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ABSTRACT: Antioxidant therapy is thought to improve oocyte quality through the reduction of oxidative stress. Melatonin and coenzyme Q10 (CoQ10)

are known antioxidants. We aimed to investigate the clinical efficacy of exogenous melatonin supplementation with or without CoQ10 in improving oocyte

quantity and quality. Fifty-three women undergoing cycles at Monash IVFE were supplemented with melatonin 4 mg daily, with 19 of those additionally

supplemented with 150 mg of CoQ10. Controls were matched at a 2:1 ratio to cases. Data were taken from an index (pretherapy) cycle and from a therapeu-

tic (posttherapy) cycle for both cases and controls. Comparisons were made directly between cases and controls in the therapeutic cycle and by comparing

the median differences of the change in outcomes from the index to therapeutic cycle. Primary outcomes included follicle, oocyte, and metaphase II oocytes

(MII) counts. Results showed higher median absolute oocyte numbers (6.00 vs. 4.00, P = 0.049) in the case group. Cases and controls were significantly

different when comparing median change between cycles in oocyte number (0.00 vs. =1.00, P=0.028) and MII count (0.00 vs. —1.00, P=0.034). However,

this was the result of poorer outcomes in the control group rather than improvements in the case group, and it cannot be concluded that treatment improved

oocyte quality.
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Introduction

Poor oocyte quality is a limiting factor in achieving successful
live births through in vitro fertilization (IVF). Oocyte dona-
tion leading to reproductive success even in late—maternal age
women suggests that if oocyte quality can be improved, then
successful pregnancies can occur. This has led to a recent focus
on finding effective techniques to improve the quality of the
oocyte.

Oocyte development is complex and energy-intensive,
requiring high levels of functional mitochondria to pro-
duce sufficient adenosine triphosphate (ATP) for the meiotic
process.! Insufficient or poorly functioning mitochondria lead
to reduced energy levels, which in turn can lead to arrested
development of the oocyte,? increased aneuploidy rates,® and
decreased fertilization rates.*

'The process of aerobic metabolism produces reactive oxy-
gen species (ROS), which are a natural and important part of
many physiological processes. ROS is a generic term incor-
porating all oxygen-containing molecules that are chemically
reactive. This includes both reactive molecules with a stable

chemical structure and free radicals or molecules with unpaired
valence electrons that make them unstable and highly reactive.’
Usually, the ROS are kept in balance by endogenous antioxi-
dants and antioxidant enzymes, which inhibit the oxidation of
molecules and prevent the formation of free radicals or act as
reducing agents and revert the ROS to their original form. If
this balance is disrupted and there becomes an overabundance
of ROS, a state of oxidative stress can occur.®

Oxidative stress can be detrimental to the reproductive
pathway for many reasons, one being genetic damage to both
cellular and mitochondrial DNA.” Mitochondria are partic-
ularly susceptible to damage, in part due to their proximity
to the source of ROS generation.®? If mitochondria become
damaged, it can create a self-perpetuating cycle as defective
respiration leads to a further increase in ROS. With dam-
aged mitochondria, the energy-intensive processes of meiosis,
fertilization, and blastocyst formation can become impaired.
Studies have indicated that oxidative stress reduces the quality
of the oocytes and embryos,!®! fertilization rates, and, most
importantly, the overall success rates of IVF treatments.!?
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On the other hand, higher antioxidant levels in the follicu-
lar fluid of infertility patients were associated with successful
pregnancies.!®

Many patient factors present in an infertile popula-
tion, such as late maternal age or extremes of body weight,
are independently associated with higher levels of oxidative
stress.'* The IVF process itself can cause exposure to high
levels of free radicals even before oocyte retrieval.’® Retrieval
of oocytes from the ovaries then removes the protective
effect of the endogenous antioxidants present in the follicu-
lar fluid.1

In a state of oxidative stress, exogenous administration of
antioxidants should theoretically improve mitochondrial func-
tion. However, a recent Cochrane review on antioxidants in
temale subfertility could draw no useful conclusions based on
the quality of the evidence; thus, further research is required.'”

