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SUMMARY

Oogenesis in fetal pig ovaries comprises the successive changes from
the primordial germ cells to the dictyotene oocytes in primordial
ovarian follicles. In this study the observations were carried out with
an electron microscope and stereological analysis was performed. At
the ultrastructural level there are no differences between the primordial
germ cells and oogonia, but oogonia are connected with the intercellular
bridges. The onset of the dictyotene phase was accompanied by the
changes in the cytoplasm of oocytes. Near the nucleus, the yolk nucleus is
formed containing numerous Golgi bodies, endoplasmic reticulum (ER),
mitochondria and granules. ER proliferates in contact with the external
leaflet of the nuclear envelope forming the narrow ER cisterns. Between
the nuclear envelope and ER cisterns, the vesicles with grey content are
visible. The proliferating ER forms numerous concentric cisterns around
the nucleus. Next, the most external cisterns fragment, detach, and then
form the cup-like structures. These structures separate the distinct areas
of cytoplasm-compartments, which contain mitochondria, ribosomes and
lipid droplets. The cells of cortical sex cords of the ovary, which encloses
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the oocyte, form the follicles. The volume of oocytes in forming follicle
increases due to the increase in the number of the cell inclusions: lipid
droplets, vacuoles and yolk globules. In the oocytes of primordial ovarian
follicles, the compartments are transformed into the yolk globules, which
are encountered by a sheath of ER cisterns and the grey vesicles; they
contain the mitochondria, lipid droplets and light vacuoles. The role of
the compartments and yolk globules as metabolic units is discussed in
comparison with similar structures of the mature eggs of pigs and other
mammal species. Reproductive Biology 2006 6:161—-193.
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INTRODUCTION

In pigs, similarly to primates and cattle, oogenesis begins very early in the
prenatal period and is asynchronous. In the fetal ovary the mitotic prophase
oogonia coexist with meiotic oocytes and with the primordial follicles.
Although histology and histochemistry of the developing pig ovary in the
prenatal period were previously described [6, 9], changes during this period
were observed using primarily a light microscope. The few reports studying
the ultrastructure of germ cells during oogenesis in this species are limited
to the description of 1/ the ultrastructure of primordial germ cells and young
oogonia in the ovary from 24, 26 and 27th day of development [38-40], and
2/ sex determinants in pig oogonia and oocytes during the prenatal period [7].
Other reports are concerned with maturing and tubal oocytes [10, 18, 34-36].
There is also some data on the ultrastructure of developing oocytes of other
mammalian species. In the middle of the 20th century the main interest was
in the ultrastructure of mature oocytes and eggs, and then the maturation of
oocytes was extensively studied as the basis for a more frequent application
of fertilization and early embryo development in vitro [11, 14, 21-23, 29].

The aim of the present research was to investigate the ultrastructural
changes in ovarian germ cells from genital ridge stage to the end of the
perinatal development. The study focused mainly on alternations in
ooplasm during the primordial follicles formation.
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MATERIALS AND METHODS

The observations were carried out on ovaries obtained from 45 pig fetuses
aged 24 to 113 days post coitum (dpc) and their characteristic are presented
in Table 1. The study was performed in accordance with the principles and

Table 1. Characteristics of fetuses used in the experiment

dpc Number of fetuses | Number of fetuses | Stage visible for the
used for morphology | used for stereology first time
24 3 3 primordial germ cells
26 2
27 1
28 1
31 2 2
33 3 2
39 3% 3% oogonia connected with
intracellular bridges
40 1*
45 1
47 7 [3%] 5 oocytes in meiotic
prophase
49 1
541 1 1
56 2 oocytes I; forming
ovarian follicles I
60 1* 1*
64 2
66 2
73 5
74 1
77 3 1
83 4 3 oocytes II
90 1 1
95 1 1
100 3 2
101 1 1
106 1 1 oocytes‘HI, primordial
ovarian follicles
112 1
113 3 2
Total 57 29

*fetuses obtained from sows of unknown bread
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procedures of the Animal Ethic Committee. Eight fetuses were obtained
from sows of unknown breed slaughtered at the municipal slaughterhouse
in Warsaw. The approximate age of these fetuses was determined on the
basis of their cromp-rump length [30]. Thirty-seven fetuses of the exactly
determined dpc were obtained from Large White sows bred at the local
farm. Immediately after slaughter, a hysterectomy was performed and
the fetuses were removed. Small blocks of dissected ovaries were fixed
with 2.5% glutaraldehyde in 0.1 M phosphate buffer at pH 7.4, postfixed
in 1.5% osmic acid in the same buffer and embedded in Epon 812. The
time between the sow slaughtering and the fixation of the tissue was not
longer than 20 minutes. Semithin and ultrathin sections were cut on the
LKB ultramicrotome. Semithin sections were stained with Azure I and
methylene blue. Ultrathin sections were contrasted with uranyl acetate
and lead acetate. Observations were carried out in the electron microscope
JEOL JAM 100C (Tokyo, Japan).

