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Abstract

Background: Ovarian cryopreservation has become
more and more important not only as a tool of genetic
resource and biodiversity conservation but also as a
bio-medical application.

Objective: The aim of the present study is to survey
on slow freezing and vitrification method towards a
simple method to cryopreserve intact ovary which
can be applied in the field condition. The result of
method base on evaluation of viability and maturation
potential of immature oocytes were collective from
frozen—thawed ovaries.

Materials and methods: The whole porcine ovarian
were vitrified using same cryoprotective solution in
three groups (V1, V2 and V3) which the treatment
time in ES solution is 15, 30 and 45 min, respectively
comparing to slow freezing program. After three
weeks of storage, frozen samples were thawed
and immature oocytes were collected for in vitro
maturation. FDA staining of immature oocytes was
used to confirmed the viability and morphology of
intracellular structures. The oocytes matured were
evaluated by extrusion of the first polar body.

Results: The percentage of viability oocytes was
the highest in group V2 (7.03%) compare with that
in other group V1; control group and V3 group (6.47;
0.91 and 0.65%, respectively). The maturation rate
did differ in two groups V1 (6.47%) and V2 (7.03%),
but it was not in control and V3.

Conclusion: whole ovarian vitrified is already a
feasible technique, it is possible to collect viable
immature oocytes that have the ability to mature in
vitro.

Keywords: Whole ovarian cryopreservation; IVM;
Porcine; Vitrification; Slow freeze.
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Introduction

Cryopreservation of endangered species represents
a challenging perspective regarding the quick
decline of biodiversity [1]. This technique is not only
the benefit of human medicine but also helpful for
agronomic research and development. A wide range
of reproductive biotechnologies are now available to
facilitate conservation of mammals threatened with
extinction. In human, the different cryopreservation
options available for fertility preservation in cancer
patients are embryo cryopreservation, oocyte
cryopreservation and ovarian tissue cryopreservation
[1]. Ovarian grafting commenced in the first half of last
century and contributed greatly to advances in our
understanding of endocrinology and graft rejection
[2]. The first baby was delivered from a patient, who
was auto-transplantation of cryopreserved ovarian
tissue and having the presence of early growing
follicles and ovulation (24). The mature oocyte was
retrieved and fertilized, embryo transferred after
four days. The patient became pregnant and gave
a healthy infant after receiving these embryos [3].
The ovarian tissue cryopreservation was not so well
developed in compare to oocyte and embryo in vitro
culture and cryopreservation. After that, because of
the demand in using ovarian cryopreservation as
a genetic material banking strategy for laboratory,
companion and domestic species as well as rare
and endangered species and humans, ovarian
cryopreservation was reemerged [4,5].

Whole ovarian tissue sections have been proved to
have the ability in surviving after cryopreservation
with normal follicle growth and ovulation following
xeno-transplantation to a host with suppressed
immune system so that the foreign ovary tissue
would not be rejected [2]. Oocytes collected from
such frozen-thawed sections are not only viable,
but also able to result live births in mice and sheep
after autologous transplants of ovarian grafts stored
in liquid nitrogen [2,5,6]. Whole ovary freezing has
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also been investigated, with the aim of achieving
vascular anastomoses and a functioning organ
after transplantation. The method has been shown
to restore fertility in rats and sheep but a high rate
of follicle loss is still a concern. Directional freezing
combined with microvascular anastomosis have
improved outcomes, and long lasting ovarian function
has thus been obtained in sheep [7-9].

Ovarian preantral follicles were considered very
important in conservation of endangered species
dued to their enormous number, small size and
maturation status. Preantral follicles represent
90% of the follicular population in mammals [10].
Therefore, small preantral follicles recovered from
the ovaries of post-mortem or convalescent animals
are really a promising oocyte source, especially when
their viability and ability to develop to maturity in vitro
were proved [11]. On the other hand, whole ovarian
cryopreservation techniques were all developed in
laboratories with complex instrument and through
slow freezing processes [12]. Methods for ovarian
tissue vitrification followed by in vitro growth (IVG),
in vitro maturation (IVM) after thawing or those of
IVM followed by cryopreservation, have practical and
theoretical advantages in many species, but these
techniques also need to be improved for the whole
ovarian [13].

