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INTRODUCTION

The successful large scale cultivation of any
organism for human consumption demands that the resource

is easily renewable. .

To replénish this resource, there are .two
possible ways.. One is to collect fry from natural resource
and the second is to learn how to make the fish reproduce
in captivity. In recent years it is the. second approach
that has received the most attention and considerable

success has been achieved in this regard.

Reproductive processes are by no means fully
impaired in coptivity. The progressive deVelopment’of the
gonads 'remains, in .general, uninhibited upto the final
stages of gamete maturation, and it is only at the point of
gamete release that the seguence is arrested. Both gonadal
maturation and spawning behaviour have long been known in
responses to environmental stimuli. viz., temperature,
light and rainfall ‘ete. Our pisciculturists have made a
timely breakthrough in intervening successfully at the
stage where the neéded environmental cucs arce lacking and
push the process to an artificdial complction =~ this has
beecn accomplished through the technique: of -induced breeding
through hormonal manipulation. Though the induced breeding
tcchnique has bcen succéssfully uscd for freshwater ‘carps,
many brackishwatcr and marine fishés:have either respondcd -
to this techniques with partial suc€ess.or no rpsponse.
This is because of the lack of knowlcdge about the
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environmental complexities and their impact on neuroendo-
Therefore,

rol of reproduction.

crine mechanisms in cont
and discuss in

the purposefof-this review is to summarise
detail recent advances in the knowled e of thc neuroenuo\Li
crine mechanisi involved in “the process of ¢onadal
maturation of teleost f£ish.
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This hormone 1is termed as a gonadotro

to stimulate productlon oE
then, are respon51ble for the

onadotropwn is sex gteroids in
thw gonads and sex ateroids;

maturation of gamates . The transition from neural

information to noxmunal control takes place at the inter-
face between hypo+hu1amuu

that our detailed considerations O
cmphasiss

and hypophysis, and it is here

n the endocrinology
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are largely concerned,

hormone wWith which we
rropin (growth hormone ),

stimulating hormone and melanocyte
subdivided anatomically
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+o rostral pars distalis (RPD),

proximal i1y i
(PPD) and pars intermedia (PI). A‘néurallypZZiii;Ztalls
component, the neurophypophvsis (i), conpecfslfhe
adenohyponhysis. to the base of the brain and iz com
largely of the axonal fibrgs of neruons whose ;ell izzéd
are loeated in.the hypothalamus. This nervous ti iy
interdigitates extengively with adenohvpéﬁhvg;s 49
particularly the pafé'intermedia and tﬁe ;r;;én; i '
nervous "core® has given rise to the conceoé of :HZL S
i ye e hlEE

pituitary as.a ‘'dual' organ (Hoar et al 1983)
........ul—:.-.._-..'v <o

g thrc:hiam:inlreaion for dividing the adenchypophysis
£ rts is-the uneven distrizuti £ X
logical hormone-producing cell typzZTNuE;O;iZ;th:c¢orphoﬁ
the morphological criteria for distiﬁguishin; the vzzfzofy’

cell ?ypes are the size and shape of the celis and th;iiu

nuclei -and specially the stainability of thieipssécrecon

iranules. Seven different morphological cell fypes havz
een recognised in whole of adcnonﬂpopbv31s with both

light
ght and electron microscope. It is gencrally accepted

iEhatecach ) .
AdmittedlvOftf?fse TR o e
~ ks 3 his concept will not be proven until it has
.een ?i551ble-to el ture the cell types separately "andii
%dentlry thelr secrctory products under cuitdre can:t' :
széver, assuming that the “one cell type = opc'hofazniinS‘

ncept is o iy ' i 55
= rz:piztsorrect:'éﬁtémpts'bave been made to demonstrate
) = p' ive functions of the cell types by way of
a;%#ophylelogical resasrcoh,. Td these studics ﬁﬁtural
ina experimentally induced changes in the tarqe£w0r0a-.
Zizeé?zmpared with changes (1) in the size aﬁé—shap; 2;

dtuitary cells T ald '
o Secretoi;Y cells and Fesls nuclie, (2) in the storage
cértain e jranules, and (3) in the abundance of
antibody immunrgénelleso R R e S S
for the identiZ?Yté?hemlcal tQChnique Has, Been appliec
HoweQGr' in-h ication of the functional cell tupes.
3 ‘ nost cases, pure and homol i
- 1cble, ana hete : QgOus antigens
: eterologous systems are never
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completely satisfactory, because they leave the possibi-
lity ofrcross sections withisome unknown component of the
pitulttary cells: "“therafors, the results of immunecytos-
chemical studies have limited value. Such brief
description of the teleost pituitary has been reviewed
and disoussed by several ‘workérs (Van Oordt, 1968, 1979;
al ., J1973: Holmes and

Sage and-Bern, 1971; Schreibman g
Ball, 1974:  Fontaine and Olivereau, 19753 Doerr-Schott,
1976; Follenius et al., 1278; Van Oordt and Ekengren,
1978; Ball, 1981). The following are the most important
points considered in these reviews and in the reports of

original -experimental data.

1., .Correlative changes in the gonddal functions

and the structure of pituitary basophils.

2. The identification of cells producing
glycoprotein =~ gonadotropin: by mcans
of immunocytochemical techniques.

3.. The number of gonadotropic .cell types
(some researchers have identified two

different types, others only one).

=¥

« The function of the cell organelles, more
specifically of the secretory cranules
and globules in gonadotropin sccretion.

> The innovaﬁisn oft the gdnadotropic GlcNis

as a morphologiczl basis for the central

regulation of the gonadotropi¢ activity

e
of tHe pituitery.

