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ABSTRACT

Background: We also aimed to detect endogenous anti-prostaglandin F2α antibodies and the relationship between
these antibodies and fertility parameters such as pregnancy rates after the use of PGF2α. Synchronization of estrus
with the PGF2α is sometimes ineffective in sheep. This situation is to bring about due to the lack of a functional
corpus luteum, given before day 5-6 of the estrous cycle. But, it can be suggested that the immunity developing for
endogenous or exogenous PGF2α analogues or metabolites.
Materials, Methods & Results: The efficacy of single dose prostaglandin F2α analogues such as dinoprost tromethamine,
cloprostenol sodium and d-cloprostenol was studied in 60 nulliparous and multiparous Akkaraman sheep. The animals
were grouped in three groups (n = 20). Each group was randomly divided into two subgroups comprising a minimum
of 10 nulliparous and multiparous animals. All individual serum samples collected from one flock in Kayseri province
of middle Anatolian Turkey, in the period from August 2009 to October 2009. The Animals were kept in free stall and
indoors at night, and had access to grazing outdoors most of the day. Prostaglandin F2α was administered to the
animals one week after the first estrus and blood samples were collected three times (at 0, 24th and 48th h after the
injection). 10 mL blood was collected respectively via jugular venipuncture. The estrus cycle of each ewe was
followed 4 times at a 6-h interval (to determine differences of estrus time between the groups) using teaser rams. The
concentrations of progesterone and estradiol in the samples were measured using the commercial Enzyme-Linked
Immunosorbent Assay (ELISA) kits. Furthermore, the presence of anti-prostaglandin F2α antibodies in these samples
was detected by scintillation counter using radioactively-labeled [5,6,8,9,11,12,14,15(n)-3H] PGF2α. There was a
significant decrease in the progesterone levels in both nulliparous and multiparous animals, to which cloprostenol
sodium was administered on the day of administration and after 24 and 48h, compared to other groups. There was no
significant difference between the groups in terms of pregnancy rates. Anti-prostaglandin F2α antibodies were detected
in all blood samples, although the levels were low. The binding rates for PGF2α in sera collected at the 48th hour after
a single dose d-cloprostenol administration were lower than those on the day of injection in multiparous animals.
However, it was considered that these antibodies did not have a sufficient level to affect parameters such as pregnancy
rates in Akkaraman sheep.
Discussion: However, it was found that the effects of three PGF2α analogues were not different in terms of
pregnancy rates. It was also concluded in this study that anti-prostaglandin F2α antibodies did not show any effect on
parameters such as pregnancy rates in Akkaraman sheep. In addition, it was concluded that it is required to perform
further studies with more details related to the development of anti-prostaglandin F2α antibodies and their effect
mechanism on fertility in Akkaraman sheep.
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INTRODUCTION

Prostaglandin F2α is metabolized in the lungs and
converted to 15-keto-prostaglandin F2 and 13,14-dihydro-
15-keto-prostaglandin F2. Although prostaglandins seem
to lose their luteolytic activity after being converted into
their metabolites [21], these metabolites can continue their
biological activities [13]. For example, it was reported
that l3,14-dihydro-PGF2α caused premature luteal
regression in rabbits [19]. It has been suggested that
prostaglandin metabolites cause the release of oxytocin
from the corpus luteum and lead to continuation of
luteolytic activity [37]. Cloprostenol, dinoprost, tiaprost,
luprositol, delprostenat, fenprostalen, prostalen and
fluprostenol are PGF2α analogues [40]. It has been
reported by many authors that these analogues have si-
milar luteolytic effect, through which they decrease the
progesterone concentration by regressing the corpus
luteum [3,24,32,36,38]. There are publications claiming
the opposite. For example, in a study that was designed
in vitro for the effects of natural PGF2α, d-cloprostenol,
dl-cloprostenol and prostaglandin E1 on PGF2α receptors,
it was shown that cloprostenol was strongly stereo-
specific in binding to PGF2α receptors [25].

Menchaca et al. [23], reported in their study that
there was no difference in the onset of estrus for
multiparous and nulliparous sheep in which two doses of
PGF2α were administered. In a study on Serrana goats
in the reproductive season, it was reported that there
was a significant difference in timing and number of
ovulations in nulliparous and multiparous animals, which
had been induced by hormones or which had natural estrus
[34]. For instance, it was reported that single ovulation
was observed in 76% of nulliparous goats and in 18% of
multiparous goats. In a study by Gorti et al.[18], ram
effect was utilized to induce estrus in sheep and in
conclusion, all multiparous animals and 83% of the
nulliparous animals displayed irritation.

