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ABSTRACT

The present study was aimed the determination of serum PAG concentrations during pregnancy and the first month
postpartum in Karya ewes and the investigation of correlations between the serum concentrations of the steroid
hormone progesterone, upon which the continuation of pregnancy depends, and PAG levels throughout pregnancy.
Blood samples were collected from each of the ewes at weeks 1, 2, 3, 4,5, 6, 7, 8,9, 11, 13, 15, 17, 18, 19, 20, and 21
after the day of mating (day 0), at the time of parturition, and at weeks 1, 2, 3 and 4 postpartum. PAG level and
progesterone level during pregnancy and serum PAG level in the first postpartum month were determined. Plasma
progesterone concentrations were lowest on the day of mating, but progressively increased as of week 9 of pregnancy
and peaked at gestational week 18. Progesterone levels were observed to decrease after week 18. The mean PAG
concentrations of the pregnant animals were observed to be at the basal level until the second week of pregnancy, but
increased as of week 3 and peaked at week 19. PAG concentrations displayed a dramatic decrease during the first 4
weeks postpartum. Based on this finding, in the Karya ewes, the increase in the progesterone levels at gestational weeks
8 and 11 were associated with an increase in the PAG levels. Differences in the results reported for the correlation
between PAG and progesterone levels could be due to less frequent sampling, species-specific differences in placental
function and PAG cross-reactivity, as well as species- or subspecies-specific differences in PAG and progesterone
dynamics during pregnancy.

Key Words: PAG, Pregnancy, Progesteron, Sheep
Kook

Gebe Karya Koyunlarinda Serum Progesteron ve PAG Diizeyleri
oz

Var olan calismanin amact Karya koyunlarinda gebelik sitiresince PAG diizeyi ve progesteron seviyesi ile postpartum ilk
aydaki serum PAG diizeyini belirleyerek progesteron ile PAG arasindaki korelasyonlarin gebelik siiresince saptanmast
amagclandi. Tim koyunlardan, koglarin asim yapugi ginden sonraki 1, 2, 3, 4, 5,6, 7, 8, 9, 11, 13, 15, 17, 18, 19, 20, 21’inci
haftalar ile dogum sonrasi 1, 2, 3 ve 4inci haftalarda kan 6rnekleri toplandi ve gebelik stresince PAG diizeyi ve progesteron
seviyesi ile postpartum ilk aydaki serum PAG diizeyi belirlendi. Plazma progesteron konsantrasyonu gebeligin 9. haftasindan
itibaren artis géstermis olup, 18. haftada pik duzeye ulagdi ve 18. haftadan sonra progesteron diizeylerinde dists gozlendi.
Gebe hayvanlarda ortalama PAG konsantrasyonlari ise gebeligin ikinci haftasina kadar bazal dizeyde iken gebeligin 3.
haftasindan itibaren yiikselmeye basladi, gebeligin 19. haftasinda pik yaparak gebelik sonuna kadar da artig gOsterdi.
Dogumdan sonraki ilk 4 hafta siiresince ise PAG konsantrasyonu dramatik bir sekilde bir diistis gosterdi. Karya koyunlarinda
gebeligin 8. ve 11. haftalarinda progesteron seviyesi arttikca PAG diizeyi de artis gosterdi. Bu bulgulara gére PAG ve
progesteron arasinda bildirilen korelasyonlardaki farkliliklar, daha az siklikta 6rnekleme yapilmasina, plasental fonksiyondaki
tire Ozgu farkliliklara veya PAG capraz reaktivitesindeki farkliliklara ve gebelik sirasinda PAG ve progesteron
dinamiklerindeki tiir veya alt tiir farkliliklarindan kaynaklaniyor olabilir.
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INTRODUCTION