Cellular origin of gonadotropin(s)

The gonadotropin - secreting cells are geunerally
found in ventral region of the proximal parns distalis,
though they can sometimes be located .in-rostral pars
distalis. These cells are basophilic -in nature .(cell
contents react with basic dyes) HEoSE fet al oS 10830

Under EM studies they can be recognised by the presence
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of relatively large granules (2005500ﬁ~m diemeter),
often dilated rough endoplasmic reticulum (RER), when
active, and irregular small vacuoles., Variatioés in
the number, shape and size of these organelles have

led some workers to conclude that there is a sincle

" GtH cell type in teleosts, and others, that there are

twol GEH' cell types. Thiis disparity of results mey be
due to specilies differences. (i.e,. som@'species have
onilly one gonadotropin wherezs others have two). It

may egually be due to temporal differences in the
appearancce of cell types. PFor example, two cell types
have been reported in rainbow trout - one with full of
globules and granules and another with full of vacuoles.
Scott(1986) has reported that castration of adult fish
generally results in transformation of the former cell
type into latter.

17 J 18 o™ Pl e v P e ] - 2 . [ -
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Hypothalamic neurons whose axons make up the
neurohypophysis are of a specialized type referred to as
neurosecretory cells, These respond to an electric signals
from the brain with the release of a chemical messenger
at the axonal terminal, thus bridging the gap between
nervous and hormonal information. Their cell bodies form
several distinct groups or 'nuclei' within the hypothala-
mus which may be distinguished both anatomically and on
the basis of their staining properties. 1In the teleost
pituitary two most importapnt nuclei centres in the present
context of study are the nucleus preopticus (NPO) and the
nucléus tuberis (WLT). Hormones produced by NPO neurons
gre ' released larcely into a blood channel running between
neurohypophysis and adenhypophysis; some may inncrvate
directly the cells of thé pars intermedia (Ball and Baker,
1969; Satyanesan, 1970; Satyanesan and Jose, 1975; Satva
nesan and.Kulkarni, 1983). Arrancement of the neurons
Of NLT in telecost is a unique feature because many

workers have found direct innervation of agons of such
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neurons on the endocrine cells of adenohypophysis

(Hoar et als. 1983). The chemical factor that is releasc
a+ this junction is gene srally termed as releasing hormone
(RH) . The affect of the releasing hormone i3 to stimulate
cndocrine cells

the FIOHLCLT n of secretory v products Erol

snd Lheir sua,@«uent release intc the vascular system of

ent wiite up 48 concerned

5]
i
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the adenoh pophysiS. a8 the pre

with the gonadal development, naturally the gon cotropin

otroplic eells i resnoanse Lo Hii ©XL

NLT is carried iy & Wi of mysktemic airenlation to thao

o It 1n turn initiates the

produced Ly the donad

garget orgarn, the
production of the sex steroids, apart from NLT and NEO,
several regions in the brain have been
restosterone and 17 - estradiol,

» preppticus paraventricularis

the sex steroids
These include
(NpP), ventralis telencephali pars ventralis (Vv),

nucleus recensus pars lateralis (WRL) and nucleus

recessus posterioris (NRP) (Scott, 1986) »

Evidence, tor the hypothalamlc control of gonados

tropin.feleasc from the teleost- adket Bary is prov1ded by
ékperiménts in which electrolytic lesions of the NITTa S

the goldfish Carassius auratus, Atlantic salmon and
index, blocked

xillifish causcd a decreased conadosomatic

avarian recrudescence, and included tollicular atresia
The concept of a

(Peter 19783 Scott, 1986) .

GnRH centre in +he hypothalamus is supportad Ly the
activity in the extract of this reglon
- ale; 1976} .

and Grim,

presence of GnRH

in various speciles of telcost fish (Crim ¢t

The chemical nature of the RHE in teleost
it has been found that the

renains

unresolved fully. Howovar,
teleost brain contains a peptide simi ilar in 1its structure
and biological getion to mamalian LH-RI. The primary

structure of GnRH from chum salmon (Dnﬂ&rh /nchus. keta)

: ; ¥ 7 . 2]
differed by only two amino acids Trp and Leu from

. 7 et
mammalian LH=RH iu which they are Leu and Arg .

The fact that GnRH are relatively small. molgcules is

found o concent EXerEes

S E
sdignificant, because it su gests
ynth95121ng.uhe hormone or an ccually active analogue

the feasibility 'of

a1 of the gonad by increasind

(Hoar et al., 1983)

tha T may stimulate maturat:

theﬂproductlon of gonadotropic hormone

Tpleost gonacotio)il s (GitHs)

conadotre .ins have boen isolated

andepinid i €d

from acoy. ral toloosts, ineluding carp Cybrinus carnio

(Fontainc and Gcrard, 1963; Burzawa-Gcerard, Ty,
chinook salmon, Onchiorhynchus tshawykscha (Lonaldson

ct al., 1972) and Tilapia mossambica

1977) and have boen shown to be

(Farmer and Papkoft,

similar in -structure do

the mammalian LH and FSH i.c¢. .thoy are dlycoprotC1n,'havc
molccular WQlGht of ca 30,000 daltons and arc Lomooqu of
two sub unlts ﬁ,andfﬁ. There is considcrable CVldLHCL
that ‘fish c¢laboratce two distinct typoes of gonadotropic
hormoncs. Comploetc ovulatory - action (Oocvtc maturation
and ovaulation) and othcr procasscs likc spgrmatogan51s,
gonadal stcroidegenesis and ovwr an cycle &MP activity
arc ascribed to only onu of these, which is high in
glycoprotoin (Donaldson, 1973; Farmer and Papkpiai LT e
Thg other gonadotropin is low in glyqoprotein and is'
relicved to be involved only in -the contz el ene viteliou
Ng and Idlcer, 1978 ). The
pESscned oL two chemically distinct gonadotropins is

indicatid by

genesis (Idler et al., 1975:

cytologic and histochomical evidence
(Burlakova and Belyanov, 1976; Schreibman ct al.. 1970)
adctropivs have

and scxual diffcrences in isolatid gon

boen reported (Breton .ct al., 1978). Morc claborate studics
throuah S, matic rescarch arc ncoded to avoid this
confuscd plcturb on gonadotropig activity in relation to

diffcrent stages of gonadal maturation.

