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Abstract
Purpose To evaluate the meiotic spindle and chromosomal
distribution of in vitro-matured oocytes from infertile
nonobese women with PCOS and male or tubal causes of
infertility (controls), and to compare in vitro maturation
(IVM) rates between groups.
Methods Seventy four patients (26 with PCOS and 48
controls) undergoing stimulated cycles of oocyte retrieval
for ICSI were selected prospectively. Thirteen PCOS
patients and 27 controls had immature oocytes retrieved
submitted to IVM. After IVM, oocytes showing extrusion
of the first polar body were fixed and processed for
evaluation of the meiotic spindle and chromosome distri-
bution by immunofluorescence microscopy.

Results There were no differences between PCOS and control
groups with respect to IVM rates (50.0% and 42.9%,
respectively) nor the percentage of meiotic abnormalities in
metaphase II oocytes (35.3% and 25%, respectively).
Conclusions In vitro-matured oocytes obtained from stim-
ulated cycles of nonobese PCOS did not have an increased
ratio of meiotic abnormalities.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous
syndrome characterized by ovarian hiperandrogenism,
luteinizing hormone (LH) hypersecretion, polycystic ova-
ries (PCO), hyperinsulinemia from insulin resistance, and
reduced fecundity [1]. The variable phenotypic expression
of reproductive and metabolic abnormalities in PCOS
patients leads to differences in oocyte developmental
competence [2–5] defined as the ability of the oocyte to
complete meiosis and undergo fertilization, embryogenesis,
and term development [6].

Despite the increasingly frequent use of assisted repro-
duction techniques (ART) for the treatment of infertility
related to polycystic ovary syndrome (PCOS), it is still
uncertain whether the success of these procedures differs
between patients with and without this syndrome. Some
authors have reported lower fertilization rates after ART in
PCOS patients [3, 7]. The role of compromised endometrial
receptivity and oocyte quality in contributing to the
deleterious effects of PCOS on female fertility is being
questioned [4, 8]. It has been postulated that high
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concentrations of luteinizing hormone (LH) during the
follicular phase may result in poor quality oocytes by
interfering with folliculogenesis [9]. Other endocrine and
metabolic changes associated with this syndrome may also
be related to the impairment of oocyte quality, a possibility
that needs to be elucidated. Impaired oocyte quality, in turn,
may contribute to the reduction of fertilization rates
observed after ART.

Studies that have evaluated oocyte quality in patients
with PCOS in a noninvasive manner have used the analysis
of parameters such as the number of metaphase II oocytes
[5, 10] and morphological analysis of the cumulus-oocyte
complex [11, 12]. However, in view of the weak correlation
of these parameters with subsequent embryo development
and consequently with the prognosis of pregnancy, these
criteria are assumed not to be adequate predictors of the real
oocyte quality.

Oocyte quality depends on proper cytoplasmic and
nuclear maturation [6], with the latter requiring the presence
of normal cell spindles that guide chromosome segregation
during meiosis [13–15] Thus, for a mature oocyte to be
prepared for fertilization, the meiotic spindle must maintain
its integrity and functionality. No studies are currently
available that have compared the cell spindle and chromo-
some distribution in the oocytes of women with PCOS to
those of infertile women without this syndrome. We
emphasize that the assessment of oocyte quality by means
of a morphological study of the organization and structural
distribution of the meiotic spindle is a simple method with
good reproducibility that would help characterize one of the
potential variables related to the suggested impaired oocyte
quality in women with PCOS.

Thus, in the present study, we compared the meiotic
spindle and the chromosome distribution of in vitro-
matured oocytes obtained from stimulated cycles of
infertile nonobese women with PCOS to data from oocytes
obtained from a control group consisting of women with
infertility resulting from male and/or tubal factors. A
secondary objective was the comparison of rates of in vitro
maturation (IVM) of immature oocytes obtained in cycles
stimulated with gonadotropins between PCOS and control
women.

Methods

A prospective study was conducted on infertile patients
consecutively treated at the Marital Infertility outpatient
clinic of the University Hospital, Faculty of Medicine of
Ribeirão Preto, University of São Paulo, from April 2006 to
August 2007, and submitted to ovarian stimulation for
intracytoplasmic sperm injection (ICSI). The study was
approved by the Research Ethics Committee of the

institution and all patients evaluated gave written informed
consent to participate.

