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| ABSTRACT |

Current study was carried out to the evaluate the impact of addition of zero (control), 1, 2.5,
5, 10% soybean lecithin to the vitrification solution media and its subsequent in vitro fertilization
and embryo development of post-thawed immature and matured buffalo oocytes cryopreserved with
stepwise vitrification. Although the addition of lecithin to the vitrification solution did not
significantly affect in vitro fertilization(IVF) of both immature and mature oocytes, lecithin
increased penetration and fertilization rates of immature (50.0 and 33.3%) and mature oocytes
(52.6 and 36.8%) at the level of 5 and 2.5% respectively. Trials of embryo In Vitro culture(IVC)
revealed that 2.5% addition of lecithin significantly improved (p<0.05) both blastocyst formation
and total embryonic development (9.5 and 28.6% resp.) of vitrified-thawed mature oocyte than
control ones after 7 days of culture. Similar insignificant trend was observed for vitrified-thawed
immature oocytes at the level of 5% lecithin. Our results revealed that, soybean lecithin addition to
vitrification solution might have a protective potential on vitrified buffalo oocytes after warming
and their subsequent embryo development in vitro.
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| INTRODUCTION | the surface-to-volume ratio, making it very

sensitive to chilling and highly susceptible to

idespread use of livestock oocytes
for procedures such as in vitro
embryo production, nuclear transfer

or gene banking has dramatically increased
interest in oocyte cryopreservation in the
agricultural and scientific = communities
(Arcarons et al., 2017). Oocytes are much
more difficult to cryopreserve than cleavage-
stage embryos (Aono et al., 2013) which are
particularly susceptible to cryodamage because
of its size and water content (Moussa et al.,
2014). The large volume of oocyte decreases

intracellular ice formation and osmotic injury
(Saragusty and Arav, 2011). Both of which are
the main reasons of cellular disruption and low
survival rate after warming (Mahmoud and EI-
Sokary, 2013). Post-warming survival rate of
vitrified oocytes is the key success of in vitro
embryo production (IVEP). Such production
carried out through oocyte collection and a
combination of in vitro maturation (IVM),
fertilization (IVF) and culture (IVC), beside to
each technique conditions (Kumar and Anand,
2012 and Alvarez et al., 2013). These
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techniques are severely hampered and still
limited in buffalo because of its relatively low
yield of oocyte per ovary (Purohit et al., 2003)
and poor recovery of total oocytes after
warming (Waheed et al., 2016).

The cryoinjery of oocytes may result in
abnormal spindle associated with disorganized
microtubules and chromosomes, altered
distribution of cortical granules and increased
polyspermy or on the contrary, zona pellucida
(ZP) hardening that impairing fertilization
(Rojas et al., 2004). For these reasons, a
practical and successful freezing method of
buffalo oocytes is the key factor in buffalo
IVEP and future of the commercial embryo
transfer (Abd Allah, 2009). It was reported
that in mouse (Jung et al., 2014) and bovine
oocytes (Aono et al., 2013), 31 type of oocyte
phospholipids (PLs) decreased and 5 increased
with a decrease to several triglycerides in
response to vitrification. Including membrane
PLs, nine of which showed a significant
reduction after vitrification-thawing processes
that affects total number of survived oocytes
available for in vitro maturation, fertilization
and culture process (IVMFC).

The nonpermeating macromolecules is
known to increase the vitrification solution
viscosity, less toxic than other cryoprotectants
(CPA),avoids formation of extracellular ice
crystals and protect oocytes against ZP
cracking (Moore and Bonilla, 2006). Soybean
lecithin contains high contents of membrane
PLs including phosphatidylcholine (PC),
phosphatidylglycerol (PG), sphingomyelin
(SM) and Cholesterol (Col) that might work as
membrane stabilizer (Pitangui-Molina et al.,
2017).

The objective of the current research
study is to separately evaluate the subsequent
in vitro fertilization and  embryonic
development of post-thawed buffalo oocytes
cryopreserved using stepwise vitrification

procedure with addition of Soybean Lecithin
(SL) to the vitrification solution (VS) media.

| MATERIALS AND METHODS |

Current study was carried out at Animal
Reproduction Research Institute, Egypt.
Soybean lecithin (SL, MC041) was purchased
from Lab M Ltd. Co., Lancashire, UK.
Meanwhile, the rest of all chemicals used in
this study were purchased from Sigma Aldrich
Co. St. Louis, Mo, USA. The pH value for all
media was adjusted at 7.3-7.4 and osmolarity
at 280-300 mOsmol/L and filtrated twice by
0.22-um filter (Millipore, Germany) before
usage.

