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Abstract
Objective: This study was conducted to assess survival of follicles, their oocyte matura-
tion and fertilization potential as well as expression of early embryo developmental genes 
in in vitro cultured pre-antral follicles derived from vitrified-warmed mouse ovary.

Materials and Methods: In this experimental study, ovaries of 12-day old Naval Medi-
cal Research Institute (NMRI) female mice were placed into non-vitrified and vitrified-
warmed groups. Isolated preantral follicles from experimental groups were cultured in 
vitro for 12 days. On the 12th day of culture, oocyte maturation was induced and then 
matured oocytes were in vitro fertilized. The rates of oocyte maturation and two-cell 
stage embryo formation were assessed. Relative expression of Mater and Zar1 was 
evaluated on days 1, 6, 10 and 12 of culture. Data analysis was performed by t test 
and two-way ANOVA (P<0.05).    
Results: Our data showed no significant difference between the control and vitrification 
groups in the rate of follicular survival, oocyte maturation and two-cell stage embryo for-
mation. The level of gene expression was higher on the 6th and 10th days of culture for 
Mater and Zar1 in vitrified-warmed group compared with non-vitrified group, however, 
there was no significant difference between the two groups.            
Conclusion: It seems that the applied vitrification method did not reveal any negative 
effect on maturation and developmental competence of oocytes surrounded in preantral 
follicles and therefore could preserve follicular reserves efficiently.     
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Introduction
Promotion of different therapeutic and diagnos-

tic methods of oncology has led to an increase of 
survivors that have lost their fertility potential be-
cause of chemotherapy or radiotherapy. Ovarian 
tissue preservation, as an origin of oocytes and fol-
licles in different stages, is a consequential mat-
ter for cancer-rescued females (1). Cryopreserva-
tion can be done by vitrification that seems to be 
a valuable method to preserve ovarian tissue (2) 
and is reported with high follicular survival rate 
in mammals (3, 4). A cryopreserved ovarian tissue 

can be used for transplantation (5) or follicle in 
vitro culture (IVC) (6) to achieve mature oocytes. 
Successful live births following grafting of cryo-
preserved ovarian tissue have been reported (7) 
but the risk of malignant-cell transfer in autotrans-
plantation procedure or graft rejection in hetero-
grafting could not be ignored (8). Ovarian follicle 
IVC is an alternative option to avoid transplanta-
tion problems (6). IVC of isolated preantral folli-
cles from fresh (9) and frozen-thawed mouse ovar-
ian tissue has been successfully applied using two 
dimensional culture systems (10). Recent findings 
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have shown murine oocytes from two dimensional 
culture systems are similar with in vivo developed 
oocytes in characteristics such as oocyte diameter, 
chromatin configuration, intracytoplasmic calcium 
signal transduction and meiosis capability (11). An 
efficient follicle culture procedure could produce a 
number of fertile competent oocytes (6) that could 
generate live offspring following in vitro fertiliza-
tion (IVF) (12). This is not the only valuable point 
of IVC, it also provides the chance to study dif-
ferent aspects of follicle development such as oo-
cyte-specific gene expression changes during this 
process (13). Accumulation of a large number of 
oocyte transcripts from primordial follicle to large 
antral stage is indicated in a microarray study of 
isolated mouse oocytes (14). Maternal-effect gene 
transcripts and proteins are expressed during oo-
genesis. They accumulate in the oocyte cytoplasm 
to work at the time of meiosis completion, mitosis 
initiation, embryonic genome activation and toti-
potential embryonic cell development (15). The 
first recognized oocyte-specific maternal-effect 
gene that plays important role at transition of oo-
cyte to embryo in mice and humans was zygote 
arrest 1 (Zar1). It has been reported that expres-
sion of Zar1 is restricted to ovary in mice (16). 
It has been shown that Zar1-null female mice are 
sterile and most embryos from Zar1-/- females 
are deprived to progress to the two-cell stage, 
Zar1 is introduced as the first important identi-
fied gene that functions during oocyte to embryo 
transition. Mater is another maternal-effect gene 
and mouse embryos that lack its protein do not 
show normal embryonic genome activation, so 
it is necessary for early embryo development in 
mice (15). During late stages of folliculogenesis, 
when most transcripts are degraded, Mater is par-
ticularly transcribed and accumulated in  oocytes 
which persists during embryogenesis. Mater and 
Zar1 knockout models are infertile because of a 
block at the one- or two-cell stage embryo and this 
coincides with altered zygotic transcription (17). 
It has been shown that Mater and Zar1 have a de-
creasing expression pattern during IVC of mouse 
preantral follicles (18). It has been shown that vit-
rification can affect gene expression; Mater and 
Hook1 down-regulation and Sod1 up-regulation 
was seen in mature mouse oocytes (19). In addi-
tion, decrease of Gdf9 and Bmp15 expression in 
sheep cumulus-oocyte complexes (COCs) follow-
ing vitrification has also been reported (20).

