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PRP Group (35 women): Patients who didn't
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in the preceding cycle of ICSI cycle. CD7-CD8:
Ultrasound-guided trans-vaginal ovarian needle
puncture coincided with ovarian PRP was done
under general light anesthesia for PRP group.
Total antioxidant capacity was measured in the
follicular fluid collected on the day of oocyte
retrieval.

Results: There were no notable
differences between PRP and Non-PRP groups
in stimulation, oocyte, embryo characteristics, or
ovarian total antioxidant capacity levels on ova
pick up- day. Pregnancy rates were higher in the
PRP group for both fresh (34.3% vs 20.0%,
P<0.113) and frozen ET (20.0% vs 14.3%,
P <0.292), though not statistically significant.

Conclusion: Although the combined use
of ovarian needle puncture and platelet-rich
plasma (PRP) did not produce significant effects
on ovarian total antioxidant capacity (TAC)
levels or on oocyte and embryo yield in women
with PCOS, the cumulative pregnancy rate was
higher following this intervention. These
findings suggest the need for further large-scale
studies to confirm the potential benefits of this
approach.

Keywords: Polycystic ovary syndrome,
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Introduction

Polycystic ovary syndrome (PCOS) affects approximately 6-13% of women of reproductive age
and has a hereditary component. Up to 70% of women with PCOS are undiagnosed worldwide.
PCOS is the most common cause of anovulation and is a leading factor in infertility. The
syndrome is associated with various long-term health conditions that impact both physical and
emotional health!. The pathophysiological mechanisms by which PCOS negatively impact
fertility are complex and not completely understood. Undoubtedly, hyperandrogenism, the
consequent hyperestrogenemia, Insulin resistance IR, and compensatory hyperinsulinemia play
an important role acting on both the ovary and the endometrium?. Oxidative stress OS plays a
key role in the pathophysiology of a variety of gynecological disorders, including polycystic
ovary syndrome (PCOS), endometriosis, unexplained infertility, and preeclampsia. The specific
mechanism of Reactive Oxygen Species (ROS) production in PCOS is not fully understood, but
several factors contribute to increased ROS production in individuals with PCOS2. In normal
follicular fluid, oxidation occurs in a relatively balanced state; that is, there are not only ROS at
the physiological level in follicular fluid but also a variety of antioxidant enzymes and non-
enzymatic oxidants. As the main energy supply organ in follicular fluid, mitochondrial activity is
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closely related to follicular quality. In the OS-activated state, the follicular fluid of PCOS
patients produces excessive ROS, resulting in an imbalance of oxidation/antioxidation in the
microenvironment and damaging the function of mitochondria in the follicular fluid*. Total
antioxidant status (TAOS), which is defined as the ability of plasma/serum to inhibit free radical
production, is a cumulative index of plasma antioxidant status and carbonyl content and should
be considered when evaluating the effects of OS on the risk of developing cardiovascular
diseases in women with PCOS®. Ovarian Total Antioxidant Capacity (TAC) is directly
associated with reduced oocyte maturation and fertilization rates, poor embryo quality, and lower
pregnancy rates. PCOS is associated with decreased antioxidant concentration and with
increased OS, leading to disturbance in the cycle of ovarian follicular and luteal phases.
Follicular fluid in women with PCOS demonstrated increased levels of ROSE.

Platelets Rich Plasma (PRP) is a blood product that is prepared via a small amount of blood
drawn from an individual and then centrifugation to obtain concentration about 5 times higher
than that of the original whole blood’. Upon activation, platelets release alpha granules into the
surrounding tissue, initiating a paracrine effect that contributes to various regulatory functions.
These include the modulation of healing processes, immunomodulation, tissue regeneration,
neoangiogenesis, homing, cellular apoptosis and viability, as well as analgesia, among other
roles®. The mechanism of trans-vaginal ovarian needle punctures (UTND) is not fully
understood, but it may resemble ovarian wedge resection or laparoscopic ovarian drilling (LOD).
By puncturing the ovary and aspirating follicular fluid, UTND rapidly lowers intraovarian
androgen levels in women with PCOS, whose ovarian tissues and fluids are typically rich in
androgens®.

Patients and methods

This is a prospective randomized (comparative) study was conducted in the High Institute for
Infertility Diagnosis and Assisted Reproductive Technologies in AL Nahrain University,
Baghdad — Irag. The study started from the 1% of October 2023 till 1% of April 2025 involving
seventy women of infertile couples attending the Infertility diagnosis clinic of the institute. The
study was approved by the Local Medical Ethical Committee and written consent was obtained
from each patient.

Inclusion Criteria: PCOS diagnosed according to Rotterdam's criteria and were eligible for
Intracytoplasmic Sperm Injection (ICSI)

1. Hyperandrogism: Diagnosed either clinically by skin manifestations of androgen excess or
hyperandrogenemia (high androgen test).

2. Ovulation dysfunction (i.e. Oligo/Anovulation).
3. Polycystic ovarian morphology by ultrasound examination.

PCOS infertile women could have other factors like tubal cause or prolonged duration of
infertility rendering ICSI management were involved in this study.

