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SEASONAL CHANGES IN GONADS AND THEIR RELAHONSHIP WITH 
GONADOTROPHS OF THE PITUITARY IN ETROPLUS SURATENSIS (BLOCH) 

L. KRISHNAN* AND A. D . DIWAN 
Central Marine Fisheries Research Institute, Dr. Salim AH Road, CocAw-682 031, fndia 

ABSTRACT 

Detailedhistological studies of the gonads oiEtroplus suratensis (Bloch) collected from the brackish-
water areas of Poothotta near Cochin during May 83 - April 84 have shown that the peak breeding 
season of the spscies is in December and January. A secondary peak is also noticed in June and July. 
During peak growth phases of the gonads, the gonadotrophs of the pituitary are found to be active 
and prominent denoting a close relationship between the activity of these cells and the maturation 
of the gonads of the species. The gonadotrophs are seen less prominent and inactive during 
non-biceding months. The details of the maturity stages of the male and the female have also been 
described. 

INTRODUCTION 

STUDIES on the development and seasonal 
histological changes in the gonads of teleosts 
have been plenty (Hoar, 1957; Harrington, 
1957 ; Thomas and Satyanesan, 1981 ; Scbreib-
man et al, 1982). In recent years there has 
been more inclination of similar type of studies 
on cultivable varieties of fishes due to their 
potential prospects for aquaculture (Kuo and 
Nash, 1975; Jalbert, 1976; Bieniarz et al, 
1977 ; Hurk and Peute, 1979). Similarly volu
minous literature is available on teleost pituitary 
describing various aspects such as morpho-
histology, cytology and physiological functions 
(Pickford and Atz, 1957; Satyanesan, 1958, 
1963 ; Singh and Satyanesan, 1962 ;' Sage and 
Bern, 1971; Schreibman et al, 1973 ; Ball and 
Baker, 1969; Joy and Satyanesan, 1980"; 
Narayan et al, 1985). Considerable work has 
been done on correlation of cyclic changes 
of gonadotrophs of the pituitary with, that of 
changes occurring in the gonadal maturation 
of teleost fish (Atz, 1953 ; Matty and M&tty, 
1959; Satyanesan, 1962, 1963; Overbeeke 
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and McBride, 1967 ; Olivereau and Ball, 1964; 
Van Oordt and Ekengren, 1978). However, 
similar studies on estuarine fishes of India 
are very limited. Hence in the present work 
preliminary investigation has been made to 
study the seasonal histological changes in the 
gonads in relation to maturity and further 
the maturity events have been correlated with 
the activity of gonadotrophs of the pituitary 
in Etroplus suratensis. 

The authors are grateful to Dr. E. G, Silas, 
former Director and to Dr. P.S.B.R. James, 
Director, CMFRl, Cochin for providing faci
lities and encouragemjBnts during the course 
of this study. 

MATERIAL AND METHODS 

E. suratensis were collected everj month 
from the brackishwater areas of Poothotta, 
30 km away from Cochin city from May 
1983 to June 1984. Specimens were brou.ght 
to the laboratory, sacrificed inunediately and 
required material for histological examination 
such as pituitary and gonads excised out and 
fixed in Helly's fluid and aqueous Boiun's 
respectively. Preserved sa mples were processed 
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and paraflBn sections were cut at 4 to 6 /x thick
ness. The sections of the gonads were stained 
with routine Ehrlich hematoxylin and eosin 
while pituitary sections were stained with 
modified Mallory's triple stain and Orange 
fuchsin green method. 

RESULTS 
Ovary 

The paired ovaries in E. suratensis are found 
in the dorsal part of the coelom. Each ovary 
is suspended in the body cavity along its dorsal 
side and surrounded by peritoneal membrane. 
The peritoneal membrane forms a gonoduct 
posterior to the ovary. Both the gonoducts 
end in a urinogenital sinus. 

The ovary has been found to be composed 
of ovigerous folds transversally arranged along 
its longitudinal axis. The ovigerous folds 
contain germ cells in various developmental 
stages embedded in loose connective tissues. 
The developmental process of the ovum as 
observed in the present study has been arbitra
rily classified into four stages viz. previtellogtinic, 
vitellogenic, mature and post-ovulatory-atretic. 

