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Simple Summary: The in vitro culture of mammalian embryos lacks different embryotrofic factors that are
present in the female reproductive tract, which are essential to correct embryonic development. It has been
reported that by supplementing oviductal fluid (OF) and uterine fluid (UF) during the in vitro culture of
mammalian embryos, a positive effect occurs on the development and quality of these, when produced by in
vitro fertilization (IVF). We investigate the effect of OF-OF supplementation on the balance of reactive oxygen
species (ROS), glutathione (GSH), and the development of Ovis aries cloned and parthenogenetic embryos.
However, at concentration of 1 and 2% OF-UF, the blastocyst rate decreased on both groups of embryos. At
concentration of 1% OF-UF, both intracellular ROS and GSH decreased on parthenogenetic blastocysts
embryos, but not in cloned embryos. In sheep clone embryos, OF-UF had no impact on embryonic development
or redox balance.

Abstract: Somatic cell nuclear transfer (SCNT) has great potential in the replication of high commercial value
animals, threatened wild species for conservation purposes, and transgenic animals for biomedical purposes.
However, SCNT has a low success rate, due to intrinsic factors of the technique itself, which will lead to low
rates of embryonic development and epigenetic alterations in the cloned embryos. The objective of the present
study was to evaluate the effect of OF-UF on the intracellular concentration of ROS, GSH, and the development
of Ovis aries cloned and parthenogenetic embryos. The results did not show a beneficial effect on the
development of parthenogenetic and cloned embryos at concentrations of 0.5% OF-UF. Furthermore, at 1% OF-
UF, an adverse effect was observed in cloned embryos at the blastocyst stage and 2% OF and UF in
parthenogenetic embryos in the first divisions. A decrease in ROS and GSH levels was observed in the
parthenogenetic blastocysts treated with 1% OF-UF, but not in the clones, in which a higher concentration of
GSH and a similar concentration of ROS was observed. No effect was observed of OF-UF on embryonic
development and redox balance on sheep clone embryos by Handmade Cloning.

Keywords: Nuclear transfer; Embryonic development; Oviductal fluid; Uterine fluid; Reactive
oxygen species; Glutathione

1. Introduction
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According to data from the International Embryo Technology Association (IETS), the in vitro
production of sheep embryos increased more than 340% from 2021 to 2022 [1], being four productive
species such as cattle, goats and horses, those that indicate growth and efficiency in the use of assisted
reproduction techniques (ART). Within the ART, there is the SCNT the one that allows the
multiplication of individuals with genetic characteristics, for example: animals of zootechnical
interest of high commercial value [2], threatened wild species for conservation purposes [3,4]
companion animals [5] and transgenic animals for biomedical purposes [6].

However, this biotechnology has not had a practical application like other ART, due to the small
number of cloned embryos that reach term with the birth of healthy offspring. In sheep, efficiencies
of 5.3 to 42% of cloned embryos reaching the blastocyst stage have been reported, while the efficiency
in newborn cloned lambs per blastocyst transferred is 5.7 to 15% [7]. This is because of causes inherent
to the technique, such as: trauma due to manipulation of the cells used, inadequate capacity of the
recipient oocyte to reprogram the nucleus of the somatic cell, resistance to reprogramming by the
somatic cells or abnormalities induced by the in vitro culture [8].

This leads to epigenetic alterations in embryos produced by SCNT such as elevated levels of
DNA methylation in cloned embryos, compared to those produced by IVF or in vivo [9]. This has
been observed in sheep, particularly in the trophectoderm cells in the blastocyst [10] that give rise to
placentas with a reduced number or abnormalities in the placentomes and with histopathological
alterations [11-13]. Newborn cloned lambs have also been described as having a high incidence of
Abnormal Offspring Syndrome (AOS), due to the variety of reported phenotypes [14]. This is related
to a deregulation of different imprinted genes [15-17].

In this context, it has been observed that by supplementing the embryo development media with
OF and UF, or with the extracellular vesicles present in them, in bovines and pigs the quality of
embryos produced in vitro [18,19] have a higher number of cells [20,21], lower levels of ROS and
better survival after vitrification [21]. Furthermore, the epigenetic marks in them are more like those
in embryos obtained in vivo [22,23].