In recent years, studies on prevention of
reproductive functions in farm animals by endogenous
hormone immunomodulation have increased in number.
Within this concept, hormones or peptides such as GnRH,
kisspeptin and inhibin have gained attention [33]. Active
immunization against PGF2α in sheep extends the
duration of the estrus cycles [29]. In their study on heifers,
Chang et al.[7], suggested that although active
immunization for PGF2α caused a poor antibody titration,
37% of animals had a persistent and permanent corpus
luteum. In a study [12], it was reported that a single dose

active immunization for PGF2α suppressed estrus
behavior in 55% of post-pubertal heifer. In the light of
the attained knowledge on active immunization, it has
been reported that antibodies against PGF2α may inhibit
the regression of corpus luteum by suppressing the effects
of this hormone and may cause persistence of the corpus
luteum and regression of follicles [10,15,26,31], and that
immunization for PGF2α may be used in the formation
of pseudo-pregnancy [20]. Bettencourt et al.[6],
suggested that pregnancy rates could be increased by
expanding the lifespan of the corpus luteum by active
immunization for PGF2α in the early postpartum period
in sheep. The functions of the corpus luteum and pre-
ovulatory follicles were monitored by administrating
exogenous PGF2α in sheep which were immunized
against PGF2α. In conclusion, it was stated that corpus
luteum persisted and the interval between deliveries was
prolonged in animals with immunization. It has been
claimed that intrafollicular injection of PGF2α antiserum
in rabbits inhibits ovulation by blocking the effects of pre-
ovulatory LH [2].

Thus, it can be suggested that the immunity
developing for endogenous or exogenous PGF2α
analogues or metabolites may affect the fertility by
suppressing the activities of this hormone.

The aim of this study was to examine the effect
of single dose administration of three different PGF2α
analogues and on hormonal profile, reproductive traits
and anti- PGF2α antibodies in nulliparous and multiparous
sheep in the breeding season.

MATERIALS AND METHODS

Animals and Samples
In this study, 60 healthy Akkaraman sheep aged

2 to 4 years were used. The study was performed one
week after the observation of the first estrus in the
breeding season. All animals were selected from the same
family-type institution where all animals were fed
uniformly. The animals were grouped in three groups
according to their body condition scores and age (n=20).
Each group was randomly divided into two subgroups
comprising a minimum of 10 nulliparous and multiparous
animals. The first group (n=10 nulliparous and n=10
multiparous) was given a single dose 10 mg dinoprost
tromethamine1 intramuscularly, the second group (n=10
nulliparous and n=10 multiparous) was given a single dose
150 µg cloprostenol sodium2 intramuscularly, and the third
group (n=10 nulliparous and n=10 multiparous) was given
a single dose 150 µg d-cloprostenol3 intramuscularly.
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The blood samples were collected at 0 hour, 24th

and 48th h after the injections, and the sera were extracted
and stored at -200C.

In addition to the injections, mating was also
provided. Animals showing recurrent estrus were
followed-up and all animals without estrus on day 35 after
mating were examined by transrectal ultrasonography in
order to diagnose the pregnancies.

Assays
Progesterone4 and estradiol5 concentrations were

measured using the commercial ELISA kits [22]. The
presence of anti-prostaglandin F2α antibodies was
investigated using the modified previous method [6,29].
Blood samples were diluted at 1:200 and 20.000 dpm
radioactively-labeled [5,6,8,9,11,12,14,15(n)-3H] PGF2α

6

and 100 µl PBS were added to 400 µl diluted blood serum
and this was incubated at 4oC for 18 h. The samples to
which 500 µL dextran-coated charcoal solution7 were added
to precipitate unconjugated radioactively-labeled [5,6,8,
9,11,12,14,15(n)-3H] PGF2α were centrifuged at 2500 cycles
for 15 min. The supernatants were then placed in small
scintillation boxes. Measurement was performed by the
scintillation counter to find the binding rate of the
radioactively-labeled [5, 6, 8, 9,11,12,14,15(n)-3H]
prostaglandin F2α (gamma spectroscopy with a detector

of 2x2-inch NaI [Tl] borehole type was used). The results
were presented as the binding rates of radioactively-
labeled [5,6,8,9,11,12,14,15(n)-3H] PGF2α [28].

