Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2020.32.005242

The Effects of Two Different Freezing Method on
Survival and Development of Pronuclear Stage Human

Mahdi Malmir, Aliasghar Ghafarizadeh*, Maryam Jenabi and Tayebeh Faraji

Academic Center for Education, Culture and Research, Iran

Embryos

*Corresponding author: Aliasghar Ghafarizadeh, Academic Center for Education, Culture and Research, Arak, Iran

E.mail: Ghafarizade@acecr.ac.ir

ARTICLE INFO

Abstract

Received: 2 November 09, 2020
Published: E2 December 07,2020

Citation: Mahdi Malmir, Aliasghar
Ghafarizadeh, Maryam Jenabi, Tayebeh
Faraji. The Effects of Two Different
Freezing Method on Survival and
Development of Pronuclear Stage Human
Embryos. Biomed ] Sci & Tech Res 32(3)-
2020. BJSTR. MS.ID.005242.

Keywords: Human; Vitrification; Slow
freezing; Development

Introduction: Nowadays, cryopreservation of human embryos has become a required
part of IVF programs. The purpose of this study was to compare the recovery, survival,
cleavage and blastocyst development rate of pronuclear stage human embryos, after slow
freezing and vitrification methods.

Material and Methods: Human 2PN stage embryos were divided randomly into four
groups. In the 1" (control) group 29 embryos included without any exposure. In the sham
or 2" group 15 embryos were considered to survey for cryoprotectant toxicity. Embryos
in the 3" and 4" group freezed by vitrification and slow freezing methods respectively.
Embryos in 3™ group (n=36), were vitrified using a new vitrification solution. Survived
embryos were cultured, incubated and evaluated for 5 days post-thawing. In 4" group,
2PN embryos (n=41) were freezed in propanediol (PROH) and sucrose 16-18 hours pos-
ICST using a programmed freezing instrument (Planner Series III) and plunged into liquid
nitrogen.

Results: Our data showed that survival rate in 1" (control) group was significantly
(P<0.05) more than other groups, meanwhile cleavage rate in the control group is
significantly more than only slow freezing (4th) group (96.55% vs 76=19%). The
blastocyst formation rates in the 3 and 4™ groups are significantly lower than control
group (59.09% and 42.85% vs 65.51%). Comparison of cleavage and blastocyst formation
rate showed a significant difference between 3 and 4" groups. The survival rate has a
significant difference between groups (100%, 93.33%, 70.96% and 65.62% respectively)
(P<0.05).

Discussion: The pronuclear stage embryos from ICSI could choosen for
cryopreservation because the developmental capacity of the embryos, after thawing, can
easily be ascertained and the predominance of study has shown that human embryos
survive and implant at higher rates, when frozen in 2PN.

Conclusion: Both procedures had nearly similar effect on 2PN human embryos, but
the vitrification method is better because of its simplicity, quickness and cost effectiveness.

Introduction

Human embryo cryopreservation is widely used in ART
Programs, as it allows embryos to be stored without deterioration

until needed [1]. Human pronuclear stage embryos (2PN) are

routinely crupreserved by use of slow controled-rate freezing
procedure. This method requires expensive equipments and
longtime [2]. A simpler, quicker and less expensive alternative to
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crupreservation is vitrification [3,4]. The high concentration of
cryoprotectantin the vitrification solution is so that when immersed
into liquid nitrogen the solutions form a glass entity; this prevents
the formation of extra-and /or intracellular ice crystals during
cooling and thawing [2]. All known penetrating cryoprotectants are
toxic at high concentrations [1,5-8]. Previous studies have indicated
that addition of a nonpermeating agent, such as sucrose or polymer
(for e.g. ficoll or dextran) to the mixture allows both intra-and
extracellular vitrification at less toxic concentrations of permeating
cryoprotectant agcents and improves survival rate [1,9-12].

It was shown that solutions containing 35% ficoll and 25%
ethylene glycol used in vitrification cause high rate of blastocyst
from 2-cell mouse embryos [1]. In cru preservation the embryos
were chosen at 2PN stage because:

i. it permits the study of a uniform population of embryos at
interphase of mitotic division. without any fragmnts which are
known to influence cryopreservation [2,13],

ii.  the post-thawing developmental capacity of the embryos,

can easily be ascertained [2,14]and

iii. most of the study has shown that human embryos,
when frozen in 2PN, survive and implant at higher rates in
comparison with the cleavage stage [4,15-17]. Although a
variety of more effective slow and rapid Cooling procedures
have been developed for cow and mouse embryos, these
established protocols are not necessarily effective for other
species embryos [1]. It was therefore decided to examine the
effectiveness of this new solution on the recovery, survival,
cleavage and blastocyst formation rate of 2PN embryos post-
vitrification and comparing. The aim of this study was to
introduce a cryopreserved method which not only had fewer
negative effects on survival, cleavage and development but also
was simpler, faster and more cost effective.

