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general consensus is that on the whole the present
experiments seem to rule out the possibility of copper
oxide superconductors being anyon superconductors.
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The majority of fishes breed at a particular time of the
year and the seasonal reproductive cycle is precisely
maintained by endocrine cycle. Environmental stimuli
like photoperiod and temperature are presumably
received by the brain which releases a decapeptide
hormone, gonadotropin releasing hormone (GnRH).
GnRH specifically binds to the receptor in the pituitary
gonadotroph cells and stimulates the secretion of
gonadotropic hormone (GtH). In fish GtH may be of one
or two types. Circulatory level of GtH increascs during
gonadal development and maturation. GtH surge is
highest during the breeding season when ovulation or
spermiation eccurs. GtH regulates ovarian and testicular
function by inducing an exceptional steroid hormone
which is 17x,205-dihydroxy-4-pregnen-3-one. However,
there appears to be a shift in GtH function; it induces
synthesis and secretion of estradiol-17f during previtello-
genic phase which in turn isduces vitcllogenesis or yolk
protein synthesis, while during post-vitellogenic phase
Gl triggers the synthesis of 17%,20/-dihydroxy-4-
pregnen-3-once which is responsible for final maturation
leading to ovulation or spermiation, The hormonal
cascade of events is perfectly coordinated with the
seasonal reproductive cycle of the finh 1o eovere spanwming
at a specific time of the year,

e ————

Trt majority of fishes are seasonagl brecders. The
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seasonal reproductive cycle involves recrudescence of
the gonad leading to its final maturation, ovulation or
spermiation and spawning. Endocrine activity clearly
corresponds to the annual reproductive cycle. In order
to spawn at a specific time of the year, fishes must use
various environmental cues to initiate gonadal recrude-
scence so that gametes are matured in time for
spawning!. Among the various possible environmental
factors involved in cuing endocrine activity to perform
the reproductive event, duration of daily photophase
(photoperiod) and temperature have been assumed to
be of prime importance in most fishes?3 1t appears
that external cnvironmental stimuli are received by
exterorcceptors which transfer this message to the brain
of a fish. The brain releases a humoral factor,
gonadotropin releasing hormone (GnRH), GnRH then
acts on the patuttary to release gonadotropin which in
turn regulates gonadal function. In most ¢ases gonado-
trepin action v not  direct. It acts through the
biosynthesis of gonadal steroid hormones which in turn
repulaie gonadal growth, maturation and ovulation or
spermiation,

Nowadays fish flesh is in high demand i vartous
countrics not only for its good Laste but also for s
better nutritional value, Fvery country iy attempting
higher production of foed fivh and o do th,
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knowledge about the mechanism involved 1n the
regulation of fish reproduction is essential. Unfortunately,
very httle is yet hnown compared to our information on
mammalian reproduction. In this review, the current

status of the hormonal control of fish reproduction 1s
discussed.

Brain—pituitary axis

The pituitary in fishes is controlled by a certain
network of the central nervous system which ensures a
link between external factors and endocnne mechamisms.
Immunocytochemical studies showed the existence of
two groups of neurones in fish containing GoRH, one
in the medial basal hypothalamus and the second group
in the medial preoptic nuclei. GnRH cell bodies are also
observed near the olfactory bulbs, telencephalon and in
mid-brain of fish. In goldfish GnRH nerve fibres are
present throughout the brain*°. GnRH is released as a
neurosecretion from nerve terminals and reaches the
pituitary by circulation.

Till date the structure of GnRH has been determined
for eleven species of vertebrates using amino acid
analysis, and amino acid or DNA sequencing®. Among
them four are fish forms. Like the mammalian GnRH it
is a chain of ten amino acid residues but 1t varies in
amino acid sequence. Since salmon GnRH’ is of wide
use, 1ts chemaical structure 1s given below.

