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studyquestion: Does supplementation with co-enzyme Q10 (CoQ10) improve the oocyte mitochondrial abnormalities associated with
obesity in mice?

summary answer: In an obese mouse model, CoQ10 improves the mitochondrial function of oocytes.

what is known already: Obesity impairs oocyte quality. Oocytes from mice fed a high-fat/high-sugar (HF/HS) diet have abnormal-
ities in mitochondrial distribution and function and in meiotic progression.

study design, size, duration: Micewere randomlyassigned to a normal, chow diet oran isocaloric HF/HS diet for 12 weeks. After 6
weeks on the diet, half of the mice receiving a normal diet and half of the mice receiving a HF/HS diet were randomly assigned to receive CoQ10
supplementation injections for the remaining 6 weeks.

participants/materials, setting, methods: Dietary intervention was initiated on C57Bl6 female mice at 4 weeks of age,
CoQ10 versus vehicle injections were assigned at 10 weeks, and assays were conducted at 16 weeks of age. Mice were super-ovulated, and
oocytes were collected and stained to assess mitochondrial distribution, quantify reactive oxygen species (ROS), assess meiotic spindle formation,
and measure metabolites. In vitro fertilization was performed, and blastocyst embryos were transferred into control mice. Oocyte number, fer-
tilization rate, blastulation rate and implantation rate were compared between the four cohorts. Bivariate statistics were performed appropriately.

main results and the role of chance: HF/HS mice weighed significantly more than normal diet mice (29 versus 22 g,
P , 0.001). CoQ10 supplementation did not influence weight. Levels of ATP, citrate, and phosphocreatine were lower and ROS levels were
higher in HF/HS mice than in controls (P , 0.001). CoQ10 supplementation significantly increased the levels of metabolites and decreased
ROS levels in oocytes from normal diet mice but not in oocytes from HF/HS mice. However, CoQ10 completely prevented the mitochondrial
distribution abnormalities observed in the HF/HS mice. Overall, CoQ10 supplementation significantly increased the percentage of normal spindle
and chromosome alignment (92.3 versus 80.2%, P ¼ 0.039). In the sub-analysis by diet, the difference did not reach statistical significance. When
undergoing IVF, there were no statistically significant differences in the number of mature oocytes, the fertilization rate, blastocyst formation rates,
implantation rates, resorption rates or litter size between HF/HS mice receiving CoQ10 or vehicle injections.

limitations, reasons for caution: Experiments were limited to one species and strain of mice. The majority of experiments
were performed after ovulation induction, which may not represent natural cycle fertility.

wider implications of the findings: Improvement in oocyte mitochondrial distribution and function of normal, chow-fed mice
and HF/HS-fed mice demonstrates the importance of CoQ10 and the efficiency of the mitochondrial respiratory chain in oocyte competence.
Clinical studies are now needed to evaluate the therapeutic potential of CoQ10 in women’s reproductive health.
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Introduction
Obesity has devastating effects on nearly all aspects of women’s
reproductive health; it is associated with anovulation, polycystic
ovarian syndrome and pregnancy complications such as miscarriage,
pre-eclampsia, and gestational diabetes (Jungheim and Moley, 2010).
Furthermore, obesity is associated with infertility and poor assisted re-
productive technology outcomes (Bellver et al., 2006). Although the
pathophysiology behind these effects is not fully known, strong evidence
suggests that obesity impairs oocyte quality. For example, analysis of a
large dataset from the Society of Assisted Reproductive Technology
Clinic Online Reporting System revealed that obese women using au-
tologous oocytes were less likely to achieve a clinical pregnancy than
their normal-weight peers, while obese women who used donor
oocytes had pregnancy rates similar to their normal-weight peers
(Luke et al., 2011). Research investigating the effects of obesity on
human oocytes has shown that mature oocytes from obese women
were smaller and had more abnormal spindles and chromosome mis-
alignment than oocytes from women with a normal body mass index
(Marquard et al., 2010; Machtinger et al., 2012). Another study
showed an association between elevated levels of free fatty acids in
the follicular fluid and abnormal cumulus–oocyte complex morphology
(Jungheim et al., 2011). However, studies using human oocytes are
limited given their sparse availability and thus, the utilization of immature
oocytes or oocytes that failed fertilization.

