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Abstract: Many subfertile couples, who failed to conceive naturally, seek help by means of artificial reproduction
techniques such as in vitro fertilization (IVF) to achieve pregnancy. It is clear that oocyte and embryo quality depression are
widely considered to be the main challenge of IVF in assisted reproduction. The aim of the study was to assess the effect and
the role of melatonin combined with myoinositol on oocyte quality and to investigate its correlation with pregnancy outcome.
A total of 315 patient, aged between 30-40, in a 12 month study period from Jan. 2017 to Dec. 2017, with history of one or
multiple unsuccessful IVF cycles due to poor oocyte quality were included in this study. The study group (group 1, n=166) was
treated with melatonin combined with myoinositol (Seidivid plus, SEIDLAB) for 3 months prior to a new IVF cycle and the
control group (group 2, n =149) just received a standard IVF cycle without melatonin and myoinositol. IVF outcomes were
compared between the two groups. Primary endpoint was the number of morphologically mature oocytes retrieved (MII
oocytes). Secondary endpoints were fertilization rate per number of mature oocytes, embryo quality and pregnancy rate. After
treatment, the number of mature oocytes, the fertilization rate, the number of top-quality embryos transferred and pregnancy
rate were statistically higher compared to the previous IVF cycle, while there was no difference in the number of retrieved
oocyte. The mean number of oocytes retrieved differ between the two groups being (11.56) in group 1 and (10.9) in control one
(1920 vs. 1629) and the percentage of mature oocytes was significantly higher in melatonin-treated group (77.03% vs. 69.1%).
Concurrently, the mean number of immature oocytes (germinal vesicles) was reduced (22.9% vs. 39.9%). Furthermore, the
melatonin —myoinositol treated group showed an increase in fertilization rate (80.2% vs. 77.7%) and the mean number of grade
one embryos resulted was also higher (60.05% vs. 49.5%). Clinical pregnancy rate was in tendency higher in the group treated
with melatonin and myoinositol (48.3% vs. 40.8%), In the current study It was concluded that Melatonin and myoinositol
treatment is likely to become a significant option for improving oocyte and embryo quality in women who cannot become
pregnant because of poor oocyte quality.
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considered to be the main challenge of IVF in assisted
reproduction. Many studies have already investigated and
proposed potential predictive factors for negative and
positive IVF-ET outcomes [1, 2] and highlight the
importance of many predictive factors essential for optimal
oocyte maturation: the follicular fluid composition, in
particular, high concentration of two different compounds
such as myoinositol and melatonin, is a predictor of ART
positive outcome in oocyte maturation, while the imbalance

1. Introduction

The growing interest by physicians to many infertile
couples, who failed to conceive due to poor oocyte quality,
the great advances in assisted reproductive technologies and
the extensive experience gained over this long period had
shed light on parameters determining ART outcomes. It is
clear that oocyte and embryo quality depression are widely
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of reactive oxygen species had a negative impact. In humans,
the negative impact of oxidative stress has been demonstrated
by several studies on the number and quality of retrieved
oocytes and embryos following in-vitro fertilization. More
recently, it has been discovered that an imbalance of reactive
oxygen species (ROS), or ‘oxidative stress’, can have a
negative impact on the success of infertility treatments, and
furthermore, investigators have begun addressing potential
mechanisms of preventing these effects with the use of novel
oxygen scavengers such as melatonin, a pineal hormone that
regulates circadian rhythms, which has also been shown to
exhibit a unique oxygen scavenging abilities. Ovarian
stimulation protocols in assisted reproduction are associated
with  significant changes to the in-vivo follicular
environment, altering endogenous levels of oxygen
scavengers [3]. Furthermore, in-vitro, these oocytes are no
longer protected by antioxidant-rich follicular fluid, leaving
them more susceptible to oxidative damage [4-6]. They may
also be exposed to high oxygen concentrations in incubators
and during handling throughout the IVF process, with higher
concentrations of oxygen being associated with more ROS.

The quality of oocytes plays a pivotal role in the
development of a clinical pregnancy, it considered one of the
main cause of fertilization failure in assisted reproductive
techniques [7]. In fact oocytes of poor quality may be the
cause of women infertility and an important obstacle in
successful in vitro fertilization [8]. Poor oocyte quality
remains a serious problem for female infertility, said
Professor Hiroshi Tamura from the Yamaguchi University
Graduate School of Medicine, Japan.

