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Abstract
The objective of this study was to investigate the oogenesis of the carpet sea
squirt Didemnum vestitum on ultrastructure level. The process of maturation of
the ovaries comprised two phases, previtellogenesis and vitellogenesis. Ovarian
development was asynchronous, recognizing several typical stages. Prefollicular and somatic cells were at the beginning of growth and division.
Isolated rRNA and ribosomal proteins condensed to form the globular
nucleolus. Electron-dense materials condensed near the nucleus, which lead to
assembled free ribosomes. High-contrast RNA-containing material migrated
out from the nucleus to the ooplasm where they increased at the vicinity of
mitochondria and had connections to endoplasmic membrane system. The Golgi
apparatus was limited to few dictyosomes. In the ooplasm, characteristic
Balbiani bodies built up. The combination of ooplasm, ribosomes, and
mitochondria formed a distinctly electron - dense material border containing the
extruded nucleolar substances. The ooplasm continued to loosen until it was
sponged with fluid-filled partially coagulated vacuoles. The vacuoles can be
classified according to their appearance into 3 types. A number of simple
cytosomes were formed in the cortical ooplasm. Cell adhesion occurred in the
form of zonular adherents with an intercellular joint and increased according to
cell growth. The oocyte developed saccular projections and the nucleolus
vacuole dissociated into smaller subunits. The mitochondria appeared inflated
and the crista membranes disintegrated. Concentric membrane slips occurred
frequently. Two subgroups of peripheral substances were distinguished. The
yolk material accumulated in the inside surface of the membrane or it condensed
in the surface of unlimited vacuole areas. Defective gonadal bodies were
observed in cold months in which the oocytes lacked vitellus, the nucleus lost
its organization, its content deteriorated and the ooplasm fragmented.
Keywords: Oocyte phases, ribosome, Mitochondria, Golgi apparatus,
endoplasmic membrane system, dictyosomes, Balbiani bodies
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INTRODUCTION
Among the deuterostomes, the sea squirts form an original group, which presents at the
same time characters of vertebrates and characters reminiscent of those of certain
invertebrates [1, 2]. This is especially for their post-embryonic development and
reproduction [3]. Reproduction is a process that involves a series of gonial and somatic
changes which is manifested by the development of the gonads. Ovarian maturation is
subjected to cycles alternating with seasons; the terminal phases of the ovarian
maturation ends with fecundation and spawning [4].The oogenesis of sea squirts has
been the subject of old observations, such as those of [5-7] , then more recent, such as
those of [8, 9]. A short note, by [10], pointed out some ultrastructural features of
oocytes and follicular cells of Phallusia Mammillata, Ascidia Mentula and Ciona
Intestinalis. Recently two articles have been devoted to the oogenesis of ascidians; fine
cytochemical research [4], the other focuses on the development of embryonic gonad
[11]. In the Styelidae family, this study has given the histological characteristics of the
oogenesis of the compound ascidian Botryllus schlosseri [12]. In a note devoted to
cytological analysis of vitelline follicles [13, 14] have shown original facts concerning
the vitellogenesis of Ciona intestinalis. Update studies on the ultrastructure of the
oocyte maturation in ascidians are entirely lacking. This study proposed to complete
the ultrastructural study of oogenesis in the case of the carpet sea squirt Didemnum
vestitum (Kott, 2004). The present study dealt intensively with the cytology of the
specific stages of oocyte development. Of particular interest were the nucleoli, Balbiani
bodies, the various forms of the endoplasmic reticulum and the ooplasmic vesicle
formation. In addition, the pinocytotic activity of the oocyte membrane, multi-vesicular
bodies, mitochondria and their conversion to vitellogenetic complex cytosomes.
Didemnum vestitum is the most common invasive sea squirt in the Arabian Gulf of
Saudi Arabia [15, 16]. The knowledge of the changes that occur in the gonad over time
is important because it allows understanding the reproductive biology of a species that
is a fundamental aspect in the process of stock assessment [3, 17]. The basis for limiting
the fishing of an exploited population in order to ensure that future recruitment does
not decrease to levels that represent a danger for the stability of the population [1, 2].
