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Abstract

Introduction: This study was planned to investigate the protective effect
of resveratrol (RSV), caffeic acid phenethyl ester (CAPE), and coenzyme Q10
(CoQ10) on chemotherapy-induced premature ovarian insufficiency (POI).
Material and methods: Twenty-eight female rats were divided into four
groups with 7 rats in each group. The groups consisted of a vehicle-treated
control group (group 1), rats treated with chemotherapy followed by intra-
peritoneal RSV injection (group 2) or rats treated with chemotherapy fol-
lowed by CoQ10 (group 3), or rats treated with chemotherapy followed by
intraperitoneal CAPE injection (group 4). Cisplatin was administered intra-
peritoneally once daily at doses of 2.0 mg/kg for 10 days. Rats in groups 2,
3, and 4 were given RSV (100 mg/kg, i.p.), CoQ10 (20 mg/kg, oral), and CAPE
(10 mg/kg, i.p.) respectively. Five animals in the sham group underwent lapa-
rotomy for ovarian weight measurements on the first day of cisplatin injec-
tion. Animals in the treatment and control groups were sacrificed two weeks
later, and their ovaries were excised for histopathological analysis. Serum
levels of anti-Mullerian hormone (AMH) were also analyzed.

Results: Rats in groups 2 and 4 showed vaginal smears under estrogenic
effect. At the end of the second week, the total body weight and ovarian
weight of the animals in group 1 increased. Significantly higher mean follicle
count was detected in groups 2 and group 4 compared to group 3. The ova-
ries of the rats in the control group showed follicles in all stages of develop-
ment. While the ovaries of the rats in the RSV or CAPE showed significantly
decreased numbers of primordial follicles they showed increased numbers
of early growing follicles.

Conclusions: Both RSV and CAPE administration might improve follicle sur-
vival and AMH production in rats with chemotherapy-induced POl but fur-
ther research is necessary.

Key words: resveratrol, CAPE, CoQ10, premature ovarian failure, oocyte
preservation.

Introduction

One of the most important concerns of infertility practice is chemo-
therapy-induced diminished ovarian reserve [1]. Hence, protection of
the ovarian follicle loss in women with different types of cancer has gained
increasing attention [2, 3]. Use of gonadotropin releasing hormone ana-
logs, cryopreservation of oocytes, and cryopreservation of ovarian cortical
tissues are commonly considered strategies for preservation of ovarian
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reserve in young cancer patients undergoing che-
motherapy. Due to limited data about the possible
mechanism of action of anti-cancer drugs regard-
ing ovarian follicle survival there had been limited
improvement in the fertility preservation methods
[2, 3]. This limitation led us to think that use of pro-
tective adjuvants with anti-cancer properties may
prevent the loss of follicle depletion during chemo-
therapy and they would be appropriate for young
female cancer patients.

Toxic effects of anti-cancer drugs on reproduc-
tive tissues are a major problem during treatment
of young women with cancer. Chemotherapeutics
not only target the cancer cells but also attack
non-cancerous dividing cells including oocytes
[4, 5]. Toxic insult due to anti-cancer drugs may
lead to undesired adverse effects on the growing
follicle that may cause premature ovarian failure.
Unfortunately, most of the drugs or surgical in-
terventions developed for minimizing follicle de-
pletion show low efficacy resulting in premature
ovarian aging [4, 5]. In order to prevent chemo-
therapy-induced follicle loss, many plant-derived
polyphenols have been used due to their che-
mopreventive features [6-8]. In this purpose we
investigated the impact of three well-known nat-
ural molecules, resveratrol (3,4',5-trihydroxy-trans-
stilbene), caffeic acid phenethyl ester (CAPE), and
coenzyme Q10 (CoQ10) on chemotherapy-induced
follicle loss. Resveratrol (RSV) is a polyphenol
found in grapes and peanuts that has demonstrat-
ed antioxidant, anti-inflammatory, cell protecting
and anti-cancer properties that could facilitate
its therapeutic application in many clinical condi-
tions including ovarian aging [9-11]. It is a plant
produced in a range of species as a defense mech-
anism against environmental stressors such as
pathogens and UV radiation [12]. Administration
of RSV has beneficial effects in the prevention
of ischemia-reperfusion injury of the ovaries [13].
The oocyte preserving effects of resveratrol, if they
really exist, could be derived from its metabolites,
which have demonstrated more potent activity
than resveratrol [13, 14]. Caffeic acid phenethyl es-
teris a phenolic compound produced from propolis.
It has antimitogenic, antioxidant and anti-cancer
activities that inhibit the production of free oxygen
radicals [15]. In addition to its nuclear factor kap-
pa B inhibitory activity, CAPE has been reported to
show anti-inflammatory and immunomodulatory
effects [16]. Celik et al. showed that CAPE adminis-
tration ameliorates ischemia-reperfusion injury in
rat ovary by decreasing xanthine and malondial-
dehyde and by increasing glutathione levels [15].

