j o t CI Journal of Tekirdag Agricultural Faculty Bas?i:ﬁ;ﬁ::;rjezoéi/gg /(21:

Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 05/01/25
DOI: 10.33462/jotaf. 1524295

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Effect of Melatonin Treatment on Reproductive Hormones and Sexual Behaviors in
Sheep*

Koyunlarda Melatonin Uygulamasinin Ureme Hormonlar1 ve Eseysel Davranislara Etkisi

Nesrin OZTURK!', Cemil TOLU?**
Abstract

In seasonal oestrus animals such as sheep, out-off-season lambing practices and synchronization of oestrus are
important in terms of herd management and farm economics. The present study aimed to determine the effects of
melatonin implants administered before the breeding season on melatonin, estrogen, progesterone hormone
concentrations, and sexual behavior in Tahirova sheep. The study was conducted on 60 Tahirova dairy ewes, aged
1-4 years, and 6 head rams, aged 1-2 years. On June 26, melatonin implants were administered to half of the ewes
(18 mg dose/ewe) and rams (54 mg dose/ram). Fifteen days after the implantation of melatonin, all the ewes (530
g/ewe) and rams (660 g/ram) were given supplemental feeding (flushing) with grain feed for a period of 60 days.
On August 1, the ewes exhibiting signs of estrus following the introduction of a ram were relocated to individual
paddocks, where mating was conducted using the hand-mating method. The frequency of sniffing, touching the
ram's scrotum, turning the ram, head-turning, and tail wagging was recorded during the hand-mating procedure.
Additionally, the sexual behaviors exhibited by the ram were documented. Furthermore, an investigation was
conducted to ascertain whether an interaction occurred within the first minute. The intervals, sexual interaction
rate of the ewe, total frequency of sexual interaction, time per sexual interaction, and total sexual interaction time
were observed. Blood samples were collected regularly on the initial day, the 21% day, the 42" day, the 63" day,
the 94" day, and the 129 day for subsequent hormone analysis. Hormonal analyses were conducted using the
ELISA method on blood serum samples. The melatonin hormone concentration was observed to be higher in the
treatment (MT) group than in the control (C) group on the 63" day (P=0.0476). The sexual interaction rate of the
MT group was found to increase significantly in comparison to the C group (P=0.0045). Additionally, the gestation
rate was shorter in the MT group than in the C group (P<0.05). It can thus be concluded that the melatonin implant,
when applied before the breeding season, significantly increases melatonin hormone concentrations on the 63
day and significantly shortens the periods of gestation in Tahirova dairy sheep.
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Oz

Koyun gibi mevsime bagli kizginlik gdsteren hayvanlarda, mevsim dist kuzulatma uygulamalart ve dstruslarin
senkronizasyonu siirli yonetimi ve isletme ekonomisi agisindan 6nem tagimaktadir. Bu c¢aligmada, asim sezonu
oncesi uygulanan melatonin implantinin Tahirova koyunlarinda melatonin, dstrojen ve progesteron hormon
seviyeleri ve eseysel davranislara etkisi belirlenmistir. Caligmada 1-4 yaslar1 arasinda 60 bas Tahirova irki koyun
ve 1-2 yasli 6 bas kog¢ kullanilmistir. 26 Haziran’da koyun (18 mg doz/koyun) ve koglarin (54 mg doz/kog) yarisina
melatonin implant1 uygulanmistir. Melatonin implantindan 15 giin sonra koyun (530 g/koyun) ve koclarin (660
g/kog) tamamina klasik yontemle dane yemle ek yemleme (flushing) uygulamasi 60 giin siireyle
gerceklestirilmistir. 1 Agustos’ta kog katimi ile kizginliklari tespit edilen koyunlar bireysel bolmelere alinarak elde
asim yontemiyle ciftlestirmeleri gerceklestirilmistir. Elde asim sirasinda koyunlarda koklama, kogun skrotumuna
dokunma, kogun etrafinda donme, koga doniip bakma ve kuyruk sallama davranis siklig1 alinirken, koga ait olan
eseysel davranislarda kaydedilmistir. Ayrica gozlemlerde 1 dakikalik araliklarla etkilesimin olup olmadigi,
koyunlarin eseysel etkilegim orani, toplam eseysel etkilesim sikligi, eseysel etkilesim basina diisen siire ve toplam
eseysel etkilesim siiresi belirlenmistir. Calismada baslangig, 21.,42.,63., 94. ve 129. giinlerde kan alim1 yapilmustir.
Kan serum oOrneklerinde Elisa yontemi ile hormon analizleri ile yapilmistir. Calismada 63. giinde melatonin
hormon konsantrasyonu uygulama (MT) grubunda kontrol (C) grubundan daha yiiksek olmustur (P=0,0476).
Koyun eseysel etkilesim orani1 kontrol grubuna goére uygulama grubunda énemli 6l¢iide artirmigtir (P=0,0045).
Kog katimi ile gebe kalma orani uygulama grubunda kontrol grubundan daha kisa gerceklesmistir (P<0,05).
Sonugta, Tahirova siit koyunlarinda asim sezonu 6ncesi melatonin implant1 uygulamasi 63. giinde melatonin
hormon konsantrasyonunda énemli 6l¢iide artig saglamis ve gebe kalma siiresini ise onemli diizeyde kisaltmistir.

