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Abstract: Platelets are small cell fragments in the blood that play a crucial role in blood
clotting and wound healing. Through a process called apheresis, where blood is drawn from
a donor, separated into its components using a centrifuge, platelet concentrates are obtained.
Of those, Platelet-Rich Plasma (PRP) has garnered considerable attention in recent years
mainly due to its attractive regenerative and wound healing properties, prompting extensive
research in a wide range of applications. Within the realm of human reproduction, PRP can
be considered a biofunctional material as it contains cytokines that have demonstrated notable
effects on sperm quality and function. This article aims to present a comprehensive literature
review on the utilization of PRP for male infertility treatment. A thorough bibliographic
search was conducted encompassing articles and reviews published in scientific journals over
the last 5 years, focusing on the potential of PRP formulations in addressing male factor
infertility. Overall, nine publications were identified, suggesting the PRP application across
various domains including sperm cryopreservation, management of oxidative stress,
cultivation of spermatogonial stem cells, and in addressing azoospermia (absence of sperm
in the ejaculate or semen of a male). Findings indicate that supplementing the
cryopreservation media with PRP enhances sperm parameters, while PRP-incubated samples
exhibit a heightened antioxidant capacity. Moreover, PRP demonstrates potential in
augmenting the proliferation and vitality of spermatogonial stem cells, alongside facilitating
sperm recovery in non-obstructive azoospermia cases (where the problem with sperm
production lies within the testes themselves and not due to any physical duct obstruction).
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Despite promising outcomes, research with larger sample sizes is warranted to delineate
optimal protocols and ascertain the clinical safety, efficacy, and predictability of PRP therapy
in male infertility management.
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1. Introduction

Platelet Concentrates, briefly, are autologous blood extracts obtained through centrifugation
of whole blood samples [1-3]. The preparation procedure allows the gathering and
concentration of platelets and other therapeutic blood constituents (fibrinogen/fibrin, growth
factors, leukocytes and circulating cells), in clinically-usable preparations, biofunctional
materials and surgical adjuvants. Despite promising clinical observations, in a wide range of
applications and indications, their overall effectiveness remains debated to date [1-5]. This
is mainly due to: mixed/variable clinical outcomes, limited high-quality evidence-based
literature, and poor characterization of end-products (and preparation protocols) used in studies;
and - until recently - lack of proper terminology systems to classify these preparations [1-3].
Indeed, the first “classification” consensus [ 1] was published in 2009, describing 4 different
Platelet Concentrate sub-families, based on variability in biological content (fibrin and cell),
properties (gelification) and potential applications: pure platelet-rich plasma (P-PRP),
leukocyte and platelet-rich plasma (L-PRP), pure platelet-rich fibrin (P-PRF) and leukocyte
and platelet-rich fibrin (L-PRF) [3-5]. Today, it can be safely stated that, in reproductive
medicine, the PRP sub-family is receiving the most attention, mainly due to simplicity,
user-friendliness and cost-effectiveness, when compared to the other preparations.
Generally, Platelet Rich Plasma, or PRP, can be simply defined as that fraction of plasma
with a higher platelet concentration than that of the blood of a healthy person
pre-centrifugation [2—4]. Platelets are small cell fragments in the blood that play a crucial
role in blood clotting, wound healing, reparative and regenerative medicine [1-5]. Obtaining
PRP is simple and quick since only centrifugation of a blood sample is necessary. Certain
components of PRP have been shown to play a crucial role in cellular and tissular repair and
regeneration [1-5], with observed positive effects on seminal quality, erectile dysfunction
and male infertility [6]. Indeed, PRP is currently used in a wide variety of clinical indications
such as extra-/intra-oral surgeries, musculoskeletal injuries, cranio-maxillo-facial
reconstruction, and dermatology, and recently its use has been expanded to reproductive
medicine, being a treatment already used in certain cases of female infertility. Henceforth,
the use of PRP therapy has been accompanied with an increasing interest and demand in
understanding its efficacy, mechanism(s) of action and potential clinical application, for an
improved quality of life of millions of patients worldwide [7-9]. Therefore, the purpose of
this literature review is to comprehensively filter and analyze the current state-of-art and
research efforts related to the application of PRP as a therapeutic option in male infertility
indications. Key aspects will be addressed, including the description of PRP, its preparation
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and storage, its current clinical use, and the potential mechanism(s) through which PRP could
improve the semonogram parametric of patients, i.e. male fertility, based on clinical data
from published studies. Limitations and prospects for this emerging area are also discussed.

