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ABSTRACT

Objective: Premature ovarian insufficiency (POI) is a disease of unknown etiology characterized by the reduction and subsequent loss of
ovarian capacity before the onset of physiological menopause. This case-control study was designed to investigate serum coenzyme Q10 and
cytochrome C oxidase levels in POl patients.

Material and Methods: A total of 104 patients, 56 POI (Group 1) and 48 healthy controls (Group 2), aged 21-40 years, were included in the
study. The control group was selected from fertile patients with normal hormone profiles and regular menstruation. Serum coenzyme Q10 and
cytochrome C oxidase levels were measured by ELISA.

Results: When 56 POl patients eligible for the study were evaluated, a significant decrease was found in coenzyme Q10 and Cytochrome C
Oxidase concentrations compared to healthy controls. Serum coenzyme Q10 was significantly lower in Group 1 compared to Group 2
(1.77£1.35 ng/mL vs. 3.72+2.68 ng/mL) (p<0.001). Serum Cytochrome C Oxidase levels were also significantly lower in Group 1 compared to
Group 2 (2.67+2 ng/mL vs. 6.61£3.05ng/mL, p <0.001). Serum FSH and LH levels of the POI group were significantly higher than the control
group. Serum AMH and estradiol levels were significantly lower in the POI group compared to the controls.

Conclusions: This study showed that serum CoQ10 and cytochrome C oxidase levels were lower in POl cases than in healthy individuals. Our
results suggested that a defect in the electron transport chain may play arole in the etiopathogenesis of POI.
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INTRODUCTION

Premature ovarian insufficiency (POI), defined as
premature ovarian dysfunction or premature ovarian defect,
affects approximately 1-2% of women under 40 years of
age. POI can have varied clinical presentations. It mostly
presents with primary or secondary amenorrhea, infertility,
hypogonadotropic hypogonadism, or clinical hypo-
estrogenism'. Although it seems like an isolated organ
failure, it may show systemic findings due to a sex steroid
synthesis defect. POI negatively affects many functions,
including the individual's psychological state and quality of
life. The etiology of POl is not known exactly. In addition to
many genetic and environmental factors, medications, and
surgical interventions can lead to POL.
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CoQ10 is a cofactor that regulates the expression of genes
required for signalling, transport, and metabolism in human
cells. Deficiency in CoQ10 levels can cause many
mitochondrial and oxidative stress pathologies, especially
aging, recessive autosomal mutations, and carcinogenesis.
There are not many studies on whether mitochondrial
pathways are damaged in POI patients. This study was
designed to investigate the serum levels of cytochrome C
and coenzyme-Q10 levels, two of the main electron
transporters, to reveal whether electron transport chain
pathology plays arole in the ethology of POI.
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MATERIALAND METHODS

This case-control study was carried out for one year in
Kafkas University Faculty of Medicine, Department of
Obstetrics and Gynaecology between 01.03.2017 and
01.03.2018. A total of 104 patients, 56 POIs, and 48 healthy
controls, aged 21-40 years, were included in the study. The
BMI values of the participants were less than 25. The
control group was selected from fertile patients with normal
hormone profiles and regular menstruation. The ovarian
reserve was evaluated on D3 of the cycle and diagnosis of
POI was based on decreased levels of estradiol (E2) (<20
pg/ml), elevated levels of gonadotropin (follicle-
stimulating hormone [FSH] > 40 IU/I, and LH>20 IU/I, the
decreased hormone of anti-Miillerian hormone (AMH) <
0.5 ng/ml (<1 ng/ml) and decreased inhibin B.

Patients with endocrine disorders, those who received
hormone therapy during the last year, smokers, and those
with any systemic disease, oligo, or amenorrheic patients
were excluded from the study. Peripheral blood
chromosome analysis was performed in all patients with
POI. Cases with gonadal dysgenesis, sex development
disorder, and numerical or structural chromosomal anomaly
were excluded from the study.

Sample collection

Venous blood samples were taken into tubes containing
EDTA (ethylene diamine tetra acetic acid) as an
anticoagulant. Subsequently, all tubes were centrifuged for
15 minutes at room temperature and 3000 g, and the sera
were stored at <-80°C for later use.

