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Abstract

In this study, we aimed to evaluate the rate of bovine embryo production by using 50 ng/mL melatonin
supplementation in in vitro culture medium. For this, oocytes from slaughterhouse ovaries were matured in vitro in
TCM-199 medium with Earle’s balanced salt solution + 10% SFB, FSH, and LH in an atmosphere of 5% CO..
Twenty-four hours after IVM, the oocytes underwent in vitro fertilization in human tubal fluid under the same
conditions as above, for 18 h. Semen was fractionated by Percoll gradient centrifugation and the concentration of
sperm was adjusted to 1 x 10%/mL. Probable zygotes were then divided into two groups: the control group grown in
drops of 90 uL. SOFaa medium + 0.6% BSA + 2.5% SFB, in an atmosphere of 5% CO», 90% N2, and a melatonin
group (Mel), similarly cultured in 90 puL drops of SOFaa medium + 0.6% BSA + 2.5% SFB + 50 ng/mL melatonin.
Cleavage rates were assessed on day 3 (D3). On D7, blastocyst formation rates were evaluated. Eight routines were
performed (320 oocytes per routine). Data were analyzed with ANOVA, followed by Tukey’s range test using a
general linear model. The level of statistical significance was set at 5%. There were no differences in the rates of
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cleavage or blastocyst formation between the control and melatonin groups (P > 0.05). Thus, under the conditions
used in this study, supplementation with melatonin did not yield benefits in increasing the rate of in vitro bovine
embryo production.

Keywords: Blastocysts; Bovine; In vitro culture; Melatonin; In vitro embryo production.

Resumo

Neste estudo, objetivou-se avaliar a taxa de producdo de embrides bovinos utilizando suplementacdo de melatonina 50
ng/mL em meio de cultivo in vitro. Para isso, oo6citos de ovarios de abatedouro foram maturados in vitro em meio
TCM-199 com solucdo salina balanceada de Earle + 10% SFB, FSH e LH em uma atmosfera de 5% de CO2. Vinte e
quatro horas apds a MIV, os o6citos foram submetidos a fertilizacdo in vitro em fluido tubarico humano nas mesmas
condicGes acima, por 18 horas. O sémen foi fracionado por centrifugacdo em gradiente de Percoll e a concentracdo
espermatica ajustada para 1 x 108/mL. Os provaveis zigotos foram entdo divididos em dois grupos: o grupo controle
cultivado em gotas de 90 puL de meio SOFaa + 0,6% de BSA + 2,5% de SFB, em uma atmosfera de 5% de CO2, 90%
de N2, e um grupo de melatonina (Mel), da mesma forma cultivadas em gotas de 90 uL de meio SOFaa + 0,6% BSA
+ 2,5% SFB + 50 ng / mL de melatonina. As taxas de clivagem foram avaliadas no dia 3 (D3). No D7, as taxas de
formacéo de blastocisto foram avaliadas. Oito rotinas foram realizadas (320 odcitos por rotina). Os dados foram
analisados por ANOVA, seguido pelo teste de intervalo de Tukey usando um modelo linear geral. O nivel de
significancia estatistica foi estabelecido em 5%. N&o houve diferencas nas taxas de clivagem ou formacdo de
blastocisto entre os grupos controle e melatonina (P > 0,05). Assim, nas condi¢des utilizadas neste estudo, a
suplementacdo com melatonina ndo trouxe beneficios no aumento da taxa de produco in vitro de embrides bovinos.
Palavras-chave: Blastocistos; Bovino; Cultivo in vitro; Melatonina; Producdo de embriGes in vitro.

Resumen

En este estudio, nuestro objetivo fue evaluar la tasa de produccion de embriones bovinos mediante el uso de
suplementos de melatonina 50 ng / mL en medio de cultivo in vitro. Para ello, se maduraron in vitro ovocitos de
ovarios de matadero en medio TCM-199 con solucion salina equilibrada de Earle + SFB, FSH y LH al 10% en una
atmosfera de CO2 al 5%. Veinticuatro horas después de la MIV, los ovocitos se sometieron a fertilizacion in vitro en
liquido tubérico humano en las mismas condiciones que antes, durante 18 h. El semen se fraccioné mediante
centrifugacién en gradiente de Percoll y la concentracién de espermatozoides se ajusté a 1 x 106 / ml. Luego, los
cigotos probables se dividieron en dos grupos: el grupo de control crecido en gotas de 90 pL. de medio SOFaa + 0.6%
BSA + 2.5% SFB, en una atmoésfera de 5% CO2, 90% N2 y un grupo de melatonina (Mel), de manera similar
cultivado en gotas de 90 pL. de medio SOFaa + BSA al 0,6% + SFB al 2,5% + 50 ng / mL de melatonina. Las tasas de
escision se evaluaron el dia 3 (D3). En D7, se evaluaron las tasas de formacion de blastocistos. Se realizaron ocho
rutinas (320 ovocitos por rutina). Los datos se analizaron con ANOVA, seguido de la prueba de rango de Tukey
utilizando un modelo lineal general. El nivel de significacion estadistica se establecid en 5%. No hubo diferencias en
las tasas de escision o formacion de blastocistos entre los grupos de control y melatonina (P> 0,05). Por lo tanto, en
las condiciones utilizadas en este estudio, la suplementacién con melatonina no produjo beneficios en el aumento de
la tasa de produccion de embriones bovinos in vitro.