During previtellogenic stage (February to 
May and August to October) follicles are seen 
with primary oocytes. Initially the oocytes 
appeared to be very small and spherical or 
oval in shape measuring in the range of 20-45 n 
in diameter. The spherical or slightly oval 
nucleus (13 /i) of each oocyte occupies greater 
part of the cell body within a thin layer of 
cytoplasm (PI. I A). With the growth of 
oocytes the cytoplasm increases considerably 
in relative volume and becomes more baso
philic. The nuclei now appeared to contain 
small nucleoli which migrate to the periphery 
of the nucleus. As the primary oocyte stage 
progresses (105 jtt) cytoplasm of the oocyte 
further increases in volume and loses its baso
philic nature (PI. I B). The small yolk nuclei 
which are seen in early stages of some oocytes 
now migrate to the periphery of the ooplasm, 

The wall of the primary oocytes is found to be 
siuToimded by a thin follicular layer. Differ
entiation of different layers of the oocyte wall 
in this phase of maturation was not possible. 

In the vitellogenic follicles (April to June 
and September to November) the appearance 
of each oocyte has been found to be characteris
ed by the granular cytoplasm and darker zone 
surrounding the germinal vesicle. The cyto
plasm also appeared to be vacuolated showing 
the beginning of endogenous yolk formation 
(PI. I C). The follicular layers of the oocyte 
increases their thickness and all the three layers 
i.e. Zona radiata, granulosa and theca get 
difTerentiated and are distinctly seen in larger 
oocytes (PI. I F). The structure of nucleus did 
not change much, but chromatin nuclei are 
found to be distributed close to the nuclear 
membrane (PI. I C). The nuclei vary in shape 
from spherical to elliptical. Yolk formation 
in the beginning is characterised by the appea
rance of a number of yolk globules and as the 
oocyte develops further, yolk globules in
creases in number and size (PI. ID). 

In mature stage (July, December and January) 
the fusion of the globules occur and finally 
yolk appears as a homogenous mass (diameter 
varied between 650-900 /x) (PI. IE). The Zona 
radiata and granulosa have a thickness of 3.5 fi 
and 4.0 n respectively (PI. I F). 

In the post-ovulatory stage (August and 
February) the follicles are found raptured 
resulting from evacuation of the mature eg£^ 
(PI. I H). The oocytes in such follicles have 
folded granulosa. 

The atretic follicles represent follicles with 
oocytes containing yolk and with degenerative 
conditions. During this stage, the granulosa 
cells strongly proliferate, grow into the oocyte 
and start resorbing its contents. Due to 
resorption of yolk material by granulosa cells 
distinct intracellular spaces are visible between 
the granulosa cells (PI, I G). Further follicles 
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become small due to reduction in size of graau-
bsa cells. The granulosa cells finally become 
necrotic. 

Testis 
The elongated testes of the pearlspot are 

found in the dorsal part of the coelom. The 
testes appeared threadlike and pale whitish in 
colour in the mature fish. They originate 
anterodors^Uy below the heart and travel back 
posteriorly and then after making a vertical 
dip posterio-anteriorly pass along with urinary 
bladder to join and open at the urinogenital 
papilla. 

Histologically the testes as seen under light 
microscope are characterised by the presence of 
long circular or oval seminiferous tubules 
(PI. II A). Spermatogenetic cysts are observed 
along the walls of the tubules and surround a 
central lumen in whipb sperm cells are generally 
stored (PI. II B). Different developuKntal 
stages of spermatogenesis such as spermato
gonia and their proliferated products viz. 
spermatocytes, spermatids and spermatozoa 
iaro generally observed in the seminiferous 
tubules (PI. II 0-F). Leydig cells though not 
observed very clearly in the present study are 
randomly distributed in the interstitial tissue 
between the seminiferous tubules (PI. II C). 

