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Abstract—The expedience of using oocytes with morphological dysmorphism in assisted reproduction tech-
nology programs is debatable. This study aimed to estimate morphological and molecular cytogenetic char-
acteristics of enlarged oocytes and to predict results of their further fertilization. Among 774 oocytes retrieved
from 80 patients, 83 (11%) cells were enlarged. Morphometric analysis showed the diameter of the ooplasm
to be (176.67 ± 1.76) μm and the diameter with ZP (200.8 ± 4.24) μm. Among these giant oocytes, 47 (56.6%)
were at the metaphase II stage, 26 (31.3%) at the metaphase I stage, and 10 (12.1%) at the prophase I stage.
The retrieved giant oocytes were characterized by dysmorphism of endo- and exocytoplasmic structures.
Among 47 cells at the metaphase II stage, 40 (85.1%) oocytes had two polar bodies, three (6.4%) oocytes had
one polar body, and four (8.5%) oocytes had a fragmented polar body. The assessment of the presence of mei-
otic spindle by polarization microscopy showed that 39 (83%) oocytes had two meiotic spindles, 3 (6.4%)
oocytes had one meiotic spindle, and 5 oocytes (10.6%) had no visualized meiotic spindles despite the pres-
ence of polar bodies. After fertilization of 47 oocytes at the metaphase II stage, pronuclei were detected in
42 (89.4%) cells, including 9 (21.4%) oocytes with two pronuclei, 27 (63.3%) oocytes with 3 pronuclei, and
6 (15.3%) oocytes with four pronuclei. The molecular cytogenetic analysis demonstrated that the embryos
obtained after fertilization of giant oocytes had a polyploid chromosome set number. Thus, the results of our
study showed the inexpediency of using giant oocytes for further fertilization.

Keywords: oocytes, giant oocytes, morphological characteristics, molecular cytogenetic analysis
DOI: 10.3103/S0095452721020110

INTRODUCTION

Female gametes are unique cells whose main func-
tion is fertilization and support of early embryonic
development since it is the oocyte that supplies the
future embryo with proteins, energy substrates, and
cytoplasmic organelles, which are involved in the acti-
vation of the embryonic genome (Rienzi, 2012).

After the luteinizing hormone (LH) surge, oocytes
undergo nuclear and cytoplasmic maturation. Nuclear
maturation depends on the formation and mainte-
nance of the structure of the meiotic spindle, which
requires centrosomal proteins, such as the nuclear
mitotic apparatus and γ-tubulin, and other regulatory
proteins (Reader, 2017). Cytoplasmic maturation
involves the rearrangement of organelles and the final
storage of mRNA, proteins, lipids, and transcription
factors required during fertilization and early embryo-
genesis (Conti, 2018). Recent studies have shown that

some of the key structures required for proper early
human oogenesis are Balbiani bodies, whose compo-
sition was described to include a range of structures
such as the large RNA–protein granule, centrioles,
endoplasmic reticulum, Golgi complex, annular
lamellae, and mitochondria. They are formed in
oogonia in the complex at the perinuclear position,
interact with the cytoskeleton, in particular with actin
microtubules, and participate in the formation of
oocyte polarity (Heim, 2014). Also, the error-free
work of these structures in the ooplasm eliminates
damaged mitochondria (Bilinski, 2017). At the same
time, the malfunctioning of Balbiani bodies is
reflected in the divergence of chromosomes, their dis-
tribution, and ploidy (Elkouby, 2017). Balbiani bodies
are regulated by the Macf1a gene whose mutations dis-
rupt early oogenesis and affect the formation of the
embryo and the body as a whole (Escobar-Aguirre,
2017).
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Fig. 1. Giant oocyte at the metaphase II stage with two
polar bodies (left). DIC contrast.
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A mature female gamete consists of Zona pellucida
(ZP), glycoprotein membrane, ooplasm, nucleus, and
organelles (mitochondria, endoplasmic reticulum,
Golgi apparatus). The size of the oocyte varies from
120 to 170 μm, the average volume is 9.05 × 105 μm3.
Changes in the morphological characteristics of
oocytes can be the result of internal (individual, phys-
iological, or age-related) and external factors (for
example, environmental degradation, diseases, treat-
ment using gonadotoxic drugs or assisted reproductive
technologies (ART)). Among the factors determined
by ART, one can mention the induction of superovu-
lation, which allows for obtaining a cohort of mature
oocytes, in contrast to the natural menstrual cycle of
women (Bosch, 2015; Wang, 2015). However, this can
lead to changes in morphological characteristics,
impaired nuclear and cytoplasmic maturation and, as
a consequence, result in abnormalities of embryos and
their poor implantation (Balaban, 2006).

