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against oxidative damage?

Pınar Özcan1,2
& Cem Fıçıcıoğlu3

& Ozge Kizilkale3 & Mert Yesiladali3 & Olgu Enis Tok4
&

Ferda Ozkan5
& Mukaddes Esrefoglu4

Received: 7 April 2016 /Accepted: 25 May 2016 /Published online: 3 June 2016
# Springer Science+Business Media New York 2016

Abstract
Purpose We investigated antioxidant effects of CoQ10 sup-
plementation on the prevention of OS-induced ovarian dam-
age and to evaluate the protective effect of such supplementa-
tion against OS-related DNA damage.
Methods Twenty-four adult female Sprague–Dawley rats
were randomly divided into three groups (8 rats per group):
group 1 (control): saline, ip, and orally; group 2 (cisplatin
group): cisplatin, 4.5 mg/kg ip, two times with an interval of
7 days; and group 3 (cisplatin + CoQ10 group): cisplatin,
4.5 mg/kg ip, two times with an interval of 7 days, and 24 h
before cisplatin, 150 mg/kg/day orally in 1 mL of saline daily
for 14 days. Serum concentrations of anti-Mullerian hormone
(AMH), number of AMH-positive follicles, the assessment of
the intensity of 8'OHdG immunoreactivity, the primordial,
antral and atretic follicle counts in the ovary were assessed.

Result(s) The mean serum AMH concentrations were 1.3
± 0.19, 0.16 ± 0.03, and 0.27 ± 0.20 ng/mL in groups 1, 2,
and 3, respectively (p<0.01). Serum AMH levels were sig-
nificantly higher in group 1 compared to groups 2 and 3
(p<0.01 and p=0.01, respectively). There was a statistically
significant difference in AMH-positive follicle count between
the groups (p<0.01). Group 1 showed higher numbers of
AMH-positive granulosa cells compared to group 2
(p=0.01). A significant difference was found in the primordi-
al, the atretic, and antral follicle counts between the three
groups (p<0.01, p<0.01, and p<0.01, respectively). The
atretic follicle count was significantly lower in the cisplatin
plus CoQ10 group compared to the cisplatin group (p<0.01).
The antral follicle counts were significantly higher in the cis-
platin plus CoQ10 group compared with the cisplatin group
(p<0.01). There was a statistically significant difference in the
intensity of staining of the follicles that were positive for anti-
8'OHdG between the groups (p=0.02). Group 1 showed a
significant lower intensity of staining of the follicles positive
for anti-8'OHdG compared with group 2 (p=0.03).
Conclusion(s) CoQ10 supplementation may protect ovarian
reserve by counteracting both mitochondrial ovarian ageing
and physiological programmed ovarian ageing although the
certain effect of OS in female infertility is not clearly known.

Keywords AMH .Ovarian reserve . Oxidative damage .

8'OHdG . CoenzymeQ10

Introduction

Reactive oxygen species (ROS) consisting of superoxide anion,
hydroxyl radical (OH), and hydrogen peroxide are naturally
generated by normal oxygen metabolism during some physio-
logical conditions. They are generally regulated by enzymatic
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and nonenzymatic antioxidant cell systems. Oxidative stress
(OS) appears as a failure to convert ROS into an inactive state
via the action of cellular antioxidant defences. OS is also known
as the imbalance between the production of intracellular ROS
and the capacity of antioxidant cell defences. ROS potentially
create oxidative damage to basic tissue components due to
being unstable and highly reactive when they interact with bio-
molecules such as proteins, lipids, and DNA, causing the dis-
tribution of their functions. ROS-induced DNA damage may
potentially cause replication error, bases modification, induc-
tion of some signal pathways, genomic instability, mutation,
and cell death [1]. ROS are unstable and highly reactive, and
they can attack both pyrimidine and purine bases within DNA.
OH is considered to be the predominant ROS that results in
DNA damage. 8'OHdG resulting from the oxidation of guano-
sine is themost important modified base that has been identified
for oxidative damage to DNA [2, 3]. Therefore, 8'OHdG is the
best current available biomarker for determination of ROS-
induced DNA damage [4].