From the detailed histological studies of the 
ovaries procured from monthly samples of 
fish, the peak breeding season for E. swatensis 
has been found to be during the months of 
December-January and a smaller peak in the 
IflfKmtlis of June and July. But in our annual 
sample, males were fi;>und to be in mature 
condition for major part of the year. How
ever, in the breeding season the sections of 
the testes prepared showed enormous amounts 
of fully mature sperms thickly packed as 
bundles in the testicular lumen (PI. II F). 
During the months other than peak breeding 
Seasons the seminiferous tubules are found in 
normal condition with large number of pri
mordial germ cells in the intefstitium, The 

tubules also contain spermatogonia and groups 
of spermatocytes. 

Pituitary gland and Gonadotrophs 

The pituitary gland is situated in a shallow 
pit at the floor of the skull and is attached to 
brain by a short stalk which is closely applied 
to the floor of the infundibulam. Histolo
gically the gland as seen under the microscope 
has two distinct regions viz. adenohypophysis 
and neurohypophysis. The adenohypophysis 
is further observed to have three conventional 
areas namely rostral pars distalis (anterior), 
proximal pars distalis (middle) and pars inter
media (posterior). The demarcations between 
these regions are clearly seen in sections. 
Although major portions of neurohypophysis 
aborises into the pars intermedia, smaller 
branches also penetrate into both rostral pars 
distalis (RPD) and proximal pars distalis (PPD). 
Six conventional cell types have been identified 
in the pituitary. The gonadotrophs whose 
morpho-histological structure has been used 
in correlating gonadal cycle in the. present 
study are mainly distributed in the ventral 
portion of proximal pars distalis. The other 
cells present in this region are found to be 
somatotrophs and thyrotrophs. The gonado
trophs reacted positively with Mallory's triple 
and acid fuchsin stains. A clear prominent 
nucleus could be seen in these cells (PI. Ill B, C). 
0>mpared to gonadotrophs, somatotrophs and 
thyrotrophs are smaller in size and are situated 
mostly towards anterior portion of the PPD. 

Number of authors have indicated the role 
of cyanophils (Gonadotrophs) in the production 
of gonadotropins in fish. This is identical 
with what is known about the source of gonado
tropins in higher vertebrates. Evidence for 
this view consists mainly of an increase in the 
number and activities of these cyanophils 
during growth and differentiation of the oocytes. 
In E, swatensis during the process of active 
maturation of gonads (July, Deamber and 
January) mor§ pronounced changes are 
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observedinPPDofpituitaryasthis area is found 
to be occupied with more of gonadotrophs. 
In non-active season (March-April, August-
September) PPD consisted of more of somato
trophs and thyrotrophs. Gonadotrophs could 
be seen, but without any secretory activity. 
In the resting phase, the nucleus of the gonado
trophs is generally found to be large with 
number of nucleoli and occupied greater part 
of the cytoplasm (PI. Ill A-C). The cytoplasm 
of these cells stained blue with aniline blue of 
Mallory and nuclei red with azocarmine. Dur
ing subsequent growth of the ovary the cyto
plasm of these cells increase and become granu
lar. Their number and size also increased and 
occupy large portions of PPD (PI. Ill D-F), 
Simultaneously there is reduction in number of 
other cells of PPD. 

DISCUSSION 

The structure of the teleostean pituitaries 
and their organization has been the subject 
of much research in recent past (Van Oord 
1968; Ball and Baker 1969; Sage and Bern 
1971). The adenohypophysis of the pituitary 
and its main role in regulating gonadal function 
in many teleosts is well documented. Gonado
tropin secreting cells (Cyanophils and acido
phils) have usually been identified in many fish 
by their cytological characteristics duringsexual 
cycle and are most frequently located in the 
proximal pars distalis (Van Oordt, 1968 ; Ball 
and Baker, 1969 ; Sage and Bim, 1971), Ball 
and Baker (1969) have mentioned that the 
distribution of cells types in teleost adenohypo
physis is extremely regular so that to a large 

extent differentiation of cell types oc tinctorial 
grounds becomes easy. Frequently then, gona-
dotrophic cells have been distinguished by 
many workers on the basis of tinctorial features, 
position, cell size and other morphological 
features (Sage and Bern, 1971; Schreibman 
et al, 1973 ; Van Oordt and Ekengren, 1978 ; 
Thomas and Satyanesan, 1981), 

