46

BOCIIPOU3BO/ICTBO

VIIK 636.3:591.31
DOI: 10.25687/1996-6733.prodanimbiol.2022.3.46-53

EFFECTS OF DIFFERENT DURATION OF CO-INCUBATION OF GAMETES
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ABSTRACT. The stage of in vitro fertilization (IVF) is considered as a pivotal term in the embryo
production programs in mammals, although the effect of this stage is still underestimated, especially in
sheep. In IVF laboratories, oocytes are exposed to spermatozoa for 18 to 24 h. This prolonged duration of
co-incubation for gamete can produce high levels of reactive oxygen species (ROS), which can potentially
cause an increase in polyspermic penetration and hardening of the zona pellucida (ZP), which may affect
embryo viability. Despite this, most researchers still prefer 18-24 h of fertilizing time for in vitro ewe
oocytes. This study aimed to improve the success rate of the IVF process in sheep by manipulating the time
of the IVF stage. In addition, penetration time of ram spermatozoa into the oocytes was measured in vitro
condition. For this purpose, maturated oocytes were incubated with capacitated spermatozoa at a
concentration of 10x10° spermatozoa/ml in BO medium for either 6 h (Group 1, n=119), 12 h (Group 2, n
=112), or 18 h (Group 3, n = 107). Our study showed that exposing gametes to IVF for only 6 h results in
a higher fertilization rate and an improvement in the quality of the embryo development when compared to
12 h and 18-h co-incubation of gametes. Moreover, this study showed that sperm can arrive at the surface
of zona pellucida already within 110 min after the co-incubation beginning and then, fertilization happens
within 4.5 h after having started IVF procedure. Concluded that using the protocol adopted in this study,
the highest percentage of zygote development to the blastocyst stage occurred in the shortest IVF period. In
conclusion, the highest percentage of zygote development into the blastocysts stage occurs in the shortest
period of IVF (6 h).
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Introduction

Millions of sperm are released inside the female reproductive tract at ejaculation, while only a few
hundred contact the oocyte (Harper, 1982). On the other hand, the number of sperm that are in close
proximity to the COCs (cumulus oocytes complexes) is greater during in vitro fertilization than it is during
in vivo fertilization, which typically involves sperm doses that are higher than 17x10° spermatozoa/ml,
which results in a sperm: oocyte ratio that is greater than 10,000:1 (Shi et al., 1990). Standard IVF
procedures expose oocytes to sperm for 16 to 22 hours (Jafarpour et al., 2017; Mardenli et al., 2020).

Polyspermia is the most common problem in IVF (Maalouf et al., 2009; Batista et al., 2016). Long-
time incubation of oocytes with spermatozoa in a high concentration can produce high levels of reactive
oxygen species (ROS), which can reduce membrane fluidity by peroxiding polyunsaturated fatty acids,
causing ZP hardening and having an impact on IVF rate and embryonic development (Han et al., 2001;
Lushchak, 2014; Anzalone et al., 2021). In addition, high levels of ROS increase the chance of TP53
transcriptional response, which causes cell cycle arrest and apoptosis (Pan et al., 2018). Moreover, extended
gamete co-incubation time during IVF does increase polyspermia (Sumantri et al., 1997).

IVF media have traditionally been prepared to foster a favourable environment for capacitating
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spermatozoa to fertilize the oocytes. However, the IVF media can produce some ROS after a few hours of
incubation (Martin et al., 2008). Therefore, some fertilization media may not be ideal for incubating gametes
for an extended in vitro fertilization time (Nedambale et al., 2006).