Approximately, 90 % of ROS is generated by cell mito-
chondria [5]. Mitochondrial dysfunction (MD) is
characterised by a higher level of ROS accumulation.
Therefore, MD plays an important role in OS and OS-
induced ageing of cells, which is similar to age-related chang-
es of cells. All tissues as well as ovaries can affect the adverse
effects of MD. Moreover, MD based on the free radical theory
of ovarian ageingmay be one of the main reasons for the onset
of premature ageing. MD is strongly associated with poor
reproductive performance due to high and long-time exposure
to OS, which causes diminishing ovarian reserves, granulosa
cell apoptosis, follicular atresia, chromosomal abnormalities,
dysfunctional energy production, and poor oocyte quality [6,
7]. Antioxidants may be one of the keys to preventing repro-
ductive performance against OS-induced ageing by improving
mitochondrial function [8].

Coenzyme Q10 (CoQ10), a fat-soluble component of near-
ly all cell membranes, is located in the inner mitochondrial
membrane. CoQ10 is an essential component for transporting
electrons in the mitochondrial respiratory chain to produce
cellular energy. Moreover, the reduced form of CoQ10,
known as ubiquinol, acts as an antioxidant in cellular metab-
olism via inhibition of lipid peroxidation, protein, and DNA
oxidation [9, 10]. It was demonstrated that an adaptive re-
sponse to OS is increased antioxidant defence against ROS
products. The amount of CoQ10 in tissues is often decreased
in many pathological conditions associated with OS, such as
diabetes and Alzheimer’s and prion diseases. Although
CoQ10 is synthesised by virtually all normal tissues, the tissue
levels of CoQ10 gradually decrease with ageing [11].
Deficiencies in CoQ10 synthesis are associated with certain
clinical disorders related to high energy-consuming tissues,
including skeletal muscles, endocrine glands, and the nervous
system [12]. Studies have demonstrated that CoQ10

supplementation causes a significant increase of CoQ10 levels
in some tissues, such as muscle, sperm, and plasma, as well as
a remarkable increase in the adrenal glands and ovaries
[13–16]. Therefore, the supplementation of CoQ10 protects
cells against ROS-induced damage due to its antioxidant prop-
erties, which strengthen endogenous cellular antioxidant
systems.

Cisplatin is a platinum-derived chemotherapeutic agent
that is commonly used in the treatment of some cancers.
Cisplatin primarily causes DNA damage through DNA
cross-linking and then cell death through the activation of
signal transduction pathways triggering off the initiation of
apoptosis [17]. Although primary action of cisplatin appears
to be induction of DNA damage, it can also result in apoptosis
of cell via the activation of an intrinsic mitochondrial pathway
leading to a release of cytochrome c into the cytosol and the
activation of endoplasmic reticulum stress [18]. It can result in
toxic effects on gonads [19]. The negative effects of cisplatin
on ovaries depend on several factors, including the dosage, the
patient’s age at the time of treatment, ovarian cell types, and
the specific agent administered. Different ovarian cell types
may have differential vulnerabilities to chemotherapeutic
agent [20]. Oocytes and somatic cells of growing follicles in
ovary would be highly susceptible to the damaging effects of
cisplatin. Although the mechanism of cisplatin toxicity on
ovaries has not been clearly explained, in addition to DNA
damage, it may be due to increased ROS production and de-
creased antioxidant capacity, which is similar to the demon-
strated toxic effect of cisplatin on the kidneys and internal ear
[19, 21, 22]. In our previous study, we demonstrated that cis-
platin may cause oxidative stress-related ovarian damage, and
this effect can be handled by an antioxidant [23]. Therefore, in
the present study, cisplatin was used for OS occurring in ovar-
ian tissue.

