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ABSTRACT:

The present study aimed to determine the serum Anti-Miillerian Hormone (AMH) concentrations in female Awassi sheep
across different age groups. For this purpose, a total of 87 female Awassi ewes were classified according to their age into
four groups: Group I (n=16) (3—4 months); Group II (n=22) (6 months); Group III (n=25) (9-10 months); and Group IV
(n=24) (>24 months). A single blood sample was collected from all animals for the measurement of serum AMH levels,
which were subsequently determined using a commercially available AMH ELISA kit. The medium, minimum, and
maximum serum AMH concentrations for Group I, Group II, Group III, and Group IV were found to be 316.79 (88.01-
1094.36) pg/mL, 493.62 (224.67-1242.55) pg/mL, 528.98 (342.52-880.78) pg/mL, and 394.23 (205.01-706.54) pg/mL,
respectively. AMH levels in ewes belonging to Group II and Group III were significantly higher compared to those in
Group I and Group IV (p<0.05). Conversely, no significant difference in AMH levels was observed between Group I and
Group IV (p>0.05). Similarly, no significant difference was found between the AMH concentrations of Group II and
Group III (p>0.05). In conclusion, the present study showed that serum AMH concentrations can vary according to
different age groups in female Awassi sheep.

Farkli yaglarda bulunan Ivesi irki koyunlarin anti-miillerian hormon seviyelerinin
belirlenmesi

Ozer:

Bu cahismada, farkli yas gruplarindaki disi Ivesi koyunlarinda serum Anti-Miillerian Hormon (AMH)
konsantrasyonlarmin belirlenmesi amaglanmigtir. Arastirma materyalini toplam 87 bas Ivesi koyunu olusturmus ve
hayvanlar yaslaria gore dort gruba ayrilmistir: Grup I (n=16; 3—4 aylik), Grup II (n=22; 6 aylik), Grup III (n=25; 9-10
aylik) ve Grup IV (n=24; >24 aylik). Tiim hayvanlardan tek seferlik kan 6rnegi alinmis ve serum AMH diizeyleri ticari
bir ELISA kiti kullanilarak analiz edilmistir. Gruplara ait ortanca (minimum-maksimum) serum AMH konsantrasyonlar1
sirastyla Grup I’de 316,79 (88,01-1094,36) pg/mL, Grup II’de 493,62 (224,67-1242,55) pg/mL, Grup III'te 528,98
(342,52-880,78) pg/mL ve Grup IV’te 394,23 (205,01-706,54) pg/mL olarak belirlenmistir. Istatistiksel analizler
sonucunda, Grup II ve Grup III’teki hayvanlarin serum AMH diizeylerinin Grup I ve Grup IV’e kiyasla anlaml derecede
yiiksek oldugu saptanmistir (p<0,05). Buna karsin, Grup I ile Grup IV arasinda ve Grup II ile Grup III arasinda AMH
konsantrasyonlar1 bakimindan istatistiksel olarak anlamli bir farklilik belirlenmemistir (p>0,05). Sonug olarak, bu ¢alisma
Ivesi koyunlarinda serum AMH konsantrasyonlarmin farkli yas gruplarina gore degisiklik gosterebilecegini ortaya
koymustur.
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1. INTRODUCTION

Anti-Miillerian Hormone (AMH) is a glycoprotein belonging to the transforming growth factor-beta (TGF-p)
superfamily, with a molecular weight of approximately 140 kDa. In males, AMH is produced by the Sertoli cells in the
testes, where its primary function is the inhibition and regression of the Miillerian ducts, which are essential for the
formation of the female genital tract (1). In females, AMH is secreted by the granulosa cells of developing follicles
after sexual differentiation. It plays a crucial role in regulating the activation and growth of preantral follicles (2).
Specifically, within the ovine ovary, AMH has been detected at high concentrations in antral follicles, particularly
those measuring 1-3 mm (3). It is well-established that AMH expression decreases as follicular size increases (4) and
becomes undetectable in atretic follicles (5). Furthermore, studies investigating AMH's role in ovine granulosa cells
have demonstrated its capacity to modulate follicular progression. Exogenous AMH administration was shown to
suppress the development of primordial follicles. Conversely, suppressing AMH production in granulosa cells was
reported to enhance cell proliferation, reduce apoptosis, and increase estradiol secretion (6).

