Navid et al. BMC Women's Health ~ (2023) 23:525 BMC Women's Health
https://doi.org/10.1186/512905-023-02673-w

Check for
updates

Assessment of developmental rate of mouse
embryos yielded from in vitro fertilization

of the oocyte with treatment of melatonin
and vitamin C simultaneously

Shadan Navid', Zahra Saadatian? and Ali Talebi***

Abstract

Background In recent decades, in vitro fertilization (IVF) has been widely used as a method of assisted reproductive
technology (ART) to improve fertility in individuals. To be more successful in this laboratory method, we used the
presence of two common types of antioxidants (melatonin and vitamin C) simultaneously and exclusively in IVF
medium.

Methods The cumulus-oocyte complexes (COCs) were obtained from Gonadotropin-releasing hormone (GnRH)
and Human Chorionic Gonadotropin (HMG) -stimulated mice. Subsequently, metaphase Il (MIl) oocytes were
fertilized in vitro. In the experiment, the IVF medium was randomly divided into two equal groups: The control
group did not receive any antioxidants. In the treatment group, 100 uM melatonin and 5 mM vitamin C were added
to the IVF medium. Finally, oocytes and putative embryos transferred into developmental medium and cultured
120 h after IVF to the blastocyst stage. After and before IVF, oocytes and putative embryos were stained with
dichlorodihydrofluorescein diacetate (DCFDA) and the H202 level was measured with an inverted fluorescence
microscope using Image)J software. At the end of the fifth day after IVF, the expression of Bax and B cell lymphoma 2
(Bcl2) was evaluated using real-time PCR.

Results The levels of reactive oxygen species (ROS) in oocytes and putative embryos observed in the treatment
group demonstrated a significant reduce compared to the control group (p <0.01. (Furthermore, the number of
embryos in the blastocycte stage(P <0.05), the expression level of the Bcl2 (P <0.05) gene, the Bax unlike gene,
significantly increased compared with the control group.

Conclusion We conclude that the presence of melatonin and vitamin C antioxidants simultaneously and exclusively
in the IVF medium leads to a reduction in ROS and ,as a result, improves the growth of the embryo up to the
blastocyst stage.
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Introduction

Infertility is defined as the inability of a couple to con-
ceive after 12 months of regular and unprotected inter-
course. According to statistics, this condition affects 8 to
12% of couples worldwide [1]. In vitro embryo produc-
tion (IVEP) poses many challenges, such as lower quality
and less programmable in vitro fertilized oocytes com-
pared to those in vivo oocyte conditions [2].

The complete maturation of an oocyte depends on its
nuclear and cytoplasmic changes. Defects in these mech-
anisms can reduce the chances of successful reproduc-
tion [3]. The composition of follicular fluid plays a very
important role in the growth and development of oocytes
and embryos [4].

Presence of oxygen species (ROS) in the culture
medium is one of the primary reasons for impaired
oocyte growth and development after in vitro fertilization
[5]. The function of oxidative stress (OS) is to increase
the induction of apoptosis in granulosa cells, which leads
to the oocyte lacking access to nutrients and growth [6].
To eliminate oxidative stress in culture medium, various
types of antioxidants have been used to date.

Melatonin (N-acetyl-5-methoxytryptamine) is a cir-
cadian hormone that plays a crucial role in regulating
the body’s activities, particularly reproductive activity.
As an antioxidant, melatonin improves oocyte function,
reduces apoptosis, and modifies chromosomes and spin-
dle arrangement [2, 7-10]. In a study, melatonin was
loaded onto nanostructure lipid carriers (Mel-NLCs), and
the effect of oocyte and embryo development in the IVF
medium was investigated. The results were positive [11].
Women who exhibit a low fertilization rate during oocyte
retrieval for in vitro fertilization and embryo transfer
may experience an inverse correlation between the level
of 8-hydroxy-2'-deoxyguanosine (8-OHdG) in their fol-
licular fluid, a marker of oxidative stress, and the level of
melatonin, a hormone known for its antioxidant prop-
erties. The administration of melatonin treatment has
been shown to decrease the concentration of 8-OHdG
in the follicular fluid, thereby potentially improving the
fertilization outcome [12]. Many articles have published
the therapeutic effects of melatonin in the treatment of
oocyte and embryo development in vitro [13-22]. Vita-
min C is another antioxidant used to improve cell culture
and development and has anti-aging effects [23, 24].

Vitamin C has been shown to improve in vitro matu-
ration (IVM) of bovine oocytes and increase the number
of blastocysts [25]. Several studies have reported similar
findings [26-28].