The process of maturation in ovaries comprises two phases, previtellogenesis and
vitellogenesis that together have six and eight stages; the total number depends on the
species and the criterion of the authors [18-20] . The oogenesis can be synchronous or
asynchronous, in this last case, several stages of development can be recognized and it
is generality in the tropical marine ecosystems [8, 21, 22]. Oogenesis is synchronous
when all oocytes have the same stage of development and consequently the laying may
be total, as is common in cold temperate waters and in some tropical species [23]. In
the Arabian Gulf, the species of Didemnum vestitum has great commercial interest
because they occupy a line of importance in coastal fisheries [24]. In this sense it is of
paramount importance, for its optimal use, the knowledge of its reproductive biology,
for this reason, it was considered convenient to carry out the present investigation.
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MATERIAL AND METHODS
The carpet sea squirt Didemnum vestitum (Kott, 2004) was sampled regularly in each
month from February 2017 till January 2018 from the shallow intertidal waters of eastern
Arabian Gulf in Khobar, Saudi Arabia. These squirts were transported in aeriated water
containers to the laboratory. Squirts were dissected in Ringer's solution from the dorsal side
by careful detachment of the tunic before ovarian fixation. Ovaries were removed in pieces
and fixed in 2% OsO4, according to [25]; 10% OsO4 in veronal acetate buffer; 5%
glutaraldehyde in phosphate buffer followed by post fixation with 2% buffered OsO4. All
ovarian pieces and oocytes were fixed at + 4°C in a refrigerator, for 2 hours, at a pH
between 7.2 and 7.4. The glutaraldehyde-fixed pieces were left in the phosphate buffer for
12 hours, and the osmium fixatives were washed several times with buffer for 1 hour. The
mixture was subjected to an aqua acetone series (in each case 30 min. 30%, 60%, 90%,
3X100 %). Vestopal, which is already used as intermediate medium (acetone-Vestopal
stages 30 %, 60 %, 90 %, 2 × 100 %), served as the embedding medium, with 1, 5 %
benzoyl peroxide initiator had been homogenized. The objects polymerized sequentially at
30°C (2-3 h), 60°C (24 h), and 90°C (12 h). For the preparation of semi- and Ultrathin
sections, ultramicrotome Om U2 and Om U3 Fa. was available. The cuts were made after
the Method of contrasts [25]. For microscopy an EM 9S-2 (60 kV) from Zeiss was used.

RESULTS
The microscopic analysis was carried out following the criteria of the growth phases
and stages of oocyte maturation mentioned by [6]. The ovary showed in the different
seasons oocytes in the first growth phase (oogonia and pre-vitellogenesis) and oocytes
in the second growth phase (vitellogenesis); however, oocytes in the process of
degeneration (atresia) were observed.

PREVITELLOGENESIS
Stage I oogonia
Along the germinal epithelium pre-follicular and somatic cells were observed at the
beginning of growth and division phases. The oogonia (20-40 µm) were lenticular to
bean-like and had the nucleus of up to 10-15 µm diameters which was located mainly
at the periphery of the ooplasm. Different electron-dense nuclear materials with
irregular shapes were deposited directly on the nucleus and distributed in the
karyoplasm. The nucleus had only more or less homozygous chromatin. Isolated rRNA
and ribosomal proteins condensed into contrasting irregularly shaped spheroids and
finally formed the globular nucleolus (Fig. 1a). These oogonia were usually seen in
groups of few cells or isolated from the basal germinal epithelium. The cell membranes
were very close to each other. Most of them were embedded in larger numbers of
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follicular cells. As the oocyte attained a cell diameter of 30 μm, the nucleus measured
15 μm and the ooplasm was correspondingly confined to a narrow margin of 2-5 μm
in width. The oocyte membrane was smooth and without a broad intercellular follicular
cell membrane (Fig. 1b). The basic ooplasm was of a homogeneous matrix and equally
filled the space between the nucleus and the cell membrane. It was much denser, less
flaky and granulated than the karyoplasm, which was due to a high proportion of
ribosomes. In the peripheral ooplasm electron-dense materials condensed near the
nucleus and assembled to free ribosomes.