In sheep, relationship between AMH concentration and pregnancy rates have been reported (7). A positive
correlation has been established between AMH levels and ovulatory response, indicating that ewes with higher
circulating AMH concentrations exhibit superior ovulation rates (8). The utility of AMH measurement extends to the
identification of donor ewes for embryo transfer programs. Research has demonstrated that a higher yield of embryos
can be obtained from five-week-old lambs characterized by elevated AMH values (9). Furthermore, in studies involving
Romanov sheep, ewes with higher basal AMH levels were reported to have a greater number of offspring (7). This
association between AMH and reproductive success is further supported by observations in subfertile animals. Ewes
exhibiting low reproductive performance have been shown to have significantly reduced counts of primordial and antral
follicles, as well as lower AMH serum concentrations, when compared to ewes with normal fertility (10). Collectively,
these findings underscore AMH's value as a reliable, non-invasive biomarker for assessing ovarian reserve and
predicting prolificacy and reproductive potential in sheep.

Studies conducted in small ruminants consistently indicate that breed is a significant factor influencing
circulating AMH concentrations (11, 12). Regarding the effect of age, high variability in AMH levels has been primarily
reported during the prepubertal period (13-15). However, in ewes older than one year, age appears to have no significant
impact on serum AMH concentrations (11, 16-17). Collectively, these findings demonstrate that both breed and
developmental stage (particularly prepubertal status) significantly influence AMH concentrations in small ruminants.
Consequently, determining species-specific and breed-specific reference values for AMH in sheep of various ages
remains a critical area of investigation to improve the clinical utility of this biomarker.

The Awassi sheep breed, originating in Jordan, is a robust and widely distributed livestock population raised
across several countries, including Tiirkiye, Syria, and Iraq (18). This breed is highly valued for its triple-purpose
production (meat, milk, and wool) and is characterized by its notable resilience to diseases, resistance to poor nutrition,
and high adaptability to challenging environmental conditions. In particular, the Awassi breed accounts for
approximately 35% of the total sheep population in Mediterranean region of Tiirkiye (19). Despite the breed's economic
importance, a review of the current literature revealed a significant gap concerning the age-dependent changes in AMH
levels within the Awassi breed. Given the critical role of AMH as a biomarker for ovarian reserve and its known
variation with developmental stage in other breeds, this study aims to test the hypothesis that serum AMH levels will
significantly vary with age in female Awassi sheep. To address this gap, blood AMH concentrations will be investigated
in female Awassi sheep categorized into distinct age groups: 3—4 months, 6 months, 9-10 months, and animals older
than 24 months.
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2. MATERIAL AND METHODS

Study Animals and Location

This investigation was conducted on a total of 87 healthy female Awassi sheep during the non-breeding season. The
animals were sourced from a private sheep farm located in the Hatay, Tiirkiye. The sheep were managed under a system
of free-range grazing. To examine the effects of age on serum AMH levels, the Awassi sheep were categorically divided
into four age groups: Group I: ewe lambs aged 3—4 months (n=16); Group II: ewe lambs aged 6 months (n=22); Group
III: ewe lambs aged 9 - 10 months (n=25); Group IV: Non-pregnant ewes, multiparous and aged =24 months (2-4
years old) (n=24).

Blood Sample Collection

For the determination of serum AMH concentrations, a single blood sample was collected from all animals via the
jugular vein (v. jugularis). Following collection, the blood samples were immediately placed under cold chain
conditions and transported to the laboratory within one hour. The collected blood samples were subsequently
centrifuged at 3000x g for 5 minutes to separate the serum. The resulting serum aliquots were stored at —20°C until
further analysis.

Anti-Mullerian Hormone (AMH) Analysis

The quantitative determination of AMH concentration in serum samples was performed with commercial ELISA test
(ESHO110, FineTest Sheep AMH, China). Serum AMH assays demonstrated a sensitivity of 9.375 pg/mL, with intra-
and inter-assay CVs of 4.23-5.02 % and 4.97-5.46 %, respectively (measuring range: 15.625-1000 pg/mL).

Statistical Analyses

Statistical analyses were performed to determine significant differences in AMH levels across the four distinct age
groups. The normality of data distribution was assessed using the Kolmogorov-Smirnov test, and the homogeneity of
variances was evaluated using Levene's test. As the data failed to satisfy the assumptions required for parametric testing,
non-parametric methods were utilized for group comparisons. Differences among the age groups were therefore
assessed using the Kruskal-Wallis H test. When a significant overall effect was detected, Dunn's post hoc test was
applied for multiple pairwise comparisons. All statistical procedures were executed using the SPSS software (Version
23). For all analyses, the level of statistical significance was set at p<0.05.