Several factors can affect oocyte quality and therefore
pregnancy outcome in assisted reproductive technology
cycles. Indeed, assisted reproductive technology techniques
nowadays focus on obtaining high quality rather than high
numbers of oocytes and embryos, i.e. from quantity to quality
[9]. Among the factors affecting oocyte quality is follicular
fluid. Recent studies highlight the important of the follicular
fluid in oocyte maturation: indeed, follicular fluid
composition is a predictor of ART positive outcome [10]. It
provides a very important microenvironment for the
development of oocytes and may be regarded as a biological
“window” reflecting metabolic and hormonal processes
occurring in the microenvironment of the maturing oocyte
before ovulation and also as a predictor of outcome
parameters such as fertilization, embryo cleavage and
pregnancy rates in IVF [10]. It is reasonable to think that
some biochemical characteristics of the fluid surrounding the
oocyte may play a critical role in determining oocyte quality
and the subsequent potential to achieve fertilization and
embryo development. Recently, a number of studies have
shown that the presence of several compounds in the
follicular fluid positively correlates with oocyte quality and
maturation, In particular, high concentration of two different
compounds such as myoinositol and melatonin was shown to
be essential for optimal oocyte maturation. It may be that
these agents have a positive effect on pregnancy success rates
following IVF treatment.

2. Materials and Methods

All patients, in the in vitro fertilization (IVF) Department, in
a 12 month study period from Jan. 2017 to Dec. 2017, with
history of one or multiple unsuccessful IVF cycles due to poor
oocyte quality were considered eligible for the study.
Exclusion criteria is history of failed trial for causes other than
poor oocyte quality. Patients undergoing preimplantation
genetic diagnosis (PGD) are also excluded since PGD patients
usually are not infertile. A total of 315 patient, aged between
30-40 years, were included in this study and were randomized
into two groups. The study group (group 1, n=166) was treated
with melatonin combined with myoinositol (Seidivid plus,
SEIDLAB) for 3 months prior to a new IVF cycle and the
control group (group 2, n =149) just received a standard IVF
cycle without melatonin and myoinositol. The Human
Investigation Committee at Al-Jadriah private Hospital in
Baghdad approved this study and all patient gave a written
informed consent before entering in the study.

All patients underwent controlled ovarian stimulation with
gonadotropins (FSH wurinary or recombinant), Pituitary
suppression was routinely achieved with GnRH antagonist,
all patients were given HCG (5000-10,000 IU) or GnRH
agonist for final oocyte maturation, followed approximately
35 hours later by oocyte retrieval (Cook oocyte aspiration
needle, double lumen). Cumulus and corona radiata cells
were immediately removed after retrieval by a short exposure
to hyaluronidase enzyme and mechanically cleaned from the
remaining surrounding cumulus cells using a denuding
pipette by gentle aspiration in and out of a Pasteur pipette.
The denuded oocytes were then assessed for their meiotic
maturation status. In preparation for ICSI, oocytes with an
extruded first polar body presumably at the metaphase II
stage (MII) were selected. Oocytes were inseminated by
intracytoplasmic sperm injection (ICSI), and resulting
embryos were cultured for 3-5 days, depending on their
morphological score on Day 2 (number of blastomeres and
the degree of fragmentation), in non-sequential media (Life-
Global Media). The ICSI and blastocyst transfer were
standards of care for all patients throughout the study period.
In all centers the protocol for embryo transfer was the same.

3. Results

During the study period, 315 patients matching the inclusion
criteria were randomized into two groups as previously
described. Patients assigned to the study group (group 1,
n=166) were treated with melatonin combined with
myoinositol (Seidivid plus, SEIDLAB) for 3 months prior to a
new IVF cycle and Patients assigned to control group (group 2,
n =149) just received a standard IVF cycle without melatonin
and myoinositol. No differences were found between the two
groups in mean age, Body Mass Index (BMI) and duration of
infertility (Table 1). The causes of infertility also didn't differ
after randomization between the two groups. The ICSI
procedure was indicated after evaluation of two different
sperm semen samples of the male partner.
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Table 1. Characteristics and outcome of patients who received melatonin, myoinositol plus folic acid (group 1; n = 166) or folic acid alone (group 2; n = 149).

