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A COMPARATIVE CYTOLOGICAL AND
CYTOCHEMICAL STUDY OF THE OOGENESIS
IN TEN BRAZILIAN TELEOST FISH SPECIES
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SuMMARY — The oocyte development of ten teleost fish species,
at the Trés Marias Dam, Minas Gerais, Brazil, was divided into
Sfour stages. This division was based on the vitellogenesis as well
as on the changes occurring in the nucleus and in the layers sur-
rounding the oocytes : 01- young oocyte, 02- previtellogenic oocyte;
03- oocyte with cortical vesicles and 04- oocyte with yolk globules.
Cytochemical techniques for carbohydrates, proteins and lipids
showed neutral glycoproteins in the yolk globules and in zona
pellucida in the ten species studied. The S. brandtii zona pellucida
also contained acid glycoproteins. The cortical vesicles (alveoli) con-
tent varied among the species : neutral glycoproteins, sulphated
or carboxylated acid glycoproteins. The presence of lipids was also
observed in the yolk globules of all species studied.

Key words : cortical alveoli, yolk globules, fish oocyte,
vitellogenesis.

INTRODUCTION

In teleosts, during the process of oocyte maturation, changes
occur in the nucleus, ooplasm and layers surrounding the oocyte.
One of the most important events in this process is the formation
and accumulation of yolk. According to DroLLER and RoTH (1966)
and ANDERSON (1968), yolk is partly synthesized in the oocyte
cytoplasm by several organelles (endogenous yolk); whereas the
remaining yolk material is synthesized at an extra-ovarian site
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(exogenous yolk), transported by the circulation, included in the
oocyte by micropinocytosis. SELMAN et al. (1986, 1988) pointed out
that the yolk vesicles which form the cortical alveoli, are not yolk
in a strict sense since their content is not used as a nutrient by the
embryo, but rather are analogous to the cortical granules of other
vertebrate and invertebrate species and their contents are released
into the perivitelline space during the cortical reaction at fertilization.

Knowledge of the chemical nature of oocyte inclusions is of great
interest. Cytochemical, electrophoretic and autoradiographical obser-
vations have shown that the proportion of proteins, lipids and car-
bohydrates varies among teleost species (KORFSMEIER, 1966;
ANDERSON, 1968; MESTER ef al., 1984; SELMAN ef al., 1986). The
zona pellucida is also important in the exogenous yolk incorpora-
tion. Complex interrelations were observed between this envelope
and the oocyte plasme membrane by electron microscopy (ANDER-
SON, 1967, WoURMS, 1976; ABRAHAM ef al., 1984). Recent studies
from binding of lectins with carbohydrates have demonstrated asym-
metry in the organization of the zona pellucida glycoconjugates
(ScHINDLER and VRIEs, 1989). In view of these, the present com-
munication includes a comparative cytological and cytochemical
study of the oogenesis in ten brazilian teleost fish species.

MATERIAL AND METHODS

Ovaries in maturation of 50 adult female fishes were collected
in January and February, 1986, at the Trés Marias Dam (18-20 °S,
44-46 °W), on the Sao Francisco river, State of Minas Gerais, Brazil.
Five animals of following species were used in this study :

SPECIES FAMILY
Schizodon knerii (STEINDACHNER, 1875) Anostomidae
Leporinus piau FOWLER, 1941 Anostomidae
Leporinus taeniatus LUTKEN, 1874 Anostomidae
Leporinus reinhardti (LGTKEN, 1874) Anostomidae
Serrasalmus brandtii REINHARDT, 1874 Characidae
Acestrorhynchus britskii MENEZES, 1969 Characidae
Tetragonopterus chalceus AGassiz, 1829 Characidae
Triportheus guentheri (GARMAN, 1890) Characidae
Astyanax bimaculatus lacustris (REINHARDT, 1874) Characidae
Curimatella lepidura EIGENMANN & EIGENMANN, 1889 Curimatidae
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Medium-third fragments of the ovaries were fixed in Bouin’s
fluid, embedded in paraffin, cut into 7 um-thick sections and stained
with haematoxylin/eosin, Gomori’s trichrome for cytological study
and also processed for the cytochemical demonstration of car-
bohydrates and proteins. In addition, some fragments were also
fixed in 10% formalin or in formol-calcium, and 10-12 pm frozen
sections, cut on cryostat, were processed for cytochemical stain-
ing of lipids.