Anahtar Kelimeler: Tahirova koyunu, Melatonin, Ostrojen, Progesteron, Eseysel etkilesim orani, Gebe kalma, Koyun yasi
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1. Introduction

Fertility is the most sustainable income on a livestock farm. In seasonal oestrus animals such as sheep, out-oft-
season lambing practices and synchronization of oestrus are important in terms of herd management and farm
economics. Although the use of hormone-impregnated sponges in small ruminants is common, due to difficulties
in application, ear root implants that secrete melatonin hormone for 3-4 months have recently become common
(Sasa et al., 2016; Ozis Altingekic and Koyuncu, 2017; Elhadi et al., 2022; T6lii et al., 2022). Melatonin hormone
is used for out-off-season lambing. Melatonin hormone is not a hormone used for synchronization of oestrus.
Melatonin synthesis, secreted from the pineal gland in the brain, is under the control of neural, hormonal, and
enzymatic systems through photoperiodic interaction (Zarazaga et al., 2009). The main purpose of light
management is to increase melatonin release by increasing the dark period during the circadian cycle. The use of
exogenous melatonin administration is based on imitation of melatonin release over short days. It is known that
melatonin levels in sheep vary depending on the time of day (Carcangiu et al., 2013). The values determined during
the day are lower than those determined at night (Carcangiu et al., 2013; Sasa et al., 2016). However, an increase
in melatonin hormone levels can be observed during the daytime with the effect of the melatonin implant (Lincoln
and Ebling, 1985; Sasa et al., 2016; Elhadi et al., 2022). Kisspeptin neurons appear to play a fundamental role in
determining reproductive status, as anoestrus is characterized by increased negative feedback from estrogen on
GnRH secretion. Kisspeptin cells provide direct synaptic input to GnRH cells, and kisspeptin is a potent stimulator
of GnRH secretion (Clarke et al., 2009). It has been determined that melatonin implant in sheep has a positive
effect on oestrus period, pregnancy, birth, and offspring productivity (Toli et al., 2022).

The oestrous cycle in sheep is approximately 16-17 days. The oestrous cycle consists of proestrus, oestrus,
metestrus, and diestrus periods and the anoestrus period outside the breeding season. In sheep, the corpus luteum
begins to secrete progesterone on the 2" and 3™ day of the cycle. Progesterone hormone secretion reaches its
highest level on the 8" day and continues at this level until the 12" and 14" day. If there is no pregnancy, PGF2,
secreted from the uterus regresses the corpus luteum. Progesterone concentration begins to increase from the third
day of this period and reaches its peak level on the 8 day. Progesterone concentration, which remains at its peak
level until approximately the 11" day, decreases rapidly after this day and decreases again to <1 ng/mL in the last
two days of dioestrus (Kalkan and Horoz, 1997).

The changes observed in domestic sheep breeds mating in short photoperiods in terms of gonadal function and
the seasonal release of the hormones that control it (GnRH, FSH, and LH) show gender dependency and the direct
effect of lighting is lower in males than in females. While sexual activity in females usually stops during long days,
it can continue throughout the year in males. In Hu sheep that received subcutaneous injections of melatonin 5 and
10 mg/sheep during the oestrus period, higher levels of melatonin and progesterone hormones were determined in
the application groups compared to the control group (Song et al., 2019). Koca and Ozbeyaz (2019) reported that
estrogen levels varied between 38.66-97.57 pg/mL during the test days, low progesterone levels were necessary to
increase ovulation rates, and low oestrus levels and low progesterone levels were necessary to increase the number
of lambs. Tahirova sheep genotype, which is crossbred between East Friesian and Kivircik sheep, is an important
genotype for Tiirkiye dairy sheep breeding. Tahirova genotype lambs once a year, have a lactation period of 7-8
months and an average lamb yield of 1.6-1.8 lambs per ewe (S6nmez et al., 2009; T6lii et al., 2022). Determining
the effect of melatonin application on the reproductive hormone profile of female animals of Tahirova sheep and
its relationship with breeding behavior is important in terms of obtaining offspring out of season. In this study, the
effect of melatonin implants applied before the breeding season on melatonin, estrogen, and progesterone hormone
levels and sexual behavior in Tahirova sheep was investigated.

