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ABSTRACT

Estradsol- 17 (1 (E;) bevels in the ovanan tissses of S hisrthoray siger |lockel m relstion with
varans events of s o8 e developiment were sudssd durmg the anmual reproductne ke on month-
wine haews Maumem E; values, reconded dunng Augest, September and October oormespondesd 0 the
long matonmg phase of vilelbogeness. Danng over-wmbenng months of Movember. Decomber ol
January, E: values reconded ware very bow, corresponding o quaiesceni dage of winter dupase whach
s marked by low gonadal sctivity The nse of temperature m labe February, sccomspanied by abrpt
incrense m E; codcenirabion, m:indﬁ:hmﬁmgwqﬂhnbhm In March, the voovie
nucker had become evcentnw and the nuclesr membranes mditinet These wre indications of pocyie
mahirotion, The rse in E; vilues in May could be attributed 1o activities like spawning and broeding

dhirmng thas period

Keywords: Estradiol-17 P levels, ovanan cycle, oocyte maturation, vitellogenesis,
spawning

INTRODUCTION

The sterond hormone, E: plays an important role in the female teleost
reproduction (Mones ¢ af , 1989). The endocrine events encompass the release of
gonadotropic hormone (Bromage and Cumaranatunga, 1988) Gonadotropic hormone
(GTH) i turn stimulates ovaran follicles 1o produce the female sex hormone E; E;
nduces hepatocytes of the liver to synthesize the female specific plasma proten,
vitellogenin (VTG) which s sequestered from the maternal blood stream by
developing oocytes in the ovary and is deposited as yolk (Tata, 1976)



It has been successfully demonstrated that when defolliculated oocytes of
rainbow trout, Salme gairdnert (Jalabert, 1976) and Japanese medaka, Oryzias lavipes
{Twamatsu, 1980), were cultured with trout and salmon gonadotropin respectively, the
maturation of oocytes did not occur, It indicated that gonadotroping are not the final
maturation inducing substances (MIS) but rather mutiate sterowdogensis m the
follicular layer of cocytes to produce MIS which induces final matural (Hawder and
Inbaray, 198%a)

fn witro expermments using mmmature granulose cells recovered from
diethylstilbestrol-primed  hypophysectomised or  intact  immature rais  have
demonstrated that estradiol enhances many FSH-mediated responses mcludimg
induction of aromatase actvity {Adashi and Hsueh, 1982, Damel and Armstrong |
1983), Py accumulation (Welsh e af, 1983), cyclic AMP (cAMP) formation
{Richards ef al, 1979}, and cell membrane receptors for both luteinizing hormone
(LH) and FSH (Richards and Midgley, 1976, Ireland and Richards, 1978 and Rani et
al., 1981), thereby clearly establishing a stimulatory autocrine role of E; i the rat
ovary (Shaw and Hodges, 1992). In contrast, estrogen treatment has been shown to
mcrease the incidence of follicular atresm in rhesus and cynomolgus monkeys (Hutz
et al., 1986 Koering, 1987) and to inhibit Py accumulation and aromatase activity
vitre in both humans and rhesus monkeys (Vebldhuis et al, 1983, Ollsson ef al 1987,
Yuen et al, 1989 and Hutz f al |, [989),

The snow trout, Schizothorax niger Heckel has shown considerable dechne n
its population over the years. This decline has been attributed 10 a number of features
like over exploitation of local fish, eutrophication and pollubon of aguatic
environment and competition with comman carp, yprinus caprio, In order to restore
the aquatic systems with this prized food fish, culture techniques including induced
breeding have become mevitable For such culture techmiques, 1t is very important to
understand the hormonal mulieu in relation with ovarmn  development Whereas a
number of reports (Malhotra, 1970, Raina, 1976 and Qadri ¢/ al, 1983) regarding the
ovarian development of schizothoracine fish are available, no attempt has been made
to correlate the ovanan development with the hormonal milieu of the ovanes In order
to clarfy our knowledge of endocrinological and histological events, present study
was undertaken with the objective of -



1) studying various ovarian developmental phases;

