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are usually the most abundant cell types of the region.

Acidophil cells are assumed to be the somatotrops on the basis of
their typical somatotropic staining reactions, their localisation

in the proximal pars distalis and their abundance in immature fish.

Examination of the fine structure of these cells shows them to be
tightly packed with granules which are considerably smaller (up to
0,20 um in diameter) than those of the gonadotropic cells. The
granules are also more regular in shape and size. Ribosomes and rough
endoplasmic reticulum are abundant in the cytoplasm, and elongate
mitochondria are found, particularly near the periphery. Contact
between nerve endings and somatotropic cells is commonly observed
(Figure 18).

Type 3 (Basophil)

The third cell type of the PPD of C. gariepinus is another basophil.

Unlike the other proximal pars distalis cells these basophils
are found in small clusters of the same cell type and are smaller
and less heavily granulated than the other two proximal pars
distalis cell types. Type 3 cells also stain less intensely than

the other basophils of this area, the gonadotrops (Figure 16).

The shape of the second type of basophil cell shows considerable

variation in the pituitaries from different specimens of C. gariepinus.

In the majority these cells are small and roughly oval, but in others
they are markedly elongate. The nucleus is round and shows a distinct

nucleolus.

Type 3 basophil cells stain very slightly purplish-pink with

periodic acid-Schiff-Orange G staining method, and a clear light blue
with Heidenhain's azan. The luxol fast blue-periodic acid-Schiff-
orange G technique distinguishes two different coloured cell types

in this area, both very similar in every other way, and indistinguishable
with the other staining methods which were applied. With luxol
fast-blue periodic acid-Schiff-orange G both types of cell take the

stain only lightly, but some appear purplish, and some yellow. One
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of these cell types is suggested as the source of thyrotropin, but
the function of the other is unknown. There is a possibility
that there may be two types of gonadotropic cells in the pituitary

of C. gariepinus as is the case in some teleosts (e.g. Salmo salar,

Olivereau, 1975), in which case one of these lightly staining
basophils may be gonadotropic in function. This is unlikely as
only one gonadotropic cell type can be distinguished in electron

micrographs.

Electron micrographs of the putative thyrotrops show them to be
relatively sparsely- granulated cells. The granules are small

(0,18 - 0,24 ym, n = 40) and round to oval in section. A distinct
membranous 'halo' is apparent around each granule. Rough endoplasmic
reticulum is abundant in these cells, particularly around the
nucleus. Mitochondria which are round to oval in section are

also present (Figure 19).

The small basophils were not described by Rizkalla (1963) for
C. lazera or by Lehri (1966) for C. batrachus. Both authors report

the presence of chromophobic cells in the proximal pars distalis

which were not found in C. gariepinus. The lack of intemnsity with

which these cells stain indicates that the cells described by Lehri
and by Rizkalla as chromophobes are homologous with those described

by the present author as lightly staining basophils.
III. PARS INTERMEDIA

The pars intermedia is very riehly supplied with blood capillaries and

nervous material.

Two adenohypophysial cell types are present in the pars intermedia of

C. gariepinus, one which is lightly acidophilic, and one very slightly

basophilic. These cell types were not studied in detail.
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Interstitial cells are found in the stroma between the seminiferous lobules.
These cells have large nuclei with prominent nucleoli and a varying amount
of granulated cytoplasm. They are found singly or in small groups. The
stroma consists largely of fibrous connective tissue which Masson's
trichrome stain shows to be collagenic. The interstitial cells are

closely associated with this connective tissue and it is sometimes difficult

to determine whether nuclei belong to connective or interstitial tissue.

Cells corresponding to the lobule boundary cells described in the testis of
the pike, Esox lucius, by Marshall and Lofts (1956) and in the rainbow

trout, Salmo gairdnerii by Robertson (1958) and subsequently in various

other species, were absent in C. gariepinus and it would appear that the

role of androgen secretion is fulfilled solely by the Leydig-like

interstitial cells.

