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Abstract: The elevated environment temperature in summer plays adverse effects on bovine
fertility. Antioxidant treatment may have positive impact to enhance oocyte competence could be
possible strategy for alleviating the summer effects on bovine fertility. The present study was aimed
to investigate the effects of exogenous melatonin treatment on oocyte development competence,
blastocyst development rate, activity of antioxidant enzymes, expression profiles of development
related genes and pregnancy rates in cattle during summer. The experiment was conducted in 44
non-lactating indigenous Sahiwal cattle divided into control and treatment group. Treatment group
received (day 0) inj. Melatonin @ 18mg/50kg body weight while control group received inj. Corn oil,
4ml i.m. On day 4, all the cows were subjected to ovum pickup (OPU) to aspirate oocytes for in-vitro
embryo production. Blood samples were used to determine lipid peroxidation (MDA) and
antioxidant enzymes concentration (SOD, GSH), and also for plasma hormonal concentration
analysis. The results revealed that blastocyst development rate (%) was higher in treatment group
(p<0.05). Treatment group had increased (p<0.05) antioxidant enzymes (SOD and GSH), plasma
melatonin and estradiol concentrations, and decreased (p<0.05) MDA concentrations than controls.
The mRNA expression level of SOD2, HSPB1, BCL2, MT2 and STAR in oocytes, cumulus cells, COCs
(immature and mature) and blastocyst were found to be higher, however, BAX was downregulated
in melatonin-treated than control group. In conclusion, the results suggesting probable beneficial
role of exogenous melatonin administration in reducing heat stress and enhancing blastocyst
developmental competence in indigenous cattle.

Keywords: blastocyst development; donor cow; melatonin; oocyte competence; Sahiwal cattle;
summer

1. Introduction

In southern Asian countries, summer has negative impact on bovine fertility. Heat stress during
summer activating hypothalamus-pituitary-adrenocortical axis [1], which triggers the release of
glucocorticoids from pituitary gland that indirectly inhibits the production and release of LH and
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FSH [2]. The infertility issues lead to culling of approximately 18-40% cattle and buffaloes [3]. Heat
stress significantly contributes in raising oxidative stress results in increased accumulation of reactive
oxygen species (ROS) that has a detrimental impact on the viability of oocytes, embryos and IVF
results [4-6]. Balanced quantity of reactive oxygen species plays important role in normal
reproductive functions such as follicular growth, oocyte maturation, ovulation, fertilization,
implantation and embryonic development [7,8]. Rise of ROS during early pregnancy inhibits
production of progesterone from corpus luteal cells leading to luteal regression [9], and imbalance
between ROS- antioxidant system also induced ovarian cell apoptosis which in turn damage oocytes
and granulosa cells, and could possibly lead to declined oocyte quality [10]. A recent in-vitro study
conducted on dairy cows reported that heat exposure impaired the developmental competence of
oocytes through GSH depletion, which can lead to low fertility during summer and further its
carryover effects remain upto autumn season [11]. The consequent outcomes of this leads to decline
in cleavage rate, embryo maturation and proportion of blastocyst coming from oocytes that were
formerly exposed to heat stress [12]. Moreover, others have reported that heat stress effect the quality
of oocytes [13] and embryo by altering the oocytes RNA, preformed related proteins as heat shock
proteins and influencing other components including antioxidants that compromising the
subsequent stages of oocytes and embryonic development [14-17].

The transferable quality of blastocysts has greater heat resistance so, embryo transfer has been
used to increase pregnancy rates throughout all summer season rather than artificial insemination
[18]. Antioxidants can be administered to shield the ovarian pool of oocytes from heat stress, hence
mitigating the negative effects of thermal stress on the ovarian oocyte pool [19]. Studies have
indicated that the melatonin with CIDR treated anestrus buffalo heifers [20] and lactating buffaloes
[21] had greater conception rates than their untreated counterparts.

In-vitro embryo production (IVEP) procedural conditions are itself stressful for the oocyte and
embryo. The cellular and molecular mechanism of heat stress affecting the oocyte and embryo quality
is not fully explored. Nevertheless, in-vitro culture conditions under heat stress damages cell
membrane and, DNA of oocytes and embryos due to generation of ROS led oxidative stress resulting
in apoptosis [22-24]. Thus, it is crucial to provide protection to oocytes against oxidative stress during
in-vitro maturation (IVM) and/or in-vitro culture (IVC), either through the addition of antioxidant
chemicals exogenously or through medium supplementation. Earlier studies [23,25,26] have
examined different free radical scavengers such as glutathione, cysteine and superoxide dismutase
(50D) in in-vivo and in-vitro embryo production. However, melatonin, a hormone that is secreted by
the pineal gland [27] possesses direct free radical scavenging properties and has a potency larger than
that of other antioxidants such vitamin C and E, glutathione, SOD, and cysteine. Additionally, the
metabolic products of melatonin formed during scavenging free radicals also exert a powerful
antioxidant effect similar to melatonin [28]. Melatonin stimulates the mRNA expression of
antioxidant enzymes, including glutathione peroxidase (GPx) and SOD, via means of the melatonin
receptors (MT1 and MT2) located in the membrane [29]. The ROS detoxification leads to reduction in
the oxidative damage to ovarian cells [30]. Melatonin enhances the survival rate of the corpus luteum
and embryos, hence raising the fertility and fecundity of sheep [31]. Adding melatonin to the embryo
culture medium during in-vitro embryo development has been shown to have positive effects in a
variety of species, including cattle, pigs and buffalo [32-34]. Further study revealed that at the time
approaching ovulation, intra-follicular fluid melatonin levels and corresponding increase in the MT1
receptor expression is observed in the granulosa cells [35]. Most of the studies used melatonin
treatment in in-vitro maturation media of COCs and reported enhanced bovine oocyte competence
and embryo development in buffalo [34,36], cattle [37,38] and goat [39,40]. The exogenous melatonin
treatment in pig had beneficial effect on nuclear and cytoplasmic maturation during IVM [41].
Another in-vitro study in bovine reported increased fertilization and embryonic development rate
following supplementation of melatonin in sperm-preparation protocol [38]. Most of the in-vivo
studies have been conducted in animals to induce the cyclic activity through melatonin
administration that has seasonal reproductive activity e.g. sheep [42] and deer [43]. Recently,
melatonin treatment in super-stimulated heat stress Thai Holstein crossbred cattle had beneficial
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effect on ovarian response and embryo quality [44]. Indigenous breeds of cattle are more heat
resistant than exotic/crossbred cattle in India. Nevertheless, the reproductive activity and pregnancy
rates compromised in summer due to heat stress. However, no study has so far been conducted to
explore the role of exogenous melatonin treatment during summer on oocyte and embryo
development competence, and antioxidant activity in non-lactating indigenous cows. Thus, the
present study was designed with the objectives: (1) to study the effect of melatonin administration
on oocyte developmental competence in indigenous cattle during summer; (2) to determine
antioxidant enzyme profiles in normal and melatonin-treated cattle during summer; (3) to explore
the effect of exogenous melatonin treatment on gene expression profile of oocyte and blastocyst in
cattle during summer.

