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ABSTRACT
Background: Valproic acid (VPA) is a commonly prescribed antiepileptic drug. VPA could mediate endocrinal reproductive 
dysfunction on a long-term use. This study was designed to evaluate the possible protective effects of platelet rich plasma 
(PRP) alone and PRP in combination with folic acid (FA) in a rat model of VPA induced ovarian failure.
Materials and Methods: Thirty-five adult rats were randomly divided into five equal groups and 14 female rats were used 
for PRP preparation as control, VPA, co-treated VPA with FA, co-treated VPA with PRP and co-treated VPA with FA and 
PRP groups. All treatments were administered for 90 days. The effects of PRP and/or FA against VPA were evaluated through 
assessment of ovarian oxidant/antioxidant biomarkers, hormonal assay of reproductive hormones, quantification of mRNA 
gene expression for ovarian steroidogenesis pathway-encoding genes. Histopathological examination of the ovarian tissues 
was implemented.
Results: Revealed that VPA exposure caused ovarian failure as documented by the decreased ovarian superoxide dismutase 
and catalase activities, increased ovarian malondialdehyde levels, diminished serum reproductive hormones concentrations and 
repressed the ovarian steroidogenesis pathway-encoding genes. In addition, VPA-induced marked ovarian histopathological 
alterations and impaired folliculogenesis. PRP and/or FA treatment improved ovarian function after VPA exposure. Adding 
FA to PRP produced more ovarian estrogen receptors immunoexpression than those produced by PRP alone. While other 
protective effects against VPA induced ovarian failure are equal between the two agents.
Conclusion: PRP exhibited a protective role against VPA-induced ovarian failure in adult rats. A combined PRP and FA 
therapy is superior to PRP alone to some extent.
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INTRODUCTION                                                                  

The ovary is the primary regulator of reproductive and 
endocrine function. Principally, the ovary is responsible for 
folliculogenesis, gametes maturation for fertilization and 
biosynthesis of sex steroid hormones. Any interruption in 
the regulation of these processes can lead to reproductive 
and non-reproductive health consequences[1]. 

Antiepileptic drugs (AEDs) negatively influence 
peripheral endocrine glands, hormones’ synthesis, protein 
binding and serum sex hormones’ activity with the resultant 
secondary endocrinal disorders. Valproic acid (VPA) was 
the first identified AED to cause metabolic and reproductive 
disturbances that may be more frequent with VPA than 
other AEDs; among these disturbances, hyperandrogenism, 
menstrual abnormalities, ovarian insufficiency, polycystic 
ovary syndrome (PCOs), hyperinsulinism and change in 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH) and thyroid hormones[2–4].

Folates are water-soluble B9 vitamins. Folate is needed 
for the body to synthesize nucleic acids (DNA and RNA) 
and to metabolize amino acids critical for cellular division. 
Folic acid (FA) is the manufactured form of folate than can 
be utilized as nutritional supplements or fortified foodstuff. 
FA is essential for women reproduction, for example, 
oocyte maturation and quality, implantation, placentation, 
normal fetal growth and development. The World Health 
Organization listed FA as one of the essential medicines[5–8]. 
Moreover, inadequate FA intake has been linked to normal 
growth and development impairment, neural tube defects, 
DNA instability, cardiovascular complications and several 
types of cancers[9].

Platelet rich plasma (PRP) is formed by a high 
concentration of platelets above  that  normally  found  in  
the whole blood, and has been utilized for the treatment 
of different pathological conditions, e.g., alopecia, diabetic 
wounds, osteoarthritis, skin and soft tissue damages[10–13]. 
Platelets have a remarkable role in wound healing and 
tissue repair secondary their content of α-granules. The 
α-granules contain above 800 various types of  proteins 
that have a paracrine effect on surrounding cells, 
specifically on local mesenchymal stem cells,  promoting a 
rapid tissue regeneration[14,15]. PRP can activate stem cells 
with subsequent improvement of tissue repair throughout 
migration, proliferation and differentiation of stem cells[16]. 

In addition, PRP is rich in growth factors that are 
crucial for the healing process of damaged tissues and 
tissue regeneration as well as PRP can control vital 
cellular processes involving angiogenesis, mitogenesis, 

chemotaxis, differentiation, and metabolism[15,17,18]. PRP 
is linked to the process of oogenesis, increase of ovarian 
follicle count and release of estrogen hormone. Currently, 
various studies have been verified the valuable role of PRP 
in human and animal models of ovarian dysfunction[12,19–23].

We hypothesized that PRP, alone and in combination 
with FA, can protect against VPA-induced ovarian failure 
in adult rats. We therefore studied the effect of PRP alone 
and PRP in combination with FA on ovarian oxidant/
antioxidant status, serum concentrations of reproductive 
hormones (estradiol, progesterone, FSH and LH), ovarian 
steroidogenic pathway-encoding genes; hydroxy-delta-5-
steroid dehydrogenase, 3 beta- and steroid delta-isomerase 
2 (HSD3B2), steroidogenic acute regulatory protein 
(StAR) and 11β-hydroxysteroid dehydrogenase-type 1 
(11β-HSD1) and the associated histopathological lesions. 
To authors’ knowledge, this is the first study to explore the 
combined effect of PRP and FA in VPA evoked ovarian 
failure in adult female rats and to compare such effects to 
their relevant individual effects. 

MATERIALS AND METHODS                                          

Materials
We purchased VPA (Depakene ® as oral solution 

250 mg/5 ml, manufactured by Sanofi Aventis, Berlin, 
Germany) and FA (as a powder form dissolved in distilled 
water, from El-Gomhouria Company, Giza, Egypt). 