Retrieval of oocytes

Briefly, ovaries were collected from
slaughtered  buffaloes, transformed to
laboratory in NaCl solution (9 mg/ml) +
antibiotics (100 IU/ml penicillin and 100
pg/ml streptomycin), washed twice in washing
medium contains phosphate buffer saline
(PBS) + antibiotics and rinsed in 70% ethyl
alcohol for a few minutes. Compact cumulus-
oocytes complexes (COC’s, 2-8 mm follicle)
were aspirated using a 18-gauge needle in Sml
washing media +3% bovine serum albumin
(BSA).

Vitrification and thawing of oocytes
According to Mahmoud et al. (2013), the
vitrification-warming procedure was done
using basal medium (BM) containing PBS +20
% fetal calf serum (FCS) and antibiotics. A
stepwise vitrification was carried out to all
experimental groups as follows: step one,
oocytes were loaded into vitrification solution
1; [VS1, BM + 12.5% (v:v) ethylene glycol
(EG) + 12.5% (v:v) dimethyl-sulfoxide
(DMSO) ] for 2 min. step two, oocytes were
loaded into VS2 [BM + 20% (v:v) EG+20%
(viv) DMSO] for 30 sec. Then, 3-7 oocytes
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were loaded into 0.25 ml French straws with
VS2, sealed and plunged directly into liquid
nitrogen. Thawing was done seven days later
by transferring straws into 37°C water bath for
30sec.; rehydrated thereafter in BM+0.25M
and BM+0.15M sucrose for one min and 5 min
respectively. The rehydrated oocytes were
washed four times and transferred to fresh
BM.

In vitro maturation (IVM)

Both post-thawed and fresh oocytes with
normal morphology were recruited for IVM.
Oocytes were cultured in 100 pl of TCM-199+
20% FCS+ 1 pg/ml oestradiol-178 + 50 pg/ml
gentamicin covered with mineral oil in four-
well culture plates at 38.5°C, 5% Co,for 22-24
h in humidified air. Maturation was assessed
by expansion of cumulus cell mass (EI-Shahat
and Hammam, 2014).

Sperm preparation and in vitro fertilization
(IVF)

Procedures of sperm capacitation and in
vitro fertilization (IVF) were done according
to (Hammad et al., 2015). Swim up technique
was used to separate the most motile
spermatozoa in Tyrode’s albumin lactate
pyruvate medium (Sperm TALP) that was
incubated in an atmosphere of 5% CO, in air at
38.5°C for 2 hours prior usage using the
contents of two straws (0.25 ml) which were
thawed at 37 °C for a minute in the bottom of
15 ml of size centrifuge tube and washed twice
by centrifugation in 5 ml of sperm-TALP+ 6
mg/ml bovine serum albumin (BSA) for 5 min.
The supernatant was discarded leaving 0.25-
0.5 ml of Sp-TALP and sperm pellet. The
sediment of spermatozoa was suspended in 5
ml of IVF-TALP +10 pg/ml heparin and then
incubated finally with an angle of 45° in CO,
incubator at 38.5°C. After 30 min of
incubation, the entire supernatant was

aspirated in IVF-TALP to adjusted sperm
concentration to reach 2x10° sperm/mll.

After warming, all matured oocytes
subjected to IVF were washed two times in
Sp-TALP, followed by final washing in IVF-
TALP, transferred into Petri dish containing
50 ul droplets of IVF medium (5-7
oocytes/drop).  Aliquots of the sperm
suspension (10ul) were added to each droplet
containing oocytes. Spermatozoa and oocytes
were co-incubated (insemination, day 0) under
mineral oil (38.5°C and 5% CO; in humidified
air). Eighteen hours post-insemination (pi),
oocytes were washed with fresh medium and
vortexed for a minute to separate the cumulus
mass. Fixing and staining for fertilization
assessment was done according to Purohit et
al. (2012) with 1% orcein in 45% glacial
acetic acid. Oocytes showed sperm head,
swollen head in the vitellus (penetration) or
penetrating head, with male and female
pronucleus were considered as normal
fertilization; meanwhile, occurrence of three or
more pronuclei was considered as polyspermic
(Nagina et al., 2016).