Measurement of serum cytochrome C oxidase and
coenzyme Q10 with ELISA CoQ10 and cytochrome C
oxidase levels in venous blood samples were measured with
the Human CoQ10/Cytochrome C oxidase ELISA Kits (My
bio sure, Inc., Catalog No. MBS281919, CA, USA) using
the quantitative sandwich enzyme immunoassay principle.
The absorbances of the samples studied per the kit
procedure were measured in a Bio-Tek ELx800 (BioTek
Instruments, USA) device at a wavelength of 450
nanometers. The concentrations corresponding to all
absorbances were calculated in ng/mL with the formula
obtained with the help of the standard curve graph. The
measuring range of both kits was 0.3120 ng/mL, and the
minimum measurable level was 0.078 ng/mL. The intra-

assay CV (Coefficients of Variability) value of the kit was
<15%, while the inter-Assay CV value was <10%. Serum
FSH, LH, estradiol, and AMH values of the patients were
also measured in the blood samples taken on the third day or
day 3 ofthe cycle.

Ethical approval

Ethical approval was obtained from Kafkas University
Faculty of Medicine Ethics Committee (Approval No:
80576354-050-99/50, 01/032017). The study was carried
out in strict accordance with the criteria of the Declaration
of Helsinki, and informed consent was obtained from all
participants.

Statistical analysis

Statistical Package for the Social Sciences version 21.0
(SPSS, Chicago, IL) was used for the analysis of all data.
Shapiro Wilk test was used to determine whether the data
showed normal distribution or not. A parametric t-test or
non-parametric Mann-Whitney U test was used for
intergroup comparisons. Results were given as mean +
standard deviation (SD). Spearman's correlation analysis
test was used to determine the relationships between
parameters. p<0.05 was defined as statistically significant
for all results.

RESULTS

When 56 POI patients eligible for the study were evaluated,
a significant decrease was found in coenzyme Q10 and
Cytochrome C Oxidase concentrations compared to healthy
controls. Serum coenzyme Q10 was significantly lower in
Group | compared to Group 2 (1.77+1.35 ng/mL vs.
3.7242.68 ng/mL) (p<0.001). Serum Cytochrome C
Oxidase levels were also significantly lower in Group 1
compared to Group 2 (2.67+2 ng/mL vs. 6.61+3.05ng/mL, p
<0.001). CoQ10 and cytochrome C oxidase concentrations
are detailed in Table 1.

The age, BMI, and miscarriage rates of both groups were
similar. However, there was a significant difference
between the groups in terms of serum FSH, LH, AMH, and
estradiol levels measured on the 3rd day of'the cycle (Tables
1 and 2). Serum FSH and LH levels of the POI group were
significantly higher than the control group. Serum AMH
and estradiol levels were significantly lower in the POI
group compared to the controls.
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Table 1- Baseline characteristics of both groups of participants.

Group-1 Group-2 p-values

(POI) (Control)
Age(years) 29.23+£5.8 0.406
BMI(kg / n?) 22+1.5 23.0+2.0 0.918
Gravida 27+1.8 3.4+2.1 0.062
Parity 1.4+0.7 20+1.3 0.13
Miscarriage 0.4+0.6 0.5+0.7 0.514
AMH (ng/mL) 0.4+£0.6 1.8+1.32 0.001
Inhibin B (pg/mL) 24.0+0.8 49.6+8 0.024
FSH (mIU/mL) 41.50£37.50 | 5.6+4.2 0.001
LH (mIU/mL) 26+24 3.52+2.34 0.001
E2 (pg/mL) 20£17.50 39.75426.64 | 0.001
CoQ10 (ng/mL) 1.77+1.35 3.72+2.68 0.001
Cytochrome C (ng/mL) | 2.67+2 6.61+3.05 0.001

Table 2 - The prognostic value of maternal serum coenzyme-Q10 and
Cytochrome C Oxidase levels for prediction of POI.

95% CI(%)
Variables Sensitivity | Specifi | PPV NPV PLR | NLR
city
Coenzyme- | 83.9 91.7 92.2 83 10 0.18
Q10(=2.42) | (71.6- (80- (82- (72.7- | (3.9- | (0.1-0.3)
92.3) 97.7) 96.8) 89.9) [25.9)
Cytochrome | 75.6 62.7 60.7 77 2(14 | 0.39(0.2
C(22.99) (60.4- (49.1- (51.6- (58.4- | -2.9) | 2-0.68)
87.1) 74.9) 69) 77)

PPV: Positive predictive value, NPV: Negative predictive value,
CI: Confidence interval, PLR:
Positive likelihood ratio, NLR: Negative likelihood ratio.