In this study, the co-occurrence of melatonin and vita-
min C solely within the IVF medium may represent a
novel approach to enhancing the processes of fertiliza-
tion and embryo culture.
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Methods

Animals

The naval medical research institute (NMRI) mice (male
and female) were used. They had free access to water and
food. All steps of working with animals were performed
in accordance with the ethics regulations in research at
Shahroud University of Medical Sciences. This study
design is experimental.

IVF, embryo culture

Female NMRI mice (4 to 6 weeks) (5 mice at a time in
each group (received 5 IU Gonadotropin-releasing hor-
mone (GnRH; Organon, Holland) by intraperitoneal(IP)
injection. After 46—48 h, 5 IU Human Chorionic Gonad-
otropin (HCG; LG Life, Sciences Korea) was injected to
induce superovulation.

14-16 h after induction of ovulation, by killing female
mice by cervical dislocation, cumulus-oocyte complexes
(COCs) were collected from the fallopian tube by squeez-
ing with a G 29 needle into the swollen area, and into
small droplets of IVF culture medium (G-IVF,

Vitrolife. Gothenburg, Sweden) covered with mineral
oil(Sigma) and then transferred to a humidified incubator
at 37 ° Cand 5% CO2.

Under inverted microscopy, the collected oocytes were
evaluated. Healthy metaphase II (MII) oocytes have a
clear cytoplasm, and the polar body (PB) in the yolk
period space. These oocytes were transferred to IVF
medium for further experiments. Degenerated oocytes
whose cytoplasm was compressed. Degenerated oocytes
were excluded from the study. Immature oocytes with
germinal vesicle (GV) and metaphase I(MI) oocytes lack-
ing GV and PB were also excluded.

Capacitated sperms were obtained from the cauda epi-
didymis of adult male mice after incubation for 1 h in
droplets containing IVF medium. The concentration of
sperm was determined using a Makler counting cham-
ber, and approximately 1 to 2 million motile sperm per
ml that were added to each COC and allowed to fertilize
for 4 h.

The IVF medium was randomly divided into two equal
groups: The control group, it does not receive any anti-
oxidants. In the treatment group, 100 uM melatonin
(Sigma) [29] and 200 uM vitamin C(Sigma) [30],as anti-
oxidants, were added to the IVF medium.

Four hours after IVE, putative embryos were evalu-
ated for two pronucleus (2PN) formation (the presence
of separate or fused male and female peronuclei) under
an inverted microscope and transferred to fresh develop-
ment droplets. These drops contain G1 and G2 media in
the.

EmbryoScope™ (Vitrolife, Gothenburg, Sweden). The
embryos were then monitored daily to be evaluated for
developmental and fragmentation assessment, which
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continued until 120 h after IVF and the rate of embryo
maturation from the two-cell stage to the blastocyst was
evaluated under an inverted microscope [29, 31].

Intracellular ROS measurement

The intracellular H202 content of oocytes and putative
embryos was measured before and after incubation with
sperm in IVF medium. Oocytes and putative embryos
were washed 3 times in phosphate-buffered saline (PBS)
and then incubated in PBS supplemented with 10 pm
DCFDA (10 ml, Sigma, Life Technologies C6827) for
15 min at 37 °C and subsequently slowly washed with
PBS. The stained oocytes or putative embryos were
transferred into a droplet on a glass slide and observed
by an inverted fluorescence microscope with excitation
wavelength at 488 nm. Finally, the pixel intensity within
recorded fluorescent images was analyzed using Image]
software [32].

Real-time PCR

The BAX gene, belonging to the Bcl-2 gene family,
encodes a protein that serves as an activator of apopto-
sis. Its role in the regulation of programmed cell death, a
biological process that takes place in multicellular organ-
isms, is well-established. The gene B-cell CLL/lymphoma
2 (BCL2) is responsible for encoding a protein that serves
as an integral outer mitochondrial membrane protein
with the capacity to impede the apoptotic death of a
cell. The BCL2 family members are capable of forming
hetero- or homodimers and serve as either anti- or pro-
apoptotic regulators that are involved in a diverse range
of cellular activities.