The Karya breed is known to have emerged from the
ungoverned crossbreeding performed by Turkish
sheep breeders in Western Anatolia between Chios,
Kivirctk and Chios X Kivirctk rams and ewes of
several local fat-tailed breeds, including the Odemis,
Cine Capart and Daglic. The Karya was named by the
Breed Registration Commission of the Ministry of
Agriculture and Forestry after the Carian civilization,
known to have reigned in the region during antiquity,
and was registered as an indigenous breed by the
same Commission in 2013 (Karaca and Cemal 1998,
Karaca and Cemal 2005; Yicel 2022). Elite flocks of
the prolific Karya ewes show a twin pregnancy rate of
almost 100% and sometimes present with triplet and
quadruplet pregnancies. Early pregnancy diagnosis is
very Important for the economics of sheep
production (Akdeniz 2022). The detection of
pregnant and non-pregnant animals in the flock not
only avoids feed waste on infertile animals, but also
enables formulating rations according to the energy
requirements of pregnant and nursing ewes, both of
which contribute to preventing the development of
metabolic diseases and reducing the occurrence of
reproductive health problems. Moreover,
distinguishing  between singleton and multiple
pregnancies by means of eatly pregnancy diagnosis
enables producers to plan the lambing method in
advance, such that the dependence on labor force is
minimized and lambing efficiency is maximized
(Akdeniz 2022; De Carolis et al. 2020; Kaplan Bilmez
2018). The timely and accurate diagnosis of
pregnancy also contributes to the prevention of
fertility losses (Kaplan Bilmez 2018). Despite the
availability of a broad array of options for pregnancy
diagnosis today (i.e. ultrasonography, measurement of
pregnancy-associated glycoprotein levels, radiography,
abdominal palpation, vaginal biopsy, the cervical
mucus test, vaginal smear examination, serum
progesterone analysis), the methods commonly used
for ecarly pregnancy diagnosis are ultrasonographic
examination, measurement of blood plasma/serum
progesterone levels and the detection of pregnancy-
specific proteins (Akdeniz 2022; Kaplan Bilmez
2018). While ultrasonography offers a high level of
diagnostic accuracy, its time-consuming and labour-
intensive implementation, which requires the skills of
an experienced practitioner and can be challenging
for large flocks, is disadvantageous (Erdem and
Sartbay 2015; Lucy et al. 2013). One of the most
popular methods used for pregnancy diagnosis on
sheep farms is the measurement of the post-mating
blood levels of the progesterone hormone, as proof
of the presence of a functional corpus luteum
(Anghel et al. 2011; Zamfirescu et al. 2011). In ewes,
progesterone concentrations are detectable in the
blood as of the 18th day after mating and
progressively increase up to a level of 2-3 ng/ml on
day 50 of pregnancy, displaying a rapid increase after

the first three months of gestation to reach a peak
level of 12-20 ng/ml (Kaplan Bilmez 2018). While a
high level of success is achieved in the detection of
pregnant ewes with progesterone measurement, cases
of eatly embryonic death, corpus luteum persistence,
the prolongation or shortening of the oestrus cycle,
faulty insemination, and uterine and ovarian
pathologies may cause misdiagnosis. Furthermore, the
high progesterone levels observed during certain
phases of the oestrus cycle may reduce the success of
detecting non-pregnant ewes (Karen et al. 2001;
Karen et al. 2004). An alternative to the mentioned
pregnancy diagnosis methods is the detection of
pregnancy-associated glycoproteins (PAGs) (Rovani
et al. 2016; Steckeler et al. 2018). Pregancy-specific
protein B (PSPB) and other PAGs are synthesized
during pregnancy in ewes (and other female
ruminants), and thus, are used as indicators of
pregnancy. PSPB, which is a form of PAG, is also
referred to as pregnancy-serum protein 60 kDa
(PSP60) and SBU-3 antigen (Adeyeye et al. 2021; El
Amiri et al. 2007). Given the role of PAGs as
pregnancy indicators, in the past 30 years, commercial
test kits have been developed for eatly pregnancy
diagnosis based on the detection of PAGs belonging
to the aspartic proteinase family (Akkése 2020; Szenci
2021). These PAG ELISA Kkits, originally developed
for use in cattle, also produce successful results for
early pregnancy diagnosis in sheep and goats
(Akdeniz 2022; Akkése 2020).

Pregnancy, which is defined as the period in-between
fertile mating and parturition, starts immediately after
the fertilization of the ovum and lasts for 147-152
days in ewes. During this period, several biomarkers,
including among others, enzymes, growth factors,
inhibitors, hormones and proteins, either appear or
increase in the maternal blood circulation (Adeyeye et
al. 2021). The majority of the biomarker proteins are
of fetoplacental origin and are produced by mono-
and binucleate trophoblast-derived cells in the
ruminant placenta, from which binucleate giant cells
migrate into the maternal circulation through the
foetal chorion (Adeyeye et al. 2021; Ranilla et al.
1994). Various c¢DNAs encoding different PAG
molecules during different phases of pregnancy have
been identified in the ovine placenta, similar to the
placenta of other ruminant species, and it has been
reported that more than 100 PAG genes are involved
in the production of glycoproteins in large and small
ruminants (De Carolis et al. 2020; Ledezma-Totres
2009). The production of PAG molecules starts with
the implantation of the embryo, and during
placentation, these molecules enter the maternal
circulation, such that their detection in the ovine
maternal blood plasma is possible as early as 18 to 20
days after conception with the radioimmunoassay
(RIA) and enzyme immunoassay (EIA) techniques
(De Carolis et al. 2020). While the detection of
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placental proteins in the maternal blood is a tool most
commonly used for pregnancy diagnosis (El Amiri et
al. 2007), the plasma and milk levels of PAG/PSPB
molecules can also be used for the assessment of the
fetal number, and the determination of pregnancy
losses and obstetric discases (Adeyeye et al. 2021;
Roberts et al. 2017). Furthermore, the measurement
of the levels of PAG/PSPB molecules in ovine
peripheral blood samples may provide valuable input
for developing feeding strategies for pregnant animals
as well as for implementing measures to prevent the
occurrence of metabolic disorders in the dam and
enable the growth of the fetus (El Amiri et al. 2007).
However, PSPB concentrations may vary in
ruminants during pregnancy, in association with
several parameters, including the genus or subspecies,
number of previous births of the dam (parity), fetal
number, fetal sex, birth weight, nutritional status of
the dam, environmental conditions and method used
for the measurement of PSPB concentrations
(Adeyeye et al. 2021; De Carolis et al. 2020, Roberts
et al. 2017). The present study was aimed at the
determination of serum PAG concentrations during
pregnancy and the first month postpartum in Karya
ewes, one of the major local sheep breeds of Tirkiye,
and at the investigation of any correlation between
the serum concentrations of the steroid hormone
progesterone, upon which the continuation of
pregnancy depends, and PAG levels throughout
pregnancy.