The mean diameter of the profile of cells and their nuclei was measured
on the electronograms at the final magnification of X2500. Assuming that
oogonia and oocytes were nearly spherical, the volume of the cell and the
nucleus were calculated using the mean diameter of the area of profile. On
the electronograms at the final magnification of x5330, the procedure of the
differential point counting [55] was performed and the volumetric density
(Vy) of organelles was calculated. Differences between two successive
means in each examined parameter were analyzed by t-test.

RESULTS
1. Morphology

The ovaries of embryos from 24 dpc were in the phase of genital ridge, in
which the ameboidal gonocytes were located between the mesenchymatic
cells (fig.1). The sex of genital ridge was confirmed by the presence of PAS-
positive granules in some mesenchymatic cells, characteristic for early sex
cords cells of the pig ovary [4]. During the morphological differentiation of
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Figure 1. Primordial germ cell (PGC) in the genital ridge; embryo 24 dpc; B:
blastema cell; magnification x3900

the ovary starting from 24 dpc until approximately 40 dpc, the gonocytes
were present exclusively in the oogonia phase. In older ovaries, oogonia
were grouped in so-called egg nest (Eiballen, clusters, cysts; [31, 32]).
Until the end of the prenatal development, oogonia were present in smaller
numbers in the external part of the ovarian cortex. The first formation of
ovarian follicles was observed in the deepest part of the cortex, next to the
medulla (56 dpc). The sex cord cells transformed into follicular cells. In
the oldest fetuses (106, 112, 113 dpc), the primordial follicles, in which a
single oocyte was completely surrounded by a layer of flattened follicular
cells, formed a layer close to the medullar part of the ovary [8].

Ultrastructure of oogonia

Oogonia differing from sex cord cells were significantly bigger and rounded
(fig. 2, 17A) and many of them were polarized in the shape of a pear. The
narrow part was filled with hyaloplasm in which only free polyribosomes and
mitochondria were scattered. In the distended part short profiles of endoplasmic
reticulum (ER), free polyribosomes and mitochondria were distributed quite
regularly near the nucleus. The free polyribosomes were observed in all
examined phases of oogenesis. Close to the nucleus, apart from centrioles, single



166 Oogenesis in pig fetal ovaries

Figure 2. Two oogonia connected with the intercellular bridge (arrow); ovary 47
dpc; magnification x3900

Figure 2a. Intercellular brldge (arrow) a fragment of fig. 2 N; nucleus, M:
mitochondrion; magnification x15000

dictyosomes were observed. Mitochondria were spherical with narrow, nearly
tubular cristae, often associated with dense granular bodies [7]. The nucleus
was spherical with abundant nucleoplasm, short segments of heterochromatin
and dense marginal chromatin. One or two spongy nucleoli were composed
of fibrillar and granular parts. On many sections two wide segments of dense
heterochromatin adjacent to the nucleolus were seen (fig. 5), which coincide
with nucleolus associated chromatin, visible on histological slides [6]. The
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neighbouring oogonia or oogonia and sex cord cells were connected with
macula adherens. Mitotic divisions of oogonia were visible especially during
the early period of the ovary development.

Oogonia connected with intercellular bridges were observed from 39
dpc (figs. 2, 2a, 17A). On some single sections two bridges opened into

Figure 3. Oblique section of an intercellular bridge between two oogonia, the rib-
like structures on the surface (arrow); ovary 83 dpc; magnification x30000

Figure 4. Nucleus (N) of an oocyte in meiotic prophase with synaptenemal complexes
(arrow) between the homologue chromosomes; ovary 83 dpc; magnification x15000
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Figure 5. Fragment of an oocyte; £igure 6. Oocyte with the yolk nucleus
nucleus (N) connected with two (YN) in the young follicle; ovary 90 dpc;

segments of heterochromatin; ova- ~ N: nucleus, L: lipid droplets; magnification
ry 100 dpc; magnification x3900 %3900

one oogonium. The bridges were cylindrical canals surrounded by a thick
cell membrane, which was continuous with the oogonial cell membranes.
They were about 0.84 um long and distended in the middle in the form
of a circular and irregular fold (about 1.33 um in diameter) and slightly
narrower at the bases (about 1.07 um in diameter). On average, they
were 1.3 times wider than longer. From the cytoplasmic face its cell
membrane was lined with a layer of electron dense filamentous material
about 0.09 pum thick. The electron dense material at regular intervals
formed rib-like structures (about 72 nm wide) of circular and/or spiral
course (fig. 3). Dense material close to the cell membrane was also seen
in the bridges remaining after oogonia degeneration. Many organelles
were observed within bridges, including microtubules, ER profiles,
polyribosomes, sometimes mitochondria and mid-body remaining after
the mitotic spindle.
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Ultrastructure of oocytes in the first meiotic prophase

Oocytes in prophase of the first meiotic division were observed in the
ovaries from 47 dpc. They were grouped in the “Eiballen”. Some prophasal
oocytes connected with cytoplasmic bridges were also visible. Changes
connected with the transition of oogonia into oocytes were not perceptible;
only strongly spiralized segments of chromatin were observed in a number
of nuclei in oogonia, which can be accepted as preprophasal chromosome
spiralization [37]. It was also difficult to recognize the leptotene phase
on the electronograms, only oocytes in zygotene and pachytene were
distinguished from oogonia. Those at zygotene had polarized chromosomes
in the “bouquet”. Only on a few sections, a small compact and fibrous
nucleolus was seen. The transition of zygotene into pachytene is
characterized by the appearance of synaptonemal complexes, which began
to form at the attachment sites of the chromosome on the nuclear envelope.
Long segments of bivalent chromosomes, up to 7.5 um in length linked
with synaptonemal, were visible in the advanced pachytene (fig. 4).