Melatonin. Melatonin is an endogenously produced
indoleamine derived from 5-hydroxytryptamine. Melatonin
has many physiological functions and is well known for its
role in the regulation of circadian rhythms.!® However, its
most important role in the infertility setting may be as an
antioxidant.!

Melatonin is a broad-spectrum antioxidant and free radi-
cal scavenger of ROS, which can be enhanced by pharmaco-
logical administration.?’ Melatonin produces many metabolites
that are by themselves effective free radical scavengers and
additionally enhance the actions of antioxidant enzymes and
other antioxidants, such as glutathione peroxidase and super-
oxide dismutase.?>?? Thus, melatonin creates a cascade reaction
of antioxidant protection. The protective effect of melatonin has
been studied and documented in other medical diseases asso-

23 and

ciated with oxidative stress, such as Alzheimer’s disease
cardiac reperfusion injuries.?* Endogenous melatonin concen-
trations naturally decrease with age.?

Although preliminary trials have suggested that mela-
tonin may improve IVF outcomes, a recent systematic review
and meta-analysis on all randomized controlled trials involv-
ing melatonin?=3? could not show a definite benefit due to the
poor quality evidence.’!

Melatonin has an optimal therapeutic window, below
which has no clinical effect and above which can be toxic
to the oocyte. This has been demonstrated in multiple ani-

mal studies3?3°

as well as with human oocytes in culture
medium.*® For clinical purposes, exogenous supplementation
of 3 mg significantly increased follicular fluid melatonin con-
centrations.?%%” Melatonin at this dose is safe for short-term
use!” and is naturally present in the fetal circulation.
Coenzyme Q10. Coenzyme Q10 (CoQ10) is an endog-
enously produced component of cell membranes that plays
an important role in the respiratory cycle.’? CoQ10 aids
in the ejection of protons into the intermembrane space,
creating an electrical and chemical gradient that enables the
phosphorylation of adenosine diphosphate to ATP.*° During

production of the electrical gradient, CoQ10 becomes reduced,

allowing it to act as an ROS scavenger itself.*! If there is a
CoQ10 deficiency, this process is disrupted, free radicals accu-
mulate, and oxidative stress occurs.*? The positive antioxidant
effects of CoQ10 have been demonstrated in multiple medical
conditions associated with mitochondrial dysfunction includ-

44

ing congestive cardiac failure,* Parkinson’s disease,** and

asthenozoospermia.*

CoQ10 concentrations decline with age,*® leading to
increased ROS production, lipid oxidation, and cell necrosis.*”
Higher follicular fluid CoQ10 concentrations have been cor-
related with high-grade embryos, whereas CoQ10 deficiencies
have been associated with dysmorphic oocytes.*® The sole pro-
spective trial of CoQ10 in isolation was of 39 women treated
with CoQ10 and did not show a significant increase in top
quality embryos (64.7% in the case group vs. 42% in the con-
trol group); however, the study was underpowered as it was
terminated early.*’

If deficient in CoQ10, dietary supplementation with
doses of 100-3,000 mg/day have shown significant plasma
increases and are safe for short-term use.’® CoQ10 is naturally
present in the fetal circulation.*!

We hypothesized that exogenous supplementation of
melatonin with or without the addition of CoQ10 would
improve the oocyte quantity and quality for women at risk
of oxidative stress. We aimed to assess whether exogenous
supplementation of 4 mg of melatonin, with or without the

addition of 150 mg of CoQ10, could improve IVF outcomes.

Materials and Methods

Study design. The study was performed as a retrospective
case control study conducted by Monash IVF at multiple sites
in Victoria. Institutional review board approval was obtained
from the Monash Surgical Private Hospital (ethics approval
number 07078).