2. Materials and Methods

The study was conducted at Canakkale Onsekiz Mart University Faculty of Agriculture Farm Animal
Production Application and Research Unit. The unit is in the center of Canakkale (40°07'41.9"N 26°26'19.3"E).

2.1. Animals and management

In the study, 30 females of melatonin treatment (MT) and 30 females of control (C) group Tahirova sheep were
used, which received melatonin implants (18 mg 1 pellet) on June 26. In addition, hand-mating behavior data of 6
rams (3 heads with melatonin treatment, 3 pellets; and 3 heads with control) were also used in the study. Melatonin
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subcutaneous implants were applied to the back of the ear. The study was conducted on two groups (MT and C).
Ewes were distributed to the groups randomly, considering age, lactation order, milk yield, live weight, and body
condition score. While the ages of ewes varied between 1-4 years, the ages of rams varied between 1-2 years. In
the MT group, 11 ewes were 4 years old, 8 ewes were 2, 3 and 1 years old, while in the C group, 11 ewes were 4
years old, 7 ewes were 3 years old, 8 ewes were 2 years old, and 9 ewes were 1 year old. Rams with and without
melatonin implants were homogeneously distributed and mated according to the MT and C groups of the females.

The ewes included in the experiment were in the 5" month of lactation. Milk yield was 552 mL/day in the MT
group and 556 mL/day in the C group, average live weight was 54 kg and average body condition score was 2.70
in both groups. Milking was done in a 2 x 12 automatic parallel milking unit between 7:30-9:00 in the morning
and 16:30-18:00 in the evening. Fifteen days after the melatonin implant, supplementary feeding (flushing) of
ewes and rams with whole grain feed was carried out for 60 days. The ewes were fed at a level of 1.6 times the
living energy need, and rams were fed at a level of 1.2 times the living energy need during the mating period (NRC,
2007). Alfalfa hay (90.32% DM, 18.48% HP), oat straw (92.37% DM, 9.78% HP), and corn silage (90.64% DM,
10.16% HP) concentrated feed in pellet form (90.53% DM, 18.36% HP) was used in the nutrition of ewes and
rams. Ewes were given 530 g/ram barley during evening milking, and 660 g/ewe grain barley (90.35% DM, 10.67%
HP) was given to the rams in group conditions. The ewes and rams were housed under open shelter conditions in
different paddocks with trees providing shade during the daytime.

2.2. Hormone analyses

Blood serum from day 0 before the melatonin implant, and day 21, day 42, day 63, day 94, and day 129 after
the melatonin implant was used. The commercial melatonin implant product (Regulin®) contains 18 mg of
melatonin hormone and is stated to release melatonin hormone for 3-4 months. In the study, which introduced the
aproned ram 36 days after the melatonin implant, hormone levels were determined for a total of 6 periods before
the application and for 4 months. The blood samples taken were centrifuged at 3500 rpm for 10 min. and the serum
was separated from the blood cells. Blood serums were stored in a deep freezer at -20 °C until hormone analysis
was performed. Hormone analyses were performed by the Enzyme-linked immunosorbent assay (ELISA) method
at the department of Animal Science Laboratory of Canakkale Onsekiz Mart University, Thermo Scientific
Multiskan FC Microplate Reader was used in the analyses. Hormone analyses of melatonin (MEL), estrogen (ES),
and progesterone (Pg) were performed with sheep-specific commercial hormone kits. The kit (Shanghai Sunred
Biological Technology Co.) uses a double-antibody sandwich enzyme-linked immunosorbent assay.

