S
23) UNIVERSIDAD

=

Serbiluz

Sistema de Servicios Bibliotecarios y
de Informacion

DEL ZULIA

https://doi.org/10.52973/rcfcv-e35598

Biblioteca Digital
Repositorio Académico

Revista Cientifica, FCV-LUZ / Vol. XXXV

Effect of melatonin and melatonin plus progestagen protocols on some
reproductive performance and blood parameters at the beginning of
the breeding season in Hasmer ewes

Efecto de los protocolos de melatonina y melatonina mas progestageno sobre algunos
parametros de rendimiento reproductivo y sanguineos al inicio de la temporada de cria en ovejas
Hasmer

Neffel Kiirsat Akbulut**

, Mesut Kirbas?

, Halil Harman?'>, Halil Yavuz?

1Necmettin Erbakan University, Faculty of Veterinary Medicine, Department of Obstetrics and Gynaecology. Eregli, Konya, Tiirkiye.
2Bahri Dagdas International Agricultural Research Institute. Karatay, Konya, Tiirkiye.
3Necmettin Erbakan University, Faculty of Veterinary Medicine, Department of Biochemistry. Eregli, Konya, Tiirkiye.

*Corresponding author: nkakbulut@gmail.com

ABSTRACT

The aim of this study was to investigate the effect of exogenous
melatonin administered by different methods at the beginning of
the breeding season on estrus onset, fertility, plasma progesterone
and malondialdehyde (MDA) concentrations in Hasmer ewes.
To this end, the ewes were divided into three groups: Group I
(MEL): This group received subcutaneously 18 mg melatonin
implant (Regulin™, Ceva—Turkiye) Group II (MELPRO): This group
received subcutaneously 18 mg of melatonin implant (Regulin™,
Ceva-Turkiye), followed by the intravaginal administration of a
sponge containing 20 mg of flugestone acetate (Choronogest
CR™-France) for a period of 9 day. This was followed by the
intramuscular injection of 250 g of cloprostenol (Senkrodin™-—
Vetas—Turkiye) as soon as the sponge was removed. Group III
designated as the control group (CON), received 1 mL of saline
was administered subcutaneously for placebo effect. Estrus was
detected using teaser rams starting 24 h after the melatonin (Group
MEL), PGF,a (Group MELPRO) and physiological saline (Group CON)
applications twice a day (06:00 and 17:00). Ewes in oestrus were
moved to separate compartments and mated with fertile rams.
Blood samples were collected from the vena jugularis on the day
of treatment initiation, on the day of mating, and on day 17 of
gestation. Pregnancy examinations were performed between 25
and 30 days after mating, and heartbeats were monitored using
a 5-8 MHz linear trans—rectal probe in the groups (DP 50 VET™,
Mindray Ltd. China). There was no statistical difference in the onset
of first oestrus between the groups (P>0.05). A noteworthy finding
was the increase in progesterone concentration on the 17t day of
pregnancy in the group treated with melatonin alone, compared
to other groups, at the beginning of the breeding season (P<0.05).
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RESUMEN

En este estudio se investigaron los efectos de la melatonina exdgena
administrada por diferentes métodos al inicio de la temporada de
cria sobre el inicio del celo, la fertilidad, los niveles plasmaticos
de progesterona y la concentracion de malondialdehido (MDA)
en ovejas Hasmer. Para este proposito, las ovejas se asignaron a
tres grupos: Grupo I (MEL): Administracién subcutanea de 18 mg
de melatonina (Regulin®, Ceva—Turquia). Grupo II (MELPRO):
Administraciéon subcutanea de 18 mg de melatonina (Regulin®,
Ceva—Turquia) + esponja intravaginal que contiene 20 mg de acetato
de flugestone durante 9 dias (Chronogest CR®, Francia) + al retirar
la esponja, PGF,a intramuscular (250 pg cloprostenol, Senkrodin®—
Vetas—Turquia). Grupo III (CON): Administracién subcutanea de
1 mL de solucién salina fisioldgica para el efecto placebo. El estro
se detectd utilizando carneros marcadores comenzando 24 horas
después de las aplicaciones de melatonina (Grupo MEL), PGF,a
(Grupo MELPRO) y solucion salina fisioldgica al 0,09 % (Grupo
CON) dos veces al dia (06:00 y 17:00). Las ovejas en estro fueron
trasladadas a compartimentos separados y apareadas con carneros
fértiles. Se tomaron muestras de sangre de la vena yugular el dia
de inicio del tratamiento, el dia del apareamiento y el dia 17 de la
gestacion. Los examenes de gestacion se realizaron entre los dias
25y 30 posteriores al apareamiento, y los como signo de viabilidad
embrionaria /primordio cardiaco se monitorearon mediante una
sonda lineal transrectal de 5—-8 MHz en los grupos. No hubo
diferencia estadistica en el inicio del primer estro entre los grupos
(P>0,05). La melatonina aumenta la concentracion de progesterona
el dia 17 de la gestacion en la temporada de cria natural (P<0.05).

