Lashen Samah; et al...

ISSN 1110-7219

STRUCTURES OF GONADS IN OREOCHROMIS
NILOTICUS (TILAPIA NILOTICA)

Lashen Samah, Abd-Elmaksoud Ahmed and Marei Hany

Department of Mansoura University

ABSTRACT

The morphological characteristics of the testes and the ovary of the Nile tilapia (Ore-
ochromis niloticus) are presented. Testicular structure and spermatogenesis are de-
scribed using histological techniques. The testes consist of capsule, seminiferous lob-
ules (contain spermatogenic cell, Sertoli cell), interstitial tissue (leydig cell) and duct
system. The coexistence in the testicular lobules of spermatozoa and spermatogenic
cells indicates that this species is able to perform continuous reproduction. Seasonal
trend was noticed in the number of the spermatogenic cell produced over a year period.
The ovarian structure is also described using histological techniques. The ovary consist
of capsule and ovarian follicles (chromatin-nucleolus, perinucleolus, cortical alveolar, vi-
tellogenic and mature). Each follicle consists of oocyte and surrounding structure (follic-
ular cell and zona radiata). Seasonal trend was noticed in the type of predominant folli-
cles present over a year period.
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INTRODUCTION
Tilapias are among the most important
warm water fishes used for aquaculture pro-
duction and originate from Africa and the
Middle East (Fryer and Iles, 1972).

In all vertebrates, from fish to mammals,
the testis is composed of two main compart-
ments, the tubular and the intertubular (or
(Schulz et
2009). The tubular compartment comprises

interstitial) compartment al.,
the seminiferous epithelium that contains
only two cell types, the somatic Sertoli cells

and the germ cells (spermatogenic cell), which
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are found at different stages of development
(Matta et al., 2002). The testicular lobule (or
tubule) is surrouned by a tunica propria, con-
sists of basal lamina and peritubular myoid
cells (Schulz et al., 2009). The intertubular
compartment contains steroidogenic Leydig
cells, blood/lymphatic vessels, macrophages,
mast cells, neural and connective tissue cells.
The latter being continuous with the tunica
albuginea (Dougbag et al., 1988a; Grier,
1993; Le Gac and Loir, 1999; Koulish et
al., 2002; Nobrega and Quagio-Grassiotto,
2007).
empty in the efferent duct system that con-

The testicular lobules (or tubules)
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nects these lobules to the deferent duct within
the central portion of the testicular parenchy-
ma. The testicular lobules are lined internally
with Sertoli cells, whose cytoplasmic process-
es surround the spermatogonia and sperma-
tocytes, forming isogenic cysts. During sper-
matogenesis, these cysts fill the entire width
of the lobule, preventing the appearance of
the typical central lumen until they open,
when the mature germinal cells are released
and form a lumen which anastomoses with
the main spermatic ducts (Le Gac and Loir,
1999).

Tunica propria consists of basal lamina
and peritubular myoid cells (Schulz et al.,
2009). Peritubular myoid cells show fairly
good proliferation activity in Nile tilapias. Per-
haps the higher plasticity of this cell type in
relation to its capacity to stretch in the tubu-
lar wall could influence its mitotic behavior
(Schulz et al., 2005).

Sertoli cells are always located on the basal
lamina that limits the testicular lobules,
which separates them from the interstitial
compartment. At the beginning of spermato-
genesis, aggregates of Sertoli cells associated
with primary spermatogonia are observed at
the end of the lobule. At this time, Sertoli cells
have a euchromatic and pleomorphic nucleus
with a nucleolus, and a clear cytoplasm with
traces of smooth endoplasmic reticulum and
a few mitochondria with clear matrixes (Sabat
et al., 2009).

