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Ploidy in the preimplantation embryo refers to a normal chromosomal complement within each cell. It indicates
properly coordinated cytoplasmic mechanisms that govern cytoskeletal organization and dynamics, which are
essential for accurate chromosomal segregation during meiotic and mitotic divisions. Interruptions in upstream
cytoplasmic signaling or metabolic pathways can compromise cytoskeletal function, thereby increasing the risk
of aneuploidy. Thus, chromosomal abnormalities are a phenotypic manifestation of underlying cellular
dysfunction, rather than the primary cause.

Aneuploidy, therefore, should be viewed not merely as a genetic anomaly but as a downstream consequence
of disrupted intracellular regulation, particularly during oogenesis, where the complexity of chromosomal
segregation mechanisms renders the process especially vulnerable to errors. These errors, arising from
compromised cytoskeletal or metabolic integrity, can manifest at multiple stages of oocyte maturation,
ultimately affecting embryo viability and developmental competence.

This review explores the incidence of aneuploidy across different developmental stages of oogenesis. We aim
to address key questions regarding the timing of aneuploidy onset, the potential for error correction, and the
prospects for therapeutic intervention. Additionally, we will explore the circumstances under which corrective
strategies may offer hope to patients and when it is necessary to acknowledge the limitations of current
approaches.
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1. Pre-Pubertal Born Errors

First Question: At what points during the
journey from oogenesis to embryo
development does aneuploidy typically
arise?
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Aneuploidy can originate as early as fetal
development. Beginning around the 8th week of
gestation, primordial germ cells (PGCs) undergo
extensive mitotic proliferation, expanding to
approximately 6—8 million cells per ovary by the 12th
week.
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These PGCs then initiate meiosis | to form primordial
follicles, each containing a primary oocyte. During
this stage, homologous maternal and paternal
chromosomes pair and undergo  meiotic
recombination, with sister kinetochores of each
chromosome fused via a cohesin complex (1,2). This
complex acts as a molecular “glue,” enabling the
formation of bivalent chromosomes, which function
as a single unit for proper segregation (3).

By approximately 16 weeks of gestation, primordial
follicles are established, and primary oocytes arrest
at the dictyate stage of prophase |, maintaining the
bivalent chromosome configuration within the
germinal vesicle (GV). This arrested state persists
until ovulation resumes at puberty (4).

During the second trimester, the number of primordial
follicles continues to rise and plateaus in the third
trimester, with an estimated 350,000—400,000
follicles per ovary at birth (5). Errors in chromosomal
segregation during these early developmental events
can lead to chromosomal abnormalities, contributing
to aneuploidy. Such errors likely drive the process of
follicular atresia, as oocytes harboring aneuploidy are
preferentially eliminated via programmed cell death
(6). However, in rare cases, aneuploid oocytes may
evade this control mechanism and progress through
development. These oocytes can result in pregnancy
loss or lead to chromosomal disorders. Nonetheless,
such escape events are relatively infrequent,
accounting for an estimated 10% of total aneuploidy
cases (7).

2. Pubertal Born Errors

Following puberty, a limited cohort of primordial
follicles is recruited daily into the growth phase,
progressing through distinct stages of development:
the primary (preantral), secondary (antral or
Graafian), and ultimately the preovulatory phase.
These follicles contain oocytes that are initially
arrested at prophase | of meiosis. Upon recruitment,
a surge in luteinizing hormone (LH) initiates the first
meiotic resumption and induces a shift in follicular
steroidogenesis from estrogen to progesterone
production. This hormonal signal promotes germinal
vesicle breakdown (GVBD), marking the re-entry of
the oocyte into meiosis (8).

In a typical menstrual cycle, approximately 10-20
oocytes resume meiosis, though only one usually
progresses to full maturation and is ovulated. During
this maturation process, asymmetric cytokinesis
gives rise to a polar body with minimal cytoplasmic
content, while the oocyte arrests again at metaphase
Il of meiosis. Importantly, oocyte meiosis is
particularly prone to errors in chromosomal
segregation, making this phase a key contributor to
aneuploidy. This susceptibility highlights a critical
window during which targeted interventions could
potentially improve oocyte quality and enhance
chromosomal stability (9).

