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Abstract 
Background: Routine oocytes cryopreservation remained an elusive technique in the 
wide ranges of available assisted reproductive technologies. The microtubules of 
oocytes are vulnerable to cryoprotectants and thermal change during cryopreservation.  
Objective: The effects of a vitrification protocol were investigated on the spindle and 
chromosome configurations of mice oocytes cryopreserved at the germinal vesicle 
stage. 
Materials and Methods: Germinal vesicle with cumulus cells were transferred to 
vitrification solution which was composed of 30% (v/v) ethylene glycol, 18% Ficoll-70 
and 0.3 M Sucrose either by single step or in step-wise way. Following vitrification and 
in vitro maturation (MII), the matured oocytes were immonostained for meiotic spindles 
and chromosomes, before visualization using fluorescent microscopy. 
Results: A statistically significant increase was observed in the survival and maturation 
rate in step-wise vitrification (88.96% and 71.23% respectively) compared to single step 
vitrification (70.6% and 62.42% respectively) (p<0.05). Normal spindle morphology 
after vitrification-thawing in step-wise vitrification group (77.26%) was higher than 
single step vitrification group (64.24%) but lower than control group (94.75%) 
(p<0.05). 
Conclusion: The results suggest that vitrification with step-wise procedure on mice 
germinal vesicle oocytes has positive effects on survival and maturation rate and normal 
spindle configuration compare with single step vitrification procedure. 
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Introduction 
 
     The cryopreservation of oocytes and embryos is 
valuable for the treatment of infertility. Oocyte 
cryopreservation has wider clinical implications 
than embryo freezing.  For  patients  undergoing 
in-vitro  fertilization  ( IVF ) ,  freezing  the  excess  
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oocytes could avert repeated ovarian stimulation 
and oocyte retrieval from the patients themselves 
or be a source for oocyte donation (1-3).  
     From this point of view, cryopreservation of 
some oocytes is an alternative approach. In the 
cases of fertilization failure, the   frozen oocytes 
cryopreservation was rarely successful in the past. 
This was principally because of low rates of 
survival, fertilization, and development (4). The 
majority of the research concerning oocyte 
cryopreservation has centered on mature oocytes. 
The mature oocyte is arrested at the metaphase II 
(MII) stage, which means that the chromosomes 
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are attached to the labile microtubules of the 
second meiotic spindle (5).  
     Studies performed on animal models as well as 
in humans have shown that exposure to low 
temperatures and to cryoprotectant agents result in 
depolymerization of the microtubules, sometimes 
with attendant dispersal of chromosomes (6, 7). 

The microtubules of oocytes are vulnerable to 
cryoprotectants and thermal changes involved in 
cryopreservation. Although the microtubular 
system of mouse oocytes with respect to the 
distribution of pericentriolar material is different 
from that of human oocytes, it has been widely 
used as a model to study the spindle organization 

of human oocytes (8, 9). Disruption of the meiotic 
spindle may lead to impairment of fertilization of 
oocytes and the growth of embryos (10). One 
alternative approach to circumvent the problem of 
damaging the meiotic spindle would be freezing at 
the immature oocyte stage of development, when 
meiosis is arrested at the prophase I stage and the 
chromosomes are protected within the membrane 

of the germinal vesicle and when no microtubular 
structures have formed yet (6). Cryopreservation of 
immature oocytes at GV stage has been performed 
in mice, rats and humans and the results confirmed 
that immature human oocytes are able to survive 
cryopreservation and that surviving oocytes are 
able to mature to metaphase II, undergo 
fertilization in vitro and develop into blastocyst 
stage (11,12). However, there are few reports of 
pregnancy after cryopreservation of human oocytes 
at prophase I (13,14), therefore more detailed 
genetic screening and cytological analysis of the  
oocytes and embryos obtained after maturation and 
fertilization of vitrified oocytes need to be 
undertaken before this method is applied clinically. 
To determine the optimal conditions for 
vitrification of mouse immature oocyte, we 
examined the effects of step-wise and single step 
vitrification using conventional straws on 
morphological survival, in vitro maturation rates, 
meiotic spindles and chromosomes configuration. 
 