Preparation of PRP
We used the double centrifugation tube method to get 

PRP from adult female Wistar rats[24–26]. In brief, rats were 
anesthetized intraperitoneally by injection of pentobarbital 
(60 mg/kg)[27] and sacrificed by cervical dislocation then 
the whole blood was taken via cardiac puncture and 
collected into test tubes containing 3.8% sodium citrate 
anticoagulant at a blood/citrate ratio of 9/1. After that, 
the tubes were initially centrifugated at 400 ×g for 10 
minutes. Three different density components were formed; 
the uppermost layer composed of plasma and platelets; 
the lowermost layer composed of red blood cells whereas 
the middle layer composed of buffy coat of white blood 
cells. The plasma was taken with an automatic pipette 
without affection of the middle buffy coat and moved 
to another tube which was recentrifuged at 800 ×g for 
10 min. Plasma centrifugation resulted in two parts: the 
upper one composed of platelet-poor plasma (PPP) and the 
lower one composed of the platelet pellet. Most of the PPP 
was discarded while platelet pellet was smoothly agitated 
and then resuspended in phosphate-buffered saline (PBS) 
(1:1). Platelets were counted by an automatic analyzer to 
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confirm that the platelet count was more than 1000,000/μl. 
To activate PRP immediately prior use, 10% CaCl2 (0.8 ml 
PRP + 0.2 ml 10% CaCl2) was utilized.

Animals
The current study included 49 adult female Wistar 

rats weighing 180 to 200 g. The animals were housed in 
plastic cages with 12 h light and dark cycles and allowed 
free access to food and water. For acclimation, the rats 
were handled manually for 2 weeks before commencing 
of the experiment to allow biological stabilization. All 
rats were chosen in their estrous phase of estrous cycle 
by the microscopic examination of vaginal smears to start 
the experiment in the same phase for all the study groups. 
All animals received humane care in compliance with 
the Animal Care Guidelines of the National Institutes of 
Health (NIH), and the Department of Anatomy, Faculty of 
Medicine, Benha University, approved the experimental 
design. 

Experimental protocol 
Fourteen female rats were used for PRP preparation as 

a donor group. Then the remaining 35 rats were randomly 
allocated animals into five groups of 7 rats each: 

1. Group I (Control): Rats rreceived 0.5 ml/kg body 
weight of distilled water.

2. Group II (VPA): Rats received VPA in a dose of 
200 mg/kg body weight, orally, once daily.

3. Group III (VPA+FA): Rats received VPA as in 
group II plus FA supplement in a dose of 400 μg/kg 
body weight, dissolved in 0.5 ml of distilled water, 
orally, once daily.

4. Group IV [VPA+ (activated PRP) (aPRP)]: Rats 
received VPA as in group II plus aPRP of a dose 
of 0.2 ml/kg body weight, intraperitoneal (ip) 
injection, weekly.

5. Group V (VPA+FA+aPRP): Rats received VPA as 
in group II plus FA supplement as in group III plus 
aPRP as in group IV. 

All treatments were administrated for 90 successive 
days. Doses of VPA, FA and PRP were selected based on 
earlier studies concerned with ovarian toxicities[20,28–31].

Samples collection
On day 91 of the experiment, the rats were fasted 

overnight, then rats were anesthetized intraperitoneally with 
pentobarbital (60 mg/kg)[27] for blood samples collection 
from the retro-orbital venous plexus for the separation of 
serum. Serum samples were obtained by centrifugation 
of blood at 2683×g for 20 min and stored at −20 ◦C. The 
ovaries were excised immediately for biochemical analyses 
and histological/histochemical analyses. 

Ovarian Oxidant/antioxidant biomarkers assays
Ovarian tissue samples were taken, ground with liquid 

nitrogen in a mortar. Then the ground tissues were treated 

with 4.5 ml of PBS. The mixtures were homogenized 
on ice using an Ultra-Turrax homogenizer for 15 min. 
Homogenates were used for estimation of the antioxidant 
[catalase (CAT) and superoxide dismutase (SOD)] 
enzymatic activities. Assay of (CAT) and (SOD) activities 
were done using commercially available kits according to 
manufacturer’s recommendations (Thermofisher scientific, 
Cat No. EIASODC for SOD and Cat. No. EIACATC for 
CAT). Ovarian malondialdehyde (MDA), was estimated 
by the commercial kits supplied by Abcam (Cat. No. 
ab118970) according to manufacturer’s recommendations. 

Hormonal assays
Serum concentrations of estradiol, progesterone, FSH, 

and LH hormones were assessed by chemiluminescence 
based immunoassay using Siemens DPC Immulite®1000 
(Siemens Medical Solutions Diagnostics, Los Angeles, 
CA, United States).

Assessment of steroidogenesis‐related genes 
expression by real time polymerase chain reaction 
(PCR)

Hydroxy-delta-5-steroid dehydrogenase, 3 beta- and 
steroid delta-isomerase 2 (HSD3B2), steroidogenic 
acute regulatory protein (StAR) and 11β-hydroxysteroid 
dehydrogenase-type 1 (11β-HSD1) in the rats’ ovarian 
tissues by real time PCR (qRT-PCR) using StepOnePlusTM 
real time PCR system (Applied Biosystems, USA). Total 
RNA was extracted from the tissue using RNeasy Mini 
Kit (Qiagen, USA, Cat No./ID: 74104). The extracted 
RNA was quantified by spectrophotometry (JENWAY, 
USA) at 260/280 nm. Primers sequences used in the 
qPCR measurements for glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH), HSD3B2, StAR  and 11β-HSD 
are displayed in Table 1. PCR primers were obtained from 
GenBank RNA sequences cited at the following website: 
https://www.ncbi.nlm.nih.gov/tools/primer-blast/. For the 
selection of the ideal primer pair, the considered factors 
included melting temperature (Tm: 60 to 65 °C) and 
applicant length of about 90 to 200 bp. 