3. Fertilization Born Errors

This stage can be referred to as the “release from the
final block,” representing the last phase of oocyte
activation and maturation. It involves the resumption
and completion of meiosis, culminating in the
extrusion of the second polar body and the initiation
of zygotic cleavage. Once meiosis is completed, the
risk of aneuploidy becomes prominent, as
chromosomal segregation errors at this stage may be
propagated through subsequent mitotic divisions
during early embryonic cleavage (10).

4. Post-Fertilization Born Errors

It is well established that a significant proportion of
human preimplantation embryos exhibit
chromosomal mosaicism, characterized by the
presence of both euploid and aneuploid cells within
the same embryo. During early cleavage stages prior
to trophectoderm (TE) differentiation, binucleate
blastomeres have been observed. These binucleated
cells may result from aberrant cytokinesis, where one
daughter cell retains two nuclei while the other is
anucleate. Additionally, aneuploidy can trigger
activation of the spindle assembly checkpoint,
potentially leading to multinucleation as a cellular
response to mitotic errors (11).

This multinucleation may represent a cell cycle
control mechanism, analogous to a checkpoint
response, with the potential to facilitate self-
correction of chromosomal abnormalities. In this
context, early mitotic errors during the first cleavage
divisions are considered a primary driver of
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embryonic mosaicism. Although embryos displaying
irregular cleavage patterns are generally at higher
risk for developmental arrest, a subset can progress
to the blastocyst stage and give rise to
chromosomally normal embryos (12).

Interestingly, some of these embryos demonstrate
incomplete compaction at the morula stage,
accompanied by the exclusion of specific cells. This
phenomenon is hypothesized to be a potential
corrective mechanism, in which aneuploid cells are
selectively eliminated to preserve the genomic
integrity of the embryo. However, the efficiency of
such self-correction processes appears to decline
with maternal age, with embryos from women over 39
years showing reduced capacity for this form of
chromosomal rescue (13).

Second Question: What are the causes of this
high rate of aneuploidy?!

1. Role of Reactive Oxygen Species (ROS):

ROS are integral to physiological processes,
influencing cell growth, differentiation, and
migration via redox-sensitive transcription
factors. Their impact on kinase enzymes causes
mitochondrial dysfunction, leading to errors
during meiosis and contributing to aneuploidy
(14).

2. Meiotic Spindle Assembly in Human Oocytes:

Human oocytes lack centrosomes and detectable
microtubule organizing centers (MTOCs), leading
to inefficient spindle assembly (15), characterized
by:

a. Slow Assembly: Meiotic spindle assembly
takes approximately 16 hours (15).

b. Kinetochore Behavior: Many sister
kinetochores behave independently, with over
20% having abnormal attachments during
anaphase, increasing the likelihood of lagging
chromosomes and aneuploidy (16).

c. Age-Related Effects: Sister kinetochore
separation increases with maternal age, affecting
chromosome alignment and segregation (16).

d. Freeze-Thaw Sensitivity: Human oocytes are
vulnerable to freeze-thaw damage, causing
cytoskeletal disruption and meiotic spindle issues,
leading to aneuploidy (17).

e. Temperature Sensitivity: Transient cooling can
irreversibly  disrupt meiotic  spindles and
chromosome integrity, necessitating  strict
temperature control during IVF manipulations (18).

f. Low Oxygen Tension: Poor blood flow to
follicles can decrease pH and impair chromosomal
organization and microtubule assembly, leading to
segregation errors (15).

g. Follicular Vascularity: Reduced vascularity
correlates with increased incidence of ftriploid
zygotes, potentially affecting cortisol levels in
follicular fluid (1).

h. Energy Production Issues: Inadequate energy
during early cleavage stages due to mitochondrial
dysfunction may disrupt chromosome alignment
and segregation (19).