In this study, we focused on identifying antioxidant effects
of CoQ10 supplementation on the prevention of OS-induced
ovarian damage and evaluating the protective effect of such
supplementation against OS-related DNA damage.

Materials and methods

Animals

Twenty-four adult female Sprague–Dawley rats (weight 200–
250 g; age 65–75 days), which were used for this study, were
provided by the Yeditepe University Animal Reproduction
Center and housed in the Animal Laboratory of Yeditepe
University (Istanbul, Turkey). The rats were caged under stan-
dard housing conditions with a 12 h light/dark cycle and ad
libitum access to food and water. The study protocol was
approved by the Institutional Animal Care and Use
Committee of Yeditepe University. All procedures were
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performed in accordance with the National Academy of
Science’s Guide for Care and Use of Laboratory Animals
(1996).

Experimental design

All rats were randomly divided into three groups (8 rats per
group): group 1 (control): saline, ip, and orally; group 2 (cis-
platin group): cisplatin, 4.5 mg/kg ip, two times with an inter-
val of 7 days; and group 3 (cisplatin + CoQ10 group): cisplat-
in, 4.5 mg/kg ip, two times with an interval of 7 days, and
CoQ10, 150 mg/kg/day orally in 1 mL of saline daily for
14 days via an orogastric tube, starting 24 h before the first
cisplatin administration (Fig. 1).

Drug administration

Cisplatin (Hospira, UK) was diluted in normal saline imme-
diately before use, and two injections were administered with
an interval of 7 days [24]. The lethal dose (50) of cisplatin in
rats was 7.4 mg/kg [25]. CoQ10 (Gfn-Selco, Germany) was
started 24 h before the first administration of cisplatin. A total
of 150 mg/kg/day CoQ10 was given orally for 14 days via an
orogastric tube [26]. The animals were sacrificed 14 days after
initiation of CoQ10 treatment.

Sample collection

All the rats were anesthetised by intramuscular administration
of 50 mg/kg ketamine hydrochloric acid (Ketalar; Eczacibasi
Warner-Lambert Ilac Sanayi, Levent, Istanbul, Turkey) and

7 mg/kg xylazine hydrochloric acid (Rompun, Bayer Sisli,
Istanbul, Turkey). After immobilising rats on a standard sur-
gery board, their reproductive organs were exposed with a
ventral midline incision utilising the aseptic technique. The
ovaries were removed, and blood samples were collected.

Histological evaluations

The histopathologic examination was performed by a pathol-
ogist blinded to the groups. For light microscopy, specimens
were fixed in 10 % neutral buffered formalin (NBF, 10 %) for
72 h, dehydrated in increasing concentrations of alcohol series
(70, 90, 96, and 100 %), cleared in xylene, and embedded in
paraffin. Paraffin sections (sectioned at 5-mm thickness, four
sections per sample) were stained with haematoxylin and eo-
sin (H&E) for morphological analysis. Atretic, antral, and
primordial follicles were evaluated using the techniques de-
scribed by Tilly [27].

Immunohistochemistry

Three sections of formalin-fixed ovarian tissues stained with
H&E were randomly selected from one ovary for immunohis-
tochemistry examination. The immunohistochemistry proce-
dure was performed as described in our previous study [23].
The anti-Mullerian hormone (AMH)-positive follicles were
analysed according to two factors: the intensity (0 to 3 as
follows: 0, no staining; 1, weak staining; 2, moderate staining;
and 3, strong staining) and the distribution of staining (1 or 2,
as follows: 1, ≤50 % of the structure staining and 2, ≥50 % of
the structure staining) [28]. The total score was calculated by

Fig. 1 The time line of the
experiment
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multiplying the intensity by the distribution. A score of ≥2 was
considered positive for AMH. Immunohistochemical staining
was scored in a semi-quantitative manner in order to deter-
mine differences between the control group and the experi-
mental groups.

