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Abstract Oocytes present at birth undergo a progressive process of apoptosis in humans and other mammals as they age. Accepted
opinion is that no fresh oocytes are produced other than those present at the time of birth. Studies have shown that DNA repair genes
in oocytes of mice and women decline with age, and lack of these genes show higher DNA breaks and increased oocyte death rates.
In contrast to the ethical problems associated with monitoring the changes in DNA double-strand breaks in oocytes from young and
old humans, it is relatively easy to carry out such a study using a rodent model. In this study, the mRNA levels of DNA repair genes
are compared with protein products of some of the genes in the primordial follicles isolated from immature (18-20 days) and aged
(400-450 days) female rats. Results revealed a significant decline in mRNA levels of BRACT (P < 0.01), RAD51 (P < 0.05), ERCC2 (P <
0.05), and H2AX (P < 0.01) of DNA repair genes and phospho-protein levels of BRAC1 (P < 0.01) and H2AX (P < 0.05) in primordial
follicles of aged rats. Impaired DNA repair is confirmed as a mechanism of oocyte ageing. o
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Introduction granulosa cells arrested in the first meiotic prophase stored

in the ovary as primordial follicles (Hirshfield, 1991; Tingen

One of the important challenges in women’s reproductive
health is the age-related decline in reproductive perfor-
mance (Ottolenghi et al., 2004). The duration of the female
fertile life span is influenced by the number of diplotene
oocytes, which are surrounded by a single layer of cuboidal

http://dx.doi.org/10.1016/j.rbmo.2014.11.010

et al., 2009). The rate of decline in primordial follicle reserve
increases with age, resulting in cessation of reproduction and
menopause (Kato et al., 1998; Kerr et al., 2013). As ovarian
reserve and fertility declines with age, pregnancy failure
also increases, and meiotic errors lead to chromosomally
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abnormal conceptions (Adhikari and Liu, 2009). Most fol-
licles undergo atresia throughout postnatal life, mainly through
apoptosis (Kim and Tilly, 2004). It has been shown that
internucleosomal DNA fragmentation, which is a hallmark of
cells undergoing apoptosis, occurs in atretic follicles (Tilly,
1996), along with the production of DNA double-strand breaks
(DSB), triggering the mitochondrial apoptotic pathway (Roos
and Kaina, 2006). The integrity of oocyte genome in mammals
is affected by two distinctive methods: the meiotic recom-
bination of homologous chromosomes during the fetal life;
and a long postnatal period of meiotic arrest (dictyate stage),
before completing meiotic divisions (De Felici and Klinger,
2011). Meiotic recombination results in DNA DSB. These are
generally repaired by the oocyte at the end of the meiotic
prophase | (Ashwood-Smith and Edwards, 1996). During ar-
rested stage of primordial follicle (dictyate stage), the DNA
of the oocytes is subjected to a wide range of potential
damages, whose effects can be highly detrimental to female
fertility (Ashwood-Smith and Edwards, 1996; Hanoux et al.,
2007; Mira, 1998). Several in-vivo and in-vitro studies suggest
that the mammalian oocytes are capable of repairing DNA
damage, namely DSB, produced by meiotic recombination
or by external agents (De Felici and Klinger, 2011). Failure
to repair DNA damage caused by recombination triggers
meiotic checkpoints and disposal of the germ cells by apop-
tosis (Cohen et al., 2006). The underlying mechanism for age-
induced decline of ovarian follicle reserve and related DNA
damage in primordial follicles is largely unknown. A recent
study by Titus et al. (2013), however, has reported an im-
paired BRAC1 related ATM-mediated DNA DSB repair as a cause
of ageing in mouse and human oocytes and a decline of oocyte
repair efficiency with age. In contrast to the ethical prob-
lems associated with monitoring the changes in genes and
proteins involved in repair of DNA DSB in oocytes from young
and old humans, it is relatively easy to carry out such a study
using a rodent model. The maximum fertility in the rat occurs
between 100-300 days of age, and breeding activity usually
begins at 100-120 days of age. Although female rats do not
experience the menopause, the absence of regular oestrus
cycle (equivalent to the menopause, which occurs around
51-52 years in humans) is observed between 450 and 540
days, but breeding efficiency is reduced well before (i.e. to
about 250 days [8-10 months]) (Durbin et al., 1966). Rats
older than 1 year have delayed pregnancy, decreased litters,
trouble in delivery and more bleeding during delivery; hence,
the age of 18-20 days was chosen for selecting immature
rats, and 450 days for adult rats that are no longer capable
of reproduction. In the present study, the level of expres-
sion of genes and protein products of two of the genes in-
volved in the repair of DNA DSB were monitored in young
animals (in which the primordial follicles are not subjected
to hormone action) and in very old animals (in which the
effect of hormones are minimal and are no longer capable
of reproduction).