Although reducing the amount of time that gametes are allowed to co-incubate has been proposed
as an alternative method for increasing the success rate of IVF, the results that have been obtained in various
laboratories are contradictory in terms of penetration rate, monospermy, and the success rate of in vitro
embryo development (Dirnfeld et al., 1999; Xiong et al., 2011; Liu et al., 2014; Le Bras et al., 2017
Anzalone et al., 2020). In humans, ultrashort (30 s) co-incubation can result in good fertilization rates and
a low incidence of polyspermy (Bungum et al., 2006). Further, it has been shown that the length of time a
gamete is incubated does not affect the development of a bovine embryo (Ward et al., 2002). These results,
which were obtained with different IVF protocols, are not consistent, and they show that whether or not a
shorter insemination time for oocytes will increase the success rate of in vitro fertilization (I\VF) is still
debatable.

This study aimed to determine the time needed for the sperm penetration to the oocyte and formation
the male pronucleus (MPN) inside the oocyte cytoplasm during the fertilization of oocytes in vitro. In
addition, the aim was to estimate the extent to which the development of embryos is affected by shortening
the time of IVF.

Materials and Methods

Study design. The first and second groups co-incubated sperm and oocytes in 500 pL of in vitro
fertilization media (BO) for 6 h and 12 h (shortening the incubation time). In contrast, oocytes and sperm
were co-incubated in 500 pL of BO medium for 18 h in the third group, which was part of the conventional
incubation time.

In vitro embryo production. IVEP was performed at the Reproductive Biology and Animal
Physiology Laboratory, Ankara University, Turkey. All chemicals were acquired from the Sigma-Aldrich
Chemical Company. Substances obtained from other companies are given in the relevant section.

The biological material (ovaries and fresh testes) from various Turkish breeds submitted to a local
slaughterhouse was collected with AUZ1 medium and transported to the laboratory at 4°C. In the laboratory,
the follicles with a diameter of 3-5 mm were aspirated using an 18 G needle connected to a 10 mL syringe.

The oocytes have at least two complete cumulus cell layers, and homogeneous cytoplasm was
selected and washed twice in the oocyte collection medium (OCM). Then, 40 to 60 oocytes were placed in
500 uL TVM media TCM-199 (M199-A) supplemented with 10% FBS (16A), 1 IU/mL FSH (Life
Technologies), 1 IU/mL LH (Bi098), 750 uM glutamax (35050-06), 0.36 mM sodium pyruvate (P4562),
and 5 ul/ml gentamycin (GEN-10B), during 24 h at 38.5°C, 5% CO2, and high humidity in a four-well
MultiDish (Nunc™ Thermo Fisher Scientific S.L., Madrid, Spain).

Post-IVM, expanded COCs (eCOCs) were washed twice in the BO medium and placed in 500 pL
(40-60) of BO medium supplemented with 5 ul/ml gentamycin, 1.25 mM sodium pyruvate, 5.00 mg/ml
BSA (A3311), 1 wl/ml heparin (P4562), 40 ul/ml PHE, 2 mM caffeine and 10% FBS. Then the eCOCs were
fertilized with sperm concentrations of 10x10%ml. . The oocytes and sperm were co-incubated at 38.5°C,
with 5% CO; in the high humidity.

Before beginning the IVC stage, cumulus cells were partially removed using 1 ul hyaluronidase
(H3884), followed mechanically by pipetting. Then, zygotes were cultured in 500 uL. SOF medium
supplemented with 4 g/ml BSA, 10 pl/ml glutamax, 10 pl/ml sodium citrate, 10 pl/ml Non-Essential AA
(M7145), 20 ul/ml Essential AA (B6766), 10 pl/ml myo-inositol (P4562), 0.5 ul/ml Na pyruvate, and 5
ul/ml gentamycin (GEN-10B). Zygotes were incubated at 38.5°C, 5% COg, and 90% humidity. Every 24 h,
embryonic development was monitored.

Nuclear evaluation of oocytes and embryos. Staining with 2.5 mg/ml Hoechst 3342 in 3:1 (vol/vol)
glycerol/PBS and mounting on microscope slides with coverslips, sealed with nail polish, and storing at
4°C in the dark. The slides were examined with UV light (200-400 nm) and an inverted microscope by
LEICA (model number: LEICA DM IL LED; Wetzlar, Germany).