Materials and methods 
 

Chemical reagents 
      All chemicals were purchased from Sigma 
Chemical Co., St. Louis, MO, except for the ones 
specifically described. 
 
Collection of germinal vesicle (GV) stage 
oocytes 
      GV-oocytes were obtained from 4-weeks-old 
[F1 C57BL/6 x DBA/2: BDF1] (Japan SLC Inc., 

Shizuoka, Japan) strain female mice and sperm 
was collected from ICR male mice. The animals 
were kept under controlled condition (12h light: 
12h dark) and fed water and pellets ad libitum. 
Female mice were stimulated by an i.p. injection of 
7.5 IU pregnant mare serum gonadotropin (PMSG: 
Teikokuzouki, Tokyo, Japan). The animals were 
killed 48h later by cervical dislocation and the 
ovaries were removed in Hepes-buffered human 
tubal fluid medium (HTF: Irvine) supplemented 
with 5mg/ml of bovine serum albumin (BSA). The 
GV-stage oocytes of ovarian antral follicles were 
released by puncturing with a 28G injection needle 
under a stereomicroscope. The collected GV-stage 
oocytes were randomly allocated to three groups: 
1) control without treatments, 2) step-wise 
vitrification, and 3) single-step vitrification. 
 
Vitrification and warming 
      Vitrification of oocytes was done according to 
the method described by Kasai et al (15) with 
some modification. The solutions for vitrification 
and warming were prepared using PB1 plus 20% 
fetal bovine serum (FBS). The step-wise 
vitrification solutions consisted of solution A; 
which was composed of 10% (v/v) ethylene glycol, 
4.5% (w/v) Ficoll-70, and 0.075M sucrose, 
solution B; which was composed of 20% (v/v) 
ethylene glycol, 9.0% (w/v) Ficoll-70, and 0.15 M 
sucrose, and solution C; which was composed of 
30% (v/v) ethylene glycol, 18% (w/v) Ficoll-70, 
and 0.3 M sucrose. Single-step vitrification 
solutions consisted of 30% (w/v) ethylene glycol, 
18% (w/v) Ficoll-70, and 0.3 M sucrose. The 
diluting solutions for warming were made of 0.5, 
0.25 and 0.125 M sucrose in PB1. The collected 
cumulus-oocyte-complexes (COC) were randomly 
divided into either a stepwise vitrification group or 
a single-step vitrification group. In the stepwise 
group, the COC were exposed first to 200 μl 
droplets of solution A for 5 min followed by 
solution B for 2 min, and finally solution C for 1 
min in 4-well-dish. In the single step group, the 
COC were exposed to 200 μl drop of solution C for 
1 min. The procedures were performed at the 
temperature of 22-24ºC. Then 10-15 oocytes were 
loaded into a 0.25 ml plastic straw (IVM, I Aigle, 
and France). The straw was filled with 1 cm of 
vitrification medium, 0.5 cm of air, 2 cm of 
vitrification medium containing oocytes, 0.5 cm of 
air, and 3.5 cm of vitrification medium. The straw 
then was plunged in to liquid nitrogen.  
     After storage for 1-5 days, the straw was taken 
out of the liquid nitrogen, held in the air for 10 sec, 
and then plunged into water of 37ºC for 10 sec. 
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The straw was removed from water and wiped dry. 
It was cut with scissors and the contents containing 
oocytes were expelled into 400 μl drop with a  
sequential series of 0.5, 0.25, and 0.125 M sucrose 
for 90 sec in each solution, and washed for 6 min 
in TCM199 medium supplemented with 20% FBS. 
 