Apart from spherical also elongated mitochondria appeared in the
cytoplasm of zygotene oocytes. Poor ER was sometimes arranged in
two or three parallel long cisterns and smooth membranous structures
appeared. At the end of pachytene the changes in the cytoplasm were
accentuated. The number of elongated mitochondria, long parallel ER
cisterns, membranous structures and lysosomes increased. There appeared
a network of ER tubular canaliculi and single lipids droplets.

As reported, in the pig fetuses many oocytes degenerate in the meiotic
prophase [5, 9]. In the present study the degenerating oocytes disintegrated
and their detritus were visible inside the sex cords and in the "Eiballen"
between the oocytes. The sex cord cells phagocytized those detritus.

Ultrastructure of oocytes in the fetal primordial follicles
The first primordial follicles with a single layer of follicular cells [7, 9]

were observed in ovaries of 56 dpc. The follicles were formed centripetal
from the egg nests. The sex cord cells transformed into follicular cells.
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The primordial follicles of the same stage were seen up to 90 dpc. It is
possible to divide the development of fetal primordial follicles into three
phases, depending on the shape of follicular cells. A few separate irregular
prefollicular cells surrounded the youngest primordial follicles (fig. 17B).
In the medium follicles, the follicular cells, still irregular, formed a layer
(fig. 17C). In the oldest fetal primordial follicles, like those in the mature
ovary, the follicular cells encompassed the oocyte in a single squamous
layer (fig. 17D).

The oocytes present in the forming young primordial follicles, i.e. oocytes
I, were in the dictyotene phase or intermediary between the pachytene and
dictyotene. They were spherical or egg-shaped. Irregular slit-like space
with the cell detritus was formed between the oocyte and follicular cells.
Wide conical and papillous processes were in contact with the processes
of the follicular cells. Some irregular microvilli on the surface of oocytes
were seen. Desmosomes and gap junctions connected the follicular cell
processes with the oocyte. In the nucleus, granules and fibrils of loose
chromatin and long segments of dense chromatin were visible. In some
nuclei there were visible short segments of synaptonemal complexes. The
vacuolized nucleolus showed a compact and fibrous structure and was
linked with two elongated segments of the dense chromatin (fig. 5).

Narrow ER cisterns, sporadically covered with ribosomes, encircled the
nucleus (figs. 8, 17B). They were linked to the external leaflet of the nuclear
envelope. Some vesicular structures 0.3 pm (0.18-0.48) in mean diameter
were visible. Mitochondria presented a variety of shapes: spherical with
orthodox conformation, elongated, condensed or spherical with vacuoles
inside. Mitochondria were in contact with narrow cisterns of ER as in
mature pig oocyte [10] and some also formed aggregates with dense
granular bodies [7]. The yolk nucleus was present near the nucleus (figs.
6, 17), composed of: dictyosomes, mitochondria (single or in rosettes),
numerous twisted ER tubules with few ribosomes filled with a substance
of moderate density, dark granules without enveloping membrane, bands
of dark substance 1.4 pm long and 0.16 pm wide with characteristic cross
striation (fig. 7). Each dictyosome, most often a ball with maturing face
turned outside; was composed of 4-5 flat cisterns distended at the ends
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Figure 7. Fragment of the yolk nucleus, between the Golgi bodies (GB) the dark

band with cross striation (arrow); ovary 90 dpc; L: lipid droplet; magnification
x30000

droplets; ovary 83 dpc; magnification x3900
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and of numerous, small, smooth vesicles. Numerous pores were visible in
the nuclear envelope from the side of the yolk nucleus. Single spherical
bodies of 1-1.2 pm diameter were seen close to the yolk nucleus next to the
dictyosomes. These bodies showed a grey part inside with small granules
surrounded with larger spherical granules of 0.075 pm in diameter (fig.
14). A similar structure was in mature oocyte of the pig described by Cran
[10] as "a protein body’’, which adjoined ribosomes on their external
surface. Such bodies are also present in hepatocytes and adrenocortical
cells in the pig fetuses [8].

The volume of oocytes named here as oocytes II (fig. 17C) increased in
the middle primordial follicles (tab. 2). Conical papillous processes on their
surface disappeared and some, not numerous, microvilli remained. Oocytes
adhered to the follicular cells and some short processes of oocytes invaginated
into follicular cells. The oocyte nucleus was placed centrally. Short compact
segments of bivalent chromosomes could be seen inside, especially close
to the nuclear envelope, as well as small dense granules (60 nm diameter)
most often in pairs and thin bead-like threads about 30 nm wide. Fibrillar
elements were predominant in the reticular vacuolized nucleolus. Only
a few concentrical ER cisterns were seen around the nucleus. Between
some of these ER cisterns vesicular structures of mean diameter of 0.3 um
(0.18-0.48) were present. These structures, which we named grey vesicles
(figs. 10, 11), were membrane-bound and contained a fine granular substance
and grey contrasted. It was very difficult to recognize whether they were
vesicular outgrowths of the ER cistern wall or separated granules.