Spermatogenesis is a developmental pro-
cess during which a small number of diploid
spermatogonial stem cells ( primary spermato-
gonia,

secondary spermatogonia, primary
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spermatocytes, secondary spermatocytes and
spermatide) produce a large number of highly
differentiated spermatozoa carrying a haploid,
recombined genome (Schulz et al., 2009).
Histologically, these can be identified as fol-
low:

Primary spermatogonia: These cells are
large, spherical to oval in shape. The nucleus
is large, spherical, centrally located and has
prominent nucleolus (Dougbag et al., 1988a).
Secondary spermatogonia: These cells are
nearly similar to the primary spermatogonia
but smaller in size and are found in groups
forming cysts of variable numbers. The indi-
vidual cells in a cyst have in general similar
morphological appearance. The nucleus occu-
pies most of the cell and it is smaller and
deeper in stain than that of the primary sper-
matogonia (Dougbag et al., 1988a). Primary
spermatocytes: These cells form large cysts
with prominent nuclei occupying most of the
cells. Their nuclei have no clear boundaries.
The darkly stained chromatin materials are
found in the form of clumped granules irregu-
larly distributed in the entire cell (Dougbag et
al., 1988a). Secondary spermatocytes: They
are found in cysts and have prominent darkly
stained nuclei. These nuclei are slightly irreg-
ular in shape and have clumped chromatin
with no clear nucleoli (Dougbag et al.,
1988a). Spermatid: in general these cells are
similar to the secondary spermatocytes but
with small size. The chromatin is homogenous
and apparently forms one clump (Dougbag et
al., 1988a). Spermatozoa: They appear firstly
in cysts after which they are released into the
tubular lumen. The sperm head appears as
darkly stained spherical body containing ec-
centric pale spot. Mature sperms are usually
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found within the efferent ducts and the main
sperm duct (Dougbag et al., 1988a).

The interstitial compartment comprises
Leydig cells, blood/lymphatic vessels, macro-
phages, mast cells, neural and connective tis-
sue cells (Dougbag et al., 1988a; Grier
1993; Le Gac and Loir, 1999; Koulish et
al., 2002; Nobrega and Quagio-Grassiotto,
2007). The Leydig cells are polyhedral in
shape and have spherical darkly stained nu-
clei with prominent nucleolus and vacuolated
cytoplasm after H&E stain (Dougbag, 1988a).

The efferent ducts are formed by modified
Sertoli cells (Grier et al., 1980; Grier, 1981;
Selman and Wallace, 1986). However, the
epithelial cells of the efferent ducts are mor-
phologically very different from Sertoli cells
that form germinal cysts (Porawski et al.,
1997).

The vertebrate ovary is an aggregation of
developing follicles enmeshed in a vascular
stroma of loose connective tissue and en-
closed within an envelope of gonadal epitheli-
um. The stroma consists of collagenous, elas-
tic, and reticular fibers and becomes greatly
distended as the follicles enlarge. Only in a
spent ovary when the stroma is collapsed, is it
easily seen.

The ovary has connective tissue lamellae
(ovigerous lamellae) projecting from the tunica
albuginea into the interior of the ovary. These
lamellae contain oogonia and oocytes in vari-
ous stages of development which are in ran-
dom arrangments (Mousa, 1998). Generally,
four principal stages of oocyte development as
out lined below have been described in several
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teleosts (Selman and Wallace, 1989). Chrom-
atin-nucleolus stage, Perinucleolus stage, cor-
tical alveolus stage, Vitellogenic stage and
Maturation stage.

