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Abstract

Nitric oxide (NO) has an important role in oocyte maturation and embryonic development in
mammals. This study examined the effect of exogenous NO donor S-nitroso-N-acetylpenicillamine (SNAP)
in a maturation medium on meiotic progression and embryonic development after parthenogenesis
(PA) and somatic cell nuclear transfer (SCNT) in pigs. When oocytes were exposed to 0.1 uM
SNAP for first 22 h of in vitro maturation (IVM) in Experiment 1, SNAP significantly improved
blastocyst development in both defined and standard follicular fluid-supplemented media compared
to untreated control (48.4 vs. 31.7-42.5%). SNAP treatment significantly arrested meiotic
progression of oocytes at the germinal vesicle stage at 11 h of IVM (61.2 vs. 38.7%).
However, there was no effect on meiotic progression at 22 h of IVM (Experiment 2). In
Experiment 3, when oocytes were treated with SNAP at 0.001, 0.1 and 10 pM during the first
22 h of IVM to determine a suitable concentration, 0.1 pM SNAP (54.2%) exhibited a higher
blastocyst formation than 0 and 10 pM SNAP (36.6 and 36.6%, respectively). Time-dependent
effect of SNAP treatment was evaluated in Experiment 4. It was observed that SNAP
treatment for the first 22 h of IVM significantly increased blastocyst formation compared to
no treatment (57.1% vs. 46.2%). Antioxidant effect of SNAP was compared with that of
cysteine. SNAP treatment significantly improved embryonic development to the blastocyst
stage (49.1-51.5% vs. 34.4-37.5%) irrespective of the presence or absence of cysteine
(Experiment 5). Moreover, SNAP significantly increased glutathione (GSH) content and
inversely decreased the reactive oxygen species (ROS) level and mitochondrial oxidative
activity in IVM oocytes. SNAP treatment during IVM showed a stimulating effect on in vitro
development of SCNT embryos (Experiment 7). These results demonstrates that SNAP
improves developmental competence of PA and SCNT embryos probably by maintaining the
redox homeostasis through increasing GSH content and mitochondrial quality and decreasing
ROS in IVM oocytes.
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INTRODUCTION

Nitric oxide (NO) plays an important role as a signaling
molecule in many biological functions. Specially, NO stimulates
the physiological activity of the reproductive system. According
to the in vitro and in vivo research, it has been revealed that
NO may regulate the endocrine function (Vargas et al. 2007).
In mammals, NO is synthesized by NO synthase (NOS), which has
three functional isoforms, inducible (iNOS), endothelial eNOS
(eNOS) and neuronal NOS (nNOS). The mechanisms regulating
meiotic progression during oocyte maturation process are not fully
understood yet, but substantial indication shows a contribution of
the NO/NOS system in oocyte maturation. Recently, NO is
considered as a crucial constituent for the oocyte microenvironment
as it influences oocyte maturation and early development to the
blastocyst stage (Sengoku et al., 2001, Bergandi et al., 2014). The
isoform eNOS and iNOS expression has been found in oocytes of
mice (Mitchell et al., 2004), rat (Jablonka-Shariff & Olson, 1998),
cattle (Pires et al., 2009), and pigs (Chmelikova et al., 2009) and
their presence was confirmed throughout folliculogenesis and
follicle maturation (Chmelikova et al., 2009; Pires et al., 2009)
while nNOS is only found in oocytes of mice and pigs (Abe et
al., 1999; Chmelikova et al., 2009). Another study shows that
NO has an effect on oocyte maturation in mice (Jablonka-Shariff
& Olson, 1998). Inhibition of NO synthesis induces anovulation,
increases abnormal oocytes, and the number of blastocysts
decreases (Matta et al., 2009) as well as apoptosis increases in
preimplantation embryos (Schwarz et al., 2010). Beside this,
Goud et al. (2014) have reported that NO increases developmental
competence of mouse oocytes. In contrast, high NO levels
impair meiotic progression and blastocyst development in cattle
(Schwarz et al., 2008) and delay or arrest resumption in the rat
(Nakamura et al., 2002; Bu et al.,, 2004; Sela-Abramovich et
al., 2006), cattle (Schwarz et al., 2014), and pigs (Tao et al,
2005), while iNOS-specific inhibitors induce meiotic resumption
(Nakamura et al., 2002).