Palabras clave: Blastocistos; Bovino; Cultivo in vitro; Melatonina; Produccion de embriones in vitro.

1. Introduction

In Brazil, 375,503 bovine embryos were produced in 2017, of which 345,528 were generated in vitro, accounting for
34.8% of global production. In vitro embryo production has consolidated itself as the technique of choice for the production of
bovine embryos, accounting for the highest percentage of embryos produced, not only in beef Zebu breeds, but also in other
market segments (Taurine and Zebu cattle, beef, and milk). The availability of sexed semen from mid-2005, associated with
progressive improvements in the efficiency of in vitro production embryo, boosted its adoption in dairy breeds (Pontes et al.,
2011; Vianna, 2011). As a consequence, the national market, characterized in 2007 by the predominance of Zebu and beef
breeds, registered in 2017 a greater production of embryos in Taurine breeds or their crosses, and in dairy breeds. Thus, the
profile of activity in Brazil has become similar to that observed in other regions of the world (Goncalves & Vianna, 2019).

Thus, in vitro production embryo has become a valuable technology for assisted reproduction in cattle breeding
systems. However, even with the remarkable innovations developed involving this system, the greatest obstacles to the full
success of this biotechnology are low rates of post-transfer pregnancy and the greater sensitivity of embryos to

cryopreservation (Maziero et al., 2016). This leads us to believe that in vitro production embryo systems induce embryonic
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changes that prevent full-term pregnancy. Other authors have described morphological changes between embryos in vivo and
in vitro, such as increases in cytoplasmic lipid droplets and mitochondrial alterations (Sudano et al., 2011).

In vitro production embryo involves three stages: maturation (IVM), fertilization (IVF), and in vitro cultivation (IVC).
Although the rate of blastocyst production is influenced by the origin and quality of the oocytes used in in vitro production, it
is known that the quality of embryos produced is directly related to embryonic culture conditions (Rizos et al, 2002; Lonergan
et al., 2006; Maziero et al., 2020). This is due to changes in oxidative profiles due to fluctuating concentrations of oxygen
during the production process. It is known that intrauterine oxygen concentrations are 2-8%, whereas atmospheric levels are
20%. When embryos are grown in an atmosphere with high oxygen content, oxidative stress conditions increase, causing an
imbalance between pro-oxidant levels (ROS, reactive oxygen species, free radicals) and antioxidant abundance (Rocha-Frigoni
etal., 2013).

Hence, to reduce the deleterious effects of ROS on in vitro production embryo, antioxidants are added to embryo
culture media in vitro (Lira et al., 2020). Melatonin is a lipophilic molecule derived from tryptophan, present in vertebrates,
invertebrates, bacteria, single-celled organisms and plants. Melatonin is produced by the pineal gland (main site), cerebellum,
retina, skin, gastrointestinal cells, Harder gland, thymus, peripheral mononuclear cells, placenta, ovary, testicle, bone marrow,
liver, hippocampus, and platelets (Mayo et al., 2018). Melatonin is not stored, but directly secreted both to the cerebrospinal
fluid and the cardiovascular system. Thus, it can migrate freely through morphophysiological barriers such as the blood-brain
barrier and placenta; therefore, it can be distributed throughout the entire body (Iwasaki et al., 2005). In mammals, melatonin
performs a series of biological functions such as regulation of circadian cycles and seasonal signaling for reproduction, and has
antioxidant and immunomodulatory effects (Mayo et al., 2018).

The antioxidant action of melatonin is a good alternative to the in vitro production of bovine embryos. When used
during the embryo maturation and cultivation processes, there are decreases in ROS and DNA fragmentation in oocytes and
blastocysts (Asgari et al., 2012; Takada et al., 2010; Takada et al., 2012). However, few results have been described in the
literature, especially regarding melatonin concentration to be used.