In vitro culture and embryo development
avo)

All presumptive buffalo’s zygotes were
washed in Sp-TALP medium after IVF then
washed with in vitro culture medium (IVC);
consists of TCM-199 + 3 mg/ml BSA+20
pg/ml  Na-pyruvate+50 pg/ml gentamycin,
cultured thereafter in petri dish covered with
mineral oil at 38.5°C under 5% CO, in
humidified air for 7 days. The media was
replaced with fresh one every 48 h of culture.
The frequency of total embryonic development
(TED) was calculated from the number of
morula and/or blastocyst that cleaved once at
least after day 7 pi.
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Experimental design

Current study was carried out in two
individual experiments; which evaluate the
impression of SL supplementation to VS
media on post-thawed buffalo’s oocytes in
vitro fertilization and embryonic
developmental ~ competence.  For  each
experiment fresh oocytes enclosed in a
compact, more than three layers, of cumulus
cells, and uniform cytoplasm were selected
under stereomicroscope and divided into two
main groups. The first group was assigned for
direct immature oocyte vitrification with
addition of zero (control), 1, 2.5, 5, 10% SL to
VS media. In the meantime, the rest of oocytes
underwent direct IVM process which were
vitrified thereafter with the same levels of SL
added to VS media. After warming, both
major groups were divided in two subgroups
to separately evaluate oocyte fertilization and
embryonic development in vitro. The major
group of immature oocytes was underwent
IVM before both of IVF and IVC experiments.

Statistical analysis:

The experiment was replicated three
times. Data were analyzed statistically with
Chi-square analysis using Statistical Package
for Social Sciences (SPSS V.20).

| RESULTS |

Influence of soybean lecithin addition to
vitrifcation solution on in vitro fertilization
of buffalo’s oocytes.

In vitro fertilization of Post-warming immature
oocytes.

Addition of SL to the VS; did not
significantly alter neither penetration nor
fertilization rates of immature oocytes after
thawing, in vitro maturation and in vitro
fertilization (IVMF) compared untreated group
(Table 1). However oocytes vitrified with 5%
SL showed better penetration and fertilization
rates with low polyspermia that showed non-
significant decrease when compared with
control and Lecithin 1%.than other groups.

Post warming mature oocytes in vitro
fertilization

Similarly to immature oocytes, no such
effect of SL added to VS observed on the post-
thawed mature oocytes subjected to IVF as
shown in Table 2. However, the level of 2.5%
SL. added to mature oocytes VS showed
similar rates of penetration and fertilization
close to those obtained from immature oocyte
IVF trail.

Table (1): Impact of soybean lecithin added to vitrification solution on in vitro fertilization of
immature buffalo’s oocytes after warming.

Treatment N* Penetration (%) Fertilization (%) Polyspermia (%)
Control 32 13(40.6) 6(18.8) 7(21.9)
Lecithin 1% 36 15(41.7) 8(22.2) 7(19.4)
Lecithin 2.5% 39 17(43.6) 12(30.8) 5(12.8)
Lecithin 5% 36 18(50.0) 12(33.3) 7(19.4)
Lecithin 10% 38 18(47.4) 8(21.1) 10(26.3)

*N total number of post thawed IVMF live oocytes
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Table (2): In vitro fertilization of post-thawed mature live oocytes vitrified with soybean lecithin.

Treatment N* Penetration (%) Fertilization (%) Polyspermia (%)
Control 39 15(38.5) 8(20.5) 7(17.9)
Lecithin 1% 36 17(47.2) 10(27.8) 7(19.4)
Lecithin 2.5% 38 20(52.6) 14(36.8) 6(15.8)
Lecithin 5% 35 17(48.6) 11(31.4) 6(17.1)
Lecithin 10% 37 16(43.2) 9(24.3) 7(18.9)

N* total number of post thawed mature live IVF-oocytes

Developmental competence of thawed
buffalo oocytes vitrified with soybean
lecithin

In vitro culture of embryos obtained from
immature oocytes

As presented in Table 3, current trail of
IVMFC immature oocytes vitrified with SL,
exhibited insignificant progress of cleavage,
blastocyst formation and TED for 5% SL
IVMFC vitrified oocytes.

Table (3): Developmental competence of post-thawed IVMFC buffalo’s immature oocytes

vitrified with soybean lecithin.

Treatment N*  Cleavage (%) Morula (%) Blastocyst (%) TED (%)
Control 24 4(11.8%)* 1(2.9%) 0(0)* 1(2.9%)*
Lecithin 1% 31 6(19.4%)" 2(6.5%) 0(0)* 2(6.5%)"
Lecithin 2.5% 33 7(21.2%)* 3(9.1%) 1(3.0)* 4(12.1%)*
Lecithin 5% 32 11(34.4%)" 4(12.5%) 2(6.3)° 6(18.8%)"°
Lecithin 10% 28 4(14.3%)" 1(3.6%) 0(0)* 1(3.6%)"

N* total number of post thawed IVMFC oocytes

Developmental competence of post thawing
buffaloe’s matured oocytes

In contrary of post warmed IVMFC
immature oocytes, although fresh matured and
vitrified oocytes showed no significant
advance of cleavage and morula stages, both

blastocyst formation and TED (Table 4)
exhibited significant developmental
improvement (p<0.05) especially for the level
of 25% SL (9.5 and 28.6% resp.) when
compared with control oocytes after 7 days of
IVC.