It is a challenge to effectively cryopreserve such
a large organ as the ovary [4]. The organ is more
complex, the less success would be achieved in
freezing [14]. Attempts were made to both minimizing
toxic injuries caused by cryprotectants and protecting
tissue from freeze-induced injury at the same time
[15]. Whole ovary cryopreservation followed by
vascular transplantation is suggested to be more
effective in compare to avascular transplantation
of ovarian cortical tissue due to shorter period of
warm ischemia at ovarian cortex transplantation
[16]. As a result, it has a higher proportion of
survived ovarian cortex after transplantation than
the calculated around 30% [17]. An advantage
of whole ovary transplantation is that the entire
follicle pool of one ovary would be transplanted, as
compared to the limited number of follicles at ovarian
cortex transplantation [18]. However, in whole ovary
sheep model, fairly poor follicular survival rates (0-
8%) were achieved after vascular transplantation
of frozen-thawed ovaries [8,19]. In those studies,
follicular survival was controlled 12-18 months after
re-transplantation. It might be good for follicular pool
survived the first weeks after transplantation; however
other mechanisms might lead to a later follicular loss,
regardless of that the vascular anastomosis may have
worked. It is known from other studies of whole sheep
ovary auto-transplantation that were common [15].

Although ovarian tissue cryopreservation was
successful with IVM and IVG, until now there was
no report on successful in vitro maturation oocytes
from whole ovarian cryopreservation. The aim of
the present study is to survey on slow freezing
and vitrification method to underline the major
improvements and prospective directions towards
application in field condition for immature oocyte
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production to be in vitro matured from the whole
ovary cryopreservation.

Materials and Methods
2.1 Ovaries preparation

The porcine ovaries were obtained from pre-pubertal
crossbred gilts (Landrace x Large White) at a local
slaughterhouse and transported to the laboratory
at 33°C. The ovary was submerged into PBS (4°C)
immediately after retrieval and a cutting to open the
ovarian artery and tied in place with dries paper.

2.2 Ovarian slow freezing

Whole ovaries were cryopreserved using the slow
freezing method described by Imhof et al. [20] with
some minor modification. Group 1-slow freezing:
Three ovaries per each time treat which was plunged
a Falcon 50 mL Conical Centrifuge Tubes (Nalgene
Nunc, USA) with 20 ml of the cryo-solution which
is containing 10% DMSO (Sigma-Aldrich, USA)
with supplementation of 0.1 M sucrose and 15%
bovine serum albumin (Sigma-Aldrich, USA) in
M199 (Gibco, UK), keep 1hr at RT, 1 h at 4°C, 1 h at
-20°C, 1 h at liquid nitrogen vapor (3 cm above liquid
nitrogen surface), then plunged into liquid nitrogen.
The ovaries were stored in liquid nitrogen (>2 weeks)
until thawing.

2.3 Ovarian vitrification

The ovarian vitrification method was according to
Courbiere et al. [8]. In brief, after being prepared as
mentioned above, ovaries in group 2 (V1) in set of
three were plunged in 30 ml equilibration solution
(ES) (M-199 containing 7.5% (v/v) EG (Sigma, USA),
7.5% (v/iv) DMSO (Sigma, USA), and 20% fetal calf
serum (FCS; Sigma), at room temperature (RT) in
15 min in then exposed 2 min in vitrification solution
(VS) in M-199 that contained 15% (v/v) EG, 15%
(v/v) DMSO, 20% FCS and 0.5 M sucrose. In groups
3 and 4, ovaries were treated similar to group 2, but
with different time in ES: 30 and 45 min, respectively
(Group V2 and V3). Ovaries were immediately
plunged into liquid nitrogen and stored (>2 weeks)
until thawing. The control group was the fresh ovaries
without treatment.

2.4 Ovarian thawing

For thawing, ovaries were placed in warming solution
1.0 M sucrose for 10 min at 37°C incubation. Ice-
melted ovaries were further incubated for 10 min
in diluting solution, in M-199 that contained 0.5 M,
0.25 M sucrose containing 20% FCS, and final in the
washing solution was 20% FCS in M-199 for oocytes
collected.