Interstitial cells show a marked variation in abundance, size, and degree
of granulation of the cytoplasm. These variations appear to be closely
linked to the stages of spermatogenesis, as would be expected from

androgen secretory cells. C. gariepinus shows no marked secondary sexual

characters with which the apparent secretory activity of the interstitial
cells can be compared as was done by early authors trying to establish
an endocrine function for these cells (e.g. Craig-Bennett, 1931, on the

stickleback, Gasterosteus aculeatus). Examination of histological

preparations reveal that these interstitial cells are most abundant when
active spermatogenesis is occurring in the later stages, with spermatids
and sperm predominating, and at these times the cytoplasm of the
interstitial cells is very much more extensive than at the other stages,
and is heavily granulated (Figure 26). It is interesting to note that
in the winter months when the testes were full of sperm (although the
lobules were narrow, and the sperm obviously not ready to be discharged
as milt) the interstitial cells, although abundant,did not appear to be
active. The cytoplasm 1is much reduced, simply forming a 'halo' around the
nucleus, which gives the cells a shrunken appearance. Little or no
granulation of the cytoplasm 1is visible in the light microscope

(Figure 27).

Electron micrographs of interstitial Leydig cells of C. gariepinus show

them to be characterised by extensive smooth endoplasmic reticulum and

to include large numbers of mitochondria with distinctive tubular cristae
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(Figures 28 and 29). These are typical inclusions of steroid secretory

cells (Hoar and Nagahama, 1978).

Sertoli cells are sometimes visible in light microscope sections of the

testis of ripe C. gariepinus. These cells are irregular in shape and

have oval or irregular nuclei, which are found near the basement membrane
of the seminiferous lobule. Cytoplasmic extensions penetrate through to
the lumen. Electron micrographs illustrate the irregular shapes of the
Sertoli cells in more detail. These cytoplasmic extensions can be seen
almost enveloping neighbouring cells. The cytoplasm is richly supplied
with mitochondria, Golgi apparatus and both rough and smooth endoplasmic
reticulum. The mitochondria have lamellar cristae, and smooth endoplasmic
reticulum is not present in large enough quantities to indicate a strongly
secretory role for the Sertoli cells. The predominant inclusions indicate
that a nutritive role is more likely (Figure 30), which is further supported
by close contact between developing sperm and Sertoli cells, which can be

clearly recognised from electron micrographs (Figure 31).

The testis of C. gariepinus was found to be similar in structure to that

described in other siluroids (e.g. Ghosh and Kar, 1952; and Sundararaj,

1960 for Heteropneustes fossilis and Lehri, 1967 for C. batrachus).

None of the abovementioned authors, however, described the storage of

sperm in the lobules over the winter months.

ENDOCRINE TISSUES OF TELEOST OVARIES

The female gonad, like that of the male, has both gametogenic and endocrine
functions. The ovary of teleosts has a variety of morphological forms,

but generally varies from that of other vertebrates in that the oviducts

are continuous with the connective tissue layers which surround the ovary
itself, and thus the ova are not shed into the coelom. The ovary is usually
a hollow structure consisting of numerous ovarian follicles embedded in

a connective tissue stroma. A germinal epithelium lines this stroma. The
connective tissue immediately under the germinal epithelium is rich in blood
vessels and is known as the tunica albuginea (see Ball, 1960; Barr, 1968;
Hoar, 1969).
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maturation and then transparent again at maturity, when ova within the
ovary can easily be distinguished with the naked eye. The colour of
the ovaries ranges from white (immature) through red, reddish brown
or orange (Bruton, 1979a and pers. obs.). The vascularisation of the

ovaries increases greatly as maturity

Histological structure

The ovary of C. gariepinus, like that of the majority of teleosts, is a

hollow sac, the connective tissue covering of which is confluent with

the oviduct. The wall of the ovary consists of three layers: - an outer
connective tissue layer called the peritoneum, a middle layer known as
the tunica albuginea and an inner layer, the germinal epithelium.

The tunica albuginea makes up the bulk of the ovary wall and consists

of connective tissue, muscle layers and blood vessels. The germinal
epithelium consists of a single layer of cuboidal epithelial cells.

The germinal epithelium does not line the tunica albuginea closely but
forms projections into the ovarian cavity called lamellae. The lamellae
greatly enlarge the surface area of the germinal epithelium (Figure 33).