Embryos were collected in the blastocyst stage, and a
real-time technique was used to evaluate the expression
levels of apoptosis regulator (Bax, proapoptotic) and
B cell lymphoma 2 (Bcl2, antiapoptotic). All RNA from
blastocysts was isolated according to the manufacturer’s
instructions and using theTRIzol reagent (Ready Mini
Kit, Qiagen) protocol. The step one real time PCR system
(Applied Biosystems, Waltham, MA) was employed in
our study. All samples were normalized using the com-
parative CT method (AACT). Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) housekeeping gene was
used in this method. Primers were designed by allele

Table 1 The primers sequence Bax, Bcl2, GAPDH of genes
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ID software. The sequences of the primers are shown in
Table 1 [33].

Statistical analysis
All data were communicated as the mean — standard
deviation. All statistical analysis of data were performed
using one-way analyses of variance (ANOVA) followed
by Tukey’s post hoc test.

p<0.05 was considered statistically significant.

Results
Morphology of different stages of IVF to blastocyst embryo
The collection of COCs included oocytes enclosed by
Corona radiata cells that were healthy in quality MII
oocytes with normal cytoplasm and appropriate size,
and capacitated sperm were examined using an inverted
microscope(Fig. 1).

As shown in Fig. 2, the images show the growth and cell
divisions of the embryo in different stages.

Embryo development rate in the control group and
treatment group (melatonin and vitamin C)

The existence of antioxidants exclusively to in the IVF
medium increases the percentage of fertilization and
embryonic growth at all stages of development, including
2-cell embryo, morula, and blastocyst embryos. However,
it significantly increased the development rate (% + SD)
of embryos during fertilization (77.5%3.5) and blastocyst
formation (32.5+1.825).

These results show that the presence of antioxidants
solely in the IVF medium had a significant effect on
both the fertilization rate and blastocyst formation rate
(p=0.05) (Fig. 3). According to the values in Table 2.

Measurement of intracellular ROS production of oocytes
and putative embryos before and after incubation with
sperm in IVF medium

Measurement of intracellular ROS production, oocytes
and putative embryos were measured before and after
incubation with sperms in IVF medium in )both the con-
trol group and antioxidant group (was carried out by an
inverted fluorescence microscope with excitation wave-
length at 488 nm. The pixel intensity within recorded
fluorescent images was then analyzed using Image]
software. ROS production in the post-IVF (oocytes and

Gene name Sequence Product size annealing
(bp) temp
Bcl2 For: 5'- GCAAACTGGTGCTCAAGG —3' 183 56.63
Rev: 5'- CAGCCACAAAGATGGTCA -3
Bax For: 5'- GAGTGGGATACTGGAGATGAAG —3' 233 57.4
Rev: 5- TGGTAGCGACGAGAGAAGTCC -3’
GAPDH For: 5'- AAGTTCAACGGCACAGTCAAGG -3’ 121 61.58

Rev: 5'- CATACTCAGCACCAGCATCACC -3
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Fig. 1 Inverted microscopy morphology of COCs includes Mil oocytes with normal cytoplasm enclosed by Corona radiate (a) and Capacitated sperms

(b) mice. (Inverted microscope, scale bar =40 um)

Fig. 2 The image shows the growth and cell divisions of the embryo in different stages. 2-cell embryo (a), eight -cell embryo (b), morula (c) and blasto-
cyst (d) embryos. we have used 5 mice per group and per each type of experiment least 3 replicate were applied. Each embryo culture repeated least 5

to 6 times

putative embryosy) group was significantly higher com-
pared with the pre-IVF (oocytes) group(p<0.001) and
post-IVF +antioxidant (oocytes and putative embryos
with antioxidant) group(p<0.001). These results suggest
that supplementation of IVF medium with melatonin and
vitamin C can greatly reduce intracellular ROS produc-
tion and improve embryonic development (Fig. 4).

Evaluation of apoptotic changes in blastocyst embryos
using the presence of antioxidants in the fertilization stage
To further investigate apoptotic changes in blastocyst
embryos after the use of antioxidants in the fertiliza-
tion medium, 5 days after IVE, changes in the expression
of Bax and Bcl2 genes and the ratio of Bax - Bcl2 genes
involved in apoptosis were examined by real-time PCR.
As shown in Fig. 5, in the control and antioxidant groups,
Bax expression (proapoptosis) and Bcl2 genes (antiapop-
tosis) were significantly different (p<0.05). In addition,
the expression ratio of the Bax - Bcl2 genes in the control
group is significantly higher than that in the antioxidant
group (p<0.05).

In many studies, the expression level and ratio of
expression of the apoptotic gene, box gene, and anti-
apoptotic gene, Bcl2 gene, have been utilized to demon-
strate the enhancement of cell culture and development.