Real-time quantitative PCR using SYBR green
Expression of HSD3B2, StAR and11β-HSD genes 

were quantified with the StepOnePlus TM Real-Time PCR 
system software version 3.1 (Applied Biosystems, CA, 
USA). Optimization of the annealing temperature was 
conducted for the PCR protocol and for the primer sets. 
All cDNAs were prepared for all gene markers, GAPDH, 
and for non-template negative control. Five microliters 
of total RNA were used to generate cDNA using 20 pmol 
antisense primer and 0.8 μl AMV reverse transcriptase at 
37 ℃ for 60 min. The relative abundance of mRNA species 
was assessed by the SYBR® Green method (Applied 
Biosystems, CA, United States). Annealing temperature of 
60 ℃ was optimized for all primer sets. Real time PCR was 
conducted in 25 μl reaction volume consisting of Mater Mix 
of SYBR Green, 3 μl of cDNA, 900 nmol/l of every primer. 
Amplification conditions were performed according to the 
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manufacturer specifications: 2 min at 50 ℃, 10 min at 95 
℃, 40 repeated cycles with 15 s denaturation and 10 min 
of annealing/extension at 60 ℃.

Calculation of relative quantification (relative 
expression)

Relative gene expressions of all assessed genes were 
calculated using the comparative Cycle threshold (Ct) 
method[32]. PCR data results show Ct values of the target 
genes and the housekeeping gene (GAPDH). A negative 
control sample was that no template cDNA used. Data 
were calculated using StepOnePlusTM real time PCR 
system (Applied Biosystems, CA, USA). All values were 
normalized to GAPDH housekeeping gene and expressed 
as fold changes relative to the background levels found in 
the control samples.

Histological analyses

The ovarian specimens were fixed in 10% buffered 
formalin solution for 24~48 h, dehydrated in escalating 
grades of ethanol and embedded in paraffin. Serial sections 
of 3~5 μm thickness was cut a by rotary microtome (LEICA 
RM 2125; UK) and subjected to the followings: 

• Hematoxylin and eosin (H&E) stain for histological 
assessment[33]. 

• Periodic Acid Schiff (PAS) stain is used to detect 
mucopolysaccharides e.g., glycogen[34,35].

• Immunohistochemical stain for estrogen-beta-
receptors (ER-β). Ovarian sections were incubated 
for 120 min with anti-rabbit secondary antibodies 
(1:200 each; Vector Laboratories Inc., Burlingame, 
California, USA); an avidin–biotin–peroxidase 
method was used. After several rinses, the sections 
were mounted onto gelatin‐coated slides and 
counterstained with Mayer’s hematoxylin[36].

Histo-morphometric measurements

Image-Pro Plus program (version 6.0; Media 
Cybernetics Inc., Bethesda, Maryland, USA) was used 
for histo-morphometric measurement. (Computer system 
in the morphometric unit in the Histology Department, 
Faculty of Medicine, Cairo University).

Five randomly selected high-power microscopic 
fields were inspected for counting the number of follicles, 
oestrogen positive cells at ×400. Also, the area percentage 
of PAS polysaccharide substances were examined at ×20. 
The results were expressed as mean area % of collagen/
µm².

Moreover, the area percentage of PAS polysaccharide 
substances and Mallory trichrome-stained collagen fibers 
were examined at ×20. The results were presented as mean 
area % PAS polysaccharide substances and collagen/µm².

Statistical analysis 
Continuous variables were presented as mean± 

standard deviation (SD). Shapiro–Wilk test and Bartlett’s 
test were used to assess the normal distribution of the 
continuous variables and to check the equality of variance, 
respectively.  According to the equality of variance, we 
used ordinary one-way analysis of variance (ANOVA) or 
Welch’s ANOVA test detect statistical differences between 
groups. Tukey’s test and Dunnett’s T3 test post-hoc 
multiple comparisons tests were performed as appropriate. 
Differences were considered significant at a P < 0.05. 
All statistical comparisons were two-tailed. Statistical 
analysis was conducted using Graphpad Prism, Version 8.0 
Software (GraphPad Software; SanDiego, CA, USA).

RESULTS                                                                                         

Death rates 
We recorded no deaths in all groups. 

aPRP and/or FA abated VPA-induced ovarian 
oxidant/antioxidant imbalance

Chronic exposure to VPA for 90 days in adult rats evoked 
a significant decrease in ovarian SOD and CAT enzymatic 
activities but a significant increase in ovarian MDA levels 
compared with other groups of the study (P < 0.001). aPRP 
plus FA treatment did not elicit any significant changes in 
levels of ovarian oxidant/antioxidant biomarkers following 
VPA exposure compared with their respective individual 
effects (P > 0.05), as shown in Table 1.  

aPRP and/or FA adjusted VPA- altered ovarian 
steroid and gonadotropins hormones

Serum progesterone, estradiol, FSH and LH 
concentrations significantly declined in VPA-intoxicated 
rats compared with other groups of the study (P < 0.001).  
aPRP treatment alone or in combination with FA produced 
a significant elevation in serum progesterone concentration 
compared with FA treatment alone (P= 0.03 and P < 0.001, 
respectively).  aPRP plus FA treatment did not cause any 
significant changes in serum estradiol and gonadotropins 
(FSH and LH) hormones’ concentrations in rats following 
VPA exposure compared with their individual effects                 
(P > 0.05) (Table 2).  