Inclusion/exclusion criteria. Fifty-three women (31-44
years old) with no major systemic illnesses were included in
the study. Thirty-four women were given melatonin 4 mg oral
daily from on or before the first day of follicle stimulation.
Nineteen women in addition to melatonin received 150 mg of
CoQ10 from at least 1 month prior to the commencement of
the IVF cycle. All women had undergone at least one unsuc-
cessful cycle at Monash IVF without antioxidant therapy, fol-
lowed by a consecutive stimulation cycle after commencement
of antioxidant therapy. The two cycles were identical in stimu-
lation type and follicle stimulating hormone (FSH) dose, and
within 1 year of the other.

These women were taken from a potential pool of 441
women on melatonin or CoQ10 who were being treated by
one of two reproductive endocrinology and infertility special-
ists. The decision to commence the women on antioxidant
therapy was at the discretion of the two fertility specialists. The
women’s treatment records were accessed and any woman on
other complementary therapies known or suspected to affect
oocyte quality were excluded. Women were also excluded if
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the cycle after commencing antioxidant therapy was different
in protocol to the pretreatment cycle, or if they had a period of
greater than 1 year between them. All cycles occurred between
September 2011 and October 2013.

Other studies had used 3 mg of melatonin; however, this
dosage was not available in Australia, and 4 mg was used as
the closest pharmacological dosage available. At the time of the
study, CoQ10 for human female infertility had not been stud-
ied and the dosage of 150 mg was chosen based on a commonly
administered dose for treatment of cardiac failure.** Ten women
(18%) were commenced on melatonin three months prior to
their IVF cycle, while the remainder were started on the day of
follicle stimulation.

IVF therapy. Antagonist, downregulation, or boost
cycles were conducted according to the Monash IVF treat-
ment protocols. In antagonist cycles, FSH stimulation was
commenced 2 days after a spontaneous or oral contracep-
tive pill (OCP)-induced bleed. In downregulation cycles,
the gonadotropin-releasing hormone agonist (GnRHa) was
commenced in the mid-luteal phase of a previous spontane-
ous cycle or day 17 of an OCP cycle, with FSH given once
downregulation was confirmed with estradiol (E2) concentra-
tions of =200 pmol/L. In a boost cycle, GnRHa was given
on days 1-2 after a spontaneous or OCP-induced bleed, with
FSH commencing the following day.

Once started, an uninterrupted IVF cycle was performed
unless the cycle was canceled at the discretion of the clini-
cian in conjunction with the patient due to inadequate fol-
licle number. Oocyte retrieval was performed 38 hours after
human chorionic gonadotropin (hCG) administration. Both
intracytoplasmic sperm injection and standard inseminations
(standard IVF) were performed. Fertilization results were
assessed 16—20 hours postinsemination. One or two embryos
were transferred between days 2 and 6. Luteal-phase support
was given in all patients.

Control group. From the Monash IVF Australia data-
base of over 10,000 women, we identified a potential cohort of
controls who had undergone two cycles within 1 year that had
identical FSH dose and stimulation protocols. We ran a 4:1
match using the genetic mode algorithm of MatchIt,*> which
runs a variation of propensity matching, to create a cohort that
was comparable for age, stimulation type, cycle number, FSH
dose and type, year and location, index cycle outcomes, and
gap between index and therapeutic cycles. From this cohort,
we manually excluded controls with evidence of previous anti-
oxidant use or any therapy known or suspected of affecting
oocyte quality. This was assessed through patient records. Out
of the remaining cohort, matching was then performed at a
2:1 ratio using the nearest mode algorithm of Matchlt on the
tollowing confounders: age, stimulation type, FSH dose and
type, therapeutic cycle number, gap between cycles, index
cycle outcomes (oocyte number, previous cancellations, and
pregnancy outcomes), additional FSH therapy, and whether
a biopsy was required. This resulted in a final matched cohort

of 106 controls. This provided the optimal 2:1 match for cases
to controls as the two closest controls for each case was taken
from a cohort that was already comparable to the case group
for the matched confounders, with any women on oocyte
affecting therapy removed.

