gradually until day 20 both in the T1 and T2
groups. At insert removal (II) higher P4 values were
measured in the treatment groups compared to the
control group (p<0.05). On day 20 (III) T1 and T2
groups showed higher P4 concentrations than those in
the control group (p<0.05). Especially in the hormone
treated groups, P4 concentrations measured on day 20
did not influence the percentage of ewes lambing and
litter size to service period (p>0.05). Mean plasma P4
concentrations between the first measurements (I) and
the last measurement days (III) differed significantly
among all the groups (p<0.01) (Table 2). The ewes
with lower P4 profiles after 20 days were determined
as non-pregnant. Although, for all the hormone-
-treated groups, the concentrations (4.46 + 1.03 and
4.46 = 0.48 ngmL) at the end of synchronization (on
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day III) were markedly higher (p<0.01) than those
(0.61 = 0.15 ngmL) in the control group. Changes in
the level of progesterone offered a more stable situa-
tion in the MEL group, and also fluctuations in hor-
mone levels, remained in the expected range as well.
However, the efficacy period of progesterone in the
MEL group was longer than that in sMAP+eCG group.
An increase in plasma P4 concentrations in this group
occurred faster than the MEL group. Therefore,
mating in this group began earlier than in the MEL
group. According to our results, plasma P4 concentra-
tions at higher levels could successfully be achieved by
using any of the protocols in this study during the sea-
sonal anestrus.

Discussion

This study investigated the effects of short-term
progestagen and melatonin applications on the induc-
tion of oestrous and some of the reproductive parame-
ters in natural anestrus ewes. The results obtained
demonstrated that estrus response, estrus behavior,
pregnancy rates and lambing rates did not significantly
differ between melatonin or/and short-term progester-
one applications, except for twinning rate.

One of the oldest methods for inducing ovarian
activities in anestrus ewes outside the breeding season
is progesterone plus gonadotropin treatments. Under
ideal conditions this technique gives 95% estrus and
75% pregnancy rates (Forcada et al. 1999, Ataman et
al. 2006). It has been reported that estrus rates can be
changed from 81 to 100% (Wigzell et al. 1988, Haresign
1992). In accordance with the results of the researchers,
we observed estrus rate of 97-100% in the hormone
treated groups. Although, the present results were
within range reported in previous studies (Wigzell et al.
1988, Haresign 1992), relatively higher estrus rates ob-
served in this study may be due to the differences in
breeds and managements. In our study, we achieved
8% estrus in the control group which differs from that
estimated in previous reports (Ataman et al. 2006, Uslu
et al. 2012). This discrepancy could be due to the fact
that the control ewes might have been influenced by the
inclusion of rams in the treatment groups. In addition,
some of the control group ewes could have been sexually
stimulated by the rams and they led them to show
estrus (Fabre-Nys et al. 2015). In a study by Ataman
et al. (2006), progesterone treatment for 7 days was ef-
fective to synchronize estrus in sheep during both
breeding and non-breeding seasons. These results are
consistent with findings obtained in this study, where
better performance has been recorded following a
short-term protocol of sponge insertion. According to

some researchers (Ustuner et al. 2007, Karaca et al.
2009, Santos et al. 2010), the injection of ECG at the
time of estrus and prior mating causes a higher preg-
nancy rates during the non-breeding season. In this
study, an injection of 350 IU eCG in the intravaginal
progestagen insertion group was used in order to in-
duce follicular growth and increase pregnancy rate.
These data are in agreement with the findings of this
study. For ewes in the SMAP+eCG group, the estrus
response and pregnancy rate were similar to those ob-
tained by Ataman et al. (2006) (93.3 and 85.7%, respec-
tively) using a GnRH-PGF,, protocol in Akkaraman
cross-bred ewes during the breeding season.

