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Abstract

Objective: This study aimed to evaluate the impact of female-derived platelet-rich plasma (PRP) on embryo quality and
success rates in assisted reproductive techniques (ART) through a prospective randomized controlled trial, with all
procedures conducted following ethical registration and approval.

Methods: We used the PRP in ART procedures with gametes and embryos. We used intracytoplasmic sperm injection
(ICSI) to fertilize the eggs. We conducted a RCT comparing a group treated with PRP to a control group from the same
patient. This method helped us directly assess the impact of PRP on the quality of gametes and embryos. We performed
a statistical analysis using SPSS to compare fertilization rates, blastocyst formation rates, and pregnancy outcomes
between the two groups.

Results: The findings suggest that PRP treatment enhances embryo quality. The PRP group demonstrated significantly
higher average fertilization rates (2.80 vs. 1.93 from 3.27 used in ICSI, p = 0.004) and blastulation rates (1.60 vs. 0.73, p
= 0.008), as well as superior pregnancy and implantation rates (53% vs. 27%, p = 0.027; 40% vs. 18%, p = 0.039),
indicating the potential effectiveness of PRP in improving outcomes in ART.

Conclusion: PRP in ART protocols enhances embryo quality and improves pregnancy outcomes. It offers a promising
option for couples undergoing medical assisted procedures
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1. Introduction

Assisted reproductive technologies (ART) have significantly advanced the treatment options available to couples
dealing with infertility, particularly in reproductive and post-reproductive health. A key focus within ART is improving
embryo quality, often influenced by various maternal factors [1-3].

Platelet-rich plasma (PRP), derived from a woman’s blood, represents a novel therapeutic approach in reproductive
medicine. The ability of PRP to improve embryo quality offers a promising avenue for personalized treatment strategies
aiming to improve reproductive outcomes [4-6].

This research compares PRP treatment to standard ART procedures, focusing on its effects on embryo quality and
success rates. The goal is to determine if PRP can enhance ART outcomes and influence future reproductive medicine
practices. Our study contributes to understanding reproductive health by exploring the potential of PRP to improve
outcomes and shape future therapeutic approaches.

2. Methods

2.1. Context

This study explores the use of autologous platelet-rich plasma (PRP) in wash and culture media for assisted
reproduction techniques (ART), conducted during the COVID-19 pandemic. The focus was on addressing logistical
challenges and enhancing reproductive outcomes through personalized production and in-house manufacturing.

2.2. Study Design

This study focuses on supplementing wash and culture solutions for assisted reproductive methods (ART) with
autologous platelet-rich plasma (PRP) during the COVID-19 pandemic. The main objective was to overcome operational
hurdles and improve fertility outcomes by customizing production and developing in-house manufacturing capabilities.

2.3. Participant Recruitment

The study included couples with previous ART failures, with no additional costs incurred. The average age of the women
was 33, with a 6-year age difference between partners. Exclusion criteria included cases of azoospermia and those with
fewer than six oocytes.

2.4. Ethical Considerations

During the study, we scrupulously respected ethical standards. We duly informed all participants of the risks involved
and the potential benefits. We gave them consent forms to sign, one for the collection of samples and the other
specifically for the transfer of a single embryo from the PRP group.
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2.5. Sample Collection

All women underwent hormone therapy to stimulate follicle growth and ovulation. Oocyte retrieval took place 36 hours
after the treatment. The number of oocytes gathered from the follicular fluid differed based on the woman's age and
their reaction to the therapy. Additionally, each woman contributed a blood sample for autologous PRP therapy, and
male partners were mandated to provide a sperm sample through masturbation.

2.6. PRP Preparation

Blood was collected in citrate-containing tubes to prevent clotting and then subjected to centrifugation to separate the
plasma. A second centrifugation was applied to create a concentrated solution of platelets, which was then combined
with 1 milliliter of sterile saline solution and triggered with 0.02 milliliters of a 10% Calcium Gluconate solution. Then,
the platelets were exposed to five immersions in liquid nitrogen to release their contents. Subsequently, the platelet
lysate underwent filtration using 0.2-micrometer filters [7, 8].