2. Materials and Methods

2.1. Animals and Management

The present experiment was carried out on 44 non-lactating indigenous cattle (Sahiwal breed of
cow) maintained at Cattle farm, LUVAS, Hisar, Haryana, India (Latitude 29°10°N, 75°46’E) during
summer months from May to July 2023. The day time temperature ranged between 40 and 48°C. All
cows were kept in loose housing system, fed on balanced diet with proportionate roughages and
concentrates with ad libitum water.

The research proposal was approved by the Institutional Animal Ethics Committee with the
registration number IAEC/LUVAS/28/01.

2.2. Experimental Design

Cows were randomly allocated into 2 groups:

1. Treatment group (n = 25)
Control group (n=19)

Cows allocated to group 1 (Treatment) were treated with inj. Melatonin @ 18mg/50kg body
weight i.m. The day of treatment was considered as day 0. The group 2 (control) cows received in;.
Corn oil (without melatonin) 4ml i.m. Melatonin solution was prepared by dissolving the powdered
melatonin (Sisco Research Laboratories Pvt. Ltd.) in 4 ml corn oil (used as vehicle). Corn oil was
purchased from Sigma Life Science. On day 4 post-treatment, all the cows were subjected to ovum
pickup (OPU) for oocytes aspiration. On same day, cows were observed for estrus signs (like presence
of copious vaginal discharge, hyperaemia of vulvar mucosa, vulvar edema and tonicity of uterine
horns etc.).

2.3. Blood Sample Collection for Hormone and Antioxidant Marker Analyses

Eight ml blood samples were collected on day 0 and 4 from jugular vein in each vacutainer tubes
containing heparin and EDTA anticoagulants, and immediately placed on ice. The plasma was
separated from heparin containing vacutainer blood vial by centrifugation at 3000 rpm for 10min,
and immediately stored at -80°C until hormone (Melatonin, Estradiol and Progesterone) estimation.

2.3.1. Hormone Assay

Plasma melatonin was estimated using a commercially available Bovine Melatonin ELISA Kit
(BT Lab). Sensitivity of the assay was 2.39pg/ml. The intra-assay and inter-assay coefficient of
variation was <8% and <10%, respectively. Plasma estradiol was estimated using a commercially
available Estradiol ELISA Kit (BT Lab). Sensitivity of the assay was 7.54pg/ml. The intra-assay and
inter-assay coefficient of variation was <10% and <12%, respectively. Plasma progesterone (ng/ml)
was estimated using a commercially available Bovine Progesterone ELISA Kit (BT Lab). Sensitivity
of the assay was 0.22ng/ml. The intra-assay and inter-assay coefficient of variation was <8% and <10%,
respectively.
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2.3.2. Antioxidant Marker

Haemolysate was prepared from EDTA containing vacutainer blood vial. Blood samples were
initially centrifuged at 3000 rpm for 10 min, then plasma and buffy coat was separated. Erythrocytes
were then washed thrice with chilled NSS (0.15M NaCl) and centrifuged at 2000 rpm for 10 min. After
three washings, chilled distilled water was slowly added with constant stirring to erythrocytes pellet
[45], and prepared haemolysate aliquots were immediately stored at -80°C until analysis for the
oxidative stress markers (Malondialdehyde, MDA; Superoxide dismutase, SOD; Glutathione, GSH).
Malondialdehyde (MDA) an index of lipid peroxidation was measured in haemolysate samples
following the method described by Ohkawa et al. [46]. Activity of antioxidant enzyme Superoxide
dismutase (SOD) was determined following the instructions as described by Madesh and
Balsubramanian [47]. Activity of antioxidant enzyme Glutathione (GSH) was determined following
the procedure as described by Beutler [48].

2.4. Animal Handling and Ovum Pickup (OPU) Procedure

Donor cows were restrained in a trevis with adjustable sides in order to minimize animal
movement during trans-vaginal and rectal examination. To prevent straining, epidural anaesthesia
was administered (4ml, 2% Lignocaine hydrochloride). B-mode ultrasound machine (Mindray DP50
vet scan) equipped with transvaginal probe assembled with aspiration needle (18G) system and tubing
attached to the vacuum pump (WTA, Brazil) was used for the follicles aspiration through OPU. The
suction pressure of vacuum pump was adjusted to 75mm Hg. The OPU assembly was inserted
transvaginally; ovary was fixed over firing point of probe and observed for follicles. After that, the
aspiration needle was inserted into OPU assembly and follicles were aspirated by multiple piercing.
Each time, position of ovary was rotated to make new follicles in firing range of probe. In between the
aspirations, the needle was flushed with customized commercial Oocyte collection medium of Himedia
(DPBS, pH 7.4 (1x), glucose, CaCl;, MgClz, Gentamicin (50mg/ml) and phenol red). Anticoagulant
heparin was added at dose rate of 5IU/ml in 50ml of commercial Oocyte collection medium (DPBS,
Himedia) to prevent clot formation and tubal blockage. After follicular aspiration from both ovaries,
the contents filtered slowly through Oocyte collection filter (pore size 75u; WTA, Brazil) and washed 4-
5 times. Supernatant was poured in a graduated 100mm petri dish and filter was washed with fresh
Oocyte collection medium at pressure to bring out all the stuck cumulus oocyte complexes (COCs).
COCs were searched using Zoom stereo microscope and graded based on compactness, number of
layers of cumulus cells and homogeneity of cytoplasm as per IETS [49] (Table 1, Figure 1). The graded
oocytes of A, B and C were then subjected for further in-vitro maturation (IVM), in-vitro fertilization
(IVF) and in-vitro culture (IVC) as per standard procedure of Genus Breeding India Pvt. Ltd. (ABS)
company.

Table 1. Grading of COCs.

Oocyte grade  Criteria

Grade A COCs having more than 3 complete and compact layers of cumulus cells covering
the surface of the zona pellucida (ZP). The ooplasm was dense and have even
granulation.

Grade B COCs having more than or equal to 3 but incomplete and compact layers of

cumulus cells covering the surface of the zona pellucida (ZP). The ooplasm was
dense and have even granulation. Grade A oocytes with speckled ooplasm were
downgraded to grade B.

Grade C COCs having 1 or 2 compact cumulus cells layers covering the surface of the ZP
and the ooplasm is dense with even granulation. Grade B oocytes with speckled
ooplasm are downgraded to grade C.

Grade D COCs having incomplete 1 layer of cumulus cells covering the surface of the ZP
and the ooplasm is dense with uneven granulation. Grade C oocytes with
speckled ooplasm are downgraded to grade D.
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Grade E COCs having expanded cumulus cell layers, often with an agglutinated
appearance. If the ooplasm is retracted, the oocytes were considered degenerated.