Estrus synchronization studies using melatonin and
progesterone administrations have been conducted
widely in ewes both in and out of the breeding season
(Forcada et al. 1999, Horoz et al. 2003). Some research-
ers, studying the effects of melatonin upon the stimula-
tion of ovarian activity in anoestrous ewes, argue that
successful stimulation of ovarian activity is unlikely
during the seasonal anestrus (Horoz et al. 2003, Uslu
et al. 2012). In previous studies, pregnancy rates rang-
ing from 40 to 100% were achieved after melatonin
administration (Horoz et al. 2003, Fleisch et al. 2015).
Similarly, in this study a 97% and 100% pregnancy rate
was achieved in the sSMAP+eCG and MEL groups,
respectively. This result is in agreement with that ob-
tained by Ozturkler et al. (2003) who achieved a syn-
chronization rate of 93.3% using a treatment associating
short-term progesterone and ECG. The increase in
pregnancy rate and fertility obtained with the mela-
tonin method of synchronization has been confirmed
by several researchers (Abecia et al. 2007, Chemineau
et al. 2008).

According to our study results, the number of
newborns per ewes treated was greater in MEL and
SMAP+eCG groups than the control group. The mean
litter size obtained in our study (1.25 = 0.08 and
1.12 = 0.07 for MEL and sMAP+eCG groups, respec-
tively) was comparable with that (1.1-1.9) reported
in earlier studies (Forcada et al. 1999, Bonev 2012, Uslu
et al. 2012). In agreement with our results, Forcada et
al. (1999) reported that the melatonin implants did not
increase the mean litter size of ewes that conceived at
either the first or second estrus after pessary removal.
In contrast to these results, some other researchers
(Rajkumar et al. 1989, Haresign 1992, Horoz et al. 2003,
Gomez et al. 20006, Fleisch et al. 2015) have also pointed
out that melatonin increased the twinning percentage
by having a positive effect on pregnancy and embryo
survival rates. Differences may be due to various fac-
tors such as: (a) the time of the year (b) route of admi-
nistration (subcutaneous or intravaginal), (c) breed
type with fat-tail or lean-tail (Kivircik breed, as used
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herein) and (d) geographic location (with relative sea-
sonality of Kivircik reared in Western Turkey, in the
latter study). In the present study, twinning rates from
the melatonin group was relatively higher in compari-
son to those found in the short-term intravaginal proge-
stagen administration group. As previously reported by
some researchers (Zuniga et al. 2002, Abecia et al. 2007,
Chemineau et al. 2008), this can be attributed to the
stimulatory effect of melatonin upon the corpus luteum,
thereby increasing the progesterone production during
the luteal phase, which ultimately sustains the embry-
onic development. Some other researchers (Rajkumar
et al. 1989, Haresign et al. 1992) have also pointed out
that melatonin increased the twinning percentage by
having a positive effect on pregnancy and embryo sur-
vival rates. In accordance with our results, it has been
described by numerous researches that this was
attributed to the stimulatory effect of melatonin upon
the corpus luteum, thereby increasing the progesterone
production during the luteal phase, which ultimately
sustains the embryonic development (Zuniga et al. 2002,
Abecia et al. 2007, Chemineau et al. 2008).

In our study, mean plasma P4 concentrations were
determined at insert application to confirm cyclicity (1),
at insert removal to detect subluteal progesterone val-
ues in ewes treated with SMAP+eCG and MEL (1)
and 20 days after ram introduction to verify pregnancy
(III). Some researchers (Abecia et al. 2007, Fleisch et
al. 2012) reported which is consistent with our findings
that blood P4 concentration is related to the number of
ovulations and corpora lutea formed on the ovaries. An
increase in plasma P4 concentration in the short-term
progestagen group was found to occur faster than that
in the melatonin application group. Therefore, in this
group matings began earlier than in the MEL group.
According to our results, changes in the level of proges-
terone offered a more stable situation in the MEL
group, and also fluctuations in the hormone levels re-
mained in the expected range as well. Moreover, the
efficacy duration of progesterone in the MEL group
was longer than that in sSMAP+eCG group.

Conclusion

In conclusion, the findings of estrus synchroniza-
tion by subcutaneous melatonin implants and short-
term progesterone plus eCG suggest that: (1) the estrus
response could successfully be induced in all hor-
mone-treated ewes, (2) markedly higher progesterone
concentrations and relatively higher lambing rates were
obtained in treated groups when compared to those
found in the control Kivircik ewes during seasonal
anestrus. These synchronization procedures can be

considered a good alternative to traditional procedures
due to their flexibility under field conditions.
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