Outcomes measured. Our primary outcomes were num-
ber of follicles >11 mm, total oocyte number, and metaphase I1
oocytes. Our secondary outcomes were fertilization rate, uti-
lization rates, and pregnancy outcomes. Utilization rate was
defined as the proportion of embryos transferred or frozen out
of the total fertilized oocytes. Clinical pregnancies were those
with cardiac activity at 67 weeks, and biochemical pregnan-
cies were those with a small and transitory hCG rise.

Analysis. For both cases and controls, we measured their
outcomes in both the first (index) cycle and second (therapeu-
tic) cycle. This was not used to compare the cases before and
after antioxidant use, but was used so that we could identify
the median change between the cycles in the case group and
compare it to the median change in control group. The median
change was used as a measure of the effect of treatment.

We analyzed the results in two ways; first, by direct com-
parison of cases and controls in the therapeutic cycle, and sec-
ondly, by comparison of the median change between cycles.
The second analysis was used to help eliminate bias by negat-
ing the effect of any underlying differences between the cases
and controls, as the groups were matched but not random-
ized. We also analyzed the cases in subgroups based on age,
either <40 or =40.

Statistical analysis was conducted using SPSS Statistics ver-
sion 20 (Chicago, IL, USA). Shapiro-Wilk and Kolmogorov—
Smirnov tests were conducted to assess the normality of all data
sets. Must data were not normally distributed and were analyzed
using Mann-Whitney U-tests for continuous variables, with
Student’s #-tests (two-tailed) as appropriate. Categorical vari-
ables were analyzed using Fisher’s exact tests. Statistical signifi-
cance was established at P =< 0.05.

Results

As shown in Table 1, cases and matched controls were com-
parable for age, cycle number, average FSH dose adminis-
tered, body mass index (BMI), and oocyte number in the first
cycle, which was used as a marker of previous cycle success.
We did not match on maximum estradiol (E2) level, and
there was a significant difference in maximum E2 measured
(3,896 vs. 2,836, P=10.037). The median time between cycles
was also statistically significant, with a shorter median dura-
tion between cycles in the control group (77.5 vs. 108 days,
P=10.009).

Once ovarian stimulation had begun, 8 women from the
case group and 19 women from the control group had their
cycles canceled before oocyte collection in the treatment cycle
due to inadequate follicle number (15% vs. 18%, P=0.661).

As seen in Table 2, no difference in follicle number was
seen. Absolute oocyte number was higher in the treatment

REPRODUCTIVE BIOLOGY INSIGHTS 2015:8 l 3


http://www.la-press.com
http://www.la-press.com/reproductive-biology-insights-journal-j111

Pritchard et al

&

Table 1. Comparison of demographics and IVF treatments between cases and controls.

CASES (MEDIAN 95% CI)

CONTROLS (MEDIAN 95% CI) P-VALUE****

Previous cycle number* 3.0 (3.0-5.0) 3.0 (2.0-4.0) 0.670
Cycle number** 4.0 (4.0-6.0) 4.0 (4.0-5.0) 0.744
FSH dose (IU) 450 (300-450) 450 (400-450) 0.684
BMI 24.0 (23.0-27.0) 24.0 (23.0-25.0) 0.553
Time between cycles (days) 108 (81.0-129) 77.5 (68.0-100) 0.009
Age (years) 41.4 (39.6—42.3) 41.4 (40.1-42.0) 0.807
Maximum estradiol (E2)*** 3896 (2955-4592) 2836 (2571-3283) 0.037
Oocyte number in first cycle 6.0 (4.0-8.0) 6.0 (5.0-7.0) 0.949

Notes: *Previous fresh cycle transfer. **Total cycle number including fresh and frozen transfers. ***Measured during the index cycle. Measured in nanograms per

milliliter.

cycle for cases compared to controls (6.00 vs. 4.00, P=0.049).
There was no significant difference in follicle number, MII
number, or fertilization number.

There were significant differences between the cases and
controls when examining the median change between the
cycles before and after treatment (see Table 3). Median change
in oocyte count (0.00 vs. —1.00, P=0.028) and median change
in MII count (0.00 vs. —1.00, P=0.034) were significant. This
difference was not the result of a median increase in the case
group, but rather a median decrease in the control group.