Cryopreservation of oocytes is an important com-
ponent of ART programs. On the one hand, its effec-
tiveness depends on the initial state of morphological,
functional and genetic characteristics of oocytes and,
on the other hand, cryopreservation itself can be a fac-
tor in morphological and genetic changes in gametes
(Yurchuk, 2019; Buderatska, 2020).

Therefore, the development of a system for assess-
ing the morphological characteristics of oocytes is
necessary to predict the genetic integrity, the success
of cryopreservation and fertilization of oocytes, the
further development of embryos in vitro, and their
ability to be implanted (Buderatska, 2017). In embry-
ological protocols, oocytes are usually sorted accord-
ing to the degree of maturity after isolation: morpho-
logical characteristics of ooplasm, polar bodies (PT),
and ZP. Particularly significant are oocytes that differ
from the cohort of extracted oocytes by increased sizes
and the abnormal number of polar bodies (Machtinger,
2011; Rosenbusch, 2012; Lehner, 2015).

The volume of the oocyte cytoplasm is considered
to be proportional to the amount of organelles and
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accumulated metabolites that affect oocyte quality,
suggesting that larger egg cells have better quality
(Reader, 2017). At the same time, some authors do not
recommend the use of enlarged oocytes for fertiliza-
tion because these cells have a diploid set of chromo-
somes (Rosenbusch, 2008). Thus, the question of the
expedience of using giant oocytes in ART programs
remains open. The aim of our work was to evaluate the
morphological and molecular cytogenetic characteris-
tics of enlarged oocytes and to predict results of their
use in ART.

MATERIALS AND METHODS
Embryological parameters of ART infertility treat-

ment cycles were analyzed in women in whom giant
oocytes were aspirated. The mean age of women was
34.9 ± 4.2 years. After aspiration of the follicles, the
cumulus-oocyte complexes were transferred from the
follicular f luid to the Global Total for Fertilization
medium (Life Global, United States). After oocyte
denudation using 80 IU/mL hyaluronidase (Life
Global, United States), cells were examined for the
presence of meiotic spindles by the Oosight polariza-
tion system (Hamilton Thorne, United States) using a
Nikon Eclipse Ti–U microscope (Japan) with Nar-
ishige micromanipulators (Rosenbusch, 2012).

Prior to fertilization by intracytoplasmic sperm injec-
tion (ICSI), oocytes were cultured in the above-men-
tioned medium in atmosphere of 6% CO2 (Petrushko,
2018). Enlarged (giant) oocytes were examined under an
inverted microscope at 400× magnification (Olympus
IX-71, Japan). Their diameter was measured and polar
bodies and meiotic spindles were counted. After fertil-
ization, the embryos were cultured in the Global Total
medium (Life Global, United States).

On the fifth or sixth day of development, trophec-
toderm cell biopsy was carried out for preimplantation
genetic testing of embryos for aneuploidy (PGT-A) by
fluorescent in situ hybridization (FISH).

Cytogenetic analysis of unfertilized oocytes was
carried out according to the Tarkovsky–Dyban
method.

Statistical processing of results was done in the Statis-
tica 6.0 software.

RESULTS AND DISCUSSION
From 80 patients who received infertility treatment

by ART, 774 oocytes were retrieved, including 83
(11%) enlarged cells (Fig. 1).

According to morphometric analysis, the diameter
of the ooplasm was (176.67 ± 1.76) μm, and the diam-
eter of the oocyte with ZP was (200.8 ± 4.24) μm.
Thus, giant oocytes were 38% larger than normal
female gametes, which have diameters of 127.17 ± 4.67
and (146.22 ± 3.25) μm, when measuring the ooplasm
and the oocyte with ZP, respectively. This increase was
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Fig. 2. Immature oocyte increased in size at the prophase
stage of the first meiotic division. The oocyte lacks the first
polar body, two nuclei in the form of embryonic vesicles
are visualized in the cytoplasm. DIC contrast.
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Fig. 3. (a) An oocyte increased in size, oval shape, contains
two polar bodies; (b) the same oocyte contains two meiotic
spindles (visualization using the polarizing system Oosight
(Hamilton Thorne, United States); (c) a zygote with three
pronuclei; (d) blastocyst 6AA on the sixth day of cultiva-
tion; (e) biopsy of trophectoderm cells; (f) trophectoderm
cell nuclei, the combination of hybridization signals corre-
sponds to the triploid set of the studied chromosomes.

(a)(a)(a) (b)(b)(b)

(c)(c)(c) (d)(d)(d)

(e)(e)(e) (f)(f)(f)

due to the larger diameter of the oolemma, since ZP
sizes were (24.13 ± 3.4) μm for giant oocytes and
(19.05 ± 2.2) μm for normal oocytes, which was not
statistically significant.