3. Homeostasis and Signaling Pathways:

Oocyte homeostasis relies on the interaction of
signaling and metabolic pathways. Defective
signaling can lead to cytoskeletal deficiencies,
contributing to aneuploidy (20).

4. Sperm Factors:
a. Sperm Quality: Fertilization by diploid sperm

with poor chromatin packaging may induce
aneuploidy and affect embryo viability (21).

b. Centrosome Integrity: Anomalies in sperm
centrosome may disrupt microtubule organization,
impacting chromosome segregation and early

embryonic development (22).
JRME
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Examples of Chromosomal Aneuploidies:

Aneuploidy encompasses deviations from the normal
diploid chromosome number, most notably trisomies,
monosomies, as well as structural rearrangements
such as translocations and inversions, that can
produce an unbalanced chromosomal complement in
the developing embryo. Age-related aneuploidy
arises  spontaneously  (non-hereditary) and
predominantly affects chromosomes 13, 16, 18, 21,
X, and Y. Its incidence increases with advancing
maternal age (23), such as:

1. Trisomy 21 (Down syndrome) is the most
frequent  autosomal trisomy, comprising
approximately 50-60 % of all trisomic
conceptions (24).

2. Trisomy 18 (Edwards syndrome) accounts for
10-20 % of trisomies, with a maternal-age—
related risk increase that is less pronounced than
in Trisomy 21 (25).

3. Trisomy 13 (Patau syndrome) represents 5-10 %
of ftrisomies, with a weaker maternal-age
correlation than Trisomy 21 (26).

4. Sex chromosome aneuploidy can give rise to
disorders of sexual development. Errors in
meiotic recombination (e.g., failure of
homologues to rejoin at diplotene) may result in
chromosome loss or abnormal attachment,
producing partial trisomies or balanced
translocations (27), such as:

a. Monosomy X (Turner syndrome): the
most common monosomy, its prevalence
is largely independent of maternal age
(28).

b. Additional sex-chromosome aneuploidies
(e.g., 47, XXY [Klinefelter syndrome], 47,
XYY, 47, XXX) also occur at rates that are
relatively constant across maternal ages
(29).

Third Question: Is there any Hope of
improving oocyte quality and ploidy state?

During folliculogenesis, a human primordial follicle
harbours a primary oocyte of approximately 35 ym in
diameter, which undergoes a protracted growth
phase of ~85 days to reach a final diameter of ~120
pm. Throughout this period, the oocyte must acquire
full developmental competence, the capacity for
successful fertilization, and support of early
embryogenesis (1,8). Oocyte maturation is
orchestrated by the mid-cycle luteinizing hormone
(LH) surge and involves two semi-independent but
integrated processes, nuclear maturation and
cytoplasmic maturation (Table 1), Figure 1 (1,30).
Therefore, it is important to note that any intervention
aimed at optimizing and improving oocyte quality and
euploidy should be implemented during this critical
window of folliculogenesis, beginning at the time of
the LH surge (30).

Nuclear maturation encompasses (1):

1. Germinal vesicle breakdown (GVBD):
disintegration of the nuclear envelope,

2. Resumption of meiosis: progression from
prophase | arrest,

3. Completion of the first meiotic division:
extrusion of the first polar body, thereby

establishing the haploid chromosome
complement.
Cytoplasmic maturation requires extensive
organellar reorganisation and molecular

redistribution, including (1):

1. A marked increase in mitochondrial
biogenesis and ribosome content.

2. Remodelling of plasma-membrane
transporters and channels.

3. Expansion and peripheral translocation of the
Golgi apparatus.

4. Accumulation of storage and secretory
inclusions, membrane-bound vesicles,
multivesicular bodies, crystalline inclusions,
lipid droplets, and glycogen granules.
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Collectively, these nuclear and cytoplasmic events culminate in an oocyte capable of fertilization and supporting
subsequent pre-implantation development.