8'OHdG Immunohistochemistry

Sections from paraffine blocks were incubated overnight
at 37 °C. After deparaffinisation with xylene and rehydra-
tion in descendant grades of ethanol, the sections were
incubated in 3 % hydrogen peroxide in methanol for
10 min to inhibit endogenous enzyme blockage and then
washed with tap and distilled water. Then, the sections
were microwaved at 200 W with a citrate buffer
(pH 6.1) for 20 min for antigen retrieval. The slices were
cooled at room temperature. After they were washed with
phosphate buffered saline (PBS), they were incubated in
blocking solution for 10 min and then incubated in mouse
anti 8'OHdG primary antibody (1:2000, Abcam, Cat:
ab62623) at 4 °C overnight. Secondary antibody staining
was performed using the Histostain®-Plus 3rd Gen IHC
Detection Kit (Cat: 85-9073, Invitrogen, CA, USA) fol-
lowing the manufacturer’s protocol. After washing, sec-
tions were incubated with streptavidin–peroxidase (ready-
to-use) for 10 min at room temperature, followed by in-
cubation with 3, 3′-diaminobenzidine (DAB) for 5 min.
Slides were finally counterstained with Mayer ’s
haematoxylin and covered with mounting medium.
Control samples were processed in the same manner, ex-
cept that the primary antibody was omitted. 8'OHdG im-
mun o h i s t o c h em i s t r y w a s e x am i n e d u n d e r a
photomicroscope (Nikon Eclipse i5, Tokyo, Japan). An
observer blinded to the experimental groups evaluated
the staining intensity semi-quantitatively. The staining in-
tensity of follicles was graded as none (0), less (1), weak
(2), dense (3), and intense (4), respectively.

Serum AMH concentrations

Serum AMH levels were measured by USCN Life Science
enzyme-linked immunosorbent assays (ELISA). The assay
range was 0.31–20 ng/mL, and the minimum detectable dose
of this assay was less than 0.078 ng/mL. The technician was
unaware of the treatment allocation.

Statistical analysis

Based on power analysis, 4 rats in each group were required to
assess statistical significance (power of 0.95 and α=0.05).
Power calculation was based on serum AMH levels [23].
The results were analysed using the Statistical Package for
the Social Sciences version 21.0 (SPSS, Chicago, IL). Data
were reported as mean± standard deviation (SD). Kruskal-
Wallis tests were conducted to compare the variables amongst
the groups. Differences in measured parameters between the
three groups were analysed using a Kruskal–Wallis test
followed by Mann–Whitney U post hoc test to test the signif-
icance of pairwise differences using Bonferroni correction to
adjust for multiple comparisons. After Bonferroni correction,
p< .016 was considered statistically significant. P< .05 was
considered statistically significant.

Results

The mean serum AMH concentrations were 1.3±0.19, 0.16
±0.03, and 0.27±0.20 ng/mL in groups 1, 2, and 3, respec-
tively (p<0.01) (Table 1). Serum AMH levels were signifi-
cantly higher in group 1 compared to groups 2 and 3 (p<0.01
and p=0.01, respectively). There was no significant differ-
ence between groups 2 and 3 (p=1).

The quantitative analysis for AMH-positive follicles in all
groups is shown in Fig. 2. There was a statistically significant

Table 1 The evaluation of serum
concentrations of AMH, number
of AMH-positive follicles, and
semi-quantitative assessment of
the intensity of 8'OHdG
immunoreactivity in ovary

Variables Group 1–
control (n= 8)

Group 2—
cisplatin (n= 8)

Group 3—cisplatin plus
Coenzyme Q10 (n= 8)

p value

Serum concentrations
of AMH (ng/ml)