2.7. Gamete and Embryo Treatment

We used a recommended and supplied medium by the Origio company to treat sperm, eggs, and embryos. In the control
group, we followed the manufacturer's guidelines for all media. In the PRP group, we enhanced the culture media with
2% female-derived PRP, providing an optimal environment for our research. We achieved fertilization by applying the
Intracytoplasmic sperm injection (ICSI). We divided the cohort of mature oocytes (in metaphase II) into two halves, one
for the PRP group and one for the control group (CTR group). We transferred one blastocyst from the PRP group and
cryopreserved the excess embryos.

2.8. Statistical Analysis

The research involved 15 ICSI attempts. We thoroughly examined the data using SPSS software to ensure accuracy and
reliability. We assessed the normality of data distribution using the Shapiro-Wilk and Kolmogorov-Smirnov tests, and
we compared the PRP group and the control group using the Wilcoxon Signed-Rank test. In light of mono-embryonic
transfer from the PRP group, we utilized a binomial test to compare the pregnancy and implantation rates, using
theoretical constants representing our statistical results from the previous series

3. Results

3.1. Qualitative Assessment

On the day of oocyte retrieval, cumulus-oocyte complexes (COCs) washed and cultured in a PRP-enriched medium
displayed a more dispersed cellular structure. Oocytes in the PRP group prepared for microinjection exhibited a more
uniform and smoother cytoplasm than the control group. By the first day post-retrieval, zygotes from the PRP group
showed closer pronuclear proximity with more distinct nucleoli. By the fifth day, the PRP group had more blastocysts
with advanced development, including higher-quality trophoblasts and inner cell masses. Despite these observations,
the primary analysis focused on measurable outcomes.

3.2. Quantitative Assessment

3.2.1. Fertilization and Blastulation

Table 1 Descriptive Statistics Table

Variable Group | Mean | Std. Deviation | Minimum | Maximum
PRP (3,27 |0.884
CTR |[3,27 |0.884
PRP [2.80 |0.775
CTR |[1.93 |0.594
PRP |1.60 |0.632
CTR |0.73 |0.704

Oocytes used in ICSI

Fertilized Oocytes

Blastocysts Formed

O |~ |IDN NN

5
5
4
3
3
2
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In this case series, we examined the outcomes of fertilization and blastocyst formation between the PRP and control
groups. On average, 3.27 mature oocytes in metaphase Il were used for ICSI in each group (standard deviation = 0.884).
The PRP group achieved an average of 2.80 fertilized oocytes (SD = 0.775), while the control group had a lower average
of 1.93 fertilized oocytes (SD = 0.594). When it came to blastocyst formation, the PRP group also outperformed the

control, with an average of 1.60 blastocysts (SD = 0.632) compared to 0.73 (SD = 0.704) in the control group (see Table
1).

Table 2 Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk

Statistic | df Sig. Statistic | df Sig.
Fertilized oocytes with PRP 249 15 .013 .806 15 .004
Fertilized oocytes in CTR group .345 15 .000 .763 15 .001
Blastocystes formed with PRP 295 15 .001 761 15 .001
Blastocysts formed in CTR group 251 15 .012 .798 15 .003

a. Lilliefors Significance Correction

For the normality tests, as in Table 2, the PRP group obtained p-values of 0.013 for fertilization and 0.004 for the
Shapiro-Wilk test with the Kolmogorov-Smirnov test. Regarding blastocyst formation, both tests resulted in p-values of
0.001. On the other hand, the control group showed p-values of 0.000 for Kolmogorov-Smirnov and 0.001 for Shapiro-
Wilk when it came to fertilization, along with p-values of 0.012 and 0.003, respectively, for blastocyst formation. Due to
the non-normal distribution of the data, we conducted the Wilcoxon Signed-Rank test. The Z statistic was -2.919 with a
p-value of 0.004 for fertilization and -2.648 with a p-value of 0.008 for blastocyst formation (see Table 3).