2. Methods

Studies included in this mini-review article were obtained from the PubMed®/MEDLINE®
database, using the following search keywords: “Platelet-rich plasma (PRP)”, “PRP and male
infertility”, “PRP and male fertility”, “PRP and infertility”, “PRP and male fertility”, “PRP
and spermatozoa”, “PRP and erectile dysfunction”, “PRP and sperm cryopreservation”, “PRP
and oxidative stress”, “PRP and semenogram”, “PRP and spermatogonial cell culture”, “PRP
and spermatogonia”, “PRP and azoospermia”, “PRP and obstructive azoospermia”, “PRP
and non-obstructive azoospermia”, “PRP and idiopathic infertility”, “PRP and testicular
tissue injury”. The search period for English—as well as Spanish-language publications
between the years 2018 and 2023 resulted in less than ten articles, of which four employed
an animal model (in vivo/pre-clinical) and four were identified as clinical trials in humans.
Hits were initially screened by title and abstract, followed by tabulation and a thorough
examination of selected and included articles; where the in vitro—only studies were excluded.
Given the lack of standardization in PRP preparation protocols, special attention to variations in
qualitative and quantitative observations and reported semen parametric was conducted, to
deliver, to the best of capabilities, a comprehensive and updated review of the state-of-art.

3. Results
3.1. PRP definition, description, and history in the recent literature

The use of PRP can be dated back to the 1970s, when it was used in thrombocytopenic
patients. Interestingly, PRP was initially developed in the field of maxillo-facial surgery and
oral (dental) implantology, gaining more and more attention for its ability to enhance
localized tissue regeneration and promote wound healing [3-5]. At that time, it was defined
as plasma with a platelet concentration greater than that found in peripheral blood [6]. Indeed,
the concept of PRP revolves around harnessing the regenerative potential of the platelets
found in blood. Platelets contain various growth factors and cytokines that play crucial roles
in tissue repair and regeneration, hence, via isolating and concentrating platelets from own
blood of an individual patent, PRP can be obtained/created and then applied to targeted areas
of injury or dysfunction [1-5]. Over the years, PRP therapy has expanded beyond oral and
dental surgery to various medical disciplines, including orthopaedics, dermatology, sports
medicine, and aesthetics. Its versatility and potential benefits have led to extensive research
and clinical applications in treating conditions such as tendon injuries, osteoarthritis, chronic
wounds, and hair loss, amongst others, such as the topic or focus of this review, i.e. male
fertility. Today, PRP is perhaps better described as the fraction of plasma with a higher
platelet concentration when compared to that of the blood of a healthy subject prior to
centrifugation. Technically, a platelet concentration five times greater than the initial
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preparation, at least around 1 > 10° cell/i, is considered or classified as a PRP formulation [10].
Nonetheless, it is worth mentioning that multiple classifications have been proposed in the
literature. Herein, categorizing PRP is based on different parameters, such as: purity of the
obtained PRP sample, its platelet and/or leukocyte content, concentration and/or quantity,
exogenous activation, and the presence of erythrocytes. The most recent recommendation
from the Scientific Committee on Standardization of the International Society on Thrombosis
and Hemostasis or ISTH, aimed at standardization, primarily for regenerative medicine
applications, comprises using products containing platelets or platelet-rich concentrates [11].

3.2. PRP preparation, activation, handling, storage, formulation, and application protocol

While reported protocols may/do vary depending on the intended application and the
preferences of healthcare providers, a typical process regularly includes the following steps:
(1) Blood Collection: A small volume of whole blood is drawn from the patient, usually from
a vein in the arm, using a sterile technique; (2) Centrifugation: The collected blood is then
centrifuged to separate its components based on their density. This process typically involves
spinning the blood at high speeds to separate red blood cells, platelets, and plasma; In terms
of centrifugation protocols for use in male infertility applications, it is noteworthy herein that
those are not completely defined, to date, and to the best of knowledge. This is mainly due
to inconclusiveness of the reported results in available studies and literature. Nevertheless, a
recent 2021 article from the IEEE International Conference on Health, Instrumentation &
Measurement, and Natural Sciences (InHeNce), shedding some light regarding centrifugation
protocols, obtained promising results through the following protocol: To obtain PRP, set
speed at 380 g for 15 minutes to separate the blood into 3 layers followed by a second
centrifugation at a speed of 1300g for 8 minutes. Data demonstrated that semen incubated
with PRP for 1 hour had better mobility and quality, when compared to fresh semen [12].
(3) Platelet Concentration: After centrifugation, the platelet-rich fraction is isolated from the
rest of the blood components. This fraction contains a higher concentration of platelets
compared to whole blood; (4) Activation: Optional where in some protocols, the isolated PRP
may be activated using various agents such as calcium chloride, thrombin, or collagen, which
can trigger the release of growth factors from the platelets; (5) Application: Once prepared,
the activated or non-activated biofunctional PRP material can be applied directly to the target
defect or area of treatment. This may involve injection, topical application, or incorporation
into other medical procedures, depending on the specific medical condition being addressed;
and (6) Storage: PRP and platelet concentrates, in general, have a limited shelf life, usually
around 5-7 days, and are typically stored at room temperature. Thus, it must be handled and
transfused with care to prevent bacterial contamination and ensure efficacy as in therapeutics.

