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Abstract: Female infertility and pregnancy maintenance are associate with various factors, including quantity and quality of oocytes, 
genital inflammation, endometriosis, and other diseases. Women are even diagnosed as unexplained infertility or unexplained recurrent 
spontaneous abortion when failed to achieve pregnancy with current treatment, which are urgent clinical issues need to be addressed. 
Coenzyme Q10 (CoQ10) is a lipid-soluble electron carrier in the mitochondrial electron transport chain. It is not only essential for the 
mitochondria to produce energy, but also function as an antioxidant to maintain redox homeostasis in the body. Recently, the capacity 
of CoQ10 to reduce oxidative stress (OS), enhance mitochondrial activity, regulate gene expression and inhibit inflammatory 
responses, has been discovered as a novel adjuvant in male reproductive performance enhancing in both animal and human studies. 
Furthermore, CoQ10 is also proved to regulate immune balance, antioxidant, promote glucose and lipid metabolism. These properties 
will bring highlight for ovarian dysfunction reversing, ovulation ameliorating, oocyte maturation/fertilization promoting, and embryo-
nic development optimizing. In this review, we systematically discuss the pleiotropic effects of CoQ10 in female reproductive 
disorders to investigate the mechanism and therapeutic potential to provide a reference in subsequent studies. 
Keywords: coenzyme Q10, oxidative stress, reactive oxygen species, reproductive, oocyte, endometriosis

Introduction
Coenzyme Q10 (CoQ10) is abundant in biological membranes and mitochondria and is synthesized in all human cells.1 It 
is the only vitamin-like compound that can be completely synthesized internally and the only lipid antioxidant that can be 
synthesized autologously.2 CoQ10 has three different redox states: the oxidized form ubiquinone (CoQ), semi-oxidized 
(or semi-reduced) form semiquinone (CoQH), and reduced form ubiquinol (CoQH2).3 CoQ10 has been shown to reduce 
oxidative stress (OS) and participate in energy metabolism, gene regulation, anti-apoptotic, and anti-inflammatory 
reactions.4–8 Any deficiency of regulatory factors, raw materials, and enzymes in the synthesis process may affect 
energy production and oxidative phosphorylation in the mitochondria and aggravating oxidative stress.9 The lipid-soluble 
nature of CoQ10 allows it to move freely in the inner mitochondrial membrane, and its different redox states make it 
possible to participate in redox reactions and adenosine triphosphate (ATP) production processes by transferring protons 
and electrons.

The process of ATP production coupling during electron transfer in the mitochondrial electron transport chain (ETC) 
is defined as oxidative phosphorylation.10 Energy production depends on the normal operation of the ETC in mitochon-
dria, and CoQ10 plays a central role in the ETC. The ETC is composed of four protein complexes, together with ATP 
synthase to produce ATP. Complex I (NADH: ubiquinone oxidoreductase) and Complex II (succinate dehydrogenase 
complex) transfer the obtained electrons to CoQ, which is reduced to CoQH2 after receiving one electron. Complex III 
(the cytochrome c reductase complex) receives electrons from CoQH2, which is oxidized to CoQ in a process known as 
the Q-cycle. Complex IV (cytochrome C oxidase complex) transfers electrons to oxygen, which is then reduced to H2 

O as the final electron acceptor. During electron transfer, protons are transferred to the mitochondrial membrane gap, 
forming an electrochemical proton gradient. ATP Synthase uses the energy of proton gradient across the membrane 
formed in the process of electron transfer to drive the synthesis of ATP from adenosine diphosphate (ADP) and inorganic 
phosphorus (Pi)10–12 (Figure 1). CoQ10 also exerts its unique function in biological membranes outside the mitochondria. 
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Ferroptosis suppressor protein 1 (FSP1) is an effective ferroptosis resistance factor that is recruited to the plasma 
membrane and acts as an oxidoreductase to reduce oxidized CoQ10.13 CoQ10 relies on its anti-lipid oxidation effects to 
protect the integrity of cell membranes and various organelle membranes, thereby maintaining normal cell morphology.

CoQ10 is mainly self-synthesized in the human body, while a small portion comes from exogenous supplements.16 

Reactive oxygen species (ROS) are byproducts of aerobic respiration in mitochondria and play an important role in 
maintaining cell growth, metabolism, and other physiological phenomena.17,18 Most free radicals are ROS, including 
superoxide anions (O2•−), hydrogen peroxide (H2O2), and hydroxyl radicals (HO•).19 However, when the amount of ROS 
exceeds the scavenging capacity of the endogenous antioxidant system, the balance of the redox system is disrupted, 
ROS accumulates in the body, and OS occurs. Theoretically, anti-oxidant function of CoQ10 may reduce the ROS 
releasing. During the process of electron transfer from complex I to CoQ10, CoQH is formed transiently after the first 
electron is transferred. CoQH then acts as an electron delivery body to combine with oxygen to generate superoxide, 
a process called electron leakage.20 OS can break the structure of the biofilm, resulting in protein, lipid, and DNA 
peroxidation, which further causes mitochondrial dysfunction and apoptosis.21 Furthermore, at least 10 genes are 
necessary for CoQ10 synthesis these crucial genes mutation may also affect this loop to result in CoQ10 deficits.14 