Stage II oogonia
Oogonia were with an average diameter of 35-65µm, change in the size of the nucleus took
place. The nucleus had clearly chromosomes or synaptic complexes. High-contrast RNAcontaining materials migrated out from the nucleus to the ooplasm where they increased at
the vicinity of mitochondria and had connections to endoplasmic membrane system. The
Golgi apparatus was limited to few dictyosomes. Two types of dictyosome were
differentiated: A polar-built type which formed on one of the two flat sides of Golgi
vesicles (secretion side), while the other did not recognize any cisterns t (regeneration side).
These vesicles were located partly in the peripheral ooplasm and partly near the
mitochondria. The second type of dictyosomes emitted vesicles on both sides which were
significantly smaller than those of the first type and formed a vesicle complex. Vacuoles
were formed directly on the oolemma and often opposed directly to the ooplasmic vesicles
of the follicular epithelium. Pinocytosis had not been observed with certainty in this oocyte.
These findings suggested that the vesicles found in the ooplasm were of different origin,
but cannot be distinguished in their formation. Granular and agranular ER were
distinguished. Early in the course of oogenesis, precursors of annulate lamellae developed.
They were related to the strongly electron-dense particles and small vesicles of the basic
ooplasm. The ER can be described as convoluted flattened channels. A tangential section
of the ER showed pores at constant intervals (Fig. 1c). Spherical to ellipsoidal mitochondria
were found consistently in clusters laterally around the nucleus. The mostly round crosssections showed either extremely shorts cristae or the whole organelle passing strips of the
inner mitochondrial membrane. Few granules were observed inside the inner matrix of the
mitochondria.

Stage III previtellogenic oocyte
Follicular oocytes moved towards the gonadal lumen. The oocytes began their growth; first
placed in an irregular fashion then they became regularly stacked. The follicular epithelium
surrounded the oocyte vitelline membrane. The average diameter was 70-120 µm, its
nucleus remained relatively stable in growth (35- 45 µ m). In addition to the only small
nucleus, small, likewise strongly osmiophilic nucleolus occurred predominantly in the
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peripheral karyoplasm. In the ooplasm, characteristic Balbiani bodies (yolk nuclei) built
up. Mitochondria increasingly distributed in the ooplasm. The great number of
mitochondria finally formed an inner sheet around the nucleus. Denser and more
osmiophilic material appeared around the basal ooplasm. In the middle of the Balbiani
bodies there were mitochondria inside (Fig. 1d). The increased osmiophilia was due to the
increasing density of ribosomes and may be due to increased protein synthesis. The
combination of ooplasm, ribosomes, and mitochondria was not limited to this single
complex, but formed a distinctly electron - dense material border containing the extruded
nucleolar substances. Parallel to the condensation of the yolk nuclei, an impaired
compaction of the entire ooplasm remained. In addition, dense ribosomes were found in
the ooplasm which were not necessarily associated with organelles. Mitochondria
underwent an extreme change in shape and became elongated. The endoplasmic reticulum
membrane system had evolved progressively. The cisterns of the agranular ER were closed
to ring complexes. The merger was probably due to merging single chain-like juxtaposed
vesicles. The number of membrane stacks of the annulated lamellae increased intensively.
Annulate lamellae and closed membranes were found in close neighborhood to
mitochondria. The mitochondria were completely enclosed by the ER. Compared to
oogonia, the nuclei contained fewer pores, smaller in diameter and separated by relatively
large portions of parallel bilateral membranes. The karyoplasm remained coarse-flaky and
contained increasingly dense granules of 15-25 nm in diameter. The nuclei of these oocytes
were particularly interesting because smaller nucleus bodies appeared in addition to the
main nucleolus, which did not stand out in their fine structure and contrast. The nucleolus
underwent severe structural changes, homogeneously composed of ribosome granules and
was consistent in surface texture from dissolution phenomena leading to strongly divergent
nucleolus images (Fig.1e). The periphery of the nucleolus was irregularly bulged and there
was at least one eccentric large rounded body of different density. This material can either
be homogeneously electron dense, or contained nearly empty vacuoles at equal intensities.

