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Abstract

The aim of this study was to investigate the foetal sex related difference and progression
in maternal serum anti-Miillerian hormone (AMH) and equine chorionic gonadotrophin (eCG)
concentrations during different points of time in pregnant Arabian mares. The study groups
formed by 12 healthy male offspring- and 12 healthy female offspring-foaling mares, designated
as group MFM and group FFM, respectively. Peripheral blood samples were collected on the
day of natural mating and then monthly until the 6" month (mo) of gestation. Serum AMH was
measured in all serum samples; eCG was measured in samples collected from 2 to 5 months
of gestation. Serum AMH concentrations of group FFM at mo 4 and mo 5 (3.89 + 0.49 ng/ml;
2.89+0.32ng/ml), were significantly higher than in group MFM (2.11+0.46 ng/ml; 1.87+0.32 ng/ml),
(P < 0.05). The mo of gestation (mo 1-6) had no effect on serum AMH concentrations
of either group MMF or FFM (P > 0.05). Serum eCG concentrations of group FFM
at mo 2 (359.73 £ 41.51 mlIU/ml), were significantly higher than in group MFM
(255 + 21.18 mIU/ml) (P < 0.05). Group-time interaction for eCG concentrations at mo 24
was non-significant (P > 0.05). Concentrations of serum AMH showed no relationship with
corresponding eCG levels at mo 24 (P > 0.05). Individual variations in AMH and eCG
concentrations and the inability to determine a cut-off point for determination of foetal sex make
these hormones unlikely candidates for determining foetal sex in the mare.

Horse, pregnancy, sex determination, hormones

There is an increasing interest in foetal sex determination in the horse breeding industry.
The breeders’ preferences for foal sex depend on their individual considerations and
choices. While males are preferred for thoroughbred racing and Western riding reining
horses, the opposite is true for Polo sports and Western riding cutting horses. Knowing
the foetal sex provides many advantages to the breeders. They can determine commercial
strategies, make sales or decisions, improve breeding management, determine insurance
coverage and limits, etc. It is also important for customers buying a pregnant mare to
know the sex of the fetus (Holder 2000; Bucca 2005; Aurich and Schneider 2014).
Currently, there are a limited number of methods available for determining the sex of the
foetus in pregnant mares. Sex can be determined by detecting the location of the genital
tubercle with trans-rectal ultrasonography between days 59 and 68 of pregnancy and by
trans-abdominal ultrasonographic i 1mag1ng of the primary sex organs of the foetus between
days 100 and 220. This technique requires a B-mode real time portable scanner equipped
with appropriate transducers and a specialist (Bucca 2005; Aurich and Schneider 2014).
It has been previously reported that sex determination is made by identification of foetal
DNA in foetal fluid collected by amniocentesis with the aid of polymerase chain reaction
(PCR) (Kamimura et al. 1997) or in blood plasma (Moura de Leon et al. 2012).
However, in addition to the laboratory requirements for both techniques (Kamimura
et al. 1997; Moura de Leon et al. 2012), amniocentesis also presents a risk of abortion
(Kamimura et al. 1997).
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Sexual differentiation of equine embryonic gonads occurs around day 40 (Merchant-
Larios 1979). Two different testicular hormones have a role in foetal masculinization;
while testosterone enables the development of the Wolffian ducts, the urogenital sinus
and external genitalia, anti-Miillerian hormone (AMH) causes regression of the Miillerian
ducts. AMH is not secreted from the female foetal gonads, and thus the oviduct, uterus, and
vagina are formed (Rodolfo 2005). Despite this clear knowledge in foetal development,
there are limited number of studies about the possible effect of sex-related difference
on maternal AMH concentrations in women (La Marca etal. 2005; Lutterodt etal. 2009;
Empey et al. 2012; Shaukat and Shahid 2018) and in cows (Stojsin-Carter et al.
2017). In addition, the results of these studies are not consistent with each other. Lutterodt
et al. (2009) and La Marca et al. (2005) reported that foetal sex did not affect maternal
serum AMH concentrations of women and attributed this to the hypothesis that AMH could
not cross the placental barrier and was not secreted from the placenta. However, in a later
study (Wang et al. 2009), it was proven that AMH has autocrine/paracrine production
in the human endometrium. Empey et al. (2012) reported that they found higher AMH
concentrations in women carrying male foetuses at 11-15 weeks of pregnancy, whereas
Shaukat and Shahid (2018) found higher serum AMH concentrations in women carrying
female foetuses in the first trimester of pregnancy. Both studies (Empey et al. 2012;
Shaukat and Shahid 2018) suggested the hypothesis that the maternal ovaries may
respond to the foeto-placental signal in a dimorphic pattern related to foetal sex.