Maturation of GV oocytes 
     The vitrified-warmed GV-stage oocytes or fresh 
GV-stage oocytes (as a control group) were 
cultured in 100 μl drop of in vitro maturation 
(IVM) medium composed of α-MEM 
supplemented with 0.23 mM sodium pyruvate, 1 
mg/ml of fetuin, antibiotic and  antimycotic 
solution (comprising 100 U of penicillin, 100 μg of 
streptomycin, and 0.25 μg of amphotericin B), 10 
ng/ml of mouse epithelial growth factor of 
cultured-grade (EGF, Upstate Biotechnology Inc, 
Lake placid, NY), 75 mU/ml of follicle-stimulating 
hormone (Fertinome, Serono, Geneva, 
Switzerland), and 3 mg/ml of BSA under mineral 
oil of embryo-tested grade, and incubated at 37ºC  
in an atmosphere of 5% CO2 in humidified air. 16-
18 h after culture, the oocytes with first polar body 
was defined as mature MII oocytes. 
 

Spindle and chromosome staining 
      The staining procedure was done as described 
previously by Johnson and Pickering (16). Briefly, 
in-vitro matured oocytes were denuded from the 
expanded cumulus cells by incubation at 37°C with 
PB1 plus bovine testicular hyaluronidase (150 
IU/ml; Sigma UK Ltd) and fixed in 4% 
paraformaldehyde in phosphate-buffered saline 
(PBS, pH 7.2) for 60 min at room temperature. 
After fixation, oocytes were washed in three 
changes of PBS plus bovine serum albumin (PBS–
BSA; 1 mg/ml).  
     The fixed oocytes were treated by 0.01% Triton 
X100 (Pierce, IL, USA) for 30 min at room 
temperature for permeation. Then, they were 
incubated in a fluorescein isothiocyanate (FITC)-
conjugated anti-tubulin mouse monoclonal 
antibody at a dilution of 1:100 (Sigma No. F2168, 
MI, USA) for 1 hour at room temperature. After 
washing three times in PBS–BSA, the oocytes 
were incubated in propidium iodide (PI, 50µg/ml 
in PBS-BSA) for 10 min at room temperature for 
chromosome staining. The oocytes were washed 
again in three changes of PBS–BSA and mounted 
in a 5 µl droplet of PBS–BSA on glass coverslip. 
 

Observation of spindles and chromosomes                
     Fluorescence was observed using a microscope 
equipped with a fluorescent unit (OPTIPHOT 2, 
Nikon, Tokyo, Japan). A filter unit of EX465-495, 

DM505, BA515-555 nm was employed for the 
FITC green signal of the spindle. A filter unit of 
EX340-380, DM400, BA435-485 nm and 
EX540/25, DM565, BA605/55 nm was used to 
search for PI (red signal), respectively. In some 
experiments, a triple-band filter was used for 
observation of spindle and chromosome at same 
time. Oocytes were scored for normality of the 
spindle structure, distribution of the chromosomes 
and extrusion of the polar body. A normal oocyte 
was one that contained a barrel-shaped spindle and 
condensed chromosomes lying centrally on the 
equator of the spindle.  
     Abnormal spindle morphology included; a 
reduction of the number of microtubules or the size 
of the spindle, disruption of the spindle, or 
complete absence of a spindle. Dispersion of 
chromosomes was defined as abnormal (6). All 
oocytes of in-vitro matured experimental samples 
were scored for normality of these parameters. 
Images were acquired by a cooled CCD camera 
system (Penguin 600CL) and processed by Pixera 
software (Pixera, CA, USA). 
 
Statistical analysis 
      Collected data were analyzed by one Way 
ANOVA test. The difference in values of survival, 
maturation rate, and spindle configuration were 
considered significant when p<0.05. 
 

Results 
 

      A total of 553 GV oocytes whit cumulus cells 
(COC) were obtained from 24 ovaries that were 
used for stepwise and single step vitrified and non-
vitrified (control) group. The number of oocytes 
collected averaged 23.04 per mouse ovary. 
 
Morphology of GV oocytes 
      Morphological figure of nonvitrified (controls) 
and vitrified GV oocytes using either single step or 
stepwise method are shown in figure 1. In the 
single step group, cumulus cells are partly 
dispersed but in stepwise group cumulus cells are 
similar to those in the control group. 
 