MATERIALS and METHODS

Animals

This study was conducted pursuant to the approval of
the Local Ethics Board for Animal Experiments of
Pamukkale University. The study was carried out
between December 2023 and February 2024 at a
sheep farm located in the Serinhisar (Kizilhisar)
district of the Denizli province in Tirkiye. The study
animals were comprised of ten 2- to 5-year-old Karya
ewes, which weighed 40-60 kg and were confirmed to
have no health problem. Firstly, the ewes were
synchronized for oestrus by the insertion of
progesterone-impregnated  intravaginal = sponges
(Esponjavet, Hipra, Spain) for a period of 12 days.
Immediately after the removal of the sponges, the
ewes were administered with 400 IU of equine
chorionic gonadotropin (eCG) (Folligon, MSD,
Spain). All ewes were allowed to mate naturally. The
ewes that had mated were recognized by the paint on
their dorsum after the introduction of teaser rams
with marking harnesses. Pregnancy diagnosis was
made by abdominal ultrasonography (Siui 838, China)
on day 35 post-mating (Tekin and Kése, 2022), such
that the empty ewes were synchronized and prepared
for mating for a second time. Pregnancy was
confirmed based on the observation of fetal fluids,
placentomes and fetal structures at ultrasonographic
examination. Blood samples were collected from each

of the ewes into gel-coated vacutainers (Hematube,
Ankara, Turkiye) at weeks 1, 2, 3,4, 5,0, 7, 8,9, 11,
13, 15, 17, 18, 19, 20, and 21 after the day of mating
(day 0), at the time of parturition, and at weeks 1, 2, 3
and 4 postpartum. Pregnancy was diagnosed by
transabdominal ultrasonography on day 35 post-
mating. Samples taken during the first 5 weeks from
the non-pregnant ewes were excluded from the study,
and after the animals were examined for pregnancy,
only those confirmed to be pregnant were sampled
for blood. The blood samples were firstly allowed to
coagulate at room temperature, and were later
centrifuged at 3000 rpm for 5 min for the extraction
of sera. Until being used for laboratory analyses, the
blood serum samples were stored at -20 0C. PAG
level and progesterone level during pregnancy and
serum PAG level in the first postpartum month were
determined. Serum PAG levels were measured using
a commercial ELISA kit originally developed for
pregnancy diagnosis in cattle (IDEXX Laboratories,
Westbrook, ME). The ELISA test was performed by
experienced technical staff in accordance with the
manufacturer’s instructions. The test results were read
on a spectrophotometer at a wavelength of 450 nm.
The S-N (sample minus negative) values of the
samples were calculated by subtracting the optical
density (OD) of the negative control from the OD of
the sample. Based on the correlation of the PAG
concentrations of the samples with the OD wvalues
measured, the S-N values were used as the serum
PAG levels of the samples. The results of the plasma
samples of the ewes were assessed in accordance with
the manufacturer’s instructions such that wvalues,
which were =20.3, were considered positive and
indicated pregnancy, whilst those, which were <0.3,
were considered negative and indicated the absence
of pregnancy. At the end of the study, the stored
serum samples were quantitatively analyzed for
progesterone concentrations at the MG Veterinary
Diagnosis Laboratory using chemiluminescence assay
(CLIA) kits. The CLIA method is based on the
measurement of the light emission resulting from the
antigen-antibody reaction with the aid of a calibrated
luminometer. The sensitivity and specificity of the
CLIA method were 100% and 95.5%, respectively.
The specificity of the assay for progesterone and the
assay range have been reported as 0.21-60 ng/mL
(0.67-190.8 nmol/T). Based on the results of the
analyses, the ewes, which were determined to have
serum progesterone concentrations of >1.0 ng/ml,
were considered to be pregnant.

Statistics

The study data were statistically evaluated using the
IBM SPSS Statistics 26” software package. Prior to
data analysis, the normality distribution of the data
was evaluated with the Shapiro-Wilk test. The results
are given as mean I standard deviation. The
differences between the two groups were assessed
with the Mann-Whitney U test. The correlation
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between the variables was evaluated with Spearman’s
rho correlation coefficient. Statistical significance was
set at p<0.05.

RESULTS

Progesterone concentrations of the pregnant
animals

As can be seen in Figure 1, the plasma P4
concentrations were lowest on the day of mating, but
progressively increased as of week 9 of pregnancy and
peaked at gestational week (GW) 18. Progesterone
levels were observed to decrease after GW 18.