Some single ER cisterns shifted from the nucleus envelope towards
the cell membrane and they ended with a flattened plate glued with a dark
substance directly to the cell membrane (fig. 12). The many other narrow
ER cisterns formed cups surrounding an area of cytoplasm together with the
mitochondria and ribosomes (fig. 9). In this way the separate, closed distinct
compartments of cytoplasm were formed, of about 4 um in diameter.

In fetal ovaries on 106, 112 and 113 dpc the most developed follicles
and oldest follicles laid most deeply, close to the medullary part. They
were surrounded with a layer of flat mesenchymatic cells, which could
be considered as a primary follicular theca (fig. 17D). Two types of
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Figure 9. Oocyte with the forming ER compartments (CO); ovary 90 dpc; FC:
follicular cell; N: nucleus; magnification x3000

Figure 10. Cisterns of endoplasmic reticulum (ER) and grey vesicles (GV) adjacent

to the nuclear envelope (NE); ovary 100 dpc; N: nucleus, M: mitochondrion;
magnification x30000

oocytes could be distinguished in these follicles. The first, oocytes III,
were spherical and bulky with rare distended ER cisterns in cytoplasm,
lipid droplets, numerous mitochondria and the distinct yolk nucleus (fig.
17D). The spherical nucleus contained despiralized chromatin, and only
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Figure 11.Cisterns ofendoplasmicreticulum ~ Figure 12. A cistern of endo-
(ER) and grey vesicles (GV) adjacent to a ~ plasmic reticulum  connecting
lipid droplet (L) in cytoplasm of an oocyte; the nuclear envelope with cell
ovary 113 dpc; magnification x40000 membrane (CM) of an oocyte of
the young follicle; ovary 90 dpc;
N: nucleus; magnification x49500

Figure 13. A cistern of endoplasmic reticulum of complicated structure connecting
the nuclear envelope with cell membrane (CM) of an oocyte of older follicle;
ovary 100 dpc; N: nucleus; magnification x24000
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Figure 15. A compartment encountered by a sheath of endoplasmatic reticulum
cisterns (ER), inside the grey vesicles, mitochondria (M) and lipid droplet (L),
outside mitochondria in close contact with ER sheath; oocyte of the primordial
follicle; ovary 112 dpc; magnification x15000



Bielanska-Osuchowska 177

longer dense segments of the diploten chromosomes were visible on some
sections. As compared with oocytes II, they contained considerably less
long parallel ER cisterns and ER canals anchoring the cell membrane.
However, in some places the outer leaflet of the nuclear envelope formed
the local irregular pockets with indentations and blebs, which were filled
with electron dense material. The blebs separated as distinct structures
similar to grey vesicles. The pockets were continuous with ER cisterns,
also irregular with blebs and grey vesicles. Some of these ER cisterns
ended at the cell membrane (fig. 13). The separate compartments, of
mean diameter 4.02 um (2.14-6.47), were enclosed by a thick layer of
ER, formed by concentrical narrow cisterns ER sheath or by irregular ER,
which was the prolongation of the outpocketing of nuclear envelope (figs.
9,15, 17D). In these ER sheaths numerous grey vesicles were visible. The
content ofthe compartments was diversified. They contained grey vesicles,
membranes of ER, lipids and some osmiophilic fibrillar structures. The
compartments remained in contact with mitochondria. In cytoplasm of
the oocytes the lipids droplets about 3.6 pm (2.14-6.47) in diameter were
also observed. The area taken up by the yolk nucleus was significantly
enlarged and more condensed. Mitochondria gathered mainly close to
the cell nucleus and their configuration was undergoing some changes:
rare crests were shifted to one side and nearly the whole mitochondrium
was filled with light matrix. Many mitochondria intermingled with the
narrow cisterns of ER. In some oocytes, accumulations of the substance
precipitated in the form of thin irregular osmiophilic fibrous lamellae
myelin-like appeared in hyaloplasm, in compartments and near lipid
droplets.

The other type of oocytes represented oocytes of much smaller volume,
sometimes egg- shaped (fig. 16). Their cytoplasm was dark and condensed
with compressed organelles. Light vacuoles contrasted with the dark
cytoplasm. The nucleus was shrunk and contained scanty nucleoplasm
and sometimes membrane-enclosed “empty” vacuoles were present. The
yolk nucleus did not contrast with remaining organelles and the presence
of multivesicular bodies was observed. The mitochondria were spherical
or egg-shaped with light matrix and cristae shifted to one or two poles.
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Figure 16. Oocyte with numerous light vacuoles (V) in cytoplasm of a primordial
follicle, ovary 112 dpc; N: nucleus, FC: follicular cell; magnification x3900

Presumably these oocytes were in the first phase of degeneration, because
increased number of cytoplasmic vacuoles is considered to be a sign of
follicular degeneration [48].

