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Abstract

Could CoQ10 hold unexpected promise for ovarian rejuvenation? Could it be the "bridge" between the "bench"
and the ‘"bed" for milions navigating the intersection of biology and time."
Reproductive aging in women over 40 is marked by declining oocyte quality driven by mitochondrial dysfunction,
oxidative stress, and chromosomal instability. At the heart of this decline lies aneuploidy—a leading cause of
age-related infertility and miscarriage—rooted in failures of meiotic cohesion, spindle assembly, and DNA
repair. Emerging preclinical research now spotlights Coenzyme Q10 (CoQ10), a mitochondrial electron
transporter and antioxidant, as a potential mitigator of these age-associated defects. It offers the potential to
restore ATP fuel to spindles, shield cohesion from oxidative sabotage, and perhaps even slow the telomeric
clock. Could this molecule hold a key to rewriting the narrative of reproductive aging? The data, though nascent,
ignite a question; could CoQ10 bridge the gap between the "bench" and the "bed" for women over 40?
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CoQ10 has attracted global interest due to its crucial role in improving oocyte quality and counteracting oocyte
aging (1-4). Xu'Y, et al showed that pretreatment with CoQ10 significantly increased the number of high-quality
embryos in women with poor ovarian response (POR) during the IVF-ICSI cycle (3).Turi et al. reported that
human follicular fluid CoQ10 correlated with embryo quality (5).

Several animal studies indicated that CoQ10 opposed ovarian aging and enhanced ovarian reserve through
different mechanisms (6—9). However, biomarkers and biological pathways through which CoQ10 counteracts
oocyte aging are not understood. A network pharmacology-based approach was successfully used to reveal all
candidate targets, functions, and potential therapeutic mechanisms of melatonin in women with diminished
ovarian reserve (10). System network pharmacology combined with molecular docking revealed the multiple
mechanisms involved in the anti-aging effect of CoQ10 on oocytes. It provided evidence that CoQ10 may act
on these hub targets to fight against oocytes aging (11). Diminished expression of the enzymes responsible for
CoQ10 production, Pdss2 and Coq6, was observed in oocytes of older females in both mouse and human.
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Oocyte specific disruption of Pdss2 induced reduction in ATP production and increased meiotic spindle
abnormalities, resulting in infertility. Ovarian reserve was also diminished, leading to premature ovarian failure
which could be prevented by maternal dietary administration of CoQ10 (12).

Previously published microarray studies comparing old and young oocytes revealed altered expression of genes
responsible for mitochondrial function, oxidative stress responses, chromosome alignment, and ubiquitination
Hamatani et al., 2004 (13); Pan et al., 2008 (14). Ultrastructural examination of cellular organelles in aging
oocytes confirmed the defects in mitochondrial architecture Kujjo et al., 2013 (15). Similar findings are reported
in bovine oocyte models, where oxidative stress disrupts spindle proteins (16) Tatone et al., 2010). ROS
destabilizes tubulin polymerization. CoQ10’s antioxidant effects may protect microtubule-organizing centers
(MTOCs) in mouse oocytes which resemble in function the role of centrosomes in human oocytes and keep
kinetochore-microtubule attachments (16) Ben-Meir et al., 2015).

Telomere attrition is linked to aging and genomic instability, though its direct role in oocyte aneuploidy is less
clear. Telomeres are highly susceptible to oxidative damage. CoQ10 may slow telomere shortening by reducing
ROS-induced DNA breaks (17) Blackburn et al., 2015). In mice, CoQ10 delays ovarian aging and improves
mitochondrial health, though telomere length was not directly measured (18) (Rodriguez-Nuevo et al., 2022).
Proper crossover formation ensures homologous chromosomes segregate correctly. ROS can disrupt meiotic
recombination, leading to non-disjunction. CoQ10’s antioxidant properties may protect proteins (e.g., BRCA1,
MLH1) and DNA structures involved in crossover regulation, though direct evidence is lacking (19) (Hunt &
Hassold, 2008).