Survival and in vitro maturation of vitrified GV 
oocytes 
      The morphological survival and maturation 
rates of GV oocytes after different treatments 
including exposure to stepwise and single step 
vitrification in conventional straw, and non-
vitrified oocytes are shown in table I.  
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Table I. Survival and maturation rates of cumulus 
oocytes-complexes after stepwise and single step 
vitrification in conventional straw. 
 

 

Groups 
 

No. of 
oocytes 

 

Survival  
rate 

 

 

Maturation 
rate(MII) 

 

Control 
 

235 
 
 

 

235(100%) 
 

 

210(89.36%) 
 
 

Stepwise 
vitrified 

 

150 
 

 

134(88.96%) 
 

 

95(71.23%) 
 
 

Single step 
vitrified 

 

168 
 

 

116(70.6%) 
 

 

72(62.42%) 
 
 

      
     The survival rate decreased after vitrification in 
both stepwise and single step groups after 
vitrification in conventional straw. Significantly 
more oocytes were damaged in single step group 
than in the stepwise vitrified group. The spindle 
morphology of the control oocytes and stepwise 
and single step vitrified in conventional straws are 
shown in table II.  
      

Normal spindle configuration was barrel-shaped 
with microtubules traversing between both pole 
and chromosomes typically the metaphase 
chromosomes aligned regularly in a compact group 
on the equatorial plane oriented perpendicularly to 
the spindle axis (Figure 2A). Abnormal spindle 
morphology included a reduction of the number of 
microtubules or the size of spindle (Figure 2B), 
disruption of the spindle (Figure 2C) or complete 
absence of a spindle (Figure 2D). Dispersion of 
chromosomes was defined as abnormal (Figure 
2C) (6).  
     In comparison with the control group, vitrified 
either in stepwise or single step groups had 
significantly smaller (p<0.05) abnormal spindle 
configuration. 
 

Table II. Spindle morphology of control, stepwise and single step vitrified oocytes after in vitro maturation (MII). 

 
 

 
Figure 1. Morphological figures of the GV-COCs and 
maturation to metaphase II, 24 h after culture in 
maturation medium. A) control group, B) vitrified by 
the single step C) vitrified by the stepwise, D) matured 
oocyte. In the single step group, cumulus cells are partly 
dispersed. In stepwise group cumulus cells are similar to 
those in the control group. 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. The patterns of the spindles and chromosomes 
in control and vitrified oocytes. (A) Normal spindle 
configuration was barrel-shaped with microtubules 
traversing between both pole and chromosomes 
typically the metaphase chromosomes aligned regularly 
in a compact group on the equatorial plane oriented 
perpendicularly to the spindle axis. (B) Reduced spindle 
morphology included a reduction of the number of 
microtubules or the size of the spindle. (C) Disrupted 
microtubule. (D) Complete absence of a spindle. 

  

Spindle morphologyGroups 
 

No. of MII oocytes 
Normal 

 

Reduced Disrupted Absent 

Control 78 74 (94.75%) 
 

4 (5.24%) 0 0 

Step wise 83 64 (77.26%) 
 

13 (15.45%) 6 (7.28%) 0 

Single step 90 58 (64.24%) 
 

22 (24.71%) 8 (9.11%) 2 (1.92%) 
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Discussion 
 

