
Summary
In the study it was aimed to investigate and compare the combined effectiveness of ram introduction (ram effect) and prostaglandin F2 alpha (PGF2α) 

administration in multiparous and nulliparous Kangal White Karaman ewes during the out of breeding season. The ewes were first divided into two main 
groups: non-lactating multiparous (Group M, n=104) and nulliparous (Group N, n=101). The multiparous and nulliparous animals were further divided in to two 
subgroups. Group MRP (n=50 multiparous) and NRP (n=51 nulliparous) were injected with a single dose of PGF2α on the first day of ram introduction. And the 
Group MR (n= 54) and NR (n= 50) served as controls with ram introduction but no PGF2α injection. In all of the groups, adult, purebred and fertile rams stayed with 
the ewes for 45 days. The blood samples were collected at 3-day intervals for 18 days after ram introduction from subsets of ewes (n=17 per group) to monitor 
the serum progesterone concentration. The total lambing ratios in multiparous and nulliparous animals were 72.1% (75/104) and 44.6% (45/101), respectively 
(P<0.001). Among the PGF2α and non-PGF2α subgroups of multiparous and nulliparous ewes, the lowest lambing rate was observed in Group NR (36.0%). In 
multiparous ewes (Groups MR and MRP), the mean progesterone level varied significantly among the days (P<0.001). In contrast, in Group NRP, the progesterone 
levels varied significantly over the tested time course (P<0.001), but no differences were detected in Group NR (P>0.05). We concluded that being multiparous 
contributes to the success of PGF2α administration in combination with ram introduction in the anestrous period in ewes. Furthermore, PGF2α administration 
together with ram introduction positively affects the lambing rate in nulliparous ewes.
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Anöstrus Dönemindeki Multipar ve Nullipar Koyunlarda Koç Etkisi 
ve Prostaglandin Uygulamalarının Dölverimi Üzerine Kombine Etkisi

Özet
Bu çalışmada, üreme sezonu dışında multipar ve nullipar Kangal Akkaraman ırkı koyunlarda koç katımı (koç etkisi) ve prostaglandin F2α (PGF2α) uygulaması 

kombinasyonunun etkinliğinin karşılaştırılması ve araştırılması amaçlandı. Koyunlar öncelikle, laktasyonda olmayan multipar (n=104, Grup M) ve nullipar (n=101, 
Grup N) koyunlar olmak üzere iki ana gruba ayrıldı. Daha sonra multipar ve nullipar koyunlar iki alt gruba ayrıldı. Grup MRP (n=50 multipar) ve Grup NRP’ ye (n=51 
nullipar) koç katımının ilk günü, tek doz PGF2α enjekte edildi. Grup MR (n= 54) and NR (n= 50) ise PGF2α enjekte edilmeden sadece koç katımı yapılarak kontrol 
grubu olarak seçildi. Tüm gruplarda fertil, ergin ve safkan koçlar 45 gün süre ile sürüde kaldı. Kan progesteron düzeylerinin izlenmesi amacıyla her bir grup için 
oluşturulan subsetgruplardan (n= 17) 18 gün boyunca, üç gün aralıklarla kan alındı. Multipar ve nullipar hayvanlarda total kuzulama oranları sırasıyla %72.1 
(75/104) ve %44.6 (45/101) olarak belirlendi (P<0.001). Multipar ve nullipar koyunlarda PGF2α uygulanan ve uygulanmayan alt gruplarda %36.0 kuzulama oranı ile 
en düşük sonuç Grup NR’ de belirlendi (P<0.001). Multipar koyunlarda (Grup MR ve Grup MRP) günler arasındaki ortalama progesteron düzeyleri arası fark önemli 
bulundu (P<0.001). Ancak nullipar koyunlarda günler arası progesteron düzeyi Grup NRP’ de önemli iken (P<0.001), Grup NR’ de önemsiz bulundu (P>0.05). Sonuç 
olarak; anöstrus döneminde koç katımı ve PG F2α kombinasyonu uygulamalarında multipar olmanın etkili olduğu, bununla birlikte nullipar koyunlarda koç katımı 
ile birlikte PGF2α uygulamasının kuzulama oranını artırdığı tespit edildi.
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INTRODUCTION