Materials and methods
Animals

Immature (18-20 days) and aged (400-450 days) Wistar strain
albino rats were obtained from the Central Animal Facility

at the Indian Institute of Science, Bangalore. The experimen-
tal procedures carried out using these animals were ap-
proved by the Institutional Animal Ethics Committee
constituted under the guidelines of CPCSEA, Ministry of En-
vironment and Forests, Government of India, New Delhi (In-
stitutional Animal Ethics Committee Project number: CAF/
Ethics/270/2012, approved 13 July 2012) Animals were kept
in a 12-h light-dark cycle and provided ad libitum with water
and a laboratory diet.

Isolation of rat primordial follicles

Primordial follicles were isolated as described by Shi et al.
(2007). Briefly, immature (18-20 days) and aged (400-450 days)
female Wistar rats were killed by excess CO2, and the ovaries
were dissected out, free of adhering fat, into a petri-dish con-
taining cold phosphate-buffered saline (PBS). The ovaries were
washed twice in PBS containing penicillin (100 units/ml) and
streptomycin (100 ug/ml), and were minced into small pieces,
transferred to a digestion medium containing 4 ml of
Dulbecco’s Modified Eagle’s Medium (Sigma, Cat. No.D0422)
supplemented with fetal bovine serum at a final concentra-
tion of 4% (Biological Industries, Cat. No. 04-127-1A) and 5 ml
of PBS and 2% collagenase type IV (Calbiochem, Cat No.
234153). The suspension was incubated at 37°C for 30 min in
a shaking water bath, and the follicular digest was filtered
through a 70-um nylon cell strainer (SPL Life Science, Korea)
into a 50-ml Falcon tube. The follicular filtrate was centri-
fuged at 2300 x g for 5 min at 4°C and the supernatant was
decanted. The pellet was re-suspended in fresh 5 ml of PBS,
and suspension was passed through a 40-um nylon cell strainer
followed by centrifugation at 2300 x g for 5 min at 4°C. The
pellet was finally re-suspended in about 400-600-pul Dulbecco’s
Modified Eagle’s Medium (supplemented with 4% fetal calf
serum), and the suspension was checked for presence of the
primordial follicles under an inverted phase-contrast micro-
scope. The isolated primordial follicles were considered mor-
phologically normal if they appeared with a round oocyte
surrounded by one compact layer of granulosa cells as ob-
served under a microscope. For immature rats, the yield of
primordial follicles was about 35,000 per rat and a total of
70 rats were used for isolation of RNA and protein for each
experiment. In the case of aged rats, a total of 120 rats were
used for each experiment, and the yield of primordial fol-
licles was 10,000 per rat.

Semi-quantitative reverse
transcription-polymerase chain reaction

Total RNA from the primordial follicles was isolated using
TRIzol reagent (Sigma-number T9424) according to the manu-
facturer’s recommended protocol. The quality and quantity
of RNA are assessed using ultraviolet spectrophotometric analy-
sis, by monitoring A280-A260 ratio. The quality of isolated
RNA was also assessed by 1% formaldehyde agarose gel elec-
trophoresis using 1% MOPS as gel running buffer. Total RNA
was reverse transcribed using ReverseAid First Strand cDNA
synthesis kit (Thermoscientific, USA, number 1621). Poly-
merase chain reaction (PCR) was carried out using 2X PCR
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Table 1 List of primers used.
Gene Primers (5°-3’) Size (in bp) Annealiong
Temp (°C)
BRCA1 FP: CCAGAAAAATGTCCGCGTAT 201 60
RP: ACTGTCAGCCCATCTGCTCT
BRCA2 FP: TGGGGAGAATGAGATTGAGG 246 60
RP: TCCAAGAGAGAAACGCCACT
MRE11 FP: CAGAAAGAGGGATGGGTGA 217 60
RP: GCCTCTCGAACTTCATCGTC
RAD51 FP: TTTGGAGAATTCCGAACTGG 248 60
RP: GACGCTTGGTAAAGGAGCTG
ATM FP: GGCACAGAAGAGGGAGACTG 226 60
RP: TGACGGGAAATATGGTGGAT
ERCC2 FP: GGAATTTGACACCCATGGAC 201 60
RP: GCCAGCTCTTTGGATACCAG
H2AX FP: TCCAGAAATCTCGGCCCTTT 249 60
RP: CGGCCTACAAATGACGACAG
GAPDH FP: CTCATGACCACAGTCCATGC 155 60
RP: TTCAGCTCTGGGATGACCTT