Coenzyme Q10, a fat-soluble component of near-
ly all cell membranes, is located in the inner mito-
chondrial membrane. Coenzyme Q10 contributes
energy production in mitochondrial electron trans-

port chain and has antioxidant properties [17]. It has
been reported that CoQ10 supplementation causes
a significant increase of CoQ10 levels in ovaries [18].
Ozcan et al. [19] reported that ovarian reserve was
preserved with 150 mg/kg/day CoQ10 application
in a chemotherapy-induced ovarian injury model.
In connection with this, by preventing cell mem-
brane peroxidation and free radical oxidation CoQ10
may be involved in inhibition of follicle depletion
due to chemotherapy. However, there are no clear
data on whether these three molecules have a folli-
cle protective effect on the POl model. In this study,
RSV, CAPE and CoQ10, which have been scientifically
proven to have strong antioxidant, antiapoptotic
and cell survival effects [1-3], were used to investi-
gate the possible protective role of these molecules
on ovarian follicle depletion in animals with cispla-
tin-induced premature ovarian insufficiency (POI).
The aim of this study was to investigate the possi-
ble follicle-protective effect of RSV, CAPE, or CoQ10
on an experimentally induced POl model.

Material and methods
Grouping of animals

In the current study, the care of the rats and all
surgical procedures to be performed were planned
in accordance with Guide for the Care and use
of Laboratory Animals. The study was carried out in
Altinbas University Faculty of Medicine. Local ethi-
cal approval of this study was obtained from Altin-
bas University Hospital. Twenty-eight female Wistar
Albino strains weighing 200-350 g were kept under
standard environmental, heat, housing and feed-
ing conditions. They were equally divided into four
groups with 7 rats in each group: the groups con-
sisted of a vehicle-treated control group (group 1),
or chemotherapy-treated rats received resveratrol
injection (group 2), or chemotherapy-treated rats
received oral CoQ10 (group 3), or chemothera-
py-treated rats received CAPE injection (group 4).
A sham group (placebo surgery) consisting of five
animals was created to measure baseline ovarian
weights. On the first day of cisplatin injection to
other groups, animals in the sham group under-
went laparotomy and their ovaries were surgically
removed to calculate the ovarian weights. Unlike
other groups, animals in the sham group were not
exposed to cisplatin, so the POl model was not ap-
plied in animals in this group. In addition, the ani-
mals in this group underwent laparotomy without
any follicle-sparing treatment and the weights
of their ovaries were measured.

Creating a rat model of premature ovarian
insufficiency with cisplatin

Rats were chosen to create the POl model
because it is easily accessible and their ovarian
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physiology is similar to human ovarian physiolo-
gy. We also chose to use cisplatin as the use of
this drug is preferred in most POl models, and
the harmful effects of cisplatin on follicles have
been shown in a previous study [20]. The rat mod-
el of POl was established by 10 consecutive days
of intraperitoneal injection of cisplatin that was
administered once daily at doses of 2.0 mg/kg.
Rats in groups 2, 3, and 4 were given either
RSV (100 mg/kg, i.p.), CoQ10 (20 mg/kg, oral),
or CAPE (10 mg/kg, i.p.) respectively. Treatment
with RSV, CoQ10, or CAPE was started at the
15t day of chemotherapy and continued for 10 days
during chemotherapy. Since CoQ10, as with all
water-insoluble compounds, has been reported to
be better absorbed in the intestines, we chose to
give the CoQ10 orally [21]. Unlike CoQ10, the oral
bioavailability of RSV or CAPE is very low due to
its incomplete intestinal absorption and intense
catabolism, which limits their oral application [22].
For this reason, we chose to deliver these two mol-
ecules by the intraperitoneal route.