Table 1: Timing of Nuclear events during oocyte maturation (1):

Timing of events:
LH surge 0 hours
(GV with nucleolus)
GVBD +15 hours
first meiotic metaphase +20 hours
second meiotic metaphase | +35 hours
ovulation +38 hours
LH Surge
15 hrs 35hrs
I |
35 um 120 um
Incompetent Competent GVBD Metaphase Il
oocyte oocyte oocyte

Prophase | arrest Metaphase | Metaphase |l arrest
\ )

\
Oocyte meiotic maturation

Figure 1. Stages of oocyte maturation after the LH surge.

MPF: Maturation-promoting factor
APC: Anaphase-promoting complex
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At this stage, the initiation of targeted treatment
modalities to optimize oocyte competence is
warranted. Such strategies may include the
administration of specific pharmacological
adjuvants alongside evidence-based lifestyle
interventions, each designed to enhance both
nuclear and cytoplasmic maturation and thereby
promote the generation of euploid oocytes.
Crucially, the timely application of these
approaches can  mitigate  developmental
abnormalities and prevent oocyte damage before
it occurs.

Potential Complementary Approaches to
Improve Oocyte Quality

1. Coenzyme Q10 (CoQ10) Supplementation:

Bentov et al. have demonstrated that CoQ10
supplementation can  significantly  reduce
aneuploidy rates in women over 35 years of age.
Ann it was found that by extension, in women aged
over 40, a 14-day CoQ10 supplementation
regimen initiated prior to ovulation or at the
commencement of ovarian stimulation during IVF
cycles may result in a 10-20% reduction in the
incidence of aneuploid oocytes (31).

2. DHEA Supplementation:

Emerging evidence suggests that
dehydroepiandrosterone (DHEA)
supplementation may enhance oocyte quality and
decrease aneuploidy rates. Implementing a 14-
day DHEA supplementation protocol starting
before ovulation or at the onset of controlled
ovarian stimulation may vyield a reduction in
aneuploidy rates (32).

3. Antioxidant Supplementation:

Supplementation with antioxidants such as
vitamins C and E, as well as beta-carotene, has
been associated with reduced oxidative stress and
improved oocyte quality. A 14-day antioxidant
regimen initiated before ovulation or at the start of
stimulation may contribute to a reduction in
aneuploidy rates (33).

4. Omega-3 Fatty Acid Supplementation:

The administration of omega-3 fatty acids,
particularly eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), may exert anti-
inflammatory effects that support oocyte
development and enhance overall oocyte quality
(34).

5. Myo-Inositol Supplementation:

Myo-inositol, a naturally occurring isomer of inositol,
has been shown to improve oocyte maturation and
reduce aneuploidy rates, likely through its effects on
intracellular signaling and metabolic regulation (35).

Potential Synergistic Treatment Strategies

The concurrent administration of certain therapeutic
agents may have synergistic effects on oocyte
quality, acting through complementary mechanisms:

1. CoQ10 and DHEA Combination Therapy:

This combination may exert additive effects through
multiple biological pathways:

¢ Mitochondrial Enhancement: CoQ10 serves
a critical role in mitochondrial electron transport
and ATP production, while DHEA has been
shown to improve mitochondrial efficiency and
reduce oxidative stress. Together, these agents
may enhance mitochondrial bioenergetics,
thus improving oocyte competence (36).

e Antioxidant Protection: Both CoQ10 and
DHEA possess antioxidative properties, which
may synergistically reduce oxidative damage
within the ovarian environment, fostering an
optimal milieu for oocyte development
(31,32,36).

e Hormonal Modulation: DHEA
supplementation has been associated with
improved androgen levels and hormonal
balance, while CoQ10 may indirectly contribute
to hormonal homeostasis via reduction of
oxidative stress, supporting improved follicular
dynamics (37).

2. CoQ10 and N-Acetylcysteine (NAC) Co-
Supplementation:

e NAC, a precursor to glutathione and a
potent antioxidant, may enhance the
antioxidative capacity provided by CoQ10 (38).
Their combined use could offer superior
protection against oxidative stress, thus
preserving oocyte integrity and competence.