It is possible that there may. be yet another Gtd
in.certain tc¢leosts (g one that is more FSH-like)

wk 2 . :
1ich has been overlooked duc to inadequate bioassays.
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Howover, in common cary (Cyprinusg carpio), the carhohydrate

rich GtH that has bc.n isolated and extonaively purificd

nas bueen shown to be capable oI

ok bt

inducing and maintaining

complato gonadal developmenc 1R hypophys;c%omizcd indivie

B ALt famaty, 1986 .

Gonadotropin relcise = inhibjitory fagtor \GRX

overwhelming cvidence for .the existencc of gonado=-

Lropin release = inhibitory factor in golcéfish brain is
of Poter ot al. (1978).
T+ hag boen founad that small lesions in the NLT caused

syailable from the experimonts

gonada reLrtgsion in scixually mature goldfish Whcrcas

larger Qlesions cenerally jead to an increasc ln SEIUR

atH levels and gyulation. An important featurc of thaese

largec lesions is that they damage the pituitary stalk,

thereby ivolating the pituitary from hgpothalanms.

Lesisns in antcroventral PP hawve also been shom to

cause massive and prolonged release of GEH in female

goldfish. These levels correspond to those found durind
natural ovulation and suguest that tHe natural GtH surte

may roesult from the comiination of an abatement of GnRIF

(originating in the NPE) and stimulation by CnRF(Peter

and Paulencu,.1980) .

In a2 preliminaly rcoort, Crim (1981) reported

+hat somc catacholamines inhipited GtH raelease from

cultured pituitarics of rainbow Erout. Furthcr work
Injections

LA

has siiown that GnRIF is prébably a dopaming.
3 e

of dopamine into mature female gold fish'supprcsséd GtH

secrction. But injections of @ither pimozide, dompexridonc,
spipcrone or halopcridel, any ODE of these dopamine

antagonists, followed by LH=Ril injcctions 12hours later
{nduced virtually 100% ovulation and vory liigh

Injections of DLH=RH alonc are far lesg effee

plasma

GtH levels.
(Chang et al., 1983) Petor ct al., 1983), Taking

Tive
the advantage of this investigation in recent vears tlu

9

Linpé method, involving the combination of a GnRH analocuc
(LHRﬁ—A-or GnRH-A) and a dopamine antagonist for inducCQUC
ovuliation and spawning has proven to be succe5qful.withr
: ; S g
common carp, mud carp, brcam, grass carp, kighead, black
carp and ‘loach (Poter ct al., 1988). ghead, black.
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Ovarian sterodis.

In teleogts, 2 wide varicty of steroids have beo
identified in ovarian cxtracts, in in vitro incubﬂj"s ;en
| . Lid VAL LLO CLISE 4
ovaries, and in the plasma of mature or maturinag Femali~
Many of these arc the same as the steroids secht;d g§ "
mammal ian ovaries; indeed, the biosjnéhetic pathwav :
similar. | | LEpegh=

To undcrst ari i
: | idcrstand cvarian steroidogenesis in telcosts
he noti at e ;
otion that androgens are male hormones and the

e@stroge 2 = '
gens are female hormones mu t ke dispelled Testos

terone and d & i m C c
: androstened 42 a4 :
stenedione are major secrctory products

of telcost ovari
varies. . They are the obligatory precursors of

fB \Str 1 & & % s \V \V QR
1 ; CS adl. L e .
Ol Lﬂd (,StrOl’lO, I.CS]:itpti k;]. \rar Tlle CO1 CrSi M
s tl’lb < L A5 Jiegs . ; = > = Y :
)] 1 t 2 '__ljdro"‘(;nb Q (,Jd-\,rO(;[tf 1S i 2 G C:L>tb(1 1.)‘/ \ IE- 2 via
o <l (]

p - Ll O o cle LA T i > S mog t
g Clt S} oy

active in zfe; 0 i
in females undergoing vitellogencsis (Scott, 1986)
e i ’ g

2%1: i:}l R T ey
i @it imenet and i unat oraiEiion S T S BLENE Raioie s
SO rar studie 5 sic : Tl
» died, androgen and rore especially estrogen
production decli 2 : | 9%
. decline. and the maicr product £ =t LG
" : S ] be 1cts of steroido-
Jenesis appear to be C21 st i
il£'h~d @ C21 gteroids: the progestagens
~0ydroxyv, 200-Adit ; ; . ; \
= : Yy UOP dihydroprogesterone and 17-4-hyvdroxyprocast
rone, are 3 e = 1 i
" = produced by salmonid and cyprinid ovaric
whereas the " | “ 4
o . g
deoxycorticosteroids, ll-deoxyce 180
¥ veortiscl and

| deOXy O i (@] = ~ = ¥ }/ = (@AY (&) @]
.-. C t ) - ~ > — £ - g

A humbor of n - i 'y &
4 : arln_'e teleosts., The formation of steroid
<

¢glucuroni |
<3 ides may al i
so in 2@ il B &
creasce at this stage (Scott,
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response to GtH stimulation the theca layers of

oocvtes produce VA Trosey
i e 174 hydro‘\z’PrOQfgSt@ronc, Sl

OS(’?.. lc:\-‘](f g COHV (=g l -]._ i - ( Sl
. ] . = = [‘ ll'ltO 1 Q ; 18 ) [
- - A,Ilairl (31 E-nrg :ls. ;9\ "‘fl\f C}.ro Y g 20/

