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Abstract

Background: The embryo release from the zona pellucida is of prerequisites of success-
ful implantation.

Objectives: Regarding the negative impact of embryo cryopreservation on the blasto-
cysts hatchability, the aim of the present study was to investigate the effects of treating
embryonic zona pellucida with pronase or acidic Tyrode’s solution (ATS) before morula
formation on the viability, freezability, and hatchability of vitrified-warmed resulted
blastocysts.

Methods: In the first experiment, the zona pellucida of 3- and 4-day-old embryos were
treated with the above compounds for 30 or 45 s. Then, the competency of the treated
embryos to reach to blastocyst stage and the hatchability of resulting blastocysts were
investigated. In the second experiment, the cryo-survivability and hatching rate of blas-
tocysts resulting from 3-day-old embryos treated with pronase and ATS for 30 s were
tested.

Results: In the first experiment and in contrast to the 45 s exposure, 30-s exposure of
embryos to pronase or ATS did not have negative effect on the viability and develop-
ment of embryos to blastocyst stage. In the second experiment, the freezability of blas-
tocysts derived from 3-day-old embryos treated with pronase and ATS for 30 s was
not different from that of the control group. However, the hatching rate of the pronase
group was significantly higher than that of the control group.

Conclusion: The results of the present study showed that reducing the thickness of
zona pellucida of sheep embryos with pronase had no negative effect on the develop-
mental competency and freezability of the treated embryos and improved the hatcha-

bility of vitrified-warmed blastocysts.
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1 | INTRODUCTION

The release of the embryo from the zona pellucida is of prerequisites of
successful implantation (Zhu et al., 1996). Under normal conditions, the
oocyte is covered with a highly specialized extracellular glycoprotein
coat and its structure changes after the first sperm enters the oocyte
to prevent polyspermy (Bansal & Gupta, 2009; Martins et al., 2011). In
addition to protecting the oocyte and embryo, zona pellucida prevents
the separation of blastomeres from each other and also probably plays
arole in guiding the embryo to the uterus (Bansal & Gupta, 2009; Sifer
et al., 2006). As the embryo continues to grow and reach the blastocyst
stage and expands, the zona pellucida becomes thinner and prepares
for a cleft (Ebner et al., 2005; Hagemann et al., 2010; Sifer et al., 2006).
In sheep on the sixth and seventh days after fertilization, the hatching
process occurs. Blastocyst hatching allows the embryo to attach the
endometrium. Any changes that disrupt the hatching process will seri-
ously affect fertility (Aktan et al., 2006; Sifer et al., 2006).

Relatively low level of blastocyst hatching is acommon probleminin
vitro embryos, one of the reasons for which is zona hardening. In cases
where fertilization and culture of the embryo occur in in vitro condi-
tions, some environmental stresses such as temperature and pH of the
culture medium (Santos Filho et al., 2010) can increase its elasticity by
changing the structure of the zona, which prevents embryo from hatch-
ing and implantation (Hiraoka et al., 2009; Hur et al., 2011). Another
cause of zona hardening in laboratory embryos is the cryopreserva-
tion process. The process of embryo cryopreservation and the subse-
quent prolongation of embryo culture increase the hardness of zona
(Zech et al., 2005). On the other hand, the energy shortage of the cry-
opreserved embryos which results in the reduction of Na*/K*-ATPase
pump activity is mentioned as one of the factors delaying the return of
blastocyst to its original state and also disrupting its hatching because
the activity of this pump s responsible for the blastocyst expansion and
consumes more than 60% of embryonic energy in the blastocyst stage
(lwayama et al., 2011; Nagy et al., 2005).

According to the abovementioned introduction, it seems that reduc-
ing the thickness of zona pellucid could be helpful in the process of blas-
tocyst hatching (Sifer et al., 2006). Various methods have been used to
pierce and reduce the thickness of the zona, including the use of acidic
Tyrode’s solution (ATS), enzymatic digestion, and the use of laser sys-
tems (Balaban et al., 2006; Ebner et al., 2005; Edwards, 2007; Petersen
et al., 2005). In general, regional thinning or perforating an area of zona
pellucida in human embryos improves the rate of embryo hatching and
implantation (Nagy et al., 2005).