CoQ10 is synthesized in the mitochondria and then transported to cell membrane.22 Recently, two unidentified UbiB 
proteins have been found to regulate CoQ10 distribution, however the exact mechanism for the regulation of CoQ10 
transport and distribution is remains unclear.23 The dual role of CoQ10 as a key component of the mitochondrial ETC on 
the one hand, and its antioxidant effect to reduce OS damage on the other hand.

Oocytes are the most abundant mitochondria-containing cells, and mitochondria are the organelles with the largest 
proportion in oocytes.24 Oocyte maturation, fertilization, and embryonic development require high amounts of ATP 
produced by mitochondria.25 In the ovaries, OS is a key factor that induces apoptosis of oocytes and granulosa cells 
(GCs), and the depletion of oocytes leads to a decline in fertility.26,27 High inflammatory responses are equally 
responsible for mediating the occurrence of apoptosis in GCs.28 The homeostasis at the fetal-maternal interface requires 
many factors to be maintained together, however, endometritis can disrupt this homeostasis and affect embryo 
implantation.29,30 Mitochondrial dysfunction leads to an inadequate supply of ATP, which affects oocyte maturation, 
fertilization and embryo development.25 Animal and clinical studies have shown that CoQ10 reduces ROS levels in 
oocytes, inhibits apoptosis, and enhances mitochondrial function, thereby improving the ovarian reserve.31,32 The 
beneficial effects of CoQ10 on oxidative stress have been supported by many studies; however, the underlying 
mechanisms remain to be explored.33–35

Figure 1 Role of CoQ10 in the mitochondrial electron transport chain. 
Notes: Data from these studies.10,14,15 

Abbreviations: CoQ, Coenzyme Q; CoQH2, reduced form of CoQ; Cytc, cytochrome c; NAD+, nicotinamide adenine dinucleotide; NADH, reduced form of NAD+; 
FAD+, flavin adenine dinucletide; FADH2, reduced form of FAD+; ATP, adenosine triphosphate.
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In this review, we summarize the therapeutic effects of CoQ10 on various disorders of the female reproductive system 
and outline a proposed agenda for future research on CoQ10 with respect to female infertility.

CoQ10 and Ovulation Disorders
CoQ10 Enhances Quantity and Quality of Oocytes
The average childbearing age of women worldwide is gradually increasing due to the influence of social and educational 
factors. Starting at the age of 35, follicles presenting in the ovary declined rapidly, leading to a decrease in female 
fertility.36 Although assisted reproductive technology has developed fast, ameliorate quality and quantity of oocytes 
remains a significant challenge. Ovarian dysfunction are mostly attribute to OS, telomere shortening, inflammatory 
reaction, mitochondrial dysfunction and apoptosis,37–39 especially OS.40–42

CoQ10 has been widely used in disease treatment because of its numerous biological functions, particularly its 
powerful antioxidant effects.43–47 In recent years, CoQ10, as an antioxidant, has also been discovered to play important 
roles in the male reproductive system.48 A case-control study showed that CoQ10 not only improved sperm parameters, 
but also reduced testicular OS and sperm DNA fragmentation in infertile patients with idiopathic oligospermia.35 Due to 
the fertility-enhancing effects of antioxidants in men, their effects on the female reproductive system have been explored 
in animal experiments and clinical trials.

CoQ10 Promotes Oocytes Maturation
The maturation process of oocytes can be categorized into three stages, germinal vesicle (GV), metaphase I (MI), and 
metaphase II (MII), depending on whether meiosis is initiated and the first polar body is extruded.49 Coenzyme Q6 
(COQ6) and polyprenyldiphosphate synthase subunit 2 (PDSS2) are enzymes responsible for CoQ10. It was found that 
the expression of COQ6 and PDSS2 was significantly decreased in GV stage oocytes obtained from women over 39 
years of age compared to those from women under 31 years of age.50 The same phenomenon was observed in 12 months 
old mice compared with 3 months young mice.51 The study also found that respiratory mitochondrial pools, mitochon-
drial ROS, and ATP were significantly reduced in oocytes from PDSS2 gene knockout mice, meanwhile meiotic spindle 
abnormalities were increased, and the ovarian reserve was severely impaired. However, mitochondrial membrane 
potential, ROS levels, ATP production, and spindles moved in a favorable direction with CoQ10 administration in 
PDSS2-deficient mice, although the respiratory mitochondrial pool remained unchanged.51 Thus, CoQ10 supplementa-
tion may improve oocyte quality by reducing ROS levels and enhancing mitochondrial function. Ben-Meir et al52 also 
found that GCs counts surrounding the oocytes in aging mice and women decreased, accompanied by COQ6 and PDSS2 
expression reduced. It is well documented that GCs provide the growth factors and metabolites that support oocyte 
growth. CoQ10 supplementation not only decreased GC apoptosis, but also increased GCs cell counts. Oocyte quality 
could be compromised by decreased CoQ10 and GCs activity. At the same time, CoQ10 treatment may uptake glucose 
absorption and mitochondrial function was restored.53 Furthermore, in women aged 38–46 years, supplementation with 
50 μmol/L CoQ10 significantly increased the oocyte maturation rate (82.6% vs 63.0%; P=0.035) and decreased the 
percentage of oocyte aneuploidy (36.8% vs 65.5%; P=0.020) and chromosome aneuploidy frequency (4.1% vs 7.0%; 
P=0.012) in vitro.54 CoQ10 may promote oocyte maturation through gene regulation and energy metabolism in oocytes 
and GCs, thereby improving oocyte maturation.