This graph clearly shows that the presence of antioxi-
dants exclusively in the of fertilization medium led to a
reduction in apoptosis and improved embryo growth
development prior to the implantation stage(Fig. 5).

Discussion
In the present study, we used a combination of two anti-
oxidants, melatonin and vitamin C, exclusively in the IVF
medium of mice before and after incubation. We mea-
sured the production of reactive oxygen species (ROS) in
oocytes and putative embryos before and after incuba-
tion with sperm in IVF medium, as well as the expression
levels of Bax and Bcl2 genes. Our results suggest that the
presence of antioxidants exclusively in the IVF medium
can improve the development and culture of embryos.
Vitamin C has long been known to play an important
role in improving health and reducing the aging process.
Therefore, we used this vitamin as one of the antioxidants
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Fig. 3 The number of oocytes and embryos in the development rate stages of 2-PN, 2-cells, morula, blastocyst. Data show means+SD; *p <0.05

Table 2 The number of Mil oocytes and development rate of mouse embryos in-vitro

Groups Numbr of MIl 2-PN embryo develop- 2-cell embryo develop- Morula embryo devel- Blastocyst
oocytes ment rate (% + SD) ment rate (% * SD) opment rate (% + SD) embryo
development
rate (% + SD)
Control 258 70.06+£1.48 87.4+4.91 36.73+£1.35 2556+3.21
Antioxidant 273 775+£358*% 88+4.66 39.13£1.75 325+£1.825*%

supplemented

in the IVF medium [34, 35]. Several studies have investi-
gated the effect of ascorbic acid (vitamin C) on the devel-
opment of embryos in vitro and obtained results similar
to our research [36-39].

In another study, it was found that vitamin C plays
an important role in correcting DNA demethylation by
modulating ten-eleven translocation (TET) dioxygenases
that cause DNA demethylation. Therefore, incubating
vitamin C in the embryo development medium can be
effective in correcting epigenetic errors [40].

another part of Yeon et al’s research, a-tocopherol was
used as an antioxidant both alone and as a supplement
with vitamin C. When added alone to the developing
medium, a-tocopherol had a similar effect to vitamin C.
However, when used as a supplement with vitamin C,
it had no effect on improving the quality of blastocysts.
Alpha-tocopherol or L-ascorbic acid reduced the propor-
tion of apoptotic cells in blastocysts, but their combina-
tion led to the same apoptosis rate as the control group.
In our research, we also used vitamin C and melatonin
as antioxidants at the same time, and the results showed
that the presence of two antioxidants simultaneously in

the IVF medium had a positive role in improving the
quality of embryos and reducing free radicals. Therefore,
this part of Yeon et al’s research contradicts our findings
[41].

In a similar study, Husamaldeen et al. investigated the
effect of the antioxidant cysteamine with vitamin C on
in vitro fertilization in cows. The results of their research
showed that the presence of vitamin C in the culture
medium improves the fertilization of cow oocytes. How-
ever, the presence of both cysteamine and ascorbic acid
(vitamin C) antioxidants did not improve the fertilization
of cow oocytes [30]. Since the simultaneous use of vita-
min C and cysteamine as antioxidants in the fertilization
of cow oocytes did not have a positive effect on improv-
ing the fertilization of oocytes, their results contradict
ours.

Similar to our research, vitamin C has been proven to
be an effective antioxidant in improving cultivation [30,
41].

Castillo-Martin et al. conducted a study in which por-
cine blastocysts were placed in vitro culture medium
and/or vitrification—-warming media supplemented with
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Fig. 4 Inverted fluorescence microscope for measurement of intracellular
ROS production of oocytes and putative embryos before and after incuba-
tion with sperms in IVF medium in different groups. Data show mean +SD;
**P<0.01,***P<0.001

vitamin C. The researchers then analyzed embryo quality
in terms of total cell count (TCN), DNA fragmentation,
peroxide levels, and the relative transcript abundance of
BCL-associated protein X (BAX), BCL2-like 1 (BCL2L1),
POU class 5 homeobox 1 (POU5F1), and heat shock pro-
tein 70 (HSPA1A) (42). In our research, we also used the
Bax and Bcl2 genes to evaluate the viability and devel-
opment of blastocysts, similar to Castillo-Martin et al’s
research.
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Boldura et al. used vitamin C and rosmarinic acid to
improve the development and growth of sow oocytes
in the culture medium for 44 h. At the end of the study,
Ptx3 genes and apoptosis regulators p53, Bax, and BCL-2
were analyzed. The results showed that the presence of
vitamin C plays a positive role in increasing the quality of
embryos, similar to our research [43].