PCOS woman of couple with a male factor indicating ICSI like severe Oligoasthozoospermia,
Teratozoospermia, severe Oligoasthoteratozoospermia (OAT) were involved in the stud.
Combined Factor Infertility: Included couples with infertile PCOS woman and husband with
infertility cause, Age: 18- 40 years, BMI: 18-35, Platelet counts within accepted limits, (150000-
400000) per microliter.

Exclusion Criteria: Medical or psychological disease that is contrary to pregnancy,
Endometriosis, Untreated endocrine disorders, Untreated gynecological disease: pelvic infection,
ovarian tumors, uterine factors of infertility, Patients with blood disorders and those taking
antiplatelet or anticoagulant drugs and Patients who failed to gain Grade 1 embryos.

Patients were randomly allocated into two groups: PRP Group (35 women): Patients who
underwent simultaneous use of Ultrasound-guided trans-vaginal ovarian needle puncture and
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PRP in the preceding cycle of ICSI cycle. Non PRP Group (35 women): Patients who didn't
undergo simultaneous use of Ultrasound-guided trans-vaginal ovarian needle puncture and PRP
in the preceding cycle of ICSI cycle. All the females should have hormonal assay within the
normal range measuring basal cycle day 2 FSH, LH, TSH, Prolactin, AMH, Androstenedione
and Free Testosterone. CD7-CD8: Ultrasound-guided trans-vaginal ovarian needle puncture
coincided with ovarian PRP was done under general light anesthesia for PRP group. The whole
procedure of PRP preparation was carried out in an air-conditioned environment at 24 degrees
Celsius.

PRP preparation broadly involves three main steps:

1. Sample collection PRP is derived from plasma, so the first step in preparing PRP is to
generate plasma from the patient’s blood. Approximately 20-30 mL of blood was collected from
the patient by peripheral venipuncture to obtain 2-4 mL for PRP of both ovaries. Sodium citrate
is the most recommended anticoagulant since it ensures better preservation of platelets'® 1,

2. Centrifugation: Platelet-rich plasma (PRP) is derived from whole blood, which contains
plasma (55%), red blood cells (41%) platelets and white blood cells (4%), by centrifugation and
separation of its different components. The centrifugation and separation process leads to the
removal of red blood cells and the production of plasma with 5-10 times higher concentrations
of growth factors'?,

The rotor's size and radius (R) vary with different centrifuge machines. Therefore, relative
centrifugal force (g) values are converted to rotation per minute (rpm). The conversion factor
from ‘g’ to rpm is as follows: g = (1.118 x 10°) R (rpm)? 13. After centrifugation (1800g for 6
minutes). The upper layer corresponding relatively to platelet-poor plasma was aspirated and
discarded. The layer of buffy coat was accessed layer was aspirated and placed in a separate
sterile conical tube for another round of centrifugation, and the lower level corresponding to red
blood cells was discarded. The process was repeated a second time; no activators were added to
the final 4 mL of PRP were aspired to a sterile syringe.

3. Storage: Maintaining the quality of the PRP prior to its clinical application. Ideally, PRP
should be used within maximum 8 hours of centrifugation, as this maintains the leukocyte
concentration and pH of solution®®. For our patients PRP was injected within one hour.

Under intravenous sedation or general anesthesia by a licensed anesthesiologist and using
ultrasound guided transvaginal injection, intraovarian injection of approximately 2 mL of PRP
per ovary was performed. The injection was performed in multifocal spots and the diffusion of
the PRP in the subcortical layers was achieved by applying 3 to 4 punctures per ovary
transvaginally using a 22-gauge needle and guide'®. Post operatively, the patient tolerated the
procedure well and discharged on antibiotics and minor analgesic tablets. All women instructed
to attend the Infertility Clinic in the institute to start ICSI cycle in cycle day two.

Controlled Ovarian Hyperstimulation Protocols: As all women are with PCOS, the flexible
antagonist protocol type was employed for ICSI*4. Stimulation started on CD2 by administration
of daily subcutaneous injections of rFSH (Gonal F, Merk Serono) in a dose ranged between 75
IU- 2251U per day in a fixed time. When a minimum of three follicles reached the size equal to
or more than 17-18 mm, ovulation and final oocytes maturation was triggered by either one of
two protocols keeping the aim of OHSS avoidance: A. The Dual Trigger: Applied by
administration of recombinant hCG (Ovitrelle®, 250 1U Merk serono, Switzerland) and 0.2mg
Triptorelin (Decapeptyl; Ferring Pharmaceuticals) administered subcutaneously thirty-five hours
before ova pick-up time. B. GnRH Agonist Trigger: The primary clinical benefit of a GnRH-a
trigger is its ability to induce rapid, reversible luteolysis, reducing the risk of OHSS. Patients
received a single 0.2 mg bolus of GnRH-a (triptorelin; decapeptyl, Ferring) for final oocyte
maturation. Freezing all embryos after GnRH-a trigger and transferring in a next cycle that is
called segmentation of IVF cycle. This procedure had been used with in women who were
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exposed to risk of OHSS®.