Stage IV vitellogenic oocyte
The oocyte entered a phase of intense growth. The follicular epithelium was differentiated
into outer simple squamous and inner cuboidal cells. The oocyte assumed a pear-shaped
form with diameter increased (130-180µm). This stage was an endogenous and exogenous
vitellogenesis phases in which yolk globules were formed within ergastoplasm. It contained
one to several yolk nuclei which were already in the typical previtellogetic stage. The
number of nucleolus-like granules in the nucleus increased progressively. The nucleoli
reached diameters up to 25 µm. The vacuolization of karyoplasm began to form two large
interlaced susceptible bodies and disintegrated into small karyoplasmic spaces (Fig. 1f). In
the karyoplasm there were isolated groups of ribosomes. More electron-dense complexes
appeared in the ooplasm and resembled the structures that were constantly found in the
immediate nucleus. Lamellar bodies formed in the plasma of the follicular cells and in the
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karyoplasm of the oocyte nuclei. The osmiophilic border along the nucleus dismantled at
the transition to vitellogenic stage. In the further course of development, an exogenous (or
secondary) vitellogenesis phase in which the deposit of a large quantity of yolk in the
oocyte corresponded to the incorporation, by micropinocytosis of proteins of extraovarian
origin. The ooplasm continued to loosen until it was sponged with fluid-filled partially
coagulated vacuoles. The vacuoles can be classified according to their appearance into 3
types: the first type vacuoles of a maximum of 5 µm in diameter and of approximately
round shape when they were free in the basal ooplasm. They were associated with the
endoplasmic reticulum. The periphery of the vacuole was interrupted by crevices created
by divergence of the ooplasm. Later the smaller vacuoles, while growing, displaced the
connecting plasma until they were juxtaposed and separated by a thin electron - dense
septum. In the further course of vacuolization this boundary layer was broken at several
points, so that a uniform liquid space was created. In the immediate neighborhood lie ER
or Golgi vesicles, mitochondria and strongly contrasted yolk bodies of different sizes. The
contents of the vacuoles cannot be reported because after fixation with buffered OsO4 and
sectional contrast, the vacuoles usually appeared empty or contained diffusely distributed
mature structures. On the other hand, glutaraldehyde-fixed oocytes showed vacuoles with
electron-dense radiating peripheries (Fig.1g). The second type of vacuoles were up to a
diameter of 2-3µm and surrounded by many ER vesicles. They were located very close to
the fine channel of the agranular ER and especially with the stacks the annulate lamellae.
This second type of vacuoles did not differ in their content from the first type. Different
sized slits gave the impression that the membrane followed the vacuole growth until they
break up between the unifying vacuole complexes (Fig. 1h). The third type of vacuoles
appeared to be predominantly evolved from the vesicles of adjacent Golgi apparatus. The
cisterns of the Golgi apparatus in these vitellogenic oocytes were significantly larger and
electronically empty. These vacuoles were restricted to the cortical ooplasm. Often the
dictyosomes were found directly on the oocyte membrane. Specifically, this area had
vacuoles that are surrounded by an ever-closed plasma membrane. Cisterns probably
derived from the neighboring Golgi dictyosomes. The vesicle membranes did not merge
immediately upon contact but were partially or completely taken up in the large vacuole.
Vacuoles of this type were frequently observed in the oocytes which had an extremely
extensive endoplasmic reticulum. Their cisterns were very voluminous and branched in the
ooplasm. The membrane systems of the ER appeared only in late vitellogenetic oocytes.
These membrane-enclosed regions were initially formed concentrically and extended
around portions of the ribosome. Like the membranes attached to the ER system, the inner
membrane bound ribosomes. The concentrically constructed and branched cisterns were
narrow, elongated, flat- set tubules that ran below the oocyte membrane. They connected
to the Golgi apparatus and vacuoles of the cortical plasma in the form of a network.
