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Abstract
Purpose We evaluated the protective effect of PRP on ovarian function in female rats with cyclophosphamide (Cy)-induced
ovarian damage.
Methods Thirty-two adult female Sprague–Dawley rats were randomly divided into four groups. Group 1 (control-sodium
chloride 0.9%; 1 mL/kg, single-dose ip injection), group 2 (Cy); 75 mg/kg, single-dose ip injection and sodium chloride 0.9%
(1 mL/kg, single-dose ip injection), group 3 Cy plus PRP, Cy (75 mg/kg, single-dose and PRP (200 μl, single-dose) ip injection),
group 4 (PRP, 200 μl, single-dose ip injection). Primordial, antral, and atretic follicle counts; serum anti-Müllerian hormone
(AMH) levels; AMH-positive granulosa cells; and gene expression analysis of Ddx4 were assessed.
Results Serum AMH levels were significantly lower in group 2 compared to groups 1, 3, and 4 (p < 0.01, p < 0.01, and p= 0.04,
respectively). A significant difference was found in the primordial, primary, secondary, antral, and atretic follicle counts between all
groups (p < 0.01). There was a statistically significant difference in AMH-positive staining primary, secondary, and antral follicles
count between the groups (p< 0.01). There was a statistically significant difference in primary, secondary, and antral AMH positive
staining follicle intensity score between the groups (p< 0.01). Ddx4 expression in group 4 was highest compared to other groups.
Conclusion Our study may provide evidence that PRP could protect ovarian function against ovarian damage induced by Cy. It
could lead to improved primordial, primary, secondary, and antral follicle numbers.
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Introduction

Premature ovarian insufficiency (POI) affects approximately 1–
3% of women younger than 40 years of age, although the

prevalence of POI is actually less certain [1, 2]. The causes of
POI are clearly heterogeneous, with a wide spectrum of causes.
The majority of POIs are classified as idiopathic, but there are
several known mechanisms related to the development of POI,
such as genetic, autoimmune, mitochondrial dysfunction, inflam-
matory, chemotherapeutic treatments, endocrine, psychological,
paracrine, or metabolic factors [3, 4]. POI leads to the reduction
of the number of oocytes in the ovaries because of especially
accelerated atresia. Early loss of ovarian function results in sig-
nificant health problems and infertility. Women with POI have
only a 5–10% chance of conceiving but the likelihood of recov-
ery of ovarian function is not possible to predict. There are var-
ious medical therapies to restore ovarian function and/or treat
fertility and/or achieve pregnancy in women with POI, such as
immunomodulating therapies, apoptotic inhibitors, antioxidant
therapies, IVF, and embryo transfer using donor oocytes [5].
There are no proven treatment methods, and trials have generally
failed to demonstrate any significant improvement in ovulation
or pregnancy rates in women with POI by these recommended
treatment options.
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Effective screening, early diagnosis, and enhanced cancer
therapies contribute to an increase in long-term survival for
cancer patients. One of the most crucial long-term side effects
of chemotherapeutic agents in female cancer survivors is in-
fertility due to chemotherapy-induced ovarian damage and
subsequent iatrogenic POI. New treatment modalities, which
cope with the risk of subsequent infertility in young cancer
patients with chemotherapy-induced POI, are absolutely need-
ed to restore ovarian function for future fertility. The chemo-
therapeutic agents are generally categorized as high-risk, me-
dium-risk, and low-risk agents according to their
gonadotoxicity [6]. The alkylating agents, including cyclo-
phosphamide, chlorambucil, busulfan, and procarbazine, are
considered to be high-risk chemotherapeutic agents. The che-
motherapeutic agents decrease ovarian reserve and induce
POI; alkylating agents induce the most severe damage with
an odds ratio of almost 4.4 [7, 8]. Therefore, in the present
study, cyclophosphamide (Cy) was used to induce ovarian
failure in the animal model. Cy primarily causes the inhibition
of DNA synthesis and function and the induction of DNA
damage through DNA cross-linking and double-strand breaks.
It can also result in the initiation of apoptosis via the activation
of an intrinsic mitochondrial pathway leading to a release of
cytochrome c into the cytosol and the activation of endoplas-
mic reticulum stress. The primary action of Cy in ovarian
damage appears to diminish primordial follicles, oocytes,
and granulosa cells by the induction of apoptosis and to de-
crease ovarian blood by the inhibition of angiogenesis and the
induction of ovarian atrophy [9–11].