The specialist in ARTSs recovered the oocytes 34-36 hours post-triggering, just prior to follicular
rupture. Patients were admitted to the operating theatre in a fasting state; Oocytes were retrieved
from individuals under transvaginal ultrasound guidance The entire procedure typically lasted
between 20-30 minutes. Subsequently, patients received analgesics, antibiotics, and luteal phase
support in the form of proge-sterone. Women who received Dual trigger underwent Fresh
Embryo transfer and the same method for embryo transfer was applied in the case of Frozen
embryo transfer for women with GnRH agonist trigger in both the PRP and groups. The selected
number of embryos for transfer was determined according to the embryonic quality, the age of
the patient, rank of the attempt, and the clinical history. For the first attempt in women under 35
years, only 2 embryos were transferred. For women over 35 years we transferred 3 embryos. A
pregnancy test was done approximately 2 weeks after embryo transfer to check for successful
implantation.

Sampling: Follicular fluid samples were taken to assess Ovarian Total Antioxidants Capacity
(OTAC). The follicular fluid seemed to be macroscopically clear without any blood
contamination and was clarified by centrifugation at1800g for 10 minutes successively to
eliminate cells and cell debris, respectively. The supernatant fluids were then stored at —70°C
until further analysis. Human Total antioxidant capacity (T-AOC) ELISA Kit. was used. This kit
uses enzyme-linked immune sorbent assay (ELISA) based on the Biotin double antibody
sandwich technology to assay the Human Total antioxidant capacity (T-AOC).

Results
1. Demographic Characteristics

Seventy patients were enrolled in this study, with thirty-five patients assigned to the Platelet-
Rich Plasma (PRP) group and thirty-five patients assigned to the non-PRP (control) group. The
demographic characteristics of both groups are systematically presented in Table 1.

Table 1: Comparison of Demographic Characteristics between PRP group and non-PRP

group
Characteristic PRP group non-PRP group P
35 cases 35 cases
Age (years
Mean *StDe. 28.71 £5.36 29.43 £5.54 0585 N
Min.-Max. 18 -39 19 -39 '
BMI (kg/m?)
Mean £StDe. 27.72 £3.73 28.31 +3.16 0.480 N
Min.-Max. 21 -33.7 21 -35 '
Duration of Infertility (years)
Mean £StDe. 6.49 +4.01 7.74 £3.76
Min.-Max. 1-20 2-18 0.18LN
Type of Infertility
Primary 29 (82.9 %) 26 (74.3 %) 0.382 N
Secondary 6 (17.1 %) 9 (25.7 %) '
Cause of Infertility
Male Factor 17 (48.6 %) 13 (37.1 %)
Female Factor 4 (11.4 %) 3 (8.6 %) 0.488 N
Dual Factor 14 (40.0 %) 19 (54.3 %)

StDe.: standard deviation; BMI: body mass index; N: not significant

No statistically significant differences were observed in mean age, mean body mass index, mean
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infertility duration, or in the distribution of patients by infertility type or cause (p > 0.05).
2. Serum Hormones Levels on Cycle Day 2

Comparison of mean serum hormonal levels on cycle day 2 between PRP group and non-PRP
group is shown in Table 2.

Table 2: Comparison of Mean Serum Hormonal Levels on Cycle Day 2 between PRP group
and non-PRP group

Characteristic PRP group non-PRP group P
35 cases 35 cases
CD2 FSH (mIU/ ml)
Mean £StDe. 5.65 +1.08 5.49 +1.60
Min.-Max. 2.8-7.3 2.88-11.2 0.633N
CD2 LH (mIU/ ml)
Mean £StDe. 5.11 £1.92 5.88 +2.11
Min.-Max. 1.6 -8.7 1.9-129 0.115N
TSH (pg/ml)
Mean +StDe. 1.89 +0.58 1.98 +0.60
Min.-Max. 0.56 -3 0.63 -2.7 0.536 N
Prolactin (mlU/ ml)
Mean £StDe. 19.64 +5.02 17.46 +6.65
Min.-Max. 7-29 3.2-32 0.125N
E2 (pg/ml)
Mean £StDe. 30.50 £11.09 33.89 £10.21 0.187 N
Min.-Max. 12 -51.2 10 -52 '
AMH (ng/ml)
Mean £StDe. 4.53 £1.69 470 +1.41
Min.-Max. 1.6-9.2 2.87-9.78 0.641N
Free Testosterone (pg/ml)
Mean £StDe. 1.35+0.91 1.61 +1.50 0.379 N
Min.-Max. 0.12 -4.15 0.09 -7.65 '
Androstenedione (ng/ml)
Mean £StDe. 1.88 £0.98 2.30 £1.04 0.088 N
Min.-Max. 0.32 -4.50 0.77 -5.9 '

StDe.: standard deviation; N: not significant; CD2: cycle day 2; FSH: Follicle Stimulating
Hormone; LH: Luteinizing Hormone; TSH: Thyroid Stimulating Hormone; E2: Estradiol;
AMH: Anti-mullerian Hormone.