According to the: i. probable changes of Ma-
ter and Zar1 expression following ovary vitri-
fication, ii. the important role of preantral fol-
licle culture in embryo development and iii. the 
lack of knowledge in this regard, we decided 
to evaluate the effects of ovarian tissue vitri-
fication on follicle survival and early embryo 
developmental gene expression in cultured pre-
antral follicles. Also, in vitro oocyte maturation 
and fertilization were studied after ovary vitri-
fication and follicle IVC to confirm the results 
of gene expression.

Materials and Methods
Study design

In this experimental study, ovaries were removed 
from 12-day old female mice (n=400) and distrib-
uted randomly into two experimental groups: non-
vitrified control and needle immersed vitrification 
(NIV). All experiments were repeated 3 times for 
follicle IVC and gene expression. Non-vitrified 
control and vitrification groups were each divided 
into four subgroups according to the incubation 
time (i.e. days 1, 6, 10 and 12 of culture).

Animals
Male and female adult Naval Medical Research 

Institute (NMRI) mice were purchased from Pas-
teur Institute of Iran and housed in rooms with 
controlled temperature (20-25˚C) and lighting (12 
hour light: 12 hour dark). Animals were bred in the 
animal house of Royan Institute and provided with 
food and water ad libitum. They were handled ac-
cording to the Ethical guidelines set by Royan In-
stitute.

Vitrification and warming 
Isolated whole ovaries were first equilibrated 

in α-minimal essential medium (α-MEM, Gibco, 
Paisley, UK) supplemented with 7.5% ethylene 
glycol (EG, Sigma, MO, USA), 7.5% dimethyl 
sulphoxide (DMSO, Sigma, MO, USA) and 20% 
fetal bovine serum (FBS, Gibco, Paisley, UK)  
for 15 minutes at 4˚C in ice bath. They were then 
transferred into vitrification solution [α-MEM 
supplemented with 15% EG, 15% DMSO, 0.5 
mol/L sucrose (Sigma, MO, USA) and 20% FBS] 
for 30 minutes at 4˚C. Afterwards, ovaries were 
first loaded by acupuncture needle (Dong Bang, 
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Boryeong, Korea), then plunged in liquid nitrogen 
(LN2) and finally put in cryo-tubes (Grenier bio-
one, Germany) and stored in LN2 for a week.

For warming, vitrified ovaries were immediately 
immersed in warming solution I [α-MEM, 1 mol/L 
sucrose and 20% FBS] at room temperature for 10 
minutes and then incubated in warming solution II 
[α-MEM and 10% FBS] at 37˚C for 30 minutes. 

Follicle in vitro culture and maturation  
Non-vitrified fresh (control) and vitrified-

warmed ovaries were put in 50 µl droplets of 
α-MEM with 10% FBS, and preantral (second-
ary) follicles with intact centrally-located oocyte 
and two or more layers of surrounding granulosa 
cells (110-130 µm diameter) were isolated me-
chanically using 29-G needle. They were then 
cultured individually in a 96-well plate (TPP, 
Switzerland) for 12 days. Culture medium was 
composed of α-MEM supplemented with 5% 
FBS, 5 mg/ml insulin, 5 mg/ml transferrin and 
5 ng/ml sodium selenite (ITS, Gibco, Paisley, 
UK), 10 mIU/ml recombinant-follicle stimu-
lating hormone (r-FSH, Merk, Germany) and 
1 mIU/ml recombinant- luteinizing hormone 
(r-LH, Merk, Germany).  It must be noted that 
r-LH was added only once at the beginning of 
the culture period. Follicles were cultured in 75 
µl culture medium under 45 µl mineral oil and 
incubated at 37˚C 100% humidity and 5% CO2. 
Every 4 days, 30 µl of culture medium was re-
placed with fresh medium. Follicular survival 
rate was assessed after one, 6, 10 and 12 days of 
culture. Oocyte in vitro maturation (IVM) was 
induced on day 12 of culture by adding 1.5 IU/
ml human chorionic gonadotropin (HCG) and 
5 ng/ml epidermal growth factor (EGF). After 
16-18 hours, maturation was assessed under an 
inverted microscope by presence of the first po-
lar body.

