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ABSTRACT 
 

Background: Oocyte cryopreservation is one of the most important topics in the field of assisted reproductive 
technology to preserve women fertility, but relationship between cryopreservation and apoptosis is still a matter of 
debate. The present study was aimed to investigate the effects of vitrification on apoptosis in mouse oocytes by 
Cryotop method. Method: A total of 200 germinal vesicle (GV) and 200 metaphase II (MII) oocytes were obtained 
from ovaries and fallopian tubes of NMRI mice, respectively and divided into control and experimental groups. 
Oocytes in experimental group were vitrified by Cryotop using vitrification medium and were kept in liquid 
nitrogen for one month. The survival rate of oocytes was evaluated after 2 hour incubation time. Then, the oocyte 
apoptosis was evaluated by TUNEL technique and compared with those in control group. The data was compared 
statistically using SPSS software and chi-square test. Results: The survival rates of vitrified GV (93%) and MII 
oocytes (88%) showed a significant decrease compared with the control group (P<0.05), but there was no 
significant difference in survival rate of both vitrified oocyte groups. The incidence of apoptosis in vitrified and 
control GV oocytes showed no significant difference (13% vs. 7%), but the rate of apoptosis in vitrified MII 
oocytes increased significantly not only in comparison with MII control group (25% vs. 5%) but also with vitrified 
GV oocytes (P<0.05). Conclusion: The results indicate that vitrification increases apoptosis in mouse MII oocytes 
and apoptosis may play a role in MII oocyte injury after vitrification. Iran. Biomed. J. 17 (4): 200-205, 2013  
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INTRODUCTION 
 

ocyte cryopreservation is one of the most 
important topics in the field of assisted 
reproductive technology, which is performed 

prior to radiotherapy, chemotherapy , and ovary 
damaging surgeries to preserve women fertility [1]. 
However, oocyte cryopreservation has been faced with 
many obstacles. Low survival and fertility rates 
combined with the rupture of meiosis spindle and the 
possibility of fetal aneuploidy limit the researches on 
human oocyte cryopreservation [2]. Cryopreservation 
methods can be divided into three categories: slow 
freezing, rapid freezing and vitrification [2]. Formation 
of ice crystals in the slow and rapid freezing methods 
makes the results unfavorable. The freezing process 
damages the cellular structure and in particular, the cell 
membranes through transformation of intracellular 
water into ice crystals [3]. Hence, another study has 
been carried out to reduce the time, remove the ice 
crystals, adjust the concentration of solutes and exclude 

the expensive equipments required for slow freezing 
[4].  

One of the techniques to avoid damage through ice 
crystallization is the conversion of a liquid into a glass; 
a method known as vitrification, which was initially 
proposed by Luyet in 1937 for cryopreservation of 
oocytes [4].  

Vitrification is known as a physical process by which 
a highly concentrated solution of cryoprotectant rapidly 
(5-8 s) transforms into a glassy vitrified state, from the 
liquid phase by a tremendous increase in the viscosity 
while cooling at a low temperature (-196ºC). This 
process is similar to the situation of molecules and ions 
in the liquid state with their natural disperse unchanged 
[5, 6]. Two issues are of prime importance in 
vitrification phenomenon: the type and the 
concentration of cryoprotectant. These two factors 
should be chosen in a manner to prevent the formation 
of intracellular and extracellular ice crystal and also 
avoid a concentration of cryoprotectant that is fatal for 
the cell. Usage of high concentrations of cryoprotectant 
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in large cells such as oocytes, embryos, tissues or 
organs is necessary to avoid the lethal effects of ice 
crystallization. Nevertheless, an increase in the 
concentration of cryoprotectant itself can also be lethal 
to cells [7]. Studies have shown that despite the 
undeniable role of freezing procedures on the treatment 
of infertile people, the application of different 
concentrations of cryoprotectant and thermal-cooling 
changes can produce adverse effect on cell 
ultrastructure [8] and even the phenomenon of 
apoptosis [9].  

