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Abstract
Aim: This study focused on the anti-oxidant and anti-apoptotic effects of CoQ10
in ovaries exposed to pelvic radiation.
Methods: Thirty-two female rats were randomly assigned into four groups. Group
I (control group), Group II: Only 2 Gy pelvic x-ray irradiation (IR) was adminis-
tered as a single fractioned dose. Group III: 30 mg/kg CoQ10 was administered
by oral gavage +2 Gy pelvic IR. Group IV: 150 mg/kg CoQ10 was administered
by oral gavage +2 Gy pelvic IR. CoQ10 treatment was started 7 days before pel-
vic IR and completed 7 days later. The rats in Group III and IV were treated with
CoQ10 for a total of 14 days.
Results: Histopathological analysis showed severe damage to the ovarian tissue in
the radiation group, while both doses of CoQ10 showed normal histological struc-
ture. Likewise, while there was a high level of staining in the IR group for necrosis
and apoptosis, the CoQ10 treated ones were like the control group. Tissue Malon-
dialdehyde (MDA) levels were like the control group in the low-dose CoQ10
group, while the MDA levels of the high dose CoQ10 group were similar to the
radiation group.
Conclusion: Usage of low-dose CoQ10 has a radioprotective effect on radiation-
induced ovarian damage. Although the use of high doses is morphologically
radioprotective, no antioxidative effect was observed in the biochemical
evaluation.
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INTRODUCTION

Radiotherapy is one of the common cytotoxic treatment
modalities used in cancer patients. Although ionizing
radiation increases long-term survival, it has iatrogenic
effects on fertility ranging from decreased fertility to pre-
mature ovarian failure and sterility. It has been shown
that acute ovarian failure develops in 70%–85% of young
reproductive-age women after abdominopelvic radiother-
apy in a dose- and age-related manner.1

Adult ovarian tissue has a pool of follicles containing
limited oocytes. With aging, primordial follicles forming
the ovarian reserve undergo atresia and gradually
decrease during folliculogenesis. Growing follicles are
associated with oocyte development and mitotic growth
in follicular cells. The oocyte pool cannot be regenerated,
and gonadotoxic exposure such as radiation dramatically
accelerates physiological changes in fertility.

Ovarian follicles are embedded in a microenviron-
ment of extracellular matrix and stroma. This complex
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structure includes fibroblasts, theca-interstitial cells, and
endothelial and immune cells. Granulosa cells are the
first cell group to be affected by radiation injury, and sig-
nificant cell death is observed within hours after expo-
sure.2 The oocyte is also affected by apoptosis and
oxidative stress in the follicular environment. Oocyte is
highly sensitive even to doses >2 Gy and radiosensitivity
varies according to the growth phase.3

It was shown that primordial follicular oocytes were
affected by low-dose radiotherapy while developing folli-
cle oocytes were affected by high-dose radiotherapy. It
has been determined that small follicles waiting in the fol-
licle pool are 80 times more sensitive to radiation dose
than developing follicles.4 Radiation damage to the
stroma both affects vascularization and leads to atrophy
and fibrosis. Many factors such as age, ovarian reserve,
combined treatments, total radiation dose, application
area, and fraction scheme affect the radiation damage
that develops in the ovary.

Oxidative stress and the formation of free oxygen rad-
icals are the most important causes of radiotherapy-
induced infertility. Its toxic effect occurs by damage to
DNA, protein, and lipids with free radicals formed due
to water radiolysis of the cell.5 Induction of apoptosis by
intrinsic mitochondrial pathways results in p53 activa-
tion, cytochrome c release, and caspase activation. Acti-
vated caspase cleaves DNA damage repair enzymes to
block DNA repair and accelerate apoptosis. Radiation
dose >2 Gy causes apoptosis and chromosomal damage
in follicular cells, losing half of the ovarian reserve.6