Materials and Methods

Cumulus oocyte complexes of patients underwent down-
regulation ovarian stimulation were collected by ultrasound-
guided follicle aspiration 34-36 hours post hCG administration
at Navid’s Institute of Infertility (Tehran, Iran). All the mature
oocytes subjected to intracytoplasmic sperm injection (ICSI). The
injected oocytes were placed in IVF-medium FertiPro, FP02 Fc01,
and Belgium) and incubated at 37 °C and 5% CO2 nearly 16-20
hour’s post-ICSI. The probable embryos were observed by sterio
microscope (Nikon, Japan) and inspected for the presence of two
pronuclei (2PN). The high-quality embryos at 2PN stage were
washed incubated and cultured in Gl medium for 48 hours and
subsequently were transferred to patients. The supernumerary
2PN embryos of couples that both of them had signed the consent
forms prior to treatment were selected for cryopreservation by
Vitrification or slow-freezing method. The 2PN stage embryos

which were qualitatively well were transferred to patient’s uterine
tube and the excess embryos cryopreserved according to their
features.

Vitrification Method

The vitrification of 2PN embryos performed according
previously described method [1]. The sibling 2PN embryos of same
patients were placed in PBS medium (at room temperature) for
5 minutes and then pre-equilibrated in PBS (supplemented with
25% EG) for 3 minutes. Briefly vitrification solution was prepared
by dissolving 3.5gr ficoll (Sigma, F-2878). 2.5 ml of ethylene glycol
(Sigma, E-9129) and 1.026 gr of sucrose (Sigma, S-7903) in PBS
medium. The embryos were aspirated with minimal volume of
solution into a finely drawn glass pipette and expelled to vitrification
solution. preparation of the straws was done by aspiration of 5
cm of 0.5 M sucrose,1 cm of air bubble, and 3 cm of vitrification
solution with embryos. After transferring the embryos to a straw, a
second air bubble were aspirated until the cotton plug became wet
subsequently the open end of the straw was hold up above the LN2
into 37 °C water bath for 1 minute. Then passed through 0.5 M, 0.3
M and 0.1 M of sucrose (thawing solutions) for 5, 3 and 3 minutes,
respectively. Following washing up in PBS medium, the embryos
were inspected for survival rate under an inverted microscope. The
surviving embryos were incubated at 37 °C and 5% Co,and cultured
in [IVF-medium up to 3 days, then transferred to G3-medium up to
day 6.

Cryopreservation Protocol

The supernumerary 2PN embryos of each patient were
cryopreserved if their tow pronuclei aligned at the equatorial
plate, the cytoplasm was clear and had no fragmentation [14,15].
In order to avoid the intervening factors, sibling embryos of each
patient were divided randomly into four groups. The embryos in
the 1st (control) group (n=29) included without any exposure. In
the sham 2™ group (n=15) embryos were considered to survey
for cryoprotectant toxicity. Embryos in the 3™ (n=36) and 4th
(n=41) group freezed by slow freezing or vitrification methods
respectively. For slow-freezing procedure, 2PN stage embryos were
incubated sequentially in each of the following for 10 minutes at
room temperature: A: 1 ml of phosphate-buffered saline (PBS),
B: 1.5 M of propanediol (PROH) in PBS medium, and C: 1.5 M of
PROH and 0.1 M of sucrose in PBS medium (Freeze-KIT, 10012,
Vitrolife, Goteborg). Then, embryos were loaded into 250 pl straws
(Minitube, 1904/0010) and transferred to a biological programmed
freezer chamber (KRYO 10 Planer Series IlI, UK) with a chamber of
22 °C temperature.

The temperature was lowered to -7 °C at a rate of -2 °C/min.
After 5 minutes soak time at -7 °C, ice nucleation was induced
manually by touching the straws with LN,-cooled forceps at the
level of the fluid meniscus. The embryos were hold at -7 °C for

another 5 minutes post according. In this way the temperature was
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reduced to -30 °C at a rate of -0.3 °C/min. The straws were cooled
furtherly by cooling rate of -50 °C/min up to -140 °C and help in
this temperature for 1 minute. Finally, the straw was plunged into
liquid nitrogen [18,19]. After straws storing in LN, -containers for
1 month, thawing was done by keeping them at room temperature
for 40 seconds, then immersed in 37 °C warm water bath for 40
seconds, until ice crystals disappeared in the medium. Removal
of the cryoprotectants was done in four steps for 10, 10, 5 and 5
minutes sequentially as follow: A) 1 M PROH +0.2 M sucrose in PBS
medium, B) 0.5 PROH +0.2 M sucrose, C) 0.2 M sucrose and D) PBS
medium alone. All steps were done at room temperature (Thaw-
KIT, 10013, Vitrolife, coteborg). After checking up, the survived 2PN
embryos were incubated at 37 °C and 5% Co, in I[VF-medium for
3 days and then transferred to G2-medium (FertiPro, FPOIFGO04,
Belgium) for another 2 days.