Degenerated =~ COCs consist of oocytes with retracted or noticeably light and/or speckled
ooplasm, fused cumulus cells or cracked and/or empty ZP.

Figure 1. Different grades of Cumulus-oocyte-complex (COCs; A to E).

2.5. In-Vitro Maturation (IVM) of COCs

Two drops each of 100ul wash medium (ABS GLOBAL INC, USA) and one drop of 100pul IVM
media (ABS, USA) were prepared and kept in 35mm petri plate. The collected and graded COCs of
grade A, B and C collectively were sequentially washed. Finally, transferred a group of 20 washed
COCs in 400ul IVM medium drops (laid over with mineral oil) in 4-well plate (Nunc, 176740), which
was already incubated in 5% CO:z incubator overnight, with environment of 38.5°C and 5% CO:2 prior
to OPU procedure. These plates were then placed into CO: incubator at 38.5°C for 20-24 hrs for in-
vitro maturation.

2.6. In-Vitro Fertilization (IVF)

Preparation of IVF Medium:

Commercial IVF media of ABS, USA = Iml

PHE (D-penicillamine, hypotaurine and epinephrine) =  44pul/ml
Heparin = 11ul/ml
Commercial antibiotic solution of ABS = 10ul/ml

(Mixed properly and filtered prior to use)

IVF drops (25ul) prepared in 4-well plate overlaid by mineral oil was placed overnight in CO:
incubator at 37°C prior to IVF procedure. On the day of IVF, 2 drops of TALP medium (ABS, USA)
100ul each and 1 drop of 100ul of IVF medium (prepared as described above) was kept in a 100mm
petri plate. The matured COCs were taken out from CO: incubator and washed by sequentially
transfer through these drops and finally transferred into 4-well plate containing IVF media.

Preparation of Semen for IVF

Sexed semen of Sahiwal cattle bull was procured from the Genus Breeding India Pvt. Ltd. for
the use in present study.

d0i:10.20944/preprints202408.0758.v1
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Preparation of percoll medium:

Percoll down = 350pl of 90% percoll medium (ABS, USA) + 50ul of TALP medium.

Percoll up = 100ul of 90% percoll medium + 300ul of TALP medium.

One-hour equilibration of percoll medium was done prior to use. Laid the percoll up medium
over the percoll down medium by adding through the side wall after cutting the semen straw, laid
the semen sample over the percoll up medium and then centrifuged it at 10000 rpm for 5 minutes.
Sperm pellet was collected from bottom and mixed it with IVF medium and again centrifuged it at
4000 rpm for 3 minutes. Retained approximately 40ul of IVF media and discarded the rest of
supernatant. After properly mixed 4-5ul of washed semen was transferred into each IVF drop
containing matured COCs and incubated it at 38.5°C for 16-18hrs in 5% CO2 incubator.

2.7. In-Vitro Culture (IVC)

Three drops of 100ul were prepared for washing of fertilized COCs:

Drop 1=100ul of TALP medium

Drop 2 =50ul of TALP medium + 50pl of IVC medium (ABS, USA)

Drop 3 =100pl of IVC medium

The fertilized COCs were removed from IVF drops and washed thrice. Meanwhile, vigorous
pipetting was done to remove cumulus cells from potential zygotes. These denuded potential zygotes
were then transferred into IVC drops and incubated into tri-gas incubator (5% CO2, 5% O2 and 90%
N2) at 38.5°C for 7 days. After 72hrs of culture, half of IVC medium was replaced (i.e 50ul/drop) with
fresh 27 feeding medium (ABS, USA) and presumed zygotes were checked for onset of cleavage.
Structures were considered cleaved when the cellular division with at least 2-4 cells was present.
Unfertilized oocytes were removed and rest were retained for further incubation. On 7t day of IVC,
embryos were evaluated and graded accordingly (Table 2). Embryos were graded regarding the
number of physical characteristics including shape, colour and density of cytoplasm or inner cell
mass, number and compactness of cells, area of perivitelline space, number of extruded or
degenerated cells and size of cytoplasmic vacuoles. Good quality blastocysts were transferred into
the recipient animals.

Developmental Stages of Embryos

Stage 1: Unfertilized oocyte/ single cell embryo
Stage 2: 2 cells to 16 cells embryo

Stage 3: Early Morula

Stage 4: Morula

Stage 5: Early Blastocyst

Stage 6: Blastocyst

Stage 7: Expanded/ Late Blastocyst

Stage 8: Hatched Blastocyst

Stage 9: Expanded Hatched Blastocyst

2.8. Fresh Embryo Transfers in Recipient Animals

Embryos of grade 6, 7 and 8 from control and treatment groups were selected as transferable
quality of blastocyst. The embryos of grade 7 were transferred into recipient animals (control, n=13;
treatment, n=10) at cattle farm, LUVAS, Hisar (Haryana) India to check the pregnancy rate. Recipients
were examined for the presence of CL on ovary one day before the embryo transfer. Embryos were
loaded into straw of 0.25ml volume in laboratory and maintained at 37°C. Thereafter, straw was
loaded into embryo transfer gun, covered with sheath, and deposited into uterine horn as anteriorly
as possible ipsilateral to CL under epidural anaesthesia.
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2.9. Assessment of Cleavage Rate

On day 3 of IVC, cleavage rate of the early zygotes characterized by presence of cell division
were recorded.

Cleavage rate (%) = (number of presumptive zygotes with cell division/total number of
presumptive zygotes in IVC) X 100.

2.10. Assessment of Blastocyst Development Rate

On day 7 of IVC, blastocyst development rate was noted, and embryos were graded as per
criteria laid by IETS [49].

Blastocyst development rate (%) = (number of good quality blastocyst/total number of
presumptive zygotes in IVC) X 100.

Table 2. Morphological quality of embryos.

Code Quality Characteristics
v' Symmetrical and spherical embryo mass with individual
blastomeres (cells) that are uniform in size, colour, and density
85% of the cellular material should be intact
Viable embryonic mass
v" Moderate irregularities in overall shape of the embryonic mass or
in size, colour and density of individual cells

1 Excellent/ Good

ANERN

2 Fair v 50% of the cellular material should be intact

v Viable embryonic mass

v' Major irregularities in shape of the embryonic mass or in size,
3 Poor colour, and density of individual cells

v’ 25% of the cellular material should be intact
v’ Viable embryonic mass

v" Degenerating embryos
v
v

4 Dead/ Degenerating 1-cell embryo

Non-viable embryonic cell mass

2.11. Gene Expression Analysis of Cattle Oocytes, Cumulus Cells, Immature as Well as Mature COCs, and
Blastocyst of Both Melatonin-Treated and Control Group

2.11.1. Extraction of RNA

To study the relative genes expression in oocytes, cumulus cells, immature as well as mature
COCs, and blastocyst (on day 7 of IVC) of both melatonin-treated and control group were collected
separately and, washed sequentially in DPBS and finally transferred in 1.5ml DNase and RNase free
Eppendorf tubes. RNA was extracted from each sample as per manufacturer’s protocol (Qiagen
Rneasy mini kit). The collected RNA elute was stored at -80°C until use.