Table (4): Embryonic development of recovered mature, IVF and IVC buffalo’s oocytes vitrified

with soybean lecithin.

Treatment N* Cleavage (%) Morula (%) Blastocyst (%) ** TED (%) **
Control 41 8(19.5) 2(4.9%) 0(0)" 2(4.9)°
Lecithin 1% 47 13(27.7) 4(8.5%) 1(2.1%)* 5(10.6)°
Lecithin 2.5% 42 16(38.1%) 8(19.0%) 4(9.5%)° 12(28.6)°
Lecithin 5% 38 11(28.9) 5(13.2%) 2(5.3%)" 7(18.4)°
Lecithin 10% 40 7(17.5%) 2(10.0%) 0(0)" 2(10.0%)"

*N total number of post-thawed live mature IVF and IVC oocytes
**Different superscripts indicate significant differences within columns (Chi-Square P <0.05)
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| DISCUSSION |

Although, immature germinal vesicle
(GV) stage oocytes tolerate the cryodamage
more efficiently compared to matured oocytes
(Purohit et al., 2012), current results showed
that using of SL added to VS of immature or
mature oocytes did not significantly affect
neither penetration nor fertilization rates after
thawing. Pitangui-Molina et al (2017)
established that oocytes supplemented with PC
during IVM process has no potential
detrimental effect on oocyte maturation and
subsequent in vitro fertilization.

On the other hand, current results
revealed a significant embryo development of
matured-vitrified oocytes with 2.5% SL
compared to immature oocytes. Guyader-Joly
et al. (1999) reported a significant (p<0.05)
hatching rate (52 %) of post-thawed bovine
embryos cryopreserved with addition of 1%
SL, using slow freezing protocol, compared to
control group (31.8%). All of presented data
confirmed the theory of Pugh er al. (1998)
who hypothesized that, although there was no
effect of IVC of embryos with SM and/or Col
containing-lecithin, both are important for
embryos to survive post cryopreservation,
since embryos that developed in the presence
of lecithin failed to survive subsequent
freezing. Moreover, embryo survival after
cryopreservation is affected by both PC and
SM modification which are structural units of
functional membranes that determines the
fluidity, permeability, and thermal phase
behavior of cell membranes (Sudano et al.,
2013). Current IVC results of post-thawed
mature oocyte turned the attention to the
addition of 2.5% SL level that might
equilibrate or stabilize membrane PLs
compared to 5% SL-vitrified immature
oocytes  regardless of  their  early
developmental stages. Additionally, SL

thought as a better emulsifier that might
promote CAP to distribute uniformly and
reduce it’s relieve toxicity of freeze-thawing
process (Trotta et al, 2002) which were
obviously noticed during current IVC trails of
the current study.

Earlier studies reported that, treatment of
bovine oocytes with 2 mg/ml cholesterol-
loaded methyl-B-cyclodextrin (CLC) before
vitrification improved the cryotolerance of
metaphase II (MII) oocytes than GV stage
with relative differences in the expression of
genes related to embryo development
(Arcarons et al., 2017). The expression of lipid
metabolism related genes (CYP51) were
down-regulated, meanwhile the expression of
both apoptosis (BAX) and DNA methylation
(DNMT3A) genes were up-regulated of
bovine morula obtained from vitrified-thawed
GV. Whereas the expression of the BAX gene
in vitrified MII oocytes remained similar to
control group regardless of CLC treatment
with elevated expression of DNMT3A gene of
untreated MII oocytes only. Last but not least,
previous facts explain the current significant
augmentation of embryonic development for
post-thawed 2.5% SL treated mature oocytes
compared to those 5% SL vitrifed-thawed
immature oocytes. It might be that SL mimic
the previously mentioned trend of CLC of up-
regulation of DNA methylation genes with
holding the expression of apoptosis genes in
the steady state. Somehow, SL has a protective
potential against oxidative stress and DNA
deterioration of vitrified buffalo oocytes after
warming, IVF and IVC which might be
throughout the reduction of malondialdehyde
production and increased total antioxidant
capacity (Badr et al., 2012).
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| CONCLUSION |

Addition of Soyben Lecithin to
vitrification media did not improve IVF of
vitrified-thawed buffalo’s oocytes. Meanwhile,
addition of 2.5% SL to VS significantly
enhance buffalo embryos developmental
competence of vitrified-thawed mature oocytes
paralleled to immature ones vitrified with 5%
SL after warming and IVMFC process that
exhibited insignificant progress of cleavage,
blastocyst formation and TED. Hence, more
studies are needed to prove whether SL alter
the gene expression responsible of DNA
methylation and apoptosis of IVPE diverted
from post-thawed mature oocytes or not.
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