Embryos produced by SCNT typically have higher levels of ROS than embryos produced by IVF
[24-26], due to the excessive manipulation that the cells receive during enucleation, fusion and
activation [27]. The imbalance between the generation of ROS and the antioxidant system of the
embryo results in oxidative stress, which has a negative impact during embryonic development that
can extend to fetal development [28].

Given that OF and UF contain elements that promote development and improve the quality of
embryos produced in vitro, then supplementation of these fluids during the in vitro culture of Ovis
aries cloned embryos may improve embryonic quality. Therefore, the aim of the present study was
to evaluate the effect of OF and UF on the balance of ROS, GSH and the development of O. aries
cloned and parthenogenetic embryos.

2. Materials and Methods

All reagents used were purchased from Sigma-Aldrich. The incubation conditions for cell
cultures, in vitro oocyte maturation and in vitro embryonic development were: 38.5 °C, 5% CO2 and
saturation humidity.

2.1. Obtaining Reproductive Fluids (OF and UF)

Reproductive tracts (RT) of adult Creole type sheep (O. aries) were collected from a local
slaughterhouse and transported to the laboratory at 8 °C in disinfected plastic bags. Upon arrival,
within no more than two hours, the RT were washed in sterile Dulbecco’s Phosphate Buffered Saline
(DPBS) supplemented with 1% antibiotic-antimycotic (Streptomycin 10,000 pg mL-!, Amphotericin B
25 ug mL* and 10,000 IU of penicillin, In vitro S.A. de C.V. CDMX, México) at 4 °C. Subsequently,
the RT were classified based on the ovarian structures present (to determine the phase of the estrous
cycle), with regular size and shape, without cysts, according to the methodology described and
adapted for sheep by Carrasco et al. [29]. The luteal phase was divided into early and middle, the
early phase was determined by the presence of corpora hemorrhagicum (CH), while the middle
phase was determined by the presence of developing corpora lutea (CL). Fluids were recovered from
the oviduct and uterine horn ipsilateral to the ovary with the presence of CH and developing CL.
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Once the RT were classified, the suspensory ligaments were dissected, and the uterine-tubal junction
was sectioned to separate the oviduct from the uterine horn. The oviducts and uterine horns were
maintained in DPBS at 4 °C. For the extraction of the OF, the oviduct was placed on a flat surface and
pressure was exerted with a slide from the utero-tubal junction towards the ampulla. A fire-polished
Pasteur pipette was then introduced to recover the OF, which was deposited in a 300 pL tube. The
sample was centrifuged at 2000 x g for 5 min at 4 °C, the supernatant was recovered and centrifuged
at 7000 x g for 10 min at 4 °C. Finally, the supernatant was recovered and stored at -80 °C until use.
To obtain the UF, the RT was placed vertically so that the fluid descended by gravity to the uterine-
tubal junction. Immediately afterward, a fire-polished Pasteur pipette was introduced, and the fluid
was collected. This was placed in a 300 uL tube, processed and stored in the same way as the OF.

2.2. Derive and Culture Skin Fibroblasts for Use as Karyoplasts

Ear skin fibroblasts were obtained according to Navarro-Maldonado et al. [30]. First, a sample
of ear skin was obtained from an adult sheep (O. aries) and fibroblasts were derived by explant
sowing and enzymatic disintegration, then they were cultured in DMEM medium (Dulbecco's
Modified Eagle's Medium, In Vitro S.A. de C.V. CDMX, Mexico) supplemented with 2.3% antibiotic-
antimycotic, 10% Newborn Calf Serum (NCS) and 13.6 mg mL-* NaHCO:s. Fibroblasts were taken to
the 4th cell passage and cryopreserved at =196 °C. One week before SCNT, they were reseeded and
left at confluence for at least three days so that they could reach the 5th passage and synchronize their
cell cycle (GO/G1).