aPRP and/or FA upregulated ovarian 
steroidogenesis‐related genes’ expressions following 
chronic VPA exposure

aPRP plus FA treatment significantly upregulated 
ovarian steroidogenic genes (HSD3B2, StAR and 
11β-HSD1) in comparison with VPA-exposed adult rats 
(0.77±0.07, 0.76±0.08 and 0.83±0.077-fold changes vs 
0.58±0.059, 0.59±0.061 and 0.58±0.056-fold changes,                 
P < 0.001, P =0.03 and P < 0.001, respectively). Whereas 
aPRP plus FA treatment did not produced any significant 
alterations in ovarian steroidogenic genes’ expressions 
following VPA exposure compared with their individual 
effects (P > 0.05) (Figure 1).  
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Histological results

Hematoxylin and eosin-stained ovarian sections
H&E-stained ovarian sections of control rats displayed 

the normal histological structure; covering germinal 
epithelium and cortex; follicles in different developmental 
phases (primordial, primary and secondary), atretic 
follicles, antral follicles and corpora lutea (Figure 2A). 
Ovarian sections of VPA-treated rats revealed absent of all 
types of follicles, except for subcortical secondary atretic 
follicles, multiple bulged cystic follicles with retained 
follicular fluid, non-ovulating antral like follicles that 
devoid of ova with zona pellucida, and atretic follicles 
surrounded by theca cells (Figure 2B). In addition, 
degenerated medulla was noticed with congested blood 
vessels, hyperplastic vacuolated luteinized theca cells 
and many spindle-shaped stromal cells in the cortex 
(Figure 2C). While ovarian sections of VPA+FA treated 
rats revealed a mild improvement in ovarian histology as 
some area showed a cellular cortex with multiple follicles; 
primordial, primary, secondary, antral follicles and corpora 
lutea along with a vascular medulla whereas other areas 
showed degenerated dilated cystic follicle and antral 
follicles (Figures 2D,E). However, adding aPRP treatment 
(VPA+aPRP and VPA+FA+aPRP) produced a moderate 
improvement in the ovarian histology as evidenced by the 
appearacne of all types of follicles (Figures 2F,G,H,I).

aPRP and/or FA increased the number ovarian follicles 
in different developmental phases (primordial, primary and 
secondary) and corpora lutea but decreased the number of 
atretic and cystic follicles following chronic VPA exposure 

Chronic exposure to VPA for 90 days in adult rats led 
to a significant decrease in number of follicles (primordial, 
primary and secondary), antral follicles and corpora 
lutea (P < 0.001) but a significant increase in number of 
atretic and cystic follicles (P < 0.001) in comparison with 
other groups of the study. The effects of aPRP alone or in 
combination of FA on the number of ovarian follicles were 
similar in all development phases (P> 0.05). Likewise, 
the effects of FA and/or aPRP therapies on number of 
antral follicles were equal (P> 0.05). aPRP alone or in 
combination with FA significantly increased the number of 
follicles (primordial, primary and secondary) and corpora 
lutea compared to FA treatment alone [(11.9±0.2, 12.8±1.1 
vs 9.1±0.3, P <0.001, each, respectively), (5.0±0.2, 
4.9±0.9 vs 3.0±0.2, P <0.001 and P=0.009, respectively)]. 
Co-administration of aPRP and FA significantly decreased 
the number of atretic follicles compared to FA alone 
(3.7±0.5 vs 5±0.2, P=0.003). Also, the effect of each of 
these agents alone on number of atretic follicles was equal                                                                                                            

(5.0±0.2 vs 4.7±0.8, P =0.98). aPRP alone or in combination 
of FA significantly decreased the number of cystic follicles 
compared to FA alone (0.3±0.05, 0.2±0.06 vs 0.5±0.02, 
P <0.001, each). Furthermore, aPRP plus FA treatment 
did not cause significant differences in number of antral 
follicles following VPA exposure compared to the use of 
each of these agents alone (P > 0.05) (Figure 2J).

aPRP and/or FA restored ovarian carbohydrate 
depletion induced by chronic VPA exposure

To evaluate the extent of carbohydrate distribution in 
rat ovarian tissues, we stained sections of ovarian tissues of 
all groups by PAS stain. In the control group, ovarian tissue 
showed a strong positive PAS reaction for carbohydrate 
distribution in the germinal epithelium basement 
along with the zona pellucida surrounding the oocyte                                                                                                        
(Figure 3A). While in VPA group, a faint positive PAS 
reaction of carbohydrate distribution in the ovarian 
cortex was detected (Figure 3B). Other treated groups 
showed a mild-to-strong PAS reactions (Figures 3C,D,E). 
Morphometric analysis of rat ovarian tissues revealed that 
mean area percent of ovarian   PAS was significantly higher 
in VPA group than other groups of the study (P<0.001). 
Mean area percent of ovarian PAS was comparable after 
aPRP and/or FA administration (P > 0.05) (Figure 3F).

aPRP and/or FA reinstated the altered estrogen-β-
receptors induced by chronic VPA exposure