CoQ10 Resists Oocytes Aging
The probability of aneuploidy errors in oocytes increases with age and is inextricably linked to mitochondrial dysfunction 
caused by OS.55,56 Aging affects CoQ10 levels in female oocytes to varying degrees, impairing oocyte quality, and 
possibly leading to infertility. The number of CoQ10-synthesising enzymes declines with age. CoQ10 enhanced ovarian 
reserves in animal models of ovarian failure via gene regulation. As documented that, proliferating cell nuclear antigen 
(PCNA) is required for DNA repair and replication in cells and plays a significant function in the regulation of follicle 
development.57,58 Follicle-stimulating hormone (FSH) is a marker used to assess the ovarian functional reserve, and its 
receptor, follicle-stimulating hormone receptor (FSHR), is mainly expressed on the surface of GCs. FSH stimulation of 
pre-ovulatory follicles promotes the development and proliferation of GCs.59 Both anti-Müllerian hormone (AMH) and 
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FSH are utilized to speculate ovarian function, whereas AMH is the preferred indicator produced by GCs for assessing 
ovarian functional reserve.60 In a mouse model of ovarian failure induced by cyclophosphamide (CTX), CoQ10 
treatment significantly improved the increased level of ROS and the number of atresia follicles, while PCNA and 
FSHR mRNA expression increased.61 Cisplatin may cause oxidative stress-related ovarian damage; however, increased 
serum AMH levels with reduced follicular atresia were observed in cisplatin-treated mice supplemented with CoQ10.62 

CoQ10 also stimulates the differentiation of ovarian stem cells derived from ovarian epithelial cells. In a mouse model of 
ovarian failure, it greatly boosted the number of primordial and antral follicles, markedly improved ovarian function and 
oocyte quality, decreased ROS levels, and increased AMH levels.63 In addition, bone morphogenetic protein 15 (Bmp- 
15), growth differentiation factor 9 (Gdf-9) and KIT proto-oncogene, receptor tyrosine kinase (c-Kit), the representative 
regulators of follicle development and oocyte mass expression are also upregulated by CoQ10 treatment.63–65 These 
results demonstrate that CoQ10 enhances ovarian function in mouse models of ovarian failure by altering hormone 
levels, follicle counts, and OS.

RNA sequencing analysis of MII oocytes from older women over 40 years of age and younger women under 30 years 
of age identified 2807 differentially expressed genes identified. Seven hub targets that bind closely to CoQ10, namely 
Peroxisome (PPARA), Catalase (CAT), Mitogen-activated protein kinase 14 (MAPK14), Sequestosome-1 (SQSTM1), 
Heme oxygenase 1 (HMOX1), Growth factor receptor-bound protein 2 (GRB2), and Glutathione reductase (GSR) were 
finally determined by the method of bioelectricity analysis and network pharmacology. They play a vital role in 
preventing oocyte aging via CoQ10.66 Under in vitro maturation conditions, PPARA was confirmed to prevent porcine 
oocytes from aging by bezafibrate (PPARA agonist), and CoQ10 and its derivatives have been found to be direct partial 
agonists of PPARA.67,68 CoQ10 has also been shown to improve the viability of preantral follicles by increasing CAT 
activity and protecting the ovarian reserve by inhibiting OS.69 At present, there is still a lack of experiments proving how 
CoQ10 affects ovarian aging through the remaining five key genes; however, they have been shown to support 
oocytes.27,66,70,71 Thus, CoQ10 may protect the ovarian reserve by regulating the expression of genes associated with 
oocyte aging.