Herein, in reproductive medicine applications, the preparation of PRP often begins with
a blood extraction using an anti-coagulant in the extraction system, normally a sodium citrate
solution, avoiding platelet activation before application. From here, there are two processing
options, depending on whether one or two consecutive centrifugations are performed [13].
The 1% centrifugation cycle is aimed to separate the collected blood into 3 distinct levels or
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portions, as is illustrated in Figure 1; Bottom level contains red blood cells (RBCs) and
leukocytes just above it, Middle or intermediate level corresponds to PRP, and Top or upper
level composed of platelet-poor plasma or PPP. Middle and Top portions are to be preserved
for their plasma and leukocyte content, discarding the Lower portion. If a 2nd centrifugation
of the Middle or intermediate layer is to be performed in the adopted protocol, then the PPP
supernatant and the platelet pellet with some RBCs will result, which then will be re-suspended
to obtain the PRP [7]. Here, an agonist can be utilized for platelet activation [14]. It is critical
to note that despite the various existing methods and protocols for PRP preparation, the basic
requirements recommended by the literature “consensus” comprise a platelet concentration
4 to 6 times higher than the initial sample, with leukocytes absent or below 1000 cell/ml and
erythrocytes at levels equal to or less than 100 cell/ml [10,13]. Finally, it is noteworthy that
a platelet concentration 6x higher than initial preparation should not be exceeded; as it could,
contrary to belief, exert an inhibitory effect on the target therapy [13].
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Figure 1. Scheme for obtaining PRP preparations or formulations from withdrawn
blood via performing one to two centrifuges. Briefly, the first phase comprises
separating the collected blood into three levels: the lower one with red blood cells and
leukocytes in the upper part; the intermediate corresponds to PRP and the upper would
be composed of platelet-poor plasma or PPP. The lower level is then discarded, and the
two upper portions preserved. If a second centrifugation of the intermediate level is
performed, the PPP supernatant and the platelet pellet with some red blood cells will
be obtained, which will be then re-suspended to obtain the highly-concentrated PRP.
Please note that an agonist can be used to activate platelets. Illustration created using
PowerPoint and BioRender.

Technical Note: Formulation-wise, PRP can vary in terms of platelet concentration,
white blood cell content, and the presence or absence of activating agents. These variations can
influence the biological activity and therapeutic effects of PRP. Additionally, factors such as the
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type of centrifuge used, centrifugation parameters (e.g., speed and duration), and the
anti-coagulants employed during blood collection can also impact the final PRP bio-formulation.

3.3. Clinical application of PRP: from oro-maxillo-facial surgery to reproductive medicine

As aforementioned, PRP is currently mainly used in oral and maxillofacial surgery,
orthopaedics, plastic reconstructive surgery and in other musculo-skeletal injuries suffered
by professional athletes, i.e. sports medicine. PRP is also routinely used is dermatology and
aesthetics, for the improvement of scars and recalcitrant wounds [2—6]. Recently, PRP have
demonstrated promising effectiveness in cardiac, spinal pain management applications [11].

While scientific evidence, including long-term data on safety and efficacy in clinical
applications, supports these areas, PRP, as a biofunctional material, remains experimental
within the realm of reproductive medicine, in general, and for male patients, in specific.
Indeed, the predominant focus of R&D&I (research, development, and innovation) has
centered on female infertility, particularly stemming from low ovarian reserve, recurrent
implantation failures, or thin endometrium [7-9]. In these clinical scenarios, PRP has
demonstrated the ability to elevate the anti-MUlerian hormone or AMH (also known as
Mdlerian-inhibiting hormone or MIH) levels, reduce the Follicle-Stimulating Hormone
(FSH) levels, augment endometrial thickness, enhance clinical pregnancy rates, and exhibit
a tendency toward increasing live birth rates [8]. Generally, studies tend to indicate that PRP
holds potential and promise in ameliorating reproductive outcomes through endometrial
regeneration, bolstering receptivity, enhancing folliculogenesis (process by which ovarian
follicles develop and mature within the ovaries), and in addressing select cases of intra-uterine
adhesions. However, to transition PRP from an experimental to a validated treatment,
randomized controlled trials with larger cohorts and long-term data are imperative [7,9,14].
In the context of male infertility, although clinical efficacy of PRP and long-term outcomes
are still being studied, some research suggests that PRP injections into the male reproductive
tract, such as the testes or the epididymis, may have the potential to improve sperm quality.
As will be discussed later in this article, PRP contains growth factors and cytokines that could
stimulate spermatogenesis (sperm production) and enhance sperm motility and morphology.
Other studies opted to employ or utilize PRP therapy as a complementary or adjunctive
treatment alongside existing infertility interventions, such as, ART or assisted reproductive
technologies including in vitro fertilization or IVF and/or ICSI or intra-cytoplasmic sperm
injection. However, similar to other studies and applications, its role in improving outcomes
in conjunction with these treatments remains to be fully elucidated, before it can be routinely
recommended as a standard treatment option. Also, clinical studies evaluating the effects of
PRP on sperm parameters, reproductive outcomes, and potential adverse effects are ongoing.