3. DHEA and Myo-Inositol Co-

Supplementation:
JRME
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The combination of DHEA and myo-inositol may
synergistically improve oocyte quality by
concurrently enhancing mitochondrial function,
optimizing hormonal balance, improving insulin
sensitivity, and promoting cytoplasmic and nuclear
maturation, thereby contributing to reduced rates
of oocyte aneuploidy (31,32,36,37).

Lifestyle Modifications to Support Oocyte
Quality

In conjunction with pharmacological
interventions, lifestyle factors play an important
role in optimizing oocyte health. These
modifications address factors such as oxidative
stress, hormonal balance, and overall
reproductive health.

e Weight Management:

Maintaining a healthy body weight is
essential, as excess adiposity is linked to
increased oxidative stress, systemic
inflammation, and impaired oocyte quality
(39).

¢ Regular Physical Activity:

Moderate-intensity exercise has been
shown to reduce oxidative stress, improve
metabolic health, and support better oocyte
maturation, thereby enhancing reproductive
outcomes (39).

o Stress Management:

Chronic stress has a detrimental impact on
reproductive health by disrupting hormonal
homeostasis and increasing oxidative stress
(40). Stress-reducing activities, such as
yoga, meditation, and mindfulness, may
contribute to improved oocyte quality.

e Sleep Optimization:

Adequate and quality sleep is critical for
hormonal regulation (41). Disrupted sleep
patterns can interfere with endocrine
function and negatively affect oocyte quality,
making proper sleep hygiene essential for
reproductive health.

e Minimizing Exposure to Environmental
Toxins:

Reducing exposure to harmful
environmental substances such as
pesticides, heavy metals, and endocrine-
disrupting chemicals is crucial for protecting
oocyte development and overall
reproductive function (41).

Key Considerations for the Implementation
of Complementary Treatment Approaches

When incorporating supplementary therapies,
several important factors must be considered to
ensure optimal outcomes:

e Dosage and Duration:

The correct dosage and treatment duration must
be carefully determined when combining
supplements. Excessive or prolonged
supplementation may lead to side effects,
making individualized dosing protocols essential
for efficacy and safety.

¢ Individual Variability:

Patient response to combined treatments may
vary due to genetic differences, baseline health
status, and lifestyle factors. Personalization of
supplementation regimens is necessary to
achieve optimal results.

¢ Monitoring and Treatment Adjustment:

Continuous monitoring of treatment progress is
essential. Adjustments to the treatment protocol
should be made based on patient response and
ongoing assessment of oocyte quality and IVF
outcomes.

o Potential Adverse Effects:

Longer supplementation periods can increase
the risk of adverse effects, such as
gastrointestinal disturbances and hormonal
imbalances. Regular evaluations of the risk-
benefit profile of the regimen are critical for
ensuring patient safety.

Conclusion:
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Most aneuploidy events occur during oocyte
maturation at the time of the LH surge, highlighting
the importance of this critical phase in determining
oocyte quality. Targeted interventions, such as
supplements and lifestyle modifications, offer
promising strategies for mitigating aneuploidy and
enhancing oocyte quality. To maximize their
effectiveness, these interventions should be
implemented during the critical window of
folliculogenesis, starting at the time of the LH surge,
ensuring optimal conditions for oocyte maturation
and improving the chances of achieving euploidy
and successful pregnancy outcomes.

References:

1. Elder K, Dale B. Preimplantation Genetic
Diagnosis. In: In-Vitro Fertilization. Cambridge
University Press; 2020:311-330.

2. Wartosch L, Schindler K, Schuh M, Gruhn
JR, Hoffmann ER, McCoy RC, Xing J. Origins and
mechanisms leading to aneuploidy in human eggs.
Prenat Diagn. 2021 Apr;41(5):620-630. doi:
10.1002/pd.5927. Epub 2021 Mar 22. PMID:
33860956; PMCID: PMC8237340.

3. Shukla V, Hegffding MK, Hoffmann ER.
Genome diversity and instability in human germ
cells and preimplantation embryos. Semin Cell Dev
Biol. 2021 May;113:132-147. doi:
10.1016/j.semcdb.2020.12.007. Epub 2021 Jan 23.
PMID: 33500205; PMCID: PMC8097364.

