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Abstract

Purpose Studies in bovine and porcine have indicated that
melatonin (MT) could induce meiotic maturation of imma-
ture oocytes in vitro. The object of the current study was to
investigate if MT could ameliorate human oocytes matura-
tion during rescue in vitro maturation (IVM).

Methods Two hundred seventy eight germinal vesicle (GV)
oocytes and 451 (MI) metaphase I oocytes were vitrified,
thawed and then matured in vitro. All the oocytes were
randomly allocated into six groups in which the oocytes
were cultured in medium supplemented with different con-
centrations of MT (0, 1072, 1, 10%, 104, 10° nM) and nuclear
maturation was evaluated at 6 h, 12 h, 18 h, 24 h and 48 h of
culture.

Results The optimal MT concentration for both GV and MI
oocytes was 1 nM. At 24 h of culture, nuclear maturation rate
of MI oocytes cultured in 1 nM MT medium was significantly
higher than other groups (P<0.05); Nuclear maturation rate of
GV oocytes cultured in 1 nM MT medium was also
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significantly higher than the control group (£<0.05). On the
other hand, decreased nuclear maturation rate was observed in
the high MT concentration group (10° nM).

Conclusions The current study demonstrated that low con-
centration of exogenous MT could ameliorate nuclear mat-
uration of human oocyte during rescue IVM, while high
concentration of MT presented negative effects.
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Introduction

Early in 1965, Robert G. Edwards discovered that morpho-
logically immature human oocytes could spontaneously ma-
ture in vitro and be subsequently fertilized [5]. Eighteen years
later, the first in vitro maturation (IVM) baby came into this
world [30]. It is estimated that there had been over 1300 IVM
babies delivered worldwide till 2009 [6]. Nowadays, because
of the well acknowledged benefits of this technique, IVM has
emerged as an important and prosperous field of assisted
reproductive technique (ART). IVM is safe and cost-
effective especially when it is applied to women with poly-
cystic ovary syndrome (PCOS) [3]. Occasionally, it could also
be applied to poor responders and cancer patients [18].
Compared to conventional ovarian superstimulation cy-
cles, the yield of IVM cycles is relatively unsatisfactory.
And so far, there are no universal IVM protocols. In order to
achieve better results, various modifications (e.g. hormone
priming, cycle monitoring and culture conditions) have been
tried [15]. When it comes to in vitro culture conditions,
oxidative stress is one of the most devastating factors [4]. In
vivo, oocytes and embryos produce endogenous reactive ox-
ygen species (ROS) [9]. At the same time, damaging effect of
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ROS could be balanced by the antioxidant defense system in
vivo, which consists of super oxide dismutase (SOD) and
glutathione (GSH). Particularly, antioxidant has been found
in follicles and fluid of fallopian tubes [12]. In vitro, a variety
of factors (e.g. visible light, elevated oxygen concentrations,
and unusual concentrations of metabolites and sub-
strates) could also result in unnecessary exposure to
ROS [7]. Because of a lack of antioxidant system and
the extra exogenous ROS, it is reasonable to employ
medium supplemented with biologically active antioxi-
dant compounds to balance endogenous and exogenous
ROS in vivo.

Melatonin (MT), which is secreted mainly by pineal
gland, is in charge of mediating a number of circadian
and seasonal processes in mammalian reproduction [16,
19]. MT and its metabolites have been demonstrated to
be powerful and direct scavenger of free radicals [20,
21, 27, 28]. In contrast to other known radical scaven-
gers, the function of MT is multi-faceted and universal
[8, 13, 29]. The beneficial effects of MT have been
reported in rodent and bovine in vitro embryo develop-
ment [10, 17]. And according to toxicity test of MT, no
detrimental effects were found on rodent embryo devel-
opment [2, 11, 14]. MT is effective, relatively safe and
hence promising as supplement of IVM medium. But
there has been no research exploring the effects of MT
in human oocyte in vitro development so far. We initi-
ated this study to examine if MT could ameliorate

Fig. 1 Enrollment and
grouping

meiotic maturation of human oocytes in vitro. Because
this is a pilot study and this is also the first application
on human oocytes, we used the immature oocytes from
superovulation cycles, instead of immature oocytes from
typical IVM cycles.

Material and methods
Patients

In this study, we enrolled 438 women undergoing
intracytoplasmic sperm injection (ICSI) cycles at the
center for reproductive medicine of Henan Provincial
Hospital from May 2011 to July 2012, according to
the following criteria: 1) younger than 35 years old; 2)
patients undergoing their first ICSI cycles; 3) cycles
stimulated with standard long pituitary down-regulation
protocol; 4); non-smoking and non-drinking. We have
obtained ethics approval from institutional review board
of Henan Provincial Hospital that, after obtaining in-
formed consents from the involved patients, their imma-
ture oocytes could be used for scientific research.