1) esttmating E; in the ovanan tissues durmg the annual reproductive cycle
of Schizothorax niger Heckel, and

i) corrélating  the ovaran developmental stages with anous E;
concentrations,

MATERIAL AND METHODS

Live specimens of adult female Schezothorax meger, ranging from 100 to 250
g, were procured from Hazratbal fish landing center of Dal Lake, Kashmur, which hes
outside the Kashmior Umiversity Campus. The fish were checked for presence of
oocytes by squeezing the abdomen The live fish were killed in the laboratory by a
sharp blow on the head

Morphometry

The weaght of the fish { in grams) and other morphometric data incleding total
length, standard length { i mm) were recorded The fish were dissected open, the
ovaries removed by holding the posterior ends of the gonads and cutting along with
mesentry, The weight of the ovaries was immedately recorded by weighing on
monopan balance. Eviscerated weight of fish was also recorded.

Histological Studies

Ovanes from selected fish of same weight and length were used for
histological studies and hormone assay. The ovaries were fixed in Bouin's fluid for
24 hours and then processed for histological studies. After embedding i paraffin
wax, serial sections, 5-Ty in thickness, were cut and stained in Mallory’s triple stain
( MTS) using the technique of Gray (1964) and examined under microscope. Various
events were recorded by photomscrography.

Extraction

Crushed ovaries were homogenized with twice the volume of diethyl ether.
The ovarian homogenates were subjected to centrifugation (in a refrigerated
centrifuge) at 3000 rpm for 15 minutes. The supernatant was decanted into assay

7D



tubes and the ressdue was discarded The ether extract was evaporated n water bath
maintained at 37° C. The dned extracts were preserved at — 70 * C ull the assay was
started

Sterold Assay

Ovarmn E; levels were determuned by RIA using resgents and protocols
sccording 1o World Health Orgamzation Method Manual (1986) The scmtillation
counting was performed using LKB 1215 Rackbeta 11 Wallac Lagusd Scmtillaton
Counter (Finland) with a scuntillater of PPO n sulphur free toluene Mean extraction
efficiency (determned by recovery of sH - labeled E: added to recovery sample
tubes) was 82%, Assay values were corrected accordingly For evaluation of final E;
concentrations, dilution factor was ako taken mto account, Berthold statsucal
counter software package (RIA service), USA, was used to calculate the hormone
concentrations of unknown samples using a logitlog transformaton

RESULTS
E: concentrations were detectable through the annual reproductive cycle of

Schizothorax niger but changed with vanious events of ovanan development (Fig
1) The perod of August, S eptember and October marked the phase of maximum E;
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concentratons viz. 175.05, 598 98 and 305 41 pg/g ovarman tissue respectively. This
penod exactly corresponded with the long maturing phase of vitellogenesis. Durmg
September, the vitellogenic activity was at its peak with zonation of cytoplasm mto
mner and outer zones. The yolk nucleus of Balbian was seen towards the periphery
(Fig. 2A) The cocytes showed an increase in size and the ey membranes were fully
developed The nucleus was centrally located.

November, December and January marked the perod of very low E;
concentrations being 7.75, 1040 and 3804 pg/g ovaran tmsuve respectively The
ovary had become fully developed with its wall becoming very thin through which
glistening ova could be seen with the naked eye. The yolk almost completely filled
the oocytes with no free cytoplasm being observed. The differentiation of yolk mio
permuclear and peripheral regions was conspicwous. The peripheral volk gets
arranged into larger yolk plates and represent cortical alveoh stammg blue with MTS

The permuciear or nner zone of smaller yolk plates stamed yellowsh brown
with MTS (Fig. 2B) The ovanes durng the over-wintermg momnths of December and
January did not show any remarkable change over the condition mamtamed n
November or early December This stage of ovaran deyelopment corresponded to the
period of low gonadal activity or quiescent stage of winter dinpause restricted by low
winier temperatures,