3.4. Experimental nature of PRP: from cytokines to reducing ROS and DNA fragmentation

Several studies investigating the application of PRP for male infertility have highlighted its
positive impact on growth factors and other platelet components, which in turn have
demonstrated favorable effects on sperm parameters. Notably, platelet-derived factors have
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been associated with enhancements in sperm function and quality. Additionally, research
indicates that within the testes, PRP can mitigate ischemia, expand the width of seminiferous
tubules, maintain the integrity of the germinal epithelium, and modulate the function of
Sertoli and Leydig cells [15,16]. For instance, fibroblast growth factor (FGF-2), when
incubated with sperm, was reported to enhance their progressive motility. Additionally, when
introduced in conjunction with epidermal growth factor (EGF), it stimulated the Sertoli cells
to release the androgen-binding protein, thus facilitating spermatogenesis [16, 17]. In another
notable example, insulin-like growth factor 1 (IGF-1) boosted sperm viability and mobility.
Herein, its incorporation into the freezing media improved membrane and mitochondrial
integrity, as well as DNA stability [11]. Furthermore, IGF-1 contributed to the proliferation
of the Sertoli cells, augmenting their numbers, renewal, and longevity [18]. Moreover, the
vascular endothelial growth factor (VEGF), another cytokine, increased motility and reduced
oxidative stress during spermatogenesis, in vitro, yet did not enhance sperm survival [18,19].
Serotonin, on the other hand, found in PRP, accelerated the curvilinear speed of sperm [16].
An effect suggested to stem from its ability to elevate glucose consumption in skeletal muscle,
thereby inducing a similar effect on sperm and enhancing a rapid head movement [16].
Furthermore, the platelet enzymes integrated into the cryopreservation media have been
reported to enhance the post-thaw sperm parameters. For example, SOD or superoxide
dismutase reduced the reactive oxygen species (ROS) levels, a damage process triggered by
cold. Such areduction in peroxidation helps prevent DNA fragmentation in the cryopreserved
sperm and thereby results in decreased levels of non-viable sperm [19]. Please remember that
these observations stem from various independent and distinctive studies, underscoring the
presence of growth factors and cytokines in PRP that have the potential to stimulate
spermatogenesis (sperm production) and improve sperm motility and morphology.
Consequently, speculation that injecting PRP into testicular tissue could promote
spermatogenesis and aid in restoring sperm production in individuals experiencing impaired
spermatogenesis within the testes, is growing. Similarly, this proposed notion supports that
PRP injections into penile tissue may promote tissue regeneration, enhance blood flow, and
potentially ameliorate erectile dysfunction (while not directly related to male infertility, PRP
therapy has also been investigated as a treatment for erectile dysfunction, which can
contribute to difficulties in achieving pregnancy). Yet, despite the hope and/or hype, it is
crucial to reiterate herein that PRP therapy for male infertility remains experimental,
requiring further research to ascertain safety, effectiveness, and optimal treatment regimens.

3.5. PRP therapy in the management and treatment of male infertility: from lab to clinic
3.5.1 Improvement of sperm freezing and cryo-preservation

Enhancing sperm freezing or cryopreservation with PRP is an area of ongoing R&D&lI in the
field of male infertility, amongst others (see Table 1). Briefly, sperm cryopreservation intends
to allow the seminal sample from the patient to be preserved for future use in artificial
insemination or in vitro fertilization treatments as well as for preserving fertility in cancer
patients who require to undergo radio- or chemo-therapy and/or any immuno-suppressive
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strategies, or prior to a vasectomy [9,19]. PRP, through its cellular- and tissue-regenerative
properties may potentially help the overall reproductive system, via repairing any damage to
the testicular or epididymal tissue caused by the freezing process, thereby enhancing overall
sperm quality and fertility potential. So, to summarize, PRP can help improve sperm
cryopreservation via:

(a) protecting against oxidative stress; (b) enhancing sperm survival; and (c) promoting
sperm function(s). Certainly, throughout the freezing and thawing cycles/stages, significant
changes take place within the cellular milieu or environment, inducing osmotic stress on the
sperm cells, thereby compromising their structural integrity and membrane flexibility/fluidity.
Moreover, glycolysis is also impeded and inhibited, leading to diminished or reduced cellular
ATP levels and consequently a reduction in sperm vitality and motility [20,21]. Addressing these
challenges, the scientific community has long sought improving the technical methods to
mitigate the adverse effects of sperm cryopreservation. Numerous and perhaps most studies
have explored the use of various supplements and cryoprotectants, with promising outcomes.
For example, in a recent 2022 study [20], semen samples were obtained from buffaloes, and then
investigated comparatively various concentrations of autologous PRP (0%, 2%, 5%, and 10%),
before and after freezing. Upon thawing, the semen parameters were compared to assess the
impact of PRP. Results indicated that samples treated with 5% PRP exhibited superior sperm
quality post-thaw when compared to semen samples treated with the other PRP
concentrations. Specifically, these semen samples demonstrated increased progressive
motility, enhanced membrane vitality and integrity, and reduced acrosomal defects as well
as reduction in total abnormalities. Moreover, an elevated superoxide dismutase (SOD)
enzyme activity, enhanced antioxidant capacity, and decreased lipid peroxidation were
reported. Furthermore, oocytes inseminated with sperm samples cryopreserved with 5% PRP
exhibited higher fertilization rates, improved embryonic division, increased blastocyst
formation, and lower polyspermy rates, compared to controls. EI-Sherbiny and colleagues
concluded that the utilization of 5% PRP during semen cryopreservation significantly
enhances both sperm quality and fertilizing potential [20]. In another 2023 study also
employing buffaloes, Almadaly and group [22] investigated a wider range of PRP
concentrations (0%, 5%, 10%, 15%, 20%, and 25%) for distinct (fertile versus infertile)
semen sample cryopreservation. At the study's onset, animals were categorized as either
fertile or sub-fertile. Notably, a concentration of 15% PRP demonstrated significant
improvements in buffalo semen quality, including speed, antioxidant, and fertilizing
potential/capacity. Furthermore, the researchers assessed the levels of IGF-1 in both semen
groups. As aforementioned, IGF-1, a key component of PRP, has been shown to enhance
sperm and acrosomal membrane integrity, DNA stability, and sperm motility. Interestingly, the
sub-fertile group exhibited lower IGF-1 levels when compared to the fertile group, suggesting
a potential correlation between IGF-1 plasma concentration and male fertility [22].
Furthermore, R&D&I into the use of PRP for semen cryopreservation has extended to
intra-testicular injection, in rabbits, where Abdulla and group [23] aimed to assess mobility
parameters and the expression of genes associated with rabbit sperm synthesis and cellular
stress regulation, since specific genes typically experience reduced expression during the
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cryopreservation process. In this study [24], rabbits treated with PRP exhibited enhanced
progressive motility, total motility, hyperactivation, and sperm viability, when compared to
the control group. Additionally, PRP-treated rabbits demonstrated lower levels of DNA
fragmentation and improved gene expression, reaching levels comparable to those prior to
freezing. Such interesting findings further underscores the protective effect of autologous
PRP in preserving animal sperm samples during the freezing /cryopreservation process [23].
As depicted in Table 1, the potential of PRP is multi-variate.

Table 1. Potential of biofunctional PRP Application in Male Reproductive Medicine.

Use of PRP in Male Infertility Indications Brief Description of Main Observation
Intratesticular injection of PRP may improve

sperm cell recovery and implantation rates.
PRP supplementation in cell culture may
Enhancement of Sperm Quality enhance sperm motility, viability, and
proliferation.

PRP may mitigate oxidative stress and improve
sperm quality in cryopreserved samples.
Potential Use in Prepubertal Cancer Patients PRP could offer fertility preservation options
Treatment of Non-obstructive Azoospermia PRP therapy may address sperm motility issues

Treatment of Secretory Azoospermia

Improvement of Seminal Cryopreservation

Currently, there are no long-term studies or clinical trials specifically supporting the use
of PRP for sperm cryopreservation in humans. However, R&D&I in the field of sperm
cryopreservation is ongoing, focusing on various methods and improvements to enhance the
quality and viability of preserved sperm. Sperm cryopreservation has been a significant area
of interest since the 1950s, primarily involving techniques such as slow freezing and
vitrification. The primary challenges associated with cryopreservation include cryo-damage
from ice crystal formation and oxidative stress, which can impair sperm motility, viability,
and DNA integrity [25,26]. Herein, it is worth mentioning that while PRP is being explored
for its regenerative properties in clinical indications, its application in sperm cryopreservation
remains largely experimental, to date. Current laboratory-scale and bench-top advancements
focus on optimizing cryoprotectant constituent(s) and formulations and incorporating
anti-oxidants to help mitigate/avoid any cryo-damage and improve post-thaw sperm quality [27].