Table 2 showed lack of significant variations in mean levels of FSH, LH, TSH, prolactin,
estradiol and AMH (p> 0.05). There was no statistically significant difference in mean free
testosterone levels between the PRP group and the non-PRP group prior to PRP administration,
as measured on cycle day 2 (p = 0.379). Similarly, the mean androstenedione values did not
differ significantly between the non-PRP and PRP groups (p = 0.088).

3. Comparison of ICSI Cycle Stimulation Characteristics

Stimulation characteristics are shown in Table 3 and comparison revealed no significant
differences in mean dose of FSH, mean number of GhRH Antagonist Ampoules, mean day of
trigger, mean E2 at trigger day, and trigger type (p > 0.05).



140 American Journal of Biomedicine and Pharmacy Volume: 2 | Number: 12 (2025) Dec

Table 3. Comparison of ICSI Cycle Stimulation Characteristics between PRP group and
non- PRP group

Characteristic PRP group non-PRP group P
35 cases 35 cases
Dose of FSH
Mean £StDe. 1726.40 £449.55 1727.10 +488.86 0.995 N
Min.-Max. 1150 -3000 1050 -3100 '
Number of GhnRH Antagonist
Ampoules
Mean *StDe. 3.46 +0.78 3.26 +0.66
Min.-Max. 2-5 2-5 0.250N
Trigger day
Mean £StDe. 10.63 £0.91 10.57 +0.65
Min.-Max. 9-13 9-12 0.764N
E2 on Trigger Day (pg/ml)
Mean £StDe. 2443.00 +860.16 2429.20 +£949.92 0.949 N
Min.-Max. 1255 -4360 1008 -6680 '
Trigger type
Dual trigger 20 (57.1 %) 17 (48.6 %) 0.473 N
Agonist Trigger 15 (42.9 %) 18 (51.4 %) '

N: not significant

There was no significant difference in proportion of patients with Ovarian Hyperstimulation
Syndrome (OHSS) on day of ova pick up (p 0.172), as shown in Figure 1.

100% -

90% -

0% p=0.172
S Not signficant
% 70% - 9
2 60% - 28 (80 %)
(1]
- 50% - 32 (91'4 %) @ OHSS Not Present
o
3 40% - OHSS Present
g 30% -
Z 20% -

10% - 7 (20 %)

0% 3 (8.6 %)
PRP group ' Non-PRP group

Figure 1: Comparison of Ovarian Hyperstimulation Syndrome (OHSS) Incidence Rates
4. Comparison of Oocytes Characteristics

Table 4 presents the characteristics of oocytes. The results indicated that there were no
statistically significant differences in the mean number of follicles, mean number of aspirated
oocytes, mean number of mature oocytes at metaphase 11 stage (MIl), mean number of immature
oocytes metaphase | stage (MI), mean number of germinal vesicle oocytes, mean number of
abnormal oocytes, follicle-to-oocyte ratio, and maturation index (p > 0.05).
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Table 4: Comparison of Oocytes Characteristics between PRP group and non- PRP group

Characteristic PRP group non-PRP group P
35 cases 35 cases
Number of Follicles in Ova pick up
Mean £StDe. 23.89 +£8.36 24.97 £9.97 0.623 N
Min.-Max. 9-44 11 -58 '
Number of Oocytes on Ova pick up
Mean *StDe. 17.86 +£7.39 17.43 £8.01 0817 N
Min.-Max. 4 -34 8 -51 '
Mature (MI1) Oocytes
Mean £StDe. 13.09 +6.07 12.86 +6.98
Min.-Max. 1-25 3-40 0.884N
Immature metaphase | (MI) oocytes
Mean £StDe. 0.94 +1.16 0.94 +1.11
Min.-Max. 0-4 0-4 1.000N
Germinal vesicle (GV) oocyte
Mean £StDe. 2.26 £1.95 2.23£2.12
Min.-Max. 0-7 0-8 0.953N
Abnormal Oocytes
Mean £StDe. 151 42,51 1.06 £1.43
Min.-Max. 0-12 0-5 0.353N
Follicle to oocyte ratio
Mean £StDe. 74.55 +£16.13 69.86 +10.06 0.149 N
Min.-Max. 17.4 -93.3 43.8 -87.9 '
Maturation index
Mean £StDe. 73.28 £16.81 72.79 £18.49 0.909 N
Min.-Max. 7.1-100 18.8 -100 '

N: not significant

5. Comparison of Embryos Characteristics

A comparison between the non-PRP and PRP groups showed in Table 5 and revealed no
significant differences in 2PN oocyte count, fertilization rate, mean numbers of grade 1-4
embryos, frozen embryos, transferred embryos, or type of embryo transfer (p > 0.05).