Table 3 Wilcoxon Signed Ranks Test Summary

Comparison Z-Statistic | p-Value

Fertilized Oocytes (PRP vs. Control) |-2.919 0.004

Blastocysts Formed (PRP vs. Control) | -2.648 0.008

Graphical representations of the data distributions using histograms, Q-Q plots, and box plots in Fig. 1 (A and B) clearly
illustrate the deviations from the normal distribution for fertilized oocytes (part A) and blastocyst formation (part B)
in both groups (PRP and control).

3.2.2. Pregnancy and Implantation Rates

In this study, single-embryo transfers in the PRP group resulted in an average pregnancy rate of 53% (SD = 0.516) and
an average implantation rate of 40% (SD = 0.507). The binomial test showed a one-tailed significance of 0.027 for the
pregnancy rate compared to a hypothesized rate of 27% and a one-tailed significance of 0.039 for the implantation rate
compared to a hypothesized rate of 18% (see Table 4).
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Figure 1 (A and B): Visual graphics with histograms, detrended normal Q-Q plots, and box plots. (A: Fertilized
oocytes; B: Blastocysts formed)

Table 4 Binomial Test

Category N Observed Test Prop. |Exact Sig.
Prop. (1-tailed)
Group 1 | Pregnancy 8 .53 27 .027
Pregnancy
. Group 2 |No Pregnancy |7 47
with PRP
Total 15 1.00
Group 1 | Implantation 6 40 .18 .039
Implantation i
. Group 2 | No Implantation |9 .60
with PRP
Total 15 1.00

Group 1: PRP Group; Group 2: CTR Group

4. Discussion

4.1. Statistical Analysis and Comparison with Existing Studies

The results obtained provide further evidence to previous research indicating that PRP stimulates the growth of
cumulus and embryonic cells. Demonstrating its potential to enhance embryonic development both in vivo and in vitro,
PRP ultimately makes it possible to improve assisted reproduction techniques and increase the chances of successful
pregnancies [9-14].

Statistical analysis indicated significant differences between the PRP and control groups, particularly in fertilization and
blastocyst formation rates. Normality tests revealed significant differences in favor of the PRP group, with p-values of
0.013 (Kolmogorov-Smirnov) and 0.004 (Shapiro-Wilk) versus 0.000 (Kolmogorov-Smirnov) and 0.001 (Shapiro-Wilk)
for the control group. The Wilcoxon Signed-Rank test yielded a Z-statistic of -2.919 with a p-value of 0.004, confirming
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the significant impact of PRP on fertilization rates. Similarly, blastocyst formation rates were significantly higher in the
PRP group, with an average of 1.60 blastocysts (SD = 0.632) compared to 0.73 (SD = 0.704) in the control group. The
Wilcoxon test results, with a Z-statistic of -2.648 and a p-value of 0.008, further validate these findings.

Additionally, the PRP group exhibited significantly higher pregnancy and implantation rates. The average pregnancy
rate in the PRP group was 53% (SD = 0.516), with the binomial test showing a significant difference from the
hypothesized rate of 27% (p = 0.027). The implantation rate was also significantly higher at 40% (SD = 0.507) than the
hypothesized rate of 18% (p = 0.039). These results align with previous studies that suggest PRP’s role in promoting
embryonic development and improving pregnancy outcomes [10-15].

Overall, the data confirms the potential of PRP as a valuable adjunct in ART, enhancing both embryo quality and
reproductive success. The significant improvements observed in fertilization, blastocyst formation, pregnancy, and
implantation rates reinforce the promising role of PRP in assisted reproductive technologies.

4.2. How PRP works

PRP contains biologically active elements that regulate cellular growth and embryonic development signaling pathways,
highlighting its significant potential in reproductive medicine [15-17].