It is noteworthy herein that studies involving humans are limited in number and typically
encompass small participant cohorts. In 2023, Nabavinia and colleagues [18], obtained 20
semen samples from healthy normozoospermic men aged 20 to 30 years. To clarify,
“normozoospermic" refers to subjects with normal sperm parameters within the semen. This
includes factors such as sperm count, sperm motility (the ability of sperm to move), sperm
morphology (the shape and structure of sperm), and other characteristics evaluated during a
semonogram (semen analysis). Samples diluted with a PRP concentration of 1>10° |
indicated significantly improved sperm motility and viability, along with a reduction in the
percentage of immotile and non-progressive sperm, when compared to control. Interestingly,
a decrease or reduction in PRP concentration was associated with an increase in abnormal
sperm and a decrease in protamines (which are small, positively charged proteins found in
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the nucleus of sperm cells). Additionally, a rise in sperm DNA fragmentation was observed
with decreasing platelet content [18]. In 2021, Yan and group [9] utilized 12
normozoospermic samples, dividing them into 4 aliquots to which autologous PRP
concentrations of 0%, 2%, 5%, and 10% were added. Following sample thawing, various
parameters including vitality, motility, membrane integrity, DNA fragmentation,
mitochondrial membrane potential, and ROS levels were assessed. The results revealed that
the inclusion of 5% PRP during incubation significantly elevated values in the semen samples
when compared to the control group. Notably, a significant enhancement/improvement in
membrane integrity is suggested to be attributed to the protein component of the PRP, which
possesses inherent protective properties against the crystallization and heating encountered
during cryopreservation. While positive, the detected improvements in DNA fragmentation,
ROS levels (Reactive Oxygen Species are chemically reactive molecules containing oxygen,
such as superoxide radicals, hydrogen peroxide, and hydroxyl radicals), and mitochondrial
membrane were not statistically significant in this study [9]. It is perhaps worth mentioning
herein that in the context of sperm, ROS levels refer to the concentration of these reactive
oxygen species within the obtained/collected seminal fluid sample. Different concentrations
of PRP have been shown to have varying effects on sperm quality. Generally, moderate
concentrations such as 5% and 15% PRP have demonstrated significant improvements in
sperm motility, vitality, and overall quality during cryopreservation and oxidative stress
conditions. On the other hand, lower concentrations, including 2% PRP, have also been
effective in reducing oxidative stress-related damage in sperm cells. [28,29]. Nevertheless, it
is advisable to continue studying the effects that exist in relation to the different
concentrations in order to continue identifying the benefits in each of them. While low levels
of ROS are necessary for normal physiological processes, excessive ROS production can lead
to oxidative stress, which can damage sperm cells by causing lipid peroxidation, protein
oxidation, and DNA damage. On the other hand, high ROS levels in semen samples have
been associated with male infertility, as they can impair sperm function, decrease sperm
motility, and affect sperm DNA integrity. Therefore, measuring ROS levels in semen samples
can provide valuable insights into oxidative stress and its potential impact on male fertility.

3.5.2 ROS, oxidative stress and DNA damage in human spermatozoa and male infertility

Briefly, oxidative stress, characterized by an imbalance between cellular antioxidant capacity
and the presence of Reactive Oxygen Species or ROS, stands as a significant contributor to
male infertility. This imbalance can lead to detrimental effects such as DNA damage and
alterations in sperm membrane structure. These changes are also implicated in reduced
fertilization rates, impaired embryonic development, and even miscarriage, according to
recent literature [23,24]. Excessive ROS production triggers the activation of caspases and
apoptosis, along with lipid peroxidation, which compromises sperm membrane fluidity,
subsequently diminishing sperm motility and its ability to fuse with the oocyte (the immature
form of an egg/germ cell and is found within the female ovaries) [24]. Thus far, various
antioxidants have been proposed to counteract and/or alleviate the damage caused by
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oxidative stress in male infertility, including PRP treatment, given its minimally-invasive
accessibility, and abundant content of bio-active and -functional substances capable of
mitigating such deleterious effects. Indeed, in a recent study [23], researchers conducted an
in vitro experiment in which 30 semen samples were incubated with varying doses of H20-
to determine the concentration and duration required to induce oxidative stress in sperm
samples. Subsequently, they treated both the H2O»-exposed and unexposed samples with
increasing concentrations of PRP (0%, 2%, 5%, and 10%). Notably, seminal parameters
exhibited greater improvement when treated with 2% PRP in both groups, showing increased
total mobility and progressive mobility, as well as reductions in ROS-positive cells,
vacuolization, DNA fragmentation, and apoptotic cell count. These findings suggest that
autologous PRP enhances sperm quality under conditions of oxidative stress induced by
H20>. Such reported effects of PRP on seminal quality align with findings reported in other
assays (see Table 2), where the sperm parametric improved following treatment with PRP.

Table 2. PRP use and resultant semen parametric: outline of selected studies and trials.
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3.5.3 Spermatogonia, the proliferation of spermatogonial stem cells and spermatogenesis

Briefly, spermatogonia are a type of germ cell found in the testes of males, located along the
inner wall of the testicular seminiferous tubules [15,18]. They are the stem cells of
spermatogenesis (spermatogonial stem cells or SSC), the process by which sperm cells are
produced. Spermatogonia undergo mitotic divisions to maintain the population of stem cells
and to produce spermatocytes, which then undergo further divisions to eventually develop
into mature sperm cells. They can divide either to self-renew and maintain the pool of
spermatogonia or to differentiate into primary spermatocytes, which marks the beginning of
the process of sperm cell development [15,18]. Henceforth, spermatogonia are essential for
the continuous production of sperm throughout the reproductive lifespan of a male. So, those
males diagnosed with cancer, for example, and who often face the necessity of undergoing
harsh cytotoxic therapies, especially if early in life, can significantly have their present and
future fertility impacted by adversely affecting the SSC cargo. In reproductive medicine and
R&D&I laboratories, there is a clear interest in exploring or developing novel methods and
techniques to enhance SSC proliferation and differentiation, in vitro, before clinical
transplantation, in an attempt to improved nutrient transport and overcome the limiting and
finite quantity of these vital cells [18]. Therefore, and continuing along this trajectory, the
utilization of PRP as a supplement in both 2D and 3D cell culture of SSC has been examined.
Figure 2 below aims to summarize the main advantages of 2D versus 3D cell culture systems.

