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ABSTRACT: The effects of two different concentrations of cryoprotectants on survival and developmental 
capacity of four-cell mouse embryos were compared by Cryotop vitrification to demonstrate that lower concen-
trations provide the same results as higher previously reported concentrations with lesser negative molecular 
impact on embryo cells. For this latest, embryos were compared via transcript analyses of Heat shock protein 72 
(Hsp72) and protein 53 (p53). Four-cell embryos were obtained from superovulated female mice and randomly 
assigned to one of three following groups: (i) control (non-vitrified), (ii) vit1 (15% v/v: 7.5% ethylene glycol 

(EG) and 7.5% dimethyl sulfoxide (DMSO), and (iii) vit2 (30% v/v: 15% EG + 15% DMSO). The cells vitrified by 
Cryotop were thawed and side-by-side to the control group divided into two parts: one part was used to analyze 
the morphological traits, survival rate, and embryo cleavage ability to form blastocysts, and the other part was 
examined for changes in transcript levels of Hsp72 (Hspa1a + Hspa1b), p53, and Hprt1 (reference gene) by 
quantitative Real-Time polymerase chain reaction (qPCR). The results were analyzed by One Way Analysis of 
Variance and the mean values compared with LSD (P < 0.05). The relative expression of p53 in vit2 (30% v/v) 
was significantly higher than in vit1 (15% v/v) and in vit1 it was higher than in the control. The relative expres-
sion of Hsp72 was the same in vit1 and vit2 and significantly higher than in the control. The survival, cleavage, 
and blastocyst rates were the same for both vitrification treatments and significantly lower than in the control 
group. The up-regulations of Hsp72 and p53 following vitrification were suggestive of imposed heat shock, cold 
stress, and DNA damage to the mouse 4-cell embryos.

Keywords: cryopreservation; in vitro culture; murine; Real-Time PCR

Vitrification is a rapid cryopreservation method, 
enabling conversion from liquid to solid state, 
during which viscosity of the vitrifying solution 

is being extremely elevated due to the high con-
centration of cryoprotectant agents (CPAs) (Kasai, 
1997; Massip, 2001).
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Since the first successful vitrification of mouse 
embryos in 1985 (Rall and Fahy, 1985), vitrification 
is routinely being used in the artificial reproduc-
tive technologies (ARTs). With no or little damage, 
vitrification has provided the chance to maintain 
scientifically important stocks, strains, and lines 
(exotic or endangered species). Moreover, import 
and export of embryos and gametes, and the stor-
age of embryos for extended periods of time have 
been made possible via vitrification. The latter 
allows preservation of embryos for production of 
healthy offspring (Moore and Bonilla, 2006; Shee-
han et al., 2006). Furthermore, cryopreservation 
of embryos will aid in the elimination of vertically 
transmitted diseases in animals and also would 
be beneficial to breeding programs. For example, 
the embryos of certain dogs such as guide dogs, 
drug-detecting dogs, and quarantine dogs can be 
kept and used in breeding programs (Abe et al., 
2011). The necessity to use vitrification has led 
the researchers to seek a variety of approaches to 
improve the technique.

Changes in type and concentration of cryoprotect-
ant, changes in the vitrification instrument shape, 
and application of stepwise cooling-warming are 
among many modifications that have been used so 
far (Vajta and Kuwayama, 2006). For instance, by 
comparing four cryoprotectants including DMSO, 
glycerol, polyethylene glycerol, and ethylene glyc-
erol in 2–4 cell mouse embryos, it was revealed 
that ethylene glycol was the optimal cryoprotect-
ant for the cryopreservation (Liu et al., 2011). Use 
of small volumes of cryoprotectant, i.e. less toxic 
material, via harbouring miniature tools increases 
the cooling and warming rates (Kasai, 2002; Hiraoka 
et al., 2004; Vajta and Kuwayama, 2006). Further to 
reducing the volume of cryoprotectants, lowering 
the concentration of CPAs may help to lessen their 
potential toxicity, improve post-thaw survival rate, 
and promise healthy developmental status (Tan, 
2004; Katkov and Pogorelov, 2007; Yavin et al., 2009). 
Given that the optimization of the biophysical and 
biochemical conditions of the cells that undergo 
vitrification is important, the study of the vitrified 
cells on the molecular level may reveal the probable 
side-effects of such treatments.