Variable Group 1 Group 2 P value
No. of patients 166 149 —

Age (yrs) 36.3+24 355+25 NS
Duration of infertility (months) 46.2 £ 18.5 37.8+9.6 NS
Body mass index (kg/m?) 26.8+7.5 26.4+6.8 NS
Duration of stimulation (days) 11.4+0.9 124+14 .002

The Total number of stimulation days were significantly
reduced in the group 1 co treated with melatonin and
myoinositol (11.4+0.9 vs. 12.4+1.3, P<0.05) and so the
embryo  transfer  cancellation rate for  ovarian
hyperstimulation syndrome and other causes (16.8% vs.
24.1%). The mean number of oocytes retrieved did not differ
compared to the previous IVF cycle, while the number in the
current study significantly differed, being 1920 (11.56) in
group 1 vs. 1629 (10.9) in group 2 (p<0.05, Table 2).
Concurrently, the number of immature oocytes retrieved
(germinal vesicles) and degenerated oocytes not suitable for

injection was lower in the group co treated with melatonin
and myoinositol compared to control group (22.9% vs.
39.9%), with a trend for increased percentage of MII oocytes
(77.03% vs. 69.1% Table 2). The fertilization rate
dramatically increased after melatonin treatment (80.2%
versus 77.7%) and so the cleavage rate and the rate of good
quality embryos. Meanwhile, the number of grade 1 embryos
was significantly increased by melatonin and myoinositol
supplementation (60.05% vs. 49.5%; p<0.01, Table 2), this
will likely reflect the increase in biochemical pregnancy rate
observed (62.3% vs. 55.9%, P<0.01).

Table 2. Oocyte maturity and embryo score in patients who received melatonin, myoinositol plus folic acid (group 1; n = 166) or folic acid alone (group 2; n =

149).
Characteristic Group 1 Group 2 P value
No. of retrieved oocytes 1920 (11.56) 1629 (10.9) NS
No. of MII oocytes 1479 1125 NS
MII/total oocytes retrieved (%) 77.03% 69.1% NS
No. of immature oocytes (GV-DEG) 441 (22.9%) 504 (39.9%) .02
Fertilization rate 1187 (80.2%) 874 (77.7%) NS
No. of embryos transferred 398 309 NS
Embryo score grade 1 (%) 60.05% 49.5% NS
Embryo score grade 2 (%) 35.4% 39.4% NS
Embryo score grade 3 (%) 4.5% 11.1% NS
No. of embryo transfer 122 93
No. of canceled embryo transfer (%) 16.8% 24.1%

Clinical pregnancy also showed a positive trend in the Melatonin and myoinositol group (48.3%% vs. 40.8% P=0.06, Table
3). A total of 76 pregnancies occurred, 59 of them were confirmed echographically; 12 evolved in spontaneous abortion and in
five cases we could not link patients across the entire study period.

Table 3. Pregnancy outcome of patients who received melatonin, myoinositol plus folic acid (group 1; n = 166) or folic acid alone (group 2; n = 149).

Variable Group 1 Group 2 P value
No. of pregnancies 76 52 NS
No. biochemical pregnancies, (%) 62.3% 55.9% NS
No. clinical pregnancies, (%) 48.3% 40.8% NS

An important finding in the study was that oral melatonin
plus myoinositol supplementation can have a beneficial effect
on the improvement of fertilization and embryo quality and
was associated with significantly improved clinical
pregnancy rate and this may have occurred due to a reduction
in oxidative damage.

4. Discussion

The most common cause of ICSI failure is the reduced
embryo quality and several factors such as social-
environmental, aging and/or pathological factors, can
negatively affect it [11-14], therefore, any treatment able to
improve oocyte quality should be considered a foreword step
towards IVF procedures success. The main factors

influencing IVF outcome are oocyte and embryo quality.
Indeed, the promising way to improve IVF success rate is to
improve oocyte and embryo quality. Recently, it has been
shown that the two molecules, normally produced by our
body, Myoinositol and Melatonin are efficient predictors for
oocyte quality and IVF outcomes: high concentration of both
molecules positively correlates with high oocyte quality [15,
16, 17]. In particular, several clinical trials have shown that
supplementation with Myoinositol, alone or in association
with melatonin, is a practical approach able to improve
oocyte quality and IVF outcomes in both PCOS patients and
normal subjects [14, 18, 19]. Thus, melatonin and
myoinositol may become the medicine of choice for
improving oocyte quality [16, 20].