Control animals in group 1 received injections
of phosphate buffered saline solution. The rats in
each group were observed daily for clinical signs
including weight loss, food intake and motor func-
tion. In addition serum levels of anti-Mullerian
hormone (AMH) and estrous cycle characteristics
of animals were also monitored. The body weights
of each rat were measured on the day of the first
injection of cisplatin and on the day of ovariecto-
my. The animals were sacrificed two weeks after
the first injection of cisplatin, and their ovaries
were excised for histopathological analysis. Ovari-
an weights of animals were also recorded. The ini-
tial ovarian weights of the sham group were com-
pared with the ovarian weights of the animals in
the treatment groups 15 days later. Histological
sections were evaluated with the H-score meth-
od. This is a semi-quantitative method consisting
of the percentages of positively stained ovarian
cortical and medullar cells multiplied by a weighted
intensity of staining: H-score = £ Pi (i + 1), where
Pi is the percentage of stained ovarian cells in
each intensity category (0-100%), and i is the in-
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tensity indicating weak (i = 1), moderate (i = 2) or
strong staining (i = 3) [23].

Anti-Mullerian hormone assay

After venous blood collection, serum for assay
of AMH was separated and frozen. All samples
were analyzed using an ultra-sensitive AMH Gen
Il ELISA kit (Beckman-Coulter, Inc., Webster, USA).
The lower limit of AMH detection was 0.16 pg/l.
Inter-assay variation was 10% at 0.27 pg/l. All val-
ues are expressed in ng/ml.

Counting follicles

The ovaries of each rats were fixed in para-
formaldehyde embedded in paraffin, serially sec-
tioned, and stained with hematoxylin for histolo-
gy and differential follicle counting. An average
of 8 sections were obtained 5 um in thickness.
Follicle counts were performed on representa-
tive sections from seven rats from each group,
and the mean count per section was calculated.
In each section, primordial, primary, antral and
Graafian follicle counts were noted. A primordial
follicle was defined as an oocyte surrounded by
a single layer of granulosa cells. A primary follicle
was defined as an oocyte surrounded by a sin-
gle layer of cubic epithelium. Antral follicles were
defined as follicles with an antral space between
the multilayered granulosa cells. A Graafian follicle
was defined as a follicle with a large antrum [24].

Statistical analysis

All data analysis was applied using the software
package SPSS 18.0 for Windows (SPSS, Inc., Chi-
cago, IL, USA). The normality of individual group
parameters was assessed with the one-sample
Kolmogorov-Smirnov Z test. Variables with normal
distributions were compared between groups us-
ing independent samples tests. Because they were
found to be abnormally distributed in both groups
the Mann-Whitney U and ANOVA tests were used
for comparisons of results. Data were given as
mean + standard deviation. P-values < 0.05 were
considered to indicate statistical significance.

Table I. Comparison of the groups according to measured parameters

Groups Total follicle count AMH [ng/ml] Ovarian* weight [g] Body weight [g]
I: Control (n=7) 18.4 +0.13 5.35 +6.06 86.1 £0.29 294.2 £13.2
I1: RSV (n=7) 16.6 £1.22 496 +1.41 78.1 £9.18 286.4 £1.02
I1: CoQ10 (n =7) 8.48 £1.45 3.52 £1.44 67.1 £50.9 220.1 £9.01
IV: CAPE (n=7) 13.7 £3.22 5.10 £2.70 77.1 £43.1 278.5 +6.45
Sham (n = 5) 84.5+12.2