Obese mouse models have served as surrogates for human oocyte
studies as similar findings have been demonstrated in the mouse
oocytes. High-fat diet (HFD)-induced obesity has been associated with
fetal growth restriction and abnormal neurodevelopment (Luzzo et al.,
2012). When embryos from HFD mice were transferred into lean con-
trols, abnormal fetal development persisted, suggesting that an obese
uterine environment is not required for developmental defects. This
concept is further supported by recent work demonstrating impaired
fetal and placental growth after pre-gestational exposure to a maternal
HFD and a normal gestational environment (Sasson et al., 2015).

Several defects have been observed in oocytes from HFD-exposed
mice. First, these oocytes have spindle and chromosome alignment
defects, which correlate with the observed increased incidence of aneu-
ploidy. Second, oocytes from HFD-exposed mice have abnormalities in
mitochondrial morphology and function (Wang et al., 2009; Luzzo et al.,
2012). The high oxidative stress in an obese, hyperglycemic environment
likely disturbs oocyte metabolism and thus hinders mitochondrial func-
tion (Gu et al., 2015; Seidler and Moley, 2015). As a result, the oocyte
mitochondria produce less ATP and more reactive oxygen species
(ROS). This increase in ROS production is associated with metabolic
enzyme deficiencies, increased fatty acid oxidation and apoptosis
(Balaban et al., 2005; Bentov and Casper, 2013). In the present study,
a diet high in both fat and sugar (HF/HS) was administered as it
induces obesity and insulin resistance, which is representative of the
effects seen in humans from the consumption of the typical Western

society diet. This HF/HS diet has previously been shown to illicit the
above effects on oocyte mitochondria in a diet-induced obese mouse
model (Wang et al., 2009; Luzzo et al., 2012).

Oocytes from aging mice show several of the same impairments as
oocytes from HFD-exposed mice (Bentov et al., 2010). To assess
whether or not these impairments could be ameliorated, Ben-Meir
et al. supplemented mice with co-enzyme Q10 (CoQ10), an antioxidant
component of the electron transport chain. They chose CoQ10 because
a decline in CoQ10 concentration in serum has been associated with
genetic mutations, medication use and aging (Pignatti et al., 1980;
Bentov et al., 2010). These authors found that aged mice receiving
CoQ10 supplements had significantly improved mitochondrial function,
spindle formation and chromosome alignment (Ben-Meir et al., 2015a).
The objective of this study was to determine whether supplementation
with CoQ10 could alleviate the mitochondrial dysfunction in oocytes
from obese mice and improve their reproductive outcomes.

Materials and Methods

Ethical approval
The Animal Studies Committee at Washington University School of Medicine
approved all animal experiments. Animals were maintained in strict accord-
ance with the recommendations in the Guide for the Careand Use of Labora-
tory Animals provided by the Institute for Laboratory Animal Research.

Animals and diet
Female C57BL/6 mice were obtained from the Jackson Laboratory (Bar
Harbor, ME, USA) at 4 weeks of life. The experimental timeline is shown
in Fig. 1A. Briefly, groups of 100 mice were randomly assigned to either a
normal diet (PicoLab Rodent diet 20 (TestDiet, St. Louis, MO, USA); 13%
fat, 3.2% sucrose, 25% protein by weight) or an isocaloric high-fat/high-sugar
(HF/HS) diet (Test Diet 58R3 (TestDiet); 59% fat, 17% sucrose, 15% protein
by weight). At 10 weeks of age, 50 of the mice receiving a normal diet and 50
of the mice receiving a HF/HS diet were randomly assigned to receive
CoQ10 3 times per week (22 mg/kg dissolved in sesame oil, subcutaneously;
Sigma-Aldrich, St. Louis, MO, USA) and the remaining mice received vehicle
injections of sesame oil (Sigma-Aldrich).

Body weights were recorded weekly. Fasting glucose levels were mea-
sured at 4-, 10- and 16-week time points (n ¼ 50). All oocyte experiments
were performed at 16 weeks of age, after 12 weeks on the assigned diet
and 6 weeks of injections. Before sacrifice at 16 weeks, EchoMRI analysis
of body compositions was performed to quantify adiposity (n ¼ 73), and
fasting serum was obtained to measure cholesterol and triglyceride con-
centrations (n ¼ 40). Separate sets of mice were used for metabolic assays
(n ¼ 20); imaging of ROS, mitochondrial distribution (n ¼ 20), and
spindle/chromosome alignment (n ¼ 20); and in vitro fertilization studies
(n ¼ 60).