2.5 Evaluation of oocyte viability

The oocytes were collected as reported previously
[21]. To assess viability, oocytes were estimated by

-423 -



cJBio

FDA staining. The oocytes were transferred in PBS
supplemented with 5 mg/ml BSA containing 1mg/
ml fluorescein diacetate (FDA, Sigma, USA) and
incubated for 2 min. After that, oocytes were examined
under UV light with an axioplan 2 epifluorescence
microscope (Carl Zeiss, Germany). Live oocytes
accumulate intracellular fluorescein when exposed
to FDA. After using the simultaneous staining
technique, the cytoplasm of live oocytes appeared
green (FDA positive). The cytoplasm of dead oocytes
was FDA negative. A few oocytes were not stained
with FDA and had blue metaphase plate, which were
considered to have an intact plasma membrane but
with compromised esterase activity thus they were
classified as dead.

2.6 In vitro maturation

Collection and IVM of porcine oocytes were carried
out as reported previously [21]. The oocytes were
collected from follicles 2-6 mm in diameter in
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were evaluated for maturation status under stereo
microscope. Those with a polar body extruded are
considered matured.

2.7 Data analysis

The average numbers of oocytes per ovaries were
represented as the mean + SEM. All data were
subjected to one-way ANOVA, and the significance
of difference among means was determined by
Tukey’s multiple range tests. Differences at P<0.05
were considered significant.

Results
3.1 Viability of oocytes after cryopreservation

Table 1 showed the oocytes collection and their
viability in each group. The mean number of oocyte
collected slow freezing and V1 groups (27.80 and
27.20, respectively) was higher than those in other

Table 1. The numbers of oocytes derived from porcine ovaries fresh or after freezing.

Mean number of

Mean number of viable Rate of viability

Group No. of ovarian oczclal;grs‘ ;osllglc\:nt)ed (M::ncitg?EM) (Mean + SEM)
Fresh oocytes 30 13,99 £ 1,912 13.73 £ 1,322 1002
Slow freeze 50 27.80 + 3.44° 0.86 + 0.38° 0.91 +0.35°
Vitrification 1 33 27.20 £ 3.77° 1.87 £ 0.39° 6.47 + 0.52°
Vitrification 2 36 13.75+£1.372 1.25 £ 0.44¢ 7.03 £2.07°
Vitrification 3 40 27.27 + 3.15° 0.17 + 0.06° 0.65 + 0.25°

Medium 199 (M199; with Hanks’ salts, Sigma, USA)
supplemented with 5% (v/v) fetal bovine serum
(Sigma, USA), 20 mM HEPES (Dojindo Laboratories,
Kumamoto, Japan), 100 U/ml penicillin G potassium
(Sigma) and 0.1 mg/ml streptomycin sulfate (Sigma).
About 40 live oocytes were cultured for 24 hin four well
dishes (Nunc, Thermo Fisher Scientific, Denmark)
containing 500 pl of IVM medium, which is a modified
form of North Carolina State University (NCSU)
solution, containing 10% (v/v) porcine follicular
fluid, 0.6 mM cysteine, 50 TM B1 mercaptoethanol,
1 mM dibutyryl cAMP (Sigma, USA), 10 IU/ml eCG
(Serotropin, Japan) and 10 IU/ml hCG (Puberogen
1500 U; Novartis Animal Health, Tokyo, Japan).
They were subsequently cultured in IVM medium
without dibutyryl cAMP and hormones for a further
22 h. Maturation culture was carried out under an
atmosphere of 5% CO,, at 38,5°C and saturated
humidity. Porcine follicular fluid was collected from
ovaries of pre-pubertal crossbred gilts by aspiration
with a syringe, centrifuged at 1,800 x g for 1.5 h, and
the supernatant was stored at —20°C in advance.
Then about 1 L of the stock was thawed. The basic
solution (M-199) was TCM-199 containing 2.5 mg/
mL HEPES (Sigma, USA), 2.47 mg/mL Na-HEPES
(Sigma, USA), 0.35 mg/mL NaHCO, and 0.05 mg/mL
kanamycin sulfate. After removal of cumulus cells by
gentle pipetting in M-199 with hyalunidase, oocytes
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groups. Oocyte viability in the control group (fresh -
100%) was significantly the highest in all experimental
groups (P<0.05). The oocyte viability in group V1
and V2 (6.47 and 7.03%, respectively) was higher
than those in other experimental groups (P<0.05).
The mean of oocyte viability in group V1 (1.87) was
the highest in all experiment group (P<0.05). Similar
morphology of ovaries was observed after in five
fresh and frozen-thawed groups (Figure 1). However,

Figure 1. Morphology image of the porcine ovarian after
vitrification.
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almost of oocytes collected from ovarian freezing was
without the surrounded granulosa cells. The oocytes
collected from freeze-thawed ovaries showed their
viability when stained by FDA (Figure 2).