Table 5: Comparison of Embryos Characteristics between PRP group and non-PRP group

Characteristic PRP group non-PRP group P
35 cases 35 cases
Number of 2PN
Mean +StDe. 9.77 £5.32 10.77 £6.25
Min.-Max. 1-19 2-35 0474 N
Fertilization rate
Mean £StDe. 75.31 £19.00 81.25+17.48 0.178 N
Min.-Max. 15.8 -100 28.6 -100 '
Number of Grade 1 Embryos
Mean £StDe. 6.29 +4.19 6.89 +4.10
Min.-Max. 1-15 2-23 0.547N
Number of Grsde 2 Embryos
Mean +StDe. 1.44 £1.60 1.86 £1.88
Min.-Max. 0-8 0-8 0.327N
Number of Grade 3 Embryos
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Mean +StDe. 0.60 +£0.95 0.97 £1.32
Min.-Max. 0-4 0-6 0.180N
Number of Grade 4 Embryos
Mean £StDe. 1.57 £1.94 1.09 £1.54
Min.-Max. 0-7 0-6 0.25LN
Number of Frozen Embryos
Mean £StDe. 7.38 £3.62 5.39 +5.96
Min.-Max. 1-19 0-31 0.154N
Number of Transferred Embryos
Mean +StDe. 2.26 £0.51 2.43 £0.50
Min.-Max. 1-3 1-3 0.159N
Type of Embryo Transfer
Fresh Embryo Transfer 18 (51.4 %) 17 (48.6 %) 0.811 N
Frozen Embryo Transfer 17 (48.6 %) 18 (51.4 %) '

N: not significant

6. Comparison of Follicular Fluid Total Antioxidants Capacity (TAC) levels between PRP
group and non-PRP group

A comparison was conducted to evaluate the follicular fluid total antioxidant capacity (TAC)
levels between the PRP group and the non-PRP group. As shown in Table 6, the analysis
revealed no statistically significant difference in TAC levels between the two groups (p = 0.388).

Table 6: Comparison of Follicular Fluid TAC Levels between PRP group and non-PRP

group
Characteristic PRP group non-PRP group p
35 cases 35 cases
Follicular fluid TAC
Median (IQR) 6.1 (3.92) 5.6 (3.1) 0.388 N
Min.-Max. 1.19 -113.2 2.1-49 '

IQR: inter-quartile range; N: not significant

7. Comparison of Pregnancy Rate between PRP group and non-PRP group

When examining pregnancy rates following fresh embryo transfer, the PRP group demonstrated
a higher rate of pregnancy after fresh embryo transfer (12 cases, 34.3%) than the non-PRP group
(7 cases, 20.0%). Similarly, the pregnancy rate after frozen embryo transfer was also higher in

the PRP group (7 cases, 20.0%) compared to the non-PRP group (5 cases, 14.3%).

Table 7: Comparison of Pregnancy Rate between PRP group and non-PRP group

Characteristic PRP group non-PRP group p
35 cases 35 cases
Not Pregnant 16 (45.7 %) 23 (65.7 %) Reference
Pregnant after fresh ET 12 (34.3 %) 7 (20.0 %) 0.113N
Pregnant after frozen ET 7 (20.0 %) 5 (14.3 %) 0.292 N

Discussion

To date there are few studies investigating the role of PRP in PCOS women and relatively more
studies explained cold Ultrasound-guided Transvaginal Ovarian Needle Puncture. This study
investigated the effect of applying a relatively less invasive method to the PCOS women by
applying limited number of needle punctures and injecting PRP into the ovary guided by
Transvaginal Ultrasound.
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1. Demographic Characteristics: In this study, participants were randomly assigned to groups,
resulting in no statistically significant differences in mean age, mean of body mass index, mean
duration of infertility, or in the distribution of patients by type and cause of infertility. Such
equivalence between groups is essential in interventional case-control studies to minimize
potential bias in outcome assessments.

2. Serum Hormones Levels on Cycle Day 2: In this study, comparison of mean serum
hormonal levels, FSH, LH, Prolactin, E> and AMH, Free Testosterone and Androstenedione
baseline levels in cycle day two between non-PRP group and PRP group revealed lack of
significant variations. These findings is most likely due to random distribution of patients on
PRP and Non-PRP groups.

3. Comparison of ICSI Cycle Stimulation Characteristics: In the present study, no significant
differences were observed between the PRP and non-PRP groups regarding the mean dose of
FSH, mean number of GnRH antagonist ampoules, mean day of trigger, mean E2 at trigger day,
or trigger type. Additionally, there was no significant difference in the proportion of patients
experiencing Ovarian Hyperstimulation Syndrome (OHSS). This finding is attributed to the
successful random allocation of participants into the PRP and non-PRP groups and denied the
questioned role of the study intervention in increasing risk of OHSS.