Oocyte collection
To collect germinal vesicle (GV)-stage oocytes, mice were stimulated by
intraperitoneal injection of 5 IU of pregnant mare serum gonadotrophin
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(PMSG; Harbor-UCLA Research and Education, LA, CA, USA). Forty-eight
hours later, mice were sacrificed, and ovaries were dissected and placed in
M2 media (Sigma-Aldrich) with milrinone (5 mm; EMD Millipore, Billerica,
MA, USA) to prevent meiotic progression. Follicles were punctured and
oocytes were mechanically denuded of cumulus cells.

To collect Metaphase II oocytes, mice were primed with PMSG (5 IU) and
human chorionic gonadotrophin (hCG; Harbor-UCLA Research and Educa-
tion, LA) (10 IU). Fourteen hours after hCG injection, oviducts were col-
lected and the ampulla punctured to release ovulated oocytes. Cumulus
cells were removed by brief incubation with hyaluronidase (1 mg/ml)
(Sigma-Aldrich) and gentle pipetting.

Metabolite microanalytic assays
GV oocytes (n ¼ 60) were frozen on a glass slide by dipping in isopentane
equilibrated with liquid nitrogen. After freeze-drying overnight under
vacuum at 358C, the oocytes were extracted in a nanoliter volume under

oil as described previously (Chi et al., 1988, 2002 ). Adenosine triphosphate
(ATP), citrate and phosphocreatine (PCr) were measured by using an
enzyme-linked assay as previously described (Chi et al., 1988, 2002).

Determination of mitochondrial distribution
GV oocytes (n ¼ 340) were cultured in milrinone-supplemented M2 media
containing 500 nM MitoTracker Red CMXRos (Molecular Probes, Thermo-
Fisher, Waltham, MA, USA) in a dark, humidified atmosphere for 30 min at
378C. Oocytes were then fixed with 4%, v/v, paraformaldehyde for 30 min,
permeabilized (0.5%, v/v, Triton X-100; Sigma-Aldrich) for 20 min, blocked
(1%, w/v, bovine serum albumin (BSA) (Sigma-Aldrich) by weight supple-
mented phosphate buffered saline (PBS)) for 1 h at room temperature, and
incubated at 48C overnight with anti-HSP60 antibody (Santa Cruz Biotech-
nology, Dallas, TX, USA). After washing, oocytes were incubated with sec-
ondary antibody and counterstained with 4′,6′-diamidino-2-phenylindole
(DAPI). Samples were mounted in Vectashield (Vector Labs, Burlingame,

Figure 1 Metabolic phenotype: (A) mice (n ¼ 200, 50 per group) were on the high-fat/high-sugar (HF/HS) diet or a normal diet for 12 weeks and
received subcutaneous, injections of co-enzyme Q10 (CoQ10, 22 mg/kg) or vehicle (Veh) for the latter 6 weeks. (B) Weekly weights (n ¼ 50 per
group) were obtained starting at 4 weeks until 16 weeks. (C) Prior to sacrifice at 16 weeks, body composition (n ¼ 73) was assessed by EchoMRI. (D)
Glucose levels (n ¼ 50) were measured using venous tail blood after 4–5 h of fasting at 4 weeks, prior to diet exposure and again at 16 weeks. (E)
Serum cholesterol (n ¼ 40) concentration was obtained at 10 and 16 weeks. Values are represented as mean with error bars indicating+SEM. Statistical
analyses were performed using Student’s t-test or one-way ANOVA. *P , 0.05.
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CA, USA) and analyzed by fluorescence microscopy (Leica LASX SPE Scan-
ning Confocal Microscope, Buffalo Grove, IL, USA) with a 63× oil immersion
objective. Mitochondrial distribution in each oocyte was blindly categorized
as perinuclear, homogenous or aggregating.

Measurement of reactive oxygen species
GV oocytes (n ¼ 438) were cultured in milrinone-supplemented M2 media
containing 5 mm MitoSOX Red (Molecular Probes, ThermoFisher,
Waltham, MA, USA) in a dark, humidified atmosphere for 10 min at 378C.
After washing in milrinone-supplemented EmbryoMax KSOM Embryo
Culture (EMD Millipore) under low light, live oocytes were imaged via fluor-
escence microscopy (Leica LASX SPE Scanning Confocal Microscope). Mean
signal intensity of each oocyte was measured by a blinded examiner and
adjusted for oocyte size (ImageJ, Version 2.0.0-rc-31/1.49v, National Insti-
tutes of Health, Bethesda, MD, USA).