Melatonin was first isolated in 1958 as a neuro-hormone
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mainly synthesized and secreted from the pineal gland [21].
Since its discovery, further investigation has revealed that it
is also produced by several other organs. Melatonin is an
indoleamine, which is synthesized from the essential amino
acid, tryptophan [22]. The role of melatonin (N-acetyl-
Smethoxytryptamine), a small lipophilic indoleamine [23] in
human reproduction is still unknown. A large body of
information suggests that melatonin and the reproductive
hormones are interrelated. In humans, the only data on
cyclical melatonin changes comes from women undergoing
ovarian stimulation. Levels of melatonin reach nadir in the
preovulatory phase and peak in the luteal phase [24, 25, 26].
Melatonin influence sex steroid production at different stages
of ovarian follicular maturation [16] as melatonin receptors
have been demonstrated at multiple sites in ovary and in intra
follicular fluid. Interestingly, melatonin receptors have been
found on granulosa cells, indicating that this may be an
additional site of melatonin activity [27, 28, 29].

Melatonin is normally synthesized by the ovary, as
melatonin synthesizing enzymes, which present in ovarian
tissue [29]. Synthesized melatonin by the ovary, may be
released into the follicular fluid. However, the bulk of
melatonin detected in the ovary and preovulatory follicular
fluid is derived from the circulation [16]. Thus, the normally
the increase in follicular melatonin concentration in the
growing follicle could be an important factor in avoiding
atresia. The follicle may be rescued by melatonin and this
would allow a preovulatory follicle to fully develop and
provide an oocyte for fertilization [16]. High level of
melatonin in the follicular fluid is essential for the follicle
growth, ovulation and oocyte quality, whereas reduced
follicular melatonin concentration may be responsible for
anovulation and poor oocyte quality [16]. It is reasonable to
think that some biochemical characteristics of the Follicular
Fluid surrounding the oocyte may play a critical role in
determining oocyte quality and the subsequent potential to
achieve fertilization and embryo development. The follicular
environment is naturally protective against oxidative damage
to the oocyte [30]. A recent review concluded that oral
administration of melatonin reduces intrafollicular oxidative
damage and increases fertilization rates [20].

Melatonin, as well as its metabolites, are claimed to be
broad —spectrum antioxidants and free radical scavengers
[31, 32]. It plays as an antioxidant and free radical scavenger
which protects follicles from oxidative stress, rescuing them
from atresia, leading to complete follicular maturation and
ovulation. elevated melatonin in preovulatory follicles, as
seen in normal women, is likely to protect granulosa cells
and oocyte from free radicals that are induced during
ovulation. In addition, melatonin regulates the antioxidant
enzymes and antiapoptotic/proapoptotic  protein gene
expression [16].

It appears clear that melatonin serves a purpose in the
human reproductive system, with many of its observed
effects likely to be related to its ability to dampen the effects
of oxidative stress on the reproductive system. The relevance
of oxidative stress in ART has gained increasing attention in

recent literature, in particular with regards to IVF. Free
oxygen radicals are created when oxygen is utilized in
metabolic processes. These radicals contain ‘free’ valence
electrons, making them highly reactive, capable of causing
injury to cells [33]. Anti-oxidative agents (oxygen-
scavengers) are present endogenously but can also be
administered exogenously. They reduce free radicals by
donating electrons to stabilize them [34].

Reactive oxygen species, which produced within the
follicle especially during the ovulatory process [35], has been
considered to play a critical role in the success of different
ARTs [36], and it is believed that oxidative stress may be a
cause of poor oocyte quality [37]. Oocyte quality begins to
deteriorate immediately following ovulation, a process
thought to be inflammatory [38] and through its production
of cytokines and proteases is associated with an increase in
ROS which can inhibit oocyte maturation [39, 40, 41]. IVF
can result in exposure of oocytes and embryos to high levels
of superoxide free radicals, which begins prior to oocyte
retrieval [42], High levels of oxidants, as H,O,, has been
found in fragmented embryos [43]. This oxidative stress
modifies the quality of oocytes and embryos, decreasing the
fertilization rate and the success of the infertility treatment
[44, 45, 46]. The recognition of the association between
exposure of gametes and embryos to oxidative stress and a
reduction in the success rates of IVF has led investigators to
assess whether these adverse effects can either be prevented
or reversed, with emphasis being placed on the adjuvant use
of oxygen scavengers including melatonin. Melatonin is an
effective mitigator of mitochondrial DNA damage [47],
likely as a result of an increase in electron transport
efficiency within mitochondria, thus preventing the
formation of ROS [48]. Infertility treatments are associated
with significant levels of reactive oxygen species which have
the potential to negatively affect the quality of oocytes and
embryos. Melatonin shows promise as an adjunctive therapy
in the treatment of infertility. Its unique anti-oxidative
characteristics and safety profile make it an ideal potential
adjuvant. In some situations melatonin may be even more
effective at performing this function than specific
mitochondrial antioxidants [49], and this particular
characteristic may have relevance to its use in the treatment
of infertility and the improvement of oocyte quality and
maturity.