DISCUSSION

Although the etiology of POI is not clear, genetic,
autoimmune, idiopathic, enzymatic, and iatrogenic causes
play a role’. The oxidative phosphorylation system
(OXPHOS), known as the mitochondrial electron transport
chain, includes electron transport systems and many
functional enzyme complexes in the inner mitochondrial
membrane, as well as CoQ10 and cytochrome C. Electrons
in the complex I and II enzymatic pathways are first
transferred to CoQ10. Subsequently, these electrons are
transferred to complex III (cytochrome reductase) by
CoQ10 and then complex IV is activated. Complex IV
reduces O2 for H20 production. Finally, the cycle ends by
producing adenosine triphosphate (ATP) with complex V*°.
In light of this information, it is obvious that the cell needs
CoQI10 for energy production and metabolic activities.
Energy requirement for gem cell development, oogenesis,
and oocyte maintenance is an absolute requirement.
Consistent with this, CoQ10 has been reported to increase
ovulation and proliferation of bovine embryos in vitro.
CoQ10 is also known to lead to an improvement in the
functions of ATP-producing cells’.

Mutations in genes encoding the mitochondrial
multiprotein complex may cause many clinical diseases”".
Since mutations in more than fifty genes have been reported
in POI, CoQ10 and cytochrome oxidase functions may be
defective’. Mutant genes in POI may contribute to POI
formation as they affect DNA repair, gonadal development,
DNA replication, functions of hormones, and adaptive
immunity'”. POI occurs as a component of Perrault
syndrome associated with hypogonadotropic
hypogonadism. Being part of an autosomal recessive
syndrome is important evidence of the genetic basis of POI.
The demonstration of muscle CoQ10 defect in addition to
the partial defect of cytochrome C oxidase, which is
mitochondrial enzymes, in Perrault syndrome suggests that
CoQ10 and cytochrome oxidase defects may be present in
the etiology of POI'""*".

There is also clinical evidence that CoQ10 has a role in the
etiology of POI. The decrease in aneuploidy rates and the
increase in clinical pregnancy rates in IVF/ICSI (in vitro
fertilization/ Intracytoplasmic sperm injection) patients
given coenzyme Q10 supplementation are one of the most
important indicators of the role of CoQI10 in follicle
development. Similarly, the increase in the number of
antral follicles in patients with a low ovarian reserve who
are supplemented with CoQ10 concurrently with androgens
is another clinical data showing the efficacy of CoQ10".
When all these studies and our findings are evaluated
together, they provide supporting evidence that coenzyme
Q10 and cytochrome C oxidase may have a role in early
ovarian failure.

The significantly lower levels of coenzyme-Q10 and
cytochrome C in patients in the POI group compared to
controls support the role of these two mitochondrial
enzymes in the causation of POI. Adequate mitochondrial
number and functions are indispensable for healthy
follicular development. The use of pharmacological agents
such as CoQ10 for the regulation of mitochondrial functions
leads to an increase in mitochondrial mass and plays a role
in the improvement of mitochondrial functions'®. CoQ10
supplementation provides significant improvement in
oocyte competence, especially in aging oocytes. Consistent
with this, it has been reported that coenzyme Q10
supplementation improves mitochondrial gene expression
in oocytes and improves ovarian function, thereby reducing
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follicle loss due to premature aging'®'’. While CoQ10
improves follicle development with its
dehydroepiandrosterone (DHEA) like effect, it may delay
early follicular aging. Indeed, DHEA treatment increases
the pregnancy rate in patients with early ovarian failure,
reduces the possibility of miscarriage, and increases the
success of IVF treatment. The fact that CoQ10
supplementation increases the level of CoQ10 in some
tissues such as sperm, plasma, and muscle is proof that it has

. . . . 16-18
asimilar effect in ovaries and oocytes

Our study is important in terms of presenting the clinical
data showing the change in CoQ10 and cytochrome oxidase
levels in POI cases. Our findings suggest that the
development of POI can be slowed down by replacing these
two mitochondrial enzymes. Consistent with our data, it has
been reported that CoQ10 supplementation can protect the
ovarian reserve by preventing both physiological ovarian
aging and mitochondrial ovarian aging”. Detection of
defective genes related to the mitochondrial function or
metabolism in Perrault syndrome and increased apoptosis
are other pieces of evidence showing the role of
mitochondrial enzymes in the development of POI**. To
make clearer comments on this subject, clinical studies
investigating serum FSH, LH, and AMH levels by CoQ10
supplementation in patients with premature ovarian aging
are needed.

CONCLUSION

This study showed that serum CoQ10 and cytochrome C
oxidase levels were lower in POI cases than in healthy
individuals. Our results suggested that a defect in the
electron transport chain may play a role in the
etiopathogenesis of POI. To make a clearer conclusion, it is
very important to evaluate the effect of CoQ10
supplementation on clinical and laboratory results in
patients at risk of POL. To clarify the precise role of CoQ10
in POI, improvement in vasomotor symptoms and serum
AMH and AFC levels should be evaluated.
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