Platelet-rich plasma (PRP) was first described byMarx et al.
in 1998 [12]. It is an autologous product rich in growth factors,
such as platelet-derived growth factor (PDGF), transforming
growth factor (TGF)-β1, and vascular endothelial growth factor
(VEGF), obtained from a blood sample. The growth factors in
PRP improve tissue repair by stimulating chemotaxis, prolifer-
ation, and differentiation of stem cells and angiogenesis [13].
Mesenchymal stem cells and PRP are used to the repair and
regeneration of damaged tissues as regenerative medicine for
the treatment of many serious diseases. The locally regenerative
and angiogenic effect of PRP has clearly been demonstrated in
numerous studies in the field of bone, muscle, tendon, cartilage,
and skin growth [14–17]. PRP also has several advantages,
including being an inexpensive product, easy to obtain, and
an autologous product, as well as having an antimicrobial ac-
tion [18, 19]. Likewise, PRP administrated into the ovaries
could improve ovarian function and serve as a regenerative
product by releasing growth factors known to have protective
effects on ovarian failure in the patients with diminished ovar-
ian reserve and POI.

The aim of this study is to investigate the protective effect
of PRP on ovarian function in female rats with Cy-induced
ovarian damage by measuring primordial, antral, and atretic
follicle counts, serum anti-Müllerian hormone (AMH) levels,

AMH-positive granulosa cells, and gene expression analysis
of Ddx4, the key indicator of the existence of active germ stem
cells, which is secreted by human primordial follicles. In this
study, we focused on evaluating whether PRP improved ovar-
ian function in a Cy-induced ovarian-damaged animal model.

Materials and methods

Animals

Thirty-two adult female Sprague–Dawley rats (weight 200–
250 g; age 65–75 days), provided by the Bezmialem
University Animal Reproduction Center and housed in the
Animal Laboratory of Bezmialem University, were used for
the study. The rats were maintained under standard housing
conditions with a 12-h light–dark cycle with ad-libitum access
to food and water. The experimental protocol was approved
by the Institutional Animal Care and Use Committee of
Bezmialem University. All procedures were carried out in
accordance with the National Academy of Science’s Guide
for Care and Use of Laboratory Animals (1996).

Experimental design

The rats were randomly divided into four groups (eight rats
per group) (Fig. 1).

Group 1 (control, n = 8) received a sodium chloride 0.9%
(1 mL/kg, single dose) intraperitoneal (ip) injection on the
first, seventh, and fourteenth days.

Group 2 (cyclophosphamide, n = 8) received a Cy
(75 mg/kg, single dose) ip injection on the first day and a
sodium chloride 0.9% (1 mL/kg, single dose) ip injection on
the seventh and fourteenth days.

Group 3 (cyclophosphamide plus PRP, n = 8) received a Cy
(75 mg/kg, single dose) [20] on the first day and a PRP
(200 μl, single dose) ip injection on the first, seventh, and
fourteenth days.

Group 4 (PRP, n = 8) received a PRP (200 μl, single dose)
ip injection on the first, seventh, and fourteenth days.

Preparing platelet-rich plasma

Eight mature male Sprague–Dawley rats were used to prepare
PRP. The blood samples were collected from the right ventri-
cle through cardiac puncture under anesthesia and the samples
were transferred into test tubes including 3.2% sodium citrate
(Merck, Darmstadt, Germany) at blood/citrate ratio of 9/1.
The blood samples were centrifuged at 400×g for 10 min
and then the upper portion of the plasma with platelets and
buffy coat was transferred into another tube and centrifuged
again at 800×g for 10 min. This tube contained platelet sedi-
ments and some red blood cells (an erythrocyte-platelet
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clump). The top 2/3 of supernatant containing the platelet-
poor plasma was removed and then the remaining layer (1/3)
was considered to be PRP. The final fraction containing 2.1 ×
106 platelets/ml was about 3,8 times greater than the number
of the blood platelet (550,000 platelets/μl). We used fresh PRP
per administration.

