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INTRODUCTION

The matter of obtaining the robust embryos from 
oocytes via ripening and further in vitro insemination 
is still an urgent issue for the researchers of reproduc-
tive technologies in animal breeding [1, 2]. There has 
been considerable progress, in particular, in the appli-
cation of sow oocytes when blastocysts and progeny 
were obtained from them [3, 4]. However, no accept-
able technology for this complicated process has been 
suggested yet, and the ef� ciency of obtaining embryos 
is still low [5]. Its every stage requires improvement 
and corresponding actual data about the processes, tak-
ing place in situ. In particular, one of the distinguishing 
factors of successful maturation of oocytes in vitro is 
the selection of promising oocyte-cumulus complexes 
(OCC) from the ovaries. There are several known sug-

gestions regarding the morphological and cytological 
indices for the selection of robust OCC for cultivation 
[6, 7]. Their distinguishing characteristic is the condi-
tion of the cumulus mass of the oocyte. At the same 
time, the cytological status of the oocyte has not been 
studied suf� ciently yet. On the one hand, this is con-
ditioned by the fact that the cumulus mass masks the 
oocyte during the microscopic study, and on the oth-
er – the ooplasma of porcine oocyte has the structure, 
which does not allow observing the status of its GV. 
Therefore, the data regarding the cytological structure 
of porcine oocytes were obtained mostly due to the in-
vestigation of isolated mounts. In particular, these are 
electronic microscopic studies [8, 9], the study of his-
tological sections [10], dry air mounts for the study of 
chromatin status [11, 12] as well as whole mounts of 
oocytes [13] which are the most informative and acces-
sible for application. The use of improved methods of 
investigation allowed determining the chromatin status 
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in porcine oocytes during the spontaneous (natural) and 
arti� cial (in conditions beyond the organism) matura-
tion of a follicle, where two main types regarding its 
condensation around the nucleolus were determined. 
These are non-surrounded nucleolus (NSN) when there 
is no condensed chromatin and surrounded nucleolus 
(SN) with a formed ring or “horse shoe” around it [14]. 
Our aim was to study the cytological changes, related 
to GV of a porcine oocyte during its spontaneous fol-
licular maturation using the original method of isolat-
ing whole mounts.

MATERIALS AND METHODS

The ovaries were selected at a local meat processing 
factory and transported in the isotonic solution to the 
laboratory. The status of ovaries was estimated by the 
development of yellow bodies and follicles, referring 
them to a speci� c phase of estrous cycle [15]. For in-
stance, the ovaries in the diestrus phase were character-
ized by yellow bodies in the hiatus of their functional 
development and had the diameter of 8–10 mm, while 
the follicles did not exceed 5.5 mm. The sow ovaries in 
the proestrus phase were determined when they had the 
features of the beginning of regression of yellow bod-
ies (weakening of color intensity), the reduction in their 
size down to 5–8 mm with follicles reaching up to 6–8 
mm. The oocyte-cumulus complexes (OCC), isolated 
from follicles, did not have any mucinization. The es-
trus was assumed when the ovaries had well-expressed 
regressive changes in yellow bodies which decreased 
in their size down to 4–7 mm and changed their color 
to whitish-yellow. The follicles grew to maximal size 
of 7–10 mm. The cumulus cells were mucinized and 
formed a mucous mass with intercellular matrix.

The oocytes in OCC form were isolated separately 
from each pair of ovaries by dissecting the follicles 
with a razor blade in two stages. At � rst OCC were 
isolated from the pool of 12–15 largest dominating 
follicles, then the ones from the rest. OCC of the � rst 
selection were characterized by the largest cumulus 
mass. Depending on the phase of estrous cycle, they 
had from 3 to 8 layers of cumulus cells. Immediately 
after isolation from each group, whole mounts were 
prepared from each group of the estimated OCC. This 
involved a specially designed express method which 
envisaged the thermal � xation (about 95 °�), removal 
of cells of the cumulus mass and further transfer of the 
oocyte into the clari� cation environment. The whole 
procedure of preparing the mount from one oocyte 
or their group lasted for about 10 min. The prepared 
mount ensured the investigation of ooplasma structure, 

the status of the nucleus, nucleolus, and chromatin of 
the oocyte. The microscopic studies were conducted 
using the phase contrast. The status of ooplasma and 
nucleoplasma, the presence, location and form of GV, 
the status of oolemma, the structure of nucleolus and 
perinucleolar formations (nucleolus complex) were es-
timated in the preparations. A total of 831 oocytes were 
studied.