The hallmark of this editorial was to shed a light on CoQ10’s preclinical portfolio, from restoring mitochondrial
bioenergetics in aged mouse oocytes (12)(Ben-Meir et al., 2015) to shielding cohesion complexes from oxidative
decay (16) (Tatone et al., 2010), offers a compelling blueprint.Yet, the leap from bench to bedside demands
rigorous human trials to confirm whether these cellular repairs translate to fewer chromosomal errors, higher live
birth rates and healthier pregnancies. While CoQ10 is not a panacea, its story underscores that aging ovaries
are not inert, but dynamic systems "potentially" responsive to metabolic and antioxidant intervention.

The way forward is a path between skepticism and empathy, recognizing that every molecular insight could
provide a hope in a situation which is already disparate. Evidence based, patient oriented and personalized
medicine are the borders guiding our practice. For women over 40 the future of fertility may lie not in defying
age, but in redefining its limits."

Key Takeaways

There is indirect biological plausibility that CoQ10 could mitigate aging effect on oocyte aneuploidy. CoQ10’s
benefits for chromosomal stability are indirect, mediated via mitochondrial support and antioxidant effects.
Direct evidence in human oocytes/embryos is lacking, particularly for processes like cohesion stabilization and
crossing over. A call for action: Clinical trials measuring aneuploidy rates (e.g., PGT-A) in CoQ10-supplemented
women over 40 are critical next steps.

References

1. Bentov Y, Hannam T, Jurisicova A, Esfandiari N,
Casper RF. Coenzyme Q10 Supplementation and
Oocyte Aneuploidy in Women Undergoing IVF-ICSI
Treatment. Clin Med Insights Reprod Health (2014)
8:31-6.

2. Giannubilo SR, Orlando P, Silvestri S, Cirilli I,
Marcheggiani F, Ciavattini A, et al. CoQ10
Supplementation in Patients Undergoing IVF-ET: The
Relationship With Follicular Fluid Content and Oocyte
Maturity. Antioxid (Basel) (2018) 7(10):141.

3. Xu Y, Nisenblat V, Lu C, Li R, Qiao J, Zhen X, et al.
Pretreatment With Coenzyme Q10 Improves Ovarian
Response and Embryo Quality in Low Prognosis Young
Women With Decreased Ovarian Reserve: A

Randomized Controlled Trial. Reprod Biol Endocrinol
(2018) 16(1):29.

4. Zhang Y, Zhang C, Shu J, Guo J, Chang H-M, Leung
PCK, et al. Adjuvant Treatment Strategies in Ovarian
Stimulation for Poor Responders Undergoing IVF: A
Systematic Review and Network Meta-Analysis. Hum
Reprod Update (2020) 26(2):247—-63.

5. Turi A, Giannubilo SR, Brugé F, Principi F, Battistoni
S, Santoni F, et al. Coenzyme Q10 Content in Follicular
Fluid and its Relationship With Oocyte Fertilization and
Embryo Grading. Arch Gynecol Obstet (2012)
285(4):1173-6.

6. Ben-Meir A, Burstein E, Borrego-Alvarez A, Chong J,
Wong E, Yavorska T, et al. Coenzyme Q10 Restores

JRME



Volume 1 Issue no.4. 2025

JRME | Journal of Reproductive Medicine and Embryology

Oocyte Mitochondrial Function and Fertility During
Reproductive Aging. Aging Cell (2015) 14(5):887-95.

7. Boots CE, Boudoures A, Zhang W, Drury A, Moley KH.
Obesity-Induced Oocyte Mitochondrial Defects are
Partially Prevented and Rescued by Supplementation
With Co-Enzyme Q10 in a Mouse Model. Hum Reprod
(2016) 31(9):2090-7.