Follicular fluid is a microenvironment necessary for the growth and development of follicles at all stages. CoQ10 
appears to improve the quality of oocytes, especially in women over 35 years old, by improving the oxidative metabolism 
of follicular fluid.72,73 In addition to reducing OS, CoQ10 restores the function of senescent oocytes by alleviating 
mitochondrial dysfunction. A clinical study found that the activity of the CoQ10-dependent mitochondrial respiratory 
chain in oocytes decreased with age, and this decrease in activity was reduced when CoQ10 was supplemented in vitro.74 

Although the ability of CoQ10 to prevent telomere attrition and reduce cardiovascular mortality has been demonstrated,75 

there is still lack of clinical application standards for ovarian aging reverse using of CoQ10. Research focusing on the use 
of CoQ10 to reverse ovarian aging is summarized in Table 1.

CoQ10 Improves Metabolic Disorders in Polycystic Ovary Syndrome
Polycystic ovary syndrome (PCOS), a common reproductive endocrine condition, is characterized by hyperandrogenism, 
absence of or oligoovulation, and polycystic ovarian abnormalities, often accompanied by obesity and insulin resistance, 
which affect women’s reproductive function, metabolic status, and psychological well-being.76 Currently, the pathogen-
esis of the disease is not fully understood; however, hyperandrogenism and insulin resistance are considered the main 
causes of PCOS.77 Additionally, OS is an important component in the pathophysiology of PCOS.78 The interaction 
between hyperandrogenism, insulin resistance, and oxidative stress leads to a vicious cycle that continuously exacerbates 
PCOS.79 Although oxidative stress in PCOS pathogenesis and antioxidants effects in PCOS therapeutic have received 
widespread attention. Benefit of CoQ10 treatment on oocyte quality in PCOS patients is still obscure.

CoQ10 Ameliorates Lipid Metabolism
More than 60% PCOS patients suffer from overweight or obese.80 Overweight or obese females have inferior antioxidant 
capacity and CoQ10 concentration is lower in the follicular fluid than healthy control.81 High oxidative stress in an obese 
hyperglycemic environment may disrupt oocyte metabolism and impede mitochondrial function. More perinuclear 
mitochondrial distribution is usually observed in high-quality oocytes. The percentage of oocytes with perinuclear 
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mitochondria was significantly lower in obese mice fed a high-fat and high-sugar (HF/HS) diet than in healthy controls; 
CoQ10 supplementation surprisingly prevented this distribution abnormality.82–84 Meanwhile, obese women showed 
more oocyte spindles and chromosomal abnormalities. The oocytes of obese mice with CoQ10 supplemented had 
a higher proportion of normal spindles and chromosomes, up to 90.2%, which was significantly higher than that of 
mice receiving a vehicle-injected (72.2%).84 These results indicate that CoQ10 supplementation can partially prevent and 
rescue mitochondrial defects in oocytes induced by obesity in mouse models.

The sirtuin 1 (SIRT1) protein is involved in the regulation of mitochondrial function, energy metabolism, insulin 
secretion and cellular senescence. The expression of SIRT1 was significantly downregulated in the ovarian tissues of 
PCOS rats, whereas the low expression of SIRT1 in insulin-sensitive tissues may reflect the impaired adjustment of 

Table 1 Summary of Studies on the Effect of CoQ10 on Ovarian Aging

Methods Animal 
Species

CoQ10 Number Age Mean 
or Range

Duration Outcomes References

Animal 

experiment

PDSS2 gene 

knockout mice

22mg/kg, Injection 

Sigma-Aldrich or Advanced 

Orthomolecular Research 
Inc., Calgary, Alberta, Canada

12 9months 13weeks Increased oocyte 

quality and number of 

ATP 
Reduced level of ROS

[51]

Sprague– 

Dawley rats

150mg/kg, Oral 

Gfn-Selco, Germany

8 

Cisplatin 

treatment

65–75days 2weeks Increased level of 

AMH 

Reduced number of 
atresia follicles

[62]

C57BL/6 mice 0.084mg/kg, Injection 
Sigma Aldrich, St. Louis, MO, 

USA

8 9months 12weeks Increased glucose 
intake, number of GCs 

restoration of 

mitochondrial function

[52]

NMRI mice 22mg/kg, Injection 

Sigma-Aldrich, Germany

8 

CTX 
treatment

8–10weeks 3weeks Increased IVF success 

rates and development 
of embryo 

Reduced level of ROS 

and number of atresia 
follicles

[61]

C57BL/6 mice 150mg/kg, Oral 
Sigma Aldrich, St. Louis, MO, 

USA

10 
VCD 

treatment

6weeks 2weeks Increased level of 
AMH 

Reduced level of ROS

[63]

150mg/kg, Oral 

Sigma Aldrich, St. Louis, MO, 

USA

32 

VCD 

treatment

6weeks 2weeks Increased oocyte 

quality and 

development of 
embryo

Clinical 
trial

– 200mg/d, Oral 
Myoquinone, Pharmanord, 

Copenhagen, Denmark

15 31–46years 30– 
35days

Increased oocyte 
quality and antioxidant 

capacity of follicular 

fluid

[72]