Amongst a variety of exploratory molecular 
techniques, transcript analysis, gene-based or 
global analysis, provide some insights in the early 
development (Di Pietro et al., 2010; Habibi et 
al., 2010), better understanding of how to treat 
the cells to minimize the probable side-effects 

of vitrification and somewhat demonstrates the 
well-being of the cells during and subsequent to 
the cryopreservation (Mamo et al., 2006). For 
example, transcript analysis of histone deacetyl-
transferase 1 expression in mouse demonstrated 
a reduced expression upon cryopreservation in-
dicating a probable negative impact on embryo 
development (Li et al., 2011). Here, to address the 
possible molecular alterations of the embryos at 
the four-cell stage, the transcript level of Hsp72 
(Hspa1a + Hspa1b or Hsp70.3 ) and p53 (Trp53) 
were put under scrutiny as target genes via RT-PCR 
and the transcript data were calculated against 
Hprt1 (Mamo et al., 2007, 2008).

Heat shock proteins (HSPs) are known to play an 
important role in various stress conditions, apoptosis, 
and zygotic gene activation (Burel et al., 1992). HSPs 
also appear to be involved in other developmental 
and/or differentiation steps of the cell in both nor-
mal and stress conditions. Previous reports were 
indicative of the presence of Hsp72/Hsp73 in most 
embryonic stages (Kim et al., 2002; Liu et al., 2004).

Protein 53 (p53), a transcription factor, functions 
as a guardian of germ-line genomic integrity and 
the regulator of reproduction in vertebrates (Hu, 
2009). In mouse embryos, the expression level of 
p53 is high until the mid-gestation stage (Schmid 
et al., 1991) and the loss of p53 in female mice 
causes reduced fertility (Choi and Donehower, 
1999; Hu et al., 2007). Morover, p53 is an important 
mediator of the responses to cellular stress and 
temperature change, transactivating and transre-
pressing a large number of target genes (Jin and 
Levine, 2001; Vousden and Lu, 2002). 

Here, in a continuation of our previous studies 
(Habibi et al., 2010, 2011), a lower concentration 
of CPAs (7.5% EG and 7.5% DMSO) next to the 
higher concentration reported earlier by Kuwayama 
and Kato (2000) (15% EG and 15% DMSO) was 
applied to vitrify four-cell embryos and compared 
with non-vitrified cells at the same developmental 
stage both at the molecular level and morphological 
features. In comparison with blastocysts, four-cell 
mouse embryos have smaller volume and there-
fore one can accommodate more on vitrification 
tools such as Cryotop and further to this note it 
requires shorter period of time to collect them. 
Consequently and since no previous reports on 
transcript analysis of four cell embryos were avail-
able, it was decided to study the behaviour of these 
cells in response to vitrification. HSP72 (Hspa1a + 
Hspa1b) and p53, stress-related candidate genes 
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that appear at early stages of embryo development, 
were chosen to be transcriptionally evaluated in 
mentioned conditions here in. 

MATERIAL AND METHODS

All chemicals were purchased from Sigma Chemi-
cal Co. (St. Louis, USA) unless it has been stated.

CD1 (ICR) female mice aged 8–10 weeks and 
male mice aged 10–12 weeks (Lisbon University, 
Portugal) were housed in polycarbonate cages (12 h 
light/dark; 22 ± 2°C), and were fed with standard 
food and fresh water.

In all procedures, mice were handled accord-
ing to the rules stipulated by the Animal Care in 
Portugal.

Preparation of 4-cell embryos

Female mice were superovulated by intraperi-
toneal injection of 10 IU pregnant mare serum 
gonadotropin (PMSG), followed by 10 IU of human 
chorionic gonadotropin (hCG) with a 48 h inter-
val. Female and male mice (1 : 1) were mated and 
checked for vaginal plugs the next morning. The 
plug-positive female mice were killed humanely 
by cervical dislocation at 56–58 h post-hCG in-
jection (Uechi et al., 1999; Sheehan et al., 2006), 
and 4-cell embryos were collected by flushing 
oviducts into KSOM (Millipore, Bedford, USA) 
supplement with 4 mg/ml BSA and 20mM Hepes 
buffer (Moore and Bonilla, 2006; Mukaida and 
Takahashi, 2007).