Kangal White Karaman sheep represent a local 
and national breed that was registered in 2012 and is 
characterized by adaptation to the hard environmental 
conditions found in Turkey [1,2]. In northern hemisphere 
countries such as Turkey, sheep usually show a seasonal 
sexual cycle. The breeding season usually begins at the 
end of August and continues to the end of November [3,4].

Since sheep breeding is naturally seasonal, prolificacy  
is restricted temporally. Therefore, expanding the application  
of reproductive biotechnologies such as estrous and 
ovulation synchronization that can be performed in and/or  
out of breeding season is essential to increase prolificacy  
and market availability and provide economically significant 
and controlled breeding and genetic advancement [5]. In 
addition, these types of applications should not result in 
additional costs for the breeder or harm the environment, 
animal welfare or public health.

When rams are introduced into a herd of ewes during 
the anestrous period, the sexual cycle is stimulated 
and copulation, ovulation and pregnancy occur; this is 
defined as the ‘ram effect’ [6-8]. The ram effect has been 
well established [5,9]. Introducing rams into a sheep herd 
out of breeding season to stimulate estrous is one of the 
easiest, most economical and environmentally friendly 
synchronization methods that does not compromise 
animal welfare or public health. Therefore, its use has 
become widespread [10-13]. However, new applications are 
needed to increase the effectiveness of the ram effect.

Sudden introduction of rams during the anestrous 
period stimulates the release of luteinizing hormone  
(LH) [14-16]. The time between ram introduction and LH 
release varies between 20 and 30 hours [7,17]. Applications  
that arrange the luteal phase would be helpful in increasing 
the effectiveness of estrous. Ungerfeld and Rubianes [18] 

reported that estrous signs were more prominent in 
sheep that received medroxyprogesterone prior to ram 
introduction than in untreated sheep; in the early period 
of the breeding season, increased follicular growth rates 
and rising estrogen concentrations led to increased LH 
release. However, steroids have negative effects on the 
environment and human and animal health; thus, the 
administration of prostaglandin F2 alpha (PGF2α) instead  
of steroids would be beneficial [13,19]. Therefore, studies  
have been conducted to find effective methods of using 
PGF2α administration together with the ram effect, 
particularly in sheep herds in out of breeding season [20].

Varying results have been reported regarding the 
effects of PGF2α administration on estrous synchronization  
in and out of breeding season [15,21-23].

The aim of this study was to test the following 
hypotheses: 1) The combination of ram introduction (ram 

effect) and PGF2α administration stimulates cycle activities 
better then only ram effect in out of breeding season, 2) 
Nulliparous and multiparous animals could have different 
responses to these applications.

MATERIAL and METHODS

In the study, 205 Kangal White Karaman ewes in the 
anestrous period (101 nulliparous and 104 non-lactating 
multiparous) and 20 fertile rams of the same breed bred 
by a family company in the Sivas province were used. 
The animals grazed on native pasture during the study  
and were kept in the same yard at night. The study was 
conducted during May and June, in out of breeding season [3]. 

The ewes included in the study were initially divided 
into two main groups: Group M (multiparous, n=104) and 
Group N (nulliparous, n=101). Subsequently, each group 
was divided into two subgroups (Group MR, MRP and 
Group NR, NRP). The animals in Group MRP (n=50 multi- 
parous) and Group NRP (n=51 nulliparous) were injected with 
a single dose of 125 µg cloprostenol (PGS®, Alke, Turkey) 
via the intramuscular (IM) route on the first day of ram 
introduction. Groups MR (n=54 multiparous) and NR (n=50 
nulliparous) served as controls and were not administered 
cloprostenol. After being separated for 2 months, all of the 
ewes were exposed to 20 rams for 45 days.