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Stage V vitellogenic oocyte
The oocyte assumed a spherical-shaped form with diameter increased (190-220µm). A
number of simple cytosomes (yolk precursors) were formed in the cortical ooplasm. They
were composed of preexisting multi-vesicular bodies or transforming mitochondria. The
vesicles-containing bodies were directly at the beginning of their formation below the
oocyte membrane, contained equally micro-vesicles and can be confined by two
membranes. On their way to the cell center, they enlarged and took up irregular forms. In
their vicinity were some mitochondria with accumulations of amorphous material in the
inner matrix space (Fig. 2a). In addition, another specialization of membrane-enclosed
bodies can be observed in the oocytes. These were irregularly shaped vesicles which in
their interior showed rod-shaped, mostly parallel and crystalline elements. These structures
were composed of up to 80 disc-shaped subunits separated by equally sized interstitial
spaces (Fig. 2b). In the stage IV of vitellogenesis, the oocyte membrane ran exactly parallel
to the inner follicular cell membrane without showing any reshaping. In the stage V of
vitellogenesis, cell adhesion occurred in the form of zonular adherents with an intercellular
joint and increased according to cell growth. The intercellular space was subdivided at
irregular intervals by the oocyte membrane and became lodged in the ooplasm, so, the
follicular cell membrane being exposed. The vacuolated space was filled with furrygranular intercellular substance. These depressions of the oocyte membrane had a high
proportion of substance uptake and transport. In addition to the considerable surface
enlargement, they may have the function of centralizing the materials absorbed from the
gonocoel via macropinocystrosis of the follicular cells by the shortest possible route. Large
pinocytosis vesicles were lost. They were absorbed by the follicle cell membrane into the
oocyte and then cut off. These pinosomes were surrounded by two elemental membranes,
probably migrated into the cell interior and were partly taken up by ER cisterns, and partly
built up into multi-vesicular bulbs. A reliable characteristic of the oocyte in stage V was
the presence of microvilli in the intercellular space. In the late stage of vitellogenesis the
oocyte developed saccular projections and the nucleolus vacuole dissociated into smaller
subunits. The vacuolization of the ooplasm increased and more yolk was deposited. The
oocyte separated from the follicular epithelium (Fig. 2c). Occasionally degenerative
mitochondria and trapped yolk elements were observed in the ooplasm center. As a further
differentiation of the rough ER, membrane annuli crosslinks appeared whose extensive
cisterns formed the granular content of the ooplasmic vacuoles. The cavities between the
elemental membranes were largely intertwined and expanded into vacuoles (Fig. 2d). The
nucleolus remained multifaceted in its image (Fig. 2e). Individual nucleoli appeared to
homogenize through disintegration of the intra-nucleoli vacuoles. The majority of the
nucleoli moved from the core center to the periphery. The nucleus began there to enlarge
the surface where the major nucleolus had most closely approximated. The ribosome
density did not differ from that of the other ooplasmic body. Only few electron-dense
complexes were in the immediate vicinity of the nucleus. The ooplasm cleaved from the
periphery of the oocyte resulted in the formation of the three vacuole type’s characteristic
of vitellogenesis.
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Stage VI vitellogenic oocyte
The mitochondria were very diverse. Although the spherical shape prevailed, there were
still shingles of mitochondria from the previous vitellogenesis stage adjacent to dividing or
already divided organelles. The cristae reduced their length, dense aggregates only formed
on the periphery of the inner matrix space, then in the center. The mitochondrion appeared
inflated and the crista membranes disintegrated. Portions of the intra-mitochondrial
membranes built vesicle formation. Concentric membrane slips occurred frequently. The
osmiophilic central bodies enlarged and contained finely granulated center in which microvesicles were embedded. Two subgroups of peripheral substances were distinguished. A
group of yolk precursors had superimposed on the central body whose apices cross over
into a common cleavage. The second group formed denser packed network surrounded by
a plasma membrane and sent finger-like projections into the vacuolated ooplasm,
microvesicles, and ergastoplasmic cisterns (Figs. 2f-h). In the further course of
vitellogenesis, the peripheral yolk materials were structured into concentric lamellae which
were not strictly parallel but wavy and arranged with different interspaces. The interior
remained homogeneously granulated; its surface received an electron-dense sheath, which
was superimposed on the ever-denser, flaky layer (Fig. 2m). In addition to the
mitochondrial transformation, a further type of yolk formation took place which was
globular-ellipsoidal particles and was found everywhere in the basal ooplasm. These yolk
balls were embedded in the ribosome-rich plasma and therefore only in a few places
directly with the ooplasmic vacuoles, ergastoplasmic cisterns and vesicles, mitochondria
and Golgi vesicles in combination. There may be a number of nuclei that produced
electron-dense granules or that condensed all of the yolk material except for one remnant.