2. Stereology

The stereological measurements were performed on eight groups of germ
cells:

1/ gonocytes in genital ridges from 24 dpc;

2/ oogonia I in the ovaries from 31-39 dpc;

3/ oogonia II in ovaries from 47-77 dpc;

4/ oogonia III in the ovaries from 90-106 dpc;

5/ oocytes during meiotic prophase in the ovaries of different age (47-

113 dpc);
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6/ oocytes I of the primordial ovarian follicles; (fig. 17B);
7/ oocytes II in the medium primordial ovarian follicles; (fig. 17C);
8/ oocytes III in the oldest primordial ovarian follicles; (fig. 17D);

Tables 2 and 3 present the results of measurements of characteristics of
primordial germ cells, oogonia and oocytes in the porcine fetal ovary.

Figure 17. Scheme of the oogenesis in the fetal ovary of the pig. A/ Two oogonia
connected with the intercellular bridge; B/ oocyte I in the young forming ovarian
follicle; C/ oocyte II in the medium forming ovarian follicle; D/ oocyte III in
the primordial ovarian follicle; D’/ a fragment of fig. 17D; CO: compartment,
ER: endoplasmic reticulum, FC: follicular cell, IB: intercellular bridge, PFC:
primordial follicle cell, V: vacuole, YG: yolk globule, YN: yolk nucleus; L: lipid
droplet; M: mitochondria.
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Figure 18. Percent of the cell volume (%, line) and estimated total volume (um?,
bars) of selected cytoplasmic structures of primordial germ cells, oogonia and
oocytes of the pig fetal ovary.

Since the volume of cell and nucleus in oogonia were at the same level
independent of the embryo age, in the second set of measurements the
three groups of oogonia (oogonia I, II and III) were united in one pool
(tab. 3).

No differences were observed in the mean volume of the whole cells
and their nuclei between primordial germ cells and oogonia. The volume
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of oocytes in the first meiotic prophase, was twice higher and the volume
of the nucleus significantly higher than oogonia. The volume of oocytes
in the oldest primordial follicles increased and was 20 times higher as
compared with oogonia and 10 times in relation to oocytes in the meiotic
prophase. Their nuclei had the volume about seven times higher than
oogonia (tab. 2).

The volumetric density (Vv) of ER was similar in primordial germ cells,
oogonia and prophasal oocytes. In the oocyte III, the volumetric density
of ER diminished (tab. 3). This value concerns only the free ER, since the
ER forming the sheath of compartments and encountered lipid droplets
was counted with these structures. Volumetric density of compartments
and their total volume increased in the oldest oocytes (III). The Vv of
mitochondria did not change in all the observed stages of oogenesis.
These values were also independent from the embryo age (tab. 3). The
total volume of mitochondria in the cell considerably increased in the
follicular oocytes (fig. 18). Elements of Golgi apparatus, lysosomes and
lipid droplets in oogonia amounted to no more than 1% of the cytoplasm
volume. The highest Vv of lysosomes was observed in prophasal oocytes,
which can be connected with the degeneration of those cells (tab. 3). Lipid
droplets and cytoplasm compartments took up a significant percentage of
the volume of follicular oocytes (fig. 18).

DISCUSSION

The obtained results allowed the author to analyse qualitative and quantitative
changes in porcine ovaries during prenatal oogenesis. Some aspects, such as
intercellular bridges between the oogonia, the changes of endoplasmicreticulum
ER, the formation of yolk globules deserve special attention. Primordial
germ cells and early oogonia did not differ in their ultrastructure from those
described by Pelliniemi [38, 39]. Oogonia are present during the entire period
of prenatal development of the pig ovaries, although their number decreases
with development [5, 9]. The size of oogonia does not change and also the
mean volumetric density of their organelles remains the same. However, the
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distribution of organelles in the cytoplasm is not homogenous, which is also
expressed by a high value of standard deviation of volumetric density. Such
irregular localization of organelles can result from some organelles shifting
from one oogonium to another through the intercellular bridges.

In ovaries of a pig fetus, the forming ovarian follicles were found from
56 dpc, whereas primordial follicles were present from 106 dpc. The size
of follicular oocytes increased with the development of the fetus (tab. 2). In
the last week of development (106-112 dpc), the volume of oocytes in the
oldest primordial follicles was 20 times greater than that of oogonia and 10
times higher than prophasal oocytes. This growth arises from the increase
in cytoplasm volume, which in the oldest oocytes was 27 times bigger than
in oogonia. The volume of nucleus increased significantly from pachytene
to dictyotene and slowly in the follicular oocytes independently from the
degree of the ovarian and fetal development. Thus, with the development,
the nucleo-cytoplasmic ratio changed from 0.49 in meiotic prophase to
0.30 in the oldest follicular oocytes. The growth of cytoplasm volume
in oocytes was affected by an increase in total volume of the organelles,
such as mitochondria and ER, and inclusions, such as lipid droplets and
compartments. The total volume of mitochondria increased 2.3 times in
oocytes from meiotic prophase to the oldest ones in the examined primordial
follicles, but its percent remained at the same level (fig. 18B). The volumetric
density of mitochondria was smaller than in mature oocytes of pigs (6%;
[18]) and humans (6-8%; [49]). Norberg [34] underlines that mitochondria in
mature pig oocyte are the most prominent and numerous among cytoplasm
organelles. Total volume of inclusions increased 5.45 times in the oocytes
from prophase. The inclusions together comprise 13.35% volume of the
oldest oocyte, and in the mature pig oocyte 35% [10].