Seventeen animals were randomly selected from 
each group, and subsets were created to measure the 
progesterone concentrations. Blood was obtained from 
the vena jugularis on days 0, 3, 6, 9, 12, 15 and 18 of ram 
introduction. The serum samples were separated and 
stored at -20ºC until all the samples had been collected. 
The progesterone levels were then determined using 
a commercial ELISA kit (Catalogue No: EIA 1561, DRG 
International Inc., Marburg, Germany) and an ELISA reader 
(Bio Tek Instruments, USA) [24].

SPSS 14.01 software was used for the statistical 
analyses. Variance analysis was used to compare the mean 
progesterone levels on different days. Student’s t-test was 
used to compare the progesterone levels between groups 
on a given day. A chi-square test was used to compare  
the lambing ratios between groups and cyclic conditions  
at the beginning of the study. Differences were considered  
to be significant when P<0.05.

Ethics committee approval was obtained from the 
Animal Tests Ethics Committee, Firat University (FÜHADEK, 
2011/11-138).

RESULTS

The total lambing ratio was 72.1% (75/104) for the 
multiparous animals and 44.6% (45/101) for the nulliparous 
animals; the difference found significant (P<0.001). When 
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the lambing ratios were compared among the four groups 
(NRP, NR, MRP and MR), the lowest lambing ratio was 
detected in Group NR (18/50, 36%) (P<0.05). There was 
no significant difference between the lambing ratio in 
subgroups of multiparous and nulliparous ewes (MRP  
and MR/NRP and NR) (Table 1).

The mean progesterone concentrations were greater 
than 1 ng/ml in both the nulliparous and multiparous 
animals on the first day of ram introduction (Table 2, Table 
3). Also the luteal and follicular phase ratios were found 
similar in all groups (P>0.05). 

Comparisons of the progesterone concentrations on 
different days in inter-groups without being multiparous and 
nulliparous, significant differences were detected between 
the PGF2α and non- PGF2α groups (P<0.001). While the 
differences in the mean progesterone concentrations 
on different days were significant in the Groups MRP, MR 
and NRP (P<0.001), no such differences were found in  
the nulliparous control ewes (NR) (P>0.05).

DISCUSSION

The Kangal White Karaman breed of sheep is a local 
breed, registered in 2012. It is considered a seasonal poly-
estrous  breed. Although the breeding season is primarily  
in October and November, it is defined as autumn and  
the beginning of winter [1,4]. This study was conducted  
in May and June, the out of breeding season [3].

In recent years, methods such as the introduction of 
rams have been used to induce sheep breeding because 
they have fewer pharmacologic side effects, are more 
environmentally friendly, and pose less risk to animal welfare, 
public and human health. Increasing the effectiveness 
of these methods outside of the breeding season would 
be economically beneficial to the sheep industry [25,26]. 
Although long-term use of progesterone to increase 
breeding efficiency raises concerns due to the harmful 
effects on the environment and human and animal health, 
PGF2α is more environmentally friendly and poses less 

Table 1. The lambing ratios in nulliparous and multiparous ewes

Tablo 1. Nullipar ve multipar koyunlarda kuzulama oranı

Animal Multiparous (n=104) Nulliparous (n=101)
P

Application PGF (+) (Group MRP) PGF (-) (Group MR) PGF (+) (Group NRP) PGF (-) (Group NR)

n 54 50 51 50

Lambing ratios (%) 37/54 (74.0)a 38/50 (70.4)ac 27/51 (52.9)bc 18/50 (36.0)b *

Total (%) 75/104 (72.1) 45/101 (44.6) *

PGF (+): cloprostenol injection, PGF (-): no cloprostenol; a,b,c Numbers/percentages with different superscripts within a row differ significantly; * P<0.001