2.11.2. Preparation of cDNA

The cDNA was prepared from extracted RNA of each sample (oocytes, cumulus cells, immature
as well as mature COCs, and blastocyst) following the manufacturer’s protocol (Thermo-Scientific
Revert Aid First Strand cDNA synthesis kit). At the end of the procedure, termination of reaction was
done by heating at 70°C for 5 min and stored the product at -80°C till further use.

2.11.3. Expression Analysis of STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2 and GAPDH
(Endogenous Control) Gene Transcript by RT-qPCR

Relative quantification of STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2 and GAPDH
transcript was carried out following the MIQE guidelines [50] for oocytes, cumulus cells, immature
as well as mature COCs, and blastocyst of both control and treatment groups using PowerUp™

d0i:10.20944/preprints202408.0758.v1
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SYBR™ Green master mix (Applied Biosystems) in CEX Opus 96 Real-Time PCR System (BioRad)
following manufacturer’s recommendations and oligonucleotide primers (Table 3). In brief, the
reaction mixture contained 8ul PowerUp™ SYBR™ Green master mix, 1ul (100pmol/pl) of each
forward and reverse primer, 8ul NFW and 2ul template in 20ul final reaction volume. Melting curve
analysis was performed for each sample to verify the specificity of each product which consisted of
initial denaturation at 95°C for 3min followed by 40 cycles of denaturation at 95°C for 10sec, annealing
at 52°C for 45sec and elongation at 64°C for 40sec. The fluorescent data acquisition was continuous
from annealing to the final denaturation step. The samples were run in triplicate. No enzyme control
and non-template control (NTC) were simultaneously run. Normalization of gene was obtained
against bovine GAPDH as a housekeeping gene using the comparative threshold cycle (Cr) method
assuming 100% efficiency for each gene. The relative expression of STAR, ADAMTS, HSPB1, BCL2,
MT2, BAX and SOD2 mRNA transcript was determined by using 2-44Cr [51].

Table 3. List of primers used in the study.

Gene Primer References

GAPDH F GGCGTGAACCACGAGAAGTATAA [52]
R CCCTCCACGATGCCAAAGT

STAR F CCITTCTGCACCCTCCCTC [53]
R TAAATACCTCCAGCTGAAGGC

ADAMTS F CGGAAAAACCTTTAGAATGGAACA [54]
R AGGCCCGCTGCCAAA

HSPB1 F CTGGACGTCAACCACTTC [55]
R GGACAGAGAGGAGGAGAC

BCL2 F  GGTAGGTGCTCGTCTGGATG [56]
R GGCCACACACGTGGTTTTAC

MT2 F GCTCCGTCTTCAACATCACC [57]
R CAGCACCAGCACCCAGAT

BAX F GCCCITTITCTACTTTGCCAGC [56]
R GGCCGTCCCAACCACCC

SOD2 F TTGCTGGAAGCCATCAAACGTGAC [58]
R AATCTGTAAGCGTCCCTGCTCCTT

2.12. Statistical Analysis

The data were compiled in Microsoft Excel and subjected to statistical analysis using Statistical
Software of Social Sciences (SPSS version 20). The frequency and percentages were obtained for
various parameters such as ovarian dynamics, corpus luteum and estrus (%) under control and
treatment group. Fisher exact test was used to evaluate the association of treatment groups with
various parameters. The chi-square test was used to determine the association of percent cleavage
and blastocyst with treatment. Further, independent’t’ test was used to assess statistical significance
between control and treatment groups for IVM, IVF, IVC, cleavage and blastocyst. Two-way analysis
of variance with repeated measures was used to determine significant difference between groups
(treatment and control), and between day 0 and day 4 for Melatonin (pg/ml), Estradiol (pg/ml), and
Progesterone (ng/ml), and antioxidant markers (SOD, GSH and MDA). The association of melatonin
with different parameters (total numbers of oocytes aspirated, total numbers of oocytes underwent
for IVM, cleavage and blastocyst rate, estradiol and progesterone concentrations, and antioxidant
markers: SOD, GSH and MDA) on the day of OPU were analyzed using correlation and regression
analysis. The data for RT-qPCR are presented as fold change in expression (RQ). More than two folds
change in expression were considered as significant and, was determined by using 2441 [51]. The
Statistical significance was considered if p<0.05.
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3. Results

3.1. Effect of Melatonin Treatment on Ovarian Dynamics

Numbers of cows (%) evidenced with different sized follicle count, corpus luteum (CL), and
exhibited estrus on the day of OPU in treatment and control group during summer season, are
summarized in (Figure 2). Interestingly, number of cows (%) with large sized follicles were
significantly higher (p<0.02) in control as compared to treatment (68.75% vs 29.17%). In contrast,
numbers of cows (%) with medium sized follicles were significantly higher (p<0.05) in treatment
(50%) than control (18.75%) on day 4. Similarly, number of cows (%) with corpus luteum (CL) was
also greater (p<0.02) in melatonin-treated group compared to control (79.17% vs 37.5%). However,
number of cows (%) exhibited estrus on day of OPU (Day 4) was similar (p>0.05) in both treatment
(16.67%) and control (12.5%) group.

m Control
90 c

0 a 79.17 B Treatment

70
60
50
40
30
20
10

Percent (%)

Large size Medium size Small size ~ Corpus Estrus
Luteum

Figure 2. Numbers of cows (%) with large (>8-11mm), medium (>5-8mm) and small (>3-5mm) sized
follicle count, corpus luteum, exhibited estrus on day of OPU in treatment and control group of cows
during summer season. Significantly differs between control and treatment group: #(p<0.02) large size
follicles category, *(p<0.05) medium size follicles category, <(p<0.02) corpus luteum.

3.2. Effect of Exogenous Melatonin on IVF Embryo Developmental Potential of Oocytes

In the present study, it was observed that the cleavage rate did not differ (x% 1.85, p>0.05)
between the control and treatment group; however, blastocyst development rate (%) was found to be
significantly higher (x? 4.37, p<0.04) in oocytes aspirated from melatonin-treated as compared to
control group of cows (Table 4). Additionally, the odds ratio (OR) for the blastocyst development (%)
indicated that melatonin treated groups had 1.84 times (95% CI: 1.04-3.28) higher chances to become
a viable embryo compared to control groups. To know the impact of IVF embryos developed
following exogenous melatonin treatment of donor cows; the blastocyst were transferred to the
recipients resulted 40% (4/10) pregnancy rate in treatment group that was non-significantly higher

(x*1.78, p>0.05) as compared to non-treated counterpart, where pregnancy was evident only in
15.38% (2/13) of cows.


https://doi.org/10.20944/preprints202408.0758.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2024

10
Table 4. Effects of melatonin on IVF embryo developmental potential of oocytes.
Group Total I\OIM I:’F IYC Cleaovage Chi- BL % Chi- P
Oocytes Yo Yo Yo Yo square square value
Control 11 7438 7438 71.90 70.11 25.29%
(n=15) (90) (90) (87) (61) 185 (22) 437 0.04
Treatment 292 7748 7748 73.87 78.66 ’ 38.41° ’ '
(n=22) (172)  (172) (164) (129) (63)

abdifferent superscripts significantly differs between control and treatment group (p<0.04). Figure in the
parenthesis represents the number (BL: Blastocyst; IVC: In-vitro culture; IVF: In-vitro fertilization; IVM: In-vitro
maturation).