4. Gruhn JR, Hoffmann ER. Errors of the Egg:
The Establishment and Progression of Human
Aneuploidy Research in the Maternal
Germline. Annu Rev Genet. 2022;56:369-390.
doi:10.1146/annurev-genet-072820-033609.

5. Cox E, Takov V. Embryology, Ovarian
Follicle Development. [Updated 2023 Aug 14]. In:
StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK532300/
6. Baldini GM, Ferri D, Malvasi A, Lagana AS,
Vimercati A, Dellino M, Baldini D, Trojano G.
Genetic Abnormalities of Oocyte Maturation:
Mechanisms and Clinical Implications. Int J Mol Sci.
2024 Dec 3;25(23):13002. doi:
10.3390/ijms252313002. PMID: 39684710; PMCID:
PMC11640808.

7. Thomas C, Cavazza T, Schuh M. Aneuploidy
in human eggs: contributions of the meiotic spindle.
Biochem Soc Trans. 2021 Feb 26;49(1):107-118.
doi: 10.1042/BST20200043. PMID: 33449109;
PMCID: PMC7925012.

8. Orozco-Galindo, B.V.; Sanchez-Ramirez,
B.; Gonzalez-Trevizo, C.L.; Castro-Valenzuela, B.;
Varela-Rodriguez, L.; Burrola-Barraza, M.E.
Folliculogenesis: A Cellular Crosstalk
Mechanism. Curr. Issues Mol. Biol. 2025, 47, 113.
https://doi.org/10.3390/cimb47020113

9. Pei Z, Deng K, Xu C, Zhang S. The
molecular regulatory mechanisms of meiotic arrest
and resumption in Oocyte development and
maturation. Reprod Biol Endocrinol. 2023 Oct
2;21(1):90. doi: 10.1186/s12958-023-01143-0.
PMID: 37784186; PMCID: PMC10544615.
10. Martin JH, Bromfield EG, Aitken RJ, Nixon
B. Biochemical alterations in the oocyte in support
of early embryonic development. Cell Mol Life Sci.
2017 Feb;74(3):469-485. doi: 10.1007/s00018-016-
2356-1. Epub 2016 Sep 7. PMID: 27604868;
PMCID: PMC11107538.
11. Capalbo A, Poli M, Rienzi L, Girardi L,
Patassini C, Fabiani M, Cimadomo D, Benini F,
Farcomeni A, Cuzzi J, Rubio C, Albani E, Sacchi L,
Vaiarelli A, Figliuzzi M, Findikli N, Coban O,
Boynukalin FK, Vogel |, Hoffmann E, Livi C, Levi-
Setti PE, Ubaldi FM, Simén C. Mosaic human
preimplantation embryos and their developmental
potential in a prospective, non-selection clinical trial.
Am J Hum Genet. 2021 Dec 2;108(12):2238-2247.
doi: 10.1016/j.ajhg.2021.11.002. Epub 2021 Nov
18. PMID: 34798051; PMCID: PMC8715143.
12. Li X, Hao Y, Elshewy N, Zhu X, Zhang Z,
Zhou P. The mechanisms and clinical application of
mosaicism in preimplantation embryos. J Assist
Reprod Genet. 2020 Mar;37(3):497-508. doi:
10.1007/s10815-019-01656-x. Epub 2019 Dec 14.
PMID: 31838629; PMCID: PMC7125259.
13. Coticchio G, Lagalla C, Sturmey R, Pennetta
F, Borini A. The enigmatic morula: mechanisms of
development, cell fate determination, self-correction
and implications for ART. Hum Reprod Update.
2019;25(4):422-438. doi:10.1093/humupd/dmz008
14. van der Reest J, Nardini Cecchino G, Haigis
MC, Kordowitzki P. Mitochondria: Their relevance
during oocyte ageing. Ageing Res Rev.
2021;70:101378. doi:10.1016/j.arr.2021.101378
15. Holubcova Z, Blayney M, Elder K, Schuh M.
Human oocytes. Error-prone  chromosome-
mediated spindle assembly favors chromosome
segregation defects in human oocytes. Science.
2015 Jun 5;348(6239):1143-7. doi:
10.1126/science.aaa9529. PMID: 26045437,
PMCID: PMC4477045.
16. Zielinska AP, Holubcova Z, Blayney M, Elder
K, Schuh M. Sister kinetochore splitting and
precocious disintegration of bivalents could explain
the maternal age effect. Elife. 2015 Dec
15;4:€11389. doi: 10.7554/elLife.11389. PMID:
26670547; PMCID: PMC4755749.
17. Konc J, Kanyo K, Kriston R, Zeke J, Cseh S.
Freezing of oocytes and its effect on the
displacement of the meiotic spindle: short
communication. ScientificWorldJournal.
2012;2012:785421. doi:10.1100/2012/7854 21