1.3 ± 0.19a,b 0.16 ± 0.03a 0.27 ± 0.20b <0,01*

Number of AMH-positive
follicles

8.87 ± 2.64c 2.87 ± 2.1c 5 ± 2.61 <0,01*

Intensity of 8'OHdG
immunoreactivity

1.3 ± 0.82d 2.3 ± 0.95d 2.2 ± 0.89 0,02*

All values are expressed as mean± SD

*p< 0.05, significant difference, comparison of all groups
a p=<0.01, b p = 0.01 (comparison of serum concentrations of AMH, a cisplatin vs control, b control vs cisplatin +
CoQ10)
c p= 0.01 (comparison of number of AMH-positive follicles, control vs cisplatin)
d p= 0.03 (comparison of Intensity of 8'OHdG immunoreactivity, control group and cisplatin group)
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difference in AMH-positive follicle count between the groups
(p< 0.01) (Table 1). Group 1 showed higher numbers of
AMH-positive granulosa cells compared to group 2
(p=0.01). Although there was no significant difference be-
tween group 2 and group 3 in terms of the quantitative anal-
ysis of AMH-positive follicle, group 3 had higher numbers of
AMH-positive granulosa cells (p=0.3).

The primordial, antral, and atretic follicle counts of all
groups are shown in Table 2. A significant difference was
found in the primordial follicle counts between the three
groups (p<0.01). The evaluation of the atretic and antral fol-
licle counts revealed statistically significant differences be-
tween the groups (p<0.01 and p<0.01, respectively). The
cisplatin group has the lowest antral and the highest atretic
follicle count. The atretic follicle count was significantly low-
er in the cisplatin plus CoQ10 group compared to the cisplatin
group (p<0.01). The antral follicle counts were significantly
higher in the cisplatin plus CoQ10 group compared with the
cisplatin group (p<0.01).

The semi-quantitative analysis of intensity of staining of
the follicles positive for anti- 8'OHdG is shown in Fig. 3.
There was a statistically significant difference in the intensity
of staining of the follicles that were positive for anti-8'OHdG
between the groups (p=0.02) (Table 1). Group 1 showed a

lower intensity of staining of the follicles positive for anti-
8'OHdG compared with group 2 (p=0.03). There is no sig-
nificant difference between groups 1 and 2 in terms of inten-
sity of staining of the follicles positive for anti-8'OHdG
(p=0.06).

Discussion

Most stages of human reproduction, including steroidogene-
sis, oocyte maturation, fertilisation, and embryo development
require high energy. Therefore, the number of mitochondria
markedly increases to provide adequate energy production to
meet the metabolic requirements during the transition of a
primordial follicle into a primary follicle. All energy-
dependent mechanisms of human fertility are influenced by
MD. MD based on OS, known as free radical theory, is the
second most commonly accepted theory and is strongly asso-
ciated with ovarian ageing after physiological programmed
ageing, which is the most commonly accepted theory [29].
Because MD results in an increased accumulation of ROS
and mtDNA mutations, the increased release of intracellular
ROS due toMD, which cannot be counteracted by antioxidant
defences similar to those of ageing cells, induces damage to

Fig. 2 The immunohistochemical detection of intensity of staining of the
follicles positive for anti-Mullerian hormone. a Group 1 (control, saline),
very high, 5 (++++).; b group 2 (cisplatin group, 4.5 mg/kg cisplatin), a

few, 2 (+); and c group 3 (cisplatin plus Coenzyme Q10 group, 4.5 mg/kg
cisplatin + 150 mg/kg/day Coenzyme Q10), medium, 4 (++). Panel
bar= 100 μm

Table 2 Comparision of the
primordial, antral, and atretic
follicle counts of all groups

Variables Group 1—
control (n= 8)

Group 2—
cisplatin (n = 8)

Group 3—cisplatin plus
Coenzyme Q10 (n= 8)