The following cytochemical techniques, as described in LisoN
(1960) or PEARSE (1985), were used this study :

- periodic acid-Schiff (PAS) (after McManus) for carbohydrates
with 1:2 glycol groups : glycogen, neutral glycoproteins, sialomucin;
- salivary amylase (30 min at 37 °C) for extration of glycogen,
following of PAS;

- alcian blue 8GX-Sigma (AB) at pH 2,5 for sulphated and car-
boxylated acid glycoconjugates included sialomucin;

- AB at pH 0,5 for sulphated glycoconjugates;

- AB at pH 2,5 plus PAS (after Mowry) for neutral and acid
glycoconjugates;

- hydrolysis with 0,1 N HCI (8h at 60 °C) for extration of sialic
acid, followed by PAS or AB pH 2,5 as described by QUINTARELLI
et al. (1961);

- ninhydrin-Schiff for protein-bound-NH, groups;

- sudan black B for general lipids;

- nile blue sulphate for neutral and acidic lipids;

- sudan III for neutral lipids;

- oil red 0 for neutral lipids.

4 REsuLTS

Oogenesis starts with the proliferation and differentiation of the
oogonia. These primordial germ cells are characteristically small,
with a vesiculous nucleus, a central nucleolus and scarce cytoplasm.

The oocytes have been classified in four stages based on
vitellogenesis, on the changes occurring in their nucleus and on
their surrounding layers. The following stages could be recogniz-
ed (Fig. 1) :

01- (young oocyte) : small cells, with strongly basophilic apd
vitreous cytoplasm, relatively large central vesiculous nucleus, with
various peripherical nucleoli.
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02- (previtellogenic oocyte) : large cells, with granular and
basophilic cytoplasm. The nucleus shows peripherical nucleoli ac-
colated to the nuclear membrane. In some oocytes, the yolk nucleus
can be observed as a conspicuous structure slightly basophilic in
the cytoplasm. The zona pellucida appears as a thin PAS-positive
membrane at the end of this stage, but it is not very distinct in
cytological preparations. A single layer of squamous follicular cells
surrounds the oocytes.

03- (oocyte with cortical vesicles) : the cells have considerably in-
creased in size and are characterized by the appearance of cortical
vesicles in the cytoplasm. These vesicles are weakly stained in
routine cytological preparations. They increase in number and
spread centripetally to occupy much of the area of the ooplasm
in 03. The nucleus shows an irregular outline forming indentations
in which the nucleoli are located. The zona pellucida is very evi-
dent in this stage. The follicular cells are cuboidal in S. brandtii,
A. britskii, S. Knerii and squamous in the other species.

04- (oocyte with yolk globules) : these are the much largest cells,
characterized by the presence of acidophilic yolk globules. In this
stage, the cortical vesicles return to peripherical ooplasm to form
the cortical alveoli in some species. The nucleus may be eccentric
in position. The zona pellucida is thicker showing transversal stria-
tions and is differentiated in layers in some species. In S. brandtii
the zona pellucida consists of three distinct layers (internal, mid-
dle and external ones). The follicular epitelium remains simple

FiG. 1. Transversal section of S. brandtii ovary, showing oocytes in the four development
stages (01, 02, 03 and 04). Note the cortical vesicles (black asterisk) forming a very well
developed cortical alveoli in 04. Haematoxylin/eosin. x 81.

FiG. 2. Absence of the cortical alveoli in 04 of 7. guentheri. Haematoxylin/eosin. X 62.

F1G. 3. Poorly developed cortical alveoli (black asterisk) in 04 of C. lepidura. Haematox-
ylin/eosin. x 85.

FiG. 4. PAS-positive reaction after salivary amylase treatment in the cortical vesicles, yolk
globules and in the zona pellucida of A. britskii 04. x 104.

FiG. 5. 04 of S. brandtii showing PAS-negative reaction in the cortical vesicles (black asterisk)
and PAS-positive reaction in the yolk globules (white asterisk) and in the zona pellucida
(ZP). x 85.

FiG. 6. AB pH 2,5-positive reaction only in the cortical vesicles (black asterisk) of S. brandtii
04. x 75.