The intercellular bridges

The first intercellular bridges in pig ovaries were observed from 39 dpc. Until
that time oogonia appeared individually surrounded by thin lamellipodia
of the sex cord cells. At the latest, intercellular bridges appeared between
the oocytes during the pachytene stage. The sporadic presence of mid-
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bodies inside the bridges proves that they appear as a result of incomplete
cytodieresis after mitosis. The intercellular bridges showed the same structure
as those described in the ovaries of mice [44], rats [16], hamsters [53],
rabbits [57] and humans [18], chicken [46] and also in the spermatogenesis
in mammals [12, 18]. Unlike the above mentioned, the intercellular bridges
in porcine fetal ovary were reinforced with additional spiral and circular
bands of dense material which probably prevented the canal to close. Based
on the number of bridges it can be estimated how many mitotic divisions
occur in spermatogonia [12]. The number of oogonium divisions is very
difficult to establish due to a different distribution of germ cells in the sex
cord in comparison with spermatic canaliculi and considerably bigger size
of oogonium than spermatogonium. In tested embryonic pig ovaries, at the
most, three oogonia connected with bridges were visible, which indicates
that at least two successive divisions occurred.

The intercellular bridges may be responsible for: 1/ restriction of motility
of germ cells, 2/ synchronisation of mitotic division and co-ordination of
the onset of meiosis, and 3/ restriction of the number of divisions of gonial
cells. The latter may limit the cell populations in meiosis [18, 41]. The
degree of synchronization appeared to be very high in pig, because the
same stage of meiotic prophase was observed in the adjacent oocytes. It is
not unlikely that the intercellular bridges may play a trophic role similarly
as in the ovaries of insects [5]. One or more oogonia may accumulate
materials (organelles and gene products) transported from the others,
that allows them to develop into oocytes. Thus, the egg nests (clusters of
oogonia) in pig fetal ovaries as in other mammals correspond to the cysts
in invertebrate ovary [17, 41, 42]. The separation of individual oocyte
occurs prior to follicle formation and germ cell degeneration eliminates
interconnected cells along with intercellular bridges [41, 42].

The yolk nucleus
The greatest changes were observed in cytoplasm of the oocyte. Yolk

nucleus as a large complex of organelles was formed close to the nucleus.
It comprised dictyosomes, ER elements, vacuoles, and bands with cross
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striation, non-enveloped dense granules and mitochondria. In the light
microscope, the yolk nucleus in pig oocytes was seen as the accumulation
ofthe granules PAS- positive and condensation of the basophilic cytoplasm
[6]. It corresponded with the yolk nucleus in other mammals [57] and
particularly with the yolk nucleus of oocytes in the primary ovarian follicle
in humans [19, 27], however, it does not possess annulated lamellae
and multivesicular bodies. An increased number of pores in the nuclear
envelope in that region could reflect an intensive exchange of substances
between the yolk nucleus and cell nucleus.

Endoplasmic reticulum

During the development of porcine oocyte ER underwent significant
quantitative and qualitative changes. The greater growth of the total volume
ER (3.7 times) was observed between the prophasal oocytes and oocytes of the
smaller follicles. In oocytes of small primordial follicles, ER constitute about
20% of cytoplasm volume, whereas in oocytes of larger follicles this volume
diminished to 10% but increased two fold the percent of the cytoplasmic
inclusions (vacuoles and compartments) encompassed by a bright sheet of
ER. The same level (10%) of the ER volume was observed by Cran [10] in the
mature porcine oocytes, which is comparable with ER volumetric density in
mature rat oocyte (19%). In human oocyte it was 33% higher [48].

It may be supposed that ER in oocytes undergoes the following sequence
of structural changes. At the end of pachytene, ER cisterns were formed
concentrically around the nuclear envelope and encircled the nucleus as
several layers. They are linked to the external leaflet of the nuclear envelope.
The most external cisterns shift towards the periphery of cytoplasm and
form a kind of cup, which later close in spherical vesicles limiting a certain
area of the cytoplasm. In this way, peculiar compartments in the cytoplasm
of oocyte are separated containing hyaloplasm with polyribosomes and
frequently also mitochondria. Other cisterns moving away from the nucleus
come in close contact with mitochondria (following their contour). In oocytes
of older primordial follicles, the outer nuclear envelope form in many sites
irregular pockets with indentations and blebs, which are filled with electron
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dense material and which separate as membrane- bound grey vesicles. These
pockets prolong in the smooth endoplasmic reticulum ER and encircle, in
the form of a complicated sheet, the lipid droplets and the earlier formed
compartments. The grey vesicles move together with ER cisterns away from
nucleus and are seen in the ER sheath of compartments. Their role is still
unknown. The compartments transform in the yolk globules (see below).
Some ER cisterns linked with the nuclear envelope reach the cell membrane
forming there the flat plate. Between the plate and cell membrane a dense
dark substance accumulates, where possibly the exchange between the
oocyte environment and the content of ER cistern takes place.