RESULTS AND DISCUSSION
The prevailing majority of oocytes from all the in-

vestigated morpho-functional groups are characterized 
with the presence of GV with the nucleolus. Here the 
nucleoplasma has a � ner grained structure than oo-
plasma. The absence of GV was noted in oocytes with 
highly mucinized cumulus, which is considered to be 
the consequence of meiosis restoration. Sometimes a 
polar body could be found in such oocytes (Fig. 1). In 
some cases, the presence of GV was not found in de-
generating oocytes. However, this should not be related 
to meiosis restoration. This was the place for deep de-
structive changes, con� rmed by the corresponding sta-
tus of ooplasma.

It was determined that GV was located eccentrically 
in all the investigated oocytes. This was true for oocytes 
from both healthy and atresiated follicles as well as the 
ones, which belong both to the category of NSN and 
SN by the degree of chromatin condensation (Fig. 2, 3). 
This fact proves that the eccentric localization of GV 
is determined in oocytes even in early antral follicles 
and stays stable further on. The localization of GV in 
porcine oocytes was practically not studied yet, which 
is largely conditioned by the non-transparency of their 
ooplasma, due to which it is impossible to determine 
the location of the nucleus without special preparation 
of the cytological mount. However, the results of previ-
ous studies, aimed at investigating the transformation 
of chromatin in GV during folliculogenesis, con� rm its 
eccentric localization [16, 17]. Such localization of GV 
is also inherent for other mammals, which were under 
study, except for rats and mice [18]. 

Similar to porcine oocytes, where GV is eccentrically 
located, according to these studies, the nucleolus also 
takes an exclusively eccentric location in GV (Fig. 2, 
3). It was determined in human oocytes that the loca-
tion of GV is related to the location of nucleolus and 
the capability of oocytes to complete their maturation. 
Thus, the central location of GV correlates with the 
central location of the nucleolus, and the peripheral lo-
cation of GV – with the peripheral nucleolus. Prior to 
the formation of the � rst polar body, human oocytes 
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with the central location of GV matured better than the 
ones with peripheral location [19].

The location of GV in mouse oocytes has been stud-
ied in the � nest detail. Thus, the location of GV is re-
lated to their capability of completing meiotic matura-
tion: the closer GV is to the center of oocyte, the higher 
is its capability of restoring meiosis [20]. The authors 
assumed that the central location of GV may be a mor-
phological marker to forecast their capability of matur-
ing. A similar conclusion was made by another group 
of researchers [21], however, to foresee the success of 
further maturation it is suggested to combine the esti-
mates by GV localization and the status of chromatin 
organization. Another study [22] established that the 
central location of GV is the most frequent in mouse 
oocytes. However, in addition to the central location, 
the peripheral and interim ones are suggested for con-
sideration as well, assuming this variant to be more in-
formative. Besides, the authors relate the location of 
GV to the degree of condensation of chromatin and its 
capability of migrating.

It is assumed that the location of GV is a key factor for 
asymmetric division of the oocyte. It is especially rel-
evant in the meiotic process, where a small polar body 
is formed along with a much larger egg. However, the 
information about this process in mammalian oocytes 
is still scarce [23]. It should be noted that the division 
of oocyte should take place in the cortical zone, due 
to which the central location of GV in mouse oocytes 
results in the migration of the spindle of the division 
further into the closest cortical zone of the oocyte [24].