2.3. Mating observation and measurement

In the study, ewes mating took place between the 38" and 74™ days after the melatonin implant. Ewes, whose
oestrus was detected with aproned rams in the morning and evening hours, were mated homogeneously with rams
with and without melatonin implant by hand-mating method (Figure 1). Ewes who were detected to be in heat
were mated with the assigned ram 8-12 hours later (T6lii and Savas, 2010). The oestrus search was done with the
rams used for mating. However, the rams that were going to mate were not used in the oestrus search during that
period. Gestation rates were determined from lambing status at birth. The mating behavior dataset of each ewe
was obtained from direct observation and camera recordings. The protocol for testing sexual behavior was carried
out in an area separated by iron bars 3 m wide and 4 m long. For direct observations, one observer counted the
behaviors and the other recorded them. The behaviors of ewes sniffing (SNF), touching of ram’s scrotum (TSC),
turning the ram (TR), looking back at the ram (LBR), and tail wagging (TW) were recorded during mating (To6li
and Savas, 2010; Konyali et al., 2011). The ram courtship index was calculated from the sum of the frequency of
ano-genital sniffing, foreleg kicks, tongue flicks, vocalizations, and lateral approaches (T6lii et al., 2024). Bilateral
sexual interaction rate (BSIR) and ewe sexual interaction rate (ESIR) were determined at 1-min. intervals during
the 10-min mating period. Total sexual interaction frequency (TSIF), times per sexual interaction (PSI), and total
sexual interaction time (TSIT) were determined from camera recordings. Behavioral observations in camera
recordings were made by the same person via computer.
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Figure 1. Ewes and rams in group C (left; behavior of touching of ram's scrotum) and group MT (right;
behavior of head-turning to ram) during hand-mating in Tahirova sheep

2.4. Statistical Analyses

Repeated measures analysis of variance was used to analyze reproductive hormone concentrations.
Logarithmic transformation was applied to hormone values before statistical analysis. Group (MT, C), ewe age
(1,...4), and group x age interaction were fixed factors, and the hormone value of the individual per experiment
was included in the model as a covariate. While the analysis of mating behaviors was performed with the same
model (for fixed factors), the ram courtship index (ano-genital sniffing + foreleg kicks + tongue flicks +
vocalizations + lateral approaches) was included in the model as a covariate. A square root (Vy+10) transformation
was applied to each of the behaviors. In the analysis of BSIR, ESIR, TSIF, PSI, and TSIT properties measured in
hand-mating observations (no transformation was applied), group (MT, C), sheep age (1,...4), group x age
interaction were included with fixed factors in the model. In the analysis of the gestation rate and gestation length
analyzed on the hormone measurement days, group (MT, C), ewe age (1,...4), group x ewe age interaction were
fixed factors, and the body condition score of the ewe at mating was included as covariates. Tukey test was used
in post hoc analyses. The animal was included as random effect in all statistical models. All analyses were
performed using the SAS (2021) statistical package program.

3. Results
3.1. Hormone analyses

Melatonin (MEL) hormone concentrations of Tahirova sheep, determined according to the group and ewe ages
according to the days of melatonin implant, showed significant differences between the groups on the 63 day
after the implant (Table 1). The hormone level of the MT group was higher than that of the C group on the 63™
day after implant (P<0.05). MEL concentrations at the initial, 21%, and 94" days differed significantly according
to their ewe age (P<0.05). The 4-year-old ewe differed significantly from other ewe ages with its low melatonin
value in the initial measurement. In the measurement made on the 21 day, 1- and 2-year-old ewes are lower than
3- and 4-year-old ewes. On the 94" day, 1 and 2-year-old ewes and 3- and 4-year-old ewes had higher values
(P<0.05).

The highest MEL level occurred on the 129t day after the implant, while the lowest level occurred on the 42
day in the MT group (Figure 2). The MEL level was high at the beginning and on the 129" day, while it was at
the lowest levels on the 21% day and 42" day in group C.

Estrogen (ES) concentrations were at similar levels across groups (7able 2). Estrogen concentrations differed
significantly on the 42" day and the 94" day according to ewe age (P<0.05). 1 and 2-year-old ewes had lower ES
concentrations in the measurements made on the 42" day and 3- and 4-year-old ewes ES concentrations were
higher on the 94" day (P<0.05).

After the melatonin hormone implant, ES hormone concentrations in groups MT and C were highest on the
63™ day and lowest on the 129" day (Figure 3). In the MT group, the values on the 94" day and the 129" day were
similar.
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Table 1. Least squares mean + standard error and P values* of MEL hormone concentrations (ng/L) on
melatonin implant days in Tahirova sheep according to group (C, MT) and ewe ages

fg‘;;j‘to“m’ Initial 21% day 42" day 63 day 94t day 129" day
Growp . 2852556 1360:2384 104412334 139942767 189543496 238443401
G MT_ 196141855 134362189 158653544 172543365 IS4341888 211842814

P 0.7534 0.1119 0.1132 0.0476 0.4337 0.7847

| 224.1333.95° 64.7+18.59" 147.945922 210.4£51.05 211.8+47.13* 270.6£53.70
Ewe 2 2153424.16° 70.842530°  89.7430.90  123.3£26.87 201.5430.51° 213.8426.85
age 3 267.5438.02° 215.7+34.99° 151.2+48.60 181.9+44.01 163244257 265.7+46.73
(A) 4 145241935 163.1222.28" 137.9437.55 100944029 116.7428.58" 179.8+41.36

P 0.0305 <0.0001 0.2865 0.5967 0.0093 0.9502
GxA P 0.1214 0.8405 03370 0.0539 0.0067 0.7917
Iniial P - <0.0001 <0.0001 <0.0001 <0.0001 0.0001

*Statistical analyses were performed on transformed (log n+30) values. The difference between the means shown with different letters within
each group (x-y) and ewe age (a-b) in the same column is statistically significant (P<0.05).