P value

Primordial follicle counts 15.80 ± 7.45 8 ± 1.65 9.92 ± 4.17 <0.01*

Antral follicle counts 4.33 ± 1.30 2 ± 0.86a 4.14 ± 1.51a <0.01*

Atretic follicle counts 1.28 ± 1.03 2.08 ± 0.87b 0.8 ± 0.41b <0.01*

All values are expressed as mean± SD

*p< 0.05, significant difference, comparison of all groups
a p=<0.01 (comparison of antral follicle counts, cisplatin vs cisplatin +CoQ10)
b p=<0.01 (comparison of atretic follicle counts cisplatin vs cisplatin +CoQ10)
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ovarian tissue [6]. The exposure to high levels of ROS may
eventually contribute to granulosa cell apoptosis, follicular
atresia, chromosomal abnormalities, oocyte ageing, and infer-
tility [7]. Older cells tend to produce more oxidants and less
ATP than younger cells from their mitochondria because of a
positive correlation between the level of ROS production and
chronological age. The potentially adverse effects of OS in
most stages of human fertility can be counteracted by admin-
istration of several mitochondrial nutrients known as antioxi-
dants, which have been demonstrated to increase energy pro-
duction in mitochondria and to protect cells from OS. Alpha-
lipoic acid (RALA), vitamin C, CoQ10, and resveratrol are the
best and most commonly used antioxidants in current studies
[8]. Several studies evaluating the supplementation of several
mitochondrial nutrients as antioxidants suggest that the abnor-
malities resulting from MD based on ovarian ageing may be
counteracted by the use of antioxidants [7, 8, 30].

In the current study, we focused mainly on the potential
protective effect of CoQ10 on OS-related ovarian damage and
ovarian reserve. The antral follicle count dramatically increased
when using CoQ10 in combination with cisplatin, whereas the
atretic follicle count significantly decreased. Serum AMH
levels and AMH-positive follicles were found to be higher in
the cisplatin plus CoQ10 group than in the cisplatin group,
though the difference was not statistically significant. In addi-
tion, there was a trend towards decreasing the intensity of
8'OHdG immunoreactivity with CoQ10 in combination with
cisplatin. These results suggest that CoQ10 could be effective
to protect ovarian reserve and prevent ovarian damage by
counteracting OS-related ovarian damage. However, according
to our results, the differences between the cisplatin plus CoQ10
group and the cisplatin group, in terms of serum AMH levels
and AMH-positive follicles, did not achieve statistically signif-
icance. One of the possible reasons for this may be early per-
formed analysis following an acute exposure, whilst the ani-
mals were still under the effect of cisplatin. If the animals were

operated to remove the ovaries a few weeks after the last ad-
ministered dose of CoQ10, the results could better reflect the
possible beneficial effect of CoQ10 on serum AMH concentra-
tion and the number of AMH-positive follicles due to better
long-term recovery. Other possible reason may be explained
by challenges in dosing and schedule of CoQ10 administration.
Improvements in CoQ10 supplementation such as, increasing
the dose, longer duration of treatment, and/or earlier initiation
of CoQ10 supplementation prior to cisplatin exposure may bet-
ter demonstrate the possible protective role of CoQ10. In this
study, we evaluated the effect of only a single dose and treat-
ment schedule, thus further evaluations are needed to determine
optimal dosing and schedule. Lastly, primary action of cisplatin
appears to be induction of DNA damage through DNA cross-
linking, although cisplatin can also cause the adverse effects on
the ovaries via the activation of an intrinsic mitochondrial path-
way [18]. Therefore, CoQ10 is effective to likely only protect
the ovaries from the ROS-forming component of the cisplatin
action. Likewise, our data were obtained using an experimental
animal study and do not definitely predict accurate results for
human ovaries. Therefore, the dose, schedule, and effect of
CoQ10 on human ovaries should be investigated.