2.3. In Vitro Oocyte Maturation (IVM)

The cumulus-oocyte complexes (COCs) were obtained from the ovaries of slaughterhouse sheep,
by aspiration of follicles of 2 to 8§ mm in diameter, using 10 mL syringes with 20 G gauge needles. The
aspiration medium was Tissue Culture Medium (TCM-199) with Hepes (In Vitro S. A. de C. V.
CDMX, México), supplemented with 100 IU mL-1 of heparin. The collected follicular fluid was passed
through a cell filter (100 pm, Biologix, Shandong, China) to recover the COCs and were selected based
on their cytoplasmic morphology and the number of granulosa cell layers [31]. The selected COCs
were cultured in 4-cell dishes (Nunc™) with 0.5 mL of in vitro maturation medium (IVM), based on
TCM-199 (In Vitro S. A. de C. V. CDMX, México) supplemented with 1.675x10-%* g mL- of cysteine,
0.001 g mL" of polyvinyl alcohol, 5.496x10-%g mL-! of D-glucose, 1x10-%* g mL" of Sodium Pyruvate,
10% Newborn Calf Serum (NCS), 5 IU mL! of equine Chorionic Gonadotropin (eCG, Gonaforte
Parfarm S.A., CDMX, Mexico), 0.1 IU mL! of recombinant Follicle stimulating hormone (FSH, Gonal-
F Merck, Darmstadt, Germany), 10 ng mL"' of Epidermal Grow Factor (EGF) and 0.65% antibiotic-
antimycotic. The COCs were incubated for 21 h at 38.5 °C, 5% CO: in air and saturation humidity.

2.4. Somatic Cell Nuclear Transfer (SNCT) by handmade cloning (HMC)

Once IVM was completed, SNCT by handmade cloning (HMC) was performed. To do this, the
expanded cumulus cells of the COCs were disrupted with 0.5 mg mL" of hyaluronidase for 8 min
incubation and by gentle pipetting. Oocytes were selected in MII (presence of the first polar body)
and incubated in 0.5 pg mL! of demecolcine in MIV medium for 1 h to induce the cytoplasmic
extrusion of the genetic material of the oocyte (the first polar body and the metaphase plate) [32,33].

2.4.1. Cytoplast Preparation

Subsequently, the zona pellucida (ZP) of the oocytes was removed with 2 mg mL-! of pronase in
30 pL drops of TCM-199 medium with 4-(2-hydroxyethyl) piperazine-1-ethane-sulfonic acid
(HEPES). Zona pellucida-free oocytes were manually enucleated with the use of a microblade
(Professional Embryo Transfer Supply, Inc. Texas, USA), in 30 uL drops of TCM-199 with HEPES at
10% NCS (T10). For enucleation, the oocytes were placed orienting the extruded portion of their
cytoplasm (the one that contained the genetic material) at the north pole, then the microblade was
passed manually sectioning that portion of the cytoplasm. The enucleated oocytes (cytoplasts) were
placed in 30 pL drops of TCM-199 with HEPES at 20% NCS (T20) for reconstitution, that is, until they
return to their spherical shape, as a sign of viability [32,34].
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2.4.2. Triplets’ Formation and Fusion

Groups of 5 cytoplasts were taken and immersed in 5 mg mL of phytohemagglutinin in drops
of TCM-199 medium with HEPES at 2% NCS (T2) for 3 sec, then pairs of cells were formed with the
karyoplasts (karyoplast-cytoplast), dropping each cytoplast on a fibroblast (karyoplast). Then, the
triplets (cytoplast-karyoplast-cytoplast) were formed and equilibrated in fusion medium (0.3 M of D-
mannitol and 1 mg mL-" of polyvinyl alcohol), aligned on the positive electrode of the fusion chamber
(BTX microslide, 0.5 mm aperture, model 450, Massachusetts, USA). The triplets were fused by means
of a single pulse of 1.0 kV cm™ of direct current (DC) for 9 ps, then these were placed in drops of T20
for reconstitution to form a single cell (a cloned embryo). Meanwhile, the fusion process was repeated
with the remaining cytoplasts. Once the triplets were reconstituted in cloned embryos, they were
incubated in in vitro development medium (IVD) for 1.5 h to promote their nuclear reprogramming
[34].

2.4.3. Activation of Cloned Embryos

Cloned embryos were activated with 8 pg mL" of Ca2+ ionophore A23187 in TCM-199 at 2%
HEPES NCS (T2) for 5 min and then in 2 mM 6-DMAP in IVD medium (Cleavage, Cook Medical,
Bloomington, USA) for 4 h, under the same incubation conditions.