To evaluate the extent of ER-β distribution in rat 
ovarian tissues, we stained sections of ovarian tissues of all 
groups by immunohistochemical stain for ER-β. Control 
group showed an intensive positive reaction for ER-β in 
the nuclei of epithelial cells (granulose and theca cells) 
(Figures 4A,B). In VPA group, the ER-β immunostaining 
was markedly weak (Figures 4C,D). Whereas in VPA+FA 
group, the ER-β immunostaining was mild (Figure 4E). 
In both VPA+ aPRP and VPA+FA+ aPRP groups, a 
moderate to an intensive ER immunostaining was detected                                                   
(Figures 4F,G). Morphometric analysis of optical density 
of ER-β-positive cells in ovarian tissues was significantly 
lower in VPA group than other groups of the study 
(P<0.001). Optical density of ER ER-β-positive cells in 
ovarian tissues was significantly higher in combined aPRP 
and FA-treated rats than their respective individual effects 
(37.9 ±1.0 vs 34.9±0.5 and 25.3±0.7, P <0.001, each, 
respectively). Similarly, optical density of ovarian ER-β-
positive cells was significantly higher in aPRP therapy than 
FA supplement in VPA-treated rats (34.9±0.5 vs 25.3±0.7, 
P <0.001) (Figure 4H).
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Fig. 1 Scatter dot plots showing the effects of aPRP and/or FA on ovarian steroidogenesis‐related genes expression in VPA-intoxicated adult rats. a significant 
vs control group and b significant vs VPA group by ordinary ANOVA test followed by post hoc Tukey’s multiple comparisons test, at P-value < 0.05. 
Horizontal lines represent the mean and error bars represent the standard deviation. n = 7. Abbreviations; VPA, valproic acid; FA, folic acid; aPRP, activated 
platelet rich plasma; HSD3B2, hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 2; StAR, steroidogenic acute regulatory protein; 
11β-HSD1, 11β-hydroxysteroid dehydrogenase-type 1.

Fig. 2: Representative images of H&E-stained ovarian sections of all groups: Fig. 2A Control group showing the covering germinal epithelium (arrow), the 
cortex contains (primordial follicles (p), primary follicle (pr), secondary follicle (s), mature Graafian follicle (m) and corpora lutea (cr). Notice the vascular 
medulla (star) and antral follicle (f). H&E × 200. Fig. 2B VPA group showing multiple cystic follicles with retained follicular fluid (c), non-ovulating antral 
like follicle that devoid of ova with zona pellucida (a). H&E × 200. Fig. 2C VPA group showing the degenerated medulla with congested blood vessels (v) and 
hyperplastic vacuolated luteinized theca cells with dark pyknotic nuclei (arrow). H&E × 400. Fig. 2D VPA+FA group showing antral follicle (a), primordial 
follicle (pr) and atretic (arrow). Notice the vascular medulla (v). H&E × 200. Fig. 2E VPA+FA group showing primordial follicle (pr), multiple small cystic 
follicles (c) and antral follicle (a). Notice that   the corpus luteum (cr).  H&E × 400.  Fig. 2F VPA+aPRP group showing antral follicle (a). Notice the vascular 
medulla (v). H&E × 200. Fig. 2G VPA+aPRP group showing degenerated secondary follicle (s) and antral follicle (a). H&E × 200. Fig. 2H VPA+FA+aPRP 
group showing cubical germinal epithelium (g), mature Graafian follicle (m) and antral follicle (a). Notice the vascular medulla (v). H&E × 200. Fig. 2I 
VPA+FA+aPRP group showing multiple primordial follicles (pr) and mature Graafian follicle (m). Notice the germinal epithelium (g). H&E × 200.  Fig. 2J 
Effects of aPRP and/or FA on the number ovarian follicles in different developmental phases in VPA-intoxicated adult rats. a significant vs control group, b 
significant vs VPA group and c significant vs VPA+FA group by Welch’s ANOVA test followed by Dunnett’s T3 test post-hoc multiple comparisons tests, at 
P-value < 0.05. Abbreviations; VPA, valproic acid; FA, folic acid; aPRP, activated platelet rich plasma.
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Fig. 3: Representative images of PAS reaction-stained ovarian sections of all groups. PAS reaction × 200. Fig. 3A Control group showing a strong positive 
PAS reaction in the basement membrane of germinal epithelium (arrow) and the zona pellucida surrounding the oocyte (Z). Fig. 3B VPA group showing a faint 
PAS reaction (arrow) in the ovarian cortex and around ovarian cysts (arrow). Fig. 3C VPA+FA group showing a mild PAS reaction around ovarian (arrow). 
Fig. 3D VPA+aPRP group showing a moderate-to- strong PAS reaction (arrow) in the ovarian cortex and the zona pellucida surrounding the oocyte (Z).  Fig. 
3E VPA+FA+aPRP group showing a moderate-to-strong PAS reaction in the zona pellucida surrounding the oocyte (Z). Fig. 3F Effects of aPRP and/or FA on 
mean area percent of PAS in ovarian tissue in VPA-intoxicated adult rats. a significant vs control group and b significant vs VPA group by ordinary ANOVA 
test followed by post hoc Tukey’s multiple comparisons test, at P-value < 0.05. Data are mean ± standard deviation, n=7. Abbreviations; VPA, valproic acid; 
FA, folic acid; aPRP, activated platelet rich plasma; PAS, Periodic Acid Schiff.
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Fig. 4: Representative images of estrogen beta receptors (ER-β) immunohistochemical stain for. ovarian sections of all groups. ER-β immunostaining × 400. 
Figs. 5A and B Control group showing a strong positive nuclear ER-β immunoreactivity in the granulose cells of the growing follicles (arrow). Figs. 5C and 
D VPA group showing a markedly weak ER-β immunoreactivity in the granulose cells of the growing follicles (arrow). Fig. 5E VPA+FA group showing 
a mild nuclear ER-β immunoreactivity in the granulose cells of the growing follicles (arrow). Fig. 5F   VPA+aPRP group showing a moderate nuclear 
ER-β immunoreactivity in the granulose cells of the growing follicles (arrow). Fig. 5G VPA+FA+aPRP group showing a moderate-to-strong nuclear ER-β 
immunoreactivity in the granulose cells of the growing follicles (arrow). Fig. 5H Effects of aPRP and/or FA on optical density of ER-β-positive cells in ovarian 
tissues VPA-intoxicated adult rats. a significant vs control group, b significant vs VPA group, c significant vs VPA+FA group and d significant vs VPA+FA 
+aPRP group by ordinary ANOVA test followed by post hoc Tukey’s multiple comparisons test, at P-value < 0.05. Abbreviations; VPA, valproic acid; FA, 
folic acid; aPRP, activated platelet rich plasma; ER, estrogen receptors.