CoQ10 plays a key role in mitochondrial membranes
as an electron and proton carrier in aerobic cellular respi-
ration. It functions as an antioxidant in the cell mem-
brane and plasma. It also takes part in cell signaling
systems, metabolic reactions, and transport systems.7

CoQ10 plays a role in the etiopathogenesis of many dis-
eases such as oxidative stress, carcinogenetic process,
neurodegenerative diseases, diabetes, cardiovascular dis-
eases, and fibromyalgia.8

CoQ10 carries electrons in the mitochondrial respiratory
chain that are involved in ATP synthesis. The role of
CoQ10 in oxygen metabolism is making a superoxide anion
radical derivative as one of the main oxygen reactive spe-
cies. The presence of both prooxidant and antioxidant
capacity enables it to play a key regulatory role in the oxi-
dative state balance.9 The reduced form of CoQ10 is ubiqui-
nol, which transforms vitamin E and protects biological
membranes from lipid peroxidation.10 The dual function of
CoQ10 makes it indispensable for the control of mitochon-
drial functions and cellular mechanisms.11

This study aimed to examine the radioprotective
effect of CoQ10 in an experimental rat model using histo-
logical and immunohistochemical methods. At the same
time, we determined the oxidant-antioxidant status bio-
chemically. In the literature, there are studies evaluating
the radioprotective effect of antioxidants against ovarian
damage, but there is no treatment agent that has entered

clinical use yet. As far as we know, there is no study in
the literature investigating the effect of CoQ10 on ovar-
ian damage due to ionizing radiation. In addition, we
examined two different doses of CoQ10 (30 vs.
150 mg/kg) to observe whether there is a dose-dependent
effect. This study is exploratory research since it does not
produce a statistical hypothesis despite a null hypothesis.

MATERIALS AND METHODS

This study is a prospective, randomized experimental ani-
mal model study conducted at Recep Tayyip Erdo�gan
University Experimental Animals Application and
Research Center, Rize. Prior to the study, ethical
approval was obtained from the Ethics Committee
(Approval No: 2019/44). The study was carried out with
the funds of the Scientific Researches Project Support
Unit of Recep Tayyip Erdogan University (project num-
ber: 2020–1221).

Experimental animals

Thirty-two female adult Sprague–Dawley rats (3- to
4-month-old), weighing 200–250 g, were used in the
study. The rats were kept in standard conditions at 22�

constant room temperature, 50%–60% humidity, 12 h of
light and 12 h of darkness, in a ventilated environment
with lighting and air conditioning. Standard daily diet
and water consumption were provided.

The rats were randomly allocated into four groups:
Group I: control group, Group II: only pelvic irradiation
(IR) was administered, Group III: 30 mg/kg CoQ10
(Solgar, New Jersey, USA) was administered by oral
gavage + IR, Group IV: 150 mg/kg CoQ10 (Solgar, New
Jersey, USA) was administered by oral gavage +
IR. CoQ10 therapy was started 7 days before pelvic
irradiation.

The fertility protective effect of CoQ10 has been fre-
quently used in rat testicular experimental models and
the standard dose used was 10 mg/kg.12 The number of
publications in the literature showing the protective effect
of CoQ10 on the ovary is limited and variable dosages
has been used. Dosages of CoQ10 were chosen based on
previous experimental studies taking into account preser-
vation of ovarian reserve.13–16 Özcan et al. determined
the ovarian protective CoQ10 dose against oxidative
stress caused by cisplatin as 150 mg/kg. Our study aimed
to evaluate the effect of different doses of CoQ10 on
ovarian tissue. For this reason, 150 mg/kg16 was deter-
mined as the high dose and 30 mg/kg was determined as
the low dose. In experimental studies, CoQ10 application
generally lasts 14 days.13,17,18 Additionally, Özcan et al
stated earlier initiation of CoQ10 supplementation prior
to cisplatin exposure may better demonstrate the possible
protective role of CoQ10.16