Melatonin is a useful antioxidant in culture medium
that plays an effective role in reducing free radicals. It
increases the expression of ATPase 6, BMP-1GDEF-9,
SOD-1, Gpx-4, and Bcl-2, which are vital genes in oocyte
maturation and embryo development. Additionally, it
decreases the expression of caspase 3, [44] which con-
firms the need for antioxidants to neutralize free radicals
produced in vitro. Melatonin has been used as an effec-
tive factor in the culture medium in many studies as a
free radical reducer. It helps the growth and development
of cells in vitro [45-47] and has been investigated for its
positive effect on IVF quality and embryo growth and
development [12, 14, 29, 48-50].

In other research, melatonin was used as a supplement
with mouse two-cell embryos in cryogenic medium and
vitrified by cryotop. The results of the research showed
that a high percentage of embryos that were exposed to
melatonin reached the blastocyst stage [22]. Unlike our
research, this research used melatonin as an antioxidant
in vitrification cryopreservation.

Similar to our results, Bahadori et al. [2013] also
showed the positive effect of melatonin on the growth
and development of oocytes and embryos [29].

Our research has some limitations. For instance, the
use of antioxidants as a supplement in the fertilization
medium increases the possibility of contamination. Addi-
tionally, fertilization and subsequent embryo culture are
difficult processes, and using different supplements can
make this process more difficult and costly. However, our
research stands out from other studies in this [40, 41]
because we used antioxidants as a supplement only in the
fertilization medium, which led to a reduction in costs.

Our findings indicate that adding 100 uM melatonin
and 200 uM vitamin C as antioxidants reduces intracellu-
lar ROS production of oocytes and improves the quality
and development of embryos up to the blastocyst stage,
but only in the IVF medium.



Navid et al. BMC Women's Health (2023) 23:525

Page 7 of 8

Bax Bcl2 Bax-Bcl2 ratio
" 0.25— * 0.5= *
0.010 - c
el
= 3 0.20 - 0.4
o
?, 0.008 - g o
0 X 0.15— ® 0.3
a @ ’
x 0.006 = o N
) S 0.10 @
c o ¥ 1 0.2
Q [} x
S 0.004- g =
2 5 0.0+ e
S 0.002- 14
@
0.00-
0.0 +—
0.000 T Control Antioxidant Conltrol Antioxidant

Control Antioxidant

Groups

G
roups Groups

Fig. 5 Changes in the expression of Bax and Bcl2 genes in control and Antioxidant groups, 5 days after IVF. Bax expression and Bcl2 genes were signifi-
cantly different. In addition, the expression the ratio of Bax - Bcl2 genes in the control group is significantly higher than the antioxidant group. Data show

means+SD; *p <0.05

Acknowledgements
The authors wish to thank Shahroud University of Medical Sciences for
financial support of this project.

Authors’ contributions

SN conceived of the study, performed animal treatments, collectedand
analyzed specimen and analyzed/interpreted data. ZS, ATanalyze Real time
PCR. All authors conceived of and oversaw the study, interpreted data,
assisted with figure preparation, and wrote the manuscript.AT, ZS, SN read and
approved the final manuscript.

Funding

We all want to say that this is an original article which has been supported by
Shahroud University of Medical Sciences (grant No. 140037). We are grateful
for the funding support provided by the University.

Data Availability

The datasets generated and analyzed during the current study are not publicly
available due to its proprietary nature or ethical concerns, supporting data
cannot be made openly available but are available from the corresponding
author on reasonable request” No anesthesia or euthanasia was used in our
study.

Declarations

Ethics approval and consent to participate

Our project was approved by Ethical Committee of Shahroud University

of Medical Sciences, 4 March, 2021(no. IR SHMU.REC.1400.166). Moreover,
handling of animals was carried out in accordance with the guidelines of
the Iranian Council and the ARRIVE (Animal Research: Reporting of In Vivo
Experiments) for Use and Care of Animals. No anesthesia or euthanasia was
used in our study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 May 2023 / Accepted: 22 September 2023
Published online: 04 October 2023

References

1. Vander Borght M, Wyns C. Fertility and infertility: definition and epidemiol-
ogy. Clin Biochem. 2018;62:2-10.

2. AnQ,PengW,ChengY,Lu Z, Zhou C, Zhang Y, et al. Melatonin supplementa-
tion during in vitro maturation of oocyte enhances subsequent development
of bovine cloned embryos. J Cell Physiol. 2019;234(10):17370-81.