Similar structural changes in ER occur probably in the young oocytes
of other mammalian species, although the available data concern mainly
the oldest maturing or mature oocytes. At onset of the dictyotene phase,
stacks of ER cisterns replicating the nuclear envelope, lying parallel to the
nucleus and some times extended to form concentric ring around the nucleus
were observed in oocytes of mice, rats [37, 47], guinea pigs [1], monkey
Cebus albifrons [3] and humans [52]. There may be a way to increase the
amount of ER, which is needed for future oocyte development. The narrow
cistern of ER can be easily displaced in cytoplasm. In oocytes of several
examined mammalian species, ER cisterns are in an intimate contact with
mitochondria [1, 14, 15, 27, 28, 54], but the role of this contact remains
unclear. The irregular outpockets from outer nuclear envelope are also seen
in many mammalian oocytes [3, 31, 36, 52, 54]. They are connected with
the formation of small membrane-bound granules, which contain material
produced in the nucleus. The granules may transport this material to the
cytoplasmic compartments. The irregular sheath of ER around the yolk
globules and lipid droplets are described in oocytes of rabbits [26], Cebus
[3] and cattle [14].

The yolk globules
The reserve material (“foodstuffs™) in eggs is collectively referred as “yolk”.

The yolk of the lower vertebrate consists of platelets or lumps of a protein-
lipoid substance, droplets of more or less liquid fat (lipid) and granules of
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carbohydrate, which usually are in the form of glycogen. Sometimes also the
liquid, proteinaceus substance is present. Materials forming yolk, especially
proteins can be endogenous and exogenous. The exogenous proteins
are produced in the liver and transported to the oocyte trough the blood.
Generally yolk globules are defined as the spherical structures enveloped by
a single membrane, containing characteristic exogenous protein-vitellogenin
or vitellin. The eggs of mammals are regarded as yolkless or oligolicethal
(yolk-scanty), but in reality they do not contain the exogenous yolk. The
oocytes of most mammalian species exhibit a great number of cytoplasmic
inclusions, lipid droplets and glycogen. The cytoplasmic inclusions and lipid
droplets can be regarded as endogenous yolk.

The cytoplasmic inclusion of the mammalian eggs had different
names. Krauskopf [26] discerned in mature rabbit oocytes three types
of cytoplasmic inclusions: membrane bounded multivesicular bodies,
cytosomes and lipid droplets. Multivesicular bodies and cytosomes
were the same sizes (about 1.5 um in diameter) and had a very complex
structure. The multivesicular bodies were filled with small vesicles,
which fused in a granular mass, and the cytosomes were vesicles with
a granular content. Similar multivesicular bodies surrounded with small
vesicles, visible in light microscope as globules staining with crezyl-
violet, were described in rat oocyte. They also contain one or two dense
bodies inside the small vesicles, named nucleolids [47]. The multivesicular
bodies are also found in mature oocytes of hamsters [56], guinea pigs [1],
insectivores [28] and humans [52]. The ‘’membranous aggregates’ were
named the membrane-bound organelles containing a complex of convolute
membranes, rod-like structures and lipids droplets in oocytes of Cebus
[3]. The vesicles containing densely staining granules-‘granulate vesicles”
which in the light microscope appeared as small vacuoles, are uniformly
distributed throughout the cytoplasm of mature bovine oocytes [14, 15].
The cytoplasm of an ovulated egg of sheep is crowded with membrane-
bounded inclusions with a diameter of 2 um, named by Russe [45] the
“yolk globule”. Abundant membrane-bound vesicles, which are in close
association with ER, mitochondria and lipid droplets are described in
mature oocytes of camels [33], cats [25] and dogs [51].
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The information regarding the ultrastructure of cytoplasmic inclusions
in mature pig oocytes is sparse and equivocal. Norberg [34, 36] noted,
that they contain big lipid droplets (up to 4 um of diameter), which he
named the “yolk globules” and the other structures bonded by a single
membrane with light vesicular matrix (0.2 um in diameter). The yolk
globules contain lipids surrounded by the cytoplasmic membranes seldom
more than three to four in number which run almost parallel to each other
and likewise approximately parallel to outline of the yolk globules. Small
groups of mitochondria appear in the close vicinity of yolk globules. Cran
[10] discerned the membrane-bound “large vesicles” (about 1.3 um in
diameter) and lipid droplets. The large vesicles forming up to 15% of the
oocyte volume were ‘’electron lucent” with occasional amorphous and
membranous contents. A characteristic feature of such vesicles was an
intimate relationship with ER, which close adheres to the boundary of the
vesicle. The lipid droplets (about 3.3 um in diameter) represented up to
20% of the cell volume. The structural appearance and dimensions of lipid
droplets varied with the stage of maturation and also maintained a close
spatial relationship with ER, which frequently formed an enclosing sheath
[10]. In mature pig oocytes, Isachenko et al [21], in a very superficial
ultrastructural investigation, noted only the lipid droplets (homogenous
dark vesicles and grey vesicles with electron lucent streaks). Anatlikova et
al. [2] in a preimplantation pig embryo described three types of cytoplasmic
inclusions: 1/ vessicles with yolk globules, 2/ vessicles with homogenous
light inclusions, and 3/ lipid droplets.