Nests of oogonia like those described by Lehri (1968) in C. batrachus

ovaries are found at intervals in the germinal epithelium (Figure 34).

Developing oocytes of C. gariepinus can be divided into five phases,

easily distinguishable with a light microscope:
1. Chromatin nucleolus stage:

The oocytes are slightly bigger than oogonia (average diameter
24 ym, n = 40) and consist mainly of a nucleus surrounded by a
thin layer of cytoplasm. The cytoplasm has little affinity for

stain, and the nucleolus is central.

2. Perinucleolus stage:

(a) The nucleolus splits into several small nucleoli which are
arranged around the periphery of the nucleus near the nuclear
membrane. The cytoplasm stains very intensely with basic
dyes (e.g. haemotoxylin). Oocytes at this stage are often
rather angular in outline, and approximately 130 um, n = 40)

in diameter (Figure 33).






83

(b)  As maturity advances the cytoplasm loses intensity in its
affinity for basic dyes and loses its angularity in outline.
A yolk nucleus becomes apparent in the cytoplasm. The yolk
nucleus is a deeply staining region in the cytoplasm, of
questionable functional significance (Figure 35). It
appears first near the nuclear membrane, and migrates slowly to
the periphery of the cytoplasm where it breaks down. The
chromatin component of the nucleus assumes a scattered
appearance, indicative of the formation of lampbrush chromo-

somes, as described by Lehri (1968) in C. batrachus oocytes.

The nucleoli remain on the periphery of the nucleus. The
granulosa layer becomes evident as a layer of squamous
epithelial type cells around the oocyte. Oocytes at this

stage are up to 300 um,{(n = 40) in diameter.

Yolk vesicle stage:

Yolk vesicles become apparent first in the periphery of the
ooplasm, and gradually spread towards the nucleus, until they

fill most of the ooplasm. These vesicles remain colourless with
most staining techniques (Figure 36). The yolk nucleus may still
be present at the beginning of this stage, but soon breaks down.
The nucleoli remain around the periphery of the nucleus, and the

nucleus loses its 'scattered' appearance.

The granulosa cells become cuboidal or low columnar in shape and

a layer of thecal cells becomes arranged external to the granulosa
¢(Figure 37). The zona radiata becomes apparent. Oocytes at this stage

are up to 400 um, (n = 40) in diameter.

Primary yolk phase:

Yolk globules bégin to form in the cytoplasm. They are seen first

in the perinuclear region, and radiate outwards towards the periphery.
The nucleoli become more randomly arranged, although some remain

near the nuclear membrane. No lampbrush chromosomes are visible.

The zona radiata increases in thickness and striations can sometimes
be distinguished in this layer. The granulosa cells become highly
columnar in shape, with a centrally located, oval nucleus (Figure 38).

Two thecal layers, a theca interna and a theca externa can now sometimes
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by Rizkalla (1970a).

The histological structure of the ovaries of C. gariepinus was found to

be very similar in every way to those described in closely related
catfish (e.g. Ghosh and Kar, 1952 and Sundararaj, 1959 for H. fossilis;
Rizkalla, 1970a for‘C. lazera; Lehri, 1968 for C. batrachus and Belsare
1975 for C. batrachus and H. fossilis).

Comparison of C. gariepinus results with Grizzle and Rogers (1976)

description of the ovary of the channel catfish I. punctatus shows that

the ovarian structure and development in these two less closely related
catfish are also very similar. The only notable difference was that

atretic follicles were only seen in spent ovaries of I. punctatus, while

atretic oocytes were also observed in pre-spawning ovaries in both

C. batrachus (Lehri, 1968) and C. gariepinus.

Maturing yolky oocytes (stages 3 - 4) were examined in the transmission
electron microscope for steroid secretory characteristics in the cells

forming the ovarian follicle.