I 2 3 4 5 6 7 8 9 10
pGlu—His-Trp-Ser-Tyr—-Gly-Trp—Leu-Pro-Gly-NH,

In spite of 1ts structural variation from the rest,
salmon GnRH induces an increase in GtH Ievel in
almost all fishes tested so far and also in all classes of
vertebrates. This indicates the likely presence of similar
GnRH receptors in different classes of vertebrates®.
GnRH has also been purified from the brain of other
fishes and found to be active in heterologous
species” 12, Soon after GnRHs were 1dentified in
different fishes, synthetic molecules were prepared and
tested. Some GnRH analogues were found to be
superactive in fish compared to native GnRH'’71S
However, there are reports also indicating no difference
in biopotency between native GnRH and GnRH
analogues!’-'8, It has been shown that to release GtH
from the pituitary cells of Indian murrel and carp
GnRH requires extracellular calcium, incorporation of
which into the pituitary cells is an eventual step for
GtH release by GnRH!9:20,

[t has been reported that in goldfish, GnRH is carried
in the circulation by means of a serum binding protein
specific flor GaRH (GnRH-BP). It i1s a minor compo-
nent of serum proteins in goldfish, a single nongly-
coprotein of 40 kDa?!. GnRH-BP possibly transports
GnRH to the target site, 1.e. pituitary, and difference in
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the binding aflinity between GnRH-BP and gonado-
troph cells possibly results in dissociation of GnRH
from the binding protein. Occupation of GaoRH
receptor in the gonadotroph cells thus occurs and GtH
is released. A single class of GnRH receptor has been
described in the pituitary of catfish*? and winter
flounder?®. On the other hand, goldfish pituitary
contains two classes of receptors, namely high afflinity
and low affinity sites?. It has been shown that binding
to high affinity sites by salmon GnRH results in GtH
release?’. It has been reported that mammalian, salmon
and chicken GnRH are equally effective in stimulating
GtH release in goldfish*®*® and this indicates that the
biologically active site of the GnRH decapeptide is
highly conserved.

Pituitary gonadotropin

As in other vertebrates, GtH in fishes is the major
hormone regulating gonadal function. But fish pituitary
GtH is indeed very different compared to other
vertebrates. There is no FSH and LH and pituitary
GtH may be of one or two types which is still a
controversial matter. Two types of pituitary GtHs were
isolated and purified from the pituitary of salmon?%-27,
American plaice?®, African catfish’® and common
carp>?® while single pituitary GtH has been purified
from the pituitary of sturgeon®!, rainbow trout*? and
silver carp®?. Although a large number of different
species of fishes are available in India, complete
purification of GtH has been achicved only with two
species, an Indian major carp and a murrel®®. It has
beenr showna that in contrast to two types of GtH
molecules, Indian murrel and carp contain a single GtH
with two distinct subunits®*, Irrespective of its chemical
structure, the function of the pituitary GtH in fishes is
to control oocyte growth including vitellogenesis and
maturafion, spermatogenesis and spermiation. GtH
induces steroid hormone synthesis in the gonad which
in turn effects maturation of ovary and testis.

The primary event in steroidogenic action of GtH in
fishes 1s believed to depend on its specific binding to its
receptor {ocated in the plasma membrane of ovanan
follicular cells3 2%, There is, however, only one report
on Indian fishes where a high affinity GtH receptor has
been identified in the oocyte plasma membrane of
Indian murrel*C. It has also been shown that binding of

GtH to fish ovarian receptor increases steroid hormone
synthesis®9:49,

Gonadal steroidogenesis

In fishes GtH level in circulation begins to rise at the
initial stage of annual reproductive cycle and GtH
surge triggers a cascade of biochemical events which
ultimately leads to fnal gonadal maturation. GtH
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nduces two biologically important ovarian steroid
hormones in fish-—estradiol-178 and 17x,20f-dihydroxy-4-
pregnen-3-one and testicular steroid hormones, testoster-
one and 17#,20f-dihydroxy-4-pregnen-3-one (174,208-
diOHprog). Testosterone in male and estradiol-178 in
female are well-known biologically active steroids in
other vertebrates also but 174, 205-d10Hprog is indeed
a very special kind of sex steroid in fish which induces
spermiation*! and ovulation*2. The ovarian follicular
layer of fishes, as in other vertebrates, has two major
layers—outer thecal layer containing fibroblasts, capillar-
ies, collagen fibres and thecal celis and the inner
granulosa Jayer composed of a single population of
granulosa cells. In fishes, ovarian cycle can be broadly
divided into previtellogenic, vitellogenic and final
maturational stages ending in ovulation. During
previtellogenic phase GtH increases estradiol-178 level
in the plasma, which remains in peak during vitellogenesis
and declines rapidly prior to oocyte maturation®®#4,
Estradicl-178 induces the synthesis of a yolk precursor
protein, vitellogenin, in the hiver which is transported
via circulation to the ovary where it is taken up by the
developing ovarian follicles or oocytes through micro-
pinocytosis*> ~*7. Nagahama and his associate proposed a
two-cell-type model in the production of follicular
estradiol-178 in Amago salmon**48-5% According to
them, GtH during vitellogenic phase influences the
thecal layer to secrete aromatizable androgen, mainly
testosterone, which then passes to granulosa layer and
is converted to estradiol-178. They found that the
thecal layer from the Amago salmon and granulosa
Jayer from rainbow trout could also produce the same
effect which implies that there may be little species
specificity of these layers among the salmonid group of
fish>°.

When the vitellogenesis phase ends and the oocytes
have grown, estradiol-178 level suddenly declines and
170,208-d10Hprog production by the oocytes increases
in response to GtH*!'*%, Increase of this steroid occurs
just prior to the natural maturation period. When
postvitellogenic follicular theca and granulosa layers
were cultured in vitro, addition of GtH did not produce
estradiol-178 but only 174,208-di0Hprog?’. Here also
a two-cell-type model has been proposed. Thecal layer
produces large quantities of 17a-hydroxyprogesterone
in response to GtH. 17x-Hydroxyprogesterone then
enters granulosa cells where GLH activates  208-
hydroxysteroid dehydrogenase, the key enzyme invol-
ved in the conversion of Jia-hydroxyprogesterone to
1 72,205-diOHprog3°. The two-ccll-type model of vitel-
logenic and postvitellogenic oocyte is shown in Figure 1.

In the case of male fishes, Gt11 increases the
arculatory level of testosterone, [I-ketotestosterone
with glucuronide ester and also 172,208-diOHprog>* ™%,
However, 174,203-diOHprog appears 10 be the most
significant steroid involved in spermiation in salmonids.

CURRENT SCIENCE, VOL. 63, NO. 3, 10 AUGUST 1992

Vitehiooerne Phase

Postyiteliogenc Phast

/Gomgotropm Gum&:’;‘tmpm\
LG[wa:tzpmi . GiH- e eptor
Cholesterol Cholesterol
cAMP-s.} Y- AMP
Pfthlm ! Pregnenolone
w
| % !
festosterone b= j’ I?G-Hydrmypr?gﬁfifﬂﬁc
GtH-rec 1(31H-rec¢ ior
'
Testosterone < 17"a-Hydroxryprogesterone |
LN ,
Aromatase > 203-HAD la—— ¢ AM
= .
‘ 2 ¥ |
Estradiol-170 S |170-200-0hwydrox y-4-pregnen-3-one
— A

Figure 1. Two-cell-{ype model for the production of estradiol-138
during vitellogenic phase and 170,208-diOHprog during postvitellogenic
phase in the ovarian folliclke of salmonid fishes (according to Y.
Nagahama, 1987, ref. 50). In the oocytes of vitellogenic phase thecal
layer secretes testosterone which then passes to granulosa layer where
it 1s converted to estradici-I7F under the influence of GtH. In
contrast to this, GtH binds to the theca cells of the layer of
postvitellogenic cocytes to produce |Ta-hydroxyprogesterone which
traverses to the granulosa layer and is converted to 172,208-
diOHprog where GtH acts o increase the activity of 208-HSD.

It has been found that GtH surge during spermiation is
accompanied by dramatic increase in circulatory level
of 172,208-di0Hprog*®. A similar observation was also
made in the case of goldfish’?.

Despite the accumulation of considerable information
regarding the influence of GtH on gonadal sterpido-
genesis ceriain central questions concerning its mechanism
of action on gonadal steroidogenesis still remain
unanswered. In fishes, as well as in mammals, GtH
increases the level of cAMP 1n gonadal cells by
stimulating adenylate cyclase. Search for the mediator
of GiH action in mammalian system leads to the
interesting observation that GiH stimulates pvaman
follicular mitochondria to synthesize pregnenolone and
progesterone from cholesterol precursor. It has also
been shown that this increased ability of mitochondria
is due to the increased synthesis of specific mitochondrial
proteins®®-®}, Unlike the mechanism  seggested in
mammals, GtH in fishes, induces the generation of a
proteinaceous factor, Its addition along with ¢cAMP
greatly stimulates mitochondrial steroidogenesis®l.
However, our knowledge i rather limited regarding the
precise mechanism of action of Gt in inducing
gonadal steroidopenesis, A schematic outline of the
principal events involved in hormonal regulation of fish
reproduction is presented tn Figure 2.

Gametogencesis

Under the influence of pituitary GtH ovarian follicles 1n
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Figure 2. Hormenal control of reproduction in fishes. Environ-
mental stimuli like photoperiod, temperature, etc. are received by
exteroreceptor and reach the brain (hypothalamus). Environmental
cues result 1n secretion of GnRH from the brain which in turn cavses
the release of pituitary GtH. GiH acts on the testis or ovary and
sumulates the production of steroid hormones. An exceptional steroid
hormone, 17x, 200-diOHprog, released from the testis and ovary

induces the final maturation of germ cells leading to spermiation and
ovuiation {spawning).

fishes at the initial stage of annual reproductive cycle
synthesize and release an estrogen, estradiol-178, wanich
reaches the liver by circulation and stimulates the
hepatic synthesis and secretion of vitellogenin, a yolk
precursor protein. Vitellogenin is released into the
circulation and is selectively taken up by the developing
oocytes. This is the major factor responsible for oocyte
growth. Vitellogenin has been isolated and characterized
In & variety of fish and is a high meolecular weight
hpophosphoprotein which is sequestered after its uptake
in the oocyte*®-47:¢37%6 In rainbow trout estradiol~17f
has been shown to express the vitellogenin gene®’.
When the vitellogenesis 1s completed oocytes are
termed postvitellogenic but they are still physiologically
immature as they cannot be fertilized. To make them
suitable for fertilization, oocytes have to undergo final
maturation process which consists of the breakdown of
germinal vesicle (GVBD), chromosome condensation
and extrusion of the first polar body. For this, in fishes,
three factors have so far been found to be responsible:
GtH, maturation inducing hormone (MIH)} which 1s
172,203-di0OHprog and the maturation promoting
factor (MIF)>%-31%8 MIF is generated by the binding of
MIH to the ovarian follicle and surprisingly MIH being
a steroid binds to the plasma membrane and not to the
nuclear receptor which is indeed an exception compared
to otheg vertebrates including mammals®®. Sex steroid
in mammals usually binds to the nuclear or ¢ytosol
receptor. Very little work, however, has been done with
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male fishes. The association between high circulatory
level of 172,200-diOHprog and spermiation has been
reported in the salmonid fishes’®~72. These reports
indicate that 172,208-dt0OHprog is involved in the final
maturation of spermatozoa and spermiation in salmonids.
GtH has been found to stimulate 172,208-diOHprog
production by intact testicular fragments but not by
sperm free preparations. This is due to the fact that the
key enzyme, the 208-HSD which converts 17x-
hydroxyprogesterone to 172,208-diOHprog, is possibly
localized in the sperm>°,

Concluding remarks

This everview about the hormonal conirol of fish
reproduction shows that although the basic plan of
hormonal regulation is similar to that occurring in
other vertebrates some interesting and significant
differences can be noted in the finer details. Brain
GnRH which releases GtH from the pituitary is
chemically different from mammatian GnRH and
pitwitary Gt may be of one or two types and not LH
or F'SH as in other vertebrates. In fishes, GtH binds to
gonadal receptor to produce sex steroids which in tumn
are responsible for growth and maturation of the
gonad. GtH induces the production of two very
unusual sex steroids, 17¢,208-diOHprog in both testis
and ovary and [ l-ketotestosterone in testis. Again there
is a remarkable shift of ovarian steroidogenesis
mfluenced by the same GtH. During vitellogenic phase
it is the estradiol-17f and during postvitellogenic phase
it is 172,208-diOHprog in female fishes. It 15 still not
clear how such a shift of steroidogenic pattern is
regujated and how such a change in the receptor

quality and quantity occur at a specific time of gonadal
matutration.
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