To the best of our knowledge, the effect of embryonic zona pellucida
thinning on the hatchability of farm animals cryopreserved blastocysts
has not been investigated well. Therefore, the aim of the present study
was to investigate the effects of treating the zona pellucida of ovine
embryos with pronase enzyme or ATS before morula formation on the
viability and developmental competence of treated embryos and on the

freezability and post-warming hatchability of resulted blastocysts.

2 | MATERIALS AND METHODS

All chemicals were obtained from Sigma Chemicals Co. (St. Louis, MO,
USA) unless otherwise stated.

2.1 | In vitro embryo production

The ovaries of slaughtered ewes were transported to the laboratory
in normal saline solution containing antibiotics (200 1U/ml penicillin
and 0.2 mg/ml streptomycin) at 25-35°C. In the laboratory, the ovaries
were washed with tap water and then placed in saline containing antibi-
otics in a water bath at 38°C. Follicular fluids of all visible 2-6 mm
follicles were aspirated into a 50 ml conical tube containing HEPES-
buffered M199 plus 10% FBS and 100 IU/ml heparin. Under a stereomi-
croscope, cumulus-oocyte complexes (COCs) were separated from the
aspirate using pulled pasteur pipettes and rinsed three times in HEPES-
buffered M199 plus 10% FBS. Ten good quality COCs (oocytes with
even granular cytoplasm and at least three layers of dense cumulus
cells around their zona pellucid) were cultured in mineral oil-covered
50 ul droplets of maturation medium and incubated in an incubator at
39°C and 5% CO, in humid atmosphere for 22-24 h. The maturation
medium was bicarbonate-buffered M199 containing 10% FBS and 0.05
1U/ml FSH.

After in vitro maturation, the oocytes were transferred to the
droplets of IVF-TALP and incubated at 39°C with 5% CO, in humidi-
fied atmosphere until sperm addition. The spermatozoa were prepared
according to Hajihassani et al. (2019). Briefly, 200 ul of frozen-thawed
epididymal sperm suspension was placed on 1 ml Histoprep and cen-
trifuged at 300 x g for 5 min. The pellet of spermatozoa after re-
suspension in the 50 ul of Sperm-TALP was added to the fertilization
droplets at the final concentration of 1 x 10® motile sperm cells/ml. At
24-26 h post-insemination, five to six presumptive zygotes were cul-
tured in the 20 ul droplets of IVC-SOF medium (SOF+amino acids and
BSA) in an incubator with 5% CO, and 6% O, at 39°C with maximum
humidity. Cleaved embryos were separated 48 h after IVC and cultured
in IVC-SOF medium supplemented with 10% charcoal striped FBS. The
rate of blastocyst formation and hatching was recorded on day 7 after
culture (Day O = IVF).

2.2 | Vitrification and warming

The vitrification and warming of blastocysts were performed accord-
ing to Shirazi et al. (2010) with some modifications. Briefly, the base
medium for preparation of all vitrification and warming solutions was
HEPES-buffered M199 supplemented with 20% (v/v) FBS. Vitrifica-
tion was performed at room temperature (approximately 25°C). Three
expanding 6-day-old blastocysts were placed in a 100 ul droplet of

base medium (20-30 s) and were then transferred to the equilibration
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medium (7.5% ethylene glycol + 7.5% DMSO) for 5 min. Then, blasto-
cysts were transferred to a 100 ul droplet of vitrification solution (15%
ethylene glycol + 15% DMSO + 0.5 M sucrose). The embryos were
then loaded with a fine bore pasture pipette on a cryotop (Kitazato Ltd.
Tokyo, Japan) and directly plunged into the liquid nitrogen. The total
incubation time of blastocysts in the vitrification solution including
loading on the cryotops and plunging in the liquid nitrogen was 30 sec-
onds. For warming, the tip of the cryotops was directly immersed into
a 100 ul droplet of warming solution (base medium + 0.5 M sucrose)
at 37°C. After 5 min, blastocysts were washed two times in the base
medium. The vitrified/warmed blastocysts were then cultured in IVC-
SOF medium for 72 h. The survival and hatching of blastocyst were

recorded at 24 and 72 h post-warming, respectively.

2.3 | Experimental design

This study had two experiments. The first experiment was performed
to assess the developmental competence of embryos treated with
pronase and ATS (Sigma T1788, pH 2.5) and also, to evaluate the effect
of the time of exposure of embryos to these compounds. In this exper-
iment, on days 3 and 4 after the start of embryo culture (IVF = day 0),
embryos that had a normal morphology and was not arrested were iso-
lated and randomly divided into experimental groups: control, pronase
30and45s,and ATS 30 and 45s.