Chromatin-nucleolus phase, the oocyte is
small with deeply basophilic ooplasm and the
nucleus occupies the greater part of the folli-
cle. The nucleus of the oocyte is generally
spherical with multiple nucleoli in a perinu-
clear position adjacent to the inner layer of
nuclear envelope (Guraya, 1986). Perinucleo-
lus phase, the nucleus enlarges to form the
germinal vesicle and the nuclear membrane
becomes undulating. The oocyte has addition-
ally several nucleoli that arrange at the pe-
riphery of the germinal vesicle. The oocyte is
surrounded by a single layer of flattened fol-
licular cells (Selman and Wallace, 1989).
Cortical alveolus stage, this stage is charac-
terized by the initial appearance of three com-
ponents: cortical alveoli, zona pellucida (radi-
ate), and lipid. The oocyte is surrounded by
cuboidal follicular cell (Begovac and Wallace,
1988; Selman, Wallace and Player, 1991).
Vitellogenic stage, the enlargement of the oo-
cyte takes place during vitellogenesis is due
largely to an accumulation of yolk protein pre-
cursors (Begovac and Wallace, 1988). At this
stage, the yolk sphere increase in size while
the cortical alveoli and lipid are displaced to
the peripheral ooplasm. The oocyte is sur-
rounded by columnar follicular cell (Begovac
and Wallace, 1988).
stage), this stage is characterized by the en-

Mature stage (ripe

largement of both cortical alveoli and yolk
granules. The follicular cells are cuboidal or
low cuboidal (Wallace and Selman, 1981;
Nagahama, 1983; Kjesbu et al., 1996; Go-
thilf et al., 1997).

Vol. XI, No. 2, 2009



Lashen Samah; et al...

Marked seasonal variations are observed in
the diameter and the frequency of these folli-
cles in general, the follicles exhibited larger
diameter during summer and smaller at win-
ter. In summer the majority of the follicles in
ovary are maturing follicles while in winter
the majority are immature and no mature fol-
licle are observed. The atretic follicles are ob-
served throughout the year with a slight de-
crease in winter. In summer, the stroma is
reduced by expansion of the developing folli-
cles (Dougbag et al., 1988b, d).

MATERIAL AND METHODS
Samples (120 sexually mature Nile tilapia)
were obtained from River Nile in Met Amer
city collected at every month from January to
December 2008. Fish were cut ventrally from
the genital papillae to the base of the pectoral
fin using a scalpel. A window on the lateral
side was opened and the viscera were re-
moved leaving gonads. The collected samples

were routinely fixed for light microscope.

Small pieces (0.5-1 cm3) of the gonads
were fixed in both Bouin's and 10 % neutral
buffered formalin solutions for 12 hr and 72
hr respectively. The Bouin fixed samples were
extensively washed in 70% ethanol (3 X 24 hr)
to get rid of the fixative before the subsequent
steps of tissue processing. Formalin-fixed ma-
terials were washed for 2 hr under the run-
ning tap water before ethanol immersion. The
tissue samples were dehydrated in graded se-
ries of ethanol (80%, 95% and absolute),
cleared in xylene and embedded in paraffin
wax. Five micron thick sections were cut by
microtome and mounted on glass slides for
ordinary stain. The histological processing
and preparation of the gonadal slides were
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carried out according to the standard histo-
logical techniques (Patki et al., 1989; Lal,
2001).

RESULT

Testicular structure :

The parenchyma of the Nile tilapia testis
was surrounded by a thin white fibrous cap-
sule and is divided into clear seminiferous
lobules, efferent and defferent duct (Fig. 1a).
The tunica albuginea is formed predominantly
of collagen fibers, few elastic fibers and
smooth muscle cells. Numerous fibrocytes are
also recognized within these fibrous compo-
nents. They were continuous with thin incon-
spicuous connective tissue trabeculae (septa).

Most of the testicular tissue was made up
of the seminiferous lobules, where the sper-
matozoa are formed. These lobules are basi-
cally two-ended loops, with one end opening
into the efferent duct. The seminiferous lob-
ules were arranged in the form of cystes were
enclosed by a distinct lamina propria (basal
lamina and myoid cell) and contained two dis-
tinct cell types; Sertoli cells and spermatogen-
ic cells (Fig. 1b).