Statistical analysis. Data were analyzed by one-way ANOVA using SPSS version 23.0 statistical
software, and the results are presented as the mean (£ SEM). Duncan's multiple range test was used to
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compare differences between treatments, and P-value < 0.05 was considered significant.
Results and discussion

The efficiency of IVF was assessed using three different co-incubation times (6 h, 12 h, and 18 h)
during IVF (table 1). In the 6 h incubation time, the highest fertilization rate (79.3%) occurred (P<0.05),
which constitutes a significant difference (P<0.05) as compared with 18 h incubation time (71.4%). There
were no significant differences between 6 h and 12 h incubation times, as the fertilization rate for 12 h was
74.7%. 80.7% of fertilized oocytes reached the cleavage stage in the 6 h incubation treatment, which
represents superior significance (P<0.05) along with other treatments as shown in table 2, which also
clarifies how there were no significant differences between 12 h and 18 h in the cleavage rate of embryos,
with 73.2% and 70.1%, respectively.

Table 1. Effect of sperm-oocyte co-incubation time on fertilization

rate, %
Co-incubation No. of No. of fertilized Fertilization rate,
time, hour oocytes* oocytes %
62 150 119 79.3+1.52
124 150 112 74.7+2 4 @
18° 150 107 71.4+1.7"

Notes: * data from 5 replicates; mean values in the same column with
different superscripts differ at P<0.05.

At the morula stage, the 6 h treatment had a superior effect (P<0.05) where it was 64.7%, whereas
there were no significant differences between 12 h and 18 h in the morula rate, with 56.2% and 55.1%,
respectively. In addition, this was no different with the rate of blastocysts, where it was the highest (P<0.05)
at 6 h treatment (42.0%), followed by the other treatments at 12 h and 18 h, 31.2% and 26.2%, respectively.
For in vitro fertilization, there is still controversy about how long gametes should be co-incubated. We are
interested in determining if manipulating the gamete co-incubation times is sufficient to lower the
occurrence of polyspermic fertilization and analyse its effect on embryonic development rates.

Table 2. Effect of sperm—oocyte co-incubation time on embryonic development rate, %

Co-incubation No. of fertilized Cleavage rate Morularate (%)  Blastocysts rate

time, hour oocytes* (%) (%)
6 119 80.7£2.0 2 64.7£0.9 @ 42.0+0.6 @
12 112 73.2£1.3° 56.2+1.8° 31.240.5°
18 107 70.1+1.2° 55.1+2.7°P 26.2+0.8 ¢

Notes: * data from 5 replicates; mean values in the same column with different superscripts
differ at P<0.05.

Our data showed that increasing the co-incubation time for oocytes that had been fertilized for more
than 6 h led to a greater likelihood of abnormal fertilization and a worse rate of embryonic development. In
contrast, when the co-incubation duration lasted 6 h, there was a high rate of sperm penetration and zygote
cleavage.The cleavage rates at 12 h of incubation were the same as those at 18 h.

These explanations may be why the cleavage and morula rates at 6 h of incubation in this study
have a higher level; oocytes are typically exposed to sperm for a period of 18-26 h during the IVF procedure
performed on small ruminants (Zabihi et al., 2019; Serra et al., 2021; Mousavi et al., 2022). Furthermore,
the number of sperm reaching the oocytes in vivo is lower than the number present during IVF (Umehara et
al., 2018). If there are too many spermatozoa for a long time, they can produce ROS (De Lamirande,
Gagnon, 1995); this can reduce membrane fluidity by peroxidizing polyunsaturated fatty acids (Mailloux,
2020), cause the ZP to harden (Gualtieri et al., 2021), and change the quality of the oocytes (Leite et al.,
2017).