3.3. Effects of Melatonin on Plasma Hormone (Melatonin, Estradiol and Progesterone) Profile

Administration of melatonin in cattle during summer season significantly increased (p<0.05) the
peripheral melatonin concentration on day 4 post-treatment (day of OPU) in treated cattle
(611.6+75.28pg/ml) compared to control (339.24+43.18pg/ml) group; however, on day 0, the melatonin
concentration was found to be similar (p>0.05) in treatment (339.24+43.18pg/ml) and control
(450.47+67.07pg/ml) group (Table 5). The plasma melatonin concentration was higher (p<0.05) on day
of OPU as compared to day of start of protocol (day 0) in treatment group (611.6+75.28 vs
339.24+43.18pg/ml). Moreover, plasma melatonin concentration was similar (p>0.05) between day 0
and day 4 in control group (Table 5). Similar to the pattern of melatonin profile, the plasma estradiol
concentration was significantly higher (p<0.05) in melatonin-treated group as compared to control on
day 4 (33.30+2.84 vs 20.77+1.62pg/ml), and was also higher (p<0.05) on day 4 (33.30+2.84pg/ml) than
day 0 (16.98+1.36pg/ml) within treatment group (Table 5). Moreover, the plasma estradiol
concentration was similar (p>0.05) between day 0 and day 4 in control group (Table 5). The plasma
progesterone concentration was found to be similar (p>0.05) between day 0 and day 4 in treatment
and control group (Table 5). Additionally, no significant difference (p>0.05) was recorded between
treatment and control group on day 0 and 4 (Table 5).

3.4. Effect of Melatonin on Antioxidant Markers (SOD, GSH and MDA) Profile

In the present study, melatonin treatment influenced the activities of antioxidant enzymes (GSH
and SOD). However, melatonin mitigated lipid peroxidation by decreasing the MDA level on day 4
in treated group as compared to non-treated control (Table 6). The concentrations of SOD and GSH
were significantly higher (p<0.05) on day 4 in treatment than control group (Table 6). In the treatment
group, day 4 concentrations of SOD and GSH were significantly higher (p<0.05) than day 0; however,
in control group, the levels for SOD and GSH were similar (p>0.05) between day 0 and day 4 (Table
6). The MDA concentration was significantly decreased (p<0.05) on day 4as compared to day 0 in
treatment group; however, the concentration was recorded similar (p>0.05) between day Oand day 4
in control group (Table 6).

Table 5. Plasma concentrations of Melatonin (pg/ml), Estradiol (pg/ml) and Progesterone (ng/ml) on
day 0 and day 4 in treatment (n=25) and control (n=18) group of cows during summer season.

Days
Hormone Group N 0 1
Melatonin (pg/ml) Control 18 450.47 + 67.07 339.24 £ 43.182
Treatment 25 378.06 + 61.884 611.6 +75.28>B
Estradiol (pg/ml) Control 18 17.15+2.33 20.77 +1.622
Treatment 25 16.98 +1.364 33.30 + 2.84°8
Progesterone (ng/ml) Control 18 424+047 3.76 £0.39

Treatment 25 3.61 +0.26 3.53+0.31

d0i:10.20944/preprints202408.0758.v1
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abdifferent superscripts significantly differ (p<0.05) between control and treatment on day 4 for a hormone;
ABdifferent superscripts significantly differ (p<0.05) between day 0 and day 4 in a row.

Table 6. Antioxidant marker (superoxide dismutase, SOD; glutathione, GSH and malondialdehyde,
MDA) levels on day 0 and day 4 (day of OPU) in melatonin treatment and control group of cows
during summer season.

Antioxidants Group N 0 Days 1

SOD (U/mg Protein) Control 19 4.16+0.74 3.96 £ 0.332
Treatment 24 3.95+0.714 6.23 +(.320B

GSH (umol) Control 19 125.55 +23.55 92.66 +9.242
Treatment 25 161.24 +11.54» 280.01 +22.87>8

MDA (umol/gmHb) Control 19 117.43 +18.95 106.65 + 17.65>
Treatment 19 129.61 + 27.174 58.29 + 10.07>"

2bdifferent superscripts significantly differs (p<0.05) between control and treatment on day 4 of a parameter;
ABdifferent superscripts significantly differs (p<0.05) between day 0 and day 4 within treatment group in a row.

3.5. Relationship of Melatonin with Different Parameters (Total Numbers of Oocytes Aspirated, Total
Numbers of Oocytes Underwent for IVM, Cleavage and Blastocyst Rate, Estradiol and Progesterone
Concentrations, and Antioxidant Markers: SOD, GSH and MDA)

It was observed that the melatonin had positive correlation with total numbers of oocytes
aspirated (y=0.015x +1.893, r=0.509, p<0.05; Figure 3A), and also with numbers of oocytes underwent
for IVM (y=0.013x + 0.779, r=0.545, p<0.05; Figure 3B). A significant positive correlation of melatonin
with cleavage rate (y=0.009x + 0.871, r= 0.511, p<0.05; Figure 4A) and blastocyst development rate (y=
0.003x + 0.821, r= 0.411, p<0.05; Figure 4B) was observed.

The overall melatonin concentration was positively correlated (y=0.012x +21.74, r=0.322, p<0.05)
with plasma estradiol level (Figure 5A). However, we did not find any significant (y= 0.000x + 3.235,
r=0.167p>0.05) correlation between plasma melatonin and progesterone level (Figure 5B).