*The ovarian weights of the animals in the sham group were used for comparison with the ovarian weights of the other animals in
the treatment group. RSV — resveratrol, CoQ10 — coenzyme Q10, CAPE — caffeic acid phenethyl ester.
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Results

Rats given CAPE or RSV showed vaginal smears
with superficial cells showing an estrogenic effect.
H-score evaluation of the ovaries demonstrated
a higher mean follicle count in group 2 and group 4
compared to group 3. The ovarian cross-section-
al area was not significantly different between
groups 1, 2, and 4 in terms of the number of in-
dividual follicle types. The total follicle number
of animals in the control group was approximately
2.5 times that of animals in group 3 (18.4 +0.13 vs.
8.48 £1.45, p < 0.001). When the control group and
the RSV group were compared, the total follicle
numbers were similar (18.4 +0.13 vs. 16.6 +1.22,
p < 0.41). The total number of follicles in the con-
trol group was higher than CAPE, but the differ-
ence was not significant (18.4 +0.13 vs. 13.7 +3.22,
p < 0.57). However, rats in group 3 had a lower
total number of ovarian follicles than those in
groups 2 (8.48 +1.45 vs. 16.6 +1.22, p < 0.05) and
4 (8.48 +1.45vs. 13.7 +£3.22, p < 0.05).

Groups 2 (4.96 +1.41 vs. 3.52 +1.44 ng/ml,
p < 0.05) and 4 (5.10 £2.70 vs. 3.52 +1.44 ng/m|,
p < 0.05) had significantly higher serum AMH lev-
els than in group 3. Compared to control group
rats the RSV or CAPE group rats showed an insig-
nificant decrease in serum levels of AMH. Com-
pared to the control group, AMH level was signifi-
cantly lower in rats given CoQ10 (5.35 +6.06 ng/ml
vs. 3.52 +1.44 ng/ml, p < 0.03). Increases in total
body weight and ovarian weight were observed at
the end of the second week in group 1 animals.
The weight of the animals in the control group
at the end of the 2™ week was higher than that
of the animals in the other three groups. However,
only the difference between animals in the CoQ10
group and controls was significant (294.2 +13.2
vs. 220.1 £9.01, p < 0.02). The weight differenc-
es of animals given CAPE or RSV and animals in
the control group did not reach statistical sig-
nificance. Compared to other groups, significant
weight loss was detected in animals given CoQ10.
Animals in the RSV or CAPE groups showed insig-
nificant weight loss. While two rats in the CoQ10
group, died none of the rats in the RSV or CAPE
group died (Table I).

Ovarian weights of sham and control groups
were found to be similar on the 15% day. Ovarian
weights of the animals in the CoQ10 group were
significantly lower compared to both sham and
control groups. The ovarian weights of the rats in
the RSV and CAPE groups were lower compared to
the control and sham groups, but the difference
was not significant. Ovarian weights of the an-
imals in the RSV and CAPE groups were higher
than in the CoQ10 group, but the differences
did not reach statistical significance. The ovaries
of the rats in the control group showed follicles in

all stages of development. The ovaries of the rats
in the CoQ10 group showed increased numbers
of primary follicles at day 15. Other stages of folli-
cle significantly decreased in rats that were given
CoQ10. While the ovaries of the rats in the RSV or
CAPE group showed significantly decreased num-
bers of primordial follicles they showed increased
numbers of early growing follicles at day 15. They
showed increased numbers of primary and antral
follicles. While the number of somatic cells de-
creased in the ovarian tissue in rats given CoQ10,
there was a significant increase in inflammatory
cells. Conversely, both somatic and inflammatory
cell characteristics of animals given CAPE or RSV
were similar to the control group.