PRP is rich in growth factors and cytokines, which can enhance the microenvironment of oocytes and embryos. Key
growth factors in PRP, such as platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-f), and
vascular endothelial growth factor (VEGF), contribute to cellular proliferation, differentiation, and angiogenesis [17,
18]. These factors likely improve the quality of cumulus-oocyte complexes (COCs), enhance the development of zygotes,
and support the formation of blastocysts. PRP contains key cytokines like interleukins (IL) and tumor necrosis factor
(TNF), along with bioactive agents such as adenosine triphosphate (ATP), calcium, and zinc, which collectively boost
natural growth factor production, enhance cell proliferation, and reduce oxidative stress, essential for efficient embryo
development [19]. Additionally, PRP's mediators, antioxidants, progesterone, and other components synergistically
improve sperm quality and reproductive potential, creating optimal conditions for embryo growth and maturation [19,
20]. The uniform, smoother cytoplasm observed in oocytes from the PRP group is attributable to the anti-apoptotic
effects of the growth factors contained in PRP, which may reduce oxidative stress and enhance cytoplasmic maturation
[19]. Additionally, the closer proximity of pronuclei and more distinct nucleoli in zygotes from the PRP group suggest
enhanced nuclear maturation, which is crucial for early embryonic development. By promoting these cellular processes,
PRP likely improves the overall quality of embryos, increasing their developmental potential and the likelihood of
successful implantation.

4.3. Limitations and Clinical Relevance

The study suggests that Platelet-Rich Plasma (PRP) could significantly improve Assisted Reproductive Technology
(ART) outcomes for couples who have not succeeded with traditional methods. PRP can increase fertilization and
blastocyst formation rates, leading to higher pregnancy and implantation rates. However, limitations include a small
sample size, varied preparation methods, and a lack of standardized protocols.

Further research, including larger-scale trials, is needed to confirm these findings and understand the mechanisms of
PRP. If proven effective, PRP could offer hope to couples facing infertility challenges.

5. Conclusion

This case series highlights the significant benefits of integrating autologous PRP into ART procedures, particularly in
improving fertilization, blastocyst formation, pregnancy, and implantation rates. This cost-effective solution can help
alleviate the financial burden for couples undergoing multiple unsuccessful attempts. However, further large-scale
controlled trials are essential to validate and explore the mechanisms underlying the positive impact of PRP on
reproductive outcomes.

Compliance with ethical standards

Acknowledgments

We appreciate the Dean of the Faculty of Medicine and Pharmacy in Rabat, the director of the CEDOC SVS at Mohammed
V University in Rabat, and the director of the MedBiotech Laboratory in Rabat, as well as the "AL AMAL" fertility center

510



World Journal of Biology Pharmacy and Health Sciences, 2024, 19(03), 505-512

and the "Guessous"” medical analysis laboratory, their staff, participants. Thanks to the women who participated in the
study.

Statement of ethical approval

This comparative analysis focused on couples who experienced repeated failures with conventional ART. The research
adhered to ethical guidelines and Moroccan law 47-14, which permits PRP therapy and in vitro procedures with
informed consent. Ethical approval was not required, as the relevant ethics committee determined that informed
consent from all participants was sufficient.

Statement of informed consent

All patients gave written informed consent.

Funding

No funding from any source supported the publication of this article.

Authors Contributors

e  Abdelkrim Salama contributed to conception and development of the study, acquisition of data, and manuscript
writing and editing.

e Oumnia Bouaddi contributed to conception and development of the study, and reviewing drafts of the
manuscript.

e Razana Zegrari contributed to contributed to conception and development of the study, and reviewing drafts
of the manuscript.

e Ghyzlane EL Haddoumi contributed to the design and development of the study, and to the revision of

preliminary versions of the manuscript.

Jamal El Yazami contributed to the development of the study and to the care and follow-up of patients at Al

Amal Fertility Center in Fez.

e Jlham kandoussi contributed to development of the study, interpretation of data and reviewing drafts of the
manuscript.

e Azeddine Ibrahimi contributed to conception and development of the study, reviewing drafts of the manuscript
and manuscript editing.