Ovarian superstimulation and oocyte retrieval

All the ICSI cycles were carried out according to the stan-
dard protocol of our center which was described elsewhere
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[31]. After pituitary down-regulation by gonadotropin re-
leasing hormone agonist (GnRH-agonist) (Triptorelin Ace-
tate, Ferring AG, Switzerland), ovarian stimulation was
initiated by recombinant FSH (Gonal-F; Serono, Switzer-
land). When 3 or more follicles reached 18 mm in diameter,
6,000~10,000 IU human chorionic gonadotropin (hCG)
(Chorionic Gonadotrophin of human; Lizhu, China)
was administered. After 36 h, oocyte cumulus com-
plexes (OCC) were retrieved. Removal of the surround-
ing cumulus cells was accomplished by a combined
enzymatic and mechanical treatment under a stereoscop-
ic dissecting microscope. Mature oocytes were fertilized
and further cultured, whilst germinal vesicle break-
down/metaphase I (MI) and germinal vesicle (GV) oo-
cytes were vitrified (Kitizato, Japan). In order to avoid
intrinsic abnormalities of the oocytes, cycles with more
than 33 % sibling immature oocytes were excluded in
this study. Totally, 313 GV oocytes and 543 MI oocytes
were vitrified and stored in liquid nitrogen.

Rescue IVM

Two hundred seventy eight GV oocytes and 451 MI
oocytes survived after thawing. The oocytes were then
randomly transferred into the medium supplemented
with different concentrations of MT (Sigma-Aldrich)
(1072, 1, 10%, 10* and 10° nM) and the control medium.
The basic maturation media consisted of commercial
SAGE IVM media (SAGE, USA), 75 mIU FSH
(Ferring, Germany) and 75 mIU LH (Ferring, Germany).
Each oocyte was cultured in a 50 pL microdrop for
48 h in an atmosphere of 5 % O, 5 % CO” and 95 %
relative humidity at 37 °C.

Assessment of meiotic status

The oocytes were observed by one embryologist after 6 h,
12 h, 18 h, 24 h and 48 h of culture. Oocytes that displayed
PB1 were considered as nuclear maturation (MII). The
oocytes with an intra cytoplasmatic nucleus were identified

as GV, while the oocytes that had neither a visible GV nor
PB1 were classified as MI.

Statistical analysis

For independent samples, student’s f-test was employed to
analyze normally distributed quantitative variables, while
the chi-square test or Fisher’s test was used to analyze
nominal variables. Continuous variables were summarized
with descriptive statistics (n, mean, standard deviation).
Categorical variables were described with counts and per-
centages. All tests were two-sided, and a P-value less than
0.05 are considered statistically significant for all statistical
tests. All analyses were performed using SPSS software,
version 18.

Results
Epidemiologic and clinical characteristics of the subjects

At first we enrolled 454 young patients undergoing their
first ICSI cycle. 16 cycles were excluded because of
meiosis retardation or poor oocyte morphology. Total-
ly,313 GV oocytes and 543 MI oocytes were vitrified.
After freezing and thawing, 278 GV oocytes and 451
MI oocytes survived, and they were randomly assigned
into the control group and five other groups of varying
MT concentrations (Fig. 1). No significant differences
were found in major clinical characteristics among the
six groups (Table 1).

Low concentrations of MT could accelerate nuclear
maturation

Effects of MT on nuclear maturation of GV and MI oocytes
are shown in Fig. 2 respectively.

For the GV oocytes, during the first 6 h of culture, none of
the oocytes presented meiosis related morphological change.
During the second 6 h (6—12 h of culture), a small portion of

Table 1 Epidemiologic and clinical characteristics of controls and 5 groups supplemented with different concentrations of MT

MT concentration Number of oocytes/ Age (years) BMI Basal FSH (IU/  Total Gn dose Immature oocyte rate
(nM) patients ml) 1v) (%)

Control 121/73 28.55+4.63  23.68+3.73 7.34+2.82 2037.05+£879.23 86.5+5.82
1072 129/73 28124520 23.41+3.24 7.45+2.20 2090.25+902.33 86.7+5.88

1 140/73 29.22+4.45  22.23+2.95 7.50+2.58 1938.78+850.65 85.6+6.90

10 110/73 29.45+4.61 22.53+3.74 7.65+2.49 2075.45+912.36 85.0+6.39

10° 115/73 28.59+5.59  22.25+3.08 8.02+2.86 2020.53+898.41 85.0+6.16

107 114/73 28.89+4.63  23.58+3.12 8.06+2.68 1998.25+890.02 84.7+7.07
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the GV oocytes cultured in the media supplemented with low
concentrations of MT (10~* nM, 1 nM and 10 nM) (low-MT
groups) successfully proceeded to the MII stage, while
all the GV oocytes of the control group and those
cultured in medium supplemented with high concentra-
tions of MT (10* nM and 10° nM) (high-MT groups)
remained to be nucleic immature. During the third 6 h
(12-18 h of culture), the GV oocytes of the control
group and high-MT groups began to present the first
polar body (1 PB), however, growth of nuclear matura-
tion rate was still slower than that of the low-MT
groups. During the fourth 6 h, growth of nuclear mat-
uration rate of the high-MT group remained to be the
slowest. Of note, statistically significant increase of
nuclear maturation rate was observed during the second
6 h and the third 6 h in the 1 nM MT group and the
10> nM MT group respectively.