2 TEKIN ET AL.

 14470756, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/jog.15966 by R

ecep T
ayyip E

rdoan Ü
niversitesi, W

iley O
nline L

ibrary on [10/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



X-ray irradiation procedure

Radiotherapy was administered at Recep Tayyip Erdo-
gan University Radiation Oncology Radiotherapy Unit.
X-ray beam (Elekta Synergy; Elekta, Crawley,
United Kingdom) was applied with a digital linear accel-
erator at 6 MV and 4 Gy/min. Radiotherapy planning
was done using the CMS-XIO system (version 13.2). Rats
received radiation to the pelvic region with a single dose
of 2 Gy beam, which was sufficient to induce ovarian
injury.19 Before radiotherapy, all rats were anesthetized
with 20–30 mg/kg ketamine hydrochloride and fixed in
the supine position by the legs and tail. Rats were irradi-
ated with bolus 1 cm and 0� to 180� by the isometric
method in a 20 � 40 cm2 area from front to back
with 6 MV.

CoQ10 was continued for 7 days after pelvic irradia-
tion and rats were sacrificed 7 days after pelvic radiother-
apy. For the scarification process, 50 mg of ketamine and
7 mg/kg of xylazine was administered intraperitoneally,
and bilateral ovarian tissues were removed by laparot-
omy. The right ovarian tissue was stored at �80� for bio-
chemical examination, and the left ovarian tissue was
fixed in 10% formaldehyde for histological examination.

Histopathological analyses

After tissue follow-up procedures, ovarian tissues were
embedded in paraffin blocks and then serial sections
were taken and stained with Hematoxylin-Eosin (H-E). By
using semi-quantitative analysis, histopathological damage
score (HDS) was designed in accordance with previous
studies20–22 and calculated as shown in Table 1. Twenty-
seven different areas of each ovary tissue section in the
groups were measured by two blind histopathologists. His-
topathologists were double blinded to the study groups.

Immunohistochemical analyses

Apoptosis was evaluated by applying immunohistochem-
ical staining steps. TUNEL (terminal deoxynucleotidyl
transferase-mediated dUTP nick end-labeling) antibodies
were used to detect apoptotic cells in ovarian sections.
Sections were placed on positively charged slides and
blocked with deparaffinized endogenous peroxidase for

15 min with 3% H2O2. Sections were blocked for 20 min
to prevent nonspecific binding and then a primary anti-
body was applied. After incubation with a secondary
antibody, chromogen (diaminobenzidine chromogen)
was added, and sections were sealed after counterstaining
with hematoxylin.

Apoptosis score

Immune-positive apoptotic cells marked by the TUNEL
method were scored as shown in Table 2. Twenty ran-
domly selected different areas were measured in each
apparatus by two blinded histopathologists whose scor-
ing process was blinded to the study groups.

Biochemical analyses

Malondialdehyde (MDA) values were checked to deter-
mine the oxidative stress level in ovarian tissues. MDA
level was measured using Draper and Hadley’s double
heating technique. The color formed after the reaction
was measured spectrophotometrically. MDA levels are
given in μmol/L.

Statistical analyses

SPSS Statistics version 18.0 software program was used
for statistical analysis (IBM Corporation, Armonk, NY,
USA). Categorical variables are given as numbers and
percentages, and continuous variables as mean
± standard deviation. A value of p < 0.05 was considered
significant. The normality distribution of the groups was
performed with the Kolmogorov–Smirnov test. One-way
analysis of variance (ANOVA) test was applied, and the
post hoc Tukey test was used to evaluate the mean differ-
ences between the groups.

RESULTS

Histopathological analyses

When the ovarian tissue sections of the control group
(Group I) were examined under a light microscope;

TABLE 1 Histopathological damage score (HDS).

Histologic area

Grade

0 1 2 3

Degenerative follicle

≤5% 6%–25% 26%–50% >51%Hemorrhage

Inflammation

TABLE 2 Apoptosis score (AS).