PAG concentrations of the pregnant animals

The mean PAG concentrations of the pregnant
animals were observed to be at the basal level until
the second week of pregnancy, but increased as of
GW 3 and peaked at week 19. PAG concentrations
displayed a dramatic decrease during the first 4 weeks
postpartum. The PAG levels of the Karya ewes
during pregnancy and during the postpartum period
are shown in Figure 1 and Figure 2.

The correlation between PAG and P4
concentrations

As can be seen in Table 1, the PAG and progesterone
concentrations were determined to be positively
correlated with each other at GW 8 (r: 0.699) and
GW 11 (r: 0.736) (p<<0.05). Based on this finding, in
the Karya ewes, the increase in the progesterone
levels at gestational weeks 8 and 11 were associated
with an increase in the PAG levels.

PAG and P4 concentrations in single and
multiple pregnancies

As shown in Table 2, the mean PAG level at GW 7
was 0.50£0.11 in the ewes with singleton pregnancy
and 0.67%0.09 in the ewes with twin pregnancy, and
the Mann-Whitney U test revealed that the difference
between the two groups was statistically significant
(Z: -2.009; p<0.05). Furthermore, the mean PAG
level at GW 11 was 0.9310.21 in the ewes with

singleton pregnancy and 1.62%0.20 in the ewes with
twin pregnancy, and statistical analysis showed that
the two  groups significantly differed from each
other (Z: -2.514; p<0.05). At week 13 of pregnancy,
the mean PAG level was 1.04+0.37 in the singleton-
pregnant ewes and 1.81%X.28 in the twin-pregnant
ewes, and it was ascertained that the two groups
significantly differed from each other (Z: -2.402;
p<.005). The mean PAG levels determined at GW 15
were 1.16%.26 and 2.04%.15 in the singleton-pregnant
and twin-pregnant ewes, respectively, and the
difference between the two groups was found to be
statistically significant (Z: -2.611; p<0.05). The mean
PAG levels of the ewes with singleton and twin
pregnancies at GW 17 were 1.38%.31 and 2.22+.24,
respectively, and statistical analysis revealed that the
difference between the two groups was significant (Z:
-2.611; p<0.05). During the remaining weeks of
pregnancy, namely, at weeks 1, 2, 3, 4, 5, 6, 8, 9, 18,
19, 20 and 21, no statistically significant difference
was observed between the mean PAG levels of the
ewes with singleton and twin pregnancies (p>0.05).
Based on the findings obtained in the present study, it
was determined that the PAG levels of the twin-
pregnant ewes were higher than those of the
singleton-pregnant ewes at GWs 7, 11, 13, 15 and 17.

As shown in Table 3, the mean progesterone levels of
the ewes with singleton and twin pregnancies at week
11 of pregnancy were 3.22*1.11 and 6.65%2.90,
respectively, and the Mann-Whitney U test revealed
that the two groups significantly differed from each
other (Z: -2.193; p<0.05). During the remaining
weeks of pregnancy, no such statistically significant
difference was determined between the progesterone
levels of the singleton-pregnant and twin-pregnant
ewes (p>0.05). Based on the findings of the present
study, it was ascertained that at GW 11, the
progesterone levels of the twin-pregnant ewes were
higher than those of the singleton-pregnant ewes. No
significant difference was determined during the
remaining weeks of pregnancy.

Mean PAG and Progesterone Levels for the Gestational Weeks

20
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1.w 2w 3w 4w 5w 6w 7w 8w 9w 11l.w 13.w 15w 17.w 18.w 19.w 20.w 21.w
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Figure 1. Mean PAG and Progesterone Levels for the Gestational Weeks
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Figure 2. PAG levels during pregnancy and the first 4 weeks postpartum

Table 1. The correlation between PAG and progsterone levels for the gestational weeks (n:10)

Gestational Week r o)
Week 1 0.228 0.527
Week 2 0.350 0.321
Week 3 -0.463 0.178
Week 4 -0.177 0.625
Week 5 -0.213 0.554
Week 6 0.469 0.172
Week 7 0.278 0.437
Week 8 0.699 0.024%*
Week 9 0.576 0.082

Week 11 0.736 0.015*
Week 13 0.261 0.467
Week 15 0.321 0.365
Week 17 0.511 0.132
Week 18 0.285 0.425
Week 19 0.073 0.841
Week 20 -0.103 0.776
Week 21 0.188 0.603
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Table 2. PAG differences for singleton and twin pregnancies