NO has a dual function in reproduction depending on its
concentration. At low concentrations, NO positively influences
carly embryonic development, in contrast, both abundant and
insufficient level of NO show negative effects (Barroso et al.,
1998; Lee et al., 2013). In mammalian oocytes, a higher dosage
of NO arrests meiotic progression during in vitro maturation
(IVM) and enhances apoptosis and oxidative stress (Barroso et al.,
1998; Jablonka-Shariff & Olson, 2000), while low dosage protects

against oxidative stress and modulates meiotic progression (Kuo et

al., 2000; Bu et al., 2003; Tao et al., 2005).

The glutathione (GSH) is an important non-enzymatic antioxidants
in cells of mammal and is an essential for maintenance, formation,
and protection of the meiotic spindle against oxidative stress
(Luberda, 2005). GSH is synthesized during oocyte maturation in
the cytosol and stored as a separate redox pools in mitochondria,
nucleus and endoplasmic reticulum. Metaphase II (MII) oocytes
have higher GSH content and it decreases during the preimplantation
development. Generally, GSH is synthesized during oocyte
maturation, reaches its lowest concentration in the blastocyst.
Changes in intracellular GSH level or EGSH impair embryonic
development and can increase apoptosis (Furnus et al., 2008; Li
et al., 2011). GSH content or EGSH was significantly decrease
in different species after IVM (Somfai et al., 2007; Curnow et
al., 2010). Since cumulus cells can influence intra-oocyte GSH
contents which synthesize GSH and transfer to the oocyte during
IVM (Curnow et al., 2010).

The efficacy of reproductive technologies such as SCNT and
in vitro fertilization (IVF) depends on many factors such as the
culture conditions, oocyte activation method and quality of
oocytes (Mizutani et al., 2006; Whitworth et al., 2009). The quality
of oocytes substantially influence the developmental competence
from oocytes to early embryonic development. It was hypothesized
that increasing NO after supplementing the NO donor like
S-Nitroso-N-acetyl-DL-penicillamine (SNAP) IVM media would
positively influence oocyte maturation as well as subsequent
embryonic development in case of PA and SCNT in pigs. To
test this hypothesis, this study investigated the effect of SNAP
during IVM on oocyte meiotic progression, intra-oocyte GSH
and reactive oxygen species (ROS) content, mitochondrial
oxidative activity, and embryonic development to the blastocyst
stage after PA and SCNT.

MATERIALS AND METHODS

1. Culture media

All chemicals were purchased from Sigma-Aldrich (St. Louis,
MO, USA) unless otherwise specified. The base IVM medium
for oocytes was medium-199 (M199; Invitrogen, Grand Island,
NY, USA). M199 was added with 0.91 mM pyruvate, 0.6 mM
cysteine, 10 ng/ml epidermal growth factor, 1 pg/ml insulin and
75 pg/ml kanamycin and 10% (v/v) porcine follicular fluid
(PFF). The in vitro culture (IVC) medium for PA and SCNT
embryos was porcine zygote medium-3 (PZM-3) (Yoshioka et
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al, 2002), which was supplemented with 0.34 mM trisodium
citrate, 2.77 mM myo-inositol, and 10 uM [3-mercaptoethanol
(You et al, 2012).

2. Oocyte collection and IVM

Pig ovaries were obtained from a local abattoir and then
transported to the laboratory in warm physiological saline. The
cumulus oocytes complex (COCs) were subsequently aspirated
from follicles (3 -8 mm in diameter). COCs with multiple layers
of compact cumulus cells and uniform ooplasm were selected
and washed three times in HEPES-buffered Tyrode's medium
containing 0.05% (wt/vol) polyvinyl alcohol (PVA). The COCs
were then cultured in of IVM (500 ul) medium in the presence
of 10 IU/ml hCG (Intervet International BV, Boxmeer, Holland)
and 80 pg/ml FSH (Antrin R-10; Kyoritsu Seiyaku, Tokyo,
Japan). COCs were matured at 39°C with 5% CO, at maximum
humidity for 22 h. For an additional 22 h or 20 h oocytes were
cultured in hormone-free IVM medium after washing in fresh

hormone-free IVM medium for PA and SCNT, respectively.