Seventy-four infertile patients (26 PCOS patients with
infertility secondary to the exclusive presence of chronic
anovulation and 48 patients with infertility secondary to
male and/or tubal factors—control group) fulfilled the
inclusion criteria during the study period. Thirteen PCOS
patients and 27 controls had immature (germinal vesicle or
metaphase I) oocytes retrieved and submitted to in vitro
maturation (IVM). After IVM, only oocytes showing
extrusion of the first polar body were fixed and processed
for evaluation of the meiotic spindle and chromosome
distribution by immunofluorescence microscopy.

The inclusion criteria for patients with PCOS were
confirmation of this diagnosis according to Rotterdam
Criteria [1], and absence of associated clinical or gyneco-
logic diseases. The patients in the control group had no
pelvic disease associated with infertility when submitted to
diagnostic laparoscopy used as part of the procedures for
the investigation of infertility. Age ≤38 years, body mass
index (BMI) <30 kg/m2, and basal follicle stimulating
hormone levels (FSH) <10 mIU/ml were inclusion criteria
for both groups. The presence diabetes mellitus, cardiovas-
cular disease, dyslipidemia, systemic lupus erythematosus
and other rheumatologic diseases, HIV infection, any active
infection, smoking habit or use of hormonal medications
and hormonal or non-hormonal anti-inflammatory medica-
tions in the last 6 months were exclusion criteria for both
groups.

There were no differences between PCOS and control
groups with respect to median age (33 and 35 years,
respectively), body mass index (24.5±3.9 kg/m² and 23.6±
3.1 kg/m², respectively), and basal FSH levels (5.4±
2.5 mIU/ml and 4.8±2.0 mIU/ml, respectively).

Controlled ovarian stimulation (COH) followed the
protocol of the sector, which consists of pituitary desensi-
tization with gonadotropin releasing hormone (GnRH,
Lupron®, Abott, Brazil) using the long protocol, controlled
ovarian stimulation with recombinant follicle stimulating
hormone (FSH, Gonal F, Serono, Geneva, Switzerland;
Puregon, Organon, The Netherlands) and administration of
human urinary chorionic gonadotropin (hCG, Ovidrel®,
Serono, São Paulo, Brazil) in order to promote ovulation
induction, followed by oocyte retrieval 34 to 36 h later.

Each patient received a daily subcutaneous injection of
0.5 mg leuprolide acetate (Lupron®, Abott, Brazil) starting
10 days before the basal ultrasound exam when ultrasono-
graphic evaluation was performed before the beginning of
ovarian stimulation. Two hundred to 300 units of recombi-
nant FSH were used daily during the first 6 days of ovarian
stimulation. Ultrasonographic monitoring of the cycle was
started on the seventh day of stimulation and performed
daily or every 2 days, and the gonadotropin dose was
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adjusted according to the follicular growth observed.
The gonadotropins and the GnRH agonist were discon-
tinued when at least two follicles had a mean diameter
of 18 mm, and 250 μg of recombinant hCG was
administered at that time at 22:00 h. About 34 to 36 h
after hCG administration, each patient underwent oocyte
retrieval under intravenous sedation. The aspirated
material was analyzed for the identification and isolation
of oocyte-cumulus complexes (OCCs). After careful
washing, the identified OCCs were cultured for 2 to
4 h. Oocytes were denuded enzymatically with hyal-
uronidase (H4272 type IV-S, Sigma; 80 IU/mL) for 30 s
and, after that, mechanically with the aid of a stripper
pipette (130 μm denuding pipette, Cook, Melbourne,
Australia).

Immediately after oocyte denudation, we performed
morphological analysis for the identification of the degree
of oocyte maturity under a light microscope. The oocytes
that had reached metaphase II (MII) were considered to be
mature and were injected for ICSI. The oocytes that showed
signs of mechanical damage or atresia were discarded. The
oocytes that were in the germinal vesicle stage (GV,
absence of the extruded polar body and presence of the
germinal vesicle) or in metaphase I (MI, absence a polar
body and of the germinal vesicle) were considered to be
immature and were submitted to IVM.

In vitro maturation

Immature denuded oocytes were individually cultured in
25 μL droplets of HTF+10% SSS medium (previously
equilibrated for a period of ≥4 h) under mineral oil at 37°C,
95% humidity, and 5% CO2 for a previously defined period
of time.

Before the beginning of the present study we constructed
a standard curve for IVM in order to determine the mean
time of culture necessary for most immature (GV and MI)
oocytes to present first polar body (PB) extrusion. Briefly,
twenty GV oocytes were cultured for 16 h and then
evaluated at 1 h intervals until first PB extrusion (median
time of IVM=19 h, 25th percentile=18 h, 75th percentile=
20 h, minimum=17 h, and maximum=24 h). Twenty-nine
MI oocytes were cultured for 3 h and then evaluated at
30 min intervals until first PB extrusion (median time=4 h,
25th percentile=3.5 h, 75th percentile=4.5 h, minimum=
3 h, and maximum=7 h).