. Singleton (n:5) Twin (n:5)
Gestational Week
xtss xtss Test P
Week 1 0.1£0.15 0.0410.04 Z:-0.106 p: 0.916
Week 2 0.1£0.12 0.041+0.03 Z:-1.178 p: 0.239
Week 3 0.19£0.12 0.06+0.04 Z: -1.471 p: 0.141
Week 4 0.2510.11 0.2610.07 Z.: -0.420 p: 0.674
Week 5 0.40+0.11 0.441+0.11 Z:-0.525 p: 0.599
Week 6 0.4310.11 0.55%0.06 Z: -1.946 p: 0.052
Week 7 0.50+0.11 0.6710.09 Z:-2.009 p: 0.045
Week 8 0.6610.20 0.8710.17 Z:-1.776 p: 0.076
Week 9 0.94£0.23 1.19£0.23 Z:-1.149 p: 0.251
Week 11 0.931+0.21 1.62£0.20 Z: -2.514 p: 0.012
Week 13 1.04£0.37 1.81£0.28 Z:-2.402 p: 0.016
Week 15 1.16£0.26 2.04£0.15 Z:-2.611 p: 0.009
Week 17 1.38%0.31 2.2210.24 Z: -2.611 p: 0.009
Week 18 1.69£0.66 2.18%0.23 Z: -1.567 p: 0.117
Week 19 1.86£0.97 2.2610.37 Z:-1.149 p: 0.251
Week 20 1.88%0.95 2.141+0.25 Z:-0.943 p: 0.346
Week 21 1.89+1 1.99£0.24 Z:-0.731 p: 0.465

Table 3. Differences between the progesterone levels of the ewes with singleton
gestational weeks

and twin pregnancies for the

. Singleton (n:5) Twin (n:5)
Gestational week
xtss xtss Test P

Week 1 2.60+1.24 2.88%0.82 Z:-0.522 p: 0.602
Week 2 2.52%1 3.92£1.69 Z:-1.576 p: 0.115
Week 3 2+.96 2.50+1.21 Z:-0.736 p: 0.462
Week 4 2.28+1.54 4.28+3.38 Z:-1.149 p: 0.251
Week 5 1.96£0.70 3.40£2.16 Z:-1.358 p: 0.175
Week 6 2.2240.68 4.6413.48 Z:-1.781 p: 0.075
Week 7 2.34%0.31 3.86£1.95 Z:-1.681 p: 0.093
Week 8 2.4810.69 4.40£2.92 Z: -1.467 p: 0.142
Week 9 2.70£0.74 3.88£2.68 Z:-0.940 p: 0.347
Week 11 3.224+1.11 6.65%£2.90 Z:-2.193 p: 0.028
Week 13 4.60£1.73 7.1614.20 Z:-1.567 p: 0.117
Week 15 7.36£1.24 10.9214.26 Z:-1.567 p: 0.117
Week 17 8.02%2.05 16.51£7.93 Z:-1.991 p: 0.052
Week 18 8.18%£2.78 20.92+14.1 Z:-1.567 p: 0.117
Week 19 8.32+£3.97 16.54+10.33 Z:-1.257 p: 0.209
Week 20 6.7213.14 12.0219.88 Z:-0.522 p: 0.602
Week 21 3.88%0.98 6.46+4.95 Z:-0.522 p: 0.602
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DISCUSSION

The present study was aimed at the investigation of
the impact of pregnancy and the postpartum period
on the serum PAG levels of ewes and the
determination of any correlation between the levels of
progesterone, a steroid hormone upon which the
maintenance of pregnancy depends, and the levels of
PAGs throughout the course of gestation. Previously,
our research team had investigated the early
pregnancy serum PAG profiles of ewes of the Karya
breed, a major and highly prolific sheep breed
indigenous to Tirkiye (Akkose et al. 2024). To the
best of our knowledge, there is no previous study on
prepartum and postpartum plasma PAG profiles or
the investigation of any possible correlation between
these profiles and progesterone levels. In sheep
production, pregnancy diagnosis is particularly
significant and valuable during the eatly period, and
early pregnancy diagnosis can be made by means of
several methods, including among others, transrectal
USG, the progesterone (P4) test and the
measurement of PAG levels. Among the available
clinical methods, USG offers a high level of accuracy
for pregnancy diagnosis, but is labor-intensive and
time-consuming, especially when performed in large
flocks, and thus, efforts continue to develop more
practical methods for use on the field. As a well-
established alternative to ultrasonographic
examination, the detection of high progesterone
levels secreted from the ovarian corpus luteum
throughout gestation is a reliable determinant for
pregnancy diagnosis. While low progesterone
concentrations are accurately indicative of oestrus or
the absence of conception/pregnancy, the corpus
luteum becoming a permanent structure, embryonic
death, samples being collected either too eatly or too
late, and some other conditions irrelevant to
pregnancy may also lead to the detection of elevated
blood progesterone levels and rule out the
determinative quality of this parameter. Despite the
progesterone hormone being required for the
continuation of pregnancy in ewes, the high
prevalence of false positive results hinders its use as a
specific indicator for pregnancy diagnosis in sheep.
On the other hand, PAGs, owing to the specific
temporal detection they allow during the attachment
of the conceptus, are considered as ideal bioimarkers
for pregnancy and are commonly used for the
diagnosis of pregnancy in ruminants (Akdeniz 2022;
Roberts et al.,, 2017). In recent years, several studies
have been conducted on the use of the measurement
of the blood levels of pregnancy-associated
glycoproteins  (PAGs) as an alternative to
ultrasonography. Although pregnancy diagnosis based
on the detection of PAG levels requires laboratory
equipment, the use of the right test kits have
shortened the time required for the laboratory
diagnosis of pregnancy. Furthermore, the most
recently designed visual inspection kits have enabled