Study groups

The embryos from the mice sacrificed on each 
day were pooled and divided randomly into three 
groups: (i) control (non-vitrification), (ii) vit1 (15% 
v/v: 7.5% EG and 7.5% DMSO), and (iii) vit2 (30% 
v/v: 15% EG + 15% DMSO). Finally, 179 embryos 
were evaluated for survival, cleavage and blasto-
cyst rates in vitrified and control groups. Embryos 
(270) were assessed for the expression of Hsp72 
(Hspa1a + Hspa1b), p53, and Hprt1.

For gene expression, each embryo pool contain-
ing 10 embryos was stored at –80°C in a minimum 
volume (2 ml) of RNase free water (Mamo et al., 
2007).

Vitrification and thawing solutions

Modified Dulbecco’s phosphate-buffered saline 
solution (PBI) containing 10% (v/v) fetal bovine 
serum (FBS) (GIBCO, Grand Island, USA) was 
used as the basal medium or washing solution. 
The equilibration solution (ES) contained 7.5% 
(v/v) EG and 7.5% (v/v) DMSO in basal medium.

There were two vitrification solutions (VS) for 
two vitrified groups; VS1: 7.5% (v/v) EG, 7.5% (v/v) 
DMSO, and 0.5 mol/l sucrose in basal medium and 
VS2: 15% (v/v) EG, 15% (v/v) DMSO and 0.5 mol/l 
sucrose in basal medium. Thawing solution (TS) 
contained 0.5M sucrose and diluents’ solutions 
(D1, D2, D3, D4, D5) contained 0.4, 0.3, 0.2, 0.1, 
and 0.05M sucrose in basal medium, respectively.

Vitrification and thawing

Mouse 4-cell embryos were vitrified in two con-
centrations of vitrification solutions using Cryotop. 
Embryos were placed in three droplets of ES for 
1 min total for all of the drops at 25°C. Subsequently, 
embryos were transferred in vitrification solution, 
VS1 and VS2, respectively for less than 30 s. Embryos 
were moved on the Cryotop (< 1 μl vitrification solu-
tion) and the Cryotop was immediately submerged 
in filter-sterilized liquid nitrogen and kept for at 
least 7 days. Samples were thawed by plunging the 
Cryotop into 1 ml of TS at 37°C for 1 min. Rehydra-
tion and gradual removal of cryoprotectants were 
performed in D1, D2, D3, D4, and D5 for 3 min at 
every step. Thawed embryos were washed three 
times in basal medium for 5 min at 25°C.

Definition of morphological survival

Embryos were defined “morphologically sur-
vived”, if they possessed an intact zona pellucida, 
blastomeres, and refractive cytoplasm (Boonkusol 
et al., 2006; Mamo et al., 2006; Azadbakht and 
Rezazadeh Valojerdi, 2008). Following the thaw-
ing and cryoprotectant removal steps, four-cell 
embryos in 100 μl of sterilized KSOM+AA (Milli-
pore, Bedford, USA) supplemented with 4 mg/ml  
BSA were incubated under mineral oil with the 
availability of 5% (v/v) CO2, 5% (v/v) O2, and 90% 
(v/v) N2 for 1 h at 37°C.

The validity of morphological classification was 
confirmed by vital staining with 0.4% sterilized 
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trypan blue solution, a plasma membrane specific 
dye, in Hanks’ balanced salt solution (Alexandra 
et al., 2007). The embryos were examined under 
an inverted micromanipulation microscope (Ep-
pendorf, USA). The dead cells were stained dark 
blue by trypan blue, but viable cells were able to 
repel the dye and did not stain. The live cells were 
counted and recorded as survival rates. Visually 
dead embryos were discarded, and the morpho-
logically intact embryos were cultured and the 
gene expression pattern was analyzed.