Statistical Analysis
The groups were compared using the Wilcoxon

test for the binding rates to radioactively-labeled [5, 6, 8,
9, 11,12,14,15(n)-3H] PGF2α of blood sera and the same
test was used in the analysis of progesterone and estradiol
values. The comparison of pregnancy rates and the mean
number of offspring between the groups were compared
by chi-square analysis. Statistical analysis was performed
using the SPSS 11.5 program.

RESULTS

There was a significant decrease (P <0.01) in
the progesterone levels of both nulliparous and multiparous
animals in the second group to which cloprostenol sodium
was administered on the day of administration and at the
24th and 48th h, compared to the other groups (Table 1).

There was a significant increase in estradiol levels
in multiparous sheep in group 1, which had received
dinoprost tromethamine on the day of administration and
at 24th h compared to the other groups. There was also a
significant increase (P <0.01) in estradiol levels in
multiparous animals in group 2 which had received

Group Subgroup
Hour

0-24 0-48

Group 1

Nulliparous n=10 - +

Multiparous n=10 + -

Group 2

Nulliparous n=10 ++ ++

Multiparous n=10 ++ ++

Group 3

Nulliparous n=10 - -

Multiparous n=10 + -

-: P >0.05, +: P <0.05, ++: P <0.01

Table 1. Comparison of the decrease in progesterone concentrations in different
groups, (Akkaraman sheep, 2009, Middle Anatolian of Turkey).
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Group Subgroup
Hour

0-24 0-48

Group 1

Nulliparous n=10 + -

Multiparous n=10 ++ -

Group 2

Nulliparous n=10 + -

Multiparous n=10 - ++

Group 3

Nulliparous n=10 - +

Multiparous n=10 - +

Table 2. Comparison of the increase in estradiol concentrations in different groups,
(Akkaraman sheep, 2009, Middle Anatolian of Turkey).

-: P >0.05, +: P <0.05, ++: P <0.01

Group Subgroup
Binding rate (%)

Hour 0 Hour 48 P

Group 1

Nulliparous n=10 2.19 4.37 *

Multiparous n=10 0.94 4.06 *

Group 2

Nulliparous n=10 1.56 3.75 *

Multiparous n=10 0.92 3.75 *

Group 3

Nulliparous n=10 0.62 4.69 *

Multiparous n=10 4.69 3.44 -

Table 3. Binding rates to radioactively-labeled [5,6,8,9,11,12,14,15(n)-3H] PGF2α.,
(Akkaraman sheep, 2009, Middle Anatolian of Turkey).

-: P > 0.05, *: P < 0.05

cloprostenol sodium on the day of administration and at
the 48th h compared to the other groups (Table 2).

The binding rates (3.44%) for radioactively-
labeled [5, 6, 8, 9,11,12,14,15(n)-3H] PGF2α in blood
samples collected at the 48th h after a single dose of 150
µg d-cloprostenol administration were lower than those
on the day of injection (4.69%) in multiparous animals.

However, the binding rate was higher (P <0.05) in all the
other groups at the 48th h than on the day of injection
(Table 3).

There was no significant difference (P >0.05)
between the groups in terms of pregnancy rates and the
mean number of offspring (Table 4).
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Table 4. Pregnancy rates and the mean number of offspring in different
groups, (Akkaraman sheep, 2009, Middle Anatolian of Turkey).

Group Subgroup Pregnancy
rate   (%)

Mean number
of offspring

Group 1

Nulliparous
n=10 50.00 1.3

Multiparous
n=10 60.00 1.3

Group 2

Nulliparous
n=10 70.00 1.1

Multiparous
n=10 70.00 1.3

Group 3

Nulliparous
n=10 70.00 1.1

Multiparous
n=10 70.00 1.0

                         P - -
-Insignificant difference between groups (P >0.05)