To treat with ATS, a 75 ul droplet of ATS was placed in the centre
of a 6 cm petri dish, and 10 droplets of 75 ul HSOF containing 4 mg
BSA were placed around it as washing drops and then covered with oil.
The embryos in groups of 2-3 were first placed in the centre droplet
for 30 or 45 seconds and then transferred to the first washing droplet.
The embryos were placed in the first three drops of washing medium
for 10 s each and in the next droplets for 30 s each. During the trans-
fer of embryos between the droplets, the least amount of medium was
transferred with them. Finally, the embryos were collected in the last
droplet. To treat with pronase, by adding HTCM culture medium con-
taining 10% serum to a pre-prepared aliquot, a 0.25% (w/v) working
solution of the enzyme was prepared (Nazari et al., 2016). Then, in
the centre of a petri dish, several droplets of 10 ul of the enzyme and
around them 20 droplets of 20 ul of HTCM medium containing 20%
serum were placed as washing droplets and covered with oil. Two to
three embryos were transferred to one of the enzyme droplets for 30
or 45 s. Then, the embryos were transferred to a rinsing droplet. In
the first few droplets, the embryos were immediately transferred to
the next droplet to stop the enzyme activity. During the transfer of
embryos between the droplets, the least amount of medium was trans-
ferred with them. In total, each group of embryos was washed in 10
washing droplets and all were collected in one droplet. Finally, after
treating all embryos, they were transferred to IVC droplets and cul-
tured up to day 7 (Day O = IVF) on which the rate of blastocyst forma-
tion and hatching was recorded.

The second experiment was performed to evaluate the freezabil-
ity and post-warming hatchability of the blastocysts derived from

embryos treated with the above compounds. Based on the results of

the first experiment, 3-day-old embryos were exposed to pronase and
ATS for 30 s and then cultured as in the first experiment. On day 6 of
IVC, expanding blastocysts of pronase, ATS, and control (without treat-
ment) groups were vitrified and warmed.

2.4 | Statistical analysis

The data were analyzed by Chi-square test or Fisher’s exact test, when
appropriate. Statistical analysis was performed using IBM-SPSS ver-
sion 22 software package. Differences were considered significant at
the level of p < 0.05.

3 | RESULTS AND DISCUSSION

The present study aimed to overcome low hatchability of cryopre-
served IVP blastocysts. We treated ovine cleavage stage embryos with
two zona digesting agents and evaluated their post-treatment devel-
opment and the cryo-survival and post-thawing hatchability of the
resulted blastocysts. We hypothesized weakening the zona pellucida
structure could ease the expansion and hatching of vitrified-warmed
blastocysts.

At first, cleavage stage embryos on the third and fourth days of cul-
ture were treated with pronase and ATS to elucidate the possible toxic
effect of the agents on the embryonic development and to find the
optimum exposure time. The results are presented in Table 1. Since
the removal of embryonic zona pellucida before morula compaction
leads to the dispersion and loss of blastomeres, we did not want com-
plete zona disintegration. Although a recognizable zona thinning was
observed at 45 s exposure of 3-day-old embryos to the zona digesting
agents, this exposure time was clearly harmful to the treated embryos.
In the ATS treated embryos, 45 s-exposure led to a decreased via-
bility (degeneration) and reduced blastocyst development. In pronase
treated embryos, 45 s of exposure also resulted in the degeneration of
some embryos. Moreover, as the zona digesting activity of the enzyme
did not terminate immediately after transferring embryos from the
enzyme droplet to washing droplets, exposure for 45 s led to the zona
pellucida disintegration and blastomeres dispersion in some embryos
and hence, overall embryonic viability decreased. Due to the deleteri-
ous effect of 45 s-exposure on 3-day-old embryos, this time was not
tested on 4-day-old embryos.