– 50μmol/L, IVM 

MW 863.34, Sigma

45 38–46years 24h Increased oocyte 

maturation rates 
Reduced postmeiotic 

aneuploidies

[54]

Abbreviations: CoQ10, coenzyme Q10; ATP, adenosine triphosphate; ROS, reactive oxygen species; AMH, anti-millerian hormone; CTX, cyclophosphamide; IVF, in vitro 
fertilization; VCD, 4-vinylcyclohexene diepoxide; IVM, in vitro maturation; GCs, granulosa cells.
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mitochondrial function related to human insulin resistance.85,86 CoQ10 can prevent the reduction in SIRT1 protein levels 
in oocytes after ovulation, which may provide benefits to PCOS treatment by regulating the expression of SIRT1.31 

Clinical trials have observed the effect of CoQ10 on overweight or obese patients with PCOS, but the mitochondrial 
function of oocytes was not involved. Based on these findings, by controlling mitochondrial metabolism in oocytes, 
CoQ10 may reduce reproductive dysfunction caused by aberrant lipid metabolism in patients with PCOS.

Thus, increased adiposity may be associated with aseptic inflammation. Therefore, PCOS is closely associated with 
chronic systemic inflammation, and inflammatory cytokines produced by circulating adipose or intestinal monocytes 
directly regulate insulin resistance and androgen production.87,88 Taking CoQ10 (200 mg/day) continuously for 8 weeks 
can reduce inflammatory factors, such as tumor necrosis factor-a (TNF-α), high sensitivity C-reactive protein (hs-CRP) 
and interleukin-6 (IL-6), and significantly decrease the endothelial dysfunction markers of vascular cell adhesion 
molecule-1 (VCAM-1) and E-selectin.89 Another study found that CoQ10 administration reduced the gene expression 
of interleukin-1 (IL-1) and interleukin-8 (IL-8) in the peripheral blood mononuclear cells of patients with PCOS. The 
study also showed that the intake of CoQ10 down-regulated the gene expression of oxidized low density lipoprotein 
receptor 1 (LDLR1) and up-regulated the gene expression of peroxisome proliferator-activated receptor γ (PPARγ) in 
peripheral blood mononuclear cells of PCOS patients compared with placebo group.90 Both LDLR and PPARγ are 
involved in lipid metabolism.91,92 CoQ10 inhibits cyclic adenosine monophosphate (cAMP) degrading enzyme gene 
expression through CaMKII-MEK1/2-ERK1/2 signaling pathway, which increases cAMP and activates AMPK signaling 
pathway, then induce PPARα expression and inhibit adipogenesis.93–95 Vascular endothelial dysfunction is induced by 
oxidative low-density lipoprotein (Ox-LDL), and CoQH2 protects LDL from peroxidation by peroxyl radicals.15,96 

Additionally, it reduced Ox-LDL-mediated ROS production via the AMPK signaling pathway.97 In conclusion, CoQ10 
is beneficial to PCOS patients through lipid metabolism, the underlying mechanism includes regulating gene expression, 
altering intracellular microstructure, and inhibiting the release of inflammatory factors.

CoQ10 Accelerates Glucose Metabolism
As an antioxidant, CoQ10 may reduce androgen levels and affect glucose metabolism in patients with PCOS by reducing 
OS. Some researchers have found that oxidative stress can promote hyperandrogenism by reducing sex hormones binding 
globulin.98 CoQ10 supplementation demonstrated favorable effects on serum fasting blood glucose levels (FBG), total 
testosterone levels, and the homeostasis model of assessment-IR (HOMA-IR), regardless of whether vitamin E was also 
used.99 A network meta-analysis of the effects of several oral nutritional agents on PCOS confirmed that CoQ10 
significantly reduced FBG and HOMA-IR, although its effect was less pronounced than that of inositol.100

Excessively oxidatively active molecules cause lipid peroxidation, which affect absorption of glucose in fat and 
muscle and decrease the amount of insulin that pancreatic β-cells secrete. High glucose levels promote the formation of 
ROS.101,102