300 Group C-Melatonin, ng/L 300 Group MT-Melatonin, H,E,,."IL
a
250 " 250
200 3 200 il -
al
ab ah

150 s e 150 a
100 . 100

0 i

¢ 21 L ¥l 63 94 129 o 21 a2 &3 o4 125
Implant days Implant days

Figure 2. Means of MEL hormone concentrations (ng/L) on melatonin implant days and significance levels
between days in Tahirova sheep according to groups (C, MT), (The difference between the means shown with
different letters within each group is statistically significant, P<0.05)

Table 2. Least squares mean + standard error and P values of ES hormone concentrations (pg/L) on
melatonin implant days in Tahirova sheep according to group (C, MT) and ewe ages

Estrogen, pg/L Initial 21% day 42" day 63 day 94" day 129" day
C 12.3+£2.50 12.3+£1.96 17.1£2.27 24.1£2.09 14.4+2.80 9.5+£1.05
Group (G) MT 14.7+£3.12 15.5+£2.55 16.4+2.11 22.5£1.50 11.5+1.49 8.4+1.04
P 0.1741 0.0835 0.1728 09719 0.9335 0.5331
1 17.1+4.92 13.9+4.06 11.542.112 24.842.53 17.3£3.112 10.6£2.06
Ewe age 2 9.2+2.16 12.742.78 11.2+£2.722 23.8+1.82 15.5+2.492 7.8+0.85
(A) 3 16.24+4.09 16.0+4.00  25.7+2.92° 26.24+3.06 12.0+£3.70° 9.4+1.31
4 10.443.64 13.04+2.52 16.7+2.66° 18.5+2.33 7.6+£2.16° 7.6+1.45
P 0.9565 0.1839 <0.0001 0.0660 0.0011 0.9974
GxA P 0.0520 0.1675 0.3221 0.0982 0.3174 0.4907
Initial P - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Statistical analyses were performed on transformed (log n+5) values. The difference between the means shown with different letters within
and ewe age (a-b) in the same column is statistically significant (P<0.05).

Progesterone (Pg) hormone concentrations in Tahirova sheep were at similar levels according to groups as in
ES hormone (Table 3). Pg levels on the 42" day and 63™ day were slightly higher in the MT group than in the C
group (P<0.10). Pg hormone levels on the 21% day and the 129t day differed according to the age of ewe (P<0.05).
While 1 and 2-year-old ewe had lower values than 3- and 4-year-old ewe in the measurements made on the 21%
day, 4-year-old ewe differed from other ewe age groups with its lower values on the 129" day (P<0.05).
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Figure 3. Means of ES hormone concentrations (pg/L) on melatonin hormone implant days and significance
levels between days in Tahirova sheep according to groups (C, MT), (The difference between the means
shown with different letters within each group is statistically significant, P<0.05)

Tablo 3. Least squares mean + standard error and P values* of Pg hormone concentrations (ng/mL) on
melatonin implant days in Tahirova sheep according to group (C, MT) and ewe ages

Progesterone, ng/mL Initial 21% day 42" day  63"9day 94 day  129™ day
C 2.4+0.51 3.8+£0.59 3.9+0.46 5.0+£0.53 5.0+£0.43 5.4+0.41
Group (G) MT 2.2+0.51 2.9+0.39 4.24+0.53 5.4+0.61 4.7+0.44 4.7+0.35
P 0.3297 0.5615 0.0814 0.0715 0.3945 0.2966
1 3.4+£0.97 2.3+0.89% 4.6+0.88 5.6£1.01 4.34+0.35 5.5+£0.502
Ewe age 2 1.6+0.39 2.6+0.45% 4.7+£0.52 5.2+0.44 4.5+0.46 5.3+0.43¢
A) 3 2.6+0.75 4.7+0.76° 5.4+0.70 5.9+0.69 5.9+0.72 5.7+0.66*
4 1.5+£0.54 3.3+0.45° 2.7+£0.53 4.0+0.86 4.54+0.67 3.8+0.45°
P 0.5381 <0.0001 0.0691 0.6923 0.0613 0.0393
GxA P 0.6352 0.9483 0.5547 0.1887 0.3288 0.0571
Initial P - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

*Statistical analyses were performed on transformed (log n+3) values. The difference between the means shown with different letters within
each group and ewe age (a-b) in the same column is statistically significant (P<0.05).