Assessment of Thawed Embryos

After thawing, the embryos recovery, survival, cleavage and
blastocyst formation rate of frozen-thawed pronuclear stage
embryos were evaluated. Recovery of 2PN embryos was calculated
as the ratio of embryos observed under the microscope after
thawing to the initial number of frozen embryos. Surviving
embryos were defined as the percentage of recovered embryos with
morphologically intact clear cytoplasm which could be returned
to their original isotonic volume after thawing and subsequent
dilution of cryoprotectant. The cleavage rate was defined as the
percentage of surviving embryos that cleaved to two cells or more,
after 24 hours. Blastocyst developmental rate (BDR) was defined
as the percentage of surviving blastocyst stage embryos related to
original number of freezed embryos. To reduce the rate of stickness,
during vitrification, straws were washed with 0.5 M sucrose.

Assessment of Toxicity of Vitrification Solution for 2PN
Embryos (sham or 2™ group)

Randomly selected supernumerary 2PN stage embryos (n=15)
were evaluated after treatment with vitrification solutions (without

Table 1: Development of human pronuclear stage embryos.

freezing); PBS medium (for 5 minutes), 25% EG (for 3 minutes) and
vitrification solution (for 30 seconds). All steps were done at room
temperature. The removal of cryoprotectant agents was similar to
removal of cryoprotectant agents in vitrification method. Then, the
survival rate, cleavage and BDR were evaluated according to the

other groups.

Statistical Analysis

Statistical analysis was done by using X? test. P values less than
0.05 were considered as significant.

Results

In this study a total number of 121 Pronuclear stage embryos
were used and divided into control or non- frozen, (n=29), sham
(n=15), 1stexperimental (vitrification, n=36) and 2nd experimental
(slow-freezing, n=41) groups (Table 1). In control group, the mean
percent of survival, cleavage and developmental rate were 100,
96.55 and 65.51 percent, respectively. Assessment of 2PN embryos
that were only exposed to vitrification solutions (sham group)
showed that the survival, cleavage, and development to blastocyst
had no significant difference (P>0.05) between groups (Table 1).
The number of post-thawing recovered embryos in vitrification 31
(86.11%) and slow freezing 32(78.04%) groups have significant
difference (P<0.05). The survival, cleavage and blastocyst formation
rate in the 3™ and 4" expermental groups were shown in Table 1.
Comparison of survival rate between control (1) and slow freezed
(4™) groups showed that there was a significant difference between
groups, similarly the difference between cleavage and blastocyst
formation rate in these groups was significant. Comparison of
survival rate between non-frozen vitrified (2" or sham) and
vitrified (3") groups showed that the difference between them
was significant, but the cleavage and developmental rate was not
significant (P<0.05) (Table 1). This study showed that there has
a non-significant difference for survival rate between vitrification
(3) and slow freezing (4") groups while the cleavage and
development rate have significant difference (P<0.05) (Table 1).

Variable Control Sham Vitrification Slow freezing
No. of embryos 29 15 36 41
No. of embryos frozen 36 41
No. of embryos thawed --- --- 36 41
No. of embryos recovered --- - 31/36(86.11£3.7) 32/41(78.04+5)
No. of embryos survived 29/29(100) 14/15(93.33%3.3) 22/31(70.96+4.4) a 21/32(65.62+6.1) b
No. of embryos cleaved 28/29(96.55+2.3) 13/14(92.85+4.1) 21/22(95.45+3.5) 16/21(76.19+4.8) c
No. of embryos developed 19/29(65.5+4.7) 8/14(57.14+6.3) 13/22(59.09 5.8) 9/21(42.85+6)

a.  Significant difference of survival rate between control and

slow freezing groups (P<0.05).

b.
vitrification groups (P<0.05).

Significant difference of survival rate between control and

c.  Significant difference of cleavage rate between control

and vitrification groups (P<0.05).