All authors have read and approved the final version of the manuscript. All authors take responsibility for all aspects of
the reliability and unbiasedness of the data presented and their interpretation discussed.

References

[1] BoschE, De Vos M, Humaidan P. The future of cryopreservation in assisted reproductive technologies. Frontiers
in endocrinology. 2020. frontiersin.org

[2]  Matteo M. Assisted Reproductive Technology. Practical Clinical Andrology. 2022. springer.com

[3] Kaltsas A, Zikopoulos A, Vrachnis D, Skentou C, Symeonidis EN, Dimitriadis F, Stavros S, Chrisofos M, Sofikitis N,
Vrachnis N, Zachariou A. Advanced Paternal Age in Focus: Unraveling Its Influence on Assisted Reproductive
Technology Outcomes. Journal of Clinical Medicine. 2024 May 7;13(10):2731. mdpi.com

[4] Parvanov D, Ganeva R, Vidolova N, Nikolova K, Vasileva M, Totev T, Stamenov G. Autologous ovarian platelet rich
plasma treatment improves oocyte and embryo quality: a before-after prospective study. Biotechnology &
Biotechnological Equipment. 2022 Dec 31;36(1):425-32. tandfonline.com

[5]  Petryk N, Petryk M. Ovarian rejuvenation through platelet-rich autologous plasma (PRP)—a chance to have a
baby without donor eggs, improving the life quality of women suffering from ... Reproductive Sciences. 2020.
erkenmenopoz.com

[6] Nazari L, Salehpour S, Hosseini S, Sheibani S, Hosseinirad H. The effects of autologous platelet-rich plasma on
pregnancy outcomes in repeated implantation failure patients undergoing frozen embryo transfer: a randomized
controlled trial. Reproductive Sciences. 2022 Mar;29(3):993-1000. springer.com

511


https://www.frontiersin.org/articles/10.3389/fendo.2020.00067/pdf
https://link.springer.com/content/pdf/10.1007/978-3-031-11701-5_18.pdf
https://www.mdpi.com/2077-0383/13/10/2731/pdf
https://www.tandfonline.com/doi/pdf/10.1080/13102818.2022.2090280
https://www.erkenmenopoz.com/konu/dosyalar/makale_ozetleri/temmuz2020_10.pdf
https://link.springer.com/content/pdf/10.1007/s43032-021-00669-1.pdf

[10]

[11]

[12]

World Journal of Biology Pharmacy and Health Sciences, 2024, 19(03), 505-512

Khaled I, Abdel-Messih I, Hamza M, SalwaToema NE. Comparative Analysis of Different Activation Methods on
Platelet Rich Plasma. Merit Research Journal of Medicine and Medical Sciences. 2020;8(3):054-60.
researchgate.net

Rikkert LG, Coumans FA, Hau CM, Terstappen LW, Nieuwland R. Platelet removal by single-step centrifugation.
Platelets. 2021 May 19;32(4):440-3. tandfonline.com

Kutlu P, Karabulut S, Korkmaz 0. Administration of autologous platelet rich plasma and the impact on outcomes
of assisted reproduction treatment in infertile women. Clinical and Experimental Obstetrics and Gynecology.
2021. medipol.edu.tr

Bakhsh AS, Maleki N, Sadeghi MR, SadeghiTabar A, Tavakoli M, Zafardoust S, Karimi A, Askari S, Jouhari S,
Mohammadzadeh A. Effects of autologous platelet-rich plasma in women with repeated implantation failure
undergoing assisted reproduction. JBRA Assisted Reproduction. 2022 Jan;26(1):84. nih.gov

Sirisathien S. Development and application of bovine in vitro fertilization [dissertation]. Athens: University of
Georgia; 2002. uga.edu

Ramos-Deus P, Santos Nascimento P, Vieira ]I, Chaves MS, Albuquerque KA, Ferreira-Silva JC, Grazia JG, Santos
Filho AS, Batista AM, Teixeira VW, Oliveira MA. Application of platelet-rich plasma in the in vitro production of
bovine embryos. Tropical Animal Health and Production. 2020 Nov;52:2931-6. academia.edu