In many teleosts a correlation between the 
gonadotropic cells and the gonadal cycle have 
been observed showing the hyperplasia, hyper
trophy and other signs of increased acti\ity 
of these cells in association with the ripening 
of the gonads (Olivereau and Herlant, 1960 ; 
Satyanesan, 1960, 1963; Olivereau and Ball, 
1964 ; Lehri, 1966 ; Zambrano, 1971 ; Lambert 
et al, 1972). Number of investigators have 
shown that pituitary gonadotropin activity is 
low following spawning or during gonadal 
regression, but is relatively high during most 
other parts of the year (Satyanesan, 1962, 
1963 ; BarrandHobson, 1964 ; Singh, 1970); In 
an electron microscopic study Zambrano (1971) 
observed that the pituitary gonadotropic cells 
in Gillichthys with recrudescing gonads are 
large and show several characteristics of actively 
secreting cells including secretory granules in 
them. In contrast, the gonadotropic cells of 
fish with regressed gonads were small and con
tained few secretory granules (Zambrano, 1971). 
Our findings in E. suratensls on gonadotropic 
activity in relation to maturation are in con
cordance with the findings earlier reported in 
the literature. However, experimental appro
ach on stimulating the gonadal activity and its 
response to gonadotropic cells may help in 
elucidating further facts on these findmgs. 

REFERENCES 

ATZ, E . H . 1953, Experimental diflferentiation of 
basophil cell types in the transitional lobe of the pituitary 
of a teleost fish Astyanax mexkams. Bull. Bimham. 
Oceanogr. Coll., 14 (2) : 94-116. 

BALL, J. N. AND B . I. BAKER 1969. The pituitary 
gland —Anatomy histophysiology. In : W. S. Hoar 
and D, J. Randall (Ed,) Fish Physiology. Academic 
Press, New York, 2 Edn„ pp. 1-93, 

BARR, W . A. AND B. M. HoBSON 1964, Endocrine 
control of the sexual cycle in the- plaice Pleuronectes 
platessi L, IV. Gonadotropic activity of the pituitary 
gland. Gen. Comp, Endocr., 4 : 608-613. 

BiENiARZ, K., P. EPLER AND W. POPEK 1977, Histo
logical dianges in the ovaries of mature female carp in 
summer time. Invest, Pesg., 4 1 : 95-102. 

HARRINGTON, R , W , 1957, Sexual photoperiodicity 



GONADAL CHANGES IN ETROPLUS SURATENSIH 

of the cyprinid fish Natropis bifremtus (Cope) in relation 
to the phases of its annual reproductive cycle. J. 
Expt. Zool, 135 : 529-553. 

HOAR, W. S. 1957. Gonads and reproduction. 
The Physiology of Fishes. Academic Press. Inc. New 
York. 

Hvwa VAN DEN, R. AND J. PEUTE 1979. Cyclic 
(^nges in the ovary of the rainbow trout Salmo gaird-
neri with special reference to sites of steroidogenesis. 
Cell. Tissue Res., 199 : 289-306. 

JALBERT, B . 1976. In vitro oocyte maturation and 
ovulation in rainbow trout {Salmo gairdneri), northern 
pike (Esoxlucius) and goldfish (Carassius miratus). 
J. Fish. Res. Bd Canada, 33 : 974-988. 

JOY, K. P, AND A. G. SATVANESAN 1980. Pituitary 
otology of the teleost fish Tilapia tnossambica (Peters). 
Z. mikrosk-anat. Forsch., Leipzig, 2 : 337-344. 

Kuo, C. M. AND C. E. NASH 1975. Recent progress 
on the control of ovarian development and induced 
spawning of the grey mullet (Mugll cephalus L.). Aejua-
culture, S : 19-29. 

LAMBERT, J. G. D., J. A. M. MALLHEU AND P.G.W.J. 
VAN OORDT 1972. The ovary and hypophysis of the 
zebrafish Brachydanio rerio during the reproductive 
cycle. Gen. Comp. Endocr., 18. 