4 PP P e

gesteroue (Hoar .and Nagahama, 1978)

All wvertcbrate oogykes are surrounded by a complex
multilqyered follicle made up of a numper of cell laverse
Two of these are always present = an inner caranulosa
layer, which is separsted by a bascment membrane from

¢ synthesize derivatives of

an outer theca layer. The latter may be culhdivided into & 2 ,
' ostenedione and tastosteronc

P o 5 h
with either a hydroxyl or

s theca interna and theca extorna. One particular cell A ‘
: > group at the 11 position in the

type in the theca interna and the preﬁominunt coll type it : steroid nucleus,.
i . 4 e gens a =y 5 "
thiat makes up the granulosa have both been implicated in A are believed to be responsgible for the

steroidogencsis, Histochemical studics lmve revealed chiaraabsristits and
the presence of 3p—hydroxysteroid Aehydrogenase in hoth
cell types. Ultrastructurally, only the special theca

cells show the charactcristics of steroidogenic tissue.

These problems have been partly resolved by the recent

teleosts i.e., they
"males.,

ketotestoste i
stosterone is the major androgen in teledsts
R s s — 22 °

r 1 - - s o : S i :
¢ ilp OH testosterone predominates iﬁ”ambiseku11

: sl e ° thosc e 7 . ‘ ] f )
development of reliable techniques for isolating rela- e ¢ sc that change sex-naturally during
! ' life-cycle). ‘ ! v

tively pure theca and granulosa tissues. It has been

pogsible to prepare four different follicular layers from A
2 r - ol n
Othier wnusual feature of the teleocst testis

e M =
SRR Gl E

=

cocytes of the amago salmon (Oncorhynchus rhoduras) -
intact follicles, theca layers, pure granulosa layers

and theca/granulosa co-cultures. stimulation with salmon
gonadotropin(ﬂ.l,lﬁgfml} inchuces 17F-cstradiol productién
by intact £511ielés and the co-culture proparations but

= mely high capacity for storoid glucironide
EEiChn. I B e PR : i
In mammals, storoid glucuronidatidﬁJis Iimited

a means of

NEs, The activi ;
. ; LOE TN £ o g
not by the jsolated theca Qr grenulosa layers. In contrasa - < Iyl o f g taet laula ot el uouwrensel
] . crase increascs with tompe A pE
GtH stimulates tastosterone production by the theca A d; with temperature, and it has bcen
‘ oy : ed that -one of its Functi et ‘ y
layers by upto 80 times but hardly at all by the granulosa : L s fTunotions in teleostsfis e

layers. Tncubation of granulosa rissuc witb t%stostcrone ferred tempera :

results in enhanced 17p—e9tradiol production. These O; 1) +£ ?&fature for fepr§dhction._ e Tt
v e ‘5lved a£ 2o ;n ?e%eo§'8 Specific steroid glucuronides

genesis (ag has becn demonstratcd in mammals) whereby ol o ~as pheromones (Scott, 1986).

results suggest a two~cell-type model of ovarian steroido=-§

the theca laycr synthesizcs the androdcis, which are then ~
e . .
SEe3 ofi-salmbnids incubiated jin witro also

ransferred +o the granulosa layer to be aromatized to e
oS Ae_large amounts

estrogens. The synthesis of 17 fe=hydroxXy ., zopndihydroxym
steroid dehydrogenase is localized in the granulosa’

'grone; B I o 1%£’hydfOXY4v20F~dihYdropmo4
e eed, this and/or its 20«L~isomer have beon
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10w &) S OL D - ¢ " the testec ide ety ; e A 4

shiown to be major products of the tc;tvs of a wide variety ‘ (o 3l prolifernkion
of vertebrateés.
gonia arise from primordial sex cclls in the

11101 Arviaid £ e matd ol =5 ) e - ; .
Cellular origin OF testicular steroids epithclium of the ovary and at an early stage,

o e

utr@unﬂwd by a laver of epitiielial cells termad
wo cell types are also thought to be involved rian follicle. -~ dvidence, largely from hypophy
¥ % g = g Y N £ e

in storoidogenesis: in the testis - the levdia cells and e ERXDC onts, ZUCHE e e
& stis vdig - experiments, sucgocets that oogonial proliferation

the secrtoli cellss. Ma vy compurisons can be drawn between s pituitary contrel.s Since ocogonial proliferaticn

. special theca and leydig eslls, on the nne hand, and close to thoe smovning perlod when GtH levels are

granulose and sertold cells, on the others. For example, v high, it is pogsible that this hormone is involved
all ‘ecll types contain BP—hyerxysturoid Jehydrogenase ott, 1986). The transformation of oogonia into oocytes
;ctivity:‘Special theca and levdig cells are putside phe ggt.inhibited Ly hypophyscctomy so % ke | LI 6f
basement membranc, and grarvlosa and acrtoli cells are ,primary occytes, upto certain size. Theif growih is
within the basement membrane; like granulosa cells, the
sertoli cells lack ultrastructural features of steroid
secroting cells; in pirds and mammals, the sertoli ccljs
contain Zapuhydroxysturoid dehydrogenase activity