With the rse of temperature m February, E; values abruptly mcreased 1o
109 63 pg/g ovaran tssue The clear-cut peak marked the breaking away of quiescent
phase of wmnter dormancy and the begimnng of pre-spawning phase The vitelline
membrance had got completely separated from the follicular membrane (Fig 2C) In
March, the nucler of the oocytes had become eccentric (Fig 2D) and the nuclear
membranes indistinet. These are indications of oocyte maturation The fuh were
ready to spawn. E; levels recorded were lowest being 2 47 pp/'g ovanan tusue The
fish were fully gravid with bulging abdomen The ova oozed out with shight pressure
on the abdomen. E; values recorded m Apnl were 15 32 pg/g ovaran tssue. Majority
of fish come to spawn m Apnl, though m some cases, spawning was noticed n
March The process usually continues up to the end of May A significant nse m E;
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Fig.  Photomicrographs of sections through the ovary of Schissthoray miger. At Fonathon of
cvieplism inte mser and ouler rones and Yolk seckesy of Balldani (YNE) el the
periphery (Scale Bar = 20 pm). B: Peripheral volk arranged intn large solk plates
representing oortical abveoli (CA) staining blue with MTS and ic v pone of smaller volk
plates staining vellomish brown with MTS ( Scale Bar = 20 pm). ©: Vitelline membrance
(VM) separsied from folliculsr membrane (Scabe Bar= 100 pm). B0 Sucdeus (N} ecorntrv
(Scabe Bar = 20um). E: Ovary after extrusion of eggs (Scale Bar = 10um) F: Atretic
ooryies undergeing regresion and resorption (Scale Bar = Xipml G Recowery jliase af
ovary with praliferation of sogonda (Scale Bar + 100 pm) H: New crop of socyies (Scale

Bar= 10 jim),
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concentrations (~ 120 40 pg'g ovaran tssue) was pobiced m May, which could be
attnibuted to the events of spawning and breeding at this stage

Following extrusion of eggs during spawning period, the ovary was seen s a
mp and greatly reduced structure with s wall frequently folded but highly
vascularsed (Fig. 2E) During spent and recovery stage, the values of E; in the
months of June and July were 41 80 and 5247 pw/g ovarian tssue respectively. A
number of mature eggs that had failed to spawn undergo a gradual regression and
resorption in the form of atretic oocvtes (Fig 2F) In addition , a large number of
folbcles from which the ova have extruded could be seen n different stages of
shrinkage These become transformed mto corpora lutea wiich are responsible for the
secretion of progesterone During June and July, perpheral vacuoles had started
appearing n the cytoplsm However, formation of yolk was not visshle under hght
microscope.  Thes stage, therefore, corresponded 1o previtellogenic phase (Fig
20G&H)

DISCUSSION

Ovaran development and E; production were followed throughout the annual
ovarian cycle of Schizothorax miger 1o draw some conclusions based on a simplistic
mterpretation that high concentrations of E; in ovarian tissues may be indicative of
some biological function as also convincingly suggested by Campbel et al (1980)
Ovanan development was evaluated using different crteria viz. GSI, morphological
and histological observations using MTS  GSI could nether be correlated to the
histologscal ovanan development nor to the endocrmological crtenon confirmung its
unrelability for assessment of gonadal development as has been shown i several
species (Delahunty and de Viaming. 1980; de Viamng ¢/ al | 1982 and Mones e al |
1989)

Schizothorax niger s an annual breeder. The ovanes are cystovanan and the
rhvthm of ovaran development s typically characterized by group synchronsm
Maximum spawmang occurs from begmming of April to end of May However,
spawning may sometimes start from mid of March and may extend up to June

E; mduces hepatocytes of the liver to synthesize the female specific plasma

protem, VTG VTG s actively sequestered from matemal blood stream by
developing oocytes in the ovary where it is deposited as yolk Through accumulation
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of yolk, the oocytes increase enormously in size and cause the ovary as o whaole to
grow (Van Weerd and Richter, 1991) Sundararaj and Nath (1981) showed that
repeated injections of E; evoke an amplification of vitellogenin synthesis stanulation
A transient rise in Ex could prime the liver for vitellogenin production. In the present
mvestigation, the highest concentrations of E; were recorded during August,
September and October which marked the stage of active vitellogenesis as confirmed
by histological studies The present studies are quite m conformuty with the
observations made by aforesaid workers E: = ako responsible for the formation of
cortical alveoh (Fig. 2B) This s i agreement with Khoo (1979) who showed that
oestrogens control the formation of cortical alveoh (which he called yolk vesicles) in
hypophysectomized goldfish g

