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THE THIRD INTERNATIONAL SYMPOSIUM ON REPRODUCTIVE PHYSIOLOGY OF FISH: STEPPING
FORWARD AND LOOKING BACK

P.G.W.J. van Oordt

Department of Expérimental Zoology, Research Group of Comparative Endocrinelogy,
University of Utrecht, P.O. Box 80.058, 3508 TB Utrecht, The Netherlands

Ten years have passed since Roland
Billard and his colleagues of the famous
French school of fish physiologists, to a
large extend founded by Maurice Fontaine,
invited us to the First International
Symposium on Reproductive Physiology of
Fish. Palmpont, in the centre of Britanny,
which no doubt is one of the most ancient

European centres of fisheries and fish
trade, welcomed fish physiologists from ail
over the world, and witnessed the success
of exchanging new data on the hypothalamo-
hypophysial axis, on gonadotropic hormone,
the histophysiology of the gonads,
sexual cycles, vitellogenesis, effects of
ambiental factors and on aquacultural
problems. The Paimpont symposium was such a
stimulating meeting that it was unanimously
decided to meet again some years later, and
to accept the invitation to come to the
Netherlands for the Second International

Symposium on Reproductive Physiology of
Fish.

Not ail of us were happy with the déci
sion of the Dutch to wait till 1982 before
convening this second meeting. The Dutch,
however, tend to be prudent people and ac
cord ingly the organisera realized that the
success of a scientific conférence dépends
on the possibility to satisfy the curiosity
of its participants with new data and fresh
ideas. Not only did they prove right as
followed from the positive résulta of the
meeting, organised by Henk Goos and Carel
Richter at the International Agricultural
Centre in Wageningen, but they also laid us
ail under a debt by publishing the procee-
dings of the symposium within four months
time.

The introductory remarks to that second
symposium were made by Roland Billard. He
emphasized the necessity of fundamental
research as a basis for pisciculture, and
pointed out two routes of action: 1) de-
tailed studies of a limited number of well
known species to be used as modela for un
derstanding the varions aspects of repro
ductive physiology of fish in général, and
2) basic studies aiming at the introduction
of new species for aquaculture and the im-
provement of culture methods. The présent
and Third International Symposium on Repro
ductive Physiology of Fish will show what
has come of his advice, and it was a wise
décision of its organisers to invite Roland
Billard to sum up the main points of the
présentations at the end of our meeting.

The programme before us follows the pat-
tern of its predecessors. We will hear of
new developments in the field of the régu
lation of gonadotropin release. Since the
Wageningen meeting the structure of gonado
tropin releasing hormone (GnRH) of several
fish species has been analyzed, and native
GnRH as well as long acting analogues have
become available for the study of its in
fluence on gonadotropin extrusion. We will
hear of the characteristics of GnRH recep-
tors, recently studied in goldfish (Caras-
sius auratus) and African catfish (Clarias
gariepinus). A beginning has been made with
the study of cellular and molecular proces
ses regulated by the GnRH receptor complex,
including the influx of calcium ions and
the mobilization of intracellular calcium.
New information may be expected on the
gonadotropin release inhibiting function of
dopamine and the characteristics of dopa-
mine receptors on gonadotropic cells.

Another factor in the multiple régulation
of gonadotropin release is the gonadal ste-
roids. Arguments will be given in favour of
a  conversion of androgens and estrogens
into catecholestrogens and the interférence
of the latter with dopamine metabolism both
in brain centres and in the pituitary gona-
dotropes. On the other hand, data will also
be presented pointing at a stimulation of
the synthesis of the gonadotropin a-subunit
by estradiol. Thus, the teleost gonadotro
pic cell is becoming an appropriate model
for the study of the multiple régulation of
glycoprotein sécrétion; not in the least
because of the direct contact of these
cells with varions types of neurosecretory
axons, which allow of the application of
immunocytochemical methods in this field of
research.

Although other neuropeptides and other
bioamines may be involved in regulating
gonadotropin release, at présent mainly a
GnRH analogue in combination or not with a
dopamine antagonist are often prescribed in
pisciculture. We may expect information on

a GnRH binding protein and even on a direct
action of this neurohormone on oocyte meio-
sis and ovarian steroidogenesis.

Gonadotropin itself remains a matter of
much debate. The programme of our confé
rence announces several présentations on
gonadotropin isolation and purification,
and on separate forms of glycoprotein gona-
dotropins, but needless to say that here in
St. John*s also the carbohydrate-poor gona-



dotropins will bft discusscd. Cell biologi-
cal aspects of gpnadotropin stlmulated pro
cesses in ovarles and testes of mature
rainbow trout (Salmo gairdneri). and a new
immunocytochemical approach to the study of
the influence of gonadotropin on the very
beginning of germ cell differentiation in
the carp (Cyprinus carpio) are among new
developments in the study of the peripheral
action of gonadotropic hormones.

Your attention will be asked for several
contributions concerning the influence of
gonadotropin on steroidogenesis. Some of
these are dealing with changes in steroid
formation accompanying oocyte maturation
and ovulation. There are indications that
Jalabert's 17a-20B-dihydroxy-4-pregnane-
3-one may not be the only maturation indu-
cing steroid in fish, even though receptors
for this hormone have been isolated from
ovarian tissue of the brook trout (Salve-
linus fontinalis).
Ovulation itself has also been studied

with respect to the rôle of protein kinase
C and of prostaglandins, and to the pré
sence of proteolitic enzymes in the folli-
cular wall. Contributions on the preceding
process of vitellogenesis are much more
numerous here in St. John's than they were
five and ten years ago. Of spécial interest
are présentations on estrogen receptors in
the liver.

There is a relative paucity of papers on
the testis, but we may expect some interes-
ting contributions on spermatogenesis, maie
sex hormones and an androgen binding pro
tein .

Gonadal steroids are involved in sexual
differentiation and in natural sex rever
sai. Because of that, steroids are finding
application in sex manipulation and monosex
fish culture. Much of your attention will
be asked for this applied aspect of repro
ductive physiology in fish.

Sex steroids also seem to play a rôle in
eliciting reproducitive behaviour in some
teleosts, including the African catfish and
the goldfish. New information will be given
on steroid glucuronides in the séminal ve-
sicle fluid of the catfish and their rôle
as sex attractants, and on steroids acting
as sex pheromones in the maie goldfish.
The environment, and especially the pho-

toperiod, but also water température and
water quality have been studied, main y
with respect to improving fish reproduction
and culture. Of spécial interest seems to
be the introduction of genetic engineering
in improving the culture of salmon in icy
waters.

This incomplète survey of our programme
brings me to one of the main goals of our
symposium: the current status of fish cul
ture. Plenary lectures will be given on
cod, turbot and milkfish farming. The na
tural sources of these fish species have
become insuffi cient for the growing demands

of the fish market. This has led to inter

national political problems, at least
within the European common market. Thus,
pisciculture is of increasing importance,
and we are eager to hear what reproductive
physiology of fishes can contribute to the
successful breeding of these species. It
will be an example of what can be achieved
and has been achieved with the aid of fun-

damental research in solving practical pro
blems of pisciculture. Another example is
the African catfish. Joined efforts of the

Fish Culture Department at Wageningen and
comparative endocrinologists from Utrecht
resulted in a practical manual for the cul
ture of this fish in developing African
countries, as well as in a sériés of papers
that will form the majority of contribu
tions to a spécial volume of the journal
"Aquaculture" on practical and fundamental
aspects of catfish breeding and mainte
nance.

Such developments seem to me very much in
line with the original ideas of Roland
Billard, and it is of utmost importance
that we have come together here in St.
John's, in Canada, for an exchange of new
data and new ideas, for stimulating each
other and for improving on our coopération
in the varions fields of reproductive
physiology of fish.
There are countries where zoologîsts and

biochemists pay much attention to the
scientific basis of fish breeding, but
there is only one country of professors
W.S. Hoar and D.J. Randall and their
impressive sériés of books on fish physio
logy, of professor E.M. Donaldson, who
joined his colleagues in the préparation of
the volumes 9A and B of that sériés, dea

ling with the physiology of reproduction,
and of professors D.R. Idler and R.E.
Peter, pioneers in several aspects of te-
leost endocrinology, and together with
their colleagues making Canada one of the
leading centres of reproductive physiology
of fish, both fundamental and applied.

Fundamental research for applied purpo-
ses; this is - as I said - one of the main
reasons for being involved in reproductive
physiology of fish. When we were young,
however, few of us decided to study biology
or biochemistry because we wanted to solve
aquacultural problems. Most scientists are
born with a more than average interest in
nature. They not just see the plants and
animais around them, but with the enthu-
siasm and curiosity of youth they develop a
very spécial Imaginative faculty and keen-
ness of observation with respect to the
manyfold forms of life that surround them.
There seems to be no country were such an
interest in nature is so widespread and
deeprooted as almost being a national cha-
racteristic as Britain. And, for us fish
physiologists, interested in varions as-



pects of fish reproduction, there is no
better exponent of this British character
than our dear teacher, colleague and friend
Jlmmy Dodd, whose death in Deceraber 1986 we
mourn.

James Munro Dodd studied biology at the
University of Liverpool, and took bis PhD
in St. Andrews in 1953. During the second
world war he was a navigator with the Royal
Air Force. Soon after, he became director
of the Gatty Marine Laboratory of the Uni
vers ity of St. Andrews. During that period
he took an interest in reproduction of
1 impets and amphibian metamorphosis. Al-
though Jimmy Dodd was and bas always been a
pure biologist to the backbone, he could be
happy to apply bis knowledge and bis tech
niques for practical purposes. I remember
that, having the priviledge of joining him
in St. Andrews for some months in 1957, he
made me work with the Xenopus tadpole test
for measuring thyrotropin levels in the
blood of patients with diseases of the
thyroid.

In those years at the Gatty Marine Labo
ratory Jimmy Dodd manifested himself as a
truly comparative endocrinologist, with an
interest not only in 1 impets and Xenopus
larvae, but also in cyclostomes and elasmo-
branchs. Together with bis wife Margaret
and bis post-graduate students and co-wor-
kers he studied the pituitary gland and
reproduction in the river lamprey (Lampetra
fluviatilis) and neurohypophysial hormones,
reproduction and the thyroid in the spotted
dogfish (Scvlliorhinus caniculus).

In 1960 Jimmy, Margaret and their three
sons moved to Leeds, where Jimmy became
professer and head of the Department of
Zoology as well as director of the Robin
Hoods's Bay Marine Laboratory. It did not
change bis interest in the endocrinology of
cold-blooded vertebrates, expecially elas-
mobranchs, teleosts and amphibians. The
supposed pituitary affinities of the
ascidian neural complex, however, also had
the attention of Jimmy and Margaret Dodd in
this period. The main topics in Leeds were
the hypothalamo-hypophysial complex in the
European eel (Anguilla anguilla), and in-
duced goitres of Xenopus laevis. During
those years also bis interests grew in the
endocrinology of skates and dogfishes, be-
cause he realJzed the utmost importance of
elasmobranchs for understanding the funda-
mental principles of the hormonal régula
tion of vertebrate metabolism, adaptation
and reproduction.
He could expand on these subjects when in

1968 he and bis family moved to Bangor
where Jimmy served as professor and head of
the Department of Zoology at the University
Collège of North Wales in the University of
Wales till bis retirement in 1981. Magnifi-
cent papers bave been published on melano-
phore stimulating hormone and colour
change, on thyroid function, the ovary,
testis functions and pituitary gonadotropin

in the spotted dogfish.
During ail those years in St. Andrews,

Leeds and Bangor Professor Dodd was justly
considered a leading authority in the field
of comparative endocrinolgoy of reproduc
tion and thyroid functions in cold-blooded
vertebrates. He bas often been an invited
speaker on comparative endocrinological
conférences, and bas written many chapters
for books on comparative endocrinology and
reproduction. Despite ail those activities
in the field of expérimental biology, he
found time to act as chairman of the Bri
tish National Committee for Biology of the
Royal Society, as trustée of the British
Muséum for Natural History, and as editor-
in-chief of the journal "Général and Compa
rative Endocrinology". He was a member of
several learned societies in bis own coun-
try, including the Royal Society, and hono-
rary member of the European Society for
Comparative Endocrinology.

After bis retirement Jimmy spent a year
at the Banfield Marine Laboratory on Van
couver Island, with Margaret working on the
buccal lobe of the pituitary gland of the
rabbit fish (Hvdrolagus colliei). From then
he continued to work almost full time on
Scylliorhinus at the Zoology Department in
Bangor, and accompanied studies on the neu
roendocrine control mechanisms in the fore-
brain of fishes. Dr. Cliff Rankin informed
me that even during bis illness he gave
Margaret Instructions on the experiments
from bis hospital bed until the last week
or two before bis death.
This characterises the man and scientist

James Munro Dodd. At the beginning of my
commémorâtive address I mentioned that
scientists are persons with the enthusiasm
and curiosity of young people, incessantly
asking questions to life around them. I did
do that on purpose, because that is what
Jimmy Dodd taught me. He was proud to say
that in bis own opinion he had always re-
mained a boy, happy in the true sense of
that Word in imravelling some secrets of
nature. In doing so, he was a faithful man,
not only in bis work, but also in bis
family, towards Margaret bis wife and their
three sons; faithful also towards bis coun-
try and towards bis church. Let us try to
follow bis example, and let us - even if
our job asks of us to do applied research -
never forget that our happiness and our
responsibility find their origin in the
fundamental Source of our field of science.
With that in mind, we can this week bave

a fruitful symposium, and in the years to
come a well spent scientific life.
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BRAIN PEPTIDES IN THE CONTROL OF FLSH REPRODUCTION

Nancy M. Sherwood

Departraent of Blology, UniverslCy of Victoria, Victoria, British Colurabia V8W
2Y2, Canada

Summary

Gonadotropin-releasing hormone (GnRH) is
an important mediator for neural control of
reproduction in fish frora lamprey to
teleosts. A member of a family of
peptides, GnRH bas différent forras, even
within one species. The GnRH family
members appear to bave evolved from DNA
changes and not frora differential splicing
of raRNA or differential processing of the
translation product. The primary
structures of 5 GnRH peptides are known for
vertebrates, two of which are fish forms.
However, indirect evidence suggests several
additional and probably distinct forms of
GnRH exist in cartilaginous, ganoid and
teleostean fish; GnRH-like material in the
protochordates implies the peptide was
présent at the invertebrate-vertebrate
transition. GnRH polymorpbism within a
single species is observed in many fish,
but only tentative evidence suggests the
physiological rôles of the peptides vary.

The classical rôle of GnRH, induction of
release and synthesis of pituitary
gonadotropins (GtH), appears to be
conserved throughout fish. GnRH also bas
novel releasing fonctions for growth
hormone and polypeptide 7B2 frora the
pituitary. Other putative functions of
GnRH that raay be associated with
reproduction are suggested by the location
of GnRH in the fish brain. GnRH neurons in

the olfactory area may be associated with
détection or médiation of pheromonal
signais related to reproductive events or
behavior. A neurotransmitter fonction bas
been suggested for GnRH fibers in the
raidbrain; the high concentration of salraon
II GnRH corapared to salraon I GnRH in lower
brain areas and the presence of GnRH
receptors in the brain may be correlated
with a transynaptic fonction. Other brain
peptides also are shown to affect GtH
release; the peptides include GnRH
gene-associated peptide (GAP), growth
hormone-releasing hormone, neuropeptide Y,
angiotensln II, substance P, vasoactive
intestinal peptide, neurotensin, and
certain opioids.

Finally, the structure of GnRH receptors
in différent species bas changed during
évolution. An explanation at the raolecular
level for coordinated changes in the
structure of receptors and their peptides
during évolution bas been advanced.

IntroductIon

The bas le pattern for the neural control
of reproduction in vertebrates is présent
in early-evolvlng fish. The pattern
includes the use of brain peptides as
medlators between the central nervous

System (CNS) and the pituitary even in
certain agnathans. Of the brain peptides
that affect reproduction, the structure and
fonction of gonadotropin-releaslng hormone
(GnRH) is best known, but other peptides
raay be active also. The rôle of these
brain peptides bas been démonstrated in
only a few représentatives of the 70
species of cyclostomes, 28 species of
holocephalans, 600 species of elasraobranchs
and over 20,000 species of bony fish.
However, our ideas about the evolutionary
trends in neural régulation of reproduction
are beginning to crystallize. This paper
considers the variation in the structure of
GnRH in fish, the phylogenetic distribution
and functlonal diversIty of GnRH, the
possibility that other brain peptides are
involved in reproduction, and the genetic
raechanisra by which peptides and their
receptors raay be inatched.

The s t ruc^u_re_ of jGn Wi J-Jl

The brain of the lamprey contains GnRH
that Is a member of a family of
decapeptides distributed throughout the
vertebrates. Lamprey GnRH is a decapeptide
with 50% sequence homology to the huroan
form and 60% to the salmon form of GnRH
(Sherwood et al., 1986). The homology
exista primarily in terminal régions of the
molécules (Figure 1). Further proof that
these peptides belong to one family is the
cross-reactivity of lamprey GnRH and the
other four peptides with at least one
antiserum raade against mammalian (m) GnRH
and another antiserum made against lamprey
(1) GnRH (Sherwood & Sower, 1985; Kelsall &
Sherwood, unpublished). These
cross-reactlvity data suggest a similarity
of the tertiary structure of vertebrate
GnRHs because the antisera are

conformational types in which the
three-dimenslonal structure of the epitope
appears to be more important than the
linear sequence of the aralno acids.
Another proof of the correctness of the
lamprey GnRH structure is that the
synthetic form is biologically active in



tlie reproductive systera of sexually mature
laraprey (Sower et al., 1987).
A sraall araount of a second form of GnRH

also exista in a pooled saraple of laraprey
brains, but only the araino acid composition
and not the sequence is known. This
laraprey II GnRH is likely to be a family
raeinbe r because of the presence of ten araino
acids and of glutaraic acid and glycine,
which are the terminal residues in the
other GnRH peptides. The fonction of this
peptide is not known as sufficient
quantities are not available for testing.

Laraprey l and II GnRH were isolated from
Petroinyzon ma.rljlH®.» a bout 40 living
species of laraprey, but at least three
other species of laraprey have becn shown to
have iraraunoreactive GnRH (Crira et al.,
1979a, b; Nozaki & Kobayashi, 1979). The
GnRH-like raaterial in these three species
has not been tested on hlgh pressure liquid
chromatography (HPLC) to deterraine if it is
sirailar to the laraprey GnRH isolated frora
P. narinus or to any of the known
^rtVbVaVe GnRH molécules. To date,
laraprey GnRH has not been Identified in any
vertebrate except laraprey.

The structure jof_ ^ AH.

One forra of salraon (l) GnRH is also a
decapeptide with 80% and 60% sequence
horaology to the raaramalian and laraprey
forras, respectively (Figure l; Sherwood et
al., 1983). The other forra, salraon II
GnRH, has been established as distinct frora
salraon I GnRH by its chromatographlc
behavior and cross-reactivity, but the
priraary structure is not known (Figure 2).
To date it has not been possible to
distinguish salraon II GnRH frora chicken II
or ratfish GnRH in iraraunological and HPLC
studies (Lovejoy and Sherwood,
unpublished). However, the priraary
structure is needed to deterraine the true
relationship of the 3 peptides.

Salraon l GnRH is considerably raore
hydrophobic than the other forras of GnRH
for which the priraary structure is known.

2  3 4 6  7 8

Salmon

Chicken I

Chicken II

Mammal

„o . Companson ol primary sltuclurea oi the tive knpwn »e.tebrate GnRH
molécules.

The tryptophan in the seventh position is
shared by the laraprey, salraon and chicken
Il molécules suggestlng an ancient origin
of these 3 molécules coinpared with chicken
I and raaramalian GnRH. Also, salmon GnRH
has leucine in position eight. Leucine is
a residue alraost as hydrophobic as the
tryptophan and is unlike the highly charged
arginine or lysine in the same position in
the raaramalian and laraprey molécules,
respectively. The absence of arginine
(Arg) in salraon GnRH, however, raay not be
important in fish as the 5 vertebrate forras
of GnRH, each with a différent araino acid
in position 8, are equipotent in releasing
GtH frora goldfish in vivo (Peter et al.,
1985, 1987). The presence of arginine in a
salraon GnRH agonist did iraprove its GtH
releasing ability corapared to several
analogues tested in goldfish (Peter et al.,
1985). Greater hydrophilicity is not a
structural requireraent for biological
effectiveness of a salraon GnRH agonist, at
least not in salraon, trout and winter
flounder as other very hydrophobic agonists
of salraon GnRH are effective (L. Crira, J.
Nestor and C. Wilson, personal
communication). Hydrophili'ci ty of the
peptides raay be only one factor in
deterraining the effectiveness of GtH
release just as the iraraunogenic properties
of a peptide dépend on a corabination of
hydrophilicity, flexibility and
accessibility of groups to the surface.

The synthetic forra of salraon I