3.2 The potential of oocytes after IVM

The results of oocyte in vitro maturation were show in
Table 2 and Figure 3. A total of 123 viability oocytes

Figure 2. Porcine oocytes from vitrification ovarian that
survived were evaluated by morphology and fluorescein
diacetate (FDA) staining. Dark: dead oocytes. Bright: live
oocytes (with arrow).

Electronic Journal of Biology. 2016, Vol.12(4): 422-427

female cancer victims or gemates genetic resource
of animal [22]. Cryopreservation of whole ovary will
certainly play a direct role in preserving genetic di-
versity, conserving individuals, breeds or species, as
well as be used for adding fundamental knowledge
on reproductive biology [23]. Beside transplantation,
isolation of follicles from ovaries after whole ovarian
cryopreservation and in vitro culture of them to ma-
ture stage was important tool to evaluate follicular
development and function after cryopreservation pro-
cedures. Despite of that, the objective of the present
study was only to evaluate simple cryopreservation
methodologies that may be used to develop better
cryopreservation protocols usable in field condition
without complicated laboratory conditions. We chose
the pig ovary model because its size is similar to hu-
man’s ovary which made pig as a good model for
ovarian cryopreservation research as well as the
possibility to get fresh pig ovaries from slaughter
houses [22]. Since 2004, first whole ovarian cryo-
preservation of the pig ovaries was reported [20]. In
this research, the ovary was cryopreserved with a
slow freezing protocol, using 1.5 M DMSO and evalu-
ation of viability of cryopreserved whole ovaries was
under conventional light microscopy [20]. The result
of cryopreservation was evaluated by viablility of pri-
mordial follicles stained with trypan blue test. The
primordial follicular viability after cryopreservation of
whole ovary using slow freezing method as assessed
with trypan blue test was 83% in ovine and 84% in
porcine, higher than that of 76% in human frozen
ovary [18,20,24]. Ovarian tissue vitrification could
achieved viability of oocytes (92%) as high as that

Table 2. Oocyte status after IVM.

Group No. of P1 extrusion Nuclear stages - n (%)
oocytes n (%) GV MI Mil Damage
Fresh oocytes 420 256 (60.95)? 144 (34.29)2 12 (2.86)° 255 (60.71)? 9 (2.14)
Slow freeze 45 0 (0) 8 (17.78)° 0 (0)P 0 (0) 37 (82.22)°
Vitrification 1 60 5(8.33)" 7 (11.67)° 0 (0) 4 (6.67)° 49 (81.66)°
Vitrification 2 44 4 (9.09) 5 (11.36)° 0 (0)P 4 (9.09)° 35 (79.55)°
Vitrification 3 7 0 (0) 0 (0) 0 (0)° 0 (0)° 7 (100)°

in four experiment groups were cultured. In control
group, the rate of PB1 extrusion and MIl stage
(60.95% and 60.71%) was significantly different of
those in experiment groups. There was no significant
difference in the rates of PB1 extrusion in group V1
and V2 (8.33% and 9.09%, respectively). However,
the nuclear maturation rate (MIl) of the group V2
(9.09%) was significantly higher than that of group
V1 (6.67%). The GV stage oocytes in slow freezing
group (17.78%) were significantly higher than those in
group V1 and V2 (11.76% and 11.36%, respectively).
In group V3, the rate of damaged oocytes after IVM
was 100%. Figure 3 shows the PB1 extrusion and
MII nuclear stage after IVM in group V1.