Assessment of spindle and chromosome
alignment
M2 oocytes (n ¼ 146) were fixed with 4% paraformaldehyde for 30 min,
permeabilized (0.5%, v/v, Triton X-100) for 20 min, and blocked (1%, w/v,
BSA-supplemented PBS) for 1 h at room temperature. Samples were
then incubated with anti-a tubulin fluorescein isothiocyanate antibody
(Sigma-Aldrich) and counterstained with DAPI for 1 h. After washing, M2
oocytes were mounted in Vectashield and analyzed by the fluorescence mi-
croscopy as above. Alignment of spindles and chromosomes in each oocyte
was blindly categorized as normal or abnormal.

In vitro fertilization
M2 oocytes (n ¼ 977) were recovered from super-ovulated female mice.
Sperm were collected from cauda epididymides of 10-week-old male mice
and capacitated in vitro at 378C for 1 h as described previously (Kim and
Moley, 2008). Capacitated sperm (100 000 sperm/ml) were co-incubated
with M2 oocytes for 6 h, and unbound sperm were subsequently washed
away. After 24 h, the development of 2-cell stage embryos was considered
successful fertilization. These embryos (n ¼ 770) were then cultured for
three additional days to the blastocyst stage. On embryonic day 4.5, 15 blas-
tocysts were transferred into each pseudo-pregnant ICR (Jackson Labora-
tory) control recipient (n ¼ 17). On embryonic Day 14.5, mice were
sacrificed and uteri dissected. Implantation rate, resorption rate and preg-
nancy rate were recorded. Each experiment was performed in triplicate
for a total of 15 mice per group.

Statistical analyses
Statistical analyses were performed in SPSS Statistics (Version 23.0; IBM
Corp., Armonk, NY, USA). For parametric analysis of continuous variables,
the Student t-test orone-wayANOVAwas used. Homogeneity of variance of
each sample was confirmed and the post hoc Tukey–Kramer test was per-
formed. Mann–Whitney U test, Kruskal–Wallis and nonparametric analog
ANOVA were used for non-parametric variables. The x2 test was used for
categorical analysis. Results are expressed as mean and standard error of
the mean unless otherwise indicated. P , 0.05 was considered significant.

Results

CoQ10 supplementation does not prevent
HF/HS diet-induced obesity
As expected, HF/HS-exposed mice weighed significantly more than
mice on the control diet at both the 10- and 16-week time points
(Fig. 1B). At 16 weeks, HF/HS-exposed mice had a higher mean body
fat (Fig. 1C), were more glucose intolerant (Fig. 1D), and had higher

serum levels of cholesterol (Fig. 1E) than mice on control diet. None
of these parameters were altered by CoQ10 supplementation
(Fig. 1B–E).

Effects of CoQ10 supplementation on oocyte
mitochondrial function and distribution
To assess the effects of CoQ10 on mitochondrial function, we per-
formed microanalytical assays of energy substrates and metabolites in
single GV oocytes. Oocytes from mice on a HF/HS diet had lower
levels of ATP, citrate and creatine phosphate (PCr) than those of mice
on a normal diet (Fig. 2). Supplementation with CoQ10 significantly
increased oocyte levels of ATP, citrate and PCr in oocytes of mice on
the normal diet but not in those on the HF/HS diet (Fig. 2).

The previous work demonstrated that mitochondrial distribution in
the developing oocyte is important for ATP production and oocyte com-
petence and can be impaired by diet-induced obesity (Wang et al., 2009;
Igosheva et al., 2010; Yu et al., 2010). High-quality oocytes typically have
a perinuclear distribution of mitochondria (Wang et al., 2009; Ge et al.,
2012). Conversely, the appearance of aggregating mitochondria in
oocytes is associated with diminished embryo competence (Bellone
et al., 2009; Igosheva et al., 2010). To assess the effects of CoQ10 sup-
plementation on mitochondrial distribution, we stained oocytes with
MitoTracker Red (Fig. 3A, top) and blindly categorized the mitochondria
as perinuclear, homogenous or aggregating. We found that oocytes from
HF/HS-exposed mice had a significantly lower percentage of oocytes
with perinuclear mitochondria than normal diet-exposed mice.
However, supplementation with CoQ10 completely prevented this dis-
tribution abnormality (Fig. 3A, bottom).