2.4.4. In Vitro Culture of Cloned Embryos in the WOW System

According to Vajta et al. [35], cloned embryos were cultured in the Well of the Well (WOW)
system, which consisted of making microwells with a punch inside a cell of a 4-cell box (Nunc™)
placing a single-cloned embryo in each microwell. They were cultured for 4 days in IVD Cleavage
medium (Cook Medical, Bloomington, USA) and subsequently in Blastocyst medium (Cook Medical,
Bloomington, USA) for three more days until they reached the blastocyst stage on day seven. The
experimental groups were worked separately and consisted of supplementing the IVD media with
OF (for Cleavage medium) and with UF (for Blastocyst medium). Treatments consisted of 0.5, 1.0,
and 2.0% OF and UF.

2.5. In Vitro Production of Parthenogenetic Embryos

After IVM, oocytes in MII were selected and activated following the same method described for
cloned embryos. They were cultured in Cleavage medium for 4 days and later in Blastocyst medium
for three more days, for a total of seven days. The experimental groups were worked separately and
were supplemented the same as for the cloned embryos, 0.5, 1.0 and 2.0% of OF and UF.

2.6. Evaluation of ROS and GSH Levels in Parthenogenetic and Cloned Embryos

According to Nadri et al. [26], ROS and GSH levels were evaluated in O. aries parthenogenetic
cloned embryos at the blastocyst stage (7 days IVD), which were incubated with H2DCFDA (2',7'-
dichlorodihydrofluorescein diacetate, Invitrogen, Eugene Oregon, USA) to determine the presence
of ROS and with Cell Tracker Blue™ (Gibco™) to determine the presence of GSH. To do this,
blastocysts of each group were washed in DPBS with 1 mg mL- of polyvinyl alcohol and then
incubated with 10 mM H2DCFDA and 10 mM Cell Tracker Blue™ at 38.5 °C for 30 min, protected
from light. Embryos were fixed with 4% paraformaldehyde and mounted on slides, covered with
coverslips and sealed with nail polish. They were subsequently evaluated in epifluorescence
microscopy using 460 nm UV filters to evaluate ROS and 405 nm UV filters to evaluate GSH. The
taken images were analyzed with the Image ] program (version 1.53; Wayne Rasband, National
Institute of Health, USA).

2.7. Statistic Analysis

Data were expressed as mean + standard error. The comparison between the means of the
different stages of embryo development, as well as the mean of the relative fluorescence intensity of
ROS and GSH were analyzed by a one-way ANOVA test. To evaluate the possible relationship
between ROS and GSH, the Spearman correlation test was used. The differences were considered

d0i:10.20944/preprints202408.1507.v1
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significant at P<0.05. For statistical analysis, the GraphPad Prism program (version 9.5., Boston, USA)
was used.

3. Results

3.1. Effect of FO and FU on the In Vitro Development of Parthenogenetic Embryos

No significant differences were observed in development of parthenogenetic embryos treated
with 0.5 and 1.0% of OF and UF (P>0.05), when compared to the control group (Table 1). Although it
was observed that there was a higher rate of 4 to16- cells embryos at 2% of OF and UF when compared
to the control group (100 vs. 31.8%, respectively, P<0.05), these embryos did not continue their
development (Table 1). For this reason, this concentration was not considered for O. aries cloned
embryos.

Table 1. Effect of OF and UF on the in vitro development of O. aries parthenogenetic embryos.

F-

o No Fragme

UF Cleavage 4 to 16- cells Morula Blastocysts nted

(%)

0.0 14 81.6 +£3.6° 31.8£4.9° 52.7+8.1% 449 +7.5% 18.6 £
0 (116) (40) (62) (50) 8.6% (14)

0.5 13 81.1 £4.0° 454 +6.5° 46 £6.7% (52) 357+ 5.7° 10.3 +
2 (107) (49) (34) 4.8%(6)

1.0 12 71.5+6.1° 37.6 £10.9* 549 +12.6* 28+4.0*(28) 93+
9 (95) 31) (55) 3.9 (9)

2.0 55 67.3+12.5% 100° (41) 0° 0° 0?