Therefore, in this study, we sought to evaluate the effects of adding 50 ng/mL melatonin to culture systems with in

vitro production embryo mineral oil on embryonic production.

2. Methodology

Ovaries of cows intended for commercial slaughter were used, with eight routines were performed (320 oocytes per
routine). The ovaries were transported to an in vitro embryo production laboratory located in Moreira Sales, Parana. In the
laboratory, the ovaries were washed with 0.9% sodium chloride solution at a temperature of 37°C to 38°C. After washing,
ovarian follicles with a diameter between 2 and 8 mm were aspirated with the aid of a 10 mL syringe fitted with 21G needles.
The follicular fluid was then held in 15 mL tubes to form a sediment at 37.5°C for 10 min. Oocyte selection was performed in
HEPES medium (TCM 199 HEPES), obtaining only oocyte cumulus complexes (COCs) with three or more layers of cumulus
cells and homogeneous cytoplasm.

Selected COCs were washed (3 x MIV HEPES; 3 x MIV medium) and divided into groups of 25 oocytes per 90 pL
drop of MIV under mineral oil. After 24 h of incubation at 38.5°C, 5% CO; in air, and 100% relative humidity, the matured
oocytes were washed in HEPES medium and transferred in groups of 25 to IVF drops (90 pL/drop).

To carry out fertilization, a straw of bull semen with known fertility was thawed. Viable sperm were selected using a
continuous Percoll density gradient (45% and 90%). The oocytes were fertilized with a dose of 1 x 108 sperm/mL and

incubated for 18 h under the conditions described above.
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After IVF, the zygotes were mechanically stripped with the aid of a pipette and transferred to in vitro culture. The
groups were divided into control and melatonin groups. Drops with 15 oocytes of SOFaa medium (90 pL/drop) were placed in
Petri dishes, divided into a control group (without melatonin supplementation) and a melatonin group (supplemented with 50
ng/mL melatonin) and incubated under mineral oil at 38.5°C, 5% CO; in air, and 100% humidity. On D4.5, cleavage was
verified, and on D7, the rate of blastocyst formation was evaluated.

For statistical analyses, ANOVA using PROC GLM of SAS (SAS Inst. Inc., Cary, NC, USA) was used. Sources of
variation in the model including treatment and replicates were considered as fixed and random effects, respectively. Data are
presented as means + standard deviations. For all analyses, a statistical significance level of 5% was adopted.

3. Results

The cleavage rates assessed on D3 are shown in Table 1. There was no difference between the groups, with the

control group presenting 86.83 £ 3.2 % and the melatonin group exhibiting a cleavage rate of 87.20 £ 4.8 %.

Table 1. Average (%) of the percentage of cleavage / oocytes on day three (D3) of embryonic development between the

control group (C) and the melatonin group (Mel).

Treatment Oocytes number Cleavage percentage (%)
Control 1276 86,83+1,6%
Melatonin 1315 87,20+2,12

a Means with unusual envelopes in the same column differ (P <0.05). Source: Authors.

For the rate of embryo formation, there was also no difference between groups, control group: 44.4 + 2.1 % of
blastocysts and melatonin group: 41.5 + 1.5 % of blastocysts, as shown in Table 2.

Table 2. Blastocyst formation rate (%) assessed at D7, in the control and melatonin groups.

Blastocyst production (%) Total %
Groups

Eb B Xb Hnb Hb
Control 4,6+1,28 14,7+1,52 12,1+1,92 13,1+1,62 3,241,228 960 4444212
Melatonin 3,241, 72 13,1+1,82 12,6+1,52 11,5+1,68 1,1+£1,92 952 41,5+1,52

Embryo development stage evaluated on day 7: Eb, early blastocyst; B, blastocyst; Xb, expanded blastocyst; Hnb, blastocyst hatching; Hb,
hatched blastocyst. Mean + standard error

@ Means with unusual envelopes in the same column differ (P <0.05).

Source: Authors.

4. Discussion

The results obtained in this study showed that the addition of 50 ng/mL melatonin to bovine embryo culture medium
did not increase the rate of embryo production, which was similar to the control group. Contradictory results have been
previously reported with the use of melatonin in the culture medium at different doses and treatment durations. The different
embryo culture systems are also questionable, as melatonin has lipophilic characteristics, which can interfere with its action in
systems involving mineral oil, as reported earlier by Assis (2014). It is known that the presence of mineral oil in the system can

lead to impaired melatonin action.
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In cattle, one of the first studies that tested melatonin in embryonic culture used a dose of 104 M, with an increase in
the rate of blastocyst formation in ambient atmospheric conditions with 20% O, (68.9% melatonin vs. 50.8% control) (Papis et
al., 2007). Studies in swine have yielded improvements in in vitro embryo production with the use of melatonin (1 nM) in
embryonic culture in a system with mineral oil, increasing the cleavage and blastocyst rates. However, the genes involved in
antioxidant or pro-action were not evaluated as oxidants (Rodrigues et al., 2008).