Thus, GV oocytes were cultured for 19±1 h and MI
oocytes were cultured for 4 h±30 min. After this pre-
established culture period, the degree of oocyte maturation
was analyzed again, and oocytes showing extrusion of the
first PB were fixed for analysis by immunofluorescence
microscopy in order to identify the cell spindle and
chromosome distribution. We discarded all oocytes that

did not show first PB extrusion after the incubation period
together with any degenerated oocytes.

The IVM rate was calculated for both groups by dividing
the number of oocytes showing extrusion of the first
PB×100 by the total number of immature oocytes
submitted to IVM.

Immunofluorescence microscopy of tubulin and chromatin

Denuded oocytes were fixed and extracted for 30 min at
37°C in a microtubule-stabilizing buffer as previously
described [16, 17]. Oocytes were washed extensively and
blocked overnight at 4°C in the wash medium (PBS
supplemented with 0.02% NaN3, 0.01% Triton X-100,
0.2% nonfat dry milk, 2% goat serum, 2% BSA and 0.1 M
of glycine). They were then incubated with β-tubulin
mouse monoclonal antibodies (1:150), washed again and
incubated with fluorescein isothiocyanate-conjugated anti-
mouse IgG (1:200; Molecular Probes, OR) at 37°C for 2 h.
After being washed, the samples were stained for DNAwith
Hoechst 33342 (10 μg/ml) in Vectashield mounting
medium (H-1000, Vector, Burlingame, CA) on a glass slide
and sealed. The samples were observed under a Zeiss
Axiovert 100TV inverted fluorescence microscope.

Oocyte classification based on meiotic spindle morphology
and chromosome configuration

Oocytes were considered to be in telophase I when they
had an elongated cell spindle perpendicular to the oocyte
membrane with chromosomes distributed at the ends
(Fig. 1a). For better accuracy, oocytes in MII were
subdivided into analyzable and non-analyzable structures.
Oocytes were termed analyzable when they presented their
spindles in a lateral or sagittal view and non-analyzable
when they presented spindles in a polar view, preventing
an overall evaluation of the spindle and only permitting
the view of chromosome arrangement. The spindle
configuration of MII oocytes was regarded as morpholog-
ically normal when a barrel-shaped structure with slightly
pointed poles linked by organized microtubules could be
observed under fluorescent microscopy (Fig. 1b). Chro-
mosome configuration was regarded as normal when
chromosomes were arranged on a compact metaphase
plate at the equator of the structure (Fig. 1b). Abnormal
chromosome organization included chromosomal mis-
alignment (Fig. 1c) and dispersal of chromosomes
(Fig. 1d). Thus, meiotic abnormalities consisted of spindle
disruption or chromosomal misalignment, fragmentation,
or dispersal. Parthenogenetic activation was considered
to be present when oocytes were at anaphase II or
telophase II (with or without extrusion of the second
polar body).
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Statistical analysis

Statistical analysis was performed using GraphPad 5.0 for
Windows (GraphPad Software Inc., San Diego, CA, USA).
We compared the observed proportions between the two
groups by using Fisher’s exact test. P-value <0.05 was
considered as statistically significant.

Results

Of the 34 immature oocytes obtained from the PCOS
group, 17 showed extrusion of the first polar body after
IVM; this resulted in a 50.0% IVM rate. From the 56
oocytes obtained from the control group, 24 presented
extrusion of the first polar body resulting in a 42.9% IVM
rate. No significant difference in IVM rates was observed
between the two groups

Four oocytes from the control group were not analyzed
owing to staining failure or loss of the cells during
processing. Thus, 20 in vitro-matured oocytes from the
control group (11 in GV and 9 in MI) and 17 oocytes from
the PCOS group (7 in GV and 10 in MI) were analyzed by
immunofluorescence microscopy.

First, in vitro-matured oocytes in the GV and MI stages
were pooled together for analysis. In the PCOS group, 3

(17.6%) of 17 oocytes analyzed by fluorescence microscopy
were in normal telophase I and 14 (82.4%) were in metaphase
II (29.4% of normal MII). In the control group, 2
(10.0%) of 20 oocytes analyzed by fluorescence micros-
copy were in normal telophase I, 15 (75.0%) were in
metaphase II (30.0% of normal MII), and 3 (15.0%)
expressed signs of parthenogenetic activation. Three and
4 MII oocytes, respectively from the PCOS and control
groups, were fixed with their spindles in a polar view,
being considered non-analyzable in the study. The
incidence of oocyte meiotic abnormalities, characterized
by spindle disruption and/or chromosomal misalignment
visualized by fluorescence microscopy after immunos-
taining, did not differ significantly between groups
(35.3% and 25%, respectively for PCOS and control
oocytes; Table 1).