In apoptosis, the DNA cleaves to oligonucleosomal 
pieces which is a characteristic currently used for 
staining of apoptotic cells. In this technique, called 
TUNEL method, the DNA fragments produced by 
terminal deoxytransferase are replaced by a new 
modified nucleotide (fluorescein-dUTP), allowing the 
broken ends of double-stranded DNA fragments to be 
labeled [10, 11]. Using this method, the cells are 
labeled even in early stages of apoptosis. It has been 
shown that the application of this technique, even in 
cases with low number of cells and small amount of 
DNA, is of great benefit to quantitative measurement 
of cell death in mouse and human embryos.  

The objectives of the present study were to evaluate 
the effects of vitrification of mouse oocytes  
in germinal vesicle (GV) and metaphase II (MII)  
stages on their DNA damage in order to clarify  
the mechanism of injury to the oocytes after 
cryopreservation. 
 
 

MATERIALS AND METHODS 
 

Preparation of immature and mature oocytes. Adult 
female NMRI mice (6-8 weeks old) obtained from Razi 
Institute for Serums and Vaccines (Karaj, Iran) were 
used in the present study. Animals were housed under 
a 12 h light/dark cycle in a room with controlled 
temperature (22 ± 2°C) and humidity of 40-50%. Food 
and water were available ad libitum. Induction of 
ovulation was initially performed by intraperitoneal 
injection of 10 units pergnant mare serum 
gonadotropin (Sigma, UK), followed by 10 IU hCG 
after 48 hour. Mice were sacrificed by cervical 
dislocation approximately 13 hours after hCG 
injection. GV oocytes were collected from ovarian 
follicles by dissection method and MII oocytes were 
obtained from fallopian tube by flushing method. To 
eliminate sampling biases, oocytes of morphologically 
similar sizes with clear cytoplasm and uniform zona 
pellucida were allocated to each experimental group. 
The GV oocytes without cumulus cells were obtained 
by removal of the surrounding cumulus cells using a 
Pasteur pipette through frequent pipetting. The MII 
stage oocytes were also separated from the cumulus-

oocyte complexes by the enzymatic action of intra 
cytoplasmic sperm injection (ICSI) Cumulase (Origio, 
Denmark), which is for the removal of the cumulus 
complex and corona radiate surrounding the oocyte in 
preparation for ICSI. Oocytes with partial remnants 
or no cumulus cells were transferred to fresh culture 
medium following several washings. A total of 400 
oocytes (200 GV stage oocytes and 200 MII stage 
oocytes) were divided into two control and 
experimental groups and used for survival and 
apoptosis assessments. 

 
Vitrification and thawing of oocytes. The GV and 

MII oocytes were vitrified using a two-step exposure to 
equilibrium and vitrification solutions. In the first step 
(equilibrium/dehydration), the GV and MII oocytes of 
both groups were exposed to the equilibrium solution 
(Origio, Denmark) for 10 minutes [12]. Then, the 
oocytes were exposed to vitrification solution (Origio, 
Denmark), followed by loading the 1-3 oocytes onto 
the propylene strip of Cryotop (Kitazato, Japan) within 
less than 60 seconds [13]. During thawing, the 
protective coating of Cryotops was initially removed, 
while the propylene strips were still in liquid nitrogen, 
followed by immediate and rapid transfer of Cryotops 
from LN2 into the thawing medium (Origio, 
Denmark). Later, the oocytes were transferred to 
culture medium (Origio, Denmark) and after 2 hours of 
incubation, the survival rate of oocytes was evaluated 
using an inverted microscope. Oocytes with spherical 
shape, intact membranes, clear zone without rupture, 
and uniform cytoplasm were considered healthy and 
alive. After vitrification and thawing, the survived MII 
and GV oocytes randomly were selected for 
subsequent investigations. 