The means of Pg hormone concentrations on melatonin implant days and significance levels between days in
Tahirova sheep by groups are shown in Figure 4. Pg hormone concentrations in the groups followed an increasing
course as the days progressed. While Pg levels differ between the initial day (0 days), the 21° day, and the 42",
63", 94t and 129" day, the values between the other days were similar in the MT group. While the initial Pg
hormone concentration in group C differed significantly from the other days with its low value, there was a
significant difference between the values on the 129' day and the values on the 21 and 42" days (P<0.05).

B Group C-Progesterone, ng/mL ) ‘5 Group MT'PTGHEE*lE'D“Ehr ng/mL
- be e 5 b
=]
A b 1] 4
3 3 ]
a [
4 2
1 1
o 0
0 21 42 &3 a4 129 o 21 42 53 84 129
Implant days Implant days

Figure 4. Means of Pg hormone concentrations (ng/mL) on melatonin implant days and significance levels
between days in Tahirova sheep according to groups (C, MT), (The difference between the means shown with
different letters within each group is statistically significant, P<0.05)
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3.2. Mating observation and measurement

The sexual behaviors obtained in the ewe in the MT and C groups during the hand-mating observations that
took place for 10 min. in the study are presented in Table 4. Sexual behaviors were similar according to group and
ewe age (P>0.05). The behaviors of ewes sniffing (SNF), touching of ram's scrotum (TSC), and tail wagging (TW)
behaviors were numerically slightly higher in the MT group. Turn of the ram (TR) and head-turning (HT)
behaviors were slightly higher in the control group. Similarly, 1-year-old ewe had slightly higher behavioral
frequencies other than TR behavior (P>0.05). It is noteworthy that a lower frequency of TR behavior in 3- and 4-
year-old ewes than in 1- and 2-year-old ewes (P>0.05). The ram courtship index (RCI) value, which is included
as a covariate in the model, did not have a significant effect on the behaviors considered (P>0.05).

Table 4. Mean =+ standard error and P values* of sexual behavior during hand-mating on melatonin implant
days in Tahirova sheep according to group (C, MT) and ewe ages

Behavior, times / ewe

i SNF TSC TR HT T™W

/10 min.

C 2.6+£0.56 5.0+0.64 1.44+0.80 7.6£1.15 36.4+5.14
Group (G) MT 2.940.58 5.7+0.88 0.9+0.31 7.5+¢1.13 41.8£5.27

P 0.7912 0.4912 0.4393 0.8268 0.4328

1 3.4+0.94 7.3+1.43 2.0+£0.61 5.5+1.18 42.1£7.06
Ewe age 2 2.9+0.83 5.4+0.63 2.25+1.73 5.3£1.20 41.849.32
A) 3 2.9+0.98 5.1£1.15 0.5+0.40 9.1£2.05 41.3+6.82

4 2.0+0.56 4.1+0.87 0.3+0.09 9.7£1.65 33.4+5.86

P 0.7564 0.4074 0.2824 0.3301 0.8446
Gx A P 0.2894 0.3938 0.2868 0.6675 0.9968
RCI P 0.3868 0.9919 0.5158 0.3974 0.5935

SNF: Sniffing, TSC: Touching of ram’s scrotum, TR: Turn of ram, HT: Head-turning, TW: Tail wagging; RCI (ram courtship index): Ano-
genital sniffing + foreleg kicks + tongue flicks + vocalizations + lateral approaches. *Square Root (Vy+10) transformation was applied to the
data.

In the hand-mating observations made for 10 min. in Tahirova sheep, ewe sexual interaction rate (ESIR)
differed significantly (P = 0.0045) according to the groups, while other measurements were similar according to
the groups (Table 5). Ewes in the MT group had a higher rate of ESIR than ewes in the control group (P<0.05).
While total sexual interaction frequency (TSIF) and times per sexual interaction (PSI) differed significantly
according to ewe ages, other observations were similar according to ewe ages. While TSIF differed from 3- and
4-year-old ewe with its lower frequency in 2-year-old ewe, a significant difference was observed in PSI between
1- and 4-year-old ewe (P<0.05).