Discussion
Ovarian cryopreservation research is naturally to
maintain the potential of reproduction procedure in
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of control (fresh) specimens [25]. This might indicate
that the freezing process had minimal effected into
this cell type [25]. In another study, viablity of fresh
and vitrified tissue showed no significant difference,
but that of slow freeze-cryopreserved tissue was less
than one-half (42%; P<0.01). Transmission electron

'»@

Figure 3. Porcine oocytes from ovarian vitrification after
in vitro maturation: A) oocytes with PB1 extrusion (arrow)
and B) oocytes after eosine stain (light arrow: nuclear;
dark arrow: PB1).
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microscopy has also been used to analyze ovarian
tissue that had been either cryopreserved by slow
freezing or vitrified by ultrarapid freezing, showing
that vitrification seemed to be superior with less tis-
sue and cellular damages [26]. In our research, other
method for evaluation of viability is FDA staining and
the follicular was colleted from 2-6 m for immature
oocytes. Immatured oocytes were subjected for
evaluation of viablity and maturation of ovarian ma-
terials after vitrification. Viablity as well as maturation
rates of oocytes after thawing were therefore lower
than those of other studies. Higher viability in group
V2 might be due longer exposure to cryoprotectant,
revealing a higher chance for it to be absorbed into
each oocytes.

In vitro culture of follicle is the basic method to as-
sess function and viability of ovarian tissue [27].
Immature oocytes isolation from ovarian after thaw-
ing method was eatablisted and the percentages of
morphologically normal and viable follicular oocytes
from cryopreservation ovarian were significantly
higher than those from the cryo-solution toxic test
group [28]. There was not any major difference be-
tween subcellular structures in primordial follicles of
fresh and properly frozen-thawed ovaries when ob-
sevation under eclectron microscopy [20]. However,
in this report, there is an important conclusion that
morphological criteria can not be used as the sole
methods to evaluate the viability of ovaries that have
been cryopreserved [20]. Our results, on the other
hand, not only contribute information on the morphol-
ogy of viable follicular oocytes, but also the develop-
mental ability after in vitro maturation. The GV stage
appear in all slow freeze and vitrification groups
showed the potential of the frozed-thawed immature
oocytes before IVM. Moreover, in the present study
we also evaluate the developmental ability of oocytes
collected from frozen-thawed ovaries through in vitro
maturation, not only oocyte viability and morphology
right after collecting. In 2002, Al-Aghbari and Menino
reported successful isolation of follicles from vitrified
sheep ovarian tissue and obtained metaphase Il
oocytes after IVM [29]. To our knowledge, there is
no report concerning of the MIl oocytes after in vitro
maturation following whole ovarian cryopreservation
until now. In the present study, we report the develop-
ment in vitro of immature oocytes from whole ovarian
cryopreservation to Ml stage for the first time.

Whole ovary cryopreservation and auto-graft has
been described in small animal such as: Rats and
mice and in large animal such as: ewes, sheep
[12,30-33]. However, interests in ovarian cryopreser-
vation re-emerged as its practical value as a strategy
for banking genetic material for maintain the genetic
resource of animal laboratory, domestic species as
well as rare and endangered species and humans
was realised [2,34]. Cryopreserved ovaries may be
used as a source of competent oocytes if appropriate
IVM protocols are developed [18]. Beside orthotopi-
cally grafting in a recipient animal in order to restore
fertility in that animal, oocytes may be harvested
from cryopreserved whole ovaries, IVMed to be
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subsequently used in an IVF procedure to produce
embryos [35,36]. However, until now there was no
report applying this technique with the whole ovar-
ian cryopreservation. The risk of whole ovarian cryo-
prservation include the size of samples effective to
cryoprotective dilivery into sample [8]. We have used
an empirical model of impregnation by ovarian vitri-
fication solution, based on another team’s previous
study in sheep ovaries to establish a system and try
to see whether there is an ability of oocytes to devel-
op until MII [37]. This is a simple method of ovarian
impregnation which would enable the cryopreserva-
tion in field condition. However, it should be further
assessed and optimized to be effectively applied for
IVF of oocytes. This enable the development of the
necessary conditions for embryo production from oo-
cytes collected from ovary vitrification.

In conclusion, freezing method with different
conditions has been surveyed. After thawing,
7.03% of oocytes maintained viable appearance in
vitrification method with 30 min in ES medium and
9.09% of them were able to develop to MIl stage
after IVM. The method was a promising technique in
cryopreservation of the whole ovarian to establish a
female gamete bank to conserve precious domestic
and wild animal female reproductive tissue/organ
even if collection of samples might be carried out at a
field trip site, far from the laboratory.
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