ISSN: 2312-3370, Agricultural Science and Practice, 2017, Vol. 4, No. 3

UDC 636.4:612.6

CYTOLOGICAL FEATURES OF PIG OOCYTES
IN THE PROCESS OF SPONTANEOUS MATURATION
V. O. Lobchenko
Institute of Pig-Breeding and Agro-Industrial Production of NAAS
1, Shvedska Mohyla Str., Poltava, Ukraine, 36013

E-mail: vilo@i.ua
Received on April 10, 2017
Aim. To determine the cytological changes, related to the germinal vesicle (GV) of porcine oocyte during the
follicular maturation. Methods. The ovaries were classied according to the estrous cycle phase, judging by
the status of yellow bodies and follicles. The oocytes were isolated from each animal using dominating and
atresiated follicles separately. The oocytes were used to prepare whole mounts by a specially designed expressmethod, which is thermal xation (about 95 °) and their further transfer into the medium for clarication.
The whole procedure of preparing the mount from one oocyte or their group lasted for about 10 min. The
microscopic studies were conducted using the phase contrast. A total of 831 oocytes were studied. Results. It
was established that sow oocytes had eccentric location of GV which may be found in oocytes from early antral
follicles. This condition is kept until the beginning of meiosis restoration and GV destruction. The nucleolus
is also located eccentrically. Another relevant cytological change was gradual condensation of chromatin
around the nucleolus, starting from separate clots on its surface and further formation of circular structures.
Conclusions. Contrary to laboratory rodents, GV in porcine oocytes has eccentric localization, which is set
even in early antral follicles and remains until the beginning of meiosis restoration. The process of chromatin
transformation was found to be its gradual condensation around the nucleolus which may be dened as a
nucleolus complex.
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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 reproductive technologies in animal breeding [1, 2]. There has
been considerable progress, in particular, in the application of sow oocytes when blastocysts and progeny
were obtained from them [3, 4]. However, no acceptable technology for this complicated process has been
suggested yet, and the efciency of obtaining embryos
is still low [5]. Its every stage requires improvement
and corresponding actual data about the processes, taking 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© V. O. LOBCHENKO, 2018
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gestions regarding the morphological and cytological
indices for the selection of robust OCC for cultivation
[6, 7]. Their distinguishing characteristic is the condition of the cumulus mass of the oocyte. At the same
time, the cytological status of the oocyte has not been
studied sufciently yet. On the one hand, this is conditioned by the fact that the cumulus mass masks the
oocyte during the microscopic study, and on the other – 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 investigation of isolated mounts. In particular, these are
electronic microscopic studies [8, 9], the study of histological 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 accessible for application. The use of improved methods of
investigation allowed determining the chromatin status
13
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in porcine oocytes during the spontaneous (natural) and
articial (in conditions beyond the organism) maturation 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 follicular maturation using the original method of isolating 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 specic phase of estrous cycle [15]. For instance, the ovaries in the diestrus phase were characterized 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 bodies (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 estrus 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 clarication 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,
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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 estimated in the preparations. A total of 831 oocytes were
studied.
RESULTS AND DISCUSSION
The prevailing majority of oocytes from all the investigated morpho-functional groups are characterized
with the presence of GV with the nucleolus. Here the
nucleoplasma has a ner grained structure than ooplasma. 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 degenerating oocytes. However, this should not be related
to meiosis restoration. This was the place for deep destructive changes, conrmed by the corresponding status 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 previous studies, aimed at investigating the transformation
of chromatin in GV during folliculogenesis, conrm 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 location 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 location 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 studied in the nest detail. Thus, the location of GV is related to their capability of completing meiotic maturation: 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 morphological marker to forecast their capability of maturing. 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 estimates 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 consideration as well, assuming this variant to be more informative. 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 relevant 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 conrmed in oocytes
from early antral follicles. This is a considerable difference of a sow from all the other investigated mammals.

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)

Another relevant specicity of porcine oocytes is the
status of chromatin condensation in GV during the follicle 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 chromosomes, 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. 3. The general overview of the xed oocyte with the
nucleus and nucleolus, not surrounded by condensed chromatin (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 developing, 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 corresponds 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 oocytes without using any special dyes. As it is believed
that chromatin is condensed in other zones of the nucleus 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 dependence 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.