Table 5. Mean + standard error and P values of mating measurements during hand-mating on melatonin
implant days in Tahirova sheep according to group (C, MT) and ewe ages

Behavior, ewe /10 min. BSIR, % ESIR, % TSIF, times PSI, sec. TSIT, min.
Group C 90.24+2.89 30.5+3.15% 12.6+0.70 25.8+1.50 5.3+0.32
MT 87.4+3.10 44.2+3.38Y 13.1+£0.75 27.2+1.61 5.7+0.34
@) P 0.5139 0.0045 0.6123 0.5070 0.3080
1 88.9+4.12 35.3+4.49 11.9+1.00% 30.9+2.14° 6.1+£0.46
Ewe age 2 84.6+4.58 35.844.99 10.8+1.122 28.8+2.37% 5.3+0.51
(A) 3 94.6+4.58 38.344.99 15.0+1.12° 24.0+£2.37% 5.9+0.51
4 87.3+£3.62 40.0+3.94 13.8+0.88" 22.4+1.87¢ 4.8+0.40
P 0.4621 0.8564 0.0374 0.0165 0.1901
GxA P 0.7876 0.1389 0.9823 0.4100 0.4262

BSIR: Bilateral sexual interaction rate, ESIR: Ewe sexual interaction rate, TSIF: Total sexual interaction frequency, PSI: Times per sexual
interaction, TSIT: Total sexual interaction time. The difference between the means shown with different letters within each group (x-y) and
ewe age (a-c) and ewe age in the same column is statistically significant (P<0.05).

While no pregnancy was observed in group C on the 42" day after the implant, pregnancy was observed in 1
ewe in the MT group. On the 63™ day after the implant, an average pregnancy rate of 65.38% and an average
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gestation period of 6.00 days were determined in the C group, and an 88.00% pregnancy rate and an average
gestation period of 10.72 days were determined in the MT group (P<0.05; Data not shown).

4. Discussion

In Tahirova sheep that received a melatonin implant before the breeding season, it was determined that the
melatonin implant significantly increased the MEL hormone concentration on the 63 day (Table 1). At 63 days
post-implant, 172.5+£33.65 ng/L MEL hormone concentration was determined in the MT group, while 139.9+27.67
ng/L MEL hormone concentration was determined in the C group. The MEL hormone level, which decreased to
the lowest levels in the C group on the 42™ day, remained at similar values in the MT group (Figure 2). Group C
started to increase on the 63 day after the introduction of ram on the 36% day. In a study conducted with different
sheep breeds, higher levels of melatonin hormone were determined in the application group than in the control
group in measurements made on the 43" day after the implant (Sasa et al., 2016). Elhadi et al. (2022) determined
that melatonin implants in early lactation Lacaune and Manchega sheep increased the melatonin hormone
concentration in both breeds. In the study in which subcutaneous melatonin injections of 0, 5, and 10 mg/ewe were
applied to Hu sheep during the oestrus period; Melatonin hormone level was reported as 458.69 + 48.40 pg/mL in
ewe administered 5 mg melatonin, 458.09 + 60.60 pg/mL in ewe administered 10 mg, and 393.37 + 51.53 pg/mL
in the control group (Song et al., 2019).

It is known that melatonin, whose daily release increases as the days shorten, stimulates GnRH release in sheep
showing seasonal oestrus (Lincoln and Clarke, 1997; Casao et al., 2008). With the increase in GnRH secretion,
gonads are stimulated, and oestrus develops in animals. In this study, ewes with melatonin implants came into
oestrus in a shorter time and became pregnant earlier than ewes without melatonin implants. This situation seems
to occur in the MT group with the effect of the MEL hormone. It is stated that the MEL hormone is used to reduce
heat in sheep out of season or to an early period and that it also has a positive effect on embryo development
(Tamarkin et al., 1985; Cevik and Yurdaydin, 1998). In the present study, the melatonin hormone, which varies
depending on the age of the ewe, differed from each other in 1- and 2-year-olds and 3- and 4-year-olds, although
it changed from day to day. Carcangiu et al. (2013) determined that the melatonin level, which varies significantly
depending on the age of the ewe, is lower in 3—4-year-old ewes than in 16—18-month-old ewes. Significant
interactions between group and age were observed for MEL concentration at days 63 and 94, respectively (Table
1). The MEL trends of the groups were different on different days (Figure I). The age of the ewe seemed to affect
MEL hormone levels on days 63™ and 94,

While no significant change in the ES hormone was observed in the study in the days after the melatonin
implant, the ES level on the 63™ day was significantly higher than the other days in both groups (Table 2; Figure
3). In Awassi sheep, higher estrogen hormone levels were determined in the melatonin-implanted group than in
the control group (Al-Tai et al., 2021). The estrogen hormone was between 3.50 and 8.42 pg/mL, and the lowest
estrogen level was measured on the 15" day in the measurements made between 0 and 18 days in Akkaraman
sheep (Arsoy and Sagmanligil, 2018). The fact that ES values on the 63 day of the study were determined to be
higher than the other days may be since the ewes' oestrus periods and pregnancy periods occur within this date
range. So, estrogen hormone levels in sheep can reach their highest levels during the oestrus period (Hafez, 1993;
Goodman and Inskeep, 2015).