4. Comparison of Oocytes Characteristics: The present study demonstrated no significant
differences between the PRP and non-PRP groups in oocyte characteristics, including the mean
number of follicles, mean number of oocytes, mean number of mature oocytes (MIl), mean
number of immature oocytes (MI), mean number of germinal vesicle oocytes, mean number of
abnormal oocytes, follicle-to-oocyte ratio, and maturation index. In 2024, Shrivastava et al.,
demonstrated that PRP treatment resulted in an increased follicle count, improved oocyte quality,
and a successful pregnancy in IVF cycles 6. In PCOS, increased collagen deposition results in a
stiffened ovarian cortex, creating a mechanically restrictive environment in vivo that can
adversely affect intracellular signaling pathways. The mechanical tension produced by the rigid
stromal architecture may hinder normal folliculogenesis, ultimately affecting the developmental
competence of ovarian follicles. From a clinical perspective, procedures such as ovarian drilling
(including wedge resection or diathermy/laser drilling) in polycystic ovary syndrome (PCOS)
ovaries—disruptive interventions by nature—may contribute to the interruption of Hippo
signaling through the facilitation of actin polymerization, thereby promoting further follicular
development!7: 18,19,

5. Comparison of Embryos Characteristics: Analysis revealed no statistically significant
differences in the number of 2PN oocytes, fertilization rates, mean counts of grade 1-4 embryos,
numbers of frozen and transferred embryos, or the type of embryo transfer procedure. It should
be noted that this study relied exclusively on morphological assessments of embryos, without
incorporating genetic or molecular analyses. As a result, subtle genetic or molecular changes that
may influence oocyte and embryo quality could not be detected using conventional
morphological evaluation alone so as, the possibility of underlying genetic or molecular
improvements associated with the intervention cannot be entirely excluded. In line with such
suggestions, according to a recent study, transvaginal ovarian drilling (TVOD) plus intraovarian
PRP (ovarian rejuvenation) significantly increased the percentage and possibly the yield of
euploid blastocysts. Additionally, TVOD+PRP significantly reduced the number of aneuploid
embryos compared to PRP alone 2°,

6. Comparison of Follicular Fluid Total Antioxidants Capacity (TAC) levels between PRP
group and non-PRP group: In the present study, follicular fluid total antioxidant capacity
(TAC) levels were similar between the non-PRP and PRP groups, indicating no significant
difference attributable to PRP treatment. However, this lack of significant variation in TAC
should not be construed as evidence against the potential impact of PRP on oxidative stress and
ovarian antioxidant capacity. The scope of current investigation was limited to TAC, while other
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oxidative stress markers were utilized by other studies?’. A 2019 study demonstrated that
targeted platelet-rich plasma (PRP) administration significantly increased ovarian total
antioxidant capacity (TAC) and reduced the lipid peroxidation ratio. Conversely, reductions in
tissue levels of antioxidant enzymes—such as superoxide dismutase (SOD), glutathione
peroxidase (GSH-px), and catalase—have been associated with the initiation and progression of
oxidative stress in ovarian tissue. The research measured tissue concentrations of SOD and GSH-
px to assess these changes. Findings indicated that PRP supplementation substantially restored
GSH-px and SOD levels diminished by polycystic ovary syndrome (PCOS). Based on
biochemical data, the authors concluded that PRP can upregulate ovarian GSH-px and SOD
levels, markedly reduce mRNA damage, and lower ovarian malondialdehyde (MDA) content??,

One proposed mechanism for PRP's effectiveness is its ability to reduce oxidative stress in
follicular fluid. In vitro, studies have shown that PRP significantly impacts granulosa cells,
promoting high proliferation rates and upregulating genes essential for reproduction® 24, PRP
has been shown to reduce abnormal ROS accumulation by improving mitochondrial function
thereby protecting oocytes and granulosa cells from oxidative damage. In vitro studies have
confirmed that PRP helps maintain mitochondrial activity in mature oocytes®. In vitro studies
have shown that PRP significantly impacts granulosa cells, promoting high proliferation rates
and upregulating genes essential for reproduction?®. Oxidative imbalance worsens numerous
diseases, and recent studies suggest that PRP administration enhances antioxidant capacity,
offering both protective and therapeutic benefits?” 28:29.30,

7. Comparison of Pregnancy Rate between PRP group and non-PRP group: In this study,
pregnancy rates following fresh and frozen embryo transfer, the PRP group demonstrated a
higher rate of pregnancy, the pregnancy rate was 54.3% in the PRP group compared to 34.3% in
the non-PRP group, which is clinically significant. While the observed difference did not reach
statistical significance, it may still hold relevance in the context of clinical outcomes for
infertility management. The objective of applying minimally invasive mechanical stimulation via
needle puncture, combined with the potential benefits of PRP, warrants further consideration
regarding its impact on pregnancy rates.

Conclusion

Although the combined use of ovarian needle puncture and platelet-rich plasma (PRP) did not
produce significant effects on ovarian total antioxidant capacity (TAC) levels or on oocyte and
embryo yield in women with PCOS, the pregnancy rate was higher following this intervention.
These findings suggest the need for further large-scale studies to confirm the potential benefits of
this approach.

References
1. WHO

2. Aversa, A., La Vignera, S., Rago, R., Gambineri, A., Nappi, R.E., Calogero, A.E. and
Ferlin, A. (2020). Fundamental Concepts and Novel Aspects of Polycystic Ovarian
Syndrome: Expert Consensus Resolutions. Frontiers in Endocrinology, 11(516).
doi:https://doi.org/10.3389/fend0.2020.00516.