The yolk material accumulated in the inside surface of the membrane or it condensed in
the surface of unlimited vacuole areas. In the process, the fine-grained substances bound
to fibers formed in their sub-units and became at the edge of the yolk-forming zone. At the
end of this stage, the peripheral fibrillae of the follicular cells relaxed; the volume of
oocytes has grown, and the intensity of yolk formation has exceeded its height (Figs. 2i-l).
The oviparous oocytes were approximately spherical, have a diameter of 160-200 µm
(without oocyte follicle: 110-150 µm) and were free in gonocoeI. The vitellogenesis was
largely completed. The ooplasm was infilled with spherical yolk balls and lipid plaques.
This stage of oocyte development is considered as the deposition phase of the oocyte
envelopes: vitelline envelope and the chorion.

Stage VII atretic oocyte
Defective gonadal bodies were observed in cold months in which the oocytes were
without vitellus evidenced by absence of granule layer, the nucleus lost its organization
and its content deteriorated and the ooplasm fragmented. The occurrence of atretic
oocytes was a phenomenon that has diverse exogenous and endogenous causes. The
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presence of a large number of atretic cells after spawning was a characteristic feature
of ovaries of marine invertebrates with asynchronous development. The first
manifestation of this histological process was the decrease of cellular content, probably
due to the loss of liquids and severe vacuolization of ooplasm (Fig. 2n). The oocytes in
this stage lost their cellular consistency.

Fig. 1
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a. Ultrathin section showing pre-follicular and somatic cells budding from the germinal
epithelium at the beginning of growth and division phases. b. Ultrathin section showing
oogonia and pre-vitellogenesis in first growth phase; vitellogenesis in second growth
phase and atresia in degeneration phase. c. TEM showing the oocyte membrane without
intercellular follicular membrane and the basic ooplasm with a homogeneous matrix.
d. TEM showing the homozygous chromatin and isolated rRNA & ribosomal proteins
forming the globular nucleolus. e. TEM showing two types of dictyosome, a polar-built
type and a vesicle complex. f. TEM showing the ER as convoluted flattened channels
with pores at constant intervals. g. TEM showing the great number of mitochondria;
indicated by arrows and Balbiani bodies in the basal ooplasm. h. TEM showing the
nucleolus underwent severe structural changes with strongly divergent nucleolus
images.
Follicle F , somatic cell SC, oogonium O, pre-vitellogenesis P , vitellogenesis V,
chromatin C, nucleus N, nuclear pore NP, nucleolus Nu, oocyte membrane OM,
follicular cell membrane FM, ooplasm Op, dictyosome polar-built type D, dictyosome
vesicle complex VX, endoplasmic reticulum ER, mitochondrion M, Balbiani bodies
BB, ribosome granules RG.
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Fig. 2
a. Ultrathin section showing the oocyte in intense growth phase. The follicular epithelium
was differentiated into outer simple squamous and inner cuboidal cells. b. TEM showing
the vacuolization of karyoplasm. c. TEM showing an exogenous vitellogenesis phases,
micropinocytosis, vacuoles in the neighborhood lie ER or Golgi vesicles, mitochondria and
strongly contrasted yolk bodies of different sizes. d. TEM showing agranular ER with the
stacks the annulate lamellae. e. TEM showing dictyosomes on the oocyte membrane.