3. Somatic cell nuclear transfer (SCNT) and parthenogenesis (PA)

As nuclei donors, porcine fetal fibroblasts were prepared as
described previously (Lee et al., 2013a). After IVM for 41 h,
the cumulus cells of COCs were dispersed by gentle pipetting
in the presence of 0.1% (w/v) hyaluronidase. Oocytes having
first polar bodies and uniform ooplasm were selected and
stained with 5 pg/ml Hoechst 33342 for 15 min. Oocytes were
then washed twice in fresh medium, transferred into a drop of
medium containing 5 pg/ml cytochalasin B (CB), and overlaid
with warm mineral oil. Enucleation was performed by a 17-um
beveled glass pipette (Humagen, Charlottesville, VA, USA)
after aspirating the first polar body (PB) and a small amount
of surrounding cytoplasm. The enucleated cytoplasm was then
surveyed by epifluorescence microscopy (TE300; Nikon,
Tokyo, Japan) to verify that the nuclear material had been
removed. A single disaggregated donor cell was injected into
the perivitelline space of the enucleated oocytes, after which
oocyte - cell couplets were placed on a 1-mm fusion chamber
overlaid with 1 ml of 280 mM mannitol solution containing
0.001 mM CacCl, and 0.05 mM MgCl,, as previously described
(Walker et al, 2002; Song et al, 2009). Cell fusion was
performed by using an alternating current field of 2 V cycling
at 1 MHz for 2 seconds, followed by two pulses of 170 V/mm

direct current (DC) for 30 psec using a cell fusion generator

(LF101; NepaGene, Chiba, Japan). The oocytes were then
incubated for 1 h in TLH-BSA, after which they were assessed
for confirmation of fusion under a stereomicroscope. The nuclear
transferred oocytes were activated with two pulses of 120
V/mm DC for 60 psec in a 280 mM mannitol solution containing
0.05 mM MgCl, and 0.1 mM CaCl,. For PA, MII oocytes were

activated as described in SCNT procedures.

4. Post-activation and embryo culture

After electrical activation, the PA were cultured with 5
g/mL CB and SCNT embryos were treated with 0.4 pg/ml
demecolcine combined with 1.9 mM 6-dimethylaminopurine in
IVC medium for 4 h. Afterward, the embryos were washed
three times in fresh IVC medium, cultured into 30 pl of IVC
medium droplets under mineral oil, at 39°C in a humidified
atmosphere of 5% O,, 5% CO,, and 90% N, for 7 days.
Cleavage and blastocyst formation were evaluated on Days 2
and 7, respectively. The day of SCNT or PA was designated as
Day 0. The total cell count in blastocysts was performed using
Hoechst 33342 staining and visualized under an epifluorescence

microscope.

5. Measurement of GSH and ROS contents

After 24 h of IVC, PA embryos were utilized for intra-oocyte
GSH and ROS level determination. The GSH and ROS contents
were measured as previously described (Sakatani et al., 2007).
Briefly, (4-chloromethyl-6.8-difluoro-7-hydroxycoumarin, Invitrogen)
Cell-Tracker Blue and (2’,7’-dichlorodihydrofluorescein diacetate;
Invitrogen) H2DCFDA were used to detect intra-oocyte GSH
and ROS with blue fluorescence and green fluorescence for
GSH and ROS, respectively. A group of 7 - 10 denuded oocytes
from each treatment group were cultured for 30 min in TLH-PVA
supplemented with 10 uM Cell-Tracker and10 yM H2DCFDA
and in the dark. Oocytes treated with Cell- Tracker were then
incubated for 30 min with PZM-3 supplemented with 0.3%
(w/v) BSA at 39°C in the dark. Following incubation, oocytes
were washed with Dulbecco’s phosphate-buffered saline (D-PBS;
Invitrogen) containing 0.01% (w/v) PVA, placed into 2-pl
droplets. Fluorescence was observed under an epifluorescence
microscope (TE300; Nikon) with ultraviolet ray filters at 370
and 460 nm for GSH and ROS, respectively. The fluorescence
intensities of oocytes were examined by above mentioned and

normalized against the untreated control oocytes.
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6. Determination of mitochondrial oxidative activity in oocytes

Denuded oocytes were incubated in M199 containing 200 nM
Mitotracker Orange CM-H,-TMRos (Molecular Probes, Eugene,
OR, USA) for 40 min at 39°C in the dark. After washing three
times in the fresh M199 medium, oocytes were examined under
an inverted epifluorescence microscope (TE300; Nikon). Fluorescence
signals were captured with a digital camera (DS-L3; Nikon), and

normalized against the untreated control oocytes.