Currently, the potential mechanism underlying the effect of CoQ10 on glucose metabolism remains unclear. 
Currently, it is speculated that it may be related to the antioxidant effect of CoQ10, which not only reduces the influence 
of OS on insulin secretion, but also inhibits glucose-stimulated insulin release from pancreatic islet cel ls through 
interleukin-1β (IL-1β) blocking.102,103 In addition, increasing inflammatory cytokines cause insulin resistance by 
inhibiting the signal transduction of insulin, and the inflammation in PCOS patients increases their risk of developing 
atherosclerosis and infertility. Therefore, CoQ10 is considered an effective treatment for the prevention of PCOS 
complications.90 Clomiphene is widely used for ovulation promoting in PCOS. In a prospective randomized controlled 
trial, CoQ10 combined with clomiphene citrate is identified as an effective treatment for clomiphene citrate-resistant 
PCOS. Compared to clomiphene alone, patients in the treatment group combined with CoQ10 had increased endometrial 
thickness and improved ovulation and clinical pregnancy rates, which may be due to a combination of multiple effects of 
CoQ10, associated with the reduction of OS and inhibition of lipid peroxidation in ovaries by CoQ10.104 CoQ10 may be 
an important adjuvant in the treatment of PCOS by preventing obesity-induced mitochondrial defects, reducing 
inflammation and OS damage, lowering androgen levels, and reducing insulin resistance. We summarized the trials 
related to CoQ10 for the treatment of PCOS (Table 2). In general, CoQ10 may delight hope for a successful pregnancy in 
women with ovulation disorders through various mechanisms (Figure 2).
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CoQ10 and Endometriosis
Endometriosis is an estrogen-dependent chronic inflammatory gynecological disease that affects fertility in women of 
reproductive age. The disease mechanism is complex, and oxidative stress is thought to be a factor in endometriosis-related 

Table 2 Summary of Studies on the Effect of CoQ10 on PCOS

Daily Doses Age Number Duration Effects on Symptoms Effects on Lab or 
Instrumental Parameters

Reference

CoQ10 

180mg/day

– 51 Starting on cycle day 

2 and until the day of 

HCG administration

Increased ovulation rate and 

pregnancy rate

Increased endometrial 

thickness and follicle count

[104]

CoQ10 

100mg/day

18–40 

years

14 12weeks Regulated glycolipid metabolism 

and reduced inflammation

Decreased level of LDLR1, IL- 

1, IL-8 and TNF-α 
Increased level of PPAR-r

[90]

CoQ10 

200mg/day

20–40 

years

22 8weeks Regulated hormone production 

and lipid metabolism, and 

maintains blood glucose 
homeostasis

Decreased level of HOMA-IR, 

FBG, TT and insulin

[99]

CoQ10 
200mg/day

– 22 8weeks Reduced inflammation and 
fighted endothelial dysfunction

Decreased level of hs-CRP, 
TNF-α, IL-6, VCAM-1 and 

E-selectin

[89]

Abbreviations: CoQ10, coenzyme Q10; PCOS, polycystic ovarian syndrome; HCG, human chorionic gonadotrophin; LDLR1, low density lipoprotein receptor 1; IL-1, 
interleukin −1; IL-8, interleukin −8; TNF-α, tumor necrosis factor –α; HOMA-IR, homeostasis model of assessment-IR; FBG, fasting blood glucose; TT, total testosterone; 
Hs-CRP, high sensitivity C-reactive protein; IL-6, interleukin −6; VCAM-1, vascular cell adhesion molecule −1.

Figure 2 Mechanism of Coenzyme Q10 (CoQ10) improving ovulation disorders. CoQ10 has the ability to promote ovarian stem cells differentiation and support function 
of oocytes and granulosa cells.63 Polyprenyl diphosphate synthase subunit 2 (PDSS2) and Coenzyme Q6 (COQ6) are key genes for the synthesis of CoQ10.50 In oocytes, 
CoQ10 enhances mitochondrial function, promotes adenosine triphosphate (ATP) production, reduces reactive oxygen species (ROS) production and oxidative stress (OS), 
and decreases the rate of chromosomal aneuploidy.6,84 In addition, it stimulates the expression of growth differentiation factor 9 (Gdf-9), bone morphogenetic protein 15 
(Bmp-15), KIT proto-oncogene, receptor tyrosine kinase (c-Kit) and Catalas (CAT) genes related to oocyte quality and regulates the expression of low-density lipoprotein 
receptor 1(LDLR1), Peroxisome (PPARA) and sirtuin 1(SIRT1) genes related to metabolism.64–66,85,90 In granulosa cells, CoQ10 promotes follicle-stimulating hormone 
receptor (FSHR), anti-müllerian hormone (AMH) and proliferating cell nuclear antigen (PCNA) expression and increases cellular uptake of glucose.61,63 Through the above 
possible mechanisms eventually enhance the quality of oocytes and granulosa cells, increase the number of oocytes, which is beneficial to the functional reserve of the ovary.
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infertility.105,106 Endometriosis is characterized by the presence of endometrial tissue outside the uterus. CoQ10 has been 
reported to improve intra-abdominal adhesions in endometriotic implants and has an impact on TNF-α and mast cells in 
animal studies.107 The electron transfer process of CoQ10 involves ROS generation. Mitochondrial membrane complex 
I (MMC-I), also known as NADH: ubiquinone oxidoreductase, catalyzes the transfer electrons from NADH to CoQ10. 
However, this action may involve electron leakage, resulting in the generation of ROS. Patients with endometriosis show 
a relative increase in MMC-I, and genetic changes in MMC-I may be a hereditary risk factor for endometriosis.108 

Theoretically, MMC-I abnormalities affect the normal circulation of CoQ10. CoQ10 may be used to treat endometriosis 
owing to its anti-inflammatory and antioxidant effects. Because there are few studies in this field, the effectiveness of 
CoQ10 in the treatment of endometriosis remains unclear.