Master Mix (Thermoscientific, USA, number KO172) with 1 uL
of cDNA and 20 uM of specific forward and reverse primers
(Sigma Genosys, Sigma Aldrich, India) in 50 pL reaction. The
details of primers and the conditions used in real time (PCR)
analysis are given in Table 1. To confirm PCR amplification,
PCR product was mixed with six times DNA gels loading dye
and subjected to electrophoresis on 1% agarose gel contain-
ing 1% ethidium bromide (5 ul/100 ml) at constant voltage
(80 V) for 60 min in 0.5X trisi-borate ethylene-diamine-
tetraacetic acid buffer. The amplified PCR product was vi-
sualized as a single compact band of expected size under
ultraviolet light and documented by Alpha Digi Doc Gel Docu-
mentation and Image Analysis System (Alpha Innotech
Corporation, San Leandro, CA). Densitometric analysis of the
real-time PCR from three independent experiments after
GAPDH normalization is shown in the bar graph (mean + SEM).

Western blotting

Freshly isolated primordial follicles from immature and adult
rats were re-suspended in radioimmunoprecipitation assay
buffer buffer (50 mM Tris, 150 mM NaCl, 0.1% SDS, 0.5% sodium
deoxycholate, 1% Triton X 100 and protease inhibitor cock-
tail) (Roche Diagnostics). Homogenization was conducted using
a hand-held teflon-glass homogenizer. The homogenate was
centrifuged at 2800 x g at 4°C for 10 min and the protein in
supernatant was estimated spectrophotometrically by Lowry’s
method (Lowry et al., 1951). From each group, 40 ug of protein
was electrophorsed by 10% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis. Western blot analysis was carried
out as described earlier (Rama et al., 2001). The blots were
incubated over night with primary antibodies (rabbit polyclonal
anti-phospho-BRCA1 (Ser1524) from Cell Signaling Technolo-
gies (Cat. number 9009; dilution 1:1000; 220 kDa), rabbit
polyclonal anti-phospho-histone H2A.X (Ser139) (Cell Signal-
ing Technologies Cat. No. 9718; dilution 1:500;14 kDa) and
anti-actin C-2 (Santa Cruz Biotechnology, Cat. No. sc-8432;
dilution 1:1000; 42 kDa). Secondary antibody (i.e. goat anti-

rabbit) (Cat. number NA934, GE Healthcare) or anti-mouse
(Cat. number NA931, GE Healthcare) at dilution 1:5000 were
used. The blots were visualized using enhanced chemilumi-
nescence (ECL prime, GE Healthcare) according to the manu-
facturers’ instructions. The chemiluminescence was detected
using X-ray films. Exposure time of membranes was ad-
justed until clearly visible signal could be seen. Densitomet-
ric analysis of the western blot from three independent
experiments after normalization with actin is presented in the
bar graph (mean + SEM).

Statistics

Statistical analysis of arbitrary units derived from densito-
metric measurements of DNA and protein bands from the study
was carried out using SPSS software (Version 13.0; SPSS Inc,
Chicago, USA). All the data are presented as the mean + SEM
(n = 3). Differences between groups were calculated by
Student’s t-test and P < 0.05 was considered as statistically
significant.

Results

Down-regulation of expression of key DNA DSB
repair genes in adult rat primordial follicle

The level of expression of DNA DSB repair genes BRACT (Breast
Cancer 1, early onset), BRCA2 (Breast Cancer 2, early onset),
RAD51 (RAD radiation repair gene), MRE11 (meiotic recom-
bination 11 homolog A), ATM (ataxia telangiectasia mutated),
ERCC2 (excision repair cross-complementing rodent repair de-
ficiency, complementation group 2) and H2AX (histone H2A)
in immature and aged rat primordial follicles assessed by semi-
quantitative real time PCR are presented in Figure 1. As can
be seen, the expression of mRNA for BRCAT1 is significantly de-
creased (**P < 0.01 versus immature), RAD51 (*P < 0.05 versus
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Figure 1 Semi-quantitative real-time polymerase chain reaction analysis of DNA double-strand break repair genes. Total RNA iso-
lated from immature and aged rat primordial follicles, reverse transcribed, and the complementary DNA was subjected to semi-
quantitative real-time polymerase chain reaction in a linear range of amplification with GAPDH as an internal control. Representative
image of three independent experiments are shown in Panel A. A graphical representation of results is presented in panel B. Data
from three independent experiments were expressed as arbitrary densitometric units (mean + SEM). *P < 0.05, **P < 0.01 compared

with immature rat primordial follicles.