both the clinical and on-the-field diagnosis of
pregnancy (Chavez et al. 2017; Chavez et al. 2020).
The molecular structure of PAGs being well-
conserved across ruminant species allows for the use
of the less costly and more easily accessible bovine
test kits in sheep as well, and thus, a PAG kit
originally developed for cattle was used for Karya
ewes in the present study. While various research has
been carried out to individually assess the
aforementioned pregnancy diagnosis methods, only a
limited number of previous studies provide a
comparative assessment of the three referred
methods for their accuracy in pregnancy diagnosis,
based on their concurrent use in the same animals.
This is the first study investigating the correlation
between PAG and progesterone levels in the blood of
pregnant Karya ewes throughout gestation, as well as
PAG concentrations during the first month
postpartum.

Placentation, which starts with implantation, is usually
completed by days 50-60 of gestation in sheep and
goats (Guillomot 1995). In sheep, corpus luteum-
derived progesterone is required only until day 50 of
gestation for the maintenance of pregnancy. Later,
placental progesterone comes into play, and the
placenta becomes the main source of progesterone
(Ozdemir Salet 2015). The progesterone level being
higher than the threshold value (>1 ng.ml-1) indicates
either the presence of a pregnancy-associated
functional corpus luteum, a natural oestrus cycle or a
pathological condition of the ovaries or uterus (Karen
et al. 2003). The findings of our study showed that
the mean progesterone concentration was lowest on
the day of mating, increased as of the 9th week of
pregnancy, and reached its peak level at GW 18.
Progesterone levels were observed to decrease after
GW 18. In agreement with our study, it has been
reported that in both Churra and Merino ewes,
progesterone levels increased throughout pregnancy,
peaked at weeks 19-20, and decreased two weeks
prior to parturition (Ranilla et al.1994). In a previous
study on pregnant Sarda and Lacaune ewes, the
progesterone levels were determined as 5.26+0.7
ng/mL and 10911 ng/ml., respectively, on
gestational day 18, and as 6.05£0.5 ng/ml and
12.0£0.7 ng/ml, respectively, on gestational day 60,
and thus, were reported at levels higher than those
determined in the present study. In Barbati goats,
progesterone concentrations, which were lowest on
the day of mating were reported to significantly
increase as of the second week of pregnancy, peak
between gestational weeks 10-14, and decrease
thereafter, reaching the basal level just before
parturition (Ujjawala et al. 2013I). On the other hand,
different from our study, Humblot et al. (1990)
reported no significant increase or decrease in the
mean progesterone concentrations of pregnant
Alpine goats as of the 21st day of pregnancy.
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Humblot et al. (1988) attributed the increase observed
in progesterone levels during the first 3 weeks of
gestation followed by relatively stabile levels
throughout the remaining period of pregnancy to the
possibility of progesterone production being
regulated by factors other than those involved in
antiluteolytic mechanisms. The luteotrophic factors
found in the allantoic fluid may also show effect on
the production of progesterone by the corpus luteum.
As shown in Table 3, the mean progesterone
concentrations of the ewes with singleton and twin
pregnancies at week 11 of gestation were determined
as 3.22+1.11 and 6.65%2.90, respectively, and the
difference between the two groups was found to be
statistically significant (Z: -2.193; p<0.05). During the
other weeks of gestation, no statistically significant
difference was observed between the progesterone
levels of the ewes with singleton and twin pregnancies
(p>0.05). Different from the present study, there are
literature reports indicating a positive correlation
between the mean progesterone concentrations of
ewes with singleton pregnancy and the mean
progesterone concentrations of ewes with twin
pregnancy (r=0.782; P<0.01) (Hall et al. 1992; Ranilla
et al. 1997; Ranilla et al. 1994). The mean
progesterone concentration of twin-pregnant ewes
has been reported to be higher than that of singleton-
pregnant ewes between GWs 12-20 (Ranilla et al.
1997). Meshref et al. (2022) reported the level of
progesterone measured on the day of mating in
singleton- and multiple-pregnant Osseimi ewes as
0.231£0.01 ng/ml and 0.4£0.01 ng/ml, respectively.
Progesterone levels measured in singleton- and
multiple-pregnant Osseimi ewes have been reported
as 2.910.01 ng/ml and 3.07£0.01 ng/ml, respectively,
on day 10 of pregnancy and 8.35%£0.22 and
9.5210.175 ng/ml, respectively, on day 90 of
pregnancy, and it has been indicated that the
progesterone concentration increases with a greater
number of fetuses (Meshref et al. 2022). Furthermore,
Ranilla et al. (1994) and Hall et al. (1992) suggested
that the level of progesterone required for the
maintenance of pregnancy may vary with the size of
the fetus. In parallel with our study, Mukasa-Mugerwa
and Viviani (1992) reported that there was no
consistent correlation between blood progesterone
level and fetal size. The measurement of progesterone
levels being costly, requiring a well-equipped
laboratory, and depending on the collection of blood
samples on a certain day, as well as on the availability
of accurate knowledge on the day of mating or
artificial insemination reduces the preference of this
method for pregnancy diagnosis, when compared to
ultrasonography (Medan et al., 2004).

PAG concentrations have been indicated to produce
more reliable results for eatly pregnancy diagnosis
than progesterone concentrations, as PAGs enable
the differentiation of cases of pregnancy and
prolonged oestrus. The eatliest day of pregnancy on
which PAGs have been detected in sheep in previous

studies has been reported as day 20 post-mating
(Karen et al. 2003). The present study demonstrated
that the mean PAG concentration was at the basal
level until the second week of pregnancy and
progressively increased as of the third gestational
week until reaching the peak at GW 19 (Figure 1 and
Figure 2). Ledezma-Torres et al. (2006) and Sousa et
al. (2000) described the determination of PAG levels
as a reliable method for the on-farm early diagnosis
of pregnancy in sheep as of the fourth gestational
week. Ledezma-Torres et al. (2006) reported the PAG
levels of non-pregnant ewes to be five-fold lower
than the levels of pregnant ewes. Similarly, Anghel et
al. (2011) confirmed that the PAG concentrations of
non-pregnant Merino ewes were below 1.5 ng/ml. In
previous studies by Rovani et al. (2016) and Ucar
(2017), it was reported that increased PAG OD
values were detectable as of days 33 and 35 post-
mating. The findings of the present study agree with
the reports of these researchers in that the pregnancy-
positive values progressively increased as of the third
week of pregnancy. Willard et al. (1995) suggested the
primary mechanism underlying the passage of PAGs
into the maternal circulation as the migration of
binucleate cells from the placenta to the maternal
endometrium as of the 18th day of pregnancy. Thus,
the measurement of PAG levels for eatly pregnancy
diagnosis in sheep before GW 3 may cause false
negative results. The present study having
demonstrated the increase of PAG concentrations as
of the 3rd week post-mating is in agreement with
previous reports made for the Karpat goat
(Zamtfirescu et al. 2011), Awassi and Merino sheep
(Anghel et al. 2011; Karen et al. 2003), Sarda sheep
(Barbato et al. 2009), a heterogenous group of sheep
(Ledezma-Torres et al., 2000), Karya and Merino
sheep (Akkose et al. 2024) and the Sirohi goat (Salve
et al. 2016). In our study, we determined that PAG
levels peaked at gestational week 19, progressively
increased throughout pregnancy, and showed a
dramatic decrease after parturition. In agreement with
our study, Roberts et al. (2017) reported that PAG1
levels steadily increased from day 3 to day 120 of
gestation. Moreover, De Carolis et al. (2020) and
Gajewski et al.  (1999) indicated that PAG
concentrations increased until day 60 of pregnancy in
sheep, and thereafter, decreased until day 120,
reaching a peak level at the time of parturition. The
initial tendency of increase followed by a decrease to
the initial levels at mid-pregnancy reported for PAG
levels in Sarda and Lacaune ewes (De Carolis et al.
2020), Berrichon ewes (Gajewski et al. 1999), Churra
ewes (Ranilla et al. 1997), various sheep breeds
(Ledezma-Torres et al. 20006), and Osseimi ewes
(Meshref et al. 2022) was not observed in the present
study in Karya ewes and has not been reported in
Merino sheep either. While PAG concentrations
between gestational weeks 9-17 vary among sheep
breeds, the concentrations detected from GW 17 to
lambing have been observed to increase in all breeds
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(Karen et al. 2001). This difference could be related
to the structure of the placenta and the decrease that
occurs in the number of binucleate cells in sheep (De
Carolis et al. 2020). Ovine PAG concentrations
fluctuate throughout pregnancy in relation to breed,
sex and fetal number (Gajewski et al. 1999; Ranilla et
al. 1997). In the present study, the PAG levels of the
twin-pregnant ewes at gestational weeks 7, 11, 13, 15
and 17 were found to be higher than those of the
singleton-pregnant ewes. The demonstration of
higher PAG concentrations in cases of multiple
pregnancy, when compared to singleton-pregnancy, at
the indicated time points, suggests a positive
correlation between PAG concentration and fetal
number. This finding is in agreement with a previous
study reporting higher PAG concentrations in
multiple  pregnancies, compared to singleton
pregnancies, in Sarda ewes (De Carolis et al. 2020). In
a study by Ranilla et al. (1997), similarly, it was
determined that the mean PAG concentrations of
twin-pregnant ewes were higher than the levels of
singleton-pregnant ewes, during the period from the
GW 12 to lambing. However, this difference was
statistically significant only at GW 21 (Karen et al.
2001). Furthermore, Roberts et al. (2017) reported
that maternal serum PAG1 concentrations were
higher during the last month of pregnancy in twin-
pregnant cattle. The higher PAG concentrations
determined in cases of multiple pregnancy, when
compared to singleton pregnancy, have been
attributed to the larger placental mass, and therefore,
the greater number of binucleate giant cells, which are
the main source of PAGs, and the greater secretory
activity of these cells (Ranilla et al. 1997). The
prediction of the fetal number would be of benefit
for sheep breeders as it would enable them to feed
pregnant ewes accordingly in the prepartum period.
Thus, the best option would be to use PAG
concentrations as an indicator of multiple fetuses.
However, it should be noted that multiple fetuses
may not always be determined by measuring PAG
concentrations (Roberts et al. 2017).

In the present study, PAG levels showed a rapid
decrease after lambing and fell to the basal level by
the 4th week postpartum. It was ascertained that the
decrease in serum PAG levels occurred more rapidly,
and thus, PAG clearance from the blood circulation
occurred within a shorter time period in sheep, when
compared to cattle (Mukasa-Mugerwa ve Viviani
1992). In parallel with our study, several literature
reports have indicated that serum PAG levels, which
show a continuous increase from week 17 of
pregnancy to lambing, rapidly decrease after
parturition and fall to the lowest level by week 4
postpartum (Ranilla et al. 1994; Ranilla et al. 1997;
Szenci et al. 1998; Gonzalez et al. 1999; Gajewski et
al. 1999; Roberts et al. 2017). It has been reported
that PAG concentrations show a progressive decrease
in the postpartum period and fall to a level of 0
ng/mL by day 28 postpartum (De Carolis et al

2020). The decrease determined at the time of
parturition could be related to the expulsion of the
fetal membranes from ewes within 6 to 12 h after
lambing or to a delayed postpartum sampling
(Roberts et al. 2017). Differently, in cattle, PAG
concentrations decrease slowly in the postpartum
period, such that they are still detectable by day 100
after parturition. Therefore, contrary to the case in
cattle, the rapid decrease of PAG levels in the
postpartum period in ewes is critical to the use of
PAGs for pregnancy diagnosis in sheep (De Carolis
et al. 2020). However, the use of PAGT1 for pregnancy
diagnosis may cause false positive results in the event
of remating after early pregnancy loss due to residual
PAG1 levels remaining from the ended pregnancy
(Roberts et al. 2017).

In the present study, as shown in Table 1, a positive
correlation was determined between PAG and
progesterone levels at GW 8 (1: 0.699) and GW 11 (r:
0.736) (p<0.05). Based on this finding, at weeks 8 and
11 of pregnancy, increased progesterone levels were
associated with increased PAG levels in the Karya
ewes. The present study has determined, for the first
time, the correlation between maternal serum
progesterone levels and PAG levels throughout
pregnancy in Karya ewes. Previous studies in cattle
and goats differ in their results, such that while some
researchers have reported a positive correlation
between progesterone and PAG levels throughout
pregnancy (Mercadante et al. 2013; Roberts et al.
2017; Tandiya et al. 2013), some other have reported
no such correlation (Lobago et al. 2009). In parallel
with our investigation, Roberts et al. (2017) reported
a strong correlation between PAG1 and progesterone
levels as of mid-pregnancy, and thus, suggested that
PAGT levels could be effectively used as an indicator
of placental function throughout gestation in sheep.
Furthermore, in a study on Sirohi goats, the
correlation  coefficient  between PAG  and
progesterone concentrations was found to be
statistically significant (p<<0.05) and positive (r=0.98)
from day 4 before oestrus to day 28 of pregnancy
(Salve et al. 2016). Moreover, it has been reported
that, in sheep, PAG and progesterone profiles differ,
such that while PSPB displays a bimodal pattern of
secretion and peaks twice during pregnancy on
gestational days 60 and 120, progesterone
concentrations show a steady increase throughout
pregnancy (Roberts et al. 2017). Several studies have
demonstrated that both progesterone and PAG levels
are generally higher in cases of multiple pregnancy, in
comparison to singleton pregnancy (Barbato et al.
2009), and that a strong positive correlation exists
between progesterone and PAG levels (Roberts et al.
2017). These results differ from the report of Ranilla
et al. (1997), which indicated an insignificant
correlation between the progesterone and PAG
concentrations of twin- and singleton-pregnant ewes.
In fact, in the present study, excluding gestational
weeks 8 and 11, no correlation was detected between
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the progesterone and PAG levels. Similar results have
been previously reported for Churra and Merino
ewes, suggesting no correlation to exist between
progesterone and PAG concentrations throughout
gestation (Ranilla et al. 1994).

CONCLUSION

Differences in the results reported for the correlation
between PAG and progesterone levels could be due
to less frequent sampling, species-specific differences
in placental function and PAG cross-reactivity, as
well as species- or subspecies-specific differences in
PAG and progesterone dynamics during pregnancy.
There is need for furthermore comprehensive studies
on a greater number of ewes to more specifically
determine the plasma PAG and progesterone profiles
of Karya ewes throughout pregnancy. Based on our
results, we conclude that the concurrent measurement
of progesterone and PAG levels at a defined time
point of pregnancy could serve as a predictive
method for the diagnosis and differentiation of
singleton and multiple pregnancies.
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