CoQ10 and Female Genital Inflammation
Female genital inflammation including tubal infections, endometritis, pelvic inflammatory disease, and vaginitis, can 
increase the risk of infertility.109 OS is a trigger for inflammation, which can lead to vascular endothelial dysfunction, 
causing a variety of inflammatory reactions, such as cardiovascular inflammation, nephritis, endometritis, etc.110–112 OS 
can induce apoptosis by promoting mitochondrial damage,112,113 and the level of ROS serves as a diagnostic indicator of 
endometritis.114 In addition to its antioxidant function, anti-inflammatory and immunomodulatory effects are other 
dominant characteristics of CoQ10. Inflammatory markers such as TNF-α, IL-8, matrix metalloproteinase 2(MMP-2), 
and MMP-9 were considerably reduced by CoQ10 supplementation.115–118 CoQ10 and its derivative Mito Q both have 
been shown to reduce endothelial dysfunction, identified molecular mechanisms including regulating the ratio of H2O2 

and O2•− production by nicotinamide adenine dinucleotide phosphate oxidase 4 (NOX4),119 and inhibiting endothelial 
cell ROS and autophagy.120 In addition, due to its inhibition of inflammation, OS, and collagen accumulation, MitoQ 
prevents surgical adhesions, and its mechanism of action may be related to the NRF2 / HO-1 signaling pathway.121 By 
preserving endothelial function and reducing inflammatory reactions and oxidative stress, CoQ10 may decrease the 
fertility damage caused by several inflammatory gynecological disorders.

CoQ10 and Pregnancy Maintenance
Immune crosstalk at maternal-fetal interface is considered to play an especially important role for pregnancy 
maintenance.122–124 However, the quality of oocytes and antioxidants treatment are found equally crucial to determine 
the developmental potential of embryos, recently.125–128

CoQ10 Protects Embryo Development
CoQ10 is an important substance that is involved in organisms development. CoQ10 synthesis-related gene knockout 
mice showed significantly lower mitochondrial CoQ10 levels, severely reduced activity of endogenous CoQ10-dependent 
complexes, and the mice exhibited severely retarded growth and development compared to controls.129 This indicates 
that CoQ10 may influence growth and development through its involvement in the mitochondrial respiratory chain 
function. In addition, CoQ10 concentrations in the follicular fluid are linked to improved embryo quality and pregnancy 
rates. By measuring CoQ10 levels in the follicular fluid of 60 patients with unexplained infertility who underwent in vitro 
fertilization, we found that follicular fluid levels of CoQ10 were significantly higher in follicles developing into grade 
A and B embryos than in grade C and D embryos (0.526±0.64ug/mL vs 0.390±0.55ug/mL; P=0.038). The pregnant 
group had significantly higher levels of CoQ10 in the follicular fluid than the non-pregnant group (0.603 ± 0.78ug/mL vs 
0.379 ± 0.62ug/mL; P=0.044).130 In a prospective randomized controlled study involving 169 consecutive patients with 
poor ovarian response (POR), 76 patients receiving oral CoQ10 pretreatment showed increased oocyte counts, improved 
fertilization rates, and increased embryo quality. In the treatment group, the number of females who canceled embryo 
transfer due to poor embryo development decreased significantly, and more women had available cryopreserved 
embryos.32 The level of CoQ10 in follicular fluid is correlated with the subsequent embryo development status, whereas 
artificially supplemented CoQ10 can also increase the number of high-quality embryos.63 CoQ10 application in ovarian 
failure mice elevates c-Kit expression and upregulates Ets-variant gene 5(ETV5) expression through the MEK/ERK 
pathway, thereby promoting human preimplantation embryo development.131
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Generation of ROS is essential for healthy embryo development; however, excessive ROS levels cause stagnation and 
death in the developing fetus.132 In assisted reproductive techniques, in vitro culture processes, such as embryo freeze- 
thaw, disturb the balance between antioxidant and oxidative stress, and in vitro-induced ROS are associated with poorer 
embryo quality and viability.133 In the presence of 0, 5, 30 or 50μM CoQ10 respectively, when the added concentration 
was 30μM, blastocyst formation and hatching rates of sheep oocytes were significantly increased compared with other 
concentrations.134 In bovine oocytes vitrified with 0, 25 or 50μM CoQ10, 50μM was helpful to keep the integrity of 
oocytes vitrified, improve the survival rate and reduce the negative effects of vitrification.135 Embryo development and 
CoQ10 supplementation exhibit dose-dependent and species-specific. Maside et al136 found that 10–50μM CoQ10 
supplementation did not affect the percentage of porcine MII oocytes, fertilization or embryo development, and even 
100μM CoQ10 was not conducive to blastocyst formation.137 These results contradicted the above experimental results. 
This may be related to OS and seasonal heat stress to which different cultures are subjected.