immature), ATM (P < 0.01 versus immature), ERCC2 (P < 0.05
versus immature) and H2AX (P < 0.05 versus immature) in pri-
mordial follicles from aged rats compared with immature rats.
More than a two-fold decrease was observed in the expres-
sion of BRCA1 and RAD 51 and marginal but significant de-
crease was seen in the case of ERCC2 and H2AX, although no
significant change in the expression of mRNA levels of BRCA2
and MRE11 between immature and aged primordial follicles
was observed.

Decreased levels of phosphorylation of BRCA1 (ser
1524) and H2AX in adult rat primordial follicles

Western blot analysis for phosphorylated BRCA1 and H2AX in
immature and adult primordial follicles was carried out using
antibodies recognizing Ser-1524 of BRAC1 (~220 kDa) and Ser-
139 of yH2AX (~15 kDa). It is evident from the results pre-
sented in Figure 2 that a significant decrease has occurred
in the expression levels of phospho-BRCA1 (*P < 0.01 versus
immature) and phospho-H2AX (*P < 0.05 versus immature) in
primordial follicles isolated from aged rats compared with im-
mature rats.

Discussion

It is well established that, although women are born with over
a million oocytes, only 400 to 500 mature depending on when

the woman reaches menopause (Wallace and Kelsey, 2010).
Currently, it is accepted that, from birth to menopause, no
fresh oocytes are produced other than those that are present
at birth (Gleicher et al., 2011; Wallace and Kelsey, 2010). It
is known that chromosomal abnormalities increase in the
oocytes with age (Handyside et al., 2012; Jessberger, 2012;
Jones and Lane, 2012; Nagaoka et al., 2012). A recent study
revealed that, in humans and rodents, DSB increase in pri-
mordial follicles with age and a corresponding decrease in ex-
pression of the critical DNA DSB repair genes occur, namely
BRACT and MRE-11, RAD51 and ATM (Titus et al., 2013). The
results of the present study using a rodent model confirm and
extend those findings. It may be pertinent to point out that
the conclusions of Titus et al. (2013), although important and
interesting, are based on quantitative PCR and immunohis-
tochemistry results. We have been able to provide results from
both real-time PCR as well as western blot studies, which es-
sentially confirms their results and supports their conclu-
sions. Furthermore, it was also reported that, in BRCA1
deficient mice, reproductive capacity was impaired, the count
for primordial follicles was lower and interestingly an in-
crease in DSB in the remaining follicles was found to in-
crease with age (Oktay et al., 2010; Rzepka-Gorska et al.,
2006; Valentini et al., 2013). On the basis of these results,
it was suggested that DNA DSB repair efficiency is an impor-
tant determinant of oocyte aging in women. As mentioned
earlier, considering the fact that such an analysis in young
and old women is ethically not acceptable, the expression of
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Figure 2 Western blot analysis for phosphorylated BRCA1 (Ser-1524) and H2AX (Ser 139). A total of 40 ug of protein from each sample
separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and western blotted using monoclonal antibodies to phospho-
BRCA1 (220 kDa) and phospho-H2AX (15 kDa), then immunoreactivity visualized by enhanced chemiluminescence (Panel A). A graphi-
cal representation of results is presented in panel B. Data from three independent experiments were expressed as arbitrary densitometric
units (mean + SEM). *P < 0.05, **P < 0.01 compared with immature rat primordial follicles.