We also analyzed in vitro-matured oocytes in GVand MI
separately in each group. Considering oocytes originating
from GV, in the PCOS group, 2 (28.6%) of 7 oocytes
analyzed were in normal telophase I and 5 (71.4%) were in
metaphase II (2 normal, 2 abnormal, and 1 non-analyzable).
In the control group, 2 (18.2%) of 11 oocytes were in
normal telophase I, 7 (63.6%) were in metaphase II (2
normal, 3 abnormal, and 2 non-analyzable), and 2 (18.2%)
expressed signs of parthenogenetic activation. Considering
oocytes originating from MI, in the PCOS group, 1 oocyte

Fig. 1 Fluorescence microscopy
images from cell spindle and
chromosomes. a Oocyte in
normal telophase I showing an
elongated cell spindle perpendic-
ular to the oocyte membrane with
chromosomes distributed at the
ends. b Chromosomes properly
aligned in the median portion of
a normal barrel-shaped spindle of
a metaphase II oocyte. c Chro-
mosome misalignments over a
normal barrel-shaped spindle of a
metaphase II oocyte. d Chromo-
some spreading over a normal
spindle of a metaphase II oocyte.
Green: microtubules forming the
cell spindle; Blue: chromosomes.
Scale bar=10 μm
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(10%) was in normal telophase I and 9 (90%) were in
metaphase II (3 normal, 4 abnormal, and 2 non-analyzable).
In the control group, all 9 oocytes originating from MI were
in metaphase II (4 normal, 2 abnormal, and 2 non-
analyzable). The incidence of meiotic abnormalities of
oocytes also did not differ significantly between groups
when oocytes originated either from GV (28.6% and 27.3%
of abnormal MII, respectively, in the PCOS and control
groups) or MI (40% and 20% of abnormal MII,
respectively, in the PCOS and control groups) were
analyzed separately.

Discussion

To our knowledge the present study was the first to assess
the proportions of meiotic anomalies in in vitro-matured
oocytes from stimulated cycles of patients with PCOS
compared to those of women with infertility due to tubal
and/or male factors (control group). There is evidence in the
literature supporting the fact that obesity [2, 18] may affect
oocyte quality and consequently influence the results of
ART, reducing fertilization rates and increasing spontane-
ous abortion rates in patients with PCOS [3, 7]. Thus, in the
present study, we only evaluated oocytes from non-obese
PCOS patients and controls to avoid this confounding
factor. The preliminary data obtained in the present study
did not demonstrate a significant difference in the frequency
of meiotic abnormalities, characterized by spindle disruption
and/or chromosomal misalignment, between the two groups
studied. As GVand MI oocytes might have a different ability
to progress to MII and support the constitution of a normal
MII spindle, the frequency of spindle and chromosome
normality in the PCOS and control groups was also analyzed

separately in in vitro-matured oocytes originating from GV
andMI. Despite the small sample size evaluated, the incidence
of meiotic abnormalities of oocytes also did not differ
significantly between groups when oocytes originating from
GVor MI were analyzed separately. The present data suggest
that meiotic abnormalities are not responsible for compro-
mised oocyte quality in non-obese infertile PCOS patients
submitted to ovarian stimulation for ART. However, further
evaluation is needed in studies with larger sample sizes
analyzing in vivo-matured oocytes.

We found only one published report evaluating the
incidence of meiotic anomalies of in vitro matured human
oocytes from patients with PCOS, which detected a 43.7%
frequency of cell spindle anomalies and a 33.3% frequency
of chromosome abnormalities [19]. However, the study was
designed to test the specific hypothesis that human oocyte
IVM results in a higher percentage of meiotic abnormalities
compared with oocytes matured in vivo and all oocytes
were obtained from PCOS women. Although the in vitro
matured oocytes analyzed in the cited study were obtained
in unstimulated cycles, the proportion of meiotic anomalies
observed (43.7% in the cell spindle) was similar to that
found in the present study (35.3%) where only oocytes that
presented their spindles in a lateral or sagittal view were
considered analyzable by allowing an overall evaluation of
the spindle and chromosome configuration.