(41)

Means + SE (%) of six repetitions were carried out for each treatment. The cleavage rate was
determined after 36 h of in vitro culture. The cleavage rate of parthenogenetic embryos at the 4 to 16-
cells, morula, and fragmented stages was determined on day 4 of culture. The blastocyst rate was
determined on day 7. Different literals (a, b) between columns mean statistical differences (P<0.05).

3.2. Effect of OF and UF on the In Vitro Development of Cloned Embryos

No differences were observed in the development of cloned embryos treated with 0.5% OF and UF
when compared to the control group (P>0.05, Table 2). An increase in the 4 to 16- cells rate was
observed in embryos treated with 1.0% OF and UF, when compared to the control group (62.1 vs
27.9%, respectively, P<0.05, Table 2). However, a decrease in the morula and blastocyst rates was
observed vs. the control group (27.9 vs 47.3 and 7.7 vs. 28.1%, respectively; P<0.05, Table 2).

Table 2. Effect of OF and UF on the in vitro development of O. aries cloned embryos.

OF-

No Fragme
UF Cleavage 4 to 16- cells Morula Blastocysts nted
(o)

00 78 97.1£2.9"  27.9+80°  473+92% 281455 248+
(76) (20) (37) Q1) 3.7% (19)
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05 76 99.1+0.9°  36.8+9.4°  451+65  212+4.1° 181+
(75) (28) (34) (15) 4.7%(13)

1.0 66  100°(66)  62.1+7.0°  27.1+7.0° 7.7+£3.0°(5) 109+
(41) (18) 4.0°(7)

Means + SE (%) of seven repetitions were carried out for each treatment. The cleavage rate was determined after

36 h of in vitro culture. The cleavage rate of cloned embryos at the 4 to16- cells, morula, and fragmented stages
was determined at day 4 of culture. The blastocyst rate was determined on day 7. Different literals (a, b) in
columns mean statistical differences (P<0.05).

3.3. Effect of OF and UF on the Presence and Levels of ROS and GSH in Parthenogenetic Embryos

Figure 1 shows parthenogenetic blastocyst stained to determine ROS and intracellular GSH. In
the parthenogenetic blastocysts treated with 0.5% OF and UF, no significant differences were
observed in ROS and GSH levels with respect to the control group (Figure 3A and 3C).

At 1.0% OF and UF, ROS and GSH levels decreased significantly compared to the control group
(P<0.05) (Figure 3A and 3C). At this same concentration, both variables presented a directly
proportional positive correlation (r =0.8727; P<0.001), that is, as ROS levels increased, GSH levels also
increased and vice versa.

At 2.0% OF and UF, there was no development into blastocysts.

Light field ROS GSH

0.0%
OF-UF

0.5%
OF-UF

1.0%
OF-UF

Figure 1. Effect of OF and UF on the presence of ROS and GSH in parthenogenetic embryos. Panel
photographs (light and dark fields) of embryos in the blastocyst stage are observed. Presence of ROS
in green. Presence of GSH in blue. 100X Magnification. Scale bar 200 pm.

3.4. Effect of OF and UF on the Presence and Levels of ROS and GSH in Cloned Embryos

Figure 2 shows cloned blastocyst stained to determine ROS and intracellular GSH. No effect was
observed on the levels of ROS and GSH for blastocysts treated with 0.5 and 1% OF and UF, with
respect to the control group (Figure 3B and 3D).

The levels of ROS and GSH presented blastocysts in the control group showed a negative, inversely
proportional correlation (r = -0.8095; P<0.022), that is, as GSH levels increased, ROS levels decreased.
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Ligh field

0-5%
OF-UF

1.0%
OF-UF

ROS GSH

Figure 2. Effect of OF and UF on the presence of ROS and GSH in cloned embryos. Panel photographs
(light and dark fields) of embryos in the blastocyst stage are observed. Presence of ROS in green.

Presence of GSH in blue. 20X Magnification. Scale bar 200 pm.