Equine chorionic gonadotrophin (eCG), formerly known as pregnant mare serum
gonadotrophin (PMSG), begins to be secreted by special trophoblast cells that form
endometrial cups on days 3638 of pregnancy in mares, reaching the peak values between
days 50-75, and declining to undetectable serum values until the day 150in parallel with the
degeneration of the endometrial cups (Cole and Hart 1930; Allen 1969; Allen 2001). To
our knowledge, there is only one abstract that investigates the effect of foetal sex on maternal
serum eCG concentration in mares, and these researchers found higher eCG concentrations in
early pregnancy in mares carrying female foetuses (Monke and Franz 1985).

The aim of the present study was to investigate the foetal sex-related difference and
progression in maternal serum AMH and eCG concentrations during different points
of time in pregnant mares.

Materials and Methods

All animal procedures were carried out in accordance with the approval of the Animal Experiments Local
Ethics Committee at the Istanbul University (Approval Number: 2018/43).

Animals and experimental groups

The preliminary materials of the study were 40 Arabian mares within the age range of 6-10 years that had
at least one previous uncomplicated parturition and came from the horse farm owned by the FEME Livestock
and Agriculture Industry Import Export Limited Company. Following natural mating in the breeding season,
pregnancies in these mares were diagnosed by trans-rectal ultrasonography (Esaote MyLab One Vet; Esaote
Pie Medical, Genova, Italy) equipped with a 7.5 MHz linear probe on day 22 (Sertich 1997). Monthly control
examinations as ultrasonographic (existence of the embryo and foetal heart beat) and rectal palpation were performed
in mares with positive pregnancies until parturition. Mares whose pregnancies were negative or which had embryonic
or foetal loss during their pregnancies were excluded from the study. This study was started with 40 mares against the
risk of failure to develop pregnancy, embryonic or foetal loss, abortion, the mare being sold outside the horse farm
and also to ensure that groups of mares carrying male and female foetuses were formed equally. Based on the project
plan and budget, the total number of mares included in the study was limited to 24. The final two groups of the study
consisted of 12 healthy male and 12 healthy female offspring foaling mares: group MFM and FFM, respectively.

Sample collection and serum analysis

Peripheral blood samples were collected by the jugular vein puncture on the day of the natural mating (just
before copulation) and then monthly until the 6" month (mo) of gestation. Following transport and 2 h of rest
at room temperature to favour clotting, samples were centrifuged at 1,500 x g for 15 min at 4 °C. Serum was
separated and stored in Eppendorf tubes at —80 °C until further analyses. Haemolysed samples were excluded
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from the study as recommended by the manufacturer. Serum AMH concentrations of the mares belonging to
the time points of pre-mating and 1-6 mo of pregnancy were measured in duplicate with an equine specific
enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer’s instructions (AL-115, Ansh
Labs, Webster, TX, USA). The intra- and inter-assay coefficients of variation were 5.79 (n = 6) and 8.71%
(n=06), respectively. Serum eCG concentrations of the mares at 2—5 mo of pregnancy were measured in duplicate
with an ELISA kit according to the manufacturer’s instructions (MBS 701410, MyBiosource, San Diego, USA).
The intra- and inter-assay coefficients of variation were 7.82 (n =4) and 10.41% (n = 4), respectively.