Sample collection

On day 21 of the experiment, all the rats were weighed and
anesthetized by an 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 immobilizing the rats on a standard surgery
board, blood samples were collected to measure serum
AMH level. The aseptic technique was used to make a ventral
midline incision to expose the reproductive organs and the
ovaries were removed. The right ovary was fixed in 10%
neutral buffered formaldehyde solution for histopathological
examination. The fixed specimens were embedded in paraffin
blocks, sectioned at 5-μm thickness, and stained with hema-
toxylin and eosin. Histopathologic examination was carried
out by a pathologist unaware of the treatment allocation. To
evaluate the gene expression analysis of Ddx4 by PCR, the
left ovary of each rat was immediately stored at − 80 °C.

Histological analysis and ovarian follicle count

The histopathologic examination was performed by a histolo-
gist blinded to the groups. The ovaries of the rats were taken
out and fixed in 10% neutral formalin for 72 h. After fixation,
the ovaries were rinsed with water and were gradually
dehydrated by increasing concentrations of alcohol (70%,
90%, 96%, and 100%) and cleared in xylene. Thereafter, the
samples were submerged in paraffin overnight at 60 °C. From
the paraffin blocks, 5-μm-thick sections were obtained and

placed on slides. The paraffin sections were stained with he-
matoxylin & eosin (H&E) for histomorphometric analysis and
their follicle count examined under a photomicroscope (Nikon
Eclipse i5, Tokyo, Japan). Ten sections were taken at 100-μm
intervals to determine the follicle counts for each ovary. Only
follicles that had an oocyte nucleus were scored. The follicles
were classified into five stages as follows: primordial, prima-
ry, secondary, antral, and atretic follicles. Follicles whose oo-
cyte was surrounded by a single layer of squamous granulosa
cells were classified as primordial follicles. If a single layer of
cuboidal granulosa cells was observed, follicles were classi-
fied as primary follicles. Secondary follicles had multiple
layers of cuboidal granulosa cells. If an antrum was observed
in the granulosa cell layers, the follicle was classified as an
antral follicle. Atretic follicles were counted only when a
degenerated oocyte and multiple layers of pycnotic granulosa
cells were observed [21].

AMH immunohistochemistry

Paraffin sections were incubated overnight at 37 °C. After
deparaffinization with xylene and rehydration in descendant
grades of ethanol, the sections were incubated in 3% hydrogen
peroxide in methanol for 10 min to inhibit endogenous en-
zyme 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 to 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-Mullerian hormone (AMH) antibody (1:20, GeneTex,
Cat: GTX42794) at 4 °C overnight. Secondary antibody stain-
ing was performed using the Histostain®-Plus 3rd Gen IHC
Detection Kit (Cat: 85-9073, Invitrogen, CA, USA) following
the manufacturer’s protocol. After washing, sections were in-
cubated with streptavidin–peroxidase (ready-to-use) for
10 min at room temperature, followed by incubation with 3,

Fig. 1 The time line of the experiment (the rats were randomly divided into four groups; eight rats per group)
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3′-diaminobenzidine (DAB) for 5 min. Slides were finally
counterstained with Mayer’s hematoxylin and covered with
mounting medium. The number and intensity of the AMH
positive stained primary, secondary, and antral follicles were
evaluated on three serial sections taken at 100-μm intervals. In
each section, AMH-positive follicles were evaluated by stain-
ing intensity (0 to 3 as follows: 0 = no staining, 1 = weak
staining, 2 =moderate staining, and 3 = strong staining) and
the distribution of staining (0 or 1, as follows: 0 = ≤ 50% of the
structure staining and 1 = ≥ 50% of the structure staining)
semi-quantitatively. The total score was calculated as 4 points
and a score greater than or equal to 2 was considered positive
for AMH [22] (Table 1).

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.

Quantitative RT-PCR

Ovary tissues were homogenized using tissue homogenizer
(Next Advance, USA) and RNA was isolated with the
PureLink RNA Mini Kit (Invitrogen, USA) according to the
manufacturer instructions. RNA samples were reverse tran-
scribed with an iScript cDNA Synthesis Kit (Biorad, USA)
for 1 μg total RNA in each reaction. For determining expres-
sion changes of DDX-4 genes, quantitative RT-PCR (qPCR)
was performed on Biorad CFX Connect using iTaq Universal
SYBR Green Supermix (Biorad, USA) with the primer pairs
listed in Table 2. Non-template controls for each primer pair
were included in each experiment. Relative expression levels
of each transcript were normalized against the housekeeping
gene GAPDH, and expression fold changes were calculated
relative to group 1.