(A) Parthenogenetic

N
=]
=)

*kk

-
@
=3

o
o

o

o=x
Relative fluorescence intensity
8
o

1
0.0% 0.5% 1.0%
OF and UF concentration

(€)

B 200
s 150 *%

100

50

Flt

T
0.0% 0.5% 1.0%
OF and UF concentration

(B) Cloned
200
150

100

50

0

T
0.0% 0.5% 1.0%
OF and UF concentration

(D)

200

150

100

50

T
0.0% 0.5% 1.0%
OF and UF concentration

Figure 3. Effect of OF and UF on ROS and GSH levels in O. aries parthenogenetic and cloned embryos
at the blastocyst stage. A, C) Relative fluorescence intensity of ROS and GSH in parthenogenetic
blastocysts. B, D) Relative fluorescence intensity of ROS and GSH in cloned blastocysts. (Image J).

Bars represent mean + S.E. ***P = 0.0009, **P = 0.0032.

4. Discussion

Somatic cell nuclear transfer (SCNT) has great potential in the propagation of animals with

genetic and phenotypic characteristics of productive, ecological or biomedical interest. However, its
practical application has been limited due to intrinsic factors of the technique itself [8] that promote
alterations at the genetic and epigenetic level, at the beginning of the preimplantation embryo

d0i:10.20944/preprints202408.1507.v1
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development and to the fetal development. In some cases, and, if carried to term, clonal offspring
may present AOS [14].

This is a novel study because, given the positive effect of OF and UF on the development and
quality of embryos produced by IVF [21-23]. For the first time it was proposed to analyze its effect
on the in vitro development of sheep-cloned embryos produced by handmade cloning (HMC), to
counteract the incidence of these syndromes in cloned offspring. Interestingly, it was observed that
in cloned and parthenogenetic sheep embryos, there were no differences in the segmentation rate at
the evaluated concentrations of OF and UF vs. the control group. This agrees with what has been
reported for bovine embryos generated by IVF [20-22,36]. At the lowest concentration (0.5%), OF and
UF showed no effect on the development of cloned nor parthenogenetic embryos. However, at 1.0%,
OF and UF reduced the morula and blastocyst rates in sheep-cloned embryos. An exacerbated effect
was observed at 2.0% of OF and UF in parthenogenetic embryos, which were blocked at the 4 to 16-
cell stage. In pig-cloned embryo, it was reported that supplementation with 14 and 28 ug mL-! of OF
in PZM-5 medium significantly increased the blastocyst rate (27 and 26%, respectively) with respect
to the control group (14%). But at higher levels (56 and 100 pug mL-) it had no effect (18.1 and 19.2%)
[37]. Unlike these authors who supplemented OF in pug mL-, in the present study levels were
evaluated as percentage. The difference in results between both studies could be due to the
compounds generated by the metabolism of embryos and the degradation of carbohydrates, amino
acids and proteins in the culture medium, which could accumulate until reaching toxic levels.
Therefore, it is essential to maintain an ideal concentration of reproductive fluids that benefit
embryonic development without generating high levels of toxic compounds for embryos.

Other studies found that high levels of OF (5, 10 and 25%) or UF (2.5 and 5%) have a negative
effect on the blastocyst rate in embryos produced by IVF (11, 10 and 1% for FO; 13.2 and 3% for FU,
respectively) [20,21]. Data similar to those observed in the present study for cloned embryos at 1%
OF and UF, and for parthenogenetic embryos that blocked their development at cleavage at 2.0% OF
and UF.

Lopera-Vasquez et al. [20] supplemented SOF medium with 0.625, 1.25 and 2.5% OF for bovine
embryos produced by IVF, observing that on day 7 the blastocyst rate was significantly lower at all
OF concentrations (16, 17 and 13.9%, respectively) with respect to the control group (22.9%).
However, on day 9 the blastocyst rate was not different from the control group at 0.625 and 1.25% of
OF, like the present study for blastocyst rate of cloned embryos treated with 1.0% OF and UF on day
7 of culture.