The Sertoli cells were easily identified. They
were large irregular with flattened elongated
dense nuclei that were often deeply infolded
or invaginated and contained large central
nucleoli. They were located located in contact
with the basal lamina and their cytoplasmic
processes shared in formation of germinal
cysts and were extending between the sper-
matogonia (Fig. 1c).

The Spermatogenic cells were differentiated
into four morphologically different groups,
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i.e., spermatogonia, spermatocytes, spermat-
ids, and spermatozoa.

The undifferentiated spermatogonia were a
single, large spherical cell (diameter10.60 *
0.21 um) with clear centrally located nucleus
(Fig. 1c). They were not found inside cyst and
mostly seen under connective tissue capsule
close to Sertoli cells. They were mainly located
at the periphery of seminiferous lobules be-
side cyst which contain other spermatogenic
cells.

The primary spermatogonia with a mean
diameter 8.87 * 0.298 um. found in pairs or
small groups. They had cytoplasm and a
large prominent nucleus. Occur inside cysts

(Fig. 1c).

The secondary spermatogonia were found
in groups and are enclosed in a cyst. Their
mean diameter of 5.23 + 0.177 ym. The nucle-
us is spherical and central in location. The
nucleus occupied most of cell and cytoplasm
was deeply stained (Fig. 1d). In general the
spermatogonia are predominant during winter

season.

The primary spermatocytes had a mean di-
ameter of 4.80 + 0.130 um. Their nuclei were
spherical with deeply stained chromatin (Fig.
1d).

The secondary spermatocytes had a mean
diameter 4.07 + 0.135 um. They were charac-
terized by their large nuclei that were occupy-
ing most of the cells. The nuclei that were
surrounded with thin rim of cytoplasm. They
were found in large nests extending into the
lobular lumen (Fig. le). Spermatocytes were
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predominant during autumn season.

The spermatids had a mean diameter of
2.70 + 0.119 ym. They had a sparse cyto-
plasm with spherical dense nuclei (Fig. 1d).
Some cysts of spermatids ruptured and the
spermatozoa released into the lobular lumen.

The spermatozoa had a mean diameter of
1.93 + 0.117 um. They were present in the lu-
men of testicular lobules, and were character-
ized by deeply stained rounded head with very
fine protoplasmic tail that was barely visible
under the light microscope. They concentrate
in the lumen of seminiferous lobules after
breaking through the cyst wall. They were en-
countered all over the year (Fig. 1d).

The interstitial cells (Leydig cells) were seen
either singly or in groups in the interlobular
space. There were polygonal in shape, with ill
-definite cell boundaries and centrally located
spherical nuclei (Fig. 11).

The Sertoli cells appeared to be hypertro-
phied and remain on the basement mem-
brane. The basal lamina open and works as
an efferent duct. That links system links the
seminiferous tubules to the deferent duct (Fig.
la). That stored and releases the spermatozoa
into common duct that leads to a genital pore.
There were not accessory glands, or seminal
vesicle.

Ovarian structure :

The ovaries were surrounded by a single
layer germinal epithelium, which enspheres
a thick tunica albuginea which consisted
of a dense collagenous connective tissue

with smooth muscle cell and also contained
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reticular fibers and few fine elastic fibers
(Fig. 2a). Five stages of ovarian follicles were
identified.

The chromatin-nucleolus stage had a very
minute polygonal oocytes distributed in the
ovary (diameter 31.17 + 1.42 um). The nucle-
us was spherical the cytoplasm showed a
strongly basophilic zone around the nucleus.
One or two nucleoli scatter towards center of
the nucleus (Fig. 2b). A follicle layer in the
wall of young oocyte is not distinguished.
These follicles were common in winter and au-
tumn seasons and less abundant during
spring and summer seasons.

The perinucleolus stage had an oocytes
were polygonal in shape and increase in size
(diameter 126.93 + 4.66 um). The cytoplasm
was acidophilic. The nucleus was spherical
and contained an average of 8 basophilic nu-
cleoli arranged peripherally of nuclear mem-
brane. The oocyte was surrounded by a sim-
ple layer of flattened squamous (diameter
1.47 + 0.133 um). These follicles were com-
mon in winter and autumn seasons and less
abundant during spring and summer seasons
(Fig. 2¢).