3. Gougeon A. Regulation of ovarian follicular development in primates: facts
and hypotheses. Endocr Rev. 1996;17(2):121-55.

4. Revelli A Delle Piane L, Casano S, Molinari E, Massobrio M, Rinaudo P. Fol-
licular fluid content and oocyte quality: from single biochemical markers to
metabolomics. Reproductive Biology and Endocrinology. 2009;7(1):1-13.

5. Soto-Heras S, Paramio M-T. Impact of oxidative stress on oocyte competence
for in vitro embryo production programs. Res Vet Sci. 2020.

6. LiW, Goossens K, Van Poucke M, Forier K, Braeckmans K, Van Soom A, et al.
High oxygen tension increases global methylation in bovine 4-cell embryos
and blastocysts but does not affect general retrotransposon expression.
Reprod Fertility Dev. 2016;28(7):948-59.

7. Tian X,Wang F, He C, Zhang L, Tan D, Reiter RJ, et al. Beneficial effects of
melatonin on bovine oocytes maturation: a mechanistic approach. J Pineal
Res. 2014,57(3):239-47.

8. LinT, Lee JE, Kang JW, Ogani RK, Cho ES, Kim SB, et al. Melatonin supplemen-
tation during prolonged in vitro maturation improves the quality and devel-
opment of poor-quality porcine oocytes via anti-oxidative and anti-apoptotic
effects. Mol Reprod Dev. 2018;85(8-9):665-81.

9. ZhangY,WangT, Lan M, Zang X-W, Li Y-L, Cui X-S, et al. Melatonin protects
oocytes from MEHP exposure-induced meiosis defects in porcine. Biol
Reprod. 2018,98(3):286-98.

10.  LiuY-J, Ji D-m, Liu Z-B, Wang T-J, Xie F-F, Zhang Z-G, et al. Melatonin maintains
mitochondrial membrane potential and decreases excessive intracellular Ca2
+ levels in immature human oocytes. Life Sci. 2019;235:116810.

11, Siahdasht FN, Farhadian N, Karimi M, Hafizi L. Enhanced delivery of melatonin
loaded nanostructured lipid carriers during in vitro fertilization: NLC formula-
tion, optimization and IVF efficacy. RSC Adv. 2020;10(16):9462-75.

12. Tamura H, Takasaki A, Miwa |, Taniguchi K, Maekawa R, Asada H, et al. Oxida-
tive stress impairs oocyte quality and melatonin protects oocytes from free
radical damage and improves fertilization rate. J Pineal Res. 2008;44(3):280-7.

13. TongJ, Sheng S, SunYY, Li H, Li W-P, Zhang C, et al. Melatonin levels in follicular
fluid as markers for IVF outcomes and predicting ovarian reserve. Reprod
(Cambridge England). 2017;153(4):443-51.

14, Kim MK, Park EA, Kim HJ, Choi WY, Cho JH, Lee WS, et al. Does supplementa-
tion of in-vitro culture medium with melatonin improve IVF outcome in
PCOS? Reprod Biomed Online. 2013;26(1):22-9.



Navid et al. BMC Women's Health

20.

21

22.

23.

24,

25,

26.

27.

28.

29.

30.

32.

33.

(2023) 23:525

Batioglu AS, Sahin U, Gurlek B, Oztiirk N, Unsal E. The efficacy of melatonin
administration on oocyte quality. Gynecol Endocrinol. 2012;28(2):91-3.
Nishihara T, Hashimoto S, Ito K, Nakaoka Y, Matsumoto K, Hosoi Y, et al.
Oral melatonin supplementation improves oocyte and embryo quality in

women undergoing in vitro fertilization-embryo transfer. Gynecol Endocrinol.

2014,30(5):359-62.

Eryilmaz OG, Devran A, Sarikaya E, Aksakal FN, Mollamahmutoglu L, Cicek N.
Melatonin improves the oocyte and the embryo in IVF patients with sleep
disturbances, but does not improve the sleeping problems. J Assist Reprod
Genet. 2011,28(9):815-20.

Tamura H, Jozaki M, Tanabe M, Shirafuta Y, Mihara Y, Shinagawa M, et al.
Importance of melatonin in assisted reproductive technology and ovarian
aging. Int J Mol Sci. 2020,21(3):1135.