Vali S, Saso S, Bracewell-Milnes T, Nicopoullos ], Thum MY, Smith JR, et al. The clinical application of platelet-rich
plasma in the female reproductive system: A narrative review. Life. 2023;13(12):2348. mdpi.com

Souza EB, Marin DD, Ramos AS, Homobono BP, Ramos PD, Brito VC, Cruz GS, Costa NN, Cordeiro MD, Santos SD.
Use of platelet-rich plasma on in vitro maturation during bovine embryo production. Animal Reproduction. 2024
Mar 22;21:e20230107. scielo.br

Dos Santos RG, Santos GS, Alkass N, Chiesa TL, Azzini GO, da Fonseca LF, Dos Santos AF, Rodrigues BL, Mosaner
T, Lana JF. The regenerative mechanisms of platelet-rich plasma: A review. Cytokine. 2021 Aug 1;144:155560.
[HTML]

Moulavi F, Akram RT, Khorshid Sokhangouy S, Hosseini SM. Platelet rich plasma efficiently substitutes the
beneficial effects of serum during in vitro oocyte maturation and helps maintain the mitochondrial activity of
maturing oocytes. Growth Factors. 2020 Jul 3;38(3-4):152-66. researchgate.net

Lubkowska A, Dolegowska B, Banfi G. Growth factor content in PRP and their applicability in medicine. ] Biol
Regul Homeost Agents. 2012;26(2 Suppl 1):3S-22S. anamoreira.pt

Irmak G, Demirtas TT, Glimiisderelioglu M. Sustained release of growth factors from photoactivated platelet rich
plasma (PRP). European Journal of Pharmaceutics and Biopharmaceutics. 2020 Mar 1;148:67-76. [HTML]

Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive oxygen species in the pathophysiology of human reproduction.
Fertil Steril. 2003;79(4):829-43. Elsevier

Forti G, Baldi E, Krausz C, Luconi M, Bonaccorsi L, Maggi M, et al. Effects of progesterone on human spermatozoa:
clinical implications. Ann Endocrinol (Paris). 1999;60(2):107-10. europepmc.org

512


https://www.researchgate.net/profile/Iman-Khaled-2/publication/341459209_Comparative_Analysis_of_Different_Activation_Methods_on_Platelet_Rich_Plasma/links/5ec29494a6fdcc90d67e2d2b/Comparative-Analysis-of-Different-Activation-Methods-on-Platelet-Rich-Plasma.pdf
https://www.tandfonline.com/doi/pdf/10.1080/09537104.2020.1779924
https://acikerisim.medipol.edu.tr/xmlui/bitstream/handle/20.500.12511/8588/Karabulut-Seda-2021.pdf?sequence=1&isAllowed=y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8769172/
https://www.academia.edu/download/100973029/S11250-020-02307-520230411-1-l3grzi.pdf
https://www.scielo.br/j/ar/a/Fv5ppH9nyzGFVzj9mCjP8FC/
https://www.sciencedirect.com/science/article/pii/S104346662100140X
https://www.researchgate.net/profile/Sayyed-Morteza-Hosseini/publication/350188087_Platelet_rich_plasma_efficiently_substitutes_the_beneficial_effects_of_serum_during_in_vitro_oocyte_maturation_and_helps_maintain_the_mitochondrial_activity_of_maturing_oocytes/links/6058e1d1299bf17367607b0e/Platelet-rich-plasma-efficiently-substitutes-the-beneficial-effects-of-serum-during-in-vitro-oocyte-maturation-and-helps-maintain-the-mitochondrial-activity-of-maturing-oocytes.pdf?origin=journalDetail&_tp=eyJwYWdlIjoiam91cm5hbERldGFpbCJ9
https://www.sciencedirect.com/science/article/pii/S0939641119313104