Embryo culture

The survived embryos in control, vit1, and vit2 
groups were cultured in 20 μl droplets of KSOM+AA 
supplemented with 4 mg/ml BSA under mineral 
oil at 37°C in an atmosphere of 5% CO2, 5% O2, 
and 90% N2 to develop into the blastocyst stage. 
Embryos were assessed daily to record cleavage 
and blastocyst formation rates for 3 days.

Gene expression and Reverse 
transcription reaction (RT)

The relative quantification of gene transcripts 
was carried out by Real Time-PCR. Super ScriptTM 
III Platinum® Cells Direct Two-Step qRT-PCR Kit 
with SYBR® Green (Invitrogen, Carlsbad, USA) was 
used to carry out cDNA synthesis and PCR.

Embryos were lysed in 1 µl lysis enhancer and 
10 µl resuspension buffer for every PCR tube, 
which were incubated at 75°C for 10 min in a 
Thermal Cycler 9700 (Applied Biosystems, Foster 
City, USA). To degrade any contaminating DNA, 
the cell lysates were treated with 5 µl DNase I and 
1.6 µl DNase I buffer (10×) at 25°C for 5 min. The 
embryos were treated with 4 µl of 25mM EDTA 
and incubated at 70°C for 10 min. For first-strand 
cDNA synthesis, 20 µl 2× RT Reaction Mix and 
2 µl RT Enzyme Mix were added to each tube 
and incubated at 25, 50, and 85°C for 10, 20, and 
5 min, respectively.

Real-Time Polymerase Chain Reaction 
(qPCR)

The primer pairs for each gene were designed, 
synthesized, and validated by Molecular Diagnostic 

Companies (MDC, Burgess Hill, UK). The primer 
sequences, annealing temperatures, and GenBank 
accession numbers are provided (Table 1). Since 
designing gene specific primers for either Hspa1a 
or Hspa1b, orthologs of human Hsp72, was almost 
impossible, the designed primer set considers the 
total changes of both transcripts at the same time.

Real-Time PCR was conducted in a Real-Time 
Cycler 7500 (Applied Biosystems, Foster City, USA). 
To confirm the specificity and integrity of the PCR 
products, melting curve analyses were performed 
for all Real-Time PCR reactions. Standard curves 
were generated using serial dilutions of cDNAs.

Real-Time PCR was conducted for cDNAs and 
standards in triplicates with two no template con-
trols (NTC). Reactions (25 μl) contained 12.5 μl 
Platinum® SYBR® green qPCR super mix-UDG 
(uracil-DNA glycosylase), 0.5 ml Rox Reference 
dye, 0.5 µl primer mix (sense and antisense prim-
ers, 300nM each), 6.5 μl autoclaved distilled water, 
and 5 μl of cDNA in each well.

Cycling parameters were 50°C for 2 min (UDG 
incubation), 95°C for 2 min, followed by 50 cycles 
of 95°C for 15 s and 60°C for 30 s. The melting 
curve was analyzed at 95°C for 15 s and tempera-
ture lowered to 60°C for 15 s. Each experiment 
was repeated three times.

The data were analyzed with the integrated 
ABI 7500-V2.0.1 software (Applied Biosystems, 
Foster City, USA) and were normalized with Hprt1 
within the log linear phase of the amplification 
curve using the comparative Cycle-Threshold (Ct) 
method. The relative expression ratios (R) of Hsp72 
(Hspa1a + Hspa1b) and p53 were estimated based 
on a ΔCt formula (Pfaffl, 2001; Luciano et al., 2007; 
Avci et al., 2008). PCR efficiencies (Pfaffl, 2001; 
Luciano et al., 2007) of the genes ranged between 
1.98–2.0. ΔCt was the difference between the Ct 
values of controls and samples.

Statistical analysis

One Way Analysis of Variance was performed 
on the average percentages of survived, cleaved 
embryos, blastocyst formation, and relative amount 
of Hsp72 (Hspa1a + Hspa1b) and p53 mRNAs in 
control, vit1, and vit2 groups. Following analysis 
of variance, mean values were compared. The 
level of significance was set at less than 0.05 and 
LSD (Least Significant Difference) test was used 
to compare the means.
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The cleavage rates were 70.2% ± 1.5, 65% ± 1.1, 
and 61% ± 1.7 in control, vit1, and vit2 groups, re-
spectively (Table 3). The blastocyst formation rates 
were 45.6% ± 1.1, 42.5% ± 1, and 36.6% ± 1.2 in 
control, vit1, and vit2 groups, respectively (Table 3).