Discussion

Chemotherapeutic agents damage the devel-
oping follicles in the ovaries in different ways.
Oocyte and granulosa cells are vulnerable to dam-
age caused by cisplatin. Some chemotherapeutics
cause follicle death in the ovaries, while others
block cell division steps. The ovaries activate some
natural protective mechanisms to protect against
the toxic effects of drugs. The regulation of apop-
tosis comes first among these mechanisms.
A study conducted on xenograft models clearly
demonstrated that chemotherapy-induced folli-
cle death in the human ovary occurs via an apop-
totic mechanism [25]. Chemotherapeutic agents
reduce the ovarian reserve by damaging the DNA
of developing follicles. Follicle cells try to prevent
this damage by using their DNA repair enzymes
[26]. In addition, chemotherapeutics reduce blood
flow by damaging vascular and stromal cells in
the ovary and preventing oxygenation, leading to
the death of follicles. Insufficient oxygenation can
also increase the production of reactive oxygen
species (ROS), leading to follicle death. The ovar-
ian follicles make efforts to prevent the harmful
effect of chemotherapeutics by increasing neovas-
cularization. A study by Soliemani et al. showed
an inverse association between ovarian vascular
structures and primordial follicle apoptosis [27].
Oocytes with sufficient DNA repair ability and
antioxidant capacity may survive this gonadoto-
xic stress while others with a less efficient repair
mechanism and antioxidant enzymes may be
lost as a result of severe DNA damage triggering
apoptotic death pathways. To offset these risks,
women can be offered several options for fertili-
ty preservation, including cryopreservation of oo-
cyte, embryo or ovarian tissue. If the patient does
not accept fertility preservation methods, it may
be necessary to use some medications or sup-
plements to prevent follicle loss due to chemo-
therapy. Resveratrol and CAPE are two different
antioxidant supplements that have recently been
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used to prevent chemo-induced ovarian damage.
Although the oocyte protective mechanism of ac-
tion of these two molecules is not known exactly,
some mechanisms are explained in experimental
models. In this study, we do not know precisely
the oocyte-protecting mechanism of action of
RSV or CAPE since we only evaluate ovarian re-
serve over follicle count and AMH values. For this
reason, our comments may be somewhat specu-
lative.

In this preliminary and experimental study we
found that CAPE therapy reduced chemotherapy-
induced follicle loss. We do not clearly know how
CAPE prevents chemotherapy-induced ovarian
damage. Our comments on the chemopreventive
effect of CAPE are somewhat speculative, but are
based on our laboratory and clinical observations
on animals. The findings that support the positive
effects of CAPE are that the ovaries of the animals
in the CAPE group contain sufficient early growing
follicles, the decrease in serum AMH levels is in-
significant, and the weight lost by the animals is
similar to the control group. Apoptosis induction
is one of the mechanisms in which chemothera-
peutics show their toxic effects on ovaries. Pre-
served follicle count and AMH levels in rats that
were given CAPE may be due to antiapoptotic or
cell cycle regulatory actions of CAPE or its me-
tabolites. Although we did not examine apoptotic
changes in the ovary in our study, it is a known
fact that CAPE stimulates cell cycle arrest in can-
cer cells [28, 29]. Chemotherapeutics can lead to
the emergence of free oxygen radicals and exert
their toxic effects on the oocytes. Since CAPE is
one of the strongest molecules with an antioxi-
dant effect, it can prevent follicle loss by reducing
oxidant damage due to chemotherapy [30]. More
comprehensive studies are needed to clarify all
these mechanisms that we believe to be related
to the use of CAPE.

The reason for the high number of follicles de-
tected in animals receiving RSV or CAPE may be
due to the positive effects of these two molecules
on cell life. It has been reported that RSV or CAPE
interacts with a variety of molecular targets asso-
ciated with cell cycle survival pathways [31-33].
It has been reported that RSV inhibits pro-inflam-
matory enzyme expression, and reduces nuclear
factor-kB activation and cytokine release. Treat-
ment with resveratrol activates multiple intra-
cellular molecules involved in cell survival and
programmed cell death [34]. RSV protects the pa-
tient’s metabolic status by preventing insulin re-
sistance and contributes to the individual’s fight
against the harmful effects of chemotherapeutics
[35]. The follicle count and AMH levels of animals
on CoQ10 were found to be decreased. Despite
its antioxidant effect, CoQ10 did not prevent fol-
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licle loss due to chemotherapy. This may be due
to the fact that CoQ10 cannot be easily diffused
into the oocyte. Because chemotherapy disturbs
the mitochondrial function of the oocyte CoQ10
may be ineffective for restoration of the follicle. As
CoQ10 is fat soluble and is found in tissues with
high energy demands [36] restoration of dying
cells due to chemotherapy may not be possible
[37]. In addition to the increase in follicle loss in
animals given CoQ10, weight loss was also great-
er than in other groups. The reason for these neg-
ative effects may be related to the dose of CoQ10
used or the administration route. The dose of
20 mg/kg/day used in this study may not be suffi-
cient for a follicle protective effect.