 
TUNEL staining. TUNEL and propidium iodide 

staining, performed by the method of Brison and 
Schultz [14], were presented in 1997 to investigate the 
phenomenon of DNA fragmentation in oocyte. 
Following several washings in PBS (Gibco, Grand 
Island, NY, USA), the oocytes were fixed in 3.7% 
paraformaldehyde solution (Wako, Japan), treated with 
0.1% Triton X-100 solution (Sigma, Germany) for 40 
min and exposed to blocking solution at 4°C overnight. 
Then, the oocytes were primarily incubated in TUNEL 
solution (Roche, Germany) at 37°C for an hour 
according to the manufacturer's instructions. Negative 
control oocytes were incubated only in fluorescent 
solution without enzyme to ensure the absence of 
labeling. For the positive control, a number of oocytes 
prior to incubation with TUNEL staining solution was 
incubated with 50 µg/ml DNase I solution (Sigma, 
Germany) for one hour and then treated with TUNEL 
solution.  The   oocytes   were  stained  with  50  µg/ml  
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Fig. 1. Microscopic view of mouse GV and MII stage oocytes. (A) Cell nuclei were marked green after incubation with DNase I 
(positive control). (B) Microscopic view of mouse oocytes under a fluorescent microscope; no cell was marked in the absence of 
terminal deoxytransferase but the cell nucleus stained with the propidium iodide (negative control). (C) Microscopic view of an 
apoptotic cell subjected to vitrification. (D) Microscopic view of a non-apoptotic cell subjected to vitrification. (E) Image of GV-stage 
oocytes under a stereo microscope. 
 

 
propidium iodide (Sigma, Germany) solution for 20 
min to label nuclei and examined using a fluorescent 
microscope (Labomed, USA). 
 

Statistical Analysis. The viability and apoptosis rates 
between the oocytes in both control and experimental 
groups were analyzed using chi-square test. 
Differences at P value of 0.05 or less were considered 
to be significant. 

 
RESULTS 

 
Qualitative observations. Figures 1 and 2 indicate 

that all positive control oocytes were labeled by 
TUNEL staining and appeared as green. None of the 
negative control oocytes were labeled by TUNEL 
staining and only counterstained by propidium iodide 
and appeared as red. As seen in Figure 1, the oocytes in 
experimental group after vitrification and thawing were 
stained for apoptosis, i.e., the apoptotic cells were well 
labeled with TUNEL staining and quite distinct from 
the non-apoptotic cells.  

 
The survival rate in GV and MII oocytes after 

vitrification. As seen in Figure 2, the survival rate of 
GV  oocytes  after  vitrification  showed   a  significant  
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Fig. 2. Survival and apoptosis rates in GV and MII oocytes of control and vitrified groups. There was a significant difference in the 
survival rate of GV and MII oocytes in vitrified and control groups. Apoptosis rate was significantly different in vitrified and control 
groups of MII oocytes. However, there was insignificant difference in apoptosis of vitrified GV oocytes and control groups 
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Fig 3. Comparison of survival and apoptosis rates in vitrified GV and MII oocytes. No significant difference in the survival rate of 
both vitrified GV and MII oocytes groups was observed. In contrast, apoptosis rate in vitrified GV oocytes increased when compared 
to MII oocytes 

 
decrease compared with control group (93% vs. 100%, 
P<0.05).  Similarly,  the  survival  rate  of  MII oocytes 
following vitrification also demonstrated a significant 
decrease compared with control group (88% vs. 100%, 
P<0/05).  There was no significant difference in 
survival rates of both vitrified oocyte groups (P = 
0.167). 

 
The apoptosis rate in GV and MII oocytes after 

vitrification. As shown in Figure 3, the rate of 
apoptosis in GV oocytes after vitrification and 
warming showed no significant difference compared 
with control group (13% vs. 7%, P = 0.119). In 
contrast, the rate of apoptosis in vitrified MII oocytes 
demonstrated a significant increase compared to 
control MII oocytes (25% vs. 5%, P<0.05). A higher 
incidence of apoptosis was observed in vitrified MII 
oocytes compared to GV oocytes (P<0.05). 