mRNA levels of DNA DSB repair genes was analysed, as well
as some of the phosphorylated forms of the two important
enzymes by western blot in primordial follicles isolated from
immature and aged rats. The present results reveal a signifi-
cant decrease in the expression of DNA repair genes, namely
BRAC1, RAD-51, ATM, ERCC2, and H2AX in primordial fol-
licles isolated from aged rats. It is known that phophorylation
of BRCA1 directly controls DNA repair and its loss leads to
genome instability (Coene et al., 2005; Gatei et al., 2000;
Ouchi, 2006; Summers et al., 2011). As assessed by western
blot analysis, our results demonstrated a significant de-
crease in the phosphorylated form of BRCA1 (ser 1524), which
indicates a decline in BRCA1-related DNA repair mechanism
in primordial follicles from aged rats compared with imma-
ture rats. Titus et al. (2013) used whole mice ovarian sec-
tions to immunolocalize YH2AX and BRCA1. They reported an
increase in gammaH2AX and decrease in BRCA1; however, it
should be emphasized that the evidence from H2AX null
mutant, which showed inefficient DNA repair in the absence
of H2AX and its associated foci (Celeste et al., 2002), strongly
suggest both the BRCA1 and phosphorylated form of H2AX are
necessary for repair of DSB. The decline in phosphorylated
form of H2AX at Ser139, which is necessary for repair of DNA-
DSB, as well as decline in the BRCA1 as assessed by real-
time PCR and western blot in the present study, suggests that
the efficiency of DNA repair machinery is impaired in aged rat
primordial follicles. It is also demonstrated that H2AX sig-
nificantly overlaps with BRCA1 after DNA damage, and BRCAT1-
v-H2AX foci are thought to be sites of DNA repair (Paull et al.,
2000). Immunolocalization of phospho-proteins was not carried
out in the current study owing to financial constraints.
Similar to BRCA1, H2AX, which is also a tumour suppres-
sor helping to preserve genome integrity and is rapidly phos-
phorylated on serine 139 (denoted as yH2AX), showed a
significant decrease in primordial follicles isolated from aged
rats. The decrease in phosphorylated form of both BRCA1 and
H2AX shows a lack of recruitment of proteins necessary during
repair of DSB in primordial follicles isolated from aged rats.
Age-related changes are normally prominent in the ex-
pression of genes involved in DNA damage response and repair

apart from control of cell cycle and energy pathways
(Eichenlaub-Ritter, 2012). It has been shown that human
oocytes express DNA repair genes at elevated levels allow-
ing low tolerance for DNA decays (Menezo et al., 2007, 2010).
Studies by Rzepka-Gorska et al. (2006) and others (Oktay et al.,
2010; Valentini et al., 2013) have demonstrated the role of
BRCAT1 in ovarian ageing as seen by diminished DNA repair,
a decline in ovarian reserve and interestingly women who carry
BRCA1 mutations undergo menopause prematurely. Altered
ovarian function is seen in BRCA mutation carriers, along with
reduced response to ovarian hyper-stimulation. Oktay et al.
(2010) demonstrated a reduced number of oocytes in pa-
tients diagnosed with breast cancer and undergoing fertility
preservation. They were able to demonstrate this in pa-
tients with the BRCA1 mutation but not with mutation in
BRCA2. The investigators postulated that, because DNA repair
is defective in BRCA1 mutations, impairment in the oocyte
DNA repair is the probable cause of the reduced number of
oocytes when these patients are subjected to ovarian stimu-
lation (Oktay et al., 2010). BRCA1 is a substrate for kinases
such as ATM, ATR (ataxia telangiectasia and Rad3 related) and
Chk1 (checkpoint kinase-1) in response to DNA damage. For
BRCA1 phosphorylation, ATM is important, and both BRCA1-/
and ATM~/~ cells share many similarities in phenotype, in-
cluding abnormalities in G2-M-phase checkpoint control and
sensitivity to treatment with DNA damaging agents (Xu et al.,
1999). Slow growth and premature ageing occurs in ATM-
deficient cells, and patients with ataxia telangiectasia do not
show hyperphosphorylation of BRCA1 after gamma-irradiation
induced DNA damage, suggesting that phosphorylation depends
on ATM activity (Hande et al., 2001). In the present study,
the decline in ATM and phospho-BRCA1 (Ser 1524) indicate a
defect in DNA repair efficiency in aged primordial follicles com-
pared with immature primordial follicles. In addition, ATM also
phosphorylates histone H2AX (yH2AX), which forms a plat-
form for the recruitment of necessary checkpoint and DNA
repair proteins (Celeste et al., 2002; Paull et al., 2000) and
YH2AX is usually robust during apoptosis (Solier and Pommier,
2009). In the absence of H2AX and its associated foci, H2AX
null mutant showed inefficient DNA repair (Celeste et al.,
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2002). This strongly suggests that H2AX is necessary during
repair of DSB. It has also been shown that H2AX significantly
overlaps with BRCA1 after DNA damage, and BRCA1-y-H2AX
foci are thought to be sites of DNA repair (Paull et al., 2000).