FiG. 7. Columnar follicular cells in 04 of S. knerii. Note strongly positive reaction to PAS
in the zona pellucida (arrow). AB pH 2,5 plus PAS. x 453.
Fic. 8. Sudan black B-positive reaction for lipids in the yolk globules (white asterisk) and

negative in zona pellucida (ZP) and in the cortical vesicles (black asterisk) of S. brandtii
04. x 319.
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, in the yolk globules and in the zona pellucida of ten teleost species at the Trés Marias Dam,

TaBLE 1. Histochemical reactions in the cortical vesicles

Minas Gerais, Brazil.
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PN ET, showing cuboidal cells in S. brandtii and A. britskii, columnar cells
s+ e r L ET 8 in S. knerri and squamous cells in the other species.
" The cortical vesicles are arranged peripherically forming a con-
i i I I I P 1 tinuous layer around the oocyte 4 in S. brandtii and A. britskii,
- hence composing a very well developed cortical alveoli (Fig. 1 and
2 4). This cortical organization is not observed in the oocytes of T.
SR e O é guentheri and L. reinhardti (Fig. 2). In the other species, the cor-
g tical alveoli is poorly developed with vesicles arranged only in scarce
L+l ++++4+ | areas of the cortical zone of the oocyte 4 (Fig. 3).
= The cytochemical reactions observed in the yolk globules, cor-
4+ 4 5 tical vesicles and in the zona pellucida are shown in Table 1 and
N in the Figs. 4 to 8. These reactions point out that the yolk globules
§ and the zona pellucida, in all species studied, contain neutral
1’ 1 [ I L+ 1111 |8 glycoproteins. The content of the cortical vesicles is varied : neutral
l glycoproteins in L. piau, L. taeniatus, L. reinhardti and T. guen-
§ theri; sulphated acid glycoproteins in S. brandtii; neutral and car-
L R s 5 boxylated acid glycoproteins in S. knerii, C. lepidura, A. britskii,
% T. Chalceus and A. bimaculatus lacustris.
+ 1L+ 1+11 11| In S. brandtii, the cortical vesicles are AB pH 2,5 and AB pH
k= 0,5 positive indicating that their acid polysaccharides contain either

sulphated and carboxylated groups or sulphated groups only.
However, after using the combined method Alcian yellow pH 2,5

+
++
+

plus Alcian blue pH 0,5 according to RAVETTO (1964), these struc-
tures were shown to contain only sulphated acid polysaccharides.
The intensity of the PAS and AB pH 2,5 reactions remains in-

alterated after acid hydrolysis, thus excluding the presence of sialic
acid in cortical vesicles, in yolk globules and in the zona pellucida

Periodic acid-Schiff (PAS)

of the ten species studied.

The yolk globules also contain neutral lipids due to their positive
reaction to Sudan black B, Oil red 0, Sudan III and Nile blue
sulphate. The cortical vesicles and the zona pellucida react negative-

Cortical vesicles; YG = yolk globules; ZP = zona pellucida; IL

positive reaction; + = positive reaction; — = negative reaction.

§. ly to these techniques (Fig. 8).

o . 2 £ The follicular cells of A. britskii and S. knerii are PAS positive,
Soc % f even after salivary amylase treatment. This suggests that these cells
+ &% s 8 o may contain neutral glycoproteins since they react also to ninhydrin-
_§ g g ; & “;Z o _‘g Schiff and are negative to the AB pH 2,5 and AB pH 0,5 techniques.
Egsp®ndy 3
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Discussion

Oocyte maturation is a continuous process which seems to oc-
cur in a similar way in teleost. However, the classification in stages
varies according to the criteria used. The division in four stages
used in this study is similar to that proposed by GobpiNHO et 4l.
(1974).

Several morphological studies have suggested that the yolk
vesicles give origin to the cortical alveoli (WALLACE and SELMAN,
1981 in review). SELMAN ef al. (1988) have recently shown by means
of a combination of morphological, cytochemical, electrophoretic
and immunological methods that the volk vesicles are in-
distinguishable from the cortical alveoli. We have adopted the term
cortical vesicles (alveoli) since these structures are not properly yolk.
In this study, it was observed that the morphology of this cortical
structure appears very well developed, not very distinct or absent
according to the species. This observation was also related for
Rasrtoar (1969).

A positive reaction to PAS and a negative reaction to AB pH
2,5 and to pH 0,5 as reported by SELMAN et al. (1988) in the yolk
globules coincided with our results, indicating the presence of
neutral glycoproteins and the absence of acid glycoconjugates.
Similarly, MALONE and Hisaoka (1963) and ANDERsON ( 1968)
observed polysaccharides and proteins whereas Knoo ( 1979)
reported absence of polysaccharides in these yolk structures. The
presence of lipids in the yolk globules as described by MALONE and
HisAoka (1963), ANDERSON (1968), Rasroar (1969) and Kaoo (1979
were also found in this study.