Pacchiarotti A, Carlomagno G, Antonini G, Pacchiarotti A. Effect of myo-ino-
sitol and melatonin versus myo-inositol, in a randomized controlled trial, for
improving in vitro fertilization of patients with polycystic ovarian syndrome.
Gynecol Endocrinol. 2016;32(1):69-73.

UnferV, Raffone E, Rizzo P, Buffo S. Effect of a supplementation with myo-
inositol plus melatonin on oocyte quality in women who failed to conceive
in previous in vitro fertilization cycles for poor oocyte quality: a prospective,
longitudinal, cohort study. Gynecol Endocrinol. 2011;27(11):857-61.

Espino J, Macedo M, Lozano G, Ortiz A, Rodriguez C, Rodriguez AB, et al.
Impact of melatonin supplementation in women with unexplained infertility
undergoing fertility treatment. Antioxidants. 2019,8(9):338.
Dehghani-Mohammadabadi M, Salehi M, Farifteh F, Nematollahi S, Arefian
E, Hajjarizadeh A, et al. Melatonin modulates the expression of BCL-xI and
improve the development of vitrified embryos obtained by IVF in mice. J
Assist Reprod Genet. 2014,31(4):453-61.

Rattanawiwatpong P, Wanitphakdeedecha R, Bumrungpert A, Maiprasert M.
Anti-aging and brightening effects of a topical treatment containing vitamin
C, vitamin E, and raspberry leaf cell culture extract: a split-face, randomized
controlled trial. J Cosmet Dermatol. 2020;19(3):671-6.

Duarte TL, Lunec J. When is an antioxidant not an antioxidant? A review of
novel actions and reactions of vitamin C. Free Radic Res. 2005;39(7):671-86.
Sovernigo T, Adona P, Monzani P, Guemra S, Barros F, Lopes F, et al. Effects

of supplementation of medium with different antioxidants during in vitro
maturation of bovine oocytes on subsequent embryo production. Reprod
Domest Anim. 2017;52(4):561-9.

Nishihara T, Matsumoto K, Hosoi Y, Morimoto Y. Evaluation of antioxidant
status and oxidative stress markers in follicular fluid for human in vitro fertil-
ization outcome. Reproductive Med Biology. 2018;17(4):481-6.

Zhang L, Zhang Y, Han Z, Fang J, Chen H, Guo Z. Transcriptome analyses
reveal effects of vitamin C-treated donor cells on cloned bovine embryo
development. Int J Mol Sci. 2019,20(11):2628.

Kere M, Siriboon C, Lo N-W, Nguyen NT, Ju J-C. Ascorbic acid improves the
developmental competence of porcine oocytes after parthenogenetic
activation and somatic cell nuclear transplantation. J Reprod Dev. 2012.
Bahadori MH, Ghasemian F, Ramezani M, Asgari Z. Melatonin effect during
different maturation stages of oocyte and subsequent embryo development
in mice. Iran J Reproductive Med. 2013;11(1):11.

ALSALIM HA, HABEEB IA. ABBAS HR. The effect of antioxidant cysteamine
with ascorbic acid on in Vitro fertilization in cows. Int J Pharm Res. 2020;12(2).
LinT-C, Yen J-M, Kuo T-C, Gong K-B, Hsu K-H, Hsu T-T. Comparison of the
developmental potential of 2-week-old preantral follicles derived from vitri-
fied ovarian tissue slices, vitrified whole ovaries and vitrified/transplanted
newborn mouse ovaries using the metal surface method. BMC Biotechnol.
2008;8(1):1-13.

Hashimoto S, Minami N, Yamada M, Imai H. Excessive concentration of
glucose during in vitro maturation impairs the developmental competence
of bovine oocytes after in vitro fertilization: relevance to intracellular reactive
oxygen species and glutathione contents. Mol Reprod Development: Incor-
porating Gamete Res. 2000;56(4):520-6.

Noory P, Navid S, Zanganeh BM, Talebi A, Borhani-Haghighi M, Gholami K, et
al. Human menstrual blood stem cell-derived granulosa cells participate in

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Page 8 of 8

ovarian follicle formation in a rat model of premature ovarian failure in vivo.
Cell Reprogramming. 2019;21(5):249-59.

Cameron E, Pauling L. Supplemental ascorbate in the supportive treatment
of cancer: Prolongation of survival times in terminal human cancer. Proceed-
ings of the National Academy of Sciences. 1976;73(10):3685-9.

Luck MR, Jeyaseelan |, Scholes RA. Ascorbic acid and fertility. Biol Reprod.
1995,52(2):262-6.