The effect that reproductive fluids have on the in vitro development of embryos depends on
their characteristics conditioned by variables intrinsic to the origin of the fluids, whether if they are
collected in vivo or Postmortem, the recovery method: by mechanical pressure with forceps, by
compression with a slide, by aspiration with an automatic pipette, by scraping with a curette or by
washing with physiological solution [38,39]. Depending on the recovery method, the fluids may
contain a greater or lesser number of impurities such as: erythrocytes, oviductal cells and cellular
debris that are not always efficiently eliminated by centrifugation [38]. Another variable to consider
is whether the fluids are pure and concentrated, or diluted, which is important since most studies
carry out a supplementation (v/v), without considering the concentration of its components which
can vary from one to another sample and may not be reproducible. The best to do would be the
supplementation of these fluids based on their protein concentration (ug mL), which are the main
molecules that constitute them that culture media lack.

Regarding the levels of ROS and GSH present in sheep parthenogenetic embryos, in the present
study it was observed that at 1.0% of OF and UF, the levels of both decreased significantly in
blastocysts, results like that reported in other studies, where ROS concentrations, as well as the
expression of genes related to oxidative stress, decreased in bovine embryos produced by IVF, treated
with OF and UF [21,40]. In the proteome of sheep-reproductive system, 940 proteins have been
identified, 4% related to oxidation-reduction processes [41] and 5% to oxidative stress [42]. Some of
the most abundant proteins in OF in the luteal phase are ceruloplasmin and lactotransferrin, in UF
they are peroxiredoxin-1 and glutathione S-transferase [41,42]. These proteins are part of the non-
enzymatic antioxidant system of reproductive fluids and were probably responsible for lowering
intracellular ROS levels in parthenogenetic embryos, that is why these embryos did not need to
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increase intracellular GSH to counteract ROS. Hence, by adding 1.0% of OF and UF, these levels will
decrease.

For cloned embryos, no effect on levels of ROS and GSH was observed for the different OF and
UF treatments. Likewise, ROS levels were similar between cloned and parthenogenetic embryos,
which is noteworthy, given the intense manipulation to which the former are subjected that causes
exposure to high concentrations of oxygen, changes in temperature and prolonged exposure to light
[28,43]. The opposite was observed for GSH, which levels were different between both types of
embryos, being about 30% more concentrated in cloned embryos than in parthenogenetic ones.
Possibly this was because to form each cloned embryo, two cytoplasts were used, which retained
around 70% of the initial volume of cytoplasm after enucleation; therefore, each cloned embryo had
about 40% more cytoplasm than the parthenogenetic embryos, which increased the intracellular
concentration of GSH and possibly this kept the ROS levels in balance in the cloned embryos [44].

It has been described that increasing the cytoplasmic volume of cloned embryos improves their
quality and implantation potential, due to the addition of mitochondria and other cytoplasmic factors
that help nuclear reprogramming [45—47], but its effect on intracellular GSH levels has not been
described.

Glutathione (GSH) is a non-enzymatic antioxidant synthesized mainly in the cytosol (80-85%)
and mitochondria (10-15%), and in lesser quantities in the nucleus and endoplasmic reticulum. Its
antioxidant action can be direct or as a cofactor of antioxidant and detoxifying enzymes, it acts on
various free radicals and pro-oxidants such as hydrogen peroxide, which is a precursor of ROS [48].

The present study is a pioneer in evaluating the effect of OF and UF on the development rate
and quality of sheep cloned embryos, produced by HMC. Still, due to the characteristics of this
technique, where cloned embryos lack ZP and must be cultured in a Well of the Well (WOW) system,
it made complicated the sequential supplementation with OF and UF.

The study allowed to know about some effects that OF and UF have on the development rate in
sheep cloned embryos and provides the possibility for further research about the impact they may
have on the quality of cloned embryos, in terms of total cell number, gene expression and epigenetic
regulation.

5. Conclusions

In the present study, no effect on the development rate of Ovis aries cloned vs. parthenogenetic
embryos was observed when supplementing culture media with 0.5% of OF and UF. Moreover,
higher levels had negative effects since the first divisions of the in vitro development in
parthenogenetic embryos, and in the blastocyst stage for cloned embryos. Still, a positive effect on
redox regulation was observed at 1% OF in parthenogenetic embryos, but not in cloned embryos. We
concluded that supplementation with OF and UF did not improved the in vitro development nor the
quality of Ovis aries cloned embryos produced by HMC.
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