Neutral glycoproteins, carboxylated acid glycoproteins and
sulphated acid glycoproteins were observed in the cortical vesicles
according to the species. The results found in the literature are also
variable : sulphated mucopolysaccharides (AKETA, 1954); polysac-
charides and proteins (CHOPRA, 1958a, KORFSMEIER, 1966, ANDER-
SON, 1968); acid mucopolysaccharides (Rastoar, 1969); glycogen
and acid polysaccharides complex (CHOPRA, 1958b, KHoo, 1979);
polysaccharides including glycogen, proteins and RNA (SHAHI et
al., 1979); glycoprotein containing carboxyl group (TESORIERO,
1980); acid and neutral mucopolysaccharides (MESTER ef al., 1984);
glycogen and acid mucopolysaccharides containing sialomucin in
immature oocytes and sulphated acid mucopolysaccharides in the
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cortical alveoli in mature oocytes (VERMA et al., 1986);
polysialoglycoprotein (INOUE et al., 1987); carboxylated acid
glycoconjugates (SELMAN ef al., 1988) and non-sulphated acid
mucopolysaccharides containing sialomucin (VERMA and THAKUR,
1988). Recent studies have also demonstrated different carbohydrate
composition in the sialoglycoproteins of the medaka and salmonid
cortical alveolus which are cleaved into repeating units following
fertilization (INOUE et al., 1987; KiTATIMA ef al., 1989). The diver-
sity in cytochemical content of the cortical vesicles of the
freshwater teleost species appears to be specie-specific, thus in-
dicating specific functional role at fertilization. It is now well
established that the cortical granules or alveoli of the vertebrate
and intervertebrate eggs play an important role in the cortical reac-
tion which is closely accompanied by the release of cortical alveolus
glycoprotein contents into the perivitelline space resulting in the
establishment of the block to polyspermy (GURAYA, 1982, in
review).

The PAS-positive polysaccharides of the zona pellucida of
teleosts are well known. The presence of neutral glycoprotein in
the zona pellucida, as found in present paper, is supported by obser-
vation of PELIZARO ef al. (1981) and LopEs ef al. (1982). However,
a protein-acid polyssacharides complex (ANDERSON, 1967 and
K#o00, 1979) and carboxylated glycoprotein (TEsoRIERO, 1980) have
been also found in this envelope. In S. brandtii, the zona pellucida
showed three layers (internal, middle and external ones) which
presented different responses to cytological and cytochemical
techniques (R1zzo and Bazzoli, in preparation). In this study it
was observed that in S. brandtii the zona pellucida contained,
besides neutral glycoproteins, also carboxylated and sulphated acid
glycoproteins in the middle layer and only carboxylated acid
glycoproteins in the external layer as was shown by way of the com-
bined method Alcian yellow pH 2,5 plus Alcian blue pH 0,5
(RavETTO, 1964). Several zona pellucida functions have been
documented in mammalian fertilization. This envelope consists of
three glycoproteins : ZP1, ZP2 and ZP3. The major glycoprotein
ZP3 serve as both primary sperm receptor and acrosome reaction
inducer (WASSARMAN, 1988). In teleosts the fertilizing spermato-
zoon enters a region of the egg cytoplasm that is highly specializ-
ed, the micropyle. At the base of the micropyle, the plasma
membrane of the unfertilized egg is differentiated into a structure
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apparently designed for sperm binding (LonGo, 1988). The
micropylar apparatus is well studied in teleosts (KoBAYASHI and
YAMAMOTO, 1981; NakAsHIMA and IwAMATsU, 1989). In fish, on-
ly recently has preliminary work been published that identifies the
zona pellucida glycoproteins (BEGovac and WALLACE, 1986, 1989;
HaMmAzak1 et al., 1987, 1989) and, the exact physiological
significance of these glycoproteins still remains obscure.

The presence of neutral glycoproteins was also observed in the
follicular cells of A. britskii and S. knerii coinciding with obser-
vations made by SAXENA et al. (1984) in Nandus nandus. On the
other hand, Cussac and MAGGESE (1986) observed positive and
negative reactions to AB pH 2,5 and PAS, respectively in the
follicular cells of Rhamdia sapo, thus, detecting acid mucopolysac-
charides in these cells. These authors pointed out that the follicular
cells seem to degenerate to form the jelly-coat (outer thick envelope
of the ovulated egg).

Therefore, it was concluded through classical cytochemical that
the composition of cortical vesicles, zona pellucida and follicular
cells varied in teleost fish. These variations may reflect different
functions of these components in dynamics of oogenesis.
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