Table 1: Primers sequences used in the quantitative polymerase chain reaction (PCR) measurements for the GAPDH, HSD3B2, StAR and 
11β-HSD1

Gene Primers sequences GenBank® Accession Number

GAPDH
Forward: 5′- TTCACCACCATGGAGAAGGC -3′

NM_017008.4
Reverse: 5′- CCCAGGATGCCCTTTAGTGG -3′

HSD3B2
Forward: 5′- ACTGGATCCTCCAGCAAGGA -3′

NM_017265.4
Reverse: 5′- ATGGAGAGAGCTCTGAGGTACA -3′

StAR
Forward: 5′-CGTCGGAGCTCTCTACTTGG-3′

NM_031558.3
Reverse: 5′- CCCAAGGCCTTTTGCATAGC-3′

11β-HSD1
Forward: 5′- TGAAATCCATCACGCAGGCT-3′

NM_017080.2
Reverse: 5′- ATAACTGCCGTCCAACAGGG-3′
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DISCUSSION                                                                          

It is well recognized that VPA has detrimental 
consequences on reproductive function in both sexes in 
human beings[3,30,37]. Ovarian failure is defined by steroid 
deficiency, ovulation defect, and atretic follicles increase. 
Altogether these factors can contribute to low follicular 
number, follicle dysfunction, and ultimately female 
infertility[38]. The present study verified the deleterious 
effects of VPA on ovarian function and structure in 
adult rats, as well as the protective effects of PRP, either 
individually or in combination with FA, against VPA-
induced ovarian failure. Exposure to VPA for 90 days 
prompted ovarian functional distortions in adult rats as 
documented by disturbed ovarian oxidant/antioxidant 
balance, declined serum reproductive hormones 
concentrations, downregulated ovarian steroidogenic 
pathway-encoding genes along with the marked ovarian 
structural aberrations. 

Oxidative stress (OS) is an initial cause of cell injury 
under normal physiological and pathological conditions. 
Antioxidant compounds safeguard against OS by mitigating 
the free radicals’ burden and defend against molecular and 
cellular damages[39]. Imbalance between prooxidants and 
antioxidants molecules can end into reproductive disorders 
as unexplained infertility, endometriosis and PCOs in 
addition, pregnancy-related complications[40]. Our results 
showed that PRP and FA, either alone or in combination, 
equally reversed VPA evoked ovarian oxidant/antioxidant 
imbalance in adult rats. OS is one of VPA mechanisms 
implicated in many organ toxicities[41–44]. The well-
known antioxidant properties of FA could illuminate the 
recovered ovarian function and folliculogenesis during FA 
administration with VPA in our work[6]. In addition, the 
satisfactory effects of PRP against VPA induced ovarian 
injury could be clarified by its capability to assuage 
OS mediated injury and acceleration of ovarian tissue 
regenerative and repair processes by providing elevated 
levels of growth factors, cytokines and fibrinogen[45]. 
Intriguingly, PRP is enriched in growth factors which have 
imperative roles in ovarian tissues. These growth factors 
are key players in angiogenesis, cellular differentiation, 
proliferation and growth, extracellular matrix synthesis, 

chemotaxis, in addition, monitoring the release of other 
growth factors in very close proximity to their site of 
release[46].

Steroidogenesis, the processes by which cholesterol 
is converted to biologically active steroid hormones, 
comprises transport proteins, enzymes, redox partners and 
cofactors. It is a series of reactions catalyzed by steroid 
cytochrome P450 (CYP) hydroxylases and hydroxysteroid 
dehydrogenases, for example type 2 HSD3B and type 1 
11β-HSD. Ovaries are one of the primary steroid-producing 
organs, producing estrogen and progesterone hormones, 
under the control of gonadotropins (FSH and LH hormones) 
during the estrous cycle[47]. Throughout steroidogenesis, the 
movement of cholesterol from the external to the internal 
mitochondrial membrane is considered as the rate-limiting 
step which is executed by StAR protein[48]. Substantial 
levels of 11β-HSD have been identified in the rat ovaries. 
The protein encoded by 11β-HSD gene is 11β-HSD enzyme 
that catalyzes the transformation of inert 11 keto-products 
(cortisone) to active cortisol, consequently, modulating 
the access of glucocorticoids to steroid receptors. Notably, 
glucocorticoids may affect ovarian function both indirectly 
and directly via binding to ovarian receptors[49,50]. HSD3B2 
gene is primarily expressed in the adrenal glands and the 
gonads. The protein encoded by HSD3B2 gene is the 
enzyme that catalyzes the conversion of pregnenolone, 
17α-hydroxypregnenolone and dehydroepiandrosterone 
to progesterone, 17α-hydroxyprogesterone and 
androstenedione. This enzyme is crucial for the biosynthesis 
of all classes of hormonal steroids[51].

 Our results demonstrated that VPA exposure intensely 
repressed ovarian steroidogenesis-related genes compared 
to control and other treated groups. PRP alone or in 
combination with FA supplement dramatically upregulated 
ovarian steroidogenic genes following VPA exposure. 
This upregulation of ovarian steroidogenesis-related genes 
could explain the associated increase in ovarian steroid 
and gonadotropins hormones after administration of PRP 
and/or FA following chronic exposure to VPA in adult 
rats. VPA mediates endocrinal reproductive dysfunction 
through peripheral and central effects[37]. In concordance 
with our observations, a work Gregoraszczuk et al. 