There was no difference in the proportion of oocytes that
developed to maturity in cases versus controls (77% vs. 77%,
P=0.958). No difference was seen in fertilization numbers or
in the fertilization rate (62% vs. 66%, P=0.702). The utiliza-
tion rate for cases and controls was equivalent (58% vs. 50%,
P = 0.355). However, again few conclusions can be drawn
from this as it included both cleavage- and blastocyst-stage
transfers and freezes, without isolated analysis of each group.
There was no difference in overall pregnancy rate (clinical and

biochemical) between the cases (13%) and controls (13% vs.
16%, P=0.4827).

Whenweanalyzedthegroupsaccordingtoage, <40(n=21)
and =40 (n = 32), we found a significant difference in mean
MII difference between cycles (0.48 vs. —1.55, P = 0.018)
in the =40 group. In the =40 group, we also saw a trend
toward significance in absolute mean oocyte number (6.34 vs.
4.36, P=0.057) and mean oocyte difference (—1.63 vs. —0.19,
P=0.072). No differences were seen in any primary outcome
in the <40 cohort.

There were no differences in any primary or secondary
outcome when comparing the melatonin-only (z = 34) group
to the melatonin and CoQ10 (7 = 19) group.

Discussion

We did see a statistically significant difference between the
cases and controls after antioxidant therapy in absolute oocyte
number and median change in both oocyte and MII number.
However, from our results we cannot conclude that melatonin

Table 2. Comparison of primary outcomes between cases and controls.

OUTCOME CONTROL CYCLE TREATMENT CYCLE TREATMENT IQR*** P-VALUE**
MEDIAN (95% CI) MEDIAN (95% CI) CYCLE MEAN*

Follicle number

Cases 7.0 (5.0-9.0) 6.0 (5.0-9.0) 7.47 4.00-10.0 0138

Controls 6.0 (5.0-7.0) 6.0 (5.0-7.0) 6.04 3.00-8.75

Oocyte number

Cases 6.0 (4.0-8.0) 6.0 (5.0-9.0) 7.21 4.00-10.0 0.049

Controls 6.0 (5.0-7.0) 4.0 (3.0-6.0) 5.57 2.00-8.75

MIl number

Cases 5.0 (3.0-6.0) 5.0 (2.0-6.0) 5.42 2.00-8.00 0114

Controls 5.0 (4.0-6.0) 3.0 (3.0-7.0) 4.32 0.5-7.00

Fertilization number

Cases 3.0 (2.0-4.0) 2.0 (2.0-3.0) 3.00 1.00-5.00 0.087

Controls 3.0 (2.0-3.0) 2.0 (1.0-3.0) 2.57 0.00-4.00

Notes: “Means are provided for reference only. Data were nonparametric and analysis was conducted by Mann—Whitney U-tests. *P-value is for the direct
comparison of outcomes in the treatment cycle between the cases and controls. Mann—Whitney U-tests were used. ***Interquartile range (25th—75th centiles).
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Table 3. Comparison of median differences between control and
therapeutic cycles.

OUTCOME MEDIAN CHANGE (95% Cl) P-VALUE*
Follicle number
Cases -1.0 (-2.0-0.0)

0.926
Controls -1.0 (-1.0-0.0)
Oocyte number
Cases 0.0 (-1.0-2.0)

0.028
Controls -1.0 (-2.0-0.0)
MIl number
Cases 0.0 (0.0-2.0)

0.034
Controls -1.0 (-1.0-3.0)
Fertilization number
Cases 0.0 (-1.0-1.0)

0.105
Controls -1.0 (-1.0-0.0)

Notes: *P-value is for the comparison of the Mann—-Whitney U-tests used for
analysis.

with or without CoQ10 improves oocyte quality or quantity.
This is because the significant median differences were the
result of a reduction in oocyte and MII number in the second
cycle of the control group, rather than an improvement in the
case group. Although the lower oocyte and MII number seen
in the second cycle of the control group may be the result of
age related decline in oocyte number over time, it may also be
due to chance. Without any improvement seen in oocyte or
MII number in the case group, although we can conclude that
the results in the case and control group were significantly dif-
ferent, we cannot necessarily conclude that antioxidant ther-
apy improves clinical outcomes.