      The present study analyses the effect of 
stepwise and single step vitrification using 
conventional straws on the morphological survival, 
maturation rate and spindle and chromosome 
configuration of mice oocytes frozen at the GV 
stage. Our results show that immature oocytes 
collected from stimulated ovaries are more 
resistant to the stepwise vitrified processes than 
single step vitrified oocytes. However, our results 
also demonstrate that cryopreserving immature 
oocytes using vitrification protocol has a 
deleterious effect on the spindle and chromosome 
configurations of the subsequently thawed oocytes. 
The results are like the results of previous studies 
that applied vitrification oocytes using grid or open 
pulled straws for human oocytes, and obtained 
survival rate of 63-92% (17-18). On the other 
hand, Toth et al (19) reported 58.5%survival rate 
for GV cryopreserved oocytes, which is lower than 
our results. In another study, in which immature 
bovine oocytes were vitrified using a mixture of 
2.5M EG, ficoll and sucrose in (open pulled 
straws) OPS (20), a successful maturation rate of 
60% was recorded. Also Cetin et al (21) vitrified 
immature bovine oocytes and 34.1% of oocytes 
reached the MII stage EG group. These results are 
also lower than our results. Similar to our study, 
Anon et al reported higher survival, maturation and 
developmental rate with using ultrarapid 
vitrivication accompanied with step-wise 
equilibration in mouse GV oocytes compare with 
single step vitrified group. In our study, GV 
oocytes exposed to the stepwise vitrification 
procedure had a drastic effect on the arrangement 
of microtubules and chromosomes, while the 
single step vitrification procedure seemed to more 
severely affect the spindle configuration of mouse 
oocytes. Approximately, 34% of the single step 
vitrified and 22% of the stepwise vitrified GV 
oocytes appeared to have abnormal or missing 
spindles compared to control oocytes, while in the 
manipulated controls, abnormal spindle patterns 
were detected in nearly 6% of the mouse GV 
oocytes. Our results are consistent with the report 
that vitrification of bovine blastocysts after a 16-
step equilibration resulted in minimization of 
ultrastructural damage to the plasma membrane 
(22, 23). These results suggest that the process of 
gradual equilibrium conversion of CPAs appears to 
adjust permeability of the plasma membrane, 
which may contribute to maintain the connection 
between the oocyte and cumulus cells and/or may 
decrease rapid changes in osmotic pressure. In 
addition, the integrity of the normal characteristics 
of plasma membrane, especially in 
cryopreservation of GV oocytes, may be important 

for subsequent maturation and development 
abilities. Several authors have described that the 
main hurdle in developing successful protocols for 
the cryopreservation of mammalian oocytes is 
being able to preserve the integrity of the meiotic 
spindle when the oocytes are cooled (9).  
     Temperature fluctuations directly affect the 
cytoskeletal and chromosome organization of 
mature bovine (24) and human oocytes (7). The 
main consequence of cooling is pronounced 
depolymerization and the disappearance of 
microtubule organizing centers (25). Chilling leads 
to the disassembly of spindle fibers within minutes, 
followed by an equally rapid reassembly of the 
spindle after the return to normal temperatures. 
Magistrini and Szöllösi (26) reported that the 
meiotic spindles of mouse oocytes were sensitive 
to cooling, with complete disassembly occurring 
after 45–60 min at 0 °C. The effects of cooling on 
the spindle appeared to be reversible in the mouse 
oocyte, with normal spindle formation occurring 
after step-wise re-warming. Pickering et al. (6) 
found that the meiotic spindle of human oocytes 
completely disassembled, and this was 
accompanied by chromosomal dispersion in 60% 
of the oocytes after 30 min at room temperature. 
This effect appeared to be reversible in only 25–
50% of the oocytes. The meiotic spindle becomes 
completely disassembled when in vitro-matured 
bovine oocytes are maintained for 10–20 min at 
4 °C. When pig oocytes were kept for 5 min at 
4 °C, microtubules in the spindles of most oocytes 
partially or completely disassembled (27). Wu and 
his coworker suggest that irreversible damage to 
the cytoskeleton of porcine GV-and MII-oocytes 
after vitrification could be an important factor 
affecting developmental competence (28). 
Disruption of the cytoskeleton may be intrinsic to 
the changes in shape and shrinkage related to 
cryopreservation procedures, which in turn may 
lead to irreversibly changes in the structure of the 
plasma membrane or cytoskeleton so that it can no 
longer adjust to changing conditions, including 
those associated with fertilization. Thus, even 
when the normal microfilament distribution of 
oocytes is restored after vitrification, irreversible 
alterations to other cell components may already 
have occurred such as the early release of cortical 
granule enzymes and zona hardening. These 
changes may either prevent fertilization completely 
or incompletely block polyspermy, both leading to 
decreased cleavage rates after insemination (29). 

 
Conclusion 

 
      This study demonstrates that step-wise 
vitrification of mouse oocytes using conventional 
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straw improves survival and maturation rate and 
preserves the spindle morphology and 
chromosomal pattern better than single step 
vitrification. 
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