Table 2: Effect of PRP and/FA on ovarian oxidant/antioxidant biomarkers, ovarian steroid and gonadotropins hormones in VPA-intoxicated 
adult female rats

Parameters Control VPA VPA+FA VPA+aPRP VPA+FA+aPRP

SOD (mmol/min/mg tissue) 155.9±6.0 85.4±5.6a 137.2±6.8 ab 144.2±5.3ab 141.1±6.0ab

CAT (mmol/min/mg tissue) 103.0±4.6 64.3±5.5a 73.1±4.3 ab 77.4±3.2ab 76.8±3.8ab

MDA (nmol/mg tissue) 10.1±1.5 23.8±1.7a 15.3±2.6 ab 15.9±2.1ab 13.5±2.2ab

Progesterone (ng/mL) 16.6±0.9 5.2±0.6a 12.0±0.9 ab 13.6±1.1abc 14.7±1.0abc

Estradiol (ng/L) 43.5±2.0 22.6±2.6a 33.3±1.1 ab 34.6±0.7ab 35.1±1.1ab

FSH (IU/L) 10.8±0.8 7.1±0.7a 0.90±0.8 ab 8.8±0.9ab 9.2±0.9ab

LH (IU/L) 33.9±1.0 22.5±1.5a 29.9±2.2 ab 29.7±2.9ab 30.7±1.7ab

All values are presented as mean±SD, n = 7.  a significant vs control group, b significant vs VPA group and c significant vs VPA+FA group within a row, 
by ordinary ANOVA or Welch’s ANOVA test followed by Tukey’s test and Dunnett’s T3 test post-hoc multiple comparisons tests, respectively, at P-value < 
0.05. Abbreviations; VPA, valproic acid; FA, folic acid; aPRP, activated platelet rich plasma; SOD, superoxide dismutase; CAT, catalase; MDA, malondial-
dehyde; FSH, follicle-stimulating hormone; LH, luteinizing hormone.
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concluded that VPA decreased the release of estradiol and 
progesterone from follicular cells isolated from small- and 
medium-sized porcine ovarian follicles[52].  In support to 
our results, Ibrahim et al. found a significant decline in 
serum reproductive hormones concentrations (estradiol, 
progesterone, FSH and LH) in a rat model of VPA-induced 
ovarian failure compared with control group along with  
a marked elevation of their concentrations following FA 
supplementation[30]. Contradictory to our findings, a study 
of Røste et al. showed no significant alteration in serum 
progesterone and  FSH in VPA-exposed rats in comparison 
with controls[37]. The alternation of the growing follicles 
count reflecting the alteration of ovarian steroid hormones 
concentrations[31].

Our observations revealed the marked ovarian 
morphological aberrations induced by VPA such as multiple 
bulged cystic follicles with retained follicular fluid. Earlier 
research reported comparable findings[28,30]. PRP and/or 
FA administration can ameliorate VPA elicited ovarian 
histopathological changes. FA is assumed to be essential in 
female reproductive function regulation. It plays a vital role 
in maintaining ovulation, oocyte quality and maturation[6,53]. 
The ovarian follicle serves as the functional unit of the 
ovary[54]. The ovarian endocrinal function is based on the 
ovarian follicle, which is responsible for formation of sex 
steroid hormones and maintenance of normal hormonal 
status with the hypothalamic-pituitary axis[55]. Likewise, 
Dehghani and colleagues found that PRP had a major 
protective effect against cyclophosphamide induced 
ovarian histopathological changes, such as increased 
the normal primary and antral follicle counts, improved 
follicular growth and development and accelerated ovarian 
tissue repair process[31]. 

In our work, VPA negatively affects ovarian function 
and folliculogenesis. Rats exposed to VPA for 90 days 
showed depletion of primordial, primary and secondary 
follicles, antral follicles and corpora lutea along with 
predominance of atretic and cystic follicles compared 
to control rats and other treated rats. Notably, OS can 
contribute to impairment of ovarian functions as oocyte 
maturation, ovulation[56]. In agreement to our findings, 
Inada and coworkers stated that VPA causing ovarian 
dysfunction is mediated through suppression of follicular 
development and altered steroid hormone biosynthesis in 
cultured rat ovarian follicles[57]. Previous studies informed 
similar findings[28,30]. Conversely, Cansu and coworkers 
showed that the corpora lutea count significantly increased 
in a prepubertal rat model of VPA failure and attributed 
this increase to impaired follicles maturation[58]. This 
discrepancy could be explained by the variance in animals’ 
age and dose of VPA used in their experiment. 

We found that PRP alone or in combination with FA 
supplement exerts a similar effect regarding follicular 
development. However, PRP was superior to FA alone in 
most phases of follicular development. In corroboration, 
Ibrahim and colleagues elucidated the defensive role of FA 

supplement in VPA model of ovarian failure as supported 
by the increased count of ovarian follicles and corpora 
luteal but decreased atretic follicles count following VPA 
failure[30]. In the same vein, a study of Ozcan et al. showed 
the protective effect of PRP against cyclophosphamide 
induced ovarian injury in terms of a marked increase in 
number of primordial, primary, secondary and antral 
follicles but a noticeable  decrease in atretic follicles 
number[20].

Our results showed that VPA exposure for 90 days 
is associated with ovarian carbohydrate depletion as 
evidenced by PAS ovarian stained sections. Similarly, prior 
studies showed an intense positive PAS reaction in the zona 
pellucida surrounding the oocyte following exposure to 
antipsychotics as ovotoxin agents[59]. Ahmed et al. reported 
a strong positive PAS reaction following PRP therapy in a 
rat model of induced renal ischemia-reperfusion injury[60].