While Pg concentrations were similar between groups in the study, the MT group had slightly higher Pg
concentrations than group C on the 42" and 63 days (7Table 3). In addition, while the Pg level tended to increase
continuously until the 42™ day, it continued at similar values within the group after today (Figure 4). It can be said
that progesterone concentrations were slightly high in the study in which there was no pregnancy until the 63™ day
(except for 1 pregnant ewe on the 42" day in the MT group). In sheep, it was determined as 0.17 ng/mL during
oestrus, 6.50 ng/mL in dioestrus, 0.04 ng/mL in anoestrus, 7.32 ng/mL in early pregnancy, and 11.34 ng/mL in
mid-term pregnancy (Alagcam, 2007). Uyanik et al. (2009) determined a progesterone level of 2.02 ng/mL before
pregnancy in Morkaraman breed sheep, and they determined a progesterone level between 2.41 ng/mL and 15.92
ng/mL, increasing every week between the 5% and 21% weeks, respectively. In the study, Pg hormone levels were
above 2 ng/mL even on the days when mating had not yet started. This situation suggests the possibility that some
ewes in Tahirova sheep are in an oestrus cycle. It can be said that out-of-season oestrus monitoring and oestrus
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synchronization studies are needed to clarify this situation in the Tahirova sheep genotype obtained by the
crossbred method.

In the present study, Pg hormone levels may have been higher in the MT group because the ewes in the MT
group came into oestrus and became pregnant in a shorter time than the ewes in the C group. Studies have shown
that melatonin implantation can affect pregnancy status when rams are introduced. Therefore, the conception and
oestrus of the animals can affect the levels of progesterone hormone. In the measurements made on the 7% and 20™
day after melatonin implantation (18 mg/ewe), it was found that the progesterone hormone administration group
was higher than the control group in Kivircik sheep (Yilmazer et al., 2018). In Border Leicester x Scottish
Blackface sheep, it was reported that melatonin-implanted sheep had slightly higher progesterone hormone levels
than the control group, and the difference between groups was significant when measured at the 8™ week of
pregnancy (McEvoy et al., 1998). In Rasa Aragonesa sheep, on the 5" and 8% days after the 18 mg melatonin
implant, significantly higher progesterone hormone levels were measured in the treatment group than in the control
group sheep (Abecia et al., 2006).

The frequencies of behaviors were similar between groups in hand-mating observations made for 10 min. in
Tahirova sheep. However, the ewe sexual interaction rate (ESIR) was higher in the MT group than in the C group
(Tables 4, 5). Total sexual interaction frequency (TSIF) and time per sexual interaction (PSI) differed significantly
according to ewe age (Table 5). In the study, it can be said that the melatonin implant causes an increase in
reproductive hormones as well as an increase in the frequency of mating behavior. Studies examining the effects
of exogenous melatonin applications on sexual behavior were examined on rams rather than ewes (Rekik et al.,
2015; Abecia et al., 2018; Kleemann et al., 2021; T6lii et al., 2024). No study has been found examining the effect
of exogenous melatonin application on sexual behavior in females. It can be said that the melatonin implant, which
has been found to contribute positively to the increase in sexual activity in male sheep, also increases sexual
activity in female sheep in a similar way.

5. Conclusions

Ear subcutaneous melatonin implant application, which is applied just before the breeding season and is
expected to increase hormone secretion to higher levels during the breeding season; It significantly increased the
melatonin hormone level in Tahirova sheep, especially within the expected date ranges (for 3-4 months). Melatonin
implant, which causes an increase in reproductive hormones in ewes during mating intervals, also causes sexual
behaviors to occur at a slightly higher frequency and rate during mating. In other words, the melatonin implant
seems to increase sexual activity in ewes. So, ewes in the melatonin treatment group had a significantly higher rate
of sexual interaction than ewes without melatonin implant treatment.

Melatonin implant applied just before the breeding season (June) increased sexual activity and resulted in
oestrus and pregnancy in ewes in the treatment group in a shorter time than in the control group. However, it would
be more useful to test the melatonin implant used to provide off-season oestrus in Tahirova sheep in different
seasons other than the breeding season.
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