Statistical analysis

SPSS 13.0 package programme was used for the statistical analysis. A general linear model (GLM) analysis
was performed to compare groups MFM and FFM in terms of serum AMH concentrations at various sampling
times. The model included the groups as between the subject effect and AMH concentration on the day
of natural mating as covariate. Independent sample #-test was applied to compare the groups at sampling times
for serum eCG concentrations. Independent sample #-test was also used to compare the ages of the groups and
the change and relative change of AMH concentrations of the groups between mo 1-4 and mo 1-5. Repeated
measures analysis of variance (ANOVA) was used to compare the time-dependent changes in serum AMH and
eCG concentrations of each group and the sampling times were evaluated as within subject effect. Pearson’s
correlation test was used to analyse the correlation between serum AMH and eCG concentrations at mo 2—4.
Data are given as mean + standard error of the mean (SEM). Significance was set at P < 0.05.

Results

In the study, we started with 40 Arabian mares due to the risk management mentioned
earlier; six mares did not conceive while 34 mares conceived by natural mating during the
breeding season. Of these 34 mares, two were sold out of the horse farm (no further contact),
two aborted and 30 gave birth to healthy foals. Data from only 24 healthy foaling mares
(12 MFM and 12 FFM) were used adhering to the project planning and budget. In group
MFM, five serum samples belonging to three mares (n = 2 from mo 2, n = 1 from mo 3,
n=1 from mo 4, n= 1 from mo 5) and in group FFM, 5 serum samples belonging to 4 mares
(n =2 from mo 3, n =2 from mo 4, n = 1 from mo 5) were excluded due to haemolysis.
The exclusion of haemolysed serum samples in the study decreased the number in some
comparisons also depending on the statistical model used. While in GLM analysis and
in independent sample #-test, haemolysed serum samples simply reduced the number of the
corresponding month, only the mares with full rank datasets were used in repeated measures
ANOVA. Mean ages of the groups MFM and FFM were 8.3 & 0.43 and 8.25 + 0.33 years,
respectively, and no significant difference was observed between the groups (P > 0.05).

Serum AMH concentrations of the groups obtained on the day of natural mating were
similar (P > 0.05), 3.22 + 0.38 ng/ml for MFM and 3.96 + 0.49 ng/ml for FFM. Serum
AMH concentrations of group FFM at mo 4 and mo 5 (3.89 = 0.49 ng/ml, n = 10;
2.89 + 0.32 ng/ml, n = 11) were significantly higher than those of group MFM
(2.11 £ 0.46 ng/ml, n = 11; 1.87 + 0.32 ng/ml, n = 11), (P < 0.05). The mo of gestation
(mo 1-6) had no effect on serum AMH concentrations of either group MMF or FFM
(P >0.05), (Fig. 1). Change in AMH concentrations of the groups between mo 1-4 and
mo 1-5 were not significantly different (P > 0.05) but the change in the negative direction
was numerically greater in group MFM, (Fig. 2A). The relative changes between mo
1-4 and mo 1-5 normalized to the level at mo 1 in serum AMH were not significantly
different between the groups (P > 0.05), but the relative change of group MFM between
mo 1-5 normalized to the level at mo 1 in serum AMH had a strong tendency towards the
negative direction (P = 0.06), (Fig. 2B).

Serum eCG concentrations of group FFM at mo 2 (359.73 + 41.51 mIU/ml, n = 12)
were significantly higher than in group MFM (255.22 £ 21.18 mIU/ml, n = 10), (P < 0.05).
Serum eCG was not detected at mo 5. Group-time interaction for eCG concentrations at mo
2—4 was not significant (P > 0.05), (Fig. 3).

Concentrations of serum AMH were unrelated to the corresponding serum eCG
concentrations at mo 2—4 (P > 0.05).
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Fig. 1. The effect of gestation month on the mean serum anti-Miillerian hormone concentrations in groups of male
offspring foaling mares (n = 9) and female offspring foaling mares (n = 8)*

AMH - anti-Miillerian hormone; MFM - male offspring foaling mares, FFM - female offspring foaling mares
*Since the statistical method used, repeated measures ANOVA, requires full rank datasets, only animals with full
rank datasets (n =9 for MFM and n = 8 for FFM) were used to generate these data.
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Fig. 2. A) Change B) Relative change of serum anti-Miillerian hormone concentrations in groups of male
offspring foaling mares and female offspring foaling mares between months 1-4 and 1-5

AMH - anti-Miillerian hormone; MFM - male offspring foaling mares, FFM - female offspring foaling mares;

mo - month
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Fig. 3. The effect of gestation month on the mean serum equine chorionic gonadotrophin concentrations in groups
of male offspring foaling mares (n =9) and female offspring foaling mares (n = 8)*

eCG - equine chorionic gonadotrophin; MFM - male offspring foaling mares, FFM - female offspring foaling mares
*Since the statistical method used, repeated measures ANOVA, requires full rank datasets, only animals with full
rank datasets (n =9 for MFM and n = 8 for FFM) were used to generate these data.