3. RESULTS

The median, minimum, and maximum serum AMH concentrations (pg/mL) were quantified across the four age groups
of Awassi sheep, yielding respective average values of 316.79 (88.01-1094.36) pg/mL for the 3—4-month-old lambs,
493.62 (224.67-1242.55) pg/mL for the 6-month-old lambs, 528.98 (342.52-880.78) pg/mL for the 9—10-month-old
lambs, and 394.23 (205.01-706.54) pg/mL for the non-pregnant, parous ewes aged >24 months (2-4 years old). Analysis
of the data revealed a wide distribution of individual AMH values within each category, spanning 88.01-1094.36
pg/mL in the 3—4 month group, 224.67—-1242.55 pg/mL in the 6 month group, 342.52—880.78 pg/mL in the 9-10 month
group, and 205.01-706.54 pg/mL in the mature ewes (=24 months); notably, one sample from the 3—4 month group
had undetectable AMH levels and was therefore excluded from the subsequent statistical evaluation (Table 1).
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Table 1: The median, minimum, and maximum serum anti-Miillerian hormone (AMH) concentrations (pg/mL) in
female Awassi ewes across different age groups.

Tablo 1: Farkl yas gruplarindaki disi Ivesi koyunlarinda ortanca, minimum ve maksimum serum anti-Miillerian
hormon (AMH) konsantrasyonlar: (pg/mL).

Groups Median Minimum Maximum P-value
3-4 months 316.79° 88.01 1094.36
AMH (pg/mL) 6 months 493.62° 224.67 1242.55 0.001
9—10 months 528.98% 342.52 880.78
>24 months 394.23° 205.01 706.54

*Different superscripts (a, b) in the same column indicate significant differences among the groups (P<0.05)

Aynu siitundaki farkl iist simgeler (a, b), gruplar arasinda anlamh farkiiliklar oldugunu gésterir (P<0.05).

4. DISCUSSION AND CONCLUSION

Anti-Miillerian Hormone serves as a critical biomarker for assessing ovarian reserve in females across various species.
In sheep, AMH has demonstrated significant utility in predicting ovulatory response (8), selecting donor animals for
embryo transfer procedures (9), and estimating overall prolificacy (7). Numerous factors influence circulating AMH
levels, with age and breed being particularly prominent variables. It is well-established that AMH concentrations
typically decline with advancing age due to the natural depletion of the ovarian reserve. Concurrently, significant
variations in AMH levels have been reported due to breed differences (11,14,20). This study specifically investigated
the effect of age on AMH levels in the Awassi breed, a prevalent and economically significant sheep breed in Tiirkiye.
To achieve this, blood samples were collected from distinct age defined developmental groups: 3—4-month-old ewe
lambs, 6-month-old ewe lambs, 9—-10-month-old ewe lambs, and ewes aged over 2 years. The findings from this
investigation indicated that the mean serum AMH levels in the 3—4-month-old ewe lambs were significantly lower
compared to the 6-month-old and 9-10-month-old ewe lambs. However, the AMH concentrations in the youngest group
(3—4 months) were observed to be statistically like those of the oldest group (> 24 months).

Anti-Miillerian Hormone levels are generally detectable in prepubertal lambs starting from approximately two
months of age. Previous studies, such as that by Lahoz et al. (13), successfully detected AMH levels in about 93% of
3.6-month-old ewe lambs, with concentrations ranging from 0 to 590 pg/mL. Consistent with this, in the current study,
AMH levels were undetectable in the blood of a single lamb within the 3—4-month-old age group. However, the specific
trajectory of AMH changes during the prepubertal phase appears to be breed-dependent. For instance, in Rasa
Aragonesa ewe lambs, AMH concentrations were reported to increase, peaking around 3—4.5 months of age, before
beginning a decline by six months of age (20). Similarly, in the dairy Sarda sheep breed, serum AMH concentrations
peaked between 2 and 5 weeks of age and began decreasing by six weeks (14). In contrast, a study on Dorper ewe
lambs found no statistically significant difference in AMH values between 3, 4, and 5 months of age (15). In the present
study on female Awassi sheep, statistically higher AMH levels were obtained in the 6-month-old and 9—10-month-old
ewe lambs compared to the 3—4 month-old ewe lambs. Crucially, no statistically significant difference was detected
between the 6-month and 9-10-month-old groups. When considering both the findings of this study and the existing
literature, the consensus is that AMH concentrations in sheep are subject to considerable variation based on specific
age (developmental stage), emphasizing the need for breed-specific reference data.