ROS production rises when in vitro circumstances include 5% CO- in the incubation; therefore, as
time rises, a greater quantity of these products will be created (Agarwal et al., 2022). These factors can
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potentially affect even the epigenetics of the embryos (Canovas et al., 2017). In addition, centrifugation can
cause harm to sperm by causing the peroxidation of spermatozoa membranes and the production of high
levels of ROS, both of which can have a detrimental impact on the fusion of sperm and oocytes as the
amount of time rises in IVF (Watson, 2000; Canovas et al., 2017).

Moreover, in contrast to the circumstances that prevail in vivo, a significant prevalence of
polyspermy is observed after in vitro fertilization; this indicates that in vitro conditions are less than ideal
(Alcantara et al., 2020; Nguyen et al., 2021).

Polyspermic penetration has been shown to occur during in vitro fertilization in various animal
species. However, this phenomenon appears exceptionally high in sheep and pigs (Coy, Avilés, 2010;
Alcantara et al., 2020). These data suggest that oocytes might fare better if incubated for a shorter time.
Consequently, the hypothesis has been put forward that decreasing the amount of time expended in co-
incubation for gametes can improve the effectiveness of the in vitro embryo production procedure.

Previous studies confirmed our data, which show that in humans, an incubation time of 16 h can
have a negative impact on the outcomes of IVF procedures due to the excessive production of ROS and
other harmful byproducts of sperm metabolism in the IVF medium (Dirnfeld et al., 1999; Xiong et al., 2011,
Liu et al., 2014). It has been shown that allowing gametes and oocytes to co-incubated for less time during
IVF increases the fertilization of oocytes and the formation of blastocysts (Le Bras et al., 2017; Anzalone
et al., 2020). In contrast to these results, a previous study (Chen et al., 2019) found that the amount of time
that gametes were co-incubated together did not affect zygote cleavage or embryonic development post IVF
with unsorted ram sperm. In contrast to the case with sheep, the incubation for 10 h had no negative impact
on the quality of the bovine zygote during IVF (Ward et al., 2002).

In addition, evaluations of pronuclear formation and zygote development were carried out after IVF
and 72 h of IVC (Fig. 1, 2). We found that sperm can reach the zona pellucida 110 min post the co-incubation
for gametes begins and that fertilization happens within 4.5 h of the start of IVF.

Figure 1. Fluorescence microscopy images (400x) of ewe oocytes and zygote
stained with Hoechst 33342.
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Figure 2. Fluorescence imaging of blastocysts stained with Hoechst 33342.

There were detected effects of gamete co-incubation length on the speed and rates of blastocyst
formation. It is well known that in vitro embryonic development speed and viability/quality have a well-
documented link (Lee et al., 2012). These results are in line with a study in which human IVF-embryos
formed from a shorter time of gamete co-incubation had a higher implantation and pregnancy rate than
those derived from a long time of gamete co-incubation (Kattera, Chen, 2003).

Conclusions

This study reveals that 4.5 h of interaction between sperm and oocytes is adequate to accomplish
fertilization, to lower the incidence of polyspermy, and improve the rate at which embryos progress to the
blastocyst stage without compromising the quality of the embryos.

The obtained data give grounds to conclude that using the protocol adopted in this study there is no
need for exposure up to 6 hours to remove the fertilized oocytes from the IVF medium to ensure the stability
of the sperm nucleus within the cytoplasm of the oocyte and not to expose them to collateral damage
(temperature, pH, light, and stress induced by pipetting) during their transfer to the culture media for
embryonic development.
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Bausinue pa3iu4HON NPOAOIKUTEIHLHOCTH KOMHKY0ALUM raMeT
HA pa3BHUTHe SMOPHOHOB OBell

Cennen @., !Anp-Xaden C., ?°Ymakos A.