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 results in the formation of karyosphere or SN. The method 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 condensation may be determined by the status of the nucleolus
complex, which is a dynamic cytological structure,
composed of the nucleolus and the surrounding condensed chromatin.
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The process of chromatin transformation was found
to be its gradual condensation around the nucleolus
and it may be dened as a nucleolus complex. As for
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CONCLUSIONS
Contrary to laboratory rodents, GV in porcine oocytes 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 destruction. 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 required location of the nucleus which is a key factor for
asymmetric division of the oocytes.

CYTOLOGICAL FEATURES OF PIG OOCYTES IN THE PROCESS OF SPONTANEOUS MATURATION
    :  Q   + Q * ,
,  &, * , &  .

1. Appeltant R, Somfai T, Maes D, Van Soom A, Kikuchi K.
Porcine oocyte maturation in vitro: role of cAMP and
oocyte-secreted factors – A practical approach. J Reprod
Dev. 2016;62(5):439–49.
2. Somfai T, Kikuchi K, Medvedev S, Onishi A, Iwamoto M,
Fuchimoto D, Ozawa M, Noguchi J, Kaneko H, Ohnuma
K, Sato E, Nagai T. Development to the blastocyst stage

of immature pig oocytes arrested before the metaphase-II
stage and fertilized in vitro. Anim Reprod Sci. 2005;90
(3–4):307–28.
3. Nagai T, Funahashi H, Yoshioka K, Kikuchi K. Update
of in vitro production of porcine embryos. Front Biosci.
2006;11:2565–73.
4. Kikuchi K, Onishi A, Kashiwazaki N, Iwamoto M,
Noguchi J, Kaneko H, Akita T, Nagai T. Successful
piglet production after transfer of blastocysts produced
by a modied in vitro system. Biol Reprod. 2002;66(4):
1033–41.
5. Dieci C, Lodde V, Franciosi F, Lagutina I, Tessaro I,
Modina SC, Albertini DF, Lazzari G, Galli C, Luciano
AM. The effect of cilostamide on gap junction communication dynamics, chromatin remodeling, and competence acquisition in pig oocytes following parthenogenetic activation and nuclear transfer. Biol Reprod.
2013;89(3):68.
6. Alvarez GM, Dalvit GC, Achi MV, Miguez MS, Cetica PD.
Immature oocyte quality and maturational competence
of porcine cumulus-oocyte complexes subpopulations.
Biocell. 2009;33(3):167–77.
7. Algriany O, Bevers M, Schoevers E, Colenbrander B,
Dieleman S. Follicle size-dependent effects of sow
follicular |uid on in vitro cumulus expansion, nuclear
maturation and blastocyst formation of sow cumulus
oocytes complexes. Theriogenology. 2004;62(8):1483–
97.
8. Cran DG. Qualitative and quantitative structural changes during pig oocyte maturation. J Reprod Fertil. 1985;
74(1):237–45.
9. Crozet N, Motlik J, Szöllösi D. Nucleolar ne-structure
and RNA-synthesis in porcine oocytes during the early
stages of antrum formation. Biol. Cell. 1981;41:35–41.
10. Daguet MC. Some aspects of nal follicle growth in the
sow. Ann. Biol. anim. Bioch. Biophys. 1978;18:1343–9.
11. Tarkowski AK. An air-drying method for chromosome
preparations from mouse eggs. Cytogenetics. 1966;5:
394–400.
12. McGaughey RW, Polge, C. Cytogenetic analysis of pig
oocytes matured in vitro. J. Exp. Zool. 1971;176:383–91.
13. Bedford JM. Techniques and criteria used in the study
of fertilization. Methods in mammalian embryology. San
Francisco, Freeman and Company, 1971:37–63.
14. Sun XS, Liu Y, Yue KZ, Ma SF, Tan JH. Changes in germinal vesicle (GV) chromatin congurations during growth
and maturation of porcine oocytes. Mol Reprod Dev.
2004;69(2):228–34.
15. Lobchenko VA. Number and quality of oocytes in sow
ovaries depending on the level of maturity and estrous
cycle phase. A.-c.biol. 1990;2:83–87.
16. Motlik J, Fulka J. Breakdown of the germinal vesicle in pig oocytes in vivo and in vitro. J Exp Zool.
1976;198(2):155–62.
17. Guthrie HD, Garrett WM. Changes in porcine oocyte