Statistical analysis

Based on power analysis, 5 rats in each group were re-
quired to assess statistical significance (power of 0.95 and
α = 0.05). Power calculation was based on antral follicle
counts [20]. The results were analyzed using GraphPad
Prism 6.0 (GraphPad Software, Inc. La Jolla, CA, USA).
Data were reported as mean ± standard deviation (SD),
number or percentage. Data were analyzed by one-way
ANOVA followed by Tukey test. p < 0.05 was considered
statistically significant.

Results

The mean serum AMH concentrations were 1.87 ± 0.52, 0.7
± 0.28, 1.25 ± 0.24, and 1.66 ± 0.36 ng/mL in groups 1, 2, 3,
and 4, respectively (p < 0.01) (Table 1, Fig. 2). Serum AMH
levels were significantly lower in group 2 compared to groups
1, 3, and 4 (p < 0.01, p < 0.01, and p = 0.04, respectively).
There was no significant difference between groups 3 and 4
(p = 0.16).

Primary, secondary, and antral AMH positive staining fol-
licle counts and primary, secondary and antral AMH positive
staining follicle intensity scores in all groups are shown in
Table 1 and Figs. 2 and 3. There was a statistically significant
difference in AMH-positive staining of primary, secondary,
and antral follicle counts between the groups (p < 0.01)
(Table 1). Group 2 showed the lowest AMH-positive staining
in primary, secondary, and antral follicle count. AMH-positive
staining of primary, secondary, and antral follicle count was
significantly lower in group 2 compared to group 3 (p = 0.01,
p = 0.04, and p = 0.01, respectively). There was no significant
difference between groups 1 vs 3 and 3 vs 4 in terms of AMH-
positive staining of primary, secondary, and antral follicle
count. There was a statistically significant difference in prima-
ry, secondary, and antral AMH positive staining follicle inten-
sity score between the groups (p < 0.01) (Table 1). Group 2
showed the lowest primary, secondary, and antral AMH pos-
itive staining follicle intensity score. Group 4 had the highest
primary, secondary, and antral AMH positive staining follicle
intensity score. Primary, secondary, and antral AMH positive
staining follicle intensity scores were significantly lower in
group 2 compared to group 3 (p < 0.01 for all).

The primordial, primary, secondary, antral, and atretic fol-
licle counts of all groups are shown in Table 1 and Fig. 2. A
significant difference was found in the primordial, primary,
secondary, antral, and atretic follicle counts between all
groups (p < 0.01). Group 2 has the lowest primordial, primary,
secondary, and antral and the highest atretic follicle count. The
atretic follicle count was significantly lower in group 3 com-
pared to group 2 (p = 0.01). The primordial, primary, and an-
tral follicle counts were significantly higher in group 3 com-
pared with group 2 (p = 0.04, p = 0.01, and p = 0.02, respec-
tively). There was no significant difference between groups 1
vs 3 and 3 vs 4 in terms of primordial, primary, antral, and
atretic follicle count.

Expression of Ddx4 as an indicator of the existence of
active germ stem cells was examined to confirm protective
effect. Ddx4 expression in group 4 was highest compared to
other groups (9.86 ± 4.39). Ddx4 was expressed at a higher
level in group 4 than in group 3 but did not achieve statisti-
cally significant difference (9.86 ± 4.39 vs 7.21 ± 1.52) (p =
0.2). Ddx4 had greater expression in group 3 than group 2 that
failed to reach statistical significance (7.21 ± 1.52 vs 4.34 ±
1.02) (p = 0.1) (Table 1, Fig. 2).
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Table 1 Comparison of the antral
and atretic follicle counts, number
of AMH-positive follicles, and
intensity of staining of the
follicles positive for AMH and
serum concentrations of AMH of
all groups

Variables Group I

( c o n t r o l ,
n = 8)

Group II

(cy), n = 8)

Group III

(cy plus PRP,
n = 8)