Gendelman and Roth evaluated the effect of CoQ10 on
the improvement of mitochondrial features of bovine oo-
cytes collected during different seasons [31]. Their study
demonstrated that the mitochondrial distribution pattern
decreased in bovine oocytes maturing in vitro with 50
lM in the fall, and they concluded that CoQ10 incorpora-
tion could decrease season-induced deleterious effects on
mitochondrial function. Quinzii et al. created a model of
CoQ10 deficiency, typically seen in the elderly, with in-
creasing dosages of 4-nitrobenzoate in multiple cell lines,
and they evaluated the effect of CoQ10 levels on mito-
chondrial function, oxidative stress, and cell death [32].
Their findings suggest that CoQ10 deficiency results in an
increase in ROS production and oxidative stress.

Fig. 3 The immunohistochemical detection of intensity of staining of the
follicles positive for anti-8'OHdG. a Group 1 (control, saline), weak, (+);
b group 2 (cisplatin group, 4.5 mg/kg cisplatin), dense,(++); and c group

3 (cisplatin plus Coenzyme Q10 group, 4.5 mg/kg cisplatin + 150 mg/kg/
day Coenzyme Q10), dense, (++). Panel bar= 100 μm
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In an aged mouse model, Burstein et al. compared the ef-
fect of CoQ10, resveratrol, and R-ALA for a period of
18 weeks before superovulation on the number of ovulated
oocytes and oocyte mitochondrial function [33]. Their study
showed that CoQ10 treatment significantly increased the
number of ovulated oocytes, improved oocyte mitochondrial
function, and reduced ROS levels in elderly mice to levels
similar to those of oocytes in young animals. However, their
study was only presented as an abstract. Ben-Meir et al eval-
uated the effect of CoQ10, alpha lipoic acid, and resveratrol
supplementation on impaired oocyte mitochondrial function
and ovarian reserve. These stimulators of mitochondrial bio-
energetics were subcutaneously injected to 9-month-old mice.
The results of this study demonstrated that CoQ10 supplemen-
tation preserves ovarian reserve and improves mitochondrial
performance in oocytes and ovulation rates. In addition, in-
crease in ratio of gametes which are able to support normal
development was observed [34]. A controlled randomised tri-
al designed by Bentov et al. evaluated the effect of CoQ10 on
post-meiotic oocyte aneuploidy rate in women undergoing
IVF, finding that the rate of aneuploidy and clinical pregnancy
were, respectively, 46.5 and 33 % in the CoQ10 group and
62.8 and 26.7 % in the control group [35]. According to these
results, they concluded that there were no significant differ-
ences in outcome between the CoQ10 and control groups.
However, due to safety concerns regarding the effects of bi-
opsy on embryo quality and implantation, their study was
terminated before reaching a sufficient number to detect a
difference in the rate of aneuploidy. In a prospective controlled
randomised trial, El Refaeey et al. investigated whether the
combination of oral CoQ10 and clomiphene citrate improved
the ovulation induction response in women with clomiphene-
resistant polycystic ovary syndrome [36]. They found that this
combination is an effective and safe option for improving
ovulation and clinical pregnancy rates.

In conclusion, to the best of our knowledge, our study is the
first to evaluate the protective effect of CoQ10 on ovarian
reserve and on oxidative DNA damage in the ovaries. In light
of the above-mentioned studies and our study results, we con-
clude that there is a strong relationship between ovarian age-
ing and OS, and CoQ10 is effective to likely only protect the
ovaries from the ROS-forming component of the cisplatin
action. Therefore, CoQ10 supplementation may protect ovar-
ian reserve by improving mitochondrial function,
counteracting both mitochondrial ovarian ageing and physio-
logical programmed ovarian ageing although the certain effect
of OS in female infertility is not clearly known. We attempt to
provide new evidence for the protective effect of CoQ10 on
OS-induced ovarian damage, which is one of the most impor-
tant and widely accepted pathomechanisms underlying cell
ageing. This could also lead to biochemical alternatives for
the management of women with poor ovarian reserve during
IVF treatment. Further experimental studies need to be

designed to define the optimum dosage and duration for
CoQ10 supplementation to enhance its protective effects.
Furthermore, future studies are needed to understand the effect
of CoQ10 on ovaries and human reproduction.
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