(cf£. follicular cells in amago salmon). It thus scecms
probable that the leydig cells are mainly concerned with

androgen production and the scrtoli cells with transforming

bly controlled by the factors that covern the body .

| : The early stages of the secondary wrowth,phaso;
T Vet S | ;

ing volk vesicle formation (endogenous vitellogencsis)
@%ey@onsidcred to be under the control of GtH. Though

the evidence for this. is not clear but aftcr hypophysectomy

L)

steroids derived from this source, although this remains ansfer of ovarics into culturce dishes, it has been
S Llolleo, - <

to be proven in teleosta (Scott, 1986) & that all oocytes reverted back to arpre—yolk
A icle stace. This shows “=hat the yolk vesicle forma-

n is under pituitary control {Scott, 1986). 1In

-t a— St

BHDOCRINE CONTROL OF OOGENESIS I RE3PONSE TO GONADROTROPIN
inkow trout, raised GtH levels have beéen found in the

Tt is currently belicved that maturation of the e . and ole g ;
Gl v and plasma ZJuring the cndogenous vitellogenie

gonads in. £ish procceds as an indirect result of a slow o BT T
. tage Dby several workers. This may be'due to the
and steady risc in gonadotropin secrction and that ovula- lsatile re : i o |
D tile release of Gtil,: which has DEen recently demons—

¢ion and spermiostion are precoded by a moIe marked increasce d in femal i nbow
' in female rainbow trout (3cott-and Sumptar, 1983).

This hypothesis is borne out By evidence from salmonids female silve i
, 1ale silver eel (in which e¢nddgenous vitcello-

(Breton et al., 19757 Crim et al., 1975) and cyprinids - ' s 2 distinet ;

- - al i , . ‘ genesis a distinet proccss) it has becn experimentally
(Bérton etlal., 1972; Stacey gt AR BAST SR T SR roved tha ; Vi ) - e
L | | 7 : ) VE 1t endogenous vitellogenesis i sogNTinder the

of gonadotropln 1 regulating the events of gametogenesils sntrol of ¢ - ; A |
3 @tH., -There is a strong possibility that either

is largely indirect by Way of steroid scx hormones, and S AN
X or the pituitary derived thyroid-stimulating

this fine=1l link in the chain provides important clueu te b .
: - rmone may be involved (Scott, 1986).

A |

In most fishes, there is a definite evidence

the possible causes for the interruption of maturation

in captivitye.
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that the stage of exogenous vitellogenesis is under the

control ofi GtH, For example, hypophysectomy during this

stage leads to ovarian atrovhy, and injections of GtH
TREe dmnatire! £a4h are seffective in stirmulation of ovarian

skternid production, witel logonogis and oocyte growth.

Mull ovarien growth. ¢an also ve oztoined in imnature fish

by freguent dnjecstigns of GtH or HOG. capite this, most

attempts to show changos in the lévels of GtH in the plasma

1.

of maturing femalces have boun not successiul. TH fig “also
sugoested that the daily variztions in GtH releaseé, rether

than overell levels of GtlH, are important in ‘the control

There is no dispute about the fact that in
majority of teleosts the production of vitellogenin by
the liver is under the control of ovarian steroid -
estrogen mainly 17@~estradiol and cstrone. Livars of
male and immature fish can be stimulated to produce

vitellogenin by injection of l7ﬁ—estradiol.

Perhéps the most interesting discovery sthat
has been mede conccrning the secondary growth phase of
ogscytes 1is the prosence of high Levels of testostérone in
plasma. In some species the levels have been shown to
correlate with the gonadosomatic index (GSI) and in many
gpecics levels poach a.peak prior to oocyte maturabion
and are hidgher than levels found. in male. Androstenaedione
has also been demcnstrated in the wlasma of female fish.
The most plausible explanation for the presence of
androgens in the plasma is that they are synthesized by
the ovary, releascd into the plasma and conv;rted =
estrogens when they reach the brain and pituitary.

Both these organs have bcen shown to contain large

amounts of an enzyne, éromdtase(Scott, 1986) .

The endocrine control of oocyte maturation in

teleost is basically similer to that in higher vertebratesd

L
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GtH is releasec from the pituitary in response to hypo-
thalamic éignals:.it is carried &£o the ovary, where it
stimulates prod.ction of €,y steroids by folliecular cells;
Fhese, steroids kbind to reccptors in (or on) the oocytes

NiptehCn) Gocr cocyte mgturaticn and then follows owvulation

@fconcararaj and Vasal, 1976; Jalabort, 1976).

Follicular rupture and expulsion of the denuded
socytes appear to.be independent of pituitary control,
Both prostaclandins and catecholamincs have becn proposed
BsPmediators (Jalabert, 1976); in wvive evidence: stprorting
aEraiicl for prostaglanding in goldfish ovulction has. buen

provided. by Stacey .and Paadey (1975).