The cleavage and blastocyst development rates 
of vitrified embryos were significantly lower than 
non-vitrified embryos (P < 0.05) while there were 
no differences in vit1 and vit2 groups.

Second set of experiments: gene expression

The effects of different concentrations of cryo-
protectants on the expression of p53 and Hsp72 
(Hspa1a + Hspa1b) in 4-cell embryos were ana-

Table 1. Primers and conditions used for quantification of gene expression by Real-Time PCR

Gene 
symbol

GenBank ac-
cession No. Sense primer (5'-3') Anti-sense primer (5'-3')

Melting  
temperature 

(°C)

Amplicon 
size (bp)

Hsp72 NM_010479 5’ACGGCATCTTCGAGGTGAA 3’ 5’ TGTTCTGGCTGATGTC-
CTTCT 3’ 50 129

p53 NM_011640 5’GAACCGCCGACCTATC-
CTTA3’

5’GCACAAACACGAACCT-
CAAA3’ 52 90

Hprt1 NM_013556 5’TCCTCCTCAGAC-
CGCTTTT3’

5’AGGTATA-
CAAAACAAATCTAGGTCAT3’ 48 118
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Figure 1. Relative quantification of p53 (Trp53) after 
normalization by Hprt1 in three groups: cont = control 
(non-vitrified) group, vit1 = vitrification with 7.5% 
DMSO and 7.5% EG, vit2 = vitrification with 15% DMSO 
and 15% EG. Mean comparison was performed by Least 
Significant Difference (LSD) at P < 0.05. a, b, and c indicate 
the significant differences between control, vit1, and vit2

RESULTS

First set of experiments: survival, cleavage, 
and blastocyst formation

To find out the effects of different concentra-
tion of cryoprotectants on developmental rates, 
embryos were vitrified in two vitrified groups (vit1 
and vit2) and the survival, cleavage (to morula 
stages), and blastocyst formation rates were as-
sessed and compared with each other and with 
the control group.

No significant difference was found in survival 
rate between vit1 and vit2 while the survival rate 
of control group was significantly higher than in 
vitrified groups (P < 0.05) (Table 2).
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Figure 2. Relative quantification of Hsp72 (Hspa1a + Hspa1b) 
after normalization by Hprt1 in three groups: cont = control 
(non-vitrified) group, vit1 = vitrification with 7.5% DMSO and 
7.5% EG, vit2 = vitrification with 15% DMSO and 15% EG. Mean 
comparison was performed by Least Significant Difference 
(LSD) at P < 0.05. a and b indicate the significant differences 
between control with vit1 and vit2
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tively (P < 0.05) (Figure 1 and 2). The transcript 
levels of Hsp72 (Hspa1a + Hspa1b) for vitrified 
4-cell embryos, vit1 and vit2, had no significant 
difference with each other (P > 0.05) (Figure 2). 
However, normalized relative expression ratio of 
p53 demonstrated significant difference between 
vit1 and vit2 (P < 0.05) (Figure 1).

Mean inverse Ct values of Hprt1 had no signifi-
cant differences in vitrified and control groups 
(P > 0.05) (Figure 3).

DISCUSSION

Transcript analysis of Hsp72 (Hspa1a + Hspa1b) 
and p53 showed up-regulations in vitrified groups 
once compared to the control, similar to the previ-
ous results following other vitrification methods 
(Boonkusol et al., 2006), which were indicative 
that the cells have experienced a stress situation.

Abiotic stresses such as thermal stress can af-
fect a suite of genes that may alter the cellular 
physiology and even sometimes lead to apoptosis. 