The cortical alveolar stage had an oocytes
were characterized by increasing of its size
(diameter 366.67 + 11.57 um) and their nucle-
ui which became slightly basophilic with in-
creased number of nucleoli but, still adjacent
to nuclear membrane. The ooplasm is baso-
philic and surrounded by a simple follicular
epithelium which was made up low cuboidal
cells (diameter 3.47 + 0.19 um). Some minute
vacuoles are located towards the outwards of
cytoplasm (cortical alveoli) and appeared as
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large vacuoles around the nucleus (lipid vacu-
ole). The zona radiate was firstly appeared be-
tween the follicular cells and oocytes (diame-
ter 1.27 + 0.12 um), and was PAS positive
layer. The ooplasm was PAS negative. These
follicles were abundant during spring and
summer, but decreased during autumn and
rarely observed during winter Fig. 2d).

The vitellogenic stage had an oocyte in-
creased in size due to growth and accumula-
tion of yolk granules in inner part of cyto-
plasm (diameter 538 + 20.34 um). The oocyte
became irregular in shape. The nucleus be-
came irregular in shape and zona radiata
layer increased in thickness. The yolk gran-
ules intermingled with lipid vesicles. The nu-
cleus began to migrate to the animal pole. The
follicular cells were cuboidal epithelial cells.
The zona radiate became thicker (diameter
1.47 + 0.133 um). The follicular cell become
tall cuboidal (diameter 5.20 + 0.174 um).
These follicles were abundant during spring
and summer, but decreased during autumn
and rarely observed during winter (Fig. 2e).

The ripe stage (mature stage) had an oo-
cyte was irregular in shape, this oocyte is the
largest one (diameter 1346.93 + 29.83 um).
The nucleus migrate into animal pole. The
yolk enlarge form yolk sphere and follicu-
lar cell became low cuboidal (diameter 4 *
0.33 um).
by being full of large yolk globules. The

Their ooplasm was characterized

zona radiate showed its maximum thick-
ness (diameter 6 + 0.33 um) and gave PAS
positive reaction. These follicles were common
during spring season and few in summer but,
rarely observed during autumn and winter
(Fig. 21).
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DISCUSSION

The present study demonstrated that the
testis of Oreochromis niloticus was covered by
tunica albuginea, hundreds of smooth muscle
cells and blood vessels, which send out septa
to the inner part of the organ, forming lobes
that are filled with seminiferous lobules. The
seminiferous lobules are composed of cysts,
which are defined by cytoplasmatic projec-
tions of Sertoli cells. The spermatogenic cells
in each cyst are in a stage of development.
Similar findinges were previously by Santos
et al. (2006) in Oligosarcus hepsetus.

The testicular lobules of Oreochromis ni-
loticus were surrounded by boundary cells.
These finding were consistend with Mar-
shall and Lofts (1956) in Labeo fish,
Lofts and Marshall (1957) in Esox fish and
Moser (1967) in S. Paucispinis. On the other
hand the lobules of other species were sur-
rounded by fusiform shaped myoid cells as a
contractile element around the lobules Rosen-
blum et al. (1987) in bullhead -catfish,
I.nebulosus).

The present studies clarified that the indi-
vidual lobule contained many different germi-
nal cysts and each cyst had the same sper-
matogenic stage. The germinal cysts were
surrounded with the cytoplasmic processes of
the Sertoli cells that shared with very thin col-
lagen fibers in the formation of the wall of
cysts. This resembled the results of Abraham
et al. (1980) in A.dispar, Saad and Billard
(1987) in C.carpio, Arenas et al. (1995) in
G.affinis and Nakaghi et al. (2003) in C.
Macropomum.