Taking the known results into consideration, one may 
assume that the eccentric location of GV in the sow is 
achieved the soonest compared to all the investigated 
mammals and can already been con� rmed in oocytes 
from early antral follicles. This is a considerable differ-
ence of a sow from all the other investigated mammals. 

Another relevant speci� city of porcine oocytes is the 
status of chromatin condensation in GV during the fol-
licle maturation. This study revealed that condensed 
chromatin is absent around the nucleolus of oocytes in 
early antral follicles (smaller than 2 mm), it appears 
in nuclei from larger follicles in the form of a ring, 
also known as karyosphere. This formation is viewed 
as a complex nuclear structure, composed of chromo-
somes, united into a knot or a general chromatin mass, 
located around the nucleolus [25]. In porcine oocytes, 
this structure is described in the shape of a crown or a 
horse-shoe around the nucleolus, which is kept until the 
restoration of meiosis [26]. The study of pre-antral fol-

Fig. 1. The general overview of a � xed oocyte with the � rst 
polar body

Fig. 2. The general overview of the � xed oocyte with the 
nucleus and nucleolus, surrounded by condensed chromatin 
(SN)

Fig. 3. The general overview of the � xed oocyte with the 
nucleus and nucleolus, not surrounded by condensed chro-
matin (NSN)
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licles [27] did not reveal condensed chromatin around 
the nucleolus in their oocytes, while oocytes from 
medium and large antral follicles had such condensed 
chromatin. 

In recent years there has been a notion formed about 
two types of nucleoli, including the porcine ones, which 
were related to chromatin condensation. At the initial 
stages of folliculogenesis in GV the diffuse status of 
chromatin prevails and the nucleolus does not have its 
condensed forms (NSN). While the follicle is develop-
ing, this chromatin appears around the nucleolus (SN) 
[14, 28]. These authors established that the diffuse state 
of chromatin in oocytes from follicles < 1.9 mm cor-
responds to NSN of the state of the nucleolus, known 
for mouse and many other mammals. In its turn, SN is 
remarkable for all the developing oocytes and precedes 
the restoration of meiosis.

The method of preparing mounts, employed in this 
study, allows visualizing both NSN and SN in the oo-
cytes without using any special dyes. As it is believed 
that chromatin is condensed in other zones of the nucle-
us as well, the part, connected to the nucleolus, should 
be regarded as a nucleolus complex. The shape of this 
formation demonstrates some diversity in its depen-
dence on the physiological state of the follicle, from 
which the oocyte originates. The conclusion lies in the 
possibility of estimating the state of the development 
for the process of forming condensed chromatin by the 
part, forming a structure, shared with the nucleolus. It 
is suggested to isolate a separate cytological structure – 
a nucleolus complex, which consists of a nucleolus and 
the associated condensed chromatin mass, which may 
be useful from the standpoint of estimating the status of 
oocyte maturation.

CONCLUSIONS

Contrary to laboratory rodents, GV in porcine oo-
cytes has eccentric localization, which is set in oocytes 
even in the early antral follicles. This condition is kept 
until the beginning of meiosis restoration and GV de-
struction. The cortical location is noted both in NSN 
and SN oocytes as well as in the ones, originating from 
atresiated follicles. Among the investigated species of 
mammals, the sow has the earliest formation of the re-
quired location of the nucleus which is a key factor for 
asymmetric division of the oocytes. 

The process of chromatin transformation was found 
to be its gradual condensation around the nucleolus 
and it may be de� ned as a nucleolus complex. As for 

the oocytes, originating from early antral follicles, the 
nucleolus is in NSN state. The increase in the follicle 
size occurs with simultaneous gradual condensation of 
chromatin on the surface of the nucleolus, which re-
sults in the formation of karyosphere or SN. The meth-
od of preparing whole mounts, used in these studies, 
ensures the possibility of investigating the status of the 
nucleolus and the associated chromatin without using 
any special dyes. The degree of chromatin condensa-
tion may be determined by the status of the nucleolus 
complex, which is a dynamic cytological structure, 
composed of the nucleolus and the surrounding con-
densed chromatin.
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