In addition, VPA induced a marked ovarian collagen 
fibers accumulation. Comparable findings were presented 
by Abdelkader et al. who found  an elevated hepatic 
hydroxyproline content and intense alpha smooth muscle 
actin protein overexpression, biomarkers for hepatic 
fibrosis, in hepatic tissues of VPA intoxicated rats[61]. 
Conversely, Kutlu et al. showed a decreased level of 
collagen fibers accumulation in corpus cavernosum in 
penile tissue of VPA-treated rats[62].

In the same line of our results, Jang et al. found that PRP 
decreased endometrium fibrosis and hastened endometrium 
regeneration in a murine model of endometrial damage 
secondary to ethanol[63].

We found that ER-β immunoexpression significantly 
decreased in VPA-treated rats but the combined aPRP 
and FA treatment was superior to their individual effects. 
ER are nuclear receptors distributed intracellular of 
different tissues. ER are the target of estrogen hormone. 
The activated receptors control the activity of a variety of 
genes[64]. Also, Anvari et al. demonstrated that PRP auto-
located female rats revealed a significantly more intense 
estrogen receptors expression than PCOs female rats[65]. 

CONCLUSION                                                                           

Adult female rats exposed to VPA for 90 days 
developed ovarian failure as shown by the decrease serum 
concentrations of steroid hormones together with the 
intense repression of the ovarian steroidogenesis-related 
genes and the associated ovarian structural aberrations. 
Our results proved the protective role of PRP, alone and in 
combination with FA, against VPA-induced ovarian failure 
in adult rats. Whereas, adding FA to PRP produced less 
ovarian collagen fibers accumulation and more ovarian 
ER immunoexpression than those produced by PRP alone. 
Other protective effects against VPA induced ovarian 
failure were equal between the two agents.

PRP could be a promising therapeutic modality in 
women with ovarian failure/insufficiency in the clinical 
practices. 
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الملخص العربى

هل البالزما الغنية بالصفائح الدموية وحمض الفوليك يعكسان فشل المبايض التجريبي 
المستحدث: التركيز على تكّون الجريبات وتكوين الستيرويد المبيض

وردة االسمرى1، ايمان محمد فاروق1،2، عال السيد نافع4،3، حنان فؤاد5،6، داليا ابراهيم7، سامية المناوى8

1قسم التشريح وعلم األجنة -كلية الطب- جامعه ام القرى

2قسم األنسجة وعلم بيولوجيا الخلية كلية طب بنها جامعة بنها

3قسم الطب الشرعي والسموم اإلكلينيكية- كلية الطب- جامعه الزقازيق

4قسم الصيلة السريرية – كلية الصيدلة -جامعة الطائف

5قسم الكيميا كلية الطب جامعه القاهرة

6جامعة الجاللة كلية الطب

7قسم التشريح وعلم األجنة كلية الطب جامعه الزقازيق
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الخلفية: حمض الفالبرويك (VPA) هو دواء مضاد للصرع موصوف بشكل شائع. ويمكن أن يسبب VPA في خلل 
تناسلي في الغدد الصماء على المدى الطويل.  لقد تم تصميم هذه الدراسة لتقييم التأثيرات الوقائية المحتملة للبالزما الغنية 
بالصفائح الدموية (PRP) وحدها وPRP باالشتراك مع حمض الفوليك (FA) في نموذج الفئران لفشل المبيض الناجم 

.VPA عن
الفئران  من  أنثى   14 واستخدمت  متساوية،  مجموعات  إلى خمس  عشوائي  بشكل  بالغًا  فأًرا   35 تقسيم  تم  الطريقة: 
لتحضير PRP كعنصر تحكم ، وتقسم المجموعات كاالتي :مجموعه تم إعطاؤها  VPA ، ومجموعة VPA الُمعالج 
 FA الُمعالج باالشتراك مع مجموعات VPA ومجموعة PRP الُمشترك مع VPA ومجموعة ، FA باالشتراك مع
و PRP. تم إعطاء جميع العالجات لمدة 90 يوًما.  ثم تم تقييم تأثيرات PRP و / أو FA ضد VPA من خالل تقييم 
المؤشرات الحيوية المؤكسدة / المضادة لألكسدة في المبيض، والمقايسة الهرمونية للهرمونات التناسلية، والتقدير الكمي 
للتعبير الجيني mRNA لجينات ترميز مسار الستيرويد المبيض. كم تم إجراء الفحص الهستولوجى ألنسجة المبيض. 
النتائج: كشفت أن التعرض لـ VPA تسبب في فشل المبيض كما هو موثق من خالل انخفاض نشاط ديسموتاز وكتاليز، 
وزيادة مستويات malondialdehyde في المبيض، وتناقص تركيزات الهرمونات التناسلية في المصل وقمع الجينات 
المشفرة لمسار المبيض. باإلضافة إلى ذلك، وجد ان التغيرات النسيجية المرضية للمبيض التي يسببها VPA مع ضعف 
تكوين الجريبات. أدى عالج PRP و / أو FA إلى تحسين وظيفة المبيض بعد التعرض لـ VPA. أدت إضافة FA إلى 
PRP إلى تراكم أقل أللياف الكوالجين في المبيض والمزيد من التعبير المناعي لمستقبالت هرمون االستروجين في 
المبيض مقارنة بتلك التي تنتجها PRP وحدها. في حين أن التأثيرات الوقائية األخرى ضد فشل المبايض الناجم عن 

VPA متساوية بين العاملين.
االستنتاج: أظهر PRP دوًرا وقائيًا ضد فشل المبايض الناجم عن VPA في الجرذان البالغة. واستنتج بذلك تفوق عالج 

PRP و FA على PRP وحده إلى حد ما.