The granulosa cells were found to contain large numbers of electron dense
globule-like inclusions. Nicholls and Maple (1972) described a similar

phenomenon in the granulosa cells of both the cichlids Cichlasoma nigrofasciatum

and Haplochromis multicolor, but more marked in the former species. These

globules appear to be due to an accumulation of material of medium electron
density within the cytoplasmic membranes, particularly between the membranes
of the endoplasmic reticulum, as the ovary matures (Nicholls and Maple,

1972). 1In granulose cells of C. gariepinus oocytes, even when not fully

mature the cytoplasm was completely filled with these globules, so that

even the nucleus was distorted (Figure 43). A large number of mitochondria
with lamellar cristae were also present in the granulosa cells. The fine
structure of these cells indicates a nutritive function, emphasized by the
presence of projections in the form of microvilli running through the zona
reticulata towards the cytoplasm of the oocyte. The electron dense material

is thought to be storage vessels containing mutrients.

The thecal component of the C. gariepinus ovarian follicle consists of

1 - 3 layers of cells. The innermost layer, always present in stage 3 or

4 oocytes, comprises small flattened cells with elongate nuclei and sparse
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Cells of the chromaffin tissue are larger than adrenocortical cells
(average 16 m, n = 40) and colour less intensely pink with Masson's
trichrome stain. They are found in small groups, or occasionally singly,
interspersed among the cords of adrenocortical cells, but generally
fairly close to the veins. They correspond most closely to type V of
Nandi, as they are not generally embedded in the walls of the blood
vessels (Figure 48). This is in contrast to the findings of Giacomini

(1905) or Amiurus catus (Ictalurus nebulosus nebulosus) .

where the chromaffin cells were embedded in the vein walls, and
classified by Nandi (1962) as probable type 1. This reinforces Nandi's
statement that greatvariation in the location of both adrenocortical

and chromaffin tissue may occur within a single taxonomic group.

Ultrastructure

Examination of the headkidney tissue of C. gariepinus in the electron

microscope helps to clarify the details of the complex structure of this
tissue. It is found to consist of large numbers of erythrocytes and
lymphocytes arranged in a loose network separated by blood sinusoids
.and nerve endings (Figures 50 and 51). Interspersed between these
lymphocytes and erythrocytes are secretory cells, which are full of
small dense granules and large quantities of Golgi apparatus, oval
mitochondria with lamellar cristae and rough endoplasmic reticulum

(Figure 52). These are suggested to be the chromaffin cells.

Cells which are believed to be adrenocortical have a large dmount of

smooth endoplasmic reticulum, and round mitochondria with tubular cristae
(Figure 53). Smooth endoplasmic reticulum and tubular cristae are both
characteristic of steroid secretory cells. In addition it was found that
these cells in the headkidney of a fish which had been subjected to 'stress'
for several days before killing had an exhausted appearance, with the
cristae barely visible within the mitochondria (Figure 54). As the
adrenocortical tissue secretes stress hormones this is additional evidence

that these are the adrenocortical cells.
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Thyroid follicles of C. gariepinus show some variation in shape, but are

generally round to oval. Larger follicles may become distorted. All
follicles display a typically vertebrate structure with a group of
epithelial cells surrounding a cavity which is usually filled with a
colloidal substance. The height of the epithelial cells and the amount
and texture of the colloid depends on the activity of the follicle.
Electron micrographs show that the shape of the epithelial cells is
very variable, and that the nuclei of these cells have irregular
outlines. The epithelial cells include large numbers of mitochondria
with few cristae, and extensive rough endoplasmic reticulum. Lipid
droplets and vacuoles are also common inclusions found in the thyroid
epithelial cells (Figure 61). The colloid substance in the centre of the

follicle is found to be amorphous.

A considerable degree of variation in activity of follicles in each histological
section of the pharyngeal region was often noted (Figure 62). This is
significant as studies of thyroid activity often involve measuring some

physical parameter of the follicles and the possibility for inaccuracy

is great unless a very large number of follicles, from a variety of

different locations, are taken into consideration.

No great variation in the state of the follicles corresponding with the

maturity of thegonads‘was observed in C. gariepinus thyroid. Rizkalla(1970b)

found no correlation between the activity of the thyroid (based on
histological criteria) and the sexual maturity of C. lazera but indicates
a seasonal cycle of activity in the thyroid correlated only with the
environmental changes. The possibility of a direct relationship between

gonad maturity state and thyroid activity in C. gariepinus cannot, however,

be ruled out, and warrants further investigation.






























