Table 2. Comparison of the mean progesterone concentrations (ng/ml) (± standard deviation) in multiparous ewes at 3-day intervals

Tablo 2. Multipar koyunlarda 3 gün aralıklarla ortalama progesteron (ng/ml) (± standard hata) konsantrasyonlarının karşılaştırılması

Groups
Days (X±Sx)

0 3 6 9 12 15 18 P

Group MRP 1.02±0.17a 0.91±0.25a 2.42±0.32b 3.46±0.86b 4.25±0.77b 5.36±1.04b 4.15±1.16b *

Group MR 1.41±0.44a 0.71±0.15a 2.95±0.57b 4.21±0.70b 4.66±0.63b 4.34±0.66b 3.58±1.12b *

P - - - - - - -

a,b  Values with different superscripts within a row differ significantly; - P>0.05; * P<0.001

Table 3. Comparison of the mean progesterone concentrations (ng/ml) (± standard deviation) in nulliparous ewes at 3-day intervals

Tablo 3. Nullipar koyunlarda 3 gün aralıklarla ortalama progesteron (ng/ml) (± standard hata) konsantrasyonlarının karşılaştırılması

Groups
Days (X±Sx)

0 3 6 9 12 15 18 P

Group NRP 1.70±0.41a 1.28±0.29a 2.66±0.45b 2.69±0.54b 3.72±0.58b 4.03±0.80b 2.17±0.57b *

Group NR 1.85±0.39 1.59±0.45 3.05±0.58 2.58±0.42 3.30±0.64 3.14±0.80 3.36±0.97 -

P - - - - - - -

a,b  Values with different superscripts within a row differ significantly; - P>0.05; * P<0.001

DEMİRAL, ABAY, CANOOĞLU
ÖZALP, RIŞVANLI



790
The Combined Effect of Prostaglandin ...

health risks than progesterone. However, the low efficiency 
obtained with PGF2α use in and/or out of breeding season 
has compelled researchers to improve such methods. In 
the present study, a single dose of PGF2α was used as an 
alternative to a double dose. The aim of the administration  
of a single dose of PGF2α combined with ram introduction  
was to increase the ram effect-induced ovulation ratios [22,26]. 
The results obtained from the study demonstrate that this 
goal was achieved, particularly in nulliparous sheep.

The inadequate results obtained from estrous 
synchronization with synthetic prostaglandin analogues 
and artificial insemination may be explained by corpus 
luteum dysfunctions due to insufficient hormones, early 
embryonic death, implantation disorders, late embryonic 
death and/or fetal losses [23]. In contrast, it has been reported 
that estrogen receptor alpha and progesterone receptor 
protein expression levels are decreased in oviductal and 
uterine cells in response to progesterone compared with 
prostaglandin in synchronization studies [27]. However, 
the variability in ovulation time after PGF2α application 
may be minimized by the ram effect. The ram effect is 
commonly used for LH pulsation and ovulation induction 
during seasonal anestrous in ewes [16]. This effect is also 
observed in sheep that are administered progesterone [28] 
and PGF2α [5]. Thus, the administration of PGF2α combined 
with the ram effect may be of benefit during the early 
luteal phase to provide fixed-time artificial insemination  
without estrous detection in ewes [29]. There is little or no 
knowledge regarding the use of PGF2α administration 
to stimulate cycles on the first day of ram introduction  
in ewes in the anestrous period.

The corpus luteum formed after male-induced ovulation 
has either a normal life span (luteal phase lasting 18-19  
days) or regresses early (5-6 days). An ovulatory subestrous 
period may follow this period. The progesterone levels 
detected in the present study are consistent with those 
reported in the literature [7,30,31]. When the reduction in 
progesterone concentration is compared with natural 
luteolysis, it is more prominent after PGF2α-induced 
luteolysis. Although luteal regression after natural 
PGF2α release lasts for 72 h, after exogenous PGF2α 
administration, it lasts for only 6-24 h [32]. In the present 
study, for multiparous and nulliparous anestrous ewes, 
on the first day of ram introduction, no difference in the 
progesterone levels was observed between the PGF2α-
treated sheep and controls (Table 2, Table 3).