The undifferentiated spermatogonia of the
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Oreochromis niloticus were the largest cells
and could be differentiated, into two type; pri-
mary spermatogonia and secondary spermat-
ogonia which were similar to each other but,
the secondary spermatogonia were smaller in
size. This result was supported by Gaber
(2000) in Bagrus species.

Apparently the males of Oreochromis nilot-
icus are able to reproduce at any time of the
year, because of the presence of spermatogo-
nia and spermatozoa inside the seminiferous
tubules all over the year. However, the repro-
ductive phase can be associated with the fe-
male ovarian maturation period, according to
Santos et al. (1995).

The primary spermatocytes were not the
largest germ cells but, they were smaller than
spermatogonia and slightly bigger than secon-
dary spermatocytes. These findings were simi-
lar to those of Rizkalla (1970) in C. Lazera,
Rosenblum et al. (1987) in I.nebulosus, lia-
dou and Fishelson (1995) in catfish, and
Oteme et al. (1996) in African clariid catfish
and Heterobranchus longifilis.

The secondary spermatocytes of the Ore-
ochromis niloticus were characterized by their
large dense nuclei that were occupying most
of the cells and were surrounded with a thin
rim of cytoplasm. Numerous mitotic divisions
were seen in the primary spermatocytes. Both
types of spermatocytes were found through-
out the year, but they were abundant during
the spring, summer and autumn seasons with
increased toward the spawning seasons.the
aforementioned findinges were in agreement
with result of Nayyar and Sundararaj (1970)
in H. fossili, Rosenblum et al. (1987) in
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I.nebulosus and Gaber (2000) in
species.

Bagrus

The spermatids of the Oreochromis niloti-
cus were smaller than the previous germ cells
and appeared as small cells of indistinct out-
line with scanty cytoplasm and dense spheri-
cal nuclei. This finding was supported by Iia-
dou and Fishelson (1995) in P. aristotelis,
and Oteme et al. (1996) in H. lonifilis.

The spermatozoa of the Oreochromis niloti-
cus were the smallest germ cell and charac-
terized by deeply stained rounded heads with
very fine protoplasmic tails. They were
present in the lumen of the testicular lobules
without any arrangement. These findings
were in harmony with those of Rosenblum et
al. (1987), Gaber (2000), Nakaghi et al.
(2003) and Rutaisire et al. (2003) in other
fish. On the contrary, James (1946) found
the spermatozoa of L.macrochirus in compact
masses.

The efferent duct system links the seminif-
erous tubules to the deferent duct. A number
of authors agree that these efferent ducts are
formed by modified Sertoli cells (Grier et al.,
1980; Grier, 1981; Selman & Wallace,
1986).

The ovary of the Oreochromis niloticus was
covered by tunica albuginea which consisted
of dense collagenous connective tissue, elastic
fibers and network of reticular fibers. The
ovarian wall was supported with smooth mus-
cle cells. This result agreed with the result of
Rizkalla (1970) in C. lazera, Yoakim (1971)
in S.shall, Khallaf et al. (1991) and Gaber
(2000) in B. bayad.
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The oocytes in the chromatin-nucleolus
stage were small with deeply basophilic oo-
plasm and nuclei occupied the greater part of
the follicle. This stage corresponds to the pre-
maturation period of Zaki et al. (1986) in
Claries gariepinus, Zaki and El-Gharabawy
(1991) in Mugil capito, Assem (1992, 1995)
in Solea species. They were found throughout
the year, but were common in the autumn
and winter and less abundant during spring
and summer.

The perinucleolus stage was characterized
by increase of size in oocytes. The nucleoli in-
creased in number and were mostly located
toward the periphery of nuclear membrane.
During this stage, the wall of the oocyte is
composed of one thin layer of flattened follicu-
lar cells. This result resembles that described
by Abdo (1996) in Dicentrachus labrax, El-
Gahary (1996) in O. niloticus, Zaki et al.
(1996) in Siganus rivulatus, Moustafa and
El-Boray (1999) in Rhabdosargus hoffara.