LEHARI, G. K. 1966. The pituitary gland of a 
catfish Clarias Batrachus. Copea, 4 : 810-818, 

MATTY, A. J. AND J. M. MATTY 1959. A histo-
chemical investigation of pituitary glands of some teleost 
fidJ. Quar. J. Microscop. Sci., l iw : 257-267. 

NARAYAN, A „ K , C. OEOROE AND A. D. DIWAN 
1985. Histology of the pituitary dand of the grey 
mullet A/HT// cephalus (Lmnaeus). / , Fish Biol, 26: 
381-390. 

OVERBEEKE VAN, A. P. AND J. R. MCBRTOE 1967. 
The pituitary gland of the sockeye (Oncorhynchus nerka) 
durittg sexual maturation and spawning. J. Fish, Res, 
Bd. Canada, 24 :1791-1810. 

OuvBREAU, M . AND J. N. BALL 1964. Contribution 
a I'bisto-phvsiologie de I'hypophyse des teleosteens in 
paatictilar de celle de Poecillia species. Gen, Comp. 
mber., 4 (5): 523-532. 

SATYANESAN, A. G. 1958. Studies on morphology 
and seasonal histological changes in the pituitary gland 
of the freshwater teleost Cirrhina reba (Ham.). Indian J. 
Vet. Sci. and Anim. Husband., 28 ; 13-20. 

1960. Correlative cyclic changes in the 

AND M. HERLANT 1960. Etude de Ihjrpo-
pbyse de I Anguille male an cotirs de la reproduction, 
C.R. Seances Soc. Biol. Filiaces, 154: 706-709, 

PICKFORD, C. E. AND J. W. ATZ 1957. The physiology 
of the pituitary gland of fishes. New York Zool, Soc, 

pituitary and gonads of Mystus seenghala (Sykes) and 
Barbus stigma (Cuv. and Val.). / . Zool. Soc. India, 
32 (2) : 175-190. 

1962. The ovarian cycle in the catfish 
Mystus seenghala (Sykes). Proc. National Inst. Sci. 
India, 28:497-506. 

• 1963. Histological changes in the pituitary 
and their correlation with gonadal cycle in some teleosts. 
La Cellule, 63 : 283-291. 

SCHREffiMAN, M . P . , J. F . LEATHERLAND AND B. A . 
McKEowN 1973. Functional morphology of the 
teleost pituitary gland. Amer. Zool., 13: 719-742. 

, C. J. BERKOWITZ AND ROB VAN DEN HURK 
1982. Histology and histochemistry of the testis and 
ovary of the platyfish Xiphophorus maculatus from 
birth to sexual maturity. Cell. Tissue Res., 224: 
81-87. 

SAGE, M. AND H . A. BERN 1971. Cytophysiology 
of the teleost pituitary gland. Inter, Rev. Cytol, 31: 
339-376. 

SINQH, T. P. 1970. Seasonal variations in the 
cyanophils and the gonadotrophic potency of the 
pituitary in relation to gonadal activity in the catfish 
Mystus vittatus (Bloch). Endokrinologie, 56: 292-303, 

AND A. G. SATYANESAN 1962. A com
parative study of the pituitary of some freshwater 
fishes with special reference to their histocytology. 
Proc. zool. Soc, 15 : 17J-183. 

THOMAS, P, C, AND A, G. SATYANESAN 1981. Pitui-
tary cytology of the Indian mud eel Amphipnosus cuchia 
(Ham.). Biol. Bull. India. 

VAN OORDT, P, G. W. J. 1968. The analysis and 
identification of hormone producing ceils of the adeno-
hypophysis. In: E. J. W. Barrington and C, B. Jorgen< 
sen (Ed.) Perspective in Endocrinology, Academic 
Press, New York. pp. 405-467. 

AND B. EKENQREN 4978. The gonadotropic 
sell in the pituitary of teleost and central regulation of 
its activity. In ; P. J. Gaillard And M. M. Boer Elsevier 
ffid.) Comparative Endocrinology, Holland Biomedical 
Press, Amsterdam. 

ZAMBRANO, D . 1971. The nucleus lateralis'tuberis 
system ofthegobiid fish Gillichthyes mirabilts III Func
tional modifications of the neurons and gonadotropic 
cells. Gen. Comp, Endocr,, n: 164-172. 