As shown in Table 1, the viability, blastocyst rate, and blastocyst
hatching rate of the embryos that were exposed to the zona digest-
ing agents for 30 s were not significantly different from those of the
control (untreated) group. Moreover, blastomeres dispersion was not
observed in 30 s-pronase-treated embryos. Since the results of the
treating embryos on the third and fourth days were not different, only
the 3-day-old embryos were treated for performing the second experi-
ment. The hatching rate of the pronase-treated 3-day-old embryos was
slightly better than those of the other groups and 100% of blastocysts
of 45 s-pronase-treated group hatched, but due to the overall decrease

of blastocyst rate, this time was not tested in the second experiment.
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TABLE 1 The effect of treating day 3 or 4 embryos with acidic Tyrode’s solution (ATS) and pronase for 30 and 45 s on embryonic development

Exposure Embryonic Number of
Treatments time (s) age (days) treated embryos
ATS 30 3 25

30 4 24

45 3* 25
Pronase 30 S 27

30 4 25

45 3 25
Control - 3 35

Note: Different letters in each column indicate a significant difference (p < 0.05).

"The post-treatment survival of embryos was evaluated after 24 h culture.

Survived Blastocysts (% of Hatched
embryos” (%) treated embryos) blastocysts (%)
21(84) 10 (4020 5(50)%
21(87.5)2 10(41.7)3¢ 5 (50)2p

12 (48)° 3(12)P 0(0)
25(92.6)? 13(48.1)° 9(69.2)%
23(92)2 12 (48)¢ 6 (50)

13 (52)° 5(20)% 5(100)°
35(100)? 19 (54.3)¢ 10 (52.6)

#Due to the destructive effects of 45 s exposure to both compounds, this time was not tested on 4-day-old embryos.

TABLE 2 Results of vitrification and warming of blastocysts derived from 3-day-old embryos treated with acidic Tyrode’s solution (ATS) and

pronase for 30 s
Number of Number of
treated Survival after Blastocyst (% of vitrified Survival after Hatched
Treatment embryos treatment (%) treated embryos) blastocysts warming (%) blastocyst (%)
ATS 70 65(92.9) 30(42.9) 25 16 (69.6) 7 (43.8)b
Pronase 73 69 (94.5) 34 (46.6) 28 19 (67.9) 14 (73.7)?
Control 55 55 (100) 29(52.7) 25 18(72) 7(38.9)°

Note: Different letters in each column indicate a significant difference (p < 0.05).

Assisted hatching has been considered as a way to overcome
poor pregnancy rates following embryo transfer in bovine (Taniyama
et al., 2011) and humans (Hammadeh et al., 2011). Various methods
have been used for assisted hatching, including mechanical, chemical,
enzymatic methods, and laser beams (Balaban et al., 2006; Petersen
et al, 2005). In bovine, embryonic zona pellucida cutting using a
needle under either an inverted microscope or a stereomicroscope
resulted in improved pregnancy rates following transferring poor
quality in vivo produced embryos (Taniyama et al., 2011). In the
current study, pronase and ATS were chosen because they are cheap
and easy to apply and can be used in laboratories equipped with
the least types of equipment required for an embryology laboratory.
Cleavage stage embryos were treated to give the embryos ample
opportunity to repair any damage caused by exposure to the enzyme
or ATS solution. Similarly, vitrified-warmed blastocysts were not
treated to avoid exerting additional stress which could compromise
their post-warming recovery. As mentioned earlier, our aim was also
to select a time of exposure to zona digestive compounds in such a
way that while removing the greatest amount of zona thickness, it
does not damage its integrity and has the least adverse effect on fetal
development.

Our results showed that treating ovine 3-day-old embryos with
pronase for 30 s had the least negative effect on the developmen-
tal capacity of treated embryos. Although the hatching rate of fresh

embryos was similar to untreated embryos, vitrified-warmed blasto-

cysts derived from pronase-treated embryos had a significantly higher
hatching rate than that of the untreated control group (p = 0.049,
Table 2). Moreover, our results are in accordance with Taniyama et al.
(2014) in which the hatchability of bovine fresh and frozen-thawed in
vitro derived blastocyst was improved by treating them with pronase
at morula stage. ATS did not affect the post-warming blastocyst hatch-
ability. Treating embryos with pronase is simple and fast and can be
applied by technicians who have minimal embryo handling skills. Partial
chemical zona thinning by ATS applied by micromanipulator was supe-
rior to circumferential zona thinning (Yano et al., 2007), since it needs
a micromanipulator, it cannot be applied in every laboratory. There-
fore, circumferential zona thinning by pronase according to our pro-
tocol may be a good option for improving the pregnancy rate of trans-

ferred embryos in farm animals.
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