DISCUSSION

Prostaglandin F2α inhibits progesterone secretion
by regression of the corpus luteum when pregnancy does
not occur. In sheep that have no estrus and which are
not in the breeding season, exogenous PGF2α
administrations are ineffective, as there is no corpus
luteum. Single dose PGF2α administration to cyclic
animals leads to estrus in 60-75% of sheep after 30-48 h.
However, in order to synchronize the sexual cycles of all
the herds, two injections with at least nine-day intervals
are required [8,35]. However, the cost of these two
injections is also high. In a study [5], two doses of 125 µg
cloprostenol with 11-day interval and short-term
progestagen (MAP, 5 days) combined with single dose
PGF2α were compared in Clun Forest sheep and the
estrus recurrence rates were found to be similar. It was
suggested that injecting this hormone 7-14 days after the
first observed estrus to increase the efficiency of single
dose PGF2α in cyclic sheep would be more beneficial
[8]. In a study [1], single dose PGF2α analogue was
administered to sheep on days 3, 5, 8, 11, 14 or 16 of the
cycle and it was reported that corpus luteum was
affected by administrations only on days 5-14 of the cycle;
Rubianes et al., [30] reported that unresponsiveness of
the corpus luteum to administrations of PGF2α may be

limited to the first 1-2 days after the ovulation. Fukui and
Roberts [16] reported in their study with sheep that the
synchronization rates of single intramuscular 16 mg
PGF2α and two doses of intramuscular 16 mg PGF2α
with a 12-day interval and their effect on the fertility
parameters were similar. In our study, we achieved a
pregnancy rate of 70% in animals in the second group
which had received a single dose of cloprostenol sodium
after estrus and in animals in the third group which were
administered a single dose of d-cloprostenol. We also
found that the decrease in progesterone levels on the
day of administration, and at the 24th and 48th h was
significant both in nulliparous and multiparous animals
receiving cloprostenol sodium in the second group
compared to the other groups.

It is known that although prostaglandins are
metabolized very quickly in the body, their metabolites
remain for long [13,19,37]. Synchronization aimed PGF2α
administrations are common due to the improvements in
sheep breeding. However, it was observed in studies or
in routine practice that these hormones did not cause
estrus in all animals of the flock and the fertility parameters
were low. Many explanations have been offered including
the administration of this hormone in a period without
luteal structures in the ovary and without monitorization
of the cycle. In order to avoid this, it was preferred to
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administer a single dose of PGF2α with monitorization of
estrus or two doses with at least a nine-day of interval
without monitorization of the cycle [17,39]. However,
even with these alternative practices, estrus
synchronization rates cannot reach 100% and fertility
parameters are low. In a study with Corriedale hybrid
(cross-breed) sheep [23], the pregnancy rates after the
artificial insemination at the 42nd, 48th and 54th h after the
second application of two doses of 160 µg delprostenate,
were 36.8%, 25.8% and 22.6%, respectively. One of the
reasons for this is the follicular dynamic status in the ovary
during the administration of PGF2α [4]. However, in spite
of the fact that these factors have been known since old
times and have been taken into account, it is a fact that
the efficiency of this hormone and its analogues has
recently shown a decrease, both in studies and in routine
practice. At this point, it was considered that anti-
prostaglandin F2α antibodies which were developed
against this hormone in the body may have a role in the
reduction of the efficacy of PGF2α administration. As a
matter of fact, it was shown in experimental active
immunizations that these antibodies suppressed the
functions of endogenous PGF2α and therefore, the
lifespan of the corpus luteum was extended and its
functions increased [6,9,14,27,29]. Crowe et al., [11]
reported that persistent corpus luteum after PGF2α
immunizations may be regressed by dinoprost or
cloprostenol and the lifespan of the corpus luteum in the
next cycle was dependent on the titration of PGF2α
antibodies. In the same study, it was suggested that

persistent corpus luteum developed if the binding rates
of PGF2α antibodies were approximately 20%. In our
study, the binding rate at the 48th h (3.44%) was lower
than that of the injection day (4.69%) only in multiparous
animals in group 3, but it was vice versa in all other groups.
Although it showed the presence of antibodies for PGF2α,
it was interpreted as an indicator of failure of these
antibodies to reach effective rates on fertility as stated
by Crowe et al. [11].

In this study which has aimed to show the effects
of single doses of various PGF2α analogues on hormone
concentrations and pregnancy rates in nulliparous and
multiparous sheep, it was found that the decrease in
progesterone levels on the day of administration, and at
the 24th and 48th h was significant, both in nulliparous and
multiparous animals which were administered cloprostenol
sodium, compared to the other groups. However, it was
found that the effects of three PGF2α analogues were
not different in terms of pregnancy rates. It was also
concluded in this study that anti-prostaglandin F2α
antibodies did not show any effect on parameters such
as pregnancy rates in sheep.
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