Palabras clave: Inicio del estro; malondialdehido; melatonina;
progesterona; parametros reproductivos
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INTRODUCTION

Melatonin is a pivotal regulator of the seasonal modulation
of reproductive activity in numerous mammalian species [1].
Melatonin adversely affects animals that reproduce on seasonally
longer days (d), while it has a affirmative effect on animals that
reproduce on shorter d [2]. This hormone, a naturally occurring
hormone that is synthesized in the pineal gland, has been
shown to affect the hypothalamus, resulting in the secretion of
gonadotropins during the transitional phase in small ruminats [3].
Melatonin has been demonstrated to regulate prolactin synthesis
in lactotrophic cells and follicle—stimulating hormone (FSH) and
luteinizing hormone (LH) synthesis in gonadotropic cells. [4, 5].
Melatonin has also been demonstrated to have a positive effect on
follicular development and ovulation in sheep (Ovis aries) [6, 7].

Melatonin effectively reduces oxidative stress induced by various
toxins by penetrating all intracellular structures to protect the cell
membrane, organelles and nucleus [2]. Reactive oxygen species
(ROS) are generated in follicles during the ovulation process, and
thus oxidative stress can lead to poor oocyte quality. Melatonin
reduces oxidative damage by increasing intrafollicular melatonin
concentrations, improves oocyte quality and increases pregnancy
rates [8]. The luteotropic effect of exogenous melatonin has a
beneficial effect on the viability of the embryo [9]. Moreover, it
was established that the number of blastocysts/cells, which is
pivotal in the development of the embryo, exhibited an increase
in melatonin—containing maturation environments. This increase
in the number of blastocysts/cells has been shown to result in
enhanced mitosis and improved embryo implantation [10].

The administration of physiological doses of melatonin has been
demonstrated to induce the suppression of cortisol formation
via the ACTH axis [11]. Cortisol elevates estrogen levels while
reducing progesterone levels. Additionally, it increases oxytocin,
which enhances myometrial contractions [12, 13], potentially
impairing embryo implantation. In women, high cortisol levels
can cause failed embryo implantation in in vitro fertilisation
(IVF) and embryo transfer (ET) [14]. It has been documented
that the administration of melatonin during d 7-12 of the oestrus
cycle results in a substantial elevation of blood progesterone
concentration in ewes [15, 16]. It is imperative to note that low
cortisol and high progesterone concentrations are of significant
importance for the successful implantation and viability of the
embryo. Melatonin applications in ewes (Ovis aries) are generally
carried out during the anoestrus and transition periods [17]. This
study hypothesises that exogenous melatonin administration may
improve embryo quality due to its antioxidant effect and protect
pregnancy by increasing progesterone levels at the beginning of
the breeding season. To investigate this, the effects of exogenous
melatonin administered with different protocols at the beginning
of the breeding season on onset of oestrus, fertility, plasma
progesterone and malondialdehyde (MDA) concentrations were
studied in ewes (Ovis aries).

MATERIALS AND METHODS

Animals

This study was carried out on 2—4 years old healthy Hasmer ewes
(n=75) in Konya Bahri Dagdas International Agricultural Research
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Institute. This areais located 37°51’26”N | 32°33’17”E and 1007 m
higher from the sea level. The rations were arranged in accordance
with the NRC (National Research Council) 2007 criteria, and alfalfa
(200 g) and vetch straw (300 g), corn silage (1000 g), wheat and
barley stalks (200 g) were added to concentrate feeds (500 g).