We observed a significant positive correlation of melatonin with SOD (y=0.002x +4.054, r=0.414,
p<0.05; Figure 6) and GSH (y= 0.119x + 140.9, r= 0.306, p<0.05; Figure 7). However, melatonin was
inversely correlated with MDA (y=-0.071x + 118.2, r= 0.375, p<0.05; Figure 8).

y=0.015x + 1.893 A y=0.013x+0.779 B
R*=026 R*=0.298
< 60 = 4 .
= 50 ¢ = 59
= = W )
= 40 . Z 5
230 s 0
5 20_ § 15 7
= § 10
E 10 E‘ 5
0 o 0
0 500 1000 1500 2000 0 500 1000 1500 2000

Melatonin (pg/ml) Melatonin (pg/ml)

Figure 3. Relationship of melatonin (on day of OPU) with number of oocytes aspirated through OPU
(A) and number of oocytes underwent in IVM (B) during summer season.
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Figure 4. Relationship of melatonin (day of OPU) with cleavage rate on day 3 of in-vitro culture

(IVC)(A) and blastocyst rate on day 7 of IVC (B) during summer season.
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Figure 5. Relationship of melatonin with estradiol on day of OPU (A) and progesterone onday of OPU
(B) during summer season.
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Figure 6. Relationship between melatonin and superoxide dismutase (SOD) on day of OPU in cows
during summer season (r= 0.414, p<0.05).
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Figure 7. Relationship between melatonin and glutathione (GSH) on day of OPU in cows during
summer season (1= 0.306, p<0.05).
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Figure 8. Relationship between melatonin and malondialdehyde (MDA) on day of OPU in cows
during summer season (r= 0.375, p<0.05).

3.6. Gene Expression Analysis of the Genes Related to the Developmental Competence of Oocytes and
Blastocysts in Melatonin-Treated and Non-Treated Control Group of Cows

A total of eight genes (Steroidogenic acute regulatory protein (STAR), A disintegrin and
metalloproteinase with thrombospondin motifs (ADAMTS), B-cell leukemia/lymphoma 2 protein
(BCL2), BCL2 associated X (BAX), Superoxide dismutase 2 (SOD2), Heat shock protein family B
(small) member 1 (HSPB1), Melatonin receptor 2 (MT2) and GAPDH: a house keeping gene) related
to the developmental competence of oocytes and blastocysts were analysed by RT-qPCR to evaluate
their relative mRNA expression in oocytes, cumulus cells, immature and mature COCs (cumulus-
oocyte-complexes), and blastocyst of melatonin-treated and non-treated control group of cows.

Overall, the present study recorded upregulation of the development associate genes (STAR,
MT2, BCL2, SOD2, HSPB1) in oocytes (Figure 9), cumulus cells (Figure 10), immature COCs (Figure
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11), mature COCs (Figure 12), and blastocysts (Figure 13) of the treatment group as compared to their
respective controls except ADAMTS gene, where it was found to be similar in all categories ofthe
treatment group as compared to their respective controls (Figures 9-13). The expression level of BAX
mRNA transcript was significantly decreased in oocytes (Figure 9), cumulus cells (Figure 10),
immature COCs (Figure 11), mature COCs (Figure 12), and blastocysts (Figure 13) of the treatment
group as compared to their respective controls.
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Figure 9. Relative mRNA expression levels of developmentally associated different gene transcripts
(STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2) in oocytes aspirated from melatonin-treated and
control group of cows during summer season. “indicates significant difference (>2 folds) of genes in
oocytes between treatment and control.
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Figure 10. Relative mRNA expression levels of developmentally associated different gene transcripts
(STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2) in cumulus cells of oocytes aspirated from
melatonin-treated and control group of cows during summer season.’indicates significant difference
(22 folds) of genes in cumulus cells between treatment and control.


https://doi.org/10.20944/preprints202408.0758.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2024 doi:10.20944/preprints202408.0758.v1

15
7 Ed
g 6.39 *
5.90
I5) 6
%
5
% 4.35
3
5 3
i)
e 2
[5)
% 1
g2 o
E STAR ADAMTS HSPBI BCL2 MT2 BAX SOD2
E Gene transcripts
B Treatment B Control

Figure 11. Relative mRNA expression levels of developmentally associated different gene transcripts
(STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2) in immature COCs aspirated from melatonin-
treated and control group of cows during summer season.’indicates significant difference (>2 folds)
of genes in immature COCs between treatment and control.
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Figure 12. Relative mRNA expression levels of developmentally associated different gene transcripts
(STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2) in mature COCs of melatonin-treated and control
group of cows during summer season.’indicates significant difference (>2 folds) of genes in mature
COCs between treatment and control.
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Figure 13. Relative mRNA expression levels of developmentally associated different gene transcripts
(STAR, ADAMTS, HSPB1, BCL2, MT2, BAX, SOD2) in blastocysts (day 7 in vitro culture; IVC)
developed from oocytes aspirated from melatonin-treated and control group of cows during summer
season. ‘indicates significant difference (>2 folds) of genes in blastocysts between treatment and
control.

4. Discussion

The goal of the present study was to assess how exogenous melatonin treatment affects the
oocyte competence to develop into viable embryos in non-lactating indigenous cows under heat
stress condition. Additionally, we investigated the impact of exogenous melatonin treatment on
antioxidant enzyme activity and developmentally associated gene expression profiles in oocytes,
cumulus cells, immature and mature COCs, and blastocysts, and pregnancy rates following fresh
embryo transfer in recipient cows.

The studies have reported that the melatonin exerts profound antioxidant activity which affects
the developmental competence of oocytes [59] and numerous reproductive functions including
humans and livestock [60]. In-vitro supplementation of melatonin in culture media increased oocyte
developmental competence and embryonic development by mitigating of ROS production in
prepubertal and adult cattle [37]. Although studies including melatonin to improve reproduction of
cattle are abundant, however, there has not been a single report related to the role of in-vivo melatonin
administration in indigenous cows on embryo development and pregnancy rate during heat stress
period. The present study reported improved oocyte competence, subsequently increased embryo
development rate, however, otherwise non-significant increased pregnancy rate following transfer
of embryos developed from melatonin-treated than control group of cows. Nevertheless, the
observed increase in oocyte competence and blastocyst development rate in the present study may
be an effect of exogenous melatonin treatment in donor cows because; (a) an improvement in
antioxidant enzyme activity (SOD and GSH) and reduction of MDA level in treatment group, (b)
improved expression levels of development associated genes in oocytes, cumulus cells, immature
and mature COCs, and blastocysts of melatonin treated group, (c) increased plasma melatonin and
estradiol concentrations in melatonin treatment than control group of cows. The present study
reported greater blastocyst development rate in melatonin-treated than non-treated control cows.
Similar to present study, Berlinguer et al. [61] recorded increased in-vitro blastocyst output following
exogenous melatonin treatment prior to oocyte collection in goats. They observed faster follicle
development rate and increased follicular turnover in treated than control. In cycling sheep,
implication of superovulation combined with melatonin injection, increased melatonin levels in
blood and enhanced transferable embryos [62]. Supplementation of melatonin in culture media
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increased the blastocyst development rate in other species such as mice [63], buffalo [64] and bovine
[57,65]. In another experiment, under higher oxygen environment, the melatonin supplementation of
the culture medium had positive effect on in-vitro embryo development, may be because of the
scavenger activity of melatonin or its metabolites [32]. The findings of the positive correlation of
plasma melatonin concentrations with cleavage and blastocyst development rate in the present study
suggests that the melatonin had played role in increasing the blastocyst development rate. A latest
study in slaughterhouse ovaries of buffaloes showed that 102 M melatonin enrichment of oocyte
maturation and vitrification media improved the blastocyst development rate and better re-
expansion of vitrified embryos, respectively [66]. Earlier researches demonstrated that the oocytes in
the follicular fluid can produce melatonin, a potent antioxidant[67], which helps to protect them from
environmental stressors, over production of ROS and subsequent oxidative damage [57,68,69].