The cortical alveolar stage had less baso-
philic and frothy ooplasm, they were found
throughout the year, but were common in the
autumn and winter and less abundant during
spring and summer. This result was consis-
tent with those of Ismail (1992) in C.lazera
and Jirarach Srijunngam (2000) in Oreoch-
romis niloticus.

The vitellogenic follicles cytoplasm became
acidophilic duo to the deposition of vitelloge-
nin into the oocytes which characterized by
the appearance of the yolk granules. These
granules appeared firstly at the periphery of
ooplasm then aggregated to ward the center of
the oocytes. This finding was similar to the
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result of Yoakim (1971) in S.schall and
Gaber (2000) in Bagrus species. These vitel-
logenic follicles were decreased during au-
tumn but, abundant during spring and sum-
mer in order to turn rapidly into mature
follicles.

The mature or ripe follicles characterized
by migration of their nuclei toward the animal
pole, with presence of large yolk globules.
This finding was similar to the result of Yoa-
kim (1971) in S.schall and Gaber (2000) in
Bagrus species.

Fig.1: testicular structure

a) General structure of testis of Nile tilapia
showing tunica albuginea (TA), seminiferous
lobules (curved arrow), septa (arrow), effer-
ent duct(ED) and defferent duct (DD). H&E
(X 10).

b) Testis of Nile tilapia showing basal lami-

a (BL), primary spermatogonia (PSG), sper-
matide (SD) and spermatozoa (SZ). PAS
(X40).

c) Transverse section of testis of Nile tilapia
showing undifferentiated spermatogonia
(SG), primary spermatogonia (PSG) and Ser-
toli cells (arrow head). H&E(X 100).

d) Testis of Nile tilapia showing seminiferous
lobules contains undifferentiated spermato-
gonia (SG), primary spermatogonia (PSG),
secondary spermatogonia (SSG),, spermato-
zoa (SZ) and leydig cell (L). H&E(X 100).

e) Testis of Nile tilapia showing undifferentiat-
ed spermatogonia (SG), primary spermato-
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gonia (PSG), primary spermatocytes (PSC),
secondary spermatocytes(SSC), spermato-
zoa (SZ) and leydig cell (L). H&E(X 100).

f) Transverse section of testis of Nile tilapia
showing seminiferous lobules contains un-
differentiated spermatogonia (arrow head),
primary spermatogonia (PSG), secondary
spermatogonia (SSG), spermatozoa (SZ) and
leydig cell (arrow). H&E(X 100).

Fig. 2 : ovarian structure

a) General structure of ovary showing, tunica
albuginea (TA), ovigerous lamellae (OL) con-
tains different stages of ovarian follicles
(OF).H&E(X4).

b) Ovary of Nile tilapia showing, chromatine-
nucleolus stage (CH). H&E(X100).

c) ovary of Nile tilapia showing, perinucleolus
follicle (P) with follicular cell (arrow) , nucle-
us (N), nucleolus (arrow head) and connec-
tive tissue septa (CT).H&E(X40).

d) Ovary of Nile tilapia showing, cortical-
alveolar follicle(C) with cortical alveoli (ar-
row head), follicular cell (arrow), nucleus (N)
and appear zona radiata (curved arrow).
H&E(X100).

e) Ovary of Nile tilapia showing, vitellogenic
stage (V) with
head), follicular cell (arrow), cortical alveoli

cortical alveoli (arrow
(arrow head) nucleus (N) and appear zona
radiata (curved arrow) and yolk (Y). H&E
(X100).

f) Ovary of Nile tilapia showing, mature folli-
cle (M), and yolk sphere (Y) and connective

tissue septa (CT).H&E(X40).
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b
Fig 2(b)
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