Induction of oocyte maturation and ovulation in vivo

in many commercialy specrese of "Tish oscrtesigll
tQ mature and/or ovulate inscaptiVe broodstock and must
thercfore be made to do so by hormonal injections. The
first attempt on this problem was made some 50 years ago
in South Amcrica and the technigue involved was injecting
mature females with homologous or heterologous pituitary
gEstiadi ot g - from other: mature fishi, * Similar methods are
sitill widely used élthough with refiinement such as the use
of prescrvedigland, partially purified gonadotropin prepa-
rations, and human chorionié‘gonadotropiny The thorough
understanding'of mechani sms in'hypothalamo;pituitary
gonadal axis has resulticd. in dovelopment of tcchniquos
involving eithdr the stimulation of the production and
release of endogenous GtH (use of LH-RH or anti-cstrogen)
Qriithe direct stimulation of cocyte maturation and ovula=
Wies'on by the appropriate steroid hormones/and or
prostaglandins. When using these lotter compounds it has
Leen found that a small stimulating injection of GtH or
crude pituitary extract is often reguircd to obtain
erficient maturation and ovulation. These stimulatihg

injections -appear: to be necérsary to stimulate the
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migration of germinal vesicle from central to subperiphoral ke mituration in vitro than cocytes in wiiich

position in the oocytes, thereby increasing their sensiti~ 10l vesielcs Sre peripheral (Scott, 1906).

vity to further hormonal stimulation (Scott, 1986) » g s Lot e A s
SNDOCRTAL COMIROL S SPERMATOUENLITS
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Induction © pocyte maturatipn © nd oyulatiosn in vitro yory oi fforont ceguionlir structures and  spor-

e AU — —— —

stie patterns heave Lewn found dn Fish of the teleoit
' tuch ini’orm:"tion o the progcess of oocytce maturas | o Lyes ot Bustos hove Doepn tAuntdfiea (i:‘ =

. = ki T o e e Wt el g B ’ = AGE e 2
Blon-and-ovilation nas cOne from iy\vit;kvaporlmcnus. voe with no lumin (in o priszodsonts) -vuere the

Those experiments have establishcd that Gﬁﬁ acts on the ke from the blind end to the vos cifervns durdinc

iE icular Cc 3 cimulate i 5 Jucti i & PN - e e T cOceneals . s ;
forl Iicultr ‘eedls Lo e ninulate 1n i}tu production Of th ezs of upprmdtwgchucLoil(ll) & lokulpr Byt heving

storoidal mediatoxs of maturation, wihoreds stc:01ds.act al. lumen recciving the spermatozoa releasced from

which remain stationary along the lobule during

dircctly on the oocytes. This has boen shown in several
species by removing the follicular layers from the oocytcse. Matogenesis. The endocrine control cf fish spermatoge
. . . | ) - i - - 1D S DG _'i-;(;_é-
either cnzymically Or mechanically. In the rainbow trout S hae beon widely reviewed in recent yoars G Loy
S . ¢7 il at
) 4 - ; 3 T : ; - 51 SINT o © oy | AR st ,
17 =hydroxy, ZOP-dihydropro,Lsturone and 17o=hydrosxyproges ; %éﬁb of Fish revroduction were cxamined by Hoar (1865,

tecrone are effective meiiators of oocyte maturation whereas Donaldson (1973) and Callard i o dtss
é AT /) e e,
corticosteroids have 1ittle or no effect. In other fish

like pike, brook trout and goldfish not only the progesta=-

ology of roproductiqn'dealing with thc sperms was
pccifically dealt by Dodd and Wiebe (1968 ): Dodd

gens but also 11-deoxycorticogteroids are effective. In 1975)3 Olivcreau (1877) and Peter and Crim (1979
& f E: sl ) o

medaka and catfish also, apartvfrom progestagens, 11-deox
corticosteroids and 11-oxygenated corticosturcids (eg.

the data now available on sexual cndocrinology

Nt

' AT T . RATINS Tren s ! . .
@ﬁ:;mmaturc fish have .bcen obtained in salmonids, espocially

cortisol) erz all equally efrective (Scott, 1986) . inbow trout. In immature £ish the production of 11 keto

A problem of considcrable intérest is how and at ) - Al ]
; : s (1tH) control because no GtH woas measurcd il A
what stage in their development oocytes acquire the compe- 53 i -

In all

| @ C Ly e 3 e <& 2.
! i _ : i ' . Qf underyerrling rainbow trouts However, CE as
tence/to mature 1n response to GtH and steroidse R el ised by B _ :

: :  ?w,MouQ ised by immumilercsdence in the pituitary of

of the oocytes appear to be cruciayl

species the age and size & e : T
3 @ 10 months old rainbow trcut (mentioned by Billard

ot be induced toO maturcs

small, underdevelopea oocytcs cann 1982 ’ i
2l Recent works have shown that ssogenous

Intermediate sized oocytas can somotimes be induced DY aens o ; :
| - B gens and aromatized andérogens induce GtH s, nthesis
GtH injection, but they eituer do not ovulate or alsc : I Vi, e

uitary, but do not rel ase i
: 3 3 2 case into the : oA
ST, plasma (Crim

Seeome nonviasle eggse In several specic 1981). How: y
. - ¥ : : . owover, continuous suppl of androcens
that the degree of germinal vegicle migration is an impor= § ia the diet ca : - el
I . the die an cause precocious maturity in male out
tankt factor. In rainbow trout, for example, 00CYLES crlund 3 B i
‘ | . ] and McBride, 1977). The effect of dietary
removed from female a+ the end of vitellogenic phase, 1R 0ids on sex Aiff ‘
I . _ : DL g ifferentiation are now wall do ent EC
which the cerminal vesicles are still central, reguire ially i ids e
sic ally in salmonids and Tilepia. Results on steri-

10-20 times more 17L=nydroxy ., Zop-dih?droprogesterone to = , ‘ .
scx reversal, and hcermaphroditism are quite variable
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depending -on the na ture-and'dose ofsiche rsbaroiicda, durﬂtwon
of the treatmerts, and state of gonadal dpvclopment

(8chreck, 1974,  Jchristone et "al., 1979).
vary with sox. and specices sugresting that steroids are

Thesc factors

probably involved in sax differentiation.

dormonal changces during: so; rmotogencsis

it . B e

We do not hav.e. much information concerning the

endocring control af. spermotofenegis in £fish with conti-

nucus sparmatogenesis, but some data are avaeilable on
seasonal breeders such as selingnids, cyprinids, and

pleuroncctids (Billard and Breton, 1977; Billard et el
1978, 1982; Peter and . Crim, 1979). In female fish two

gonadotropins viz;
hormone have becen isolated but in males only maturational

hormone (GtH) and its rcsponsc to steroids has been studied.