3. Zeber-Lubecka, N., Michal Ciebiera and Hennig, E.E. (2023). Polycystic Ovary Syndrome
and Oxidative Stress—From Bench to Bedside. International Journal of Molecular
Sciences, 24(18), pp.1412614126 https://doi.org/10.3390/ijms241814126

4. Li, W, Liu, C,, Yang, Q., Zhou, Y., Liu, M. and Shan, H. (2022). Oxidative stress and
antioxidant imbalance in ovulation disorder in patients with polycystic ovary syndrome.
Frontiers in Nutrition, 9. https://doi.org/10.3389/fnhut.2022.1018674



145 American Journal of Biomedicine and Pharmacy Volume: 2 | Number: 12 (2025) Dec

10.

11.

12.

13.

14.

15.

16.

17.

Cheng, X. and He, B. (2022). Clinical and Biochemical Potential of Antioxidants in Treating
Polycystic Ovary Syndrome. International Journal of Women'’s Health, [online] Volume 14,
pp.467-479. DOI: 10.2147/1JWH.S345853

Rudnicka, E., Duszewska, A.M., Kucharski, M., Tyczynski, P. and Smolarczyk, R. (2022).
Oxidative stress in polycystic ovary syndrome (PCOS). Reproduction, 164(6).
DOI: https://doi.org/10.1530/REP-22-0152

Lee, C.-H., Lee, C.-Y., You, H.-L., Wu, Y.-T. and Chen, D.-P. (2024). The growth factor
content as an indicator of platelet counts in platelet-rich plasma. Clinica Chimica Acta, 564,
pp.119901-119901. doi:https://doi.org/10.1016/j.cca.2024.119901

Tambeli, C.H. (2023). Platelet-rich plasma in pain management. Nanotechnology and
Regenerative Medicine, [online] pp.397-409. doi:https://doi.org/10.1016/b978-0-323-
90471-1.00016-5.

Zhang, J., Tang, L., Kong, L., Wu, T., Xu, L., Pan, X., et al. (2021). Ultrasound-guided
transvaginal ovarian needle drilling for clomiphene-resistant polycystic ovarian syndrome in
subfertile women. The Cochrane database of systematic reviews, 11(11), CDO008583.
https://doi.org/10.1002/14651858.CD008583.pub3

Sanchez, M., Beitia, M., Pompei, O., Jorquera, C., Pello Sanchez, Knérr, J., Soldado, F.,
Lépez, L., Oraa, J., Ane Miren Bilbao, Nicolas Fiz, Guadilla, J., Aizpurua, B., Azofra, J. and
Delgado, D. (2020). Isolation, Activation, and Mechanism of Action of Platelet-Rich Plasma
and Its Applications for Joint Repair. IntechOpen eBooks. DOI: 10.5772/intechopen.90543.

Fraidakis, M., Giannakakis, G., Anifantaki, A., Skouradaki, M., Tsakoumi, P., Bitzopoulou,
P., Kourpa, S., Zervakis, A. and Kakouri, P. (2023). Intraovarian Platelet-Rich Plasma
Injections: Safety and Thoughts on Efficacy Based on a Single Centre Experience With 469
Women. Cureus. [online] doi:https://doi.org/10.7759/cureus.38674.

Merhi, Z., Seckin, S. and Mouanness, M. (2022). Intraovarian platelet-rich plasma
administration could improve blastocyst euploidy rates in women undergoing in vitro
fertilization. Clinical and Experimental Reproductive Medicine, 49(3), pp.210-214.
doi: 10.5653/cerm.2021.05057.

Dashore, S., Chouhan, K., Nanda, S. and Sharma, A. (2021). Preparation of platelet-rich
plasma: National IADVL PRP taskforce recommendations. Indian Dermatology Online
Journal, 12(7), p.12. doi: 10.4103/idoj.idoj 269 21

Muhssin, S. and. AL-Anbari, L. (2022). Evaluation of LH Level at Different Time Points
During the Follicular phase in ICSI Cycle and Correlation with Pregnancy. IraQi Journal of
Embryos and Infertility Researches, 12(1), pp.37-54.
doi:https://doi.org/10.28969/ijeir.v12.11.r4.22.

Ashraf Alyasin, Shayesteh Mehdinejadiani and Ghasemi, M. (2016). GnRH agonist trigger
versus hCG trigger in GnRH antagonist in IVF/ICSI cycles: A review article. Iranian
Journal of Reproductive Medicine, 14(9), pp.557-566.
doi:https://doi.org/10.29252/ijrm.14.9.557.

Shrivastava, J., More, A., Shrivastava, V., Choudhary, N. and Shrivastava, D. (2024).
Enhancement of Ovarian Reserve and Oocyte Quality After Platelet-Rich Plasma Instillation
in a Woman With Diminished Anti-Millerian Hormone. Cureus. [online]
doi:https://doi.org/10.7759/cureus.53474

Kawamura, K., Cheng, Y., Suzuki, N., Deguchi, M., Sato, Y., Takae, et al. (2013). Hippo
signaling disruption and Akt stimulation of ovarian follicles for infertility treatment.
Proceedings of the National Academy of Sciences, 110(43), 17474-17479.
https://doi.org/10.1073/pnas.1312830110.