Based on the progesterone levels measured at the 
beginning of the study (day 0), 19/34 (55%) nulliparous 
animals and 17/34 (50%) multiparous animals were found 
to be in the luteal phase (P>0.05). In a similar study, Smith 
et al.[20] found that 14% of progesterone-treated ewes 
were in the luteal phase at the first day of application.  
The difference may be attributed to the breed of sheep 
and the location.

In the present study, serum progesterone levels in multi- 
parous and nulliparous ewes were greater than 1 ng/ml on  
the first day of ram introduction, demonstrating that at least 
partial cyclic activities are present during the anestrous 
period in Kangal White Karaman ewes. Consistent with the 
results presented in this study, Kaulfuss et al.[33] detected 
100% cyclic luteal structures in ewes in breeding season 
with no differences noted between breeds. However, 
depending on the breed, they observed 10-60% cyclic 
luteal structures during the rest of the year. Similarly, in a 
study by Maatoug-Ouzini et al.[34] using Barbarina sheep, 
the different cycle types formed after ram introduction 
were analyzed. They found that 30% of the Barbarina 
sheep continued cyclic activities out of breeding season, 
and this rate reached 60% with the ram effect.

In the present study, both nulliparous and multiparous 
sheep were found to respond to the ram effect. Never-
theless, the lambing ratios were significantly higher in 
the PGF2α-administered groups on the first day of ram 
introduction (Table 1). In addition, it was found that PGF2α 
administration on the first day of ram introduction was 
more effective in the nulliparous animals than multiparous 
animals. Also when we compared the progesterone levels 
between days, multiparous animals were more affected 
by the ram introduction instead of PGF2α application. 
Nonetheless, in nulliparous animals PGF2α administration 
with ram introduction found more effective.

In our study, the lambing rates of the multiparous 
and nulliparous ewes, 72.1% and 44.6%, respectively, 
were significantly different (P<0.001). The difference is 
most likely due to ovulation insufficiency and high pre-
implantation losses in the nulliparous animals. Supporting 
this assumption, Khan et al.[35] reported the embryonic 
loss rate as 20-40% in adults and 50-63% in young ewes. 
In a review by Rosa and Bryant [4], it was reported that  
ovulation in multiparous sheep was approximately three- 
fold greater than in 14- to 15-month-old nulliparous sheep 
when using the ram effect.

In a study conducted by Reyna et al.[36] in Australia, the 
pregnancy rates achieved with fixed-time insemination 
were 11-32% in different groups of multiparous and 
nulliparous animals out of breeding season. These rates 
are lower than those observed in the present study. The low 
pregnancy rates detected in similar studies conducted both  
in and out of breeding season may be attributed to factors 
such as artificial estrous or ovulation induction, different 
concentration or type of sperm, fixed-time inseminations 
and different techniques [23,37,38]. The higher lambing ratios 
obtained in the present study may due to the continuous 
presence of rams with the ewes until mating [39].

It is also important to emphasize that the progesterone 
values measured in this study demonstrate that nulliparous 
ewes respond more strongly to ram introduction when 
treated with PGF2α than multiparous ewes. Thus, being 
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nulliparous must be considered a negative factor for 
breeding in normal situations.

The results of the current study suggest that cyclic 
activities continue to some degree throughout the year in 
Kangal White Karaman sheep. Multiparous Kangal White 
Karaman sheep in anestrous period responded better 
to the combined PGF2α administration and ram effect  
than nulliparous ewes. PGF2α administration at the time  
of ram introduction increased the lambing ratio in 
nulliparous sheep. Further studies are required to 
determine the cycle-induction mechanism of PGF2α 
administration and ram introduction and to assess their 
impact on ovulation.
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