Table 2. Survival rates of 4-cell embryos (n = 179) in control and vitrified groups were recorded after 1-h incubation 
at 37°C in sterilized KSOM+AA supplemented with 4 mg/ml BSA

Group Concentration of cryoprotectans Total No.  
of embryos

No. of survived 
embryos

Mean of survival 
rate (%)

Standard  
deviation

Cont 0% 64 57 89.1a 0.11

Vit1 15% (7.5% EG + 7.5% DMSO) 56 40 71.4b 0.11

Vit2 30% (15% EG + 15% DMSO) 59 41 69.5b 0.12

cont = control (non-vitrified) group, vit1 = vitrification with 7.5% DMSO and 7.5% EG, vit2 = vitrification with 15% DMSO 
and 15% EG, DMSO = dimethyl sulfoxide, EG = ethylene glycol
a,bsignificant difference between control and vitrified groups, mean comparison was performed by Least Significant Differ-
ence test at P < 0.05
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Figure 3. Mean inverse Ct values of Hprt1 as the relevant 
abundance of transcript in three groups: Ct = threshold 
cycle, cont = control (non-vitrified) group, vit1 = vitrifi-
cation with 7.5% DMSO and 7.5% EG, vit2 = vitrification 
with 15% DMSO and 15% EG. Bars are indicative of having 
no significant difference, i.e. Hprt1 is a suitable gene for 
analysis of vitrification

Table 3. Cleavage and blastocyst rates of 4-cell embryos (n = 179) in control and vitrified groups were recorded on a 
daily basis and incubated in sterilized KSOM+AA supplemented with 4 mg/ml BSA at 37°C

Group Concentration of cryoprotectans No. of survived embryos No. of cleavaged embryos (%) No. of blastocysts (%)

Cont 0% 57 40 (70.2)a 26 (45.6)a

Vit1 15% (7.5% EG + 7.5% DMSO) 40 26 (65)b 17 (42.5)b

Vit2 30% (15% EG + 15% DMSO) 41 25 (61)b 15 (36.6)b

cont = control (non-vitrified) group, vit1 = vitrification with 7.5% DMSO and 7.5% EG, vit2 = vitrification with 15% DMSO 
and 15% EG, DMSO = dimethyl sulfoxide, EG = ethylene glycol
a,bsignificant difference between control and vitrified groups, mean comparison was performed by Least Significant Differ-
ence test at P < 0.05

lyzed with RT-PCR and the data were normalized 
against Hprt1.

In comparison to control, significant up-regu-
lations for p53 (1.6 and 1.9 fold) and Hsp72 (4.2 
and 3.9 fold) were seen for vit1 and vit2, respec-
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Among which, HSPs have been demonstrated to 
be good candidates to underpin that the cell(s) 
have experienced the stress and to what degree 
the outside force was effective on the cell(s). In 
regards to heat stress, particular cellular functions 
such as DNA synthesis, transcription, downstream 
processing of RNA molecules and translation can 
be influenced. Moreover, some drastic changes 
may occur to the cytoskeleton and membrane 
permeability as a result of thermal stress (Kuhl 
and Rensing, 2000). Meanwhile, cells undergoing 
vitrification treatment not only experience thermal 
stress but an osmotic stress may impact them. 
Similarly, this latter stress may affect the DNA 
integrity (Huang et al., 2008).

The relative expression of p53 in vit1 was signifi-
cantly lower than in vit2 but no significant difference 
was seen for Hsp72 (Hspa1a + Hspa1b) between 
vit1 and vit2 in 4-cell embryos. In another experi-
ment, it was noted that in 2-cell mouse embryos the 
expression pattern for Hsp72 (Hspa1a + Hspa1b) 
remained stable in vit1 as opposed to 4-cell embryo 
following vitrification. Furthermore, the survival and 
developmental rates of 2-cell embryos in vit1 were 
better than in vit2 (data not shown). Therefore, it can 
be stated that the developmental stage of embryos 
is very important to tolerate the cryoprotectant’s 
concentration during vitrification. Meanwhile, it 
can be concluded that the advancement in develop-
mental stage may have improved some physiological 
systems that withstand the stress better than earlier 
stages such as 2-cell embryo. This notion can be 
explained through the expression pattern of Hsp72 
(Hspa1a + Hspa1b) that remained stable between 
both vitrification treatments at 4-cell stage, i.e. cells 
experienced less stress with concentration change in 
cryoprotectants. On the other hand, the application 
of cryoprotectants affects some other genes such 
as p53 that may be used as more sensitive kinds of 
indicators of the stress conditions imposed to the 
cells with rather different molecular pathway. Here 
and based on the transcript analysis of p53, it can 
be concluded that the 4-cell mouse embryos have 
experienced thermal stress during vitrification and 
thawing steps.