Group IV

(PRP, n = 8)

p value

Primary AMH positive
staining follicle counts

26.83 ± 6.14 11.83 ± 2.99 22 ± 5.44 25.83 ± 5.56 < 0.01*

Secondary AMH positive
staining follicle counts

7.71 ± 2.62 3.42 ± 1.13 6.75 ± 1.38 7.71 ± 3.35 < 0.01*

Antral AMH positive
staining follicle counts

7.42 ± 1.51 4.28 ± 1.11 7.12 ± 1.8 8.75 ± 1.83 < 0.01*

Primary AMH positive
staining follicle intensity
score

3 ± 0.21 1 ± 0.21 191 ± 0.14 3 ± 0.33 < 0.01*

Secondary AMH positive
staining follicle intensity
score

2.89 ± 0.23 0.98 ± 0.21 2.49 ± 0.47 3.09 ± 0.22 < 0.01*

Antral AMH positive
staining follicle intensity
score

3.07 ± 0.26 1.16 ± 0.34 2.37 ± 0.37 3.19 ± 0.11 < 0.01*

Primordial follicle counts 154.7 ± 50.11 51.5 ± 11.54 121.4 ± 43.8 159.4 ± 57.28 < 0.01*

Primary follicle counts 88.5 ± 22.02 40.33 ± 9.89 73.83 ± 16.71 85.67 ± 18.17 < 0.01*

Secondary follicle counts 23.43 ± 7.23 12.29 ± 2.49 19.75 ± 4.4 24.43 ± 9.18 < 0.01*

Antral follicle counts 23.14 ± 4.59 12.14 ± 2.73 20.38 ± 6.5 26.5 ± 5.31 < 0.01*

Atretic follicle counts 4.14 ± 2.96 9.28 ± 4.42 3.75 ± 2.6 3.5 ± 2.56 < 0.01*

Serum concentrations

of AMH (ng/ml)

1.87 ± 0.524 0.7 ± 0.284.5.6 1.25 ± 0.245 1.66 ± 0.36 < 0.01*

Ddx4 expression 1 ± 0.0 4.34 ± 1.02 7.21 ± 1.52 9.86 ± 4.39 < 0.01*

All values are expressed as mean ± SD

*p < 0.01 significant difference, comparison of all groups

Comparison of primordial follicle counts; group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01; group 2 vs 3 p = 0.04

Comparison of primary follicle counts; group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01; group 2 vs 3 p = 0.01

Comparison of secondary follicle counts; group 1 vs 2 p = 0.01; group 2 vs 4 p < 0.01; group 2 vs 3 p = 0.12

Comparison of antral follicle counts, group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01; group 2 vs 3–0.02

Comparison of atretic follicle counts, group 1 vs 2 p = 0.02; group 2 vs 4 p < 0.01; group 2 vs 3 p = 0.01

Comparison of primary AMH positive staining follicle counts, group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01; group
2 vs 3 p = 0.01

Comparison of secondary AMH positive staining follicle counts, group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01;
group 2 vs 3 p = 0.04

Comparison of antral AMH positive staining follicle counts, group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01; group 2
vs 3 p = 0.01

Comparison of primary AMH positive staining follicle intensity score, group 1 vs 2 p < 0.01; group 2 vs 4
p < 0.01; group 2 vs 3 p < 0.01

Comparison of secondary AMH positive staining follicle intensity score, group 1 vs 2 p < 0.01; group 2 vs 4
p < 0.01; group 2 vs 3 p < 0.01

Comparison of antral AMH positive staining follicle intensity score, group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01;
group 2 vs 3 p < 0.01

Comparison of serum concentrations of AMH, group 1 vs 2 p < 0.01; group 2 vs 4 p < 0.01; group 2 vs 3 p = 0.04

Table 2 Forward and reverse
primer sequences used in qPCR Gene Forward (5′– > 3′) Reverse (5′– > 3′)

ddx4 TGTCAGATGCTCAACAGGATGT CAGTGTGTTCTTGCCCTGGA

gapdh AGTGCCAGCCTCGTCTCATA GAGGTCAATGAAGGGGTCGTT
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Discussion