7. Examination of nuclear status of oocytes

Nuclear status was evaluated as previously described (Lee et
al., 2016). Briefly, oocytes were denuded to assess their nuclear
progression, mounted onto glass slides, and fixed in acetic acid
in ethanol. Then, oocytes were stained with orcein, and the
nuclear status was classified into germinal vesicle (GV), GV
breakdown (GVBD), MI and MII stages according to the
method previously described (Hunter and Polge, 1966).

8. Experimental design

In Experiment 1, oocytes were exposed to 0.1 uM SNAP in
a defined or standard medium containing PVA and PFF,
respectively, for the first 22 h of IVM and for another 22 h
without SNAP and then effect of SNAP on nuclear maturation
and embryonic development after PA were examined. This
concentration was selected from a previous study in bovine
(Katia et al, 2014). In Experiment 2, nuclear status was
measured at 11 and 22 h of IVM after SNAP treatment for 22
h during IVM. Oocytes were treated with the SNAP at 0.001,
0.1 and 10 pM during the first 22 h of IVM following 22 h
without SNAP to determine a suitable concentration for pigs in
Experiment 3. Effect of time-depend treatment with SNAP was
evaluated by treating oocytes for the first 22 h, the second 22

h, and whole 44 h of IVM in Experiment 4. Antioxidant effect
of SNAP on oocyte maturation and blastocyst formation after
PA was compared that of cysteine in Experiment 5. As
indicators for cytoplasmic maturation of oocytes, GSH and ROS
levels in IVM oocytes were analyzed at 44 h of IVM after
treating oocytes with SNAP at 0.1 uM in Experiment 6. Finally,
effect of SNAP treatment during IVM on developmental

competence of SCNT embryos was determined in Experiment 7.

9. Statistical analysis

Statistical analyses were executed by the Statistical Analysis
System (version 9.3; SAS Institute, Cary, NC, USA). The
general linear model procedure followed by the least significant
difference mean separation procedure when the treatments
differed at p < 0.05. The percentage data were arcsine transformed
before analysis. The results are present as the mean + standard
error of the mean (SEM).

RESULTS

1. Effects of SNAP in maturation medium with PVA or PFF
on embryonic development after PA

Immature oocytes were treated with SNAP at 0.1 uM in
medium containing PVA and FF for the first 22 h of IVM. The
results showed that SNAP treatment significantly increased
cleavage (81.6% vs. 87.8%) and blastocyst formation (31.7%
vs. 48.4%) only in PFF-supplemented maturation medium while
not influenced in PVA-supplemented medium (86.8 and 89.3%
of cleavage and 35.9% and 42.5% of blastocyst formation in

control and SNAP treatment, respectively) (Table 1). Nuclear

Table 1. Effect of SNAP in a maturation medium containing pig follicular fluid (pFF) or polyvinyl alcohol (PVA) on embryonic development

after parthenogenesis

% of oocytes that

Trezimeai™ reached MII cultured
10% (v/v) pFF 935 £ 1.8 160
pFF + SNAP 94.6 £ 0.8 156

0.1% (w/v) PVA 96.8 + 1.1 158
PVA + SNAP 96.2 + 1.1 153

No. of oocytes

% of embryos developed to No. of cells in

> 2-cells Blastocyst blastocyst
81.6 = 1.7° 31.7 + 2.22 344 £ 1.5
87.8 + 1.6° 484 + 5.3° 342 + 1.4
86.8 + 1.2° 35.9 + 1.0% 30.6 £ 1.2
893 + 1.1° 425 + 3.6® 318 £ 1.5

Five replicates.

AOocytes were untreated or treated with 0.1 pM SNAP for 0-22 h of in vitro maturation.
®Values with different superscripts denote difference within the same column (p < 0.05).
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Table 2. Effect of SNAP

treatment on nuclear status oocytes at 11 and 22 h of in vitro maturation (IVM)

Time of No. of oocytes % of nuclear status®
Treatment® .. .
examination examined GV GVBD MI MII
Control 121 38.7 + 8.3° 61.3 £ 8.3° 3/4 3/4
11 h of IVM b b
SNAP 119 61.2 + 10.8 389 + 10.8 3/4 3/4
Control 114 3/4 09 £ 09 939 + 22 53+ 1.5
22 h of IVM
SNAP 123 3/4 19 £ 19 95.5 + 34 26 £ 1.6

Three replicates.