As another measure of mitochondrial function, we quantified the
levels of ROS in individual GV oocytes (Fig. 3B). Oocytes from HF/HS
diet-exposed mice had higher levels of ROS than oocytes as detected
by mean signal intensity (arbitrary units) from mice fed a normal diet
(12+0.38 versus 8.63+ 0.19, P , 0.001). Supplementation with
CoQ10 significantly reduced levels of ROS in oocytes of mice on the
normal diet (7.72+0.19 versus 9.9+0.33, P , 0.001) but not in
those on the HF/HS diet (11.6+ 0.48 versus 12.42+0.58, P ¼ NS).

CoQ10 supplementation improvesspindle and
chromosome alignment
In addition to mitochondrial defects, exposure to HF/HS diet impairs
meiotic spindle assemblyand chromosome alignment during oocyte mat-
uration. To assess theabilityof CoQ10supplementation toprevent these
defects, we immunolabeled M2 oocytes with an anti-a tubulin antibody
to visualize the spindle, which in a healthy oocyte is barrel-shaped, and
counterstained with DAPI to visualize chromosomes, which normally
are well aligned at the metaphase plate. Overall, oocytes from mice re-
ceiving CoQ10 had a higher percentage of normal spindles and chromo-
some alignment than those from mice receiving vehicle injections (92.3
versus 80.2%, P ¼ 0.039). As shown in Fig. 3C, mice fed a normal diet
and supplemented with CoQ10 had the highest proportion of normal
spindles and chromosomes (94.4%). This was significantly higher than
mice on a HF/HS diet receiving vehicle injections (72.2%, P ¼ 0.01).

In vitro fertilization
Given that supplementation with CoQ10 was able to improve oocyte
mitochondrial distribution and spindle and chromosome alignment,
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we wondered whether it could improve oocyte function. To test this,
we performed in vitro fertilization. As shown in Table I, we evaluated
the number of mature oocytes per female, fertilization rates and
blastulation rates. However, none of the differences noted between
HF/HS-exposed mice receiving CoQ10 and HF/HS-exposed mice re-
ceiving the vehicle injections were statistically significant. We then trans-
ferred 15 blastocysts into control, pseudo-pregnant recipients. One of
the recipients of HF/HS + Veh blastocysts and one of the recipients of
Normal + CoQ10 blastocysts had complete failed implantation. Add-
itionally, both of these cohorts, had high-resorption rates (88.9 and
81.3%, respectively).

Discussion
Consumption of a HF/HS diet induces obesity in mice and has profound
effects on oocyte quality, including impaired metabolism, abnormal
mitochondrial distribution, increased levels of ROS, and impaired
spindle formation and chromosomal alignment. We show here that

supplementation with CoQ10 prevented some, but not all, of these
effects. Most notably, CoQ10 supplementation improved mitochondrial
distribution, spindle formation and chromosome alignment in oocytes
from HF/HS-exposed mice.

CoQ10 supplementation also had significant effects on oocytes in
mice on the normal diet; oocytes from supplemented mice had higher
levels of ATP, PCr and citrate and lower levels of ROS than non-
supplemented mice. One possibility is that the housing, handling or
weekly injections induced above-baseline stress to these experimental
mice, and CoQ10 compensated for these stressors. However,
CoQ10 supplementation did not have statistically significant effect
on the levels of these molecules in oocytes of mice exposed to the
HF/HS diet. These results suggest that a CoQ10 deficiency is not the
sole source of these effects or that these abnormalities occur as a
result of oxidative and lipotoxic damage that cannot be prevented by
CoQ10 supplementation. The idea that oocyte defects are caused by
oxidative and lipotoxic damage is supported by recent work from our
laboratory showing that weight loss reversed the obese phenotype in

Figure 2 Metabolites (A–C) were measured from single GV oocytes using microanalytical assays as described in the Materials and Methods section.
Sixty oocytes from 5 mice per group were used to quantify levels of ATP, citrate and Creatine phosphate (PhosphCr). Mean metabolite levels are expressed
as millimoles/kilograms wet weight (mmol/kg wet wt.). (D) Depiction of citric acid cycle and its metabolites. Statistical analyses were performed using
Student’s t-test or one-way ANOVA. *P , 0.05. Error bars indicate + SEM. HF/HS, high-fat/high-sugar; CoQ10, co-enzyme q10.
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mice but did not improve oocyte quality (Reynolds et al., 2015). Diet and
obesity most likely impair oocyte quality through multiple pathways, and
additional work is needed to identify effective interventions.