The sperm production is nearly continuous throughout the
yéar in carp. . While in trout it is seasbnal, During the
period of intensive- sperm productiocn, the fertilizing
capacity of the spermatozoa collected after hypophysation
rcmained high in the carp while it decrcased in trout
during the period of spermiation. GtH levels are reported
to be high in trout plasma and pituitary before spermato-
genesis (II stage). © But this is not true -in the case of
carp -where similar spermatogenic stage could not be
identified. Howevér, in koth species plasma GtH was low
at the onsct of spermatogenesis and high at the end of

spermatogencsis (Scott, 1986).

Control of.spermatogenesiss:

Hypophysecctomy has been used in a large variety
of teleosts to study its effects on testes weight and
on the germ cells. Two 'stages of spermatogenesis ﬁave
been pinpointed as-lbeing cspecially dependent on the

prcsenée of pituitary:'spermatogonidl mitosis and

'maturaticonal" hormone and “vitellogcnic®

‘sform ation of spermatogonia into spcrmatocytes. Once
,‘SPOlm“LOﬁthS can be transiormcd into spermatids
aﬁaftﬁ se intc spermatozca in ahsence of pituitary

;f“» ~C 1970) . Hypophyscctomy inhibited mitotic sperma-
ol divisions comploetoly in most specices studied

. them down in. others (Billard, 1970). When

arce at an advanccd stage of maturation, hipo-=
usually resulted in postspermatogoninl stages

a normal transformation into spermatozoa.. ‘In

var, 1967; Pandcy, 1969). Hypophysectomy anc replace-

" ment therapy have been widely uscd in fish. It has been

ct of hypophysectomy and also stimulate full tecticular

_10@ment in immature fish. It is-probablc, howavér, LH

-

The efifect of sex stéroids on spermatogencsis have
n investigatced in some species with variable rcsults,

% 4

endlng upon the stage of sexual maturity and species.’ .

[N A

gefcn reported in hypophyvcct)mlz »>d H. fossilis

d in goldfish (Billerd, 1974) after androgen “traftmant.

wWhdoses of testosterone only could maintain sscondar,

undararaj and Nayyar, 1967; Sundararaj ct al., 1971)

‘ ermatogonia in hypophysectomized? goldfish, but high
'fi;QSes stimulated thce formztion of épermatocytcs and
gﬁermatids. Other steroids, such as progestagens and.
"cortlcostgr01do, are synthesized in vitro by testes and
Y possik sly be involved in control of spermatogenesis-
=f (COl?mbO et al., 1978; Tesone and Charreau, 1980)

HORMONAL CONTROL OF SPERMIATION -

Contradictory results have been reportcd on the
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u.hcht of hypophyscctomy on spcrmiatidh (L.c. hydration

of the twetos) in telcéasts. In most fishes, it is reported
that‘hypcthSuctbmy hlocks spermi&tion und this has bgen
Found restored by injeetien &f memslilcn LIl ox palenst GEH
propsration (Yamazaki and Donaldesn, 19683 Billard 19786,
1977: Ng end Idler, 1980). his eHgregts thats the spagics
specificity of the goanadotropin is not s0 strict in the case
of spermi-tion ¢z it is dn spermatogetiusis. Spcrniotion
has Leoen stimuiated in pike (8illsard =nd Marcal, 1980)
ahd roinitiated in trout by GtH. In trout, it is intri-
guing that plasma GtH romains dedstikoadst ‘Hich, b as hign
ng at the beginning cf gpermintion. Morcover wﬁen'GtH

is supplidd during full spermiation,: the rise in sporn
production is only temporary, &lthough plasma GtH romains
cleveted and large amount OfF spermatdzoa e cu ) 22
the testes. At the onsct of spermietion, Crim gt al.(1973)
repbrtcd that some fish producing milt had no detoctable
apennt of H@tH: 2o the receults obteined in hormonal control
oi ' spermiszs ‘tion*are confusing and nceds further 1nvu sElgas
tion. Changes in steroid hormone levels during the
spCrmntomcnctic'cyclc in teleogts have been analysed. It
is reportaed that in male rainbow crout, tastosterone and
11=-KT levels in plasma incrzase over the period whén tostie
cular we eiglit iz increasing and spcrmutogencsis is most
active. The levels stort to £all .about the time thot

yigal lovels

spermiction bc t'_i_rlk, a3tk df:: natbeaesll ol the
until spermiation hes bgenpompletcd.and.the testes have
regressed,. Very close relationship has been catahlished
between sperm prdduction and plasma levels of 17L-hydroxy
ZOP—dihydrcprogustcrono. Levels of thid sttrdid 8ro
significantly corrclated with the volume of milt, total
sperm count, X content and Kz/Nm+ ratio in.seminal- £luid.
Injection of l7ﬂ— hydroxy 20/5n dihydroproscsterone into
intact spermiating males did not affect the volume of
milt produced but significantly elevated the levels of

L
K" concentration of the seminal fluid. This SUcHraE ey

this hormone is invelved in the regulation of ionic

"

ion of the intra-tubular fluid at the time of

ion (Scott, 1986). ;