18. Pickering SJ, Braude PR, Johnson MH,

Cant A, Currie J. Transient cooling to room

JRME 309



https://doi.org/10.3390/cimb47020113

Volume 2 Issue no.1. 2025

JRME | Journal of Reproductive Medicine and Embryology

temperature can cause irreversible disruption of
the meiotic spindle in the human oocyte. Fertil
Steril. 1990;54(1):102-108. doi:10.1016/s0015-
0282(16)53644-9
19. Mihalas BP, Marston AL, Wu LE, Gilchrist
RB. Reproductive Ageing: Metabolic contribution
to age-related chromosome missegregation in
mammalian oocytes. Reproduction.
2024;168(2):230510. Published 2024 Jun 28.
doi:10.1530/REP-23-0510
20. Gul,LiuH, GuX, Boots C, Moley KH, Wang
Q. Metabolic control of oocyte development:
linking maternal nutrition and reproductive
outcomes. Cell Mol Life Sci. 2015 Jan;72(2):251-
71. doi: 10.1007/s00018-014-1739-4. Epub 2014
Oct 4. PMID: 25280482; PMCID: PMC4389777.
21. loannou D, Miller D, Griffin DK, Tempest HG.
Impact of sperm DNA chromatin in the clinic. J
Assist Reprod Genet. 2016 Feb;33(2):157-66. doi:
10.1007/s10815-015-0624-x. Epub 2015 Dec 17.
PMID: 26678492; PMCID: PMC4758997.
22. Xie P, Kocur OM, Cheung S, et al. Sperm
centriolar factors and genetic defects that can
predict pregnancy. Fertil Steril. 2023;120(4):720-
728. doi:10.1016/j.fertnstert.2023.07.007
23. Queremel Milani DA, Tadi P. Genetics,
Chromosome Abnormalities. [Updated 2023 Apr
24]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK557691/
24. Akhtar F, Bokhari SRA. Down Syndrome.
[Updated 2023 Aug 8]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2025
Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK526016/
25. Balasundaram P, Avulakunta ID. Edwards
Syndrome. [Updated 2025 Feb 15]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK570597/
26. Savva GM, Walker K, Morris JK. The
maternal age-specific live birth prevalence of
trisomies 13 and 18 compared to trisomy 21
(Down syndrome). Prenat Diagn. 2010;30(1):57-
64. doi:10.1002/pd.2403
27. Kurahashi H, Kogo H, Tsutsumi M, Inagaki
H, Ohye T. Failure of homologous synapsis and
sex-specific reproduction problems. Front Genet.
2012;3:112. Published 2012 Jun 18.
doi:10.3389/fgene.2012.00112
28. Shankar Kikkeri N, Nagalli S. Turner
Syndrome. [Updated 2023 Aug 8]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK554621/
29. Ridder LO, Berglund A, Stochholm K, Chang
S, Gravholt CH. Morbidity, mortality, and
socioeconomics in Klinefelter syndrome and

47,XYY syndrome: a comparative review. Endocr
Connect. 2023 Apr 26;12(5):e230024. doi:
10.1530/EC-23-0024. PMID: 37098811; PMCID:
PMC10160544.