N. Balakier et al. reported a slightly larger average
diameter of giant human oocytes when measuring
oocytes with ZP, 147.73 mm (Balakier, 2002).

During aspiration of follicles in women aged 22–
35, 36–39, and over 40 years, 48   (58%), 21 (25%), and
11 (17%) giant oocytes were retrieved, respectively.
Thus, giant oocytes were significantly more likely to
occur in younger women, which is consistent with data
from other researchers [16].

Among 83 giant oocytes, 47 (56.6%) cells were in
the metaphase II stage, 26 (31.3%) cells were in the
metaphase I stage, and 10 (12.1%) cells were in the
prophase stage of the first meiotic division and were
characterized by the presence of two germinal vesicles
(GV) (Fig. 2).

Researchers of oocyte diploidy have found that it is
associated with cytoplasmic immaturity (Almeida,
1993). Experiments on mouse oocytes emphasized the
importance of synchrony between nuclear and cyto-
plasmic maturation for the correct sequence of events
after fertilization. In particular, impaired synthesis of
proteins involved in spindle formation and cytokinesis
may be the reason for the formation of oocytes with
diploid metaphase II (Soewarto, 1995). In human
oocytes, defects in maturation can be caused by vari-
ous parameters: physiological, hormonal, genetic, or
environmental. In a specific case of unfertilized
oocytes, in vitro additional factors associated with the
ART procedure, namely, stimulation modes and tem-
perature f luctuations, cytoplasmic dysmorphisms,
and disturbances in the organization of microtubules,
may also affect the kinetics of maturation and fertiliza-
tion. All these data have a significant impact on the
understanding and diagnostics of various forms of
infertility (Pellestor, 2002).

The extracted giant oocytes were characterized by
dysmorphism of endo- and exocytoplasmic structures.
Nine (10.8%) gametes had a distinct oval shape,
refractive bodies in the cytoplasm were found in
12 (14.5%) cells, and the granular region of the endo-
plasmic reticulum was found in 15 (18.1%) oocytes.
Combinations of these features were characteristic of
47 (56.6%) oocytes.

Among 47 giant oocytes at the metaphase II stage,
40 (85.1%) cells had two polar bodies in the perivithe-
lin space (Fig. 3a), 3 (6.4%) oocytes had one polar
body, and four cells (8.5%) had fragmented polar
body. In 39 (82.9%) oocytes, polarization microscopy
visualized two spindles (Fig. 3b); in 3 (6.4%) oocytes,
one meiotic spindle; in 5 (10.7%) oocytes, no spindles
were visualized, although polar bodies were present.

After fertilization of 47 oocytes at the metaphase II
stage, pronuclei were detected in 42 (89.4%) cells. In
these, two pronuclei were visualized in 9 oocytes
(21.4%), three pronuclei in 27 (63.3%) oocytes, and
four pronuclei in 6 (15.3%) oocytes.

It is believed that, with multiple meiotic spindles,
any particular pronucleus or nucleus may be not com-
CYTOLOGY AND GENETICS  Vol. 55  No. 2  2021
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plete but be a fragment of the initial chromosome set
(Escobar-Aguirre, 2017). In such cases, after fertiliza-
tion, three pronuclei are visually observed, although
triploidy is not diagnosed.

Cytogenetic analysis of four of the five unfertilized
oocytes revealed that the cells contained 46 chromo-
somes (a diploid set).

From 42 zygotes (Fig. 3c), 11 embryos (26.2%)
developed to the blastocyst stage (Fig. 3d); they were
characterized by large size, a multilayered trophecto-
derm, and a large intracellular mass.

Molecular cytogenetic analysis of trophectoderm
cells showed that five of seven (71.4%) embryos had a
triploid set, and the remaining two (28.6%) had a tet-
raploid set of chromosomes (Fig. 3f). Detection of
triploidy is an expected result of the study since it
proves that giant oocytes have a double chromosome
set instead of a haploid one. Therefore, fertilization by
a single haploid sperm results in a 3n chromosome set
in the zygote and the future embryo. A tetraploid set
can occur for several reasons, which were investigated
by researchers. One of these reasons is the use of a dip-
loid sperm for fertilization. We cannot rule out such a
mechanism of embryonic polyploidy, but it should be
noted that spermatozoa used for intracytoplasmic
injection were selectively screened for normal mor-
phological characteristics (Egozcue, 2002; McFad-
den, 2002). Also, we cannot know the premeiotic set
of chromosomes in an oogonium. There are described
cases of tissue mosaicism, including in the ovaries.
Some meiotic chromosomal abnormalities may be
present in the germ cells before meiosis, but the fre-
quency of this phenomenon is not clearly determined.
Oocytes with premeiotic defects significantly increase
the level of preimplantation and prenatal mortality.
Currently available data suggest that, depending on
the mother’s age, up to 40% of chromosomal abnor-
malities present in oocytes at the end of meiosis I may
be due to mosaicism of the generative organs (Del-
hanty, 2019). Therefore, we cannot say with certainty
that giant oocytes carry exclusively a double set of
chromosomes. It is the higher level of ploidy that can
cause the detection of tetraploid chromosome sets in
embryos derived from enlarged female gametes.