In the current study, the plasma melatonin concentration was found to be higher on day 4 in
melatonin-treated cows as compared to control. In our previous experiment, melatonin implantation
in Murrah buffalo increased blood melatonin concentration on day 4 which was higher than non-
treated control during summer season [70,71]. The exogenous melatonin raised blood melatonin
levels, and these levels are positively correlated with antioxidant capacity [72], and estradiol
concentrations [70]. The findings of higher melatonin concentrations in treated group are in
agreement with earlier reports [72-75]. In contrast to the present findings, studies have shown greater
estrous induction rate following melatonin treatment in buffalo [70,73-75]. The discrepancy in the
results could be due to difference in the species, and the time period between the melatonin treatment
and estrus induction time. The previous reports monitored the melatonin-treated animals for a period
of about one month; however, in the present study, the donor cows were monitored on the day 4
when they were subjected to the OPU. Considering the results earlier reported and the present
findings in favour of higher number of cows with medium sized follicles and increased antioxidant
enzymes activity in melatonin-treated donor cows, it can be assumed that these animals would
exhibit estrus behavior later. Heat stress affects follicle growth in addition to fertilization and the
quality of the resulting embryos [6]. The findings of present study demonstrate that heat stress raised
the percentage of cows with large size follicles. It is well established fact that exposing dairy cows to
elevated environmental temperatures impairs follicular growth and steroidogenic activity.
Consequences of heat stress include reduced size of dominant follicles [76,77] and attenuation of
dominance, observed by an increased percent of large-sized follicles [76,78-80]. Nevertheless, such
alterations may result to early development of the pre-ovulatory follicle and increased duration of
dominance [79,81]. The melatonin treatment in donor cows might have resulted in the ovulation of
large sized follicle, and simultaneously initiated the emergence of new follicular wave. It could be
the possible explanation of greater number of melatonin-treated cows with CL and medium-sized
follicle than non-treated control. In this investigation, we found melatonin administration raises the
concentration of plasma estradiol by preventing heat stress from having an impact on steroidogenic
activity. We have recorded positive correlation of melatonin with SOD and GSH, and an inverse
relation with MDA in the blood. The correlation analysis results of the present study demonstrate
that melatonin greatly influences the antioxidant activity to mitigate the heat stress. Less aromatase
activity of granulosa cells and a drop in estradiol concentration in the dominant follicle are signs of a
loss in the steroidogenic capacity of follicles under heat stress [82-84]. Reduction in estradiol
production may have negative effects on the LH secretion, which may affect ovulation-related events
inbovine[81]. It can be suggested from the present study that melatonin treatment may have shielded
the steroidogenic activity in the large and medium-sized follicle by mitigation of heat stress effect.

Melatonin is a hormone that has a powerful antioxidant property [67] found in follicular fluid,
blood and other body fluids [85].It has wonderful neutralizing property which reduces and/or
scavenges the extremely harmful hydroxyl radical and has been shown to be more effective than
glutathione [67,86]. Studies have demonstrated that melatonin shields DNA and lipids in cell
membranes from destruction and prevents cell from dying [87]. However, through the melatonin
membrane receptors MT1 and MT2 [88], the melatonin increases the activity of antioxidant enzymes,
including SOD [89-91]. In addition, it suppresses pro-oxidative enzymes to lessen oxidative stress in
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cells [92] and enhances the expression of genes that encode antioxidant (SOD and GSH) enzymes [93].
The current study found that melatonin treatment significantly reduced plasma levels of MDA, which
indicated protection from lipid peroxidation, and raised levels of plasma antioxidants SOD and GSH,
to protect from oxidative stress which in turn led to improved oocyte competence and increased
blastocyst development rate. The pregnancy rates following the transfer of blastocyst developed from
melatonin-treated group was greater than non-treated control, however, otherwise it could not reach
to the statistical significance. The reason for the non-significant higher pregnancy rate in the current
study is only because of small sample size. To determine the effect of exogenous melatonin on
pregnancy rates following in-vitro embryo transfer in cattle, further research is necessary. Similar to
the present study, Guo et al. [94] have reported increased blood levels of SOD, GSH and reduced
concentrations of MDA and, thereby reduced the oxidative stress resulted to the enhanced conception
rate following fixed time artificial insemination in cattle heifer. Superstimulation combined with
melatonin in Thai-Holstein crossbreed cow under heat stress condition increased the antioxidant
enzyme activity of SOD and reduced the MDA level in blood, and improved the transferable quality
of blastocyst[44]. Another study has documented that melatonin offers the highest level of molecular
protection against oxidative damage than other protective chemicals [28,95]. Melatonin feeding in the
diet was also effective enough to decrease serum MDA concentrations in heat-stressed Japanese quail
[96]. Melatonin has a preventive impact on oxidative damage by lowering the concentration of the
oxidative biomarker, MDA [97,98]. Similar to present findings, others have also reported the reduced
MDA concentrations [99,100].

In the present study, oocytes, cumulus cells, immature and mature COCs and blastocysts had
upregulated expression of BCL2, while BAX was expressed lower, in melatonin-treated group of
cows than that of controls. The results indicate that exogenous melatonin treatment has inhibited the
expression of the pro-apoptotic gene (BAX) and increased the expression of the anti-apoptotic gene
(BCL2) at every stages i.e. oocytes, cumulus cells, immature and mature COCs, and blastocysts which
results in quality embryo production. An experiment on pig oocyte granulosa cells showed that
melatonin results in the inhibition of BAX mRNA expression and, simultaneously the stimulation of
BCL2 mRNA through the activation of the MT2 receptor [101]. A study on slaughterhouse ovaries in
bovine documented in-vitro maturation medium supplemented with melatonin resulted in increased
levels of caspase-3 gene, while increased expression of BCL2 gene in embryo suggesting the
protective action of the melatonin [65]. Studies have documented that BAX initiates apoptosis [102],
and nevertheless, BCL2 can obstruct Cytochrome-C release, which in turn, prevents activation of BAX
[103]. We have also recorded the upregulation of MT2 gene transcript at every stage i.e. oocytes,
cumulus cells, immature and mature COCs, and blastocysts. These findings indicate that the MT2
receptors are present at every stages which mediates the melatonin action for the acquisition of the
oocyte development competence and resultant good quality blastocyst development under heat
stress condition in indigenous cattle.