“Oocytes were treated with 0.1 uM SNAP for 0-22 h of IVM in medium containing 10% (v/v) porcine follicular fluid.
BGV, germinal vesicle; GVBD, GV break down; MI, metaphase I; MIl, metaphase II.
®Values with different superscripts denote difference within the same column (p < 0.05).

Table 3. Effect of SNAP treatment at various concentrations during in vitro maturation (IVM) on embryonic development after parthenogenesis

% of oocytes that  No. of oocytes

SNAP (uM) treatment®

reached MII cultured
Control (0) 93.1 £ 24 123
0.001 92.8 £ 1.6 127
0.1 929 £ 13 116
10 925 £ 2.8 121

% of embryos developed to No. of cells in

> 2-cells Blastocyst blastocyst
81.9 + 42 36.6 + 4.1° 359 £ 2.2
86.3 + 4.2 482 + 2.9% 37.7 £ 2.0
90.8 £ 2.6 542 + 6.5° 37.7 £ 2.2
90.6 + 3.4 36.6 = 5.1° 34.8 + 2.1

Four replicates.

AQocytes were treated with SNAP for 0-22 h of IVM in medium containing 10% (v/v) porcine follicular fluid.
®Values with different superscripts denote difference within the same column (p < 0.05).

maturation of oocytes and mean cell number of blastocysts

were not influenced by the SNAP treatment.

2. Effect of SNAP treatment on nuclear status of oocytes
at 11 and 22 h of IVM

Effect of SNAP on nuclear progression during IVM was
evaluated. It was revealed that SNAP significantly (p < 0.05)
increased meiotic arrest at the GV stage (38.7 vs 61.2%) and
significantly decreased the proportion of oocytes at the GVBD
(61.3 vs 38.9%) at 11 h of IVM compared to control. However,
nuclear status at 22 h of IVM was not influenced by the SNAP
treatment (Table 2).

3. Effects of SNAP treatment at various doses during IVM
on embryonic development after PA

To determine the optimal concentration of SNAP, oocytes were
matured under 0.001, 0.1 and 10 uM SNAP for the first 22 h of
IVM. It revealed that 0.1 uM SNAP significantly (p < 0.05)
increased embryonic development to the blastocyst stage than
control and other concentrations of SNAP (36.6-48.2 vs 54.2%).
However, oocyte maturation, embryo cleavage, and cell number in

blastocyst were not different among the tested groups (Table 3).

4, Effects of SNAP treatment at various stages of IVM on
embryonic development after PA

When oocytes were untreated or treated with SNAP for the
first 22 h, the second 22 h, and whole period (44 h) of IVM,
SNAP treatment for the first 22 h significantly improved (p <
0.05) blastocyst development compared to control, treatments
for the second 22 h, and for whole IVM period (46.2 vs
57.1%). However, nuclear maturation, cleavage, and average

cell per blastocyst were not altered in all groups (Table 4).

5. SNAP treatment with or without cysteine in a chemically
defined medium during IVM on embryonic development
after PA

Antioxidant activity of SNAP was evaluated by comparing with
cysteine. For this oocytes were treated with control, SNAP with
or without cysteine in PVA-supplemented defined IVM medium.
It was observed that SNAP with or without cysteine significantly
(p < 0.05) improved cleavage and blastocyst formation compared
to other treatments (34.4-37.5 vs 49.1-51.5%). However, there was
no significant difference in maturation and cell per blastocyst

among the groups tested (Table 5).
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Table 4. Effect of SNAP treatment at various stages of in vitro maturation (IVM) on embryonic development after parthenogenesis

% of tes that
Time of SNAP treatment® oI QIR e

reached MII cultured
Untreated 95.6 £ 1.5 95
0-22 h 951 = 1.3 119
22-44 h 96.6 =+ 1.5 119
0-44 h 972 + 1.1 124

No. of oocytes

> 2-cells
86.6 £ 2.9
922 £+ 3.1
91.0 £ 2.9
89.5 + 4.8

% of embryos developed to

Blastocyst
462 + 3.4°
57.1 + 2.3°
55.0 £ 4.0%
56.0 = 3.8%

No. of cells in
blastocyst
38.0 £23
39.1 £ 1.9
38.0 £ 1.6
40.7 £ 2.0

Four replicates.