Dalvit G, Llanes S, Descalzo A, Insani M, Beconi M, Cetica P. Effect of alpha-
tocopherol and ascorbic acid on bovine oocyte in vitro maturation. Reprod
Domest Anim. 2005;40(2):93-7.

Tatemoto H, Ootaki K, Shigeta K, Muto N. Enhancement of developmental
competence after in vitro fertilization of porcine oocytes by treatment

with ascorbic acid 2-O-a-glucoside during in vitro maturation. Biol Reprod.
2001,65(6):1800-6.

Kere M, Siriboon C, Lo N-W, Nguyen NT, Ju J-C. Ascorbic acid improves

the developmental competence of porcine oocytes after parthenoge-

netic activation and somatic cell nuclear transplantation. J Reprod Dev.
2013;59(1):78-84.

Mahmoud MAE. Luteal phase vitamin C supplementation on the outcome of
in-vitro fertilization. Egypt J Fertility Steril. 2021,25(2):28-35.

Chu M, Yao F, Xi G, Yang J, Zhang Z, Yang Q et al. Vitamin C rescues in vitro
Embryonic Development by correcting impaired active DNA demethylation.
Front cell Dev Biology. 2021;9.

Jeong YW, Park SW, Hossein MS, Kim S, Kim JH, Lee SH, et al. Antiapoptotic
and embryotrophic effects of a-tocopherol and L-ascorbic acid on porcine
embryos derived from in vitro fertilization and somatic cell nuclear transfer.
Theriogenology. 2006;66(9):2104-12.

Castillo-Martin M, Yeste M, Soler A, Morato6 R, Bonet S. Addition of L-ascorbic
acid to culture and vitrification media of IVF porcine blastocysts improves
survival and reduces HSPATA levels of vitrified embryos. Reprod Fertility Dev.
2015;27(7):1115-23.

Boldura O-M, Marc S, Otava G, Hutu |, Balta C, Tulcan C, et al. Utilization of ros-
marinic and ascorbic acids for Maturation Culture Media in Order to increase
sow Oocyte Quality Prior to IVF. Molecules. 2021;26(23):7215.

Yang M, Tao J, Chai M, Wu H, Wang J, Li G, et al. Melatonin improves the qual-
ity of inferior bovine oocytes and promoted their subsequent IVF embryo
development: mechanisms and results. Molecules. 2017;22(12):2059.

Navid S, Abbasi M, Hoshino Y. The effects of melatonin on colonization of
neonate spermatogonial mouse stem cells in a three-dimensional soft agar
culture system. Stem Cell Res Ther. 2017;8(1):1-10.

Navid S, Rastegar T, Baazm M, Alizadeh R, Talebi A, Gholami K, et al. In vitro
effects of melatonin on colonization of neonate mouse spermatogonial stem
cells. Syst Biology Reproductive Med. 2017;63(6):370-81.

Moriya T, Horie N, Mitome M, Shinohara K. Melatonin influences the
proliferative and differentiative activity of neural stem cells. J Pineal Res.
2007;42(4):411-8.

JiaY, LiuW, Bai D, Zhang Y, Li Y, Liu Y, et al. Melatonin supplementation in the
culture medium rescues impaired glucose metabolism in IVF mice offspring.
J Pineal Res. 2022,72(1):¢12778.

Gutiérrez-Afez JC, Henning H, Lucas-Hahn A, Baulain U, Aldag P, Sieg B, et

al. Melatonin improves rate of monospermic fertilization and early embryo
development in a bovine IVF system. PLoS ONE. 2021;16(9):e0256701.

Jang H, Kong H, Choi K, Jeon G, Yang B, Lee C, et al. Effects of melatonin on
gene expression of IVM/IVF porcine embryos. Asian-australasian J Anim Sci.
2005;18(1):17-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Assessment of developmental rate of mouse embryos yielded from in vitro fertilization of the oocyte with treatment of melatonin and vitamin C simultaneously
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Animals
	﻿IVF, embryo culture
	﻿Intracellular ROS measurement
	﻿Real-time PCR
	﻿Statistical analysis

	﻿Results
	﻿Morphology of different stages of IVF to blastocyst embryo
	﻿Embryo development rate in the control group and treatment group (melatonin and vitamin C)
	﻿Measurement of intracellular ROS production of oocytes and putative embryos before and after incubation with sperm in IVF medium
	﻿Evaluation of apoptotic changes in blastocyst embryos using the presence of antioxidants in the fertilization stage

	﻿Discussion
	﻿References