Whether obesity is associated with decreased synthesis or in-
creased consumption of CoQ10, which is required for the function

of the electron transport chain, is not known. However, decreased
concentrations of CoQ10 have been associated with several patho-
logical conditions such as aging, several neurological disorders and
mitochondrial disease. Recently, Mourier et al. (2015) showed that
mice lacking mitofusin 2, a protein essential for the mitochondrial

Figure 3 Mitochondria: (A) MitoTracker Red CMXRos (red) probes were used to localize mitochondria in germinal vesicle (GV) oocytes and
4′,6′-diamidino-2-phenylindole (DAPI, blue) to stain DNA. Oocytes were imaged with fluorescence microscopy. Distribution was blindly categorized
as perinuclear (normal), homogenous (abnormal) or aggregating (abnormal) in 340 oocytes from 20 mice (five per group). Statistical analyses were per-
formed using x2 test. *Significantly different from normal and HF/HS + CoQ10, P , 0.05. (B) Reactive oxygen species levels were quantified by MitoSOX
Red staining and live imaging of 438 GV oocytes from 20 mice (5 per group) using a confocal microscope. Mean signal intensity was adjusted for oocyte size
and expressed as mean gray value. Student’s t-test and one-way ANOVA were utilized for statistical analyses. *P , 0.05. Error bars indicate + SEM. (C)
Mature, ovulated oocytes were immunolabeled with anti-a tubulin antibody (green) and counterstained with DAPI (blue). A blind, qualitative analysis of
confocal images was performed to assess the proportion of normally aligned spindles and chromosomes (n ¼ 146 oocytes from 20 mice [5per group]).
Statistical analyses were performed using x2 test. *P , 0.05.

CoQ10, obesity and oocyte mitochondrial function 20 95



morphology and optimal respiratory chain function, had decreased
levels of CoQ10, and CoQ10 supplementation could partially rescue
the pathological defects in these mice. Similarly, Ben-Meir et al.
(2015a,b) showed that supplementation with CoQ10 dramati-
cally reversed the mitochondrial defects seen in oocytes of aged
mice and improved metabolism in human granulosa cells from older
women.

One strength of this study is that we compared oocytes from mice in
the intervention group with those from mice in the control group. All
experiments were performed on an in-bred strain of C57Bl6 female
mice at identical ages after being housed in the same environment,
thus reducing the possible number of variables. We used the same
CoQ10 weight-based dosing regimen that has previously been shown
to improve mitochondrial function and reproductive performance in
aged mice (Ben-Meir et al., 2015a).

Limitations of the study include the use of an animal model and a single
mouse strain, thus limiting generalizability of the findings. Although the
obese mouse model is representative of human physiology (Collins
et al., 2004), clinical studies are needed to define the effects of diet,
obesity and antioxidant supplementation on oocyte quality and subse-
quent reproductive outcomes in humans. Another possible limitation
is that we administered CoQ10 subcutaneously rather than orally,
which would be more translatable to humans. Subcutaneous injections
allowed for accurate, weight-based dosing in our mice and absorption
of dietary CoQ10 is limited given its hydrophobicity and large molecular
weight (Bhagavan and Chopra, 2006). Oral dose recommendations in
humans vary based on pathology and range from 100 to 1200 mg/day.
The absorption of CoQ10 is only 2–3% of the given dose. The dose
administered to mice in our study would theoretically convert into
�200 mg/day in a 60-kg woman. However, sparse pharmacokinetic
data are available to guide the appropriate dose conversion from sub-
cutaneous to oral administration, especially when translating from
mouse to human.

The majority of experiments were performed after ovulation induc-
tion, which may not represent natural cycle fertility. An additional limita-
tion is the small sample size used in the IVF experiments. Although they
were performed in triplicate, yielding a large number of oocytes and
embryos, more mice would be required to obtain a sample size adequate
enough for statistical comparison of IVF outcomes such as litter, fetal and
placental size.

In conclusion, consumption of a HF/HS diet and the resulting obesity
clearly impair oocyte quality in mice. CoQ10 supplementation improves
several aspects of oocyte quality but does not completely prevent the
effects of obesity. Translational studies are now needed to investigate
whether CoQ10 biosynthesis is impaired in oocytes of obese women
or whether increased consumption of CoQ10 improves oocyte metab-
olism. While large societal and epidemiological efforts and clinical strat-
egies to prevent obesity and encourage healthy diet are needed, our
results also suggest that clinical trials to evaluate the effects of CoQ10
in obese patients are warranted.
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