In vitro fertilization   
Sperm samples were collected from cauda 

epididymis of 6-8-week old male NMRI mice and 
capacitated in 500 µl droplets of T6 supplemented 
with 15 mg/ml bovine serum albumin (BSA, Gib-
co, Paisley, UK) at 37˚C, 100% humidity and 5% 
CO2 for 1 hour. For every three matured oocytes 
that was transferred to 50 µl IVF droplets com-
posed of T6 and 15 mg/ml BSA, capacitated sperm 

was added to the droplets. These droplets were then 
kept at 37˚C 100% humidity and 5% CO2. After 
4-6 hours, oocytes were washed to isolate attached 
sperms and pronuclei were examined under an in-
verted microscope to assess fertilization. Fertilized 
oocytes were transferred to development droplets 
composed of T6 and 4 mg/ml BSA at 37˚C, 100% 
humidity and 5% CO2. Two-cell embryo formation 
rate was assessed 24 hours later. 

Maternal-effect gene expression and RNA 
extraction  

In order to evaluate gene expression, follicles in 
the control and vitrification groups were collected 
in three replicates (40 follicles in each replicate) 
after 1 day, 6 days (beginning of cumulus expan-
sion), 10 days (antrum formation) and 12 days 
(antral follicle) of culture, pooled in Cell Rea-
gent RNA Protect (Qiagen, Hilden, Germany) and 
stored at -70˚C until RNA extraction. Total RNA 
was extracted from each of the separate follicular 
pools (n=40) using an RNeasyMicro Kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s 
instructions. Subsequently, cDNA was synthesized 
using RevertAid H Minus First Strand cDNA Syn-
thesis Kit (Fermentas, Leon-Rot, Germany) and 
random hexamers according to the manufacturer’s 
instructions.

Quantitative real-time polymerase chain reaction 
(PCR)   

Specific primers for Mater and Zar1 genes were 
designed by primer design software (AlleleID-
Primer Biosoft) (Table 1). The PCR mix was pre-
pared according to a previous study (13). PCR was 
performed on Applied Biosystems Step One and 
Step One Plus Real time PCR systems according 
to a previous protocol (13). Reactions were per-
formed in duplicate and the mean value of each 
duplicate was used for further calculations. "No 
template control" sample was run concurrently 
with test samples and a standard curve of amplifi-
cation was developed using five serial dilutions of 
a reference cDNA (obtained from mouse ovarian 
tissue) for each gene. Relative quantification was 
calculated using Applied Biosystems’ software 
and the formula:
Ratio=[E target]ΔCt target [control-sample]/[E 
ref]ΔCt ref [control-sample] (13).

   The quantification was normalized to an en-
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dogenous control (housekeeping gene β-Tubulin).

Statistical analysis    
Data of follicular survival, oocyte maturation, fer-

tilization and two-cell embryo formation, and gene 
expression were analyzed by t test and two-way 
ANOVA respectively using SPSS software 17.0 (In-
ternational Business Machines Corp, USA). Signifi-
cance level was considered at P<0.05.

Results
Follicles were considered healthy when their oo-

cytes were clear, intact and more than 50% of their 
granulosa cells were viable. Follicular survival 
rate on different days of IVC procedure was lower 
in the vitrification group than the control group 
but these differences were not significant (Table 
2). Also oocyte maturation and two-cell stage em-
bryo formation rates were not significantly lower 
in vitrification group compared to the control one 
(Table 3).

Expression analysis of Mater and Zar1 were per-

formed in two series: 

A: analysis of gene expression pattern in each 
group during culture days. There was a decreas-
ing pattern for Mater and Zar1 during the 12 
days of culture in both the vitrification and con-
trol groups. Comparison of Mater expression 
rate during culture days showed significant de-
crease between days 1 and 6 in the control group 
and also between day1 with days 10 and 12 in 
both groups (P<0.05). Zar1 expression was not 
significantly changed in both groups on different 
days of culture.

B: gene expression analysis of Mater and Zar1 
between groups in each certain day of culture pe-
riod. Mater expression was increased non-signif-
icantly on the 6th and 10th days of culture in the 
vitrification group compared with the control one. 
Expression level of Zar1 was almost the same on 
the first and 12th days of culture in both groups but 
a non-significant increase was shown for this gene 
on days 6 and 10 in the vitrification group com-
pared with the control group (Fig.1).

Table 1: Gene accession number, primer sequence, and product length

Product length (bp)Primer pair (5΄→3΄)Accession numberGenes

155F: CTGCGTTTCCAGTTCTTA1.NM_001039143.1Mater

R: AAGGGTTGTAGGATTTCTCA

154F: GGATGATGTCTTGGCTTATG1.NM_174877.3Zar1
R: AGTTAGGATGTGTAGGTTGAA

78F: GGAAGAGGATTTCGGAGAGGNM_009371Β-Tub
R: GGACAGAGGCAGCAGAAAG

Table 2: Follicular survival rate during different days of in vitro culture in control and vitrification groups