Grade Score

0 Less than ≤5%

1 Between 6% and 25%

2 Between 26% and 50%

3 More than 51%

EFFECT OF COENZYME Q10 ON OVARY 3
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primordial, primary, and secondary follicles containing
normal granulosa cells in the cortex of the ovary were
observed (Figure 1a, b, HDS: 0.5 [0–1] mean [min–max]).
On the contrary, there were hemorrhagic degenerative
follicles in the cortex of the ovarian tissue belonging to
the irradiation group (Group II). In addition, hemor-
rhagic and infiltrative areas were observed in the medulla
and cortex of the ovary (Figure 1c, d, HDS 7 [6–7] mean
[min–max]). Degenerative follicles, hemorrhagic areas
and inflammation were found to be decreased in the low-
dose CoQ10 group (Group III) (Figure 1e, f, p = 0.001,

HDS: 2 [1–2] mean [min–max]). Similarly, degenerative
follicles were decreased in the high-dose CoQ10 group
(Group IV), and the presence of many typical preantral
follicles was detected (Figure 1g, h, p = 0.001, HDS:
1 [0–2] mean [min–max]).

Immunohistochemical analyses

TUNEL method was used to mark apoptotic cells. Sec-
tions of Group I consisted of primordial, primary, and

F I GURE 1 H + E-stained sections of
the ovarian tissues of the study groups
under light microscope. A (H + E �200),
B (H + E �400): Group I (control group)
normally structured secondary follicle
with granulosa cells and primary oocyte.
C (H + E �200), D (H + E �400): Group
II (irridation group) disseminated
degenerative follicles, hemorrhagic areas
and inflammation (spiral arrow). E (H
+ E �200), F (H + E �400): Group III
(low dose group) decreased degenerative
follicle, hemorrhage and inflammation. G
(H + E �200), H (H + E �400): Group
IV (high dose group) normally structured
ovarian follicles with decreased
degeneration. pmf: primordial follicle, pf:
primary follicle, sf: secondary follicle, h:
hemorrhage, df: degenerative follicle.

4 TEKIN ET AL.
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secondary follicles containing normal immune-negative
granulosa cells (Figure 2a, Apoptosis score [AS]: 0 [0–0]
mean [min–max]). In contrast, cross-sections of group II
had degenerative follicles containing dense immune-
positive granulosa cells in the cortex of the ovarian tissue.
(Figure 2b; AS 3 [3–3] mean [min–max]). Apoptotic

granulosa cells showing TUNEL-positiveness were found
to be decreased in Group III (Figure 2c, p = 0.001, AS:
0 [0–0.5] mean [min–max]). Similarly, in the preantral fol-
licles of group IV, TUNEL-positive granulosa cells were
decreased, and there were preantral follicles containing
many typical granulosa cells (Figure 2d, AS 0 [0–0.5]
mean [min–max]).

Biochemical analyses

In the biochemical evaluation, the MDA values of the
groups were compared. The MDA values were 89.56
± 44 μmol/L (Group I), 305.77 ± 76 μmol/L (Group II),
92.19 ± 53 μmol/L (Group III), and 225.36 ± 81 μmol/L
(Group IV), respectively. Since the data were normally
distributed (p > 0.05), the One-way ANOVA test was
performed to determine the difference between the
groups, and a statistically significant difference was
found (F = 20.048, p < 0.01, df = 3). According to the
Tukey HSD test, Groups I and III had low MDA values
(89.56 and 92.19 μmol/L), while Groups II and IV had
high MDA values (225.36 and 305.77 μmol/L). The dif-
ference between the groups was statistically significant
(p < 0.05) (Figure 3).