The incidence of POI is recently increasing and its prevalence is
up to 1–3% of females [23]. Currently, POI is one of the main
diseases causing female infertility and threatening women’s
health. Unfortunately, to recover ovarian function and achieve
pregnancy in women with POI remains extremely controversial.
Although several treatment strategies have been suggested for
POI management, an optimal treatment strategy has not been
clearly defined. Moreover, chemotherapy-induced POI, also
known as iatrogenic POI, is a common long-term sequel of can-
cer treatment. Many of the mechanisms behind how chemother-
apy damages the ovary remain largely unclear but it involves
multiple mechanisms [24]. Chemotherapeutic drugs have differ-
ent levels of ovarian toxicity and they target follicles at different
developmental stages. Alkylating agents such as Cy show ovar-
ian toxicity. They induce the depletion of ovarian reserve with
their primary and secondary effect on primordial follicles [25].
Cy negatively affects angiogenesis by damaging the micro-
vessel network [9, 26]. Cy may also cause diminishing primor-
dial follicles via follicle burn out by over-activation of the dor-
mant primordial follicles as a result of the upregulation in the

PI3K/PTEN/Akt signaling pathway [27–30]. Furthermore, it re-
sults in the induction ofDNAdamage and/or oxidative stress that
triggers the activation of apoptosis in primordial follicles [31, 32].
Eventually, the effects of Cy administration on an ovary may be
associated with age-related dysfunction. Therefore, it is also re-
quired to develop new strategies for restoring damaged ovarian
tissue of women with chemotherapy-induced POI effectively.

Germ cells are stored as primordial follicles in human ovarian
tissue and thus, these primordial follicles may be activated under
physiological conditions [33]. The activation of these primordial
follicles may be the key to successful management of women
with chemotherapy-induced POI [34]. Although the regenerative
and repair processes of PRP in somatic tissues remain largely
unclear, the growth factors produced from PRP might have mul-
tiple critical roles in ovaries via the physiologically local effects
such as cell growth, proliferation, differentiation, chemotaxis, an-
giogenesis, the formation of the extracellular matrix, and even
controlling the release of other growth factors in very close prox-
imity to their release site [35, 36]. These growth factorsmay repair
and recover the ovarian function. PRP may allow the follicles to
self-repair after chemotherapy because ovaries have the potential
for spontaneous repair [37]. Additionally, PRP elements might

Fig. 2 a Number of follicles.
Primordial, primary, secondary,
antral, and atretic follicle counts
of ovaries in the all groups. *
p < 0.05, ** p < 0.01, ***
p < 0.001, compared to group 1; +
p < 0.05, ++ p < 0.01, ++++
p < 0.0001, compared to group 2.
b Serum concentrations of AMH,
c Ddx4 expression
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induce precursor cell differentiation into a mature oocyte by sup-
plying the requisite signals. Given these mechanisms, PRP ad-
ministrated into the ovaries might protect and/or restore ovarian
function in Cy-induced POI and reserve as a regenerative product
by releasing growth factors known to have protective effects on
ovarian failure in induced POI. Therefore, PRP may have a pro-
tective role when administered together with a gonadotoxic.

Huang et al. evaluated the effect of G-CSF-mobilized pe-
ripheral blood mononuclear cells (PBMCs) combined with
PRP on the restoration of ovarian function in Cy-induced
POI rats. They hypothesized to accelerate the restoration of
ovarian function in Cy-induced POI rats by the synergistic
activation of PBMCs and PRP. Their results showed that ei-
ther PBMCs in combination with PRP or PRP alone were able

to restore ovarian function in the Cy-induced rat POI model,
but this effect was better for PBMCs in combination with PRP
due to the addictive effect of PBMCs. Therefore, they suggest
that either PBMCs in combination with PRP or PRP alone
may have therapeutic potential to restore ovarian function in
POI women [38]. Dehghani et al. evaluated the positive effect
of PRP on structural impairment of rat testis in infertile rat
models induced by busulfan [39]. According to their results,
PRP significantly increases the number of spermatogenic stem
cells, count, motility, and tail length of the sperm and testos-
terone level in infertile rat models induced by busulfan. They
concluded that PRP can improve the structural and functional
impairment of the testis [20]. An experimental animal stereo-
logical study investigated the effect of PRP on ovarian