Cisterns located neighboring Golgi dictyosomes and an extensive endoplasmic reticulum.
f. TEM showing simple cytosomes (yolk precursors) in the cortical ooplasm. g. TEM
showing irregularly shaped vesicles which in their interior showed rod-shaped parallel and
crystalline elements. h. TEM showing saccular projections of the oocyte and the nucleolus
vacuole dissociated into smaller subunits. i. TEM showing degenerative mitochondria and
trapped yolk elements in the ooplasm center. j. TEM showing the nucleolus remained
multifaceted in its image. k. TEM showing a group of yolk precursors structured into
concentric lamellae and a denser packed network sent finger-like projections into the
vacuolated ooplasm, microvesicles, and ergastoplasmic cisterns. l. TEM showing a further
globular-ellipsoidal yolk formation in the basal ooplasm. These yolk balls were embedded
in the ribosome-rich plasma and only in a few places directly with the ooplasmic vacuoles,
ergastoplasmic cisterns and vesicles, mitochondria and Golgi vesicles in combination. m.
TEM showing deposition phase of the oocyte envelopes: vitelline envelope and the
chorion. n. TEM showing oocytes without vitellus evidenced by absence of granule layer,
the nucleus lost its organization and its content deteriorated with fragmented ooplasm. The
oocytes in this stage lost their cellular consistency.
outer follicular cell OF, inner follicular cell IF, vacuolization V, karyoplasm K, exogenous
vitellogenesis XV, edogenous vitellogenesis EV; vesicle Vs, endoplasmic reticulum ER,
mitochondrion M, annulate lamellae AL, dictyosome D, Golgi dictyosomes GD, simple
cytosomes SC, cortical ooplasm CO, saccular projections SP, nucleolus Nu, peripheral yolk
materials PY, oocyte envelope OE, vitelline envelope VE, chorion Ch,
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DISCUSSION
During oogenesis, follicular cells undergo profound transformations affecting nuclei
and ooplasm; these changes bear intense syntheses and complex activities [26-28]. By
their outer side these cells probably secrete the constituents of the thick basal lamina
surrounding the whole oocyte [29]. By their internal cytoplasm constituents follicular
cells may serve as precursors to yolk or allowing the differentiation of the oocyte
envelopes. Two different phenomena successively affect the nuclei of the follicular
epithelium: first the multiplication of nuclei and cells by common mitoses, which were
observed from the constitution of the epithelium and continue until the end of the
endogenous vitellogenesis [18]; then the formation of large, strongly lobed nuclei as a
result of endomitosis-like phenomena; this second phase comes at the beginning of the
exogenous vitellogenesis [20]. The succession of the two phases in the nuclear
transformations affecting the follicle cells. For some authors the second phase
corresponded to mitoses resulting in bi- or multinucleated cells [18, 19, 30, 31] . In his
study oogenesis of the carpet sea squirt Didemnum vestitum (Kott, 2004) indicated that
the follicular cells surrounding the oocytes were loaded with yolk contained several
nuclei grouped into a compact mass; but these aggregates would come from true
mitoses and not from amitoses. In other cases the authors demonstrated phenomena of
endomitosis for the formation of large nuclei. Thus, [32] brought the evidence, by a
tritige thymidine incorporation technique, that nuclear growth in follicular cells resulted
from endomitotic replication of DNA accumulation and nuclear division in the follicle
epithelium. In this study histological observations led to describe, in the follicular cells
surrounding oocytes loaded with yolk, the existence of multi-nuclei masses leading to
aggregates to nuclei fusion. [12] showed images of prophase (condensation of
chromosomes, dissolving of the nuclear envelope), but without spindle formation or
disjunction anaphasic chromatids. The nucleus which was then reconstituted appeared
to be large and strongly lobed. These images could be interpreted as corresponding to
a type derived from endomitosis , leading to polyploid nuclei [33]. Similar conclusions
were taken by [34] who concluded that this phenomenon is present in protists, plants,
and many animals including arthropods, molluscs and even mammals. This author
admitted that most of the nuclei of follicular cells underwent endomitosis leading to
tetrachloroctoploid but that was the case with diploid fusions, octopoids, and most often
tetraptic. During the entire vitellogenesis phase exogenous activity of follicular cells
synthesis was very large. The increase in ooplasmic volume and the abundance of
various organelles (free ribosomes, stacks of ergastoplasmic saccules, Golgi apparatus,
mitochondria) showed numerous protein syntheses [35, 36]. More voluminous lipid
droplets were formed in close contact with saccules of the endoplasmic reticulum and
Golgi vesicles. About the lipid of yolk, various authors have mentioned the formation
of concentric whorls of the endoplasmic reticulum surrounding the lipid droplets
synthesized by the follicular cells [37]. In Dysdercus intermedius and Styela plicata,
[32, 38] speculated that the lipid droplets of follicular cells were used to manufacture
the vitelline membrane, which contained in addition to proteins and polysaccharides.