AGRICULTURAL SCIENCE AND PRACTICE Vol. 4 No. 3 2017

17

        
 
       
. . 



e-mail: vilo@i.ua
\   
 ^X
 + 
#.   & !, 1, ", #  , 36013
. %     & ^ ^&    * +
Q, &+ ^*  +^X ^ +^  (GV)   ,  
 ; & 
+  &. . =   ; 
   ;+Q _     & ?
' ^*    ; . ^ ^ & 
' '     +  ?J*   +?J* ; . \+   ^  ^    + ^ _   , ^Q + ?  &     Q ; 
(  95 °)   ?J  *     
 &?J?  . &       +    ^    
10  . !       & 
 +   ;+  .   ^
   831 . . #  , 
       _     + J  GV,
 '  ^ ^&  '  * +  *
  * ; . Z  &  * & &
    +  &  Q+  +X &
GV. =^X   ' + J & _   . `
'     +
  ^  
&
  & *    &^X ,   & 
  ^*      *    ?J 
+ &  ^*  .  .  *
 ,      ^* ^+ , GV  
_   ?  +?, &   &
'   *   ^* ; *  * & &
   +  &  Q+. #   
 ; * , + ? ?JQ&    
Q      &^X   '  ^
  
 &^X ^Q  .
    : +^X ^Q +^ , _ Q
 , ,  &, * , &^X 
REFERENCES

LOBCHENKO
germinal vesicle development as follicles approach preovulatory maturity. Theriogenology. 2000;54:389–99.
18. Albertini DF, Barrett SL. The developmental origins
of mammalian oocyte polarity. Semin Cell Dev Biol.
2004;15(5):599–606.
19. Levi M, Ghetler Y, Shulman A, Shalgi R. Morphological
and molecular markers are correlated with maturationcompetence of human oocytes. Hum Reprod. 2013;
28(9):2482–9.
20. Brunet S, Maro B. Germinal vesicle position and meiotic maturation in mouse oocyte. Reproduction. 2007;
133(6):1069–72.
21. Bellone M, Zuccotti M, Redi CA, Garagna S. The position of the germinal vesicle and the chromatin organization together provide a marker of the developmental
competence of mouse antral oocytes. Reproduction.
2009;138(4):639–43.
22. Shishova KV, Lavrentyeva EA, Khamidullina AI, Zatsepina OV. Position of the nucleus in mouse germinal
vesicle–stage oocytes with different chromatin congurations. Russ J Dev Biol. 2016;47(6):313–9.

23. Gonczy P. Mechanisms of spindle positioning: focus on
|ies and worms. Trends in Cell Biology. 2002;12(7):
332–9.
24. Verlhac MH, Lefebvre C, Guillaud P, Rassinier P, Maro
B. Asymmetric division in mouse oocytes: with or without Mos. Curr Biol. 2000;10(20):1303–6.
25. Parfenov VN, Dudina LM,Kostiuchok DF, Gruzova MN. Ultrastructure of oocyte nucleus from human
tertiary follicles. Formation of karyosphere. Cytology.
1984;26(12):1343–50.
26. Daguet MC. In vitro change in the germinal vesicle of the
sow oocyte during the follicular phase before the ovulatory LH surge. Reprod Nutr Dev. 1980;20:673–80.
27. Hirao Y, Tsuji Y, Miyano T, Okano A, Miyake M, Kato S,
Moor RM. Association between p34cdc2 levels and meiotic arrest in pig oocytes during early growth. Zygote.
1995;3(4):325–32.
28. Tan JH, Wang HL, Sun XS, Liu Y, Sui HS, Zhang J. Chromatin congurations in the germinal vesicle of mammalian oocytes. Mol. Hum. Reprod. 2009;15(1):1–9.

18

AGRICULTURAL SCIENCE AND PRACTICE Vol. 4 No. 3 2017