Fast proliferation and colony 3D mimics tissue and organ structures
*  formation (minutes to hours)

in vivo-like cell-cell and cell-environment interactions
Simpler procedures

preserved morphology and molecular mechanisms
Lower reagent cost

heterogenous cell polarities and phenotypes present,

More traditionally performed more representative of native tissue architecture, and
and accepted mimics tissue stiffness

Very good reproducibility Good reproducibility

Suitable for high throughput Suitable for high throughput

Figure 2. Advantages of 2D versus 3D cell culture systems. Briefly, 3D cell culture
provides an improved platform for studying physiological aspects such as the cell
cycle, cell proliferation, apoptosis, cell adhesion and cell motility. In 2D cell cultures,
there is no cellular microenvironment, and cells are forced into planar shape, henceforth,
does not mimic native structures. Also, complex cell-cell and cell-environment
interactions are lacking in 2D cell culture systems, when compared to the superior yet
more costly and slower (culture formation due to physical restraints of the matrix
requires hours to days) 3D culture systems. In gene and protein expression studies, 3D
cell culture is a much safer and representative option for mimicking the in vivo and
human expression of genes and proteins. Figure, deemed worthy to emphasize 2D vs.
3D, created using PowerPoint and BioRender.
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Khadivi et al. [18], isolated samples from four testis donors and then cultured with
varying concentrations of PRP (1%, 2.5%, 5%, and 10%). Notably, enhanced proliferation
and viability of SSCs were observed with 5% PRP. Once the optimal PRP concentration was
determined, the samples were then divided into three groups: 2D culture without PRP, 2D
culture with PRP, and 3D culture with PRP. Significantly higher levels of proliferation and
viability were noted in the 3D group treated with 5% PRP, leading to increased cell survival
over the course of the culture assay. Moreover, a significant upregulated expression of the
genes responsible for proliferation was observed, suggesting that PRP supplementation
promotes an organizational structure that enhances cell migration, resembling the natural
microenvironment of the SSC niche. Nonetheless, the researchers reported herein that while
the diameter of colonies was deemed larger in the 2D culture with PRP, this may be attributed
to the significantly greater number of the colonies observed in the 3D culture with PRP [18].

In 2019, Dehghani and group [15], induced sterility in 32 mice via administering
busulfan to testes. PRP was then injected into select groups, leading to observed
enhancements, when compared to the control group, including elevated testosterone levels,
proliferation of SSC, elongation of sperm tails, and increased motility. Herein, the augmented
number of SSC corresponded to an overall increase in cells across the entire lineage,
encompassing spermatogonia A and B, spermatocytes, and spermatids [15]. The study
concluded that PRP injection holds promise in treating infertility resulting from severe
apoptosis of sperm cells, a phenomenon occurring naturally with age and exacerbated by
factors like oxidative stress or exposure to toxic substances (as in cancer therapy). Yet, with
a call for further research work to substantiate the findings and elucidate the interrelationships
among these processes.

Technical Note: The effectiveness of PRP in the treatment of male infertility can vary
significantly between different species due to differences in the concentration of platelets (i.e.
species that physiologically have a greater amount of platelets tend to respond better), growth
factors (difference in the expression of genes that encode growth factors is regulated at the
transcriptional and translational level, and these processes differ between species), proteins
and cytokines within the PRP, as well as in the biological characteristics (semen quality,
motility and morphology differ between species and can vary sensitivity to PRP) of the male
reproductive system (the vascularization and cellular composition of testicular and
epididymal tissue vary between species, which could lead to differences in how PRP interacts
with tissues) [28-31]. Further, variations in semen quality, reproductive tract structure, and
immune response between species may influence how PRP interacts with target tissues and
cells. Therefore, it is important to know that it is necessary to perform more species-specific
studies to determine the optimal concentrations and appropriate composition of PRP, as well
as to better understand the interaction of its components with reproductive tissues [32,33].