A compromise in morphological traits, the sur-
vival, cleavage, and blastocyst rates, was noted for 
the 4-cell embryos that had undergone vitrification, 
once compared with the control group. Our finding 
was similar to the earlier results reported by other 
groups (Fugger et al., 1988; Selick et al., 1995; Uechi 
et al., 1997, 1999; Li et al., 2011). Sensitivity of young 

embryos to chilling and heightened osmolarity 
(Uechi et al., 1999; Kasai, 2002; Baltz and Tartia, 
2010), toxicity of cryoprotectants, and the change 
of stress-related genes (Figures 1 and 2) are some 
of the causes that may lead to this compromise. In 
a vitrification study by Zhang et al. (2009) based on 
Kuwayama et al. (2007), the blastocyst formation 
rate of the 2-cell embryos was significantly lower 
than of vitrified 4- and 8-cell embryos, suggesting 
the higher sensitivity of younger embryos. Further, 
some embryos, e.g. hamster embryos, are quite 
sensitive to be taken out of their natural niche caus-
ing a drastic effect on survival rate (Kasai, 2002).

Considering the morphological traits, vit1 and 
vit2 performed similarly, while examining the tran-
script level of p53 indicates otherwise. This may 
suggest that the superficial studies do not always 
tell the whole story and sheer cut between live and 
dead cells would not provide enough information 
concerning molecular changes occurring within 
the cells. In brief, the need for detailed analyses 
of genes, proteins, and even metabolic pathways 
might be a necessity in ARTs and more specifically 
in vitrification with the use of cryoprotectants. 
Meanwhile, since no differences were noted be-
tween vit1 and vit2 in morphological traits and p53 
was affected less in vit1, it can be concluded that 
lowering the cryoprotectant concentration may 
lead to better results. This may be the consequence 
of lesser damage to the cell membrane and some 
other organelles during the dehydration step in 
the presence of lower concentrations of solutes 
surrounding the cell (Aman and Parks, 1994).

Finally, earlier reports have been indicative of 
successful use of the Cryotop vitrification for 
mammalian embryos in the presence of 15% EG 
and 15% DMSO (Kuwayama and Kato, 2000; Ku-
wayama et al., 2005a, b; Kuwayama, 2007; Cobo et 
al., 2008; Almasi-Turk et al., 2009). This technique 
is greatly influenced by the developmental stages 
of embryos, type of species and/or even the animal 

strain (Tsutsumi et al., 1998; Ueichi et al., 1999; 
Moore and Bonilla, 2006; Morato et al., 2008). As a 
result a thorough modification of the technique is 
required concerning the above factors to obtain it 
for the better results with minimal consequences.

CONCLUSION

The objective of this work was to find out an 
improved method by studying the in vitro viability, 
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development, and selected gene expression of 4-cell 
stage mouse embryos following vitrification in a 
comparison of two different cryoprotectant concen-
trations (15% vs. 30%) in the vitrification solution. 
Combinations of dimethyl sulfoxide (DMSO) and 
ethylene glycol (EG) were used as cryoprotectants 
and the Cryotop was implemented as the carrier to 
investigate the effects of vitrification on selected 
gene expression of mouse 4-cell embryos by the 
Real-Time PCR.

Our results demonstrated that Cryotop vitrifica-
tion worked relatively well with minimal effect but 
significant to the control on survival and develop-
mental rates. The expression of HSP72 (Hspa1a + 
Hspa1b) remained the same for both treatments, 
but significantly higher than the control indicating 
that regardless of cryoprotectant concentration 
embryos experienced stress condition. Never-
theless, the expression of p53 was lower in vit1 
as opposed to vit2 that was suggestive of slightly 
less stressed condition provided by lowering the 
cryoprotectant concentration.
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