Both BRCA1 and BRCA2 regulate repair of DSB and main-
tain genomic integrity in response to DNA damage and co-
localize with RAD51, a protein which assist in DNA repair
(Yoshida and Miki, 2004). In the present study, the expres-
sion of BRCA2 was not altered in aged primordial follicles. Ex-
perimental evidence shows that BRCA2 is a key RAD51
interacting partner, BRCA2-RAD51 complex was thought to
have two possible mechanisms in dealing with DNA repair,
either the prevention of RAD51 binding to single strand DNA
during repair or transferred to the site of DNA damage by
BRCA2. The observed decrease in RAD51 without change in
BRCA2 requires more detailed study of BRCA2-RAD51 complex.
The studies on RAD51, however, clearly show its role in ho-
mologous recombination and DNA repair. Embryonic lethal-
ity are shown in RAD51 knockout mice, and deletion of RAD51
in various cell lines results in extreme sensitivity to DNA-
damaging agents, defective DSB repair and, ultimately, cell
death (Sonoda et al., 1998; Tsuzuki et al., 1996). Also ageing
affects the expression of RAD51 significantly in bovine oocytes
(Bilotto et al., 2013). RAD51 interacts also with BRCA1, and
plays a major role in homologous recombination of DNA during
double strand break repair and act as an important determi-
nant of oocyte ageing in women (Kim et al., 2012; Smirnova
et al., 2004; Titus et al., 2013). Similar to RAD51 recombinase
activity, MRE11 nuclease activity is also considered as an im-
portant DSB repair enzyme. These form a complex consist-
ing of MRE11, Rad50, and Nbs1 (Nibrin 1), and function in
diverse aspects of the cellular response to DNA damage
(Nickerson et al., 1990). In the present study, no difference
was seen in MRE11 levels of immature and adult rat primor-
dial follicles. In contrast to this, another important DNA repair
enzyme RAD51 was significantly reduced in aged primordial
follicles. This decline in RAD51 also supports results ob-
tained by Kujjo et al. (2010), which demonstrated that RAD51
is one of the candidates shown to have critical role in the repair
of DNA damage in oocytes of both chemotherapy-induced and
spontaneously induced DNA damage by the ageing process.

In addition to analysing the expression of BRCA1, RAD51,
MRE-11 and ATM genes, an attempt was made to investigate
the expression of nucleotide excision repair gene ERCC2 (ex-
cision repair cross-complementing group 2 also called xero-
derma pigmentosum group D-XPD). Our real-time PCR analysis
showed ERCC2 expression was significantly lower in primor-
dial follicles from aged rats compared with immature rats.
The protein encoded by ERCC2(XPD) is an integral member
of basal transcription factor BTF2/TFIIH complex, which is an
essential element in the repair of both damaged bases and
single strand breaks (Drapkin and Reinberg, 1994; lyer et al.,
1996; Weber et al., 1990). ERCC2/XPD has been shown to have
ATP-dependent DNA helicase activity, and is involved in
nucleotide excision repair of DNA by opening DNA around the
damage (Clarkson and Wood, 2005; Schaeffer et al., 1994).
It is pertinent to note in this connection that mice with a mu-
tation in XPD exhibit premature ageing (De Boer et al., 2002).

Our results, which reveal a decline in message and protein
levels of BRCA1 and other DNA repair genes in aged rat pri-
mordial follicles, allow us to postulate that rat immature pri-
mordial follicles possess a robust machinery of DNA repair to

DSB. These findings clearly support the evidence of im-
paired DNA repair as a mechanism of oocyte ageing, and DNA
repair is very important for maintenance of oocyte quality.
Although documented evidence is not available on the effect
of in-vitro ageing of oocytes on the DNA repair mechanisms
in assisted reproduction procedures, some studies have re-
ported using rodent and bovine oocytes (Koyama et al., 2014;
Lacham-Kaplan and Trounson, 2008; Li et al., 2014). The
results of the studies with rodent and bovine oocytes indi-
cate the developmental potential of in-vitro matured oocytes
is decreased with increasing chromosomal aberration and in-
correct spindle assembly. Considering this, it should be noted
that female fertility critically depends on the ability of oocytes
to repair the damaged DNA, which is important for the pres-
ervation of the oocyte pool.
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