3.5.4 Impaired sperm production and secretory azoospermia: from ART to surgery to PRP

The treatment of secretory azoospermia, a condition characterized by the absence of sperm
in ejaculate due to impaired sperm production, has been also explored in the literature.
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Typically, stimulating sperm production involves addressing the underlying cause if
identifiable, and some of the potential approaches include:

(a) medical management of underlying conditions, such as infections, autoimmune
disorders or genetic conditions that may be contributing to secretory azoospermia can
sometimes aid in restoring sperm production; (b) hormonal therapy, recommended if the
azoospermia is due to hormonal imbalances, such as low levels of testosterone or elevated
levels of follicle-stimulating hormone or FSH; (c) surgical intervention, when deemed
necessary to correct anatomical abnormalities that hinder sperm production or transport, such
as varicocele repair for normal blood flow in the scrotum; (d) ART, or Assisted Reproductive
Techniques including in vitro fertilization or IVF with intra-cytoplasmic sperm injection or
ICSI may be considered if sperm cannot be retrieved from the ejaculate (other sperm retrieval
techniques are available, such as testicular sperm extraction (TESE) or microdissection TESE
(micro-TESE or mTESE) can be used to retrieve sperm directly from the testes for use in
IVF-ICSI); and (e) healthy life-style modifications, including maintaining a balanced diet,
regular exercise, avoiding excessive alcohol consumption, and avoiding exposure to
environmental toxins, may help improve sperm production and overall fertility. Herein, PRP has
been recently proposed for use in cases of secretory azoospermia. In 2022, Gudelci et al. [34]
explored the intra-testicular injection of PRP and its effects on 135 men diagnosed with
non-obstructive azoospermia who had undergone at least one unsuccessful micro-TESE
procedure. Briefly, the azoospermic patients were divided into two groups: Group 1,
comprising individuals with one prior micro-TESE failure, and Group 2, consisting of those
with two or more prior failures. In Group 1, sperm cells were identified in 27.5% of cases,
with an implantation/live birth rate of 7.5%. However, in Group 2, success rates were lower,
with sperm cells identified in 8.3% of cases and an implantation/live birth rate of 3.6%.
Findings suggest that this treatment approach may benefit men with non-obstructive
azoospermia and a history of unsuccessful micro-TESE procedures by improving sperm cell
recovery and implantation/live birth rates [34]. It is noteworthy that treatment plans for
secretory azoospermia should be individualized based on the specific underlying causes and
the preferences of the individual or couple. Also, please remember that despite the published
evidence supporting the efficacy of PRP in male infertility indications and its growing
popularity, the scientific, technical, and clinical evidence across different medical specialties
remains variable, with some studies showing positive outcomes while others demonstrate
inconclusive results. Thus, limitations and shortcomings exist. Findings, interpretations, and
conclusions are to be taken in with great caution, and unquestionably, randomized controlled
clinical trials are necessary. Consequently, ongoing efforts are to hopefully focus on refining
and validating the bio-functional prep methods, standardizing Rx protocols, and elucidating
its mechanism(s) of action; to optimize the therapeutic utility(ies) of PRP, and other PCs [4].

Technical Note: The clinical contraindications for using PRP (Platelet-Rich Plasma) in
male fertility therapies are not well-documented. Most studies report no local adverse events
such as erythema or blockage following PRP injections. However, patients with blood
disorders affecting platelet function may not fully benefit from PRP treatment due to its
reliance on a sufficient number of functional platelets. Additionally, administering PRP to
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patients with systemic infections or infected areas could exacerbate these conditions. Current
research shows promising results, indicating that PRP may improve sperm quality and
testicular function, presenting new treatment possibilities. Despite these advances, more
research is needed, particularly long-term studies and larger clinical trials, to fully understand
the potential and limitations of PRP in male fertility therapies. Even so, the outlook is positive,
and continued R&D&I could establish PRP as a significant tool in combating male infertility.

4. Conclusion

The present concise review shows, despite scarcity of literature, an accruing interest in
investigating as well as incorporating the use of PRP as a biofunctional material and
therapeutic modality in the management and treatment of infertility-related indications and
conditions in male patients. Studies on the use of PRP during cryopreservation or exposure
to oxidative stress showed an improvement in sperm quality, including viability, mobility,
membrane, and DNA integrity. Furthermore, in animal models, an increase in fertilization
rates has been observed. When incubating spermatogonial stem cells with PRP, studies
suggested a benefit in cancer patients who resort to the culture of these cells to preserve their
fertility before undergoing cytotoxic therapy as in cases of non-obstructive azoospermia.
Research has also shown that PRP may enhance sperm quality, increase sperm motility and
viability, and improve outcomes in ART. Moreover, PRP has demonstrated potential in
treating conditions such as secretory azoospermia, where conventional treatments have
yielded limited success. Generally, these findings are consistent, to an extent, with previous
works showing that the growth factors present intrinsically in PRP promote cell proliferation
and differentiation, and hence are bio-actively and-functionally involved in the repair and
regeneration processes. Nonetheless, despite the encouraging results, there is a plethora of
limitations in these studies. To list a few, sample size is often relatively small and the
technical protocols for obtaining PRP are diverse and not standardized, and in many cases
are not described, which hinders the proper comparison of results. Carrying out more in vitro,
in vivo, and ex vivo assays and conducting human trials are recommended and awaited, for
more robust evidence, to guarantee the comparability and reproducibility of the findings, and
to facilitate decision-making (cracking hope versus hype) by the attending healthcare
provider in reproductive medicine, for male patients and couples facing fertility challenges.
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