DISCUSSION

The present study investigated the possible radioprotec-
tive effect of CoQ10 in ovarian tissue exposed to ionizing
radiation using two different CoQ10 doses, with histo-
pathological, immunohistochemical, and biochemical
methods. It was observed that the ovarian tissue was
damaged due to pelvic ionizing radiation as reported in
the literature.4 However, CoQ10 administration partially
or completely restored the histological architecture of

F I GURE 2 Apoptotic assessment of ovarian tissues with TUNEL.
(a) Group I—a normally structured secondary follicle with granulosa
cells (arrow) (�400). (b) Group II—secondary follicle with numerous
intensely immunoreactive granulosa cells (tailed arrow) (�400).
(c) Group III—decreased immunoreactive granulosa cells in secondary
follicle (tailed arrow) (�400). (d) Group IV—secondary follicle with
typical granulosa cells (arrow) (�400).

F I GURE 3 Comparison of the malondialdehyde (MDA) levels of
study groups. Groups I and III have significantly lower MDA levels
than Groups II and IV.

EFFECT OF COENZYME Q10 ON OVARY 5
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ovarian tissue damaged by ionizing radiation. In addi-
tion, the low dose of CoQ10 provided greater protection
than the high dose.

Even at low doses, ionizing radiation creates breaks
in DNA, increases free oxygen radicals, and causes dam-
age to cellular lipid membranes.23 MDA is the most
important indicator of lipid peroxidation. The lipid per-
oxidation products formed as a result of damage to the
cell membrane cause cellular apoptosis and necrosis by
activating the NF-κB pathway and caspase cascade.24

The increase in MDA levels and TUNEL positivity in
the ovarian tissue in the radiation group of our study
confirm the oxidative and apoptotic effects of radiation.
However, CoQ10 acts as an antioxidant by protecting
membrane phospholipids, proteins, and DNA. CoQ10
has antioxidant and antiapoptotic effects by capturing
free radicals in lipid and mitochondrial membranes. It
has been shown to be a strong radio-protector.25 Lipid
peroxidation leads to a decrease in the endogen CoQ10
pool and mitochondrial respiratory chain activity. In the
case of oxidative stress, dietary CoQ10 intake may be
necessary as the endogenous CoQ10 pool is depleted. It
has also been shown that dietary CoQ10 supplementation
does not cause accumulation in tissues and is safe.26

Exogenous CoQ10 supplementation has been shown to
prevent oxidative stress and preserve mitochondrial respi-
ratory functions. The antioxidant effect of CoQ10 supple-
mentation has been demonstrated in clinical and
experimental studies in cardiovascular diseases, kidney
diseases, neurodegenerative diseases, and oxidative stress
caused by chemotherapeutic agents.27 It was shown that
total antioxidant capacity elevated, MDA levels
decreased, and superoxide dismutase levels increased with
CoQ10 supplementation.28 In addition, CoQ10 supple-
mentation has β-cell protective effects against β-cell dam-
age caused by oxidative stress in diabetics.29 In the
literature, there is a study showing that the damage is
reduced with the use of exogenous CoQ10 against the
functional and structural damage in the ovarian tissue
due to the use of methotrexate.30

There are limited studies in the literature about ovarian
reserve preserving effect of CoQ10, administered dosages of
CoQ10 are not standard. Ben-Meir et al.15 showed that
age-related ovarian reserve decline can be prevented with
22 mg/kg of CoQ10 supplementation. In another study, the
protective effect of CoQ10 was exerted via the antioxidant
and proliferative properties on cyclophosphamide induced
ovarian damage with the same dosage.14 On the other
hand, Lee et al.13 demonstrated 150 mg/kg CoQ10 reduced
oxidative stress levels and improved ovarian function and
oocyte quality. Similarly, Özcan et al showed higher dosage
CoQ10 supplementation may protect against oxidative
stress induced ovarian damage.16 As far as we know, there
is no study in the literature evaluating the protective effect
of CoQ10 against radiotherapy-induced ovarian injury. In
this sense, our study is a pilot study. In this experimental
model, irradiation was applied at a level that would cause

irreversible damage to the ovarian tissue and it was aimed
to evaluate the protective effect and dose-dependent cura-
tive effect on the ovarian tissue by using two different doses
of CoQ10. In our study, low dose (30 mg) CoQ10 was given
to one group and high dose (150 mg) CoQ10 to the other
group in order to determine the dose-dependent variability
of the effect of CoQ10 on rats given 2 Gy radiation.