30. Arroyo A, Kim B, Yeh J. Luteinizing Hormone
Action in Human Oocyte Maturation and Quality:
Signaling Pathways, Regulation, and Clinical
Impact. Reprod Sci. 2020 Jun;27(6):1223-1252.
doi: 10.1007/s43032-019-00137-x. Epub 2020 Jan
6. PMID: 32046451; PMCID: PMC7190682.

31. 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;8:31-36. Published 2014 Jun
8. d0i:10.4137/CMRH.S14681

32. Gleicher N, Barad DH.
Dehydroepiandrosterone (DHEA) supplementation
in diminished ovarian reserve (DOR). Reprod Biol
Endocrinol. 2011 May 17;9:67. doi: 10.1186/1477-
7827-9-67. PMID: 21586137; PMCID:
PMC31124009.

33. Rodriguez-Varela C, Labarta E. Clinical
Application of Antioxidants to Improve Human
Oocyte Mitochondrial Function: A Review.
Antioxidants (Basel). 2020 Nov 28;9(12):1197. doi:
10.3390/antiox9121197. PMID: 33260761; PMCID:
PMC7761442.

34. Lass A, Belluzzi A. Omega-3
polyunsaturated fatty acids and IVF
treatment. Reprod Biomed Online. 2019;38(1):95-
99. d0i:10.1016/j.rbomo.2018.10.008

35. Russo M, Forte G, Montanino Oliva M,
Lagana AS, Unfer V. Melatonin and Myo-Inositol:
Supporting Reproduction from the Oocyte to Birth.
Int J Mol Sci. 2021 Aug 5;22(16):8433. doi:
10.3390/ijms22168433. PMID: 34445135; PMCID:
PMC8395120.

36. Rodriguez-Varela C, Labarta E. Does
Coenzyme Q10 Supplementation Improve Human
Oocyte Quality?. Int J Mol Sci. 2021;22(17):9541.
Published 2021 Sep 2. doi:10.3390/ijms22179541
37. Yan H, Wang L, Zhang G, Li N, Zhao Y, Liu
J, Jiang M, Du X, Zeng Q, Xiong D, He L, Zhou Z,
Luo M, Liu W. Oxidative stress and energy
metabolism abnormalities in polycystic ovary
syndrome: from mechanisms to therapeutic
strategies. Reprod Biol Endocrinol. 2024 Dec
26;22(1):159. doi: 10.1186/s12958-024-01337-0.
PMID: 39722030; PMCID: PMC11670460.

38. Tendrio MCDS, Graciliano NG, Moura FA,
Oliveira ACM, Goulart MOF. N-Acetylcysteine
(NAC): Impacts on Human Health. Antioxidants
(Basel). 2021 Jun 16;10(6):967. doi:
10.3390/antiox10060967. PMID: 34208683;
PMCID: PMC8234027.

39. Sigal E, Shavit M, Atzmon Y, et al. Excess
Weight Impairs Oocyte Quality, as Reflected by

JRME




Volume 2 Issue no.1. 2025

JRME | Journal of Reproductive Medicine and Embryology

mtDNA and BMP-15. Cells. 2024;13(22):1872.
Published 2024 Nov 12. doi:10.3390/cells13221872
40. Hu Y, Wang W, Ma W, et al. Impact of
psychological stress on ovarian function: Insights,
mechanisms and intervention strategies
(Review). Int J Mol Med. 2025;55(2):34.
doi:10.3892/ijmm.2024.5475

41. Beroukhim G, Esencan E, Seifer DB. Impact
of sleep patterns upon female neuroendocrinology
and reproductive outcomes: a comprehensive
review. Reprod Biol Endocrinol. 2022 Jan
18;20(1):16. doi: 10.1186/s12958-022-00889-3.
PMID: 35042515; PMCID: PMC8764829.

42. Hassan S, Thacharodi A, Priya A, et al.
Endocrine disruptors: Unravelling the link between
chemical exposure and Women's

JRME