Cell spindles and chromosome distribution from in vivo-
matured instead of in vitro matured oocytes should be
evaluated to properly associate the presence of meiotic
oocyte anomalies with ART results [20–22]. However, the
scarcity of available mature human oocytes for invasive
research that prevent the clinical use of this material, as is
the case for immunofluorescence microscopy used in the
present study, justified the use of immature oocytes
obtained from gonadotropin-stimulated cycles for ICSI
which presented extrusion of the first polar body after
IVM. However, the methodology used has limitations.
First, the oocytes used for the study may have failed to
mature in vivo despite ovarian stimulation due to intrinsic
incompetence to support a normal meiotic maturation, a
fact that might be potentially associated with a higher
frequency of meiotic anomalies. Second, immature oocytes
(GV and MI) were matured in the absence of companion
cumulus cells , a fact possibly related to a higher frequency
of meiotic and spindle anomalies [23], irrespective of the
original oocyte quality. Third, IVM itself is known to cause
a significant increase in the occurrence of meiotic abnor-
malities, as previously described [24]. Last, the low
proportion of immature oocytes obtained in stimulated
cycles and the need to subject them to IVM before fixation
for immunofluorescence limited the supply of in vitro-
matured oocytes for the current study, justifying the very
low number of samples analyzed. Therefore we cannot

Table 1 Analysis of the cell spindle and chromosomal configuration
of in vitro matured oocytes obtained from stimulated cycles of women
with PCOS and from women with infertility due to male and/or tubal
factors (control group)

PCOS Control p

Germinal vesicle oocytes

Analyzed oocytes 17 20

Normal Telophase I—N (%) 3 (17.6) 2 (10.0) 0.64

Normal Metaphase II—N (%) 5 (29.4) 6 (30.0) 1.00

Abnormal Metaphase II—N (%) 6 (35.3) 5 (25.0) 0.72

Non-analyzable Metaphase II—N (%) 3 (17.6) 4 (20.0) 1.00

Parthenogenetic activation—N (%) 0 (0) 3 (15.0) 0.23

N number, PB polar body, IVM in vitro maturation; analyzed oocytes:
oocytes obtained from gonadotropin-stimulated cycles that were
analyzed by fluorescence microscopy after observation of the first
PB extrusion after IVM; non-analyzable Metaphase II: oocytes fixed
with spindles in a polar view; p value obtained by Fisher’s exact test
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extrapolate the proportion of meiotic abnormalities detected
here in in vitro-matured oocytes obtained from stimulated
cycles to that occurring in in vivo-matured oocytes.
However, we emphasize that the same methodology was
also used for the control group in order to minimize these
potential confounding factors.

The cell spindle of the oocyte is a highly dynamic
structure that is extremely sensitive to the action of various
factors [25–27]. These factors may affect the spindle,
causing tubulin depolymerization and chromosome dislo-
cation from the metaphase equator and generating meiotic
anomalies. Some investigators have demonstrated that the
time of culture after the completion of nuclear maturation
may promote metaphase aging of the oocyte, which may
also be one of the factors related to the increased incidence
of meiotic abnormalities [28]. This justified the construc-
tion of a standard IVM curve in order to establish the mean
culture time under the conditions and with the culture
medium used in the present study at which most oocytes
would reach metaphase II. Thus, only immature oocytes
that presented extrusion of first PB after the predefined
culture time were used and analyzed in the present study.

In vitro maturation rates were found to not differ
significantly between groups. The relatively high yield of
this strategy could thus be of practical utility, especially in
cases where few mature oocytes are retrieved and immature
oocytes are available. Futures studies will be important for
determining viability and competence for the subsequent
development of embryos from in vitro-matured oocytes
obtained from stimulated cycles.

Conclusions

In summary, the present pilot study did not demonstrate a
significant difference neither in IVM rates nor in the
frequency of meiotic anomalies between in vitro-matured
oocytes from stimulated cycles of nonobese patients with
PCOS and those from women with infertility due to tubal
and/or male factors. The small series, study design, and the
possibility that adverse follicular conditions (such as altered
levels of androgen, insulin, and growth factors, among
others) in PCOS patients could occur during the process of
meiotic resumption and progression to MII may compro-
mise the extrapolation of our results to in vivo-matured
oocytes. However, if the present findings can be confirmed
in studies on larger series, they will support the hypothesis
that damage to the meiotic spindle and the chromosome
distribution of MII oocytes are not responsible for the
suggested worsening of oocyte quality in infertile nonobese
women with PCOS. Future studies conducted on larger
series and, ideally, evaluating in vivo-matured oocytes are
still necessary before further conclusions.
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