8. Zhang M, ShiYang X, Zhang Y, Miao Y, Chen Y, Cui Z,
et al. Coenzyme Q10 Ameliorates the Quality of
Postovulatory Aged Oocytes by Suppressing DNA
Damage and Apoptosis. Free Radic Biol Med (2019)
143:84-94.

9. Xing X, Zhang J, Zhang J, Wang Y, Wang J, Kang J, et
al. Coenzyme Q10 Supplement Rescues Postovulatory
Oocyte Aging by Regulating SIRT4 Expression. Curr Mol
Pharmacol (2021) 5:190-203.

10. YangL,
XuH,ChenY,MiaoC,ZhaoY,XingY,etal.Melatonin:  Multi-
Target Mechanism Against Diminished Ovarian Reserve
Based on Network Pharmacology. Front Endocrinol
(Lausanne) (2021) 12:630504.

11. Liuging Yang1t, Heng Wang1,2t, Sudie Song1,27,
Hongbin Xu3, Yun Chen1, Saisai Tian4, Yiqun Zhang1*
and Qin Zhang. Systematic Understanding of Anti Aging
Effect of Coenzyme Q10 on Oocyte Through a Network
Pharmacology Approach. Front. Endocrinol (2022).
13:813772.

12.  Assaf Ben-Meir,1,2 Eliezer Burstein,1,2 Aluet
BorregoAlvarez,1 Jasmine Chong,1 Ellen Wong,1,3
Tetyana Yavorska,1,3 Taline Naranian,1,3 Maggie Chi,4
Ying Wang,5 Yaakov Bentov,2,6 Jennifer Alexis,7 James
Meriano,7 Hoon-Ki Sung,1 David L. Gasser,8 Kelle H.
Moley,4 Siegfried Hekimi,5 Robert F. Casper1,2,3,6 and
Andrea Jurisicova. Coenzyme Q10 restores oocyte
mitochondrial function and fertility during reproductive
aging. Aging Cell (2015) 14, pp887-895.

13. Hamatani T, Falco G, Carter MG, Akutsu H, Stagg
CA, Sharov AA, Dudekula DB, VanBuren V, Ko MS
(2004) Age-associated alteration of gene expression
patterns in mouse oocytes. Hum. Mol. Genet. 13, 2263—
2278.

14. Pan H, Ma P, Zhu W, Schultz RM (2008) Age-
associated increase in aneuploidy and changes in gene
expression in mouse eggs. Dev. Biol. 316, 397—407.

15. Kujjo LL, Acton BM, Perkins GA, Ellisman MH,
D’Estaing SG, Casper RF, Jurisicova A, Perez GI (2013)
Ceramide and its transport protein (CERT) contribute to
deterioration of mitochondrial structure and function in
aging oocytes. Mech. Ageing Dev. 134, 43-52.

16. Carla Tatone, Tanja Heizenrieder, Giovanna Di
Emidio, Patrick Treffon, Fernanda Amicarelli, Thorsten
Seidel, Ursula Eichenlaub-Ritter. Evidence that carbonyl
stress by methylglyoxal exposure induces DNA damage
and spindle aberrations, affects mitochondrial integrity in
mammalian oocytes and contributes to oocyte ageing.
Human Reproduction, Volume 26, Issue 7, 1 July 2011,
1843-1859.

17. Blackburn, E. H., Epel, E. S., Lin, J. (2015). Human
telomere biology: A contributory and interactive factor in
aging, disease risks, and protection. Science, 350
(6265), 1193—-1198.

18. Rodriguez-Nuevo, A., Torres-Sanchez, A., Duran, J.
M., De Guirior, C., Martinez-Zamora, M. A., Boke, E.

(2022). Ovarian aging is delayed by dietary CoQ10
supplementation in mice. Aging Cell, 21(1),756-761

19. Hunt, P. A., and Hassold, T. J. (2008). Human female
meiosis: What makes a good egg go bad? Trends in
Genetics, 24(2), 86—93

JRME