All number in the parenthesis shows the mean percent *
standard deviation.
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Discussion

This study shows that vitrification of human 2PN stage embryos
could enhance the cleavage and development of embryos post
thawing related to slow freezing methods. The solutions used for
cryopreservation had no toxic effects on human 2PN embryos. The
survival rate of 2PN stage embryo was higher in vitrification method
compare with slow freezing method but their differences was not
significant. Nowadays, cryopreservation of 2PN stage embryos by
vitrification or slow-freezing methods have very little practical
impact on 2PN stage embryos. Jelinkova et al reported a post-
thawing twin pregnancy from vitrified 2PN stage embryos using
ethylene glycol (EG) and trehalose. Their method [3] was a safe
and promising for cryopreservation of human zygotes although its
method was different with the present study the result was similar.
Recent studies demonstrated successful result after vitrification of
human oocytes, cleaved embryos and blastocysts with solutions
containing polymers [3,20,21]. The vitrification solution containing
25% EG, 35% Ficoll, was not toxic for 2-8 cell stage mouse embryos,
developed to blastocyst [1].

Rapid Cooling and vitrification protocols are particularly
attractive cryopreservation strategies for embryos as they are
cheap, fast, and simple, but most are embryo toxic as the solutions
contain high cryoprotectant concentrations. Considerable effort
is therefore still being directed toward improvement of rapid
Cooling and vitrification protocols for embryos. Results showed
that some embryos have been lost, after thawing. Higher number
of 2PN embryos was recovered, after slow freezing in compare with
vitrification method, although the difference was not significant
statistically. The lost embryos were attributed to embryos
sticking to the straw wall in both methods [1]. During vitrification
procedure, modified solution caused higher number of embryos
stick to the straw wall due to high osmolality. Another reason for
losing the embryos using vitrification method, was rapid thawing,
which prevents ice crystal formation. Embryo entering to LN,
during storage and very rapid thawing, causes explosion of the
straws while transferring to warm water bath, thus, it decreases the
rate of embryo recovery. These studies show that explosion may be
avoided by holding straws in LN, vapor for a longer period, before
immersing it to warm water bath [2,22].

The survival rate on control, vitrified and slow freezing
groups showed a significant difference between groups (100%,
70.96%, 65.62%). The reason for lower survival rate of slow-
frozen 2PN embryos comparing with control group is extra-cellular
ice formation during cooling that causes trapping of embryos
between ice crystals and damaging the zonae pellucid [23]. The
number of surviving 2PN embryo does not corelate to the use of
vitrification solutions, because comparison of sham and control
groups has demonstrated that the solutions have not any toxic
effect on survival, cleavage and blastocyst formation rate, probably

because oocyte and zygotes are more sensitive to osmotic shock,

and they have lower permeability to cryoprotective additives
[3,24]. Additionally, vitrified cells are more sensitive to hypotonic
stress than fresh cells in post-warming duration [25]. To reduce
the hypoosmotic stress, non-permeating compounds are used as
osmotic buffers during removal of permeating cryoprotectant from
inside the cells [25]. Breaking of the vitrification solution (during
cooling) is another reason for damaging the embryos and reducing
the embryos survival rate finally [26], which is in agreement with
Liebermann et al, that decrease in survival rate after vitrification is
itself a problem [27].

The non-significant difference of cleavage and BDR between
non-frozen and slow controlled groups for frozen embryos showed
that the surviving pronuclear stage embryos (after thawing) could
act similar to the fresh embryos. The cleavage rate of vitrified
embryos was significantly lower than control group (P<0.05),
but the cleaved embryos had similar potential for development
in comparing with fresh embryos. When 2PN embryos with
best morphological quality were transferred to the patients and
supernumerary embryos were cryopreserved, development of 2PN
embryos cultured in vitro was higher than the frozen one. Previous
studies showed that there is a relationship between morphology
of the zygotes with its ability to continue development, both in
vivo and in vitro at 16-18 hours post insemination [2,23,28,29]
which is in concordant with the-our finding in the present study.
Studies of Kuleshova and, Abbeel showed that during rapid Cooling
procedures, number of surviving embryos with a sustained capacity
for further cleavage is depended on an optimal exposure time for
cryoprotectant solution before freezing.

This finding showed that permeating of the penetrating
cryoprotectant is very important [1,2]. For human pronuclear stage
embryos, neither the optimal concentration of cryoprotective agent,
(especially concentration of polymers in vitrification solution), nor
the optimal time of exposure to the vitrification solutions is not
known. Permeability characteristics of human pronuclear embryos
towards vitrification solution are not known and may have some
quantitatively difference with mice embryo. Sub-optimal exposure
time of the pronuclear embryos to the pre-equilibration (25%EG)
and vitrification solutions may lead to insufficient permeation of
the ethylene glycol, and hence sub-optimal results. Our results in
the present study clearly demonstrated that, after a randomized
comparison, vitrification of 2PN embryos with modified solution
25EG: 35F has similar efficiency as slow freezing. It is proposing
that before using this new solution for cryopreservation of human
pronuclear stage embryos, their reproducibility and safety should
be studied.
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