AQocytes were treated with 0.1 uM SNAP at various stages of IVM in medium containing 10% (v/v) porcine follicular fluid.
®Values with different superscripts denote difference within the same column (p < 0.05).

Table 5. Effect of SNAP treatment with or without cysteine during in vitro maturation (IVM) on embryonic development after parthenogenesis

% of embryos developed to

Blastocyst
344 £ 2.6
37.5 £ 2.0°
515 + 4.3°
49.1 + 2.0

No. of cells in
blastocyst
349 £ 1.5
351 £ 1.2
37.8 £ 1.2
350 £ 1.2

Treatment” % of oocytes  No. of oocytes
Cysteine SNAP that reached MII cultured > 2-cells
No No 95.7 £ 0.9 215 90.0 + 2.1*
Yes No 959 £ 0.6 197 883 + 1.4°
No Yes 96.5 £ 1.3 202 93.9 + 2.5°
Yes Yes 96.5 £ 1.3 204 958 + 1.1°

Six replicates.

AQocytes were treated with SNAP for 0-22 h of IVM in medium containing 0.1% (w/v) polyvinyl alcohol.
®Values with different superscripts denote difference within the same column (p < 0.05).

Table 6. Effect of SNAP treatment during in vitro maturation (IVM) on glutathione (GSH), reactive oxygen species (ROS), and mitochondrial

oxidative activity in IVM oocytes

Mitochondrial
» No. of oocytes GSH content No. of oocytes ROS level No. of oocytes L ..
Treatment . . . . . oxidative activity
examined (pixel/oocyte) examined (pixel/oocyte) examined .
(pixel/oocyte)
Control 58 1.00 £ 0.07° 40 1.00 + 0.08* 56 1.00 £ 0.05°
SNAP 58 1.23 + 0.05 36 0.79 + 0.06° 58 0.87 + 0.03"

AQocytes were treated with SNAP for 0-22 h of IVM in medium containing 10% (v/v) porcine follicular fluid.
®Values with different superscripts denote difference within the same column (p < 0.05).

Table 7. Effect of SNAP treatment during in vitro maturation (IVM) on embryonic development after somatic

cell nuclear transfer

No. of oocytes

Treatment” % of oocytes fused
cultured
Control 77.1 £ 6.5 157
SNAP 759 + 4.1 163

% of embryos developed to No. of cells in

> 2-cells Blastocyst blastocyst
87.0 = 2.0 26.6 + 2.0° 397 £ 23
79.7 + 7.7 37.0 £ 2.4° 39.6 + 2.1

Four replicates.

“Oocytes were treated with SNAP for 0-22 h of IVM in medium containing 10% (v/v) porcine follicular fluid.
®Values with different superscripts denote difference within the same column (p < 0.05).

6. Effect of SNAP treatment on GSH content, ROS level and
mitochondrial oxidative activity of oocytes after IVM

This experiment was performed to detect the GSH, ROS and
mitochondrial SNAP
treatment during IVM. SNAP significantly increased the GSH

oxidative activity of oocytes after

level while decreased the ROS level and mitochondrial oxidative

activity compared to control (p < 0.05; Table 6).

7. Effect of SNAP treatment during 0-22 h of IVM on embryonic
development after SCNT

Effect of SNAP treatment during IVM on in vitro development
of SCNT pig embryos was determined. The result indicated that
SNAP had no effect on oocyte-cell fusion, embryo cleavage,
and total cell number in blastocyst after SCNT while did show
a significant (p < 0.05) effect on blastocyst formation when
SNAP-treated oocytes were used as cytoplasts for SCNT (26.6
vs 37.0%) (Table 7).
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DISCUSSION

NO is present in the follicular fluid (Basini et al., 2014). To
determine the effect of exogenous NO donor during IVM, oocytes
were matured in medium supplemented with PFF or in a defined
medium with PVA. SNAP in both PFF- and PVA-supplemented
media significantly improved blastocyst development after PA,
while there was no difference nuclear maturation, embryonic
development, and blastocyst cell number between PFF and PVA
controls. Thus, it was performed a next experiment to determine
the optimal concentration for pigs using PFF-supplemented
medium. Immature oocytes were exposed for the first 22 h of
IVM and following without SNAP at 0.001, 0.1 and 10 pM
concentration. It showed a significant increase in blastocyst
development at 0.1 pM SNAP after PA. This result was agreed
with a previous study in bovine (Katia et al., 2014).