Fig. 3 Immunohistochemistry of AMH in the ovary. In the upper panel,
AMH positive-stained follicles are seen in the ovary sections. In groups
1and 4, both strong (black arrow) and moderate (red arrow)-stained
follicles were observed, whereas strong (black arrow), weak (black
arrowhead), or non-stained (red arrowhead) follicles were observed in
group 2. In group 3, all follicles stained at different intensities were
observed. a In the bottom panel, different staining intensity of follicles

is seen in the all groups. Primary, secondary, and antral AMH positive
staining follicle counts in the all groups. b ** p < 0.01, *** p < 0.001,
compared to group 1; + p < 0.05, ++ p < 0.01, +++ p < 0.01, ++++
p < 0.01, compared to group 2. Primary, secondary and antral AMH
positive staining follicle intensity score in the all groups. c *** p < 0.01,
**** p < 0.01, compared to group 1; ++++ p < 0.01, compared to group 2
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structures in Cy-induced ovarian failure indicated that PRP
has a protective effect on ovarian failure in the infertile female
rat model [20]. Nevertheless, they used stereological methods
to show this protective effect and they used frozen aliquots of
PRP, whereas we used fresh PRP, and we also evaluated serum
anti-Müllerian hormone (AMH) levels, AMH-positive granu-
losa cells, and gene expression analysis of Ddx4 in the current
study. These study results show that PRP had a dominant
positive effect on the ovarian cortex volume, pre-antral folli-
cles number, and antral follicle diameter.

Another POI animal study assessed the effect of mesenchy-
mal stem cell transplantation with/without the supplementa-
tion of PRP on the maintenance of ovarian function [40]. For
2 months following the transplantation, they evaluated AMH
and estradiol blood levels, follicle counts by hematoxylin-
eosin staining, and immunofluorescence staining, and gene
expression analyses of CXCL12, BMP-4, TGF-β, and IGF-
1 to show ovarian regeneration. This study demonstrated
MSCs +/− PRP transplantation after POI supports recovery
of the ovarian function, but they also show that a single ad-
ministration of PRP was not sufficient for ovarian recovery.
The co-transplantation ofMSCs and PRP had better results for
follicular regeneration when compared to only MSC treat-
ment. Pantos et al. presented a case series with menopausal
and POI patients. This case series included two women with
POI aged 40 and 27 years and one menopausal woman aged
46 years. These patients achieved pregnancy through natural
conception within 2–6 months following PRP treatment [41].

In the current study, we focused mainly on the potential
protective effect of PRP on ovarian function against ovarian
damage induced by Cy. In the present study, hormonal, histo-
pathological, and immunohistochemical methods and gene
expression analysis were used to detect the potential protec-
tive effect of PRP on ovarian damage induced by the Cy
model. When using PRP in combination with Cy, the AMH
serum level, primordial, primary, secondary and antral folli-
cles and AMH-positive follicles dramatically increased,
whereas the atretic follicle count significantly decreased.
Primordial germ cells have been shown to express the specific
pluripotency markers indicative of germ cell formation such
as Ddx4, also known as Vasa [42]. It is expressed and local-
ized in the plasma membrane of putative germ stem cells of
postnatal ovaries. Thus, it can be used to isolate putative ovar-
ian germ stem cells [43].

We utilized Ddx4 to detect Ddx4 positive germ cells to
show the recovery of ovarian function in terms of the pool
of primordial follicles. However, according to our results,
the differences between group 3 and group 2, in terms of
Ddx4 expression, did not achieve statistical significance.
Two potential causal mechanisms are offered to explain this
striking observation. The first possible reason for this may be
early performed analysis following an acute exposure, while
the animals were still under the effect of Cy. If the ovaries of

animals were removed a few weeks after the last administra-
tion of PRP, the results could better reflect the possible bene-
ficial effect of PRP on Ddx4 expression due to better long-
term recovery. The second possible reason may be explained
by challenges in dosing and schedule of PRP administration.
Improvements in PRP administration, such as increasing the
dose, longer duration of treatment, and/or earlier initiation of
PRP administration prior to Cy exposure, may better demon-
strate the possible protective role of PRP. These outcomes
suggest that PRP could be effective in protecting ovarian func-
tion against ovarian damage induced by Cy. We show that a
three-dose administration of PRP is sufficient for the protec-
tion of ovarian function.

In conclusion, our study may provide evidence that PRP
could protect ovarian function against ovarian damage in-
duced by Cy. It could lead to improved primordial, primary,
secondary, and antral follicle numbers. Other experimental
studies ought to be designed to determine the optimum dos-
age, schedule, and duration of PRP treatment to enhance its
protective effects. Moreover, the data obtained using an ex-
perimental animal model may not predict accurate results on
human reproduction directly, and future studies are needed to
investigate the effect of PRP on human ovaries.
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