The cytoplasmic compartments, described in this study, enclosed by a
sheath of ER forming in fetal oocytes, are the same structures as the large
vesicles described by Cran [10] and as yolk globules reported by Norberg
[35]. They present the earlier stage of development of yolk globules.
All mentioned cytoplasmic inclusions of mature oocytes of different
mammalian species are characterized by the presence of a sheath of ER,
dense granules or vesicles and are in close contact with lipid droplets and
mitochondria. They can be regarded as endogenous yolk globules and it
can be supposed that they play a definite role during the maturation of
oocyte and next in early embryo development.
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The yolk globules of lower vertebrates are regarded as a labile system,
capable of rapid modification. The requirement of nutritive material by
maturing oocyte and early embryo results in modifications in structure,
content and composition of yolk globules depending on the stage of
development. The same may concern the yolk globules of the mammalian
oocytes, but there is limited data describing this problem. The yolk
globules, in which ER is associated with lipids and mitochondria, may form
a “metabolic unit” [49], which plays an important role during fertilization
and activation of oocyte.

The relation between the lipid droplets and compartments in fetal
pig oocytes is not clear. It may be assumed, that the lipid droplets, not
membrane-encountered, arise from Golgi bodies of the yolk nucleus, as
the first lipids appear on the periphery of the yolk nucleus. ER cisterns
forming the compartments can capture these lipids. It is also possible,
that lipids are produced inside the compartments from membranes, as the
compartments contain ER, mitochondria and membrane bound vesicles.
The osmiophilic lamellar structures can be a transient stage between the
membrane and lipid aggregations. This double origin may reflect on two
kinds of lipid droplets: dark and grey. Only the grey droplets are associated
with the cisternal smooth ER layer [20, 21]. These two kinds of lipids can
have different compositions, as they have different affinity for osmium
tetraoxide. Isachenko et al. [20] suppose, that first, the dark lipid changes
into grey form, then, the grey lipids undergo lipolysis. The lipid droplets
are osmiophilic indicating the presence of a significant proportion of
unsaturated lipids. McEvoy et al. [13] demonstrate that lipids stored in
cytoplasmic droplets of maturing pig oocytes contain triglycerides and
phospholipids. Triglyceride is the major component and a quarter of fatty
acid mass is in phospholipids. The content of fatty acids in pig oocyte is
greater than in oocyte of cattle or sheep [13, 49].

Lipids are a reservoir of latent energy, as an endogenous fuel source
for embryo [24]. A multiple role is assigned to oocyte lipids during
fertilization and during the first stage of embryogenesis. Pig oocyte may
use endogenous triglicerides as an energy source during maturation.
The amount of triglicerides in an immature oocyte decreases after
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maturation and there is no apparent change in trigliceride content during
the embryo development [49]. Phospholipids, together with cholesterol
are important components of cellular and intracellular membranes which
must be synthesized as the fertilized egg undergoes cell division. The
additional membrane required for each division must be provided by the
reorganization of existing membranes together with phospholipid turnover
or de novo synthesis. Another function attributed to fatty acid utilization is
the generation of water for blastocel fluid during blastocyst formation [13].
The pig blastocyst extends and enlarges multiplying its volume and surface
(up to 100 fold). The blastocyst expansion coincides with the significant
increase in energy consumption and reduction of neutral lipid content in
blastocyst [13].

The role of ER sheath of pig yolk globules is unknown. The ER sheath
can participate in their rapid modifications. It can be the site of calcium
storage. In a maturing oocyte the presence of Ca** was described in the
nucleus, mitochondria and non-definite vacuoles [43]. In mammals, sperm
penetration induces a series of Ca®" repetitive releases from intracellular
stores, which continues for at last 3 h in pigs [50]. This calcium release
is dependent on inositol 1,4,5-triphosphate: IP3 [13, 50]. IP3 comes
from hydrolysis of intracellular membrane-bound phosphatidylinositol-
4, 5 biphosphate: PIP2. PIP2 represents approximately 6% of pig oocyte
phospholipids [13] and may be localized in the membrane of ER sheath
of the yolk globule. There is still the question if the ER sheath can be
involved in the storage of maternal information.

Up to now there has been no information about the fate of yolk globules
and lipid droplets during the embryogenesis in mammals. Cran [10]
examined the ultrastructural changes in pig oocytes during maturation
induced by hCG. After germinal vesicle breakdown, the number and
volume density of lipid droplets increased and the yolk globules (large
vesicles) declined. The ER enclosing the lipid droplets was fragmentary.
No significant changes in ultrastructure yolk globules were noted. The
future studies can only elucidate the changes in structure, composition and
“’behaviour” of yolk globules during the embryogenesis of pigs and other
mammals.
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