Protocols

The research was carried out during the beginning of the breeding
season and 75 ewes were divided equally into three groups; Group
I (MEL): This group received subcutaneously 18 mg melatonin
implant (Regulin™, Ceva—Turkiye) Group II (MELPRO): This group
received subcutaneously 18 mg of melatonin implant (Regulin™,
Ceva-Turkiye), followed by the intravaginal administration of a
sponge containing 20 mg of flugestone acetate (Choronogest CR™-
France) for a period of 9 d. This was followed by the intramuscular
injection of 250 pg of cloprostenol (Senkrodin™-Vetas—Turkiye)
as soon as the sponge was removed. Group III designated as
the control group (CON), received 1 mL of isosmotic saline was
administered subcutaneously for placebo effect.

Estrus detection

Estrus was detected using teaser rams starting 24 h after the
melatonin (Group MEL), PGF,a (Group MELPRO) and physiological
saline (Group CON) applications twice a d (06:00 and 17:00). Ewes
in oestrus were moved to separate compartments and mated
with fertile rams.

Blood samples

Blood samples were collected from the vena jugularis on the first d
of treatment, the d of mating, and the 17t d of pregnancy from ewes
in each group for the purpose of progesterone and malondialdehyde
(MDA) analysis. The samples were then subjected to centrifugation
at 2000 g for 10 min (EBA 20, Andreas Hettich™ GmbH & Co.
KG, Germany). The plasmas were stored (Bosch Deep Freeze,
Germany) at -20°C until the d of analysis. The determination of
plasma progesterone concentrations was conducted in accordance
with the CLIA (chemiluminescent enzyme immunoassay) method,
employing commercial kits (Artitect i1000 SR Abbott ™ U.S.)
[18]. Progesterone concentrations of only pregnant ewes were
evaluated. The intra — and inter—assay coefficients of variation (CV)
for progesterone were 3.0% and 4.5%, respectively. The assay
sensitivity was determined to be 0.05 ng-mL™.

Buege and Aust [19] established a spectrophotometric method
to quantify MDA levels in serum. This method (Shimadzu UV 1700
™ Japan) is based on the principle that MDA, a byproduct of lipid
peroxidation, reacts with thiobarbituric acid (TBA) in an acid medium
to form a pink—colored complex. The absorbance of the complex is
subsequently measured spectrophotometrically at a wavelength of
536 nm, allowing for the assessment of lipid peroxidation levels. To
prepare the stock solution, a 1:1:1 mixture of TBA (0.375% m/v),
hydrochloric acid (0.25 N), and trichloroacetic acid (15% w/v) was
used. Centrifuge tubes containing whole serum samples were then
supplemented with 0.5 mL of this stock solution (totaling 2000 uL)
and 10 pL of butylated hydroxytoluene. All tubes were thoroughly
mixed using a vortex (M 16, Elektromag™, Turkiye). Subsequently,
the tubes were incubated in a hot water bath at 95°C for 25 min.
Following incubation, the tubes were rapidly cooled in an ice bath(M
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48, Elektromag, Turkiye). They were then centrifuged (M 4800MR,
Elektromag, Turkiye) at 7000 g for 5 min at 4°C. The supernatant
obtained after centrifugation was carefully collected into separate
test tubes for further analysis. The absorbance of the samples at
536 nm was measured using a spectrophotometer (Shimadzu UV
1700™, Japan). The extinction coefficient of the TBA-MDA complex
at this wavelength (e = 1.56 x 10° cm™-M?) was utilized to calculate
the serum MDA concentration, which was expressed in mol-L™.

Pregnancy diagnosis

Pregnancy examinations were conducted between 25 and 30 d
post—mating, and fetal heartbeats were monitored using a 5-8 MHz
linear (Mindray Ltd., China) trans—rectal probe. Ultrasound imaging
was performed using the DP-50 VET device (Mindray Ltd., China).