NO has been revealed a biphasic function on oocyte meiosis
in mice depending on its concentration. Abbasi et al. (2012)
have suggested that the key of the meiotic arrest at the first
meiotic division is the concentrations of cyclic adenosine-3'
,5'-monophosphate (¢cAMP) and cyclic guanosine monophosphate
(cGMP) in the preovulatory follicle, since NO act as a cGMP
modulator and a sensitive guanylcyclases (Bilodeau- Goeseels
et al., 2007). Moreover, it can stimulate non-cGMP pathway
like protein S-nitrosylation (SN) (Ji et al., 1999; Zhang &
Hogg, 2005). Beside this, it has been shown that a high NO
level halts meiotic progression, while a low NO level initiates
the resumption of meiosis. In this study, the proportion of
oocytes arrested at the GV stage was significant higher at 11
h of IVM in 0.1 uM SNAP treatment than in control, while
nuclear progression to the GVBD, MI, MII stages were not
influenced by the SNAP treatment for the first 22 h of IVM. It
seems that a lower concentration of SNAP arrests the meiosis 11
h of treatment through the cAMP and ¢cGMP pathway and this
arrest is reversible. In contrast in bovine study, NO has not
influenced meiotic resumption through cGMP pathway (Bilodeau-
Goeseels et al., 2007). In addition, protein S-nitrosylation has
been occurred in mouse embryo during IVC (Lee et al., 2013b).

Cysteine acts as an antioxidant during IVM of mammalian
oocytes. When antioxidant effect of SNAP was compared with
cysteine, SNAP with or without cysteine resulted in a higher
embryonic development than no treatment and cysteine only. In
addition, SNAP treatment significantly decreased the ROS level
of oocytes. Although it was not clear how SNAP increased
GSH and decreased ROS level, our results indicates that SNAP

acts as an antioxidant and alleviate the harmful action of ROS
during cytoplasmic maturation of pig oocytes. Oocytes or embryos
are inevitably prone to be exposed to oxidative stress during [VM
and IVC. ROS can be produced due to handling of oocytes or
embryos in vitro by being exposed to a high-oxygen atmosphere and
activations such as electric stimulus for cell fusion or activation of
SCNT oocytes and resultantly ROS level increases (Fujitani et al.
1997; Koo et al., 2008). High level of ROS influences lipid
peroxidation and DNA fragmentation, and also effects RNA protein
synthesis (Takahashi et al., 2000). These factors may impair the in
vitro developmental competence and decrease the early embryonic
death. In addition, ROS play a detrimental role in embryonic
development though minimal level of ROS is needed for the better
blastocyst development. Our finding was similar with the previous
results that NO has a capacity to protect mammalian cells against
oxidative stress (Kuo et al., 1996).

Mitochondria is an important cytoplasmic organelle for metabolism
and respiration within a cell and has shown an influence on the
oocyte maturation and embryonic development (Van Blerkom,
2004). Mitochondrial oxidative activity was significantly higher
in control than SNAP-treated oocytes in this study. This result
is in accordance with the previous results in human (Moawad et
al., 2014) and pigs (Torner et al., 2004). Moawad et al. (2014)
also confirmed that a high mitochondrial oxidative activity
subsequently increased ROS level in oocytes. Beside this,
cumulus apoptosis was influenced by the mitochondrial oxidative
activity in pig (Torner et al., 2004). NO and NO donors can initiate
S-nitrosylation of proteins and also accelerate S-nitrosylation in the
endoplasmic reticulum and mitochondria. Protein S-nitrosylation
controls the metabolic enzymes activity such as phosphatases,
oxidoreductases, proteases and protein kinases in vitro and in
vivo, as well as respiratory proteins, structural components and
cytoskeletal, transcription factors, G proteins (Hess et al., 2005;
Jaffrey et al., 2001). In this study, SNAP treatment during IVM
effectively increased intra-oocyte GSH content, decreased ROS
level, and also decreased the mitochondrial oxidative activity.
This effect of SNAP might create better homeostatic microenvironments
desirable for in vitro development of PA and SCNT embryos.
In summary, it has been demonstrated in this study that
exogenous NO donor SNAP treatment during the early stage of
IVM improves embryonic development after PA and SCNT by
maintaining the redox homeostasis as well as microenvironment
of treated oocytes and thus stimulates early development of PA

and SCNT embryos in pigs.
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