 
 

DISCUSSION 
 

According to the results of the present study, the 
survival rates of GV and MII oocytes showed a 
significant decrease following vitrification and thawing 
using Cryotop strips compared to the control group. 
Yazdanpanah et al. [15] demonstrated that the viability 
capacities of immature human oocytes following 
vitrification (56.0 %) were significantly reduced when 
compared with the control group (86.8 %). Similarly, 
Cao and his colleagues [16] in their study on human 
oocytes showed a significant reduction in the survival 
rates of GV and MII stage oocytes following thawing; 

however, the difference between the survival rate of 
GV and MII stage oocytes after vitrification and 
thawing was insignificant. In a study by Galeati and his 
colleagues [17], the pig oocytes at MII stage were 
found to be very sensitive to vitrification and thawing 
when using Cryotop. They also concluded that 
vitrification leads to reduction in viability of oocytes, 
changes in the organization of microtubules and 
damage to fertilization process [17]. These findings are 
consistent with the results of the present study. 

In 2011, Soo et al. [18] found that there is no 
significant difference in survival rates of both GV and 
MII oocytes after vitrification and thawing compared 
with control group, a finding different from that 
obtained in our study. The difference observed between 
the results of these two studies could be attributed to 
application of different carriers, vitrification protocols, 
and diverse animal species. In the study by Soo and his 
colleagues [18] mentioned above, electron microscope 
grid and straw were used at freezing stage. Also, there 
is a report by Succu and his colleagues [19] in which 
they showed that the carriers used for freezing not only 
influence the spindle structure and the ability to 
survive but also affect the development potential due to 
the molecular change produced during vitrification 
process. Considering the conventional vitrification 
protocols, there are several major concerns regarding 
the relatively high concentration of cryoprotectant, 
toxicity of cryoprotectant, and osmotic changes due to 
vitrification solution [20]. Obviously, the exposure 
time, the equilibrium, and the vitrification solutions 
used in the studies described above are different from 
those employed in the present study. The species of the 

0.167 

0.31 
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mouse in which the oocytes were obtained was 
different so that the species in the present study was 
NMRI while in the recently mentioned research was 
ICR. Research has revealed that the survival rate of 
oocytes is related to not only with the vitrification 
method but to the animal species and even the quality 
of oocytes and the evolutionary stage of embryos [21]. 
In addition, the present study demonstrated that 
apoptosis in vitrified MII oocyte group significantly 
increased compared to the control group. However, 
apoptosis in vitrified GV oocytes group showed no 
significant difference when compared with the control 
group. Likewise, Rao and his colleagues [22] in their 
study on goat immature oocytes showed that 
vitrification by Cryotop is one of the best techniques 
available, and the difference in rate of apoptosis in 
immature oocytes of both vitrified and control groups 
was statistically insignificant. Moreover, Mazoochi et 
al. [23] demonstrated that the expression of apoptotic 
genes in the follicles obtained from vitrified-warmed 
ovarian tissue strips has no significant difference when 
compared with the control group. In addition, Ebrahimi 
et al. [24] showed that apoptotic gene expression in 
GV oocytes of sheep after vitrification by cryotop was 
similar to the control group. Also in another study by 
Tharasanit and his colleagues [25] comparable findings 
were reported.  

The results of this study showed that the number of 
oocytes with normal shape and arrangement of meiosis 
spindle in GV group were significantly higher than that 
of MII group. Studies have shown that the GV stage 
oocytes due to lack of meiotic spindle are less sensitive 
to environmental factors and also are more resistant 
compared to other cells [26]. Furthermore, the high 
permeability of the membrane and the absence of 
meiosis spindle in the immature oocytes can reduce the 
damage caused by vitrification [27].  

The results of the present study are consistent with 
the findings of a recent research [28] regarding the 
absence of undesirable effect of vitrification on 
apoptosis of GV oocytes. Future studies are needed to 
comprehensively investigate all aspects of 
cryopreservation effects on immature oocytes at both 
cellular and molecular.  

The results of the present study indicate that 
vitrification increases apoptosis in mouse MII oocytes 
and apoptosis may play a role in MII oocyte injury 
after vitrification. 
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