How do our results compare to the literature? The most
consistent finding within the melatonin studies has been an

t26,30,53

increase in MII coun or a higher proportion of imma-

ture oocytes developing to maturity after melatonin.?%2%%
This alights with the theoretical basis of antioxidant therapy
in improving mitochondrial function and overcoming arrested
development. We did see significant differences in oocyte and
MII numbers compared to controls, however as discussed, these
were not due to improvements in the case group, but rather
reductions in the control group. We did not see any change in
development to maturity in our study. Increases in fertilisation

37,5354 and we saw no

rates have been seen in only a few studies
differences in our results.

Our study has several inherent sources of bias, stemming
from the lack of randomization and the retrospective nature of
a case control study. It is very difficult to ensure that women
from the control group did not purchase either melatonin or
CoQ10 without disclosing this to the treating team. However,
these are therapies that are specifically inquired about and
recorded at the time of oocyte collection, so reducing the risk

of bias. As the study was retrospective and the results analyzed

after the women had already been prescribed therapy, a propor-
tion of the cases in the latter part of the study were commenced
on melatonin 3 months prior to, rather than on the day of, fol-
licle stimulation. This means that we cannot comment on our
results in relation to length of treatment. As follicular develop-
ment can take 90 days, commencement in advance of an IVF
cycle appears logical to ensure maximal effects; however, this
is not always practical with cycle timing. The relatively small
sample size used in this study may mean that we did not have
sufficient power to detect true differences. Additionally, it also
increases the likelihood that the significant differences we saw
in oocyte number were not true differences.

Ideally, live birth rate would have been our primary
outcome. However, given the baseline characteristics of our
cohort, with very low expected pregnancy rates, a much larger
trial would have been required to investigate this.

We did not directly measure free radical or antioxidant
concentrations in the follicular fluid of the women in our study,
either before or after treatment. As such, we can only hypoth-
esize about whether the antioxidant administration affected
the level of oxidative stress in the follicular fluid. However,
other studies have indicated that similar dosages of melatonin
have resulted in reductions in oxidative stress.’” Additionally,
we did not measure CoQ10 levels. We expected the women
on CoQ10 supplementation to have a CoQ10 deficiency, given
the documented relationship between age and CoQ10 levels.*¢
However, if the women were not deficient, then the CoQ10
supplementation would have no effect. Bentov et al in 20144
showed a reduction in aneuploidy rates but significant change
in embryo quality with a 600-mg dosage of CoQ10. This was
published after the commencement of our study. As they did
not see any significant results with a higher dose of CoQ10,
it is not unexpected that we did not see any additional benefit
with our 150-mg dosage of CoQ10. Our dose may well be sub
therapeutic if used for the purpose of improving oocyte qual-
ity, and further research is necessary to determine what dose,
if any, could benefit oocyte quality.

Other studies involving melatonin have examined women
who have independent risk factors for high levels of oxidative
stress, including poor sleep,?® late maternal age,*® or polycystic
ovarian syndrome.?® It must be considered whether antioxi-
dants may have a universal effect on improving oocyte qual-
ity or quantity when undergoing the IVF process, or whether
only a subgroup of women will respond. It was interesting to
note that the older cohort (=40) appeared to perform better
than the younger cohort, given that oxidative stress levels are
known to increase with age. Although this is essentially obser-
vational given the limits in sample size, it may be worth con-
ducting future investigations into women with high levels of
oxidative stress, such as smokers, women with very high or low
body mass indexes, or further examining age differences. It is
important to differentiate between the categories of patients
who may respond to the therapy, as the cost of even inexpen-
sive adjuvant therapies can accumulate, and we should limit
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arbitrary use in patients who are already faced with high finan-

cial burdens when undergoing infertility treatments.
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