YVuusepcumem Auxapuol, Auxapa, Typyus; *BHHUH pusuonocuu, Guoxumuu u numaHus
arcusomuwlx - unuan OUL] scusomunosoocmea - BVIK um. JLK. Opucma, Boposck
Kanysicexoti 06a., Poccutickas @edepayus

Cragus skcTpakopropanbHoro orogoTBopeHus (OKO) cuuraercs KiII0O4EeBHIM TEPMHHOM B
mporpaMMax HPOM3BOACTBA SMOPHOHOB y MIICKONMTAIOIIMX, XOTS BJIMSHHE 3TOM CTaguM BCE e€lIe
HEJ00IICHUBAETCsl, 0COOCHHO y oBell. B mabopatopusx DKO 0OIUTHI MOABEPrarOTCsS BO3JACUCTBHUIO
CrIepMaTo30uA0B oT 18 10 24 yacoB. DTa JUIMTeNbHAS MPOJOKUTEIHHOCTh COBMECTHON HHKYOAIMN raMeT
MOJKET NMPHUBECTH K BBICOKMM YPOBHSM aKTUBHBIX (Gopm kuciopona (ADPK), 4To moreHIHaIbHO MOXKET
BBI3BaTh yBEJIUUCHHE IPOHUKHOBEHUS MOJIMCIIEPMHH U OTBEpACHHE Onectamier 000104ku (ZP), uTo MoxeT
MOBIHATH HAa JKM3HECHOCOOHOCTH MOpHOHa. HecMoTpsi Ha 3To, OONBIIMHCTBO HCCIIeAOBATElel IIo-
nOpeKHeMy npeanodnTaror 18-24 yaca omIoI0TBOPEHHUsI OOLUTOB OBIBI N Vitro. JlaHHOE Hcchen0BaHe
ObLIO HAIPABJICHO HA MOBBIIICHUE YCIEIIHOCTH MOTyYCHHs SMOPHUOHOB iN Vitr0 y oBell ¢ perucrparueit
BPEMEHHU TPOHUKHOBEHHS CIIEPMATO30MI0B OapaHa B OONMTHL JliIsi 3TOTO CO3pEBIIME OOIMTHI
MHKYOMPOBAJIM C KallalMTHPOBAHHBIMH CIIEPMATO30M1aMu B KoHIeHTpauuu 10x10° ciepmartozonmos/mi B
cpeae bBO B teuenue 6 4 (I rpynma, n = 119), 12 g (Il rpynna, n = 112), 18 u (Il rpynma, n = 112). unu 34
g (Il rpynma, n = 107). ITokazano, uro Bo3aeiictBue 9KO Ha raMeTsl TOIBKO B T€UEHUE 6 4 MPUBOJUT K
OoJiee BBICOKOM 4acTOTE OTUIOJOTBOPEHHS U YIIyUIICHUIO Pa3BUTHSI IMOPHOHA 110 cpaBHEHUIO ¢ 12- u 18-u
COBMECTHOM MHKyOaruel ramer. bonee Toro, 3To ncciepoBaHue MOKa3ajao, YTO CHEPMAaTO30MIbl MOTYT
NpUOBITH HAa MOBEPXHOCTH OecTAmIel 000s10uky yxe uepe3 110 MuH nmocne Havana KOMHKYOaluy, a 3aTeM
OTIJIOJIOTBOPEHNE TPOUCXOAUT B TeueHue 4,5 4 mocne Havana npoueaypsl DKO. 3axmrouniy, 4Tto mpu
WCTIOJIb30BaHUM TPUHATOTO B JAHHOM HCCIIEIOBAHHWU IMPOTOKOJIA ONTHMAIBHOE PA3BUTHE 3UTOTHI 10
CTauy OJIACTOIUCTHI MPOUCXOIUIIO B caMblil KopoTkuit mepuog KO (6 u).

Kniouesvie crosa: osybvl, cnepmamosoudsl, 00yumvl, KOUHKYOayus 2amem, myaxicckoii nponykaeyc (MITH).
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