CoQ10 also has a protective effect on the ovaries of the offspring. Zearalenone (ZEA) inhibits follicle formation in 
postnatal day 0 mouse ovaries. Epigenetic changes occurred in the ovaries of newborn mice from ZEA-exposed mothers, 
and oral CoQ10 supplementation in pregnant mice ameliorated DNA damage in the offspring induced by maternal ZEA 
exposure. The effectiveness of CoQ10 in attenuating ZEA effects suggests that it protects against early follicle 
production in neonatal mammals by improving mitochondrial function.138 Embryo development is influenced not only 
by oocyte quality, but also by sperm, with significantly higher blastocyst rates in oocytes fertilized by sperm treated with 
CoQ10, zinc, and d-aspartate.139 The effect of CoQ10 on embryonic development is not covered from a male perspective 
because this study was written primarily from the standpoint of women.

CoQ10 Reduces Spontaneous Abortion
Women with recurrent spontaneous abortion (RSA) have decreased antioxidant capacity and lower serum levels of 
antioxidant enzymes.140,141 The balance of T helper cells (Th) at the maternal-fetal interface is prominent during embryo 
development. Th1 mainly produces interferon-γ (IFN-γ) and TNF-α,142 whereas ROS significant elevate level of TNF-α 
in Th1. With CoQ10 treatment, pregnant women with a history of RSA showed a decline in the proportion of Th1 in 
peripheral blood mononuclear cells and a significant decrease in ROS, IFN-γ and TNF-α levels.143 In conclusion, CoQ10 
may maintain immune homeostasis by modulating inflammatory factor levels, altering T cell subpopulation ratios, and 
reducing OS.

Many connective tissue diseases such as multiple sclerosis (MS), systemic lupus erythematosus (SLE), and antipho-
spholipid antibody syndrome (AAS) are associated with RSA.34 These disorders emerge due to OS-induced inflamma-
tion, apoptosis, and modification of immunological tolerance.115 Anti-phospholipid antibodies and lupus nephritis are 
significant risk factors for poor maternal pregnancy outcomes.144 The CoQ10 analog idebenone attenuates glomerulone-
phritis and fibrosis in SLE model mice.145 CoQ10 not only reduces OS in patients with APS and improves mitochondrial 
function but can also reduce the expression of serum prothrombotic and proinflammatory markers.146 Women with MS 
have higher rates of miscarriage and intrauterine mortality than normal women.147 CoQ10 supplementation reduces 
inflammatory markers and OS, and increases antioxidant enzyme activity in patients with MS. Daily CoQ10 supple-
mentation alleviates fatigue and depression in patients.148–150 CoQ10 probably alleviates the symptoms of connective 
tissue diseases through its anti-inflammatory and antioxidant effects, thus improving pregnancy outcomes in pregnant 
women with connective tissue diseases.

However, there is insufficient evidence to suggest that antioxidants reduce miscarriage rates in women with low 
fertility.151 The anabolism of CoQ10 has a high index of effect on RSA.152 This implied that metabolic alterations in 
CoQ10 may indicate pregnancy failure. Whether CoQ10 reduces the rate of miscarriage by reducing OS remains unclear.

However, clinical use of CoQ10 is limited. First, the oral bioavailability of CoQ10 is low and affected by many 
factors.44 Secondly, it is not yet approved by the Food and Drug Administration, and its method of application, effective 
dose, and safety remain controversial.153 There is evidence that reduced CoQ10 levels are associated with an increased 
lifespan in animal models. Conversely, some experiments have found that exogenous CoQ10 supplementation delays 
age-related adverse changes and extends lifespan.154 However, the relationship between CoQ10 and aging remains 
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contradictory and requires further investigation. In addition, CoQ10 analogs are gradually being developed that may have 
better application prospects.155

Conclusions and Prospect
Accumulating data have identified CoQ10 as an endogenous antioxidant, it is essential for mitochondrial respiratory 
chain activity, ROS levels maintaining and ATP production. Harnessing the power of CoQ10 in reducing cellular OS, 
enhancing cellular energy metabolism, participating in gene regulation and reducing the inflammatory response, it could 
have implications for ameliorating the quantity and quality of oocytes in aging ovaries, improving the oxidative 
metabolism of follicular fluid, boosting the mitochondrial function of oocytes, and increasing pregnancy probability. 
These advances would enable the development of novel therapy for women with infertility and recurrent pregnancy loss. 
However, long term safety research based on CoQ10 for offspring, further large-scale clinical investigation is still 
needed.
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