Many different free radical scavengers have been investigated for potential protection against oxidative stress in
mammalian embryos subjected to in vitro culture systems. Starting with extracellular enzymes such as superoxide dismutase or
catalase, other systems including taurine/hypotaurine, thioredoxin, pyruvate or low molecular weight thiols such as B-
mercaptoethanol, glutathione, and cysteine were tested (Guérin et al., 2001).

Zhao et al. (2015) showed the effect of adding 10° M melatonin to IVM and the potential for development of
denuded bovine oocytes of cumulus oophorus (discus proligerus). These authors found that melatonin significantly increases
the frequency of oocytes in metaphase |1, decreases the level of reactive oxygen species (ROS), and moderates reductions in
the relative levels of ATP6, ATP8, BMP-15, and GDF-9 mRNAs caused by the denudation of oocytes. Melatonin also
significantly increases the rate of embryonic development and the levels of expression of IFN-t, Na*/K*, ATPase, CTNNBL1,
and AQP3 mRNA:s in blastocysts. By adding 10 or 50 ng/mL of melatonin to the IVM medium in an oil-free system. EI-Raey
et al. (2011) obtained an increase in oocyte nuclear maturation, as well as increased cumulus cell expansion and decreased
levels of EROS in oocytes compared to controls.

Other authors have shown that the addition of melatonin at a concentration of 10° M protects oocytes against damage
caused by thermal shock (Paula, 2007). Assis (2014) found that melatonin exhibits stable behavior under embryo culture
conditions with or without oil, with antioxidant action at a dose of 50 ng/mL. There was also an increase in the production and
quality of embryos in vitro with culture medium supplemented with melatonin and subjected to induced oxidative stress.

When used in the in vitro production of embryos during embryo maturation and culture, melatonin decreases EROS
and DNA fragmentation in oocytes and blastocysts (Rodrigues et al., 2007); Asgari et al., 2012). However, there is still no
well-established optimal melatonin dose because the results of cleavage and formation of blastocysts are similar to those of
control groups.

According to Takada et al. (2010) supplementation with a physiological concentration of melatonin (10° M) in in
vitro maturation medium with or without a combination of gonadotropins has no effect on nuclear maturation or on rates of
cleavage and blastocyst formation. These rates ranged from 88% to 90%, 85% to 88%, and 42% to 46%, respectively. These
data corroborate the present study, in which the use of melatonin in the culture medium did not enhance the embryonic
development index. In contrast, the positive effects of melatonin on nuclear maturation and embryonic development were
reported by Kang et al. (2009) in pigs and by Manjunatha et al. (2009) in buffalos.

Tsantarioutou et al. (2007) did not observe differences in bovine cleavage rates or in blastocyst production frequency
when melatonin was added to the VM medium, which was similar to the findings of the present study. According to a number
of authors, embryo culture conditions are well established in cattle (Papis et al., 2007; Parrish et al., 1994; Holm et al. 1999;
Sagirkaya et al., 2007; Adona et al., 2008; Corréa et al., 2008). Some of the obstacles to the full success of in vitro embryo
production are events that occur in the oocytes during the 1VM period. Oocyte maturation is a process in which cells acquire an
intrinsic capacity for gradual development until reaching activation of the embryonic genome (Maziero et al., 2016).

Cebrian-Serrano et al. (2013) evaluated the effects of adding melatonin to the IVM medium of bovine oocytes
subjected to thermal shock in terms of production rates and quality of blastocysts. These authors found that 10 M melatonin

was alleviate bovine oocytes from harmful effects of heat stress. In addition, Lira et al. (2020) found that the 10 M
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concentration resulted in better embryonic quality. However, in our study, where melatonin was added to the I'VC medium

only, we did not observe any improvement in the rate of embryonic production by D7.

5. Conclusion

In conclusion, the addition of 50 ng/mL melatonin to the culture medium of bovine embryos did not improve the rate
of blastocyst formation. Thus, the beneficial effects of melatonin in increasing the in vitro production of bovine embryos
should be further studied and, in particular, the ideal concentration required in embryonic culture media for improved in vitro

production embryos outcomes should be deduced.
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