Reproductive parameters

As reproductive parameters, time of first oestrus (sum of the d
of oestrus in ewes/ the number of ewes showing estrus), estrous
rate (the number of ewes showing estrus/the total number of ewes
x 100), pregnancy rate (the number of pregnant ewes/the number
of ewes mated x 100), single lambing rates (the number of ewes
lambing singles/ the total number of ewes lambing x 100) multiple
lambing rates (the number of ewes lambing twins or triplets/the
total number of ewes lambing x 100), litter size (the total number
of lambs/the total number of ewes lambing) were calculated [20].

Statistical analysis

The differences between groups in the average time to first
estrus were analysed using the Kaplan—Meier test. Chi-square
analysis was applied to compare groups in terms of estrous rate,
pregnancy rate, single and multiple lambing rates, and litter size.
Variations in progesterone and malondialdehyde concentrations
were assessed using a one—way ANOVA test. The statistical
analyses were performed using SPSS version 23 [21].

RESULTS AND DISCUSSION

The oestrous response, average time to first estrus, pregnancy
rate, single lambing rate, multiple lambing rate, litter size, are
given in TABLE I.

TABLE I
Reproductive parameters of ewes in melatonin only (MEL), melatonin +
intavaginal progesterone + PGF (MELPRO) and control (CON) groups

Variable Groups
MEL MELPRO CON

n 25 25 25
Oestrous response (%) 96 (24/25) 92 (23/25) 96 (24/25)
Time to first oestrus (d) 15.21+1.41 8.95+2.16 13.87+1.49
Pregnancy rate (%) 96 (24/25) 92 (23/25) 88 (22/25)
Single lambing rate (%) 62.5(15/24) 52(12/23) 72 (16/22)
Multiple lambing rate (%) 37.5(9/24) 48 (11/23) 28 (6/22)
Litter size 1.38(33/24) 1.48 (34/23) 1.27 (28/22)

When reproductive parameters were evaluated, the differences between the groups
were not significant (P>0.05)

Despite the absence of statistically significant differences
between the initial d of oestrus in the groups (P>0.05), it was
observed that ewes in the MELPRO group exhibited oestrus in a
shorter time frame. In this group, intravaginal sponges containing
a combination of progesterone and melatonin were utilised, with
PGF.a being injected for luteolytic effects on the d the sponges
were removed. Approximately 60% of the ewes in this group
exhibited oestrus at the conclusion of the second d. In the control
group (CON), oestrus manifested one d after the commencement
of the study and concluded on the 36" d. In the MEL group, the
initial estrus was observed 12 d after the administration and the
estrus terminated on the 46" d (FIG. 1).

Groups
Q'MEL
Q' MELPRO
Q'CoN

sheep in estrus
L 2
‘;'.—. "

SBELZEZic: BESS S8 :t8 88 L:55808
8°8888333888z888888888888888888
Estrus time (day)

FIGURE 1. Days of oestrus of ewes in melatonin only (MEL), melatonin + intavaginal
progesterone + PGF.a (MELPRO) and control (CON) groups

Zarazaga et al. [22] reported that the administration of exogenous
melatonin via subcutaneous injection resulted in a temporary delay
in estrous activity in goats during the natural breeding season. In
their study, Kusakari and Osaha [23] reported that the physiological
condition of ewes in the early postpartum period caused a delay
in reproductive response to melatonin administration in Suffok
ewes. However, the suppression of gonadal function by lactation
could be overcome by melatonin treatment. In this study, the
observation that melatonin administration alone induced a delay
in estrous activity is hypothesized to be attributable to melatonin’s
modulation of ovarian activity [22].

There was no difference between the groups in terms of the
rate of pregnancy, multiple lambing and litter size. (TABLE I).
Melatonin administration has been reported to increase both
implantation and litter size ratios in some studies in mice and ewes
[24, 25, 26]. Leyva—Corona et al. [27] reported that exogenous
melatonin administration increased pregnancy rates in ewes in the
anestrous season in northwest Mexico. Abd—Allah and Daghash
[28] reported that exogenous melatonin is a useful application for
improving reproductive performance in Ossimi ewes. The absence
of statistical significance in reproductive parameters observed in
the present study may be attributable to the timing of the ewes
inclusion during the early stages of the breeding season.