Another parameter taken into account in terms of oocyte
quality was the concentration of myoinositol in Follicular
Fluid [15, 50]. Actually no data exist on action and effects of
MI, on anovulatory women of reproductive age or on
spontaneous ovulation in stimulated cycles. However
myoinositol is an important constituent of follicular
microenvironment, playing a determinant role in both nuclear
and cytoplasmic oocyte development and a positive
correlation has been found between myoinositol
concentration in follicular fluid and oocyte maturity and
quality. Recently, an international consensus conference,
further confirmed that, during IVF program, when inositol
supplement, the oocyte and embryo quality in assisted
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reproduction might be better. [51, 52]. Indeed, it was also
found that, high level of myoinositol in ovarian is crucial for
improved FSH signaling, oocyte maturation and embryo
development. [53]. Myoinositol is an isoform of inositol, a
word that collectively refers to molecules with a similar
structure, a collection of nine stereoisomers, and belongs to
the vitamin B complex. It is the most abundant form of
inositol in nature. In fact, Inositols are pseudovitamin
compounds that are falsely said to belong to the B-complex
family, and are found in most foods but in highest levels in
whole grains and citrus fruits. Myoinositol, an isoform of
inositol, shows the most promise as a dietary supplement for
promoting female fertility, restoring insulin sensitivity in
instances of resistance (type II diabetes and polycystic
ovarian syndrome being the most well investigated), and for
reducing anxiety as well. Due to the mixed benefits to insulin
resistance and fertility, myoinositol is considered a treatment
of choice for PCOS in women. Myoinositol a polyalcohol
classified as insulin sensitizer, and it is the second messenger
of the insulin signaling [54]. It is widely distributed in nature
and is considered a precursor of the synthesis of
phosphoinosides, in  particular it constitutes the
phosphatidylinositol signal transduction system, known to be
involved in the regulation of several cellular function,
including cell proliferation [55]. The presence of it in human
body fluid, its role as precursor of the inositol phospholipids
responsible for the generation of important intracellular
signals essential for mammalian oocyte development [56, 57]
and its higher concentration in follicular fluid containing
oocytes of good quality [15] suggests that the
supplementation with myoinositol in IVF techniques, could
positively influence the final result of the reproduction
technique. In fact, in IVF techniques supplementation by
myoinositol is positively related to meiotic progression of
mouse germinal vesicle oocytes, enhancing intracellular Ca**
oscillation [50]. Indeed, in human follicular fluids, higher
concentrations of myoinositol provide a marker of good-
quality oocytes [15]. Besides the positive effects on reducing
insulin resistance [58, 59, 60] it has been shown that
myoinositol concentration in the follicular fluid directly
correlates with oocytes quality [15] and additional studies
also showed that myoinositol supplementation improves
oocytes quality in PCOS patients [61].

Infertility treatments are associated with significant levels
of reactive oxygen species which have the potential to
negatively affect the quality of oocytes and embryos, in a
present study the role of melatonin and myoinositol in
protecting oocytes from Reactive oxygen species damage and
consequently in improving oocyte quality and pregnancy rate
has been detected. Considering the proven positive effects of
the supplementation of myoinositol and melatonin on the
follicular fluid composition and consequently on the oocyte
quality, the current study was undertaken to examine whether
the addition of these drugs, with its unique anti-oxidative
characteristics and safety profile, improves more oocyte
quality and pregnancy rate in comparison with control group
in women undergoing IVF cycles.

5. Conclusion

The present paper was able to demonstrate that
myoinositol with melatonin supplementation has a direct
positive effect on oocyte and embryo quality and both drugs
can create a new ray of hope for infertile patients undergoing
in vitro fertilization in whom infertility is due to poor oocyte
quality. Thus, melatonin and myoinositol may become the
medicine of choice for improving oocyte quality.
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