Healthy follicles 

Day 12Day 10Day 6Day 1Number of folliclesGroups

91.33 ± 0.0193.66 ± 0.0195.33 ± 0.03100130Control

82.33 ± 0.0383.33 ± 0.0489.33 ± 0.0195.33 ± 0.03100Vitrification

No significant difference was observed (P<0.05). Data were expressed as mean percentage ± standard error (SE).
Each experiment was repeated 3 times. Statistical analysis was performed by t test.
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Table 3: Maturation rate (mean percentage ± SE, 3 replicates) of in vitro cultured follicles derived oocytes in control and vitrification 
groups

Healthy follicles 

Two-cell stage 
embryos

MIIGVBDGVNumber of oocytesGroups

22.33 ± 0.0122.33 ± 0.0169.66 ± 0.027.33 ± 0.02 115Control

19.33 ± 0.0120.66 ± 0.0170 ± 0.0310.33 ± 0.0280Vitrification

No significant difference was observed (P<0.05). Data were expressed as mean percentage standard  error (SE).
Each experiment was repeated 3 times. Statistical analysis was performed by t test. GV; Germinal vesicle, GVBD; Germinal vesicle break-
down and MII; Metaphase II

Fig.1: Relative expression of Mater and Zar1 during different days 
of in vitro culture a vs. b shows significant differences (P<0.05). 

Discussion
Ovarian tissue cryopreservation is an efficient 

method for fertility preservation in reproductive 
medicine. Despite remarkable successes in ap-
plying this method, cryodamages on ovarian tis-
sue and cells cannot be disregarded. The main 
purpose of this study was to evaluate the effects 
of ovarian tissue vitrification on follicle survival 

and early embryo developmental gene expres-
sion in cultured preantral follicles. Also, in vitro 
oocyte maturation and fertilization were stud-
ied after ovary vitrification and follicle IVC to 
confirm the results of gene expression. During 
the IVC procedure, different days were chosen 
for evaluation because of the following reasons: 
first day of culture for evaluation of the vitrifi-
cation effects on follicle viability, day 6: begin-
ning of cumulus cells expansion, day 10: time 
of antrum formation and day 12: antral follicle 
stage. No significant difference was observed 
in follicular survival between control and vitri-
fication groups on the mentioned days. In this 
study, after 12 days of in vitro follicle culture, 
higher follicular survival was reported in both 
the control and vitrification groups (91.3 and 
82.3% respectively) compared with previous 
studies (12, 21). Mater and Zar1 are essential 
for early embryo development and are inherited 
by embryo through oocyte and it is why they are 
called maternal-effect genes (15, 17). This is the 
first study that investigates the expression pat-
tern of Mater and Zar1 during IVC of vitrified 
mouse ovarian tissue derived preantral follicles. 
Earlier studies demonstrated that vitrification 
(13, 20), IVC (13, 18) and IVM conditions (20, 
22) could influence the expression pattern of a 
range of gene transcripts in ovine oocytes and 
murine follicles. Expression analysis of these 
genes in the present study did not reveal any 
significant difference between the control and 
vitrification groups during culture period. Previ-
ous reports have shown that the expression of 
Mater and Zar1 (18) and other oocyte-specific 
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gene (13) was decreased on the 12th day com-
pared to the initial days of culture. A decreas-
ing expression pattern of Mater and Zar1 during 
12 days of culture in two experimental groups 
were similar to the mentioned studies (13, 21). 
Although a non-significant increase of gene ex-
pression was observed in the vitrification group 
compared with the control one during the mid-
dle days of culture, they reached the same level 
on day 12 of culture. It seems cryodamages that 
were shown on the 6th and 10th days of culture by 
gene expression enhancement could be compen-
sated until day 12 of culture. To assess matura-
tion and fertilization potential of IVC preantral 
follicles derived from vitrified ovarian tissue, 
oocyte IVM and IVF were also performed. As 
it shown in results, similar expression pattern of 
early embryo development genes in both experi-
mental groups were confirmed by IVF outcomes 
in a way that the rate of two-cell embryo forma-
tion following IVC, IVM and IVF of preantral 
follicles were approximately the same in the 
control and vitrification groups. Lesser IVM and 
two-cell embryo formation rate were observed 
in this study in comparison with similar previ-
ous studies (23, 24). This could be correlated to 
the inappropriate concentration of used additive 
hormones in IVM media, incomplete cytoplas-
mic maturation of oocyte due to incapability of 
IVM media or failure to find the proper time for 
IVM induction and probability of oocyte post 
maturation. Therefore, to attain more favorable 
results, further studies regarding dosage optimi-
zation of hormones, improving IVM media and 
other factors seem to be needed.

Conclusion

According to a non-significant difference of fol-
licular survival, relative maternal gene expression, 
oocyte maturation and two-cell embryo formation 
rate between the control and vitrification groups, 
it seems that the applied vitrification method and 
IVC procedure did not reveal any negative effect 
on maturation and developmental competence of 
oocytes surrounded in preantral follicles and could 
thus be applied for mature oocyte enhancement.
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