In accordance with this opinion, a previous
study reported that when given at a dose of
150 mg/kg, CoQ10 alleviates ovarian reserve re-
duction due to chemotherapy [19]. However, since
the best absorption form of CoQ10 is provided
orally, we think that the route of use does not play
a role in these negative effects. For all these rea-
sons, studies applying CoQ10 in different doses
and in different ways are required.

Another possible cause of follicle preserving
effects of RSV or CAPE may be due to regulato-
ry function of these molecules in ROS generation
during chemotherapy [38]. Both molecules can
also exert their cell protecting function at the lev-
el of the oocyte or granulosa cell mitochondrial
membrane. A supportive, apoptotic pathway lo-
cated in the mitochondria has been reported to be
responsible for cancer cell death [39, 40]. By inhib-
iting apoptosis, either RSV or CAPE might protect
the oocyte or granulosa against cell death in ani-
mals with cisplatin-induced POI. The oocyte-pro-
tecting effect of RSV could also be derived from its
sulfated metabolites, which have demonstrated
more potent activity than RSV [14]. The genera-
tion of ROS during chemotherapy plays a pivot-
al role during apoptotic cell death. By decreasing
glutathione and superoxide dismutase levels ROS
lead to apoptotic cell loss. Therefore, antioxidant
action of RSV can inhibit ROS-mediated cell death
and may allow survival of the oocyte [41, 42]. Fur-
thermore, stimulation of glutathione S-transfer-
ase (GST) with RSV may be considered a potential
strategy for POI prevention in POl subjects due
to chemotherapy. Glutathione S-transferase may
protects against exposure to chemotherapy-in-
duced oxidative stress [43-45]. Supporting this,
both the expression and catalytic activity of GST
were restored with low dose RSV supplementation
[40]. Given the relation between increased GST
activity and reduced cancer risk [41], stimulation
of this enzyme could be a significant mechanism
by which resveratrol protects the oocyte from
harmful effects of anti-cancer drugs.
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This experimental study has its strengths and
weaknesses. Successful creation of the POl model
in rats makes the study privileged, because many
experimental POl models do not turn out as de-
sired, and most animals die. On the other hand,
since we evaluated both the number of follicles
and AMH levels in our study, we were able to make
stronger comments about the effect of these
three molecules on the ovarian reserve. Moreover,
the combination of three powerful antioxidant
molecules enabled us to obtain strong data on
the prevention of chemotherapy-induced ovarian
damage. In addition to all these positive effects,
our study also has limitations. The low number
of animals in the experimental groups is the ba-
sic handicap. Also, giving RSV, CAPE and CoQ10 as
a single dose in the experimental groups weakens
the study. The use of these three substances in
different doses and in different ways of applica-
tion could make our results more objective.

In conclusion, while RSV or CAPE administra-
tion does not prevent primordial follicle loss, they
preserve both primary and antral follicles in a cis-
platin-induced POl model. Both molecules may be
used as an effective oocyte preservation method
particularly among young cancer patients under-
going chemotherapy. Although the mechanisms
of action are unclear, their antioxidant and anti-
apoptotic effects may ameliorate harmful effects
of chemotherapeutic agents and preserve ovarian
reserve. Taken together, both CAPE and RSV sup-
plementation might be considered as an oocyte
preserving strategy in young cancer patients de-
siring to preserve their fertility potential. However,
in order to establish a clear conclusion, more re-
search is still necessary in this area.
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