Our histopathological analysis showed severe damage
to the ovarian tissue in the radiation group, while both
doses of CoQ10 showed normal histological structure in the
ovarian tissue. Likewise, while there was a high level of
staining in the radiation group in which we applied the
TUNEL method to show necrosis and apoptosis, the posi-
tivity levels of both groups that received CoQ10 were simi-
lar to the control group. However, tissue MDA levels,
which we measured biochemically, were similar to the con-
trol group in the low-dose CoQ10 (30 mg) group. Interest-
ingly, the tissue MDA levels of the group in which we
applied high-dose CoQ10 (150 mg) were found close to the
radiation group. This situation made us think that high-
dose CoQ10 intake caused a decrease in antioxidant activ-
ity. In order to understand whether this is due to the
decrease in antioxidant activity of high-dose CoQ10 or the
potential for toxic effects of high-dose CoQ10 alone, it may
be explanatory to create an experimental group given only
high-dose CoQ10. As is known, CoQ10 is an agent that acts
as a regulator with both prooxidant and antioxidant prop-
erties. CoQ10 forms a superoxide anion radical derivative
as one of the main oxygen-reactive species. The use of high
doses of CoQ10 disrupts the regulatory function and causes
the balance to shift to the prooxidant side. This is an impor-
tant finding as evidence that the use of high doses of
CoQ10, unlike low doses, worsens oxidative stress instead
of improving it.

CoQ10 is one of the most popular antioxidant agents
used in the treatment of many diseases. There are approxi-
mately 16 680 articles about CoQ10 in the literature. From
cancer to neurodegenerative diseases, from aging to infertil-
ity, these studies have focused on the protective effect of
CoQ10.27 However, there are very few studies comparing
the dose of CoQ10 and in this sense, our study fills an
important gap in the literature. At the same time, although
there are many studies investigating the chemoprotective
effects of CoQ10, the number of studies evaluating its radio-
protective activity is limited. In our study, ovarian tissue
with high radiosensitivity was examined. In addition, two
different doses of CoQ10 were used to find the effective
dose of CoQ10. In light of the data obtained, it has been
proven that CoQ10 is an effective radioprotective agent for
the ovary, and this effect is more pronounced when used in
low doses such as 30 mg. The use of high-dose CoQ10
showed radioprotective activity histologically similar to that
of low-dose administration but did not exhibit a sufficient
antioxidative effect.

Our study has some limitations. Firstly, the study was
conducted in experimental animals. The administration
of CoQ10 to humans may be considered after studies in
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higher primates and mammals. The second limitation is
the evaluation of short-term complications of radiother-
apy. Although the positive effects of CoQ10 used in the
early period were observed morphologically and bio-
chemically, longer-term effects were not assessed. On the
other hand, we mentioned usage of high doses of CoQ10
disrupts the regulatory function and causes the balance to
shift to the prooxidant side, one of limitation of our study
was lack of control groups with CoQ10 intake 30 and
150 mg/kg without using 2 Gy of irradiation. Another
limitation is that functional tests are not used in the eval-
uation of ovarian reserve. However, within the scope of
the study, we determined that the ovarian tissue was pre-
served morphologically, and hormonal evaluation was
not performed.

In conclusion, this study showed that the use of low-
dose CoQ10 has a radioprotective effect on radiation-
induced ovarian damage. Although usage of high doses
of CoQ10 is morphologically radioprotective, the oxida-
tive stress level in the ovary was found similar to only the
radiotherapy receiving group at biochemical evaluation.
Further research with larger groups and wider CoQ10
ranges are required in advanced primates or mammals.
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