Giant oocytes were first described in 1988. It was
believed that the reason for the formation of an oocyte
with such dysmorphism was the superovulation induc-
tion (Mahadevan, 1988). Ovarian follicles in repro-
ductive-age women are characterized by regular first-
order oocyte maturation, as a result of which the chro-
mosome set of the gamete becomes haploid during the
first meiotic division (Verlhac, 2016). Several hypoth-
eses regarding giant oocytes were put forward. The
formation of such abnormal cells is most often associ-
ated with cytoplasmic fusion of two oogonia (Balakier,
2002). This phenomenon is also observed in the
absence of cytokinesis during mitotic divisions of
oogonia, which may occur due to immaturity of the
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actin-myosin cytokinetic ring or due to its regression
(Martin, 2008; Storchova, 2008; Pampalona,   2012).

In addition, endoreduplication in primary oocytes
can lead to the formation of mononuclear or binuclear
giant metaphase II oocytes (Munné, 1994; Ullah,
2009). The vast majority of these phenomena are
caused by malfunctioning of certain genes that regu-
late processes involved in oogenesis or directly in the
chromosomal distribution. Thus, mutations in the
genes encoding the proteins actin and myosin are
reflected in the improper functioning of the filaments
of the spindle and cytokinesis, which may not even be
initiated, as in endoreduplication (Brunet, 2011; Yi,
2014; Roeles, 2019). Mutations in the genes of cohesin
proteins lead to the fact that the strands do not interact
with chromatids, which do not diverge to the poles of
the cell or are not segregated into the polar bodies.
Moreover, the level of cohesins decreases with age,
which often leads to chromosomal abnormalities in
the oocyte, including abnormal ploidy (Garcia-Cruz,
2010; Tsutsumi, 2014; Burkhardt, 2016).

Improper functioning of Balbiani bodies also
affects the oogenesis and correctness of chromosome
distribution not only due to the functions of centrioles
but also because of the absence of elimination of
abnormal mitochondria, which play an important role
in chromosome divergence (Bilinski, 2017). Thus, in
these cases, disruptions result in diploid gametes,
while “extra” ooplasm increases the size of such cells.

Subsequently, the two haploid sets of chromo-
somes can combine to form a metaphase II oocyte
with a single diploid metaphase plate and the first dip-
loid polar body. After monospermic fertilization, a
haploid male pronucleus and diploid female pronu-
cleus are formed. In this case, the second polar body,
which contains two sets of chromatids, should be
extruded. Based on the exclusive estimation of the
number of pronuclei and polar bodies, this oocyte will
be assessed as normally fertilized, although the zygote
will be triploid. Therefore, determination of the num-
ber of pronuclei is not always a predictor of polypoid-
ity of the future embryo. In addition, a mature oocyte
may contain two separate chromosome complexes and
two haploid first polar bodies. Monospermic fertiliza-
tion leads to the formation of three pronuclei (Fig. 3c)
with extrusion of two polar bodies, each of which has
a haploid chromatid set.

The results of our studies confirm the fact that
giant oocytes have a polyploid set of chromosomes.
Therefore, such a morphological feature of the oocyte
as abnormally increased size has prognostic value for
determining the expedience of using such cells in ART
programs. Since more than half of the gametes
obtained in aspiration of follicles have morphological
abnormalities that can affect main embryological
parameters in different ways, it is important to deter-
mine the most significant characteristics, one of
which is the cell size.
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CONCLUSIONS
The diameter of giant oocytes with ZP was (200.8 ±

4.24) μm, which is 38% larger than the size of normal
mature female gametes. Despite the high fertilization
rate (89.4%), only 26.2% of embryos developed to the
blastocyst stage. Cytogenetic analysis revealed that
unfertilized giant oocytes had diploid sets of chromo-
somes. Molecular cytogenetic analysis showed that
embryos obtained after fertilization of giant oocytes
had polyploid sets of chromosomes. Thus, the results
of our study confirmed the inexpediency of using
enlarged oocytes for fertilization and subsequent in
vitro cultivation of embryos due to their abnormal sets
of chromosomes.
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