Tk

NEW THROSL AREAS

Gonadotropin, whether cndogenous or exogenous,
elicved to gstinuvlate the biosynthesis of the stcroid
w20ﬁ>pg in the follicular envelope of ovarian tissue,
. stcroid then induces the r1al maturation of the ovas
trogen, though playing a role in the earlier stagés of

-

'*yte development, particularly vitellogenesis, docs not
pear to be involved in later stages of maturation. It
entioned that the release of gonadotrepin ic adjusted
ouah a system of negative feedback, in which cantres
the pituitary and hypothalamus are responsive to the
vel of circulating gonadal steroids (Peter and Crim,
OPFs A -rise dn the level of sex staroids for example
ngs about a decrease in gonadotropin secfetion, with
e result that stcroid release again falls to the
fOpriate level; a drop in the steroid level has the
gesatte offects Evidence for this kind of control systenm
is provided by Billard gt al.(1977) who reported, increased

»plaoma gonadotropin levels after castration in rainbow

trout. Tlra pespUhsliventss 'of the pthlfer and hy‘othalamus
"to gonadal ‘steroids has béen shown in platyfish and goldfish
MKim ot al., 1978). Thoese centres may be thought of as
gerod:d binding gites; -and effort has reécently boen directed
towards taking advantage of their sensivity to gonadél

rcids as a means of artificially stinulating gonado--

ropin rclense. What is redquir.d is a compound that

. competcs with endogenous gonadal stceroids for binding

sites in the pituitary and hypothalamus so that gonado-
tropln is released regardless of the level of the hormones.

»A negative feedkback system becomes then a positive one

and results in artificially elevated levels of gonadal

Rcteroids., A chemcial believed to posess this property

"
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is the anti estrogen clomiphene citrate (Pandey -and Stacey, e : _ :
#derived from brain or . endocrine tissues, combined,

1975). Increased plasma gonadotropin levels have been '
with & neurotransmitter antagonist. .

produced by the implantation of clomiphene in the patudtary

of goldfish (Billard and.Peter; 1977):.and this gonado- .
tropin surge may be rcsponsilkle for thel dinduetion OF REFERES b
J_:.L(.LJ.L )"l o
ovulation in goldfish known to be chuscd by his drug
(Pandey and Foar, 1972).: The choice of the dosags of such 2 | I 065 4 ; .
\ =T e \ ' . a4 v 1281, Hypothalamic control of the pars dhﬁaﬂJ
chemicals sufficient to induce ovulaticn remaln a problem, in fishcs, wmph1,1 ms and reptiles Gen. Comp
. - & -r‘xnr;a-:— Sormames s F oS G
1 ' a 0 (% i i -
T+ is for this reeson the practical use of clomiphene and Endocrinol.. :135~170
other anticstrogens such tamoxifen awaits Future résearch .. AND R.I. BAKER 1969, The pituitary gland:
developments. anatomy and Pl: tophysiology. In: Fish Physiology
e 1T, {4 o5, HMOar and D.C. Randalql Edo." ,
Academic PrC%u, New Vorksl=-111,
The complexity of endocrinological inter .
) Ak . ] g 41 ' Ar ! LLARD, Re 1974, Testogterane: Bffects ' on the maintens
relationship makes it difficult to state clearly whether ance- of spermatogenesis in dintact and hypophy=
the obscrved effects of an administered hormone is direct e goldfish (Carassius auratus). -Int.
; : , : ) : Res. Commun Syst., 2:1231.
or whether, as in the case with gonadotropin it 1is mediated . " :
by secondary hormonal links. The situation becomes cven R. ~1970. La spermatogenese de Poecilia rcticulata

' : ‘ e . IV La spermiogencse.s BEtude ultrastrurale, Ann.
more complicated when the administcred substance 1s itsalf Biol. Anim. Biochem. Biophys., 10: 493=510
LARD, R°‘1976 Induction of spern reladss 10 Lthe gold
. sl by Bome stéroids - WIRCSLibr.\ Compendsi

a mixture of hormones and this is the case with the crude

pituitery estract used for hypophysation. What are these

hormonal links nced further investigation. The role o ‘ 4342,
thyrotropin has been emphasized and Hurlburt (1977a,b) = "BTLLARD, R, 1977 Effect of various hormones on sperm

gelease 1in nypophysectomiged goldfish. " IRCS

las shown that thyyoid hormone may play an important role =
Lior. Compend., 5:188.

in ovarian maturation and cycles in thyroid activity. have

been noted to coincide with gonadal maturation in some - i SRETON 197%7. BScnsibilite a la tempera-
ture des differentes ctapes de-la reproduction
. ~ | ¥ = O e = -y 1 i 1 3 i £ 5 ~ ~, = : .
telcosts (Sage, 1973). Therefore, furthcr investigation chez le Truite arc-en-ciel. Ceh. Lab Montereau,
5:5-24, ST L L Sy

of the functioning of thyroid gland in telcost in the con=-

trol of reproduction is warrantced. Similarly the possikle R., B. BRETON., A. FOSTIER., B. JALABERT AfD
G WELL 1978.  Endocrine control of ‘the
rel eostiraprodugtive ofcligiand 18s relation 1o
external factors: Salmonid and cyvprinid models.

impertance of grecwth promoting hormones in gonadal develop=

ment should not be overlooked. Effcects of growth hormone

administration in fish have recently bcen reviewcd by Enz QSMP ative Endocrinology p. 37-48
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induction of sexual maturation apart from conventional

injection'method, i.ce. feeding of pellets containing
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