In our investigation, melatonin elevated the steroidogenic gene (STAR) mRNA expression level
in oocytes, cumulus cells, immature and mature COCs, and blastocysts. The steroidogenic gene STAR
contributes to the oocytes capacity for growth due to its involvement in the steroidogenic pathway
for the production of all steroid compounds. Recent study has reported enhancing nuclear and
cytoplasmic maturation, steroidogenesis in cumulus cells influences oocyte development [104].
Earlier reports related to the higher STAR, HAS2 and PTGS mRNA abundances suggested that
melatonin supplementation may benefit oocyte quality and developmental potential in both animal
and human species by promoting steroidogenesis and extracellular matrix formation [105,106]. The
present study reported the greater plasma concentrations of estradiol in melatonin-treated group
than non-treated controls. It is speculated that melatonin increased the steroidogenesis, because
melatonin catalyses the translocation of cholesterol from the comparatively cholesterol-rich outer
mitochondrial membrane to the relatively cholesterol-poor inner mitochondrial membrane, which
starts the steroidogenic process [107-109].

The present research revealed that melatonin increased the amount of antioxidant enzyme
(5OD2) mRNA expression in oocytes, cumulus cells, immature and mature COCs, and blastocysts.
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Wang et al. [110,111] reported that melatonin can upregulate the expression of genes that support
antioxidant defense (SOD and Gpx4) and the anti-apoptotic gene BCL2, while downregulating the
expression of genes that promote apoptosis (p53, BAX, and caspase-3). These alterations reduce the
production of reactive oxygen species (ROS) and directly or indirectly prevent the cellular apoptosis
during embryo development, which in turn improves the quality of in-vitro cultured embryos
[92,112]. A latest study, Hossam et al. [113] demonstrated the overexpression of SOD1 mRNA in
oocytes cultured with melatonin or melatonin loaded Chitosan Nanoparticles (CMN) than the
control.

Melatonin raised the HSPB1 gene mRNA expression level in the current investigation at the level
of every stages oocyte, cumulus cells, immature and mature COCs, and blastocysts. The detrimental
impact of thermal stress on developing bovine blastocysts is lessened when exogenous HSP70 is
included in the culture medium [114]. Pang et al. [65] reported greater expression of HSP70 in the in-
vitro developed bovine embryo, supplemented in-vitro maturation medium with melatonin. Another
study in bovine, the supplementation of in-vitro maturation medium with some other antioxidant
also resulted in the increased expression of HSP70 gene which enhanced the blastocyst development
rate and quality [115]. The activation of heat shock proteins such as HSPB1, HSP1A1 and HSPA5 is a
major factor in the cellular alterations that result in thermotolerance [116]. HSPB1 and HSPA1 work
in concert when exposed to heat stress and this interaction is essential for preventing cell death [117]
could be the possible reason for the improved oocyte development competence and resultant higher
blastocyst development rate by exogenous melatonin treatment in donor cows under heat stress
condition.

The melatonin actions through the MT1 and MT2 membrane receptors present in oocytes,
cumulus cells and granulosa cells of bovine [57,111] and exerts the beneficial effects of melatonin on
the maturation of bovine oocytes[118]. The present study discovered the presence of MT2 receptor
in all oocytes, cumulus cells, immature and mature COCs, and blastocysts. Additionally, the MT2
mRNA expression was greater in all stages oocytes, cumulus cells, immature and mature COCs, and
blastocysts in melatonin treated than non-treated controls. The effects of melatonin on many
physiological processes may be mediated by the receptors (MT1 and MT2) [69]. The existence of
melatonin receptors in COCs and bovine embryos suggests that melatonin may play a major role in
regulating oocyte maturation and embryonic development [119]. The studies have reported variable
results of MT1 and MT2 expression such as: Wang ef al. [120] demonstrated expressions of MT1 and
MT?2 in bovine granulosa cells; MT1 gene was only expressed in cumulus and granulosa cells, not in
oocytes of bovine [41]. Another study in cattle [119] showed MT1 gene was expressed in COCs,
whereas the MT2 gene was only expressed in oocytes. The MT2 expression of the present study are
in agreement with the others [57,111] who reported the MT1 and MT2 expression in oocytes, cumulus
cells, granulosa cells and embryos of cattle. An in-vitro study in bovine revealed that the melatonin
receptor activity relates in dose dependent manner of the melatonin. For instance, the MT1 receptor
is activated profoundly in response to low melatonin concentrations, whereas the MT2-mediated
response was noticed greater at higher doses [121]. Additionally, they noted that only the MT1
receptor is present at the blastocyst stage, indicating that melatonin influences the activation of the
MT1 membrane receptor to effect embryonic development [121]. Thus, the finding of greater
expression of MT2 in melatonin-treated group suggested that the melatonin may have exerted action
through MT2 gene which shielded the oxidative stress in order to produce quality in-vitro embryo
development.

It is noteworthy in the present study that the ADAMTS gene mRNA expression was present in
oocytes, cumulus cells, immature and mature COCs, and blastocysts in melatonin-treated and non-
treated control. The non-significant changes in the expression of ADAMTS gene despite the
melatonin treatment suggest that the melatonin is no way influencing the ADAMTS at early stage of
the blastocyst development in cattle. Mishra et al. [122] revealed that ovarian steroid like progesterone
regulates and profoundly promote the expression of ADAMTS1 mRNA. Another studies reported
that mice lacking ADAMTS]1 are less capable of maintaining the pregnancy due to less developed
placentation. It was suggested that ADAMTSI gene plays a role in placental development [123,124].
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Therefore, it is possible that the ADAMTS1 gene expression was not changed in our study, since its
effects may manifest during the gestational period following implantation [125].

In conclusion, the blastocyst development rate was higher in melatonin-treated than non-treated
controls. The melatonin treatment enhanced the estradiol and melatonin levels on day 4 in treatment
group than controls. Additionally, the levels of antioxidant enzymes (SOD and GSH) were also
elevated after melatonin administration. The MDA concentration was lower in melatonin-treated as
compared to non-treated group. Further, mRNA gene transcripts analysis revealed that the level of
steroidogenic (STAR), antioxidant activity (HSPB1 and SOD2), anti-apoptotic (BCL2) and melatonin
receptor (MT2) were significantly upregulated in oocytes, cumulus cells, COCs (immature and
mature), and blastocysts of treatment group compared to controls. However, apoptotic activity
related gene transcript (BAX) were significantly downregulated in treatment as compared to controls,
suggesting probable beneficial role of exogenous melatonin administration in reducing heat stress
and enhancing blastocyst developmental competence. However, a study is warranted to investigate
the impact of transfer of in-vitro derived embryos from melatonin-treated donor cows on pregnancy
rates. Considering the findings of the current study, it is probable that exogenous melatonin could
exercise its advantageous effects by shielding oocytes, cumulus cells, COCs and blastocyst from ROS-
mediated cell damage, improved development gene expression, and hence augmenting oocyte
development competence.
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