As far as protein synthesis was concerned, the question was whether follicular cells
participated in the development of yolk precursors, or if they only served in the
differentiation of the oocyte envelopes. In various invertebrates it has been
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demonstrated that most of the proteins incorporated by the oocyte have an extra-ovarian
origin [35, 36] and that these molecules passed through the dilated intercellular spaces.
However it was possible to show involvement of follicular cells in the syntheses of yolk
precursors [39]. In Sparus aurata [35] suggested that proteins made by follicular cells
could play the role of necessary enzymes for the incorporation of yolk precursors. In
Ciona intestinalis the spaces between the follicular cells generally remained not dilated
during vitellogenesis [40]. However, in some cases dilation of these spaces, with
formation of pockets; these dilated spaces were then filled with dense material similar
to that which constitutes the vitelline envelope and apparently by exocytosis from the
follicular cells themselves [13, 14]. Moreover, during oocyte maturation, adherents
junctions appeared near the apex of follicular cells. Thus during all vitellogenesis
exogenous intercellular spaces, if not very dilated, were not closed; they may be the
seat of transport of metabolites from the hemolymph and follicular cells, then gaining
the perioperative space off the oocyte drawn the precursors of the yolk [19, 20, 23].
Recent publications admitted that the vitelline envelope was made by the follicular cells
[41]. Only few authors assumed that the oocyte cortex participated in the formation of
the vitelline membrane, as in fishes, Molgula manhattensis , Botrylloides violaceus [8,
18, 31]. In Ciona savigni the ultrastructural observations showed the participation of
follicular cells in the development of precursors of the vitelline envelope [6, 8, 42],
whereas no cytological image was indicative of the secretions by the oocyte cortex [18,
19, 33]. Chorion appeared less clear in ultrastructure in Bombyx mori and Ciona
intestinalis [11, 43, 44] . These studies observed oocytes in first and second growth
phase and even atretic oocytes were appreciated in the cold months. It is noteworthy
to observe several nucleoli dispersed in the nucleus of oogonia. This characteristic was
observed in the many species as crickets [4, 45, 46]. One of the main characteristics of
the oocytes in the first phase of growth was the migration of the nucleoli to the periphery
of the nucleus, which could reach more advanced stages in an irregular manner [28,
47]. In the oocytes of Gerrhonotus coeruleus the nucleoli were arranged towards the
periphery of the nucleus at the end of the first growth phase and remained in this
position during the second phase. This phase began with the appearance of vitellus
vesicles, knowing what was pointed out by [30, 48]. During oogenesis the contour of
the epithelial follicle cells has been described as a primary membrane originated by the
ooplasm that protected the oocyte from external influences. In addition, it had radial
striations through which nutrients penetrated for the growth of the oocyte [20] . [1, 2]
found atretic oocytes in ascidians. [6] mentioned that the occurrence of atretic oocytes
was a phenomenon that had diverse exogenous and endogenous causes. [7, 21, 49]
pointed out that the presence of a large number of atretic cells was a characteristic
feature of ovaries of marine invertebrates with asynchronous development. The first
manifestation of this histological process was the decrease of cellular content, probably
due to the loss of water [47, 50]; The same phenomenon was observed in stage of the
present study, decrease in size and lack of cellular consistency.
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