146 American Journal of Biomedicine and Pharmacy Volume: 2 | Number: 12 (2025) Dec

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Xia, L. J. and Du, J. (2022). Mechanical stress-induced Hippo signaling in respect to
primordial follicle development and polycystic ovary syndrome pathogenesis. Reproductive
and Developmental Medicine, 6(2), 121-128.
doi:https://doi.org/10.1097/rd9.0000000000000009

Zhu, M., Xu, M., Zhang, J. and Zheng, C. (2023). The role of Hippo pathway in ovarian
development. Frontiers in Physiology, 14, 1198873.
https://doi.org/10.3389/fphys.2023.1198873

Rubin, S. C., Noruzi, K., Chen, E., Greene, A., & Keltz, M. (2025). The combination of
ovarian rejuvenation with platelet-rich plasma (PRP) and transvaginal ovarian drilling (tvod)
increases the percent of euploid embryos per cycle in low prognosis ivf patients. Fertility
and Sterility, 124(1), e44-e45. https://doi.org/10.1016/j.fertnstert.2025.05.065

Gusti, A.M.T., Qusti, S.Y., Alshammari, E.M., Toraih, E.A. and Fawzy, M.S. (2021).
Antioxidants-Related Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPX), Glutathione-S-Transferase (GST), and Nitric Oxide Synthase (NOS)
Gene Variants Analysis in an Obese Population: A Preliminary Case-Control Study.
Antioxidants, 10(4), p.595. doi:https://doi.org/10.3390/antiox 10040595

Anvari, S.S., G Holamreza Dehgan and Razi, M. (2019). Preliminary Findings of Platelet-
Rich Plasma-Induced Ameliorative Effect on Polycystic Ovarian Syndrome. DOAJ (DOAJ:
Directory of Open Access Journals), 21(3), pp.243-252.
doi:https://doi.org/10.22074/cellj.2019.5952

Mazloomi, S., Sanoeei Farimani, M., Tayebinia, H., Karimi, J., Amiri, ., Abbasi, E., et al.
(2022). The Association of Mitochondrial Translocator Protein and Voltage-Dependent
Anion Channel-1 in Granulosa Cells with Estradiol Levels and Presence of Immature
Follicles in Polycystic Ovary Syndrome. Journal of reproduction & infertility, 23(3), 148—
159. https://doi.org/10.18502/jri.v23i3.10005.

Chen, Y., Yang, J., & Zhang, L. (2023). The Impact of Follicular Fluid Oxidative Stress
Levels on the Outcomes of Assisted Reproductive Therapy. Antioxidants (Basel,
Switzerland), 12(12), 2117. https://doi.org/10.3390/antiox12122117

Guo, Z. and Kawamura, K. (2025). Ovarian Function Restoration Using Autologous
Platelet-Rich Plasma. Reproductive Medicine and Biology, 24(1).
doi:https://doi.org/10.1002/rmb2.12666

Yahyavi, Y., Karimi, A., Ebrahimi-Kalan, A., Ramezani, F., Hasanzadeh, M., Yousefi, S., et
al. (2024). Assessment of platelet-rich plasma (PRP) effects on the proliferation and
apoptosis of cyclophosphamide-induced damage in human granulosa cells. Pharmaceutical
Sciences, 30(2), 204-214. https://doi.org/10.34172/ps.2023.25

Belebecha, V., Casagrande, R., Urbano, M. R., Crespigio, J., Martinez, R. M., Vale, D. L., et
al. (2020). Effect of the platelet-rich plasma covering of polypropylene mesh on oxidative
stress, inflammation, and adhesions. International urogynecology journal, 31(1), 139-147.
https://doi.org/10.1007/s00192-019-03938-5

Ma, Y., Xuan, M., Dong, Y., Wang, H., Huang, J., Cheng, B. and Cui, X. (2021). Platelet-
rich plasma protects human melanocytes from oxidative stress and ameliorates
melanogenesis induced by UVvB irradiation. 85(7), pp.1686-1696.
doi:https://doi.org/10.1093/bbb/zbab085.

Wani, F. A., Ibrahim, M. A., Ameen, S. H., Farage, A. E., Ali, Z. A,, Saleh, K., et al. (2023).
Platelet Rich Plasma and Adipose-Derived Mesenchymal Stem Cells Mitigate Methotrexate-
Induced Nephrotoxicity in Rat via Nrf2/Ppary/HO-1 and NF-Kb/Keapl/Caspase-3 Signaling
Pathways:  Oxidative  Stress and  Apoptosis  Interplay. Toxics, 11(5),  398.
https://doi.org/10.3390/toxics11050398



147 American Journal of Biomedicine and Pharmacy Volume: 2 | Number: 12 (2025) Dec

30. Su, L., Xie, S., Li, T., Jia, Y., & Wang, Y. (2024). Pretreatment with platelet-rich plasma
protects against ischemia-reperfusion induced flap injury by deactivating the JAK/STAT
pathway in mice. Molecular medicine (Cambridge, Mass.), 30(1), 18.
https://doi.org/10.1186/s10020-024-00781-3