Similar phenomenon was observed in the MI oocytes,
faster growth of nuclear maturation rate was observed in the
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low-MT groups. Notably, statistically significant increase of
nuclear maturation rate was observed during the 1st and 2nd
6 h in both the 1 nM and 10~ nM MT groups.

Low concentration of MT could increase nuclear maturation
rate

For the GV oocytes, at 24 h of culture, nuclear maturation
rate of the low-MT groups were higher than the control
group. And the difference of nuclear maturation rate reached
statistical significance in the 1 nM MT group and the
10> nM MT group. Similar situation could also be observed
at 48 h of culture.

Low concentration of MT could also increase nuclear matu-
ration rate of the MI oocytes. As early as 12 h of culture, nuclear
maturation rate of the low-MT groups was higher than the
control group. Notably, | nM MT was the optimal concentration
for MI oocytes, that its nuclear maturation rate was statistically
higher than that of any other groups at 18 h and 24 h.
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High concentration of MT decreased nuclear maturation rate

For both the GV and MI oocytes, nuclear maturation rate of
the high-MT groups was lower than that of the controls.
And nuclear maturation rate of GV oocytes and MI oocytes
cultured in 10° MT media at 24 h and 48 h was significantly
lower than that of the controls respectively.

Discussion

Our study demonstrates that low concentrations of MT
could improve nuclear maturation of human oocytes during
rescue IVM. Low concentrations (10 nM, 1 nM and
10? nM) of MT accelerated meiosis and raised the nuclear
maturation rate of human oocytes after vitrification. The
best maturation rate of both GV and MI oocytes had been
achieved when MT concentration was 1 nM.

Previous studies indicated that in IVM cycles, the oo-
cytes matured early (in the first 24 h) had significantly
higher fertilization rate and cleavage rate than those that
matured late [24]. Other studies showed that oocytes ma-
tured early yielded significantly higher fertilization and de-
velopmental potential than their counterparts matured late
[1, 23]. In the current study, meiotic maturation was evalu-
ated at different time points (6 h, 12 h, 18 h, 24 h and 48 h),
so that we can identify the optimal culture duration. We
found that, regardless of MT concentrations, the nuclear
maturation rate at 24 h was significantly higher than that
at 18 h. And if the culture was extended to 48 h, there was
no significant raise found in maturation rate. Prolonged
culture may impair developmental potential of the oocytes.
Therefore, 24 h is the optimal culture duration to achieve
nuclear maturation in our rescue [IVM system.

According the result showed in Fig. 2, at 24 h, the highest
nuclear maturation rate was found in the 1 nM MT group,
though the difference was not significant in GV oocytes. This
may have resulted from either a relatively lower number of GV
oocytes in our study or due to the inherent differences in the
maturational process as compared to M1 oocytes. Thus, more
GVoocytes are needed in further studies. However, for oocytes
at GV and MI stage, supplementing high concentrations of MT
(10° nM and 10" nM) resulted in lower maturation rate com-
pared to the controls. And among GV oocytes, the difference
between the 10’ nM MT group and controls was significant
(P<0.05). Therefore, high concentrations of MT (10° nM and
10" nM) hampered nuclear maturation. Increased MT in fol-
licular fluid seems to have an important role in ovulation [22],
but according to the current study overdose MT maybe have
detrimental effects on oocyte maturation. Previous studies
indicated that physiological concentrations of ROS were nec-
essary for meiotic resumption [25]. And in the current study,
supplementing low concentrations of MT balance the extra

ROS which is caused by in vitro manipulation, while
supplementing high concentration of MT depleted all the
ROS, which resulted in low nuclear maturation rate.

In most of the superovulation cycles, a small portion of
oocytes remains immature after hCG trigger. These oocytes
are routinely abandoned because clinical outcomes of these
oocytes are unsatisfactory [26]. This type of oocyte was
utilized in the current study because this is the very first
application of MT on human oocytes. Additionally, all these
oocytes were thawed after vitrification. Moreover, in order
to judge meiotic status as soon as possible, the oocytes were
from ICSI cycles and denuded, whereas the oocyte cumulus
complexes (OCC) are recommended to be kept intact in
traditional IVM manipulation. Both the source of oocytes
and vitrification may have detrimental effects on the oocytes
in our study, and hence resulted in bias.

In conclusion, our study indicates MT could ameliorate
immature human oocyte meiotic maturation. And the matu-
ration rate was the highest when MT concentration was
1 nM. 24 h are the optimal culture duration to achieve
nuclear maturation in our rescue IVM system. However
the current study is flawed mainly because of the suboptimal
source of the oocytes. MT, as a promising I[IVM supplement,
deserved further studied in the future. Oocytes from con-
ventional IVM cycles are preferable and fertilization, em-
bryogenesis and implantation should be recorded in future
studies.
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