The steep fall n the E: values durmg the over-wintermg months of
November, December and January (when the vitellogeness has not come 1o an end)
can be attnbuted to quiescent phase of winter dapause restricted by low winter
temperature and decrease n GtH concentrations. The f&all m E; levels before the end
of vitellogenesis has also been reported by Breton er of | (1981) from fermale brown
trout, Saimo trutta. Decrease in E; values could be explained by the drop of GiH
levels (Jalabert and Breton, 1980 and Foster e af , 1981) as there has been observed
positive correlation between GtH and E; values durmg early phase of reproductive
cycle (vitellogenesis) and negative correlation during late reproductive cycle
Moreover, there occurs o distinet shift from the secretion of predominantly E; to the
secretion of | Ta-20P-dihydroxy-4-pregen-3-onel | 7o, 200-di OH prog)- Sakai et al
(1987) 17o-20f-di OH prog has been observed to be the naturally occurrng most
potemt MIS as also convincingly suggested by Nagahama and Adahi (1985), Suzuki
et al (1987) and Hawder ( 1990)

It 5 generally accepied that estrogens are not active n mducing oocyle
maturation in fish (Goetz, 1983} Hauder and Inbars) (19896) have also shown E; o
be meffective i mducing oocyte maturation during the culture of folbculated oocytes
of Labeo rohita and Cirrhinus mrigala. However, E; in Onaas lavipes  (Hoose,
1972 and 1976) and estrone m Brachydanio rerio (Van Ree & al | 1977) were found
to be effective in nducing oocyte maturation During the present mvestigation, a
minor peak of E; with a concentration of 109.63 pg/g ovaran tissue was observed in
February, This corresponded to a period when nuclei of the oocytes had become
eccentnic indicative of oocyte maturation. [t & as such suggestad that E; at this stage
may be mvolved m oocyte maturation Inbara) and Haider { 198% ) have ako found in
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Cyprinus Caprio that a small percent of cocytes did undergo GVBD when mcubated
with E:,

Pheromones are imdeed mvolved m teleost reproduction. not only by affecting
the phase of ovanan development (Van Weerd and Richter, 1991}, but ako by
affecting advanced reproductive phase (Lam ¢f al, 1978, Colombo ef o, J9%2; Liley
and Stacey, 1983, Lambert, o al, 1986, Stacey of al, 1986 87 Resink, 1988 and
Stacey, 1989). All teleost sex pheromones are sex hormones or dervatives | Stacey.
|989) In order to synchromze gamete maturation and facilitate spawning. there
occurs interaction between sexes in teleosts Pheromones are part of this mteraction
{Yan Weerd and Richter, 1991) High concentrations of E; recorded m May during
the present study, may act as releasing pheromones signaling attraction of prospective
mates and triggering spawning behaviour and release of pametes Ths 15 in
agreement with Van Den Hurk and Lambent (1983) who noticed that releasing
pheromones from ovulated female zebrafish (Hrachvdamioc reriod sttract male
conspecifics and that releasing pheromones of male origin attracted females m the
poby (Ciobiny jozol, Resink (1988) notced that releasing pheromones of male origm
attracted ovulated females n ( Varias gariepinus. Before the act of spawning, E;
contributes in ovulated egg survival in the abdominal cavity as also reported by Lam
etal (1979

E; produced early in the months of June and July during the spemt and
recovery phase of ovanan development, could act at several levels to favour
oogenests. The in vivo positive effect of oestrone on cogonia proliferation has been
noticed by Bullough (1942) and Mackay (1973}, Involvement of sterods i oogoma
proliferation has also been suggested by Khoo (1973) However, such an effect s
most probably indirect since E; did not stimulate oogenesis i goldfish ovanan
explants ( Remacle eral. 1976)

It 15 evident that the application of hormone assays especially ovanan sterouds
viz , E; 15 a powerful tool when added to other methods of montoning the sexual
condition of schizothoracine fish. This together with accumulating data and
mmproving understanding of other aspects would influence productivity and support
future surveillance of fish stock of this group.
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