In this study, progesterone concentrations at the beginning of

treatment, the d of mating, and d 17 of pregnancy are presented
in TABLE II.
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TABLE IT
Plasma progesterone and malondialdehyde (MDA) concentration

of ewes in melatonin only (MEL), melatonin + intavaginal
progesterone + PGF (MELPRO) and control (CON) groups

Progesterone MDA
Groups  (ngmL)+SD P (umolL)xsD P
MEL 0.45+0.26° 1.32£0.34°
start day of MELPRO  0.47£033° NS  1.28+0.10° NS
treatment
CON 0.44+0.27° 1.33£0.21°
MEL 0.13+0.06° 1.19+0.26°
Mating day MELPRO  0.19+0.10° NS  1.37£0.23* NS
CON 0.17+0.122 1.53£0.70°
MEL 4.67+1.06° 1.28+0.23°
th
17 day of MELPRO  4.00£1.00® 0.03* 1.35:028 NS
pregnancy

CON 3.51+£0.40° 1.37+0.29°

*: Means with different subscripts within a column differ at P<0.05 level. NS: not
significant, SD: standard deviation

Although progesterone concentrations were observed to be
higher in the melatonin—treated groups, the difference between
the progesterone concentrations of the MEL and CON groups was
statistically significant on d 17 of pregnancy (P<0.05) (FIG. 2).

0 T T T
S.D. M.D. 7P

—&— MEL—®— MEL PRO—A— CON

FIGURE 2. Plasma progesterone concentrations in melatonin only (MEL), melatonin
+intavaginal progesterone + PGF.a(MELPRO) and control (CON) groups. S.D.: Start
day of treatment, M.D.: Mating day, 17 P: 17" day of pregnancy

There are many studies in humans and animals showing that
melatonin causes an increase in progesterone concentrations [16,
29]. Taketani et al. [30] found that progesterone production was
inhibited by hydrogen peroxide (H,0,) and melatonin smooth down
the inhibitory effect of H,0,. Ma et al. [31] reported that melatonin
stimulated progesterone secretion from theca cells in vitro in ewes.
Some studies have reported that melatonin causes an increase
in progesterone with its luteotropic effect and a positive effect
on the preservation of pregnancy [15, 32]. In this study, higher
progesterone concentrations in the MEL group had a numerical
effect on the litter size but no statistical difference was observed.
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MDA values obtained in this study are given in TABLE II. Although
the differences in MDA values between the groups were statistically
insignificant (P>0.05), MDA values in the melatonin—treated groups
were found to be lower than in the control group (FIG. 3).

16+
154
144

1.3 4

MDA (umol-L?)

1.2 4

114

1.0 T T T
S.D. M.D. 7P

—&—MEL—®— MEL PRO —4— CON

FIGURE 3. Plasma MDA values in melatonin only (MEL), melatonin + intavaginal
progesterone + PGF.x (MELPRO) and control (CON) groups. S.D.: Start day of
treatment, M.D.: Mating day, 17 P: 17t day of pregnancy

Melatonin is a indirect antioxidant, and it detoxifies a large number
of free radicals such as peroxynitrous acid [33] and nitric oxide [34].
Thus melatonin may reduce MDA concentrations by detoxifying
these radicals [34]. El-Sawi et al. [35] found that melatonin did
not cause a significant change in brain, kidney and liver MDA levels
in male rats. Pertsov et al. [36] reported that melatonin caused a
significant decrease in blood MDA levels in rats under stress. During
the ovulation process, reactive oxygen species (ROS) are produced
in the follicle [37]. Oxidative stimulation plays a critical role in oocyte
maturation and follicle wall rupture; however, excessive production
of reactive oxygen species (ROS) can compromise oocyte quality.
The administration of exogenous melatonin enhances intrafollicular
melatonin levels, mitigates oxidative damage, and potentially
improves fertilization and pregnancy rates [8].

CONCLUSION

The administration of melatonin with or without progesterone did
not statistically affect the time to estrus, pregnancy rate, multiple
lambing rate, and litter size. Although progesterone concentration
increased on the d of 17 pregnancy in the MEL group compared to
the control group, there was no statistical difference in pregnancy
rates and litter size, only a numerical increase was found.
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