The observed finding that serum AMH levels were significantly higher in the 6-month-old and 9-10-month-
old lamb groups compared to the 3—4 month-old group is likely linked to changes in the number and size of AMH-
producing follicles. In Romanov sheep, AMH production is known to be highest in follicles measuring 1-3 mm in
diameter (3). Conversely, the intrafollicular AMH concentration is reported to decrease as follicular size increases, with
markedly lower production detected in follicles greater than 3—5 mm in diameter and in those undergoing atresia (3).
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This pattern aligns with documented ovarian activity during the prepubertal period. Studies examining ovarian follicle
dynamics in SuffolkxWestern White Face ewe lambs have noted an increase in the number of follicles >3 mm in
diameter around 3.5—4 months postpartum, followed by a decrease around 4—4.5 months, and a subsequent increase
again between 5.5—6 months (21). Another investigation specifically reported that the number of 2—3 mm diameter
follicles increased between 3—3.5 months, declined between 6—7 months, increased again between 7—8 months, and
then showed a further decreasing trend after 8 months of age (22). Furthermore, an increase in antral follicle counts,
especially around six months postpartum, has been previously documented in Rasa Aragonesa ewe lambs (23). In light
of this background, the elevation of AMH levels observed in the 6-month and 9—10-month-old Awassi lambs relative
to the 3—4-month-old group is hypothesized to result from a physiological surge in the population of 2—3 mm diameter
antral follicles during this period. However, confirming this relationship necessitates further detailed investigations,
ideally incorporating supplementary techniques such as high-resolution ultrasonographic examinations of the ovaries.

In the present study, the 6-month-old and 9—10-month-old ewe lambs exhibited significantly higher serum
AMH concentrations compared to the mature ewes aged over 2 years (>24 months). This decline in AMH
concentrations in the oldest group is consistent with the anticipated reduction in ovarian reserve associated with
advancing age, a well-documented phenomenon across mammals. However, a notable finding was that the mean AMH
concentrations in the youngest group (3—4-month-old ewe lambs) were statistically similar to those observed in the
>24-month-old ewes. This non-linear pattern suggests that individual biological variation and dynamic shifts in
follicular waves during the peri-pubertal period significantly influence AMH levels, potentially confounding simple
age-based trends. Lahoz et al. (24) similarly reported strong variability between 3 and 6 months in Rasa Aragonesa ewe
lambs, noting that plasma AMH levels increased during the 3—4.5-month period, declined around 6 months, and then
remained at levels similar to the 6-month-old sheep at 19 months of age. They emphasized that substantial variation
exists within the 3—6-month period, making repeated measurements necessary to accurately characterize an animal's
AMH status.

The current investigation has several acknowledged limitations. Specifically, the study did not determine the
pubertal status of the lambs under one year of age. Confirmation of puberty typically requires repeated measurement
of plasma progesterone levels to confirm the occurrence of at least one estrous cycle (20). For the Awassi breed,
puberty is generally reached around 7.5 months (ranging from 4 to 15 months), with lambs born in winter reaching
puberty by nine months of age (18). Identifying pubertal animals is essential for a precise interpretation of AMH
changes relative to reproductive maturity. Furthermore, while AMH levels were determined across different ages,
integrating the AMH values detected at specific ages with subsequent pregnancy rates following first insemination
would validate the predictive utility of AMH as a biomarker for fertility in the Awassi breed.

In conclusion, this study successfully established the serum AMH levels in female Awassi sheep across distinct
ages. The data reveal that AMH concentrations are lower in 3—4-month-old lambs, peak in 6-month-old lambs, and
stabilize in 9-10-month-old lambs. This profile suggests a different pattern of AMH fluctuation compared to some
previously studied sheep breeds, supporting the hypothesis that breed differences significantly modulate AMH
dynamics. Given the high individual variation observed (consistent with other studies), it is concluded that
comprehensive studies employing larger sample sizes are warranted to establish robust, breed-specific reference ranges
for AMH in Awassi sheep, thereby optimizing the clinical application of this biomarker.
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