Discussion

Sex related differences and progression in maternal serum AMH and eCG concentrations
in pregnant mares are presented in this study.

Uliani et al. (2019) reported that serum AMH concentrations of mares aged 5-15
years were similar and significantly higher than those < 5 years old, and serum AMH
concentrations in mares > 25 years of age were significantly lower than in younger mares.
Almeida et al. (2011) reported on the individual variability in AMH concentrations.
In the present study, mares of both MFM and FFM groups were aged 6—10 years, and
no significant difference was observed between the mean ages of the groups. Besides,
since the effect of AMH concentration on the day of natural mating was found significant,
it was included in the GLM analysis as a covariate. Korkmaz et al. (2020) reported mean
serum AMH concentrations in young, middle aged, and senior mares as 0.466 + 0.051,
0.873 £ 0.096 and 0.347 + 0.068 ng/ml, respectively. Almeida et at. (2011) reported
mean serum AMH concentrations of cyclic mares and pregnant mares as 0.96 + 0.08 and
0.72 + 0.05 ng/ml, respectively. In our study, mare serum AMH concentrations determined
at all evaluation points (Fig. 1) were different and higher than the findings mentioned
above, but similar to two studies (Scarlet et al. 2018; Uliani et al. 2019) in which the
same commercial kit (Equine specific ELISA kit, AL-115) was used.

There are studies with conflicting results regarding the effects of foetal sex on serum/
plasma AMH concentrations in women. Lutterodt et al. (2009) and La Marca et al.
(2005) reported that the sex of the foetus had no impact on the maternal serum AMH
concentrations of women. Empey et al. (2012) reported that they found higher AMH
concentrations in women carrying male foetuses at 11-15 weeks of pregnancy than those
carrying female foetuses. On the other hand, Shaukat and Shahid (2018) found higher
AMH levels in women carrying a female foetus in the first trimester of pregnancy compared
to women carrying a male foetus. They also found that pre-term babies had lower AMH
concentrations compared to full-term babies, and mothers who had pre-term labour had
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higher AMH concentrations compared to mothers with full-term births. A study conducted
in cows (Stojsin-Carter et al. 2017) reported that carrying a female or male foetus did
not have any effect on maternal plasma AMH concentration in the same gestation period.
To our knowledge, this is the first study investigating the foetal sex-related difference and
progression in serum AMH concentrations of pregnant mares. Consistent with Shaukat
and Shahid (2018), serum AMH concentrations of group FFM in this study at mo 4 and 5
were significantly higher than those in group MFM.

During the embryonic sex differentiation period, AMH is secreted from the testicles of
male foetuses but not from female gonads (Rodolfo 2005). AMH was detected in the
serum of second-trimester male foetuses but undetected in the serum of female foetuses;
even in immunohistochemical staining, the testes were strongly stained for AMH, whereas
female gonads were not stained (Lutterodt et al. 2009). It has been reported that AMH,
a glycoprotein with a molecular weight of 140 kDa (Di Clemente et al. 2003), cannot
cross the placenta, and AMH concentrations in male foetuses cannot affect the maternal
circulation (Lutterodt et al. 2009). Our study’s finding that the AMH concentration
in group MFM was lower than in group FFM at mo 4 and 5 supports this view. It has been
reported that AMH and AMHRII mRNA expressions were observed in the human placenta
and foetal membranes regardless of sex, and male foetal membranes were stained more
intense in immunohistochemical staining (Novembri et al. 2015). With these findings,
Novembri et al. (2015) hypothesized that the placenta and foetal membranes may play
a role in the regulation of AMH. Recently, a miRNA-based communication between the
placenta and foeto-maternal compartments was defined (Chang et al. 2017), and the role
of miRNA in the regulation of AMH was reported (Lei et al. 2010). We hypothesize that
this AMH regulation mechanism in which placenta and foetal membranes may play a role,
can work in such a way that AMH is high in the maternal blood circulation when it is low
in the foetal blood circulation and low in the maternal blood circulation when it is high
in the foetal blood circulation. The issue has not been clarified yet and further molecular
studies are needed.

In seven of the eight studies that McCredie etal. (2017) reviewed, AMH concentrations
were reported to decline with the progressing pregnancy of women. Koninger et al.
(2013) reported in their cross-sectional study (n = 450) that the AMH concentrations
of pregnant women dropped significantly from the first to the second trimester while this
decrease was non-significant in their longitudinal cohort study (n = 15). Almeida et al.
(2011) evaluated AMH concentrations of mares monthly throughout their pregnancy and
reported no effect of time on it. In line with Almeida et al. (2011), in the present study,
the mo of gestation (mo 1-6) had no effect on serum AMH concentrations of either group
MFM or FFM. However, there was a non-significant decline in AMH concentrations in
the groups from mo 1 to 3 of pregnancy (Fig. 1) as was found in the longitudinal cohort
study of Koninger et al. (2013). Negative effects of maternal adiposity and haemodilution
on AMH (Nelson et al. 2010; McCredie et al. 2017) are unlikely to be seen in the early
stages of pregnancy in mares. Decreased follicular activity has been reported between
days 50 and 140 of gestation in mares (Squires et al. 1974). With the contribution
of the secondary corpus luteum formed by the influence of eCG in mares, a second peak is
formed in the progesterone concentration after day 40 of gestation, and this concentration
remains high until day 90 (Squires and Ginther 1975). In this study, the most likely cause
for the non-significant decrease in AMH concentration between mo 1 and 3 of gestation
in mares may be that increased progesterone negatively affects the follicle-stimulating
hormone (FSH) and partially suppresses follicular activity.

Human chorionic gonadotrophin (hCG) secreted from the young trophoblast cells of
the placenta in women, peaks at 5658 days of gestation and decreases to the lowest level
at 18 weeks (Braunstein et al. 1976). Concentrations of hCG in maternal serum of women
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carrying a female foetus in the third trimester of pregnancy were found to be significantly
higher than those carrying a male foetus (Haning et al. 1989; Steier et al 1999; Gol
et al. 2005). Although there are many studies (Haning et al. 1989; Steier et al 1999;
Gol et al. 2005) evaluating concentrations of hCG secreted from the placenta in women
in relation to the foetal sex, we could only find one source in literature (Monke and
Franz 1985) in which the concentrations of eCG secreted from the placenta in mares were
evaluated in relation to the foetal sex. The findings of the present study that the serum eCG
concentrations of group FFM at mo 2 were significantly higher than those of group MFM,
are consistent with the findings of Monke and Franz (1985). Further studies are needed
to explain how eCG secretion or metabolism is affected by foetal sex in early gestation
of mares. It has been reported that the peak of eCG concentration in mares occurs between
50-85 days after ovulation, and it was no longer detected in the circulation on day 150
(Wilsher and Allen 2011). The non-significance of group-time interaction for mo 2—4
in this study may be due to the fact that our evaluation points were widely spaced (monthly)
and that we could not catch the onset and peak of the secretion.

Lutterodt et al. (2009) reported no correlation between the concentrations of AMH and
hCG in pregnant women. Similarly, in the present study, no correlation was found between
serum AMH and eCG concentrations in the groups of mares at mo 2—4.

To our knowledge, this is the first study investigating the difference and progression
of AMH concentration in pregnant mares in relation to foetal sex. However, individual
variations in AMH and eCG concentrations and the inability to determine a cut-off point for
determination of foetal sex make these hormones unlikely candidates for determining foetal
sex in the mare. We found significant sex-related differences in the AMH concentrations
in mo 4 and 5 of pregnancy and in the eCG concentrations in mo 2¢ of pregnancy
in mares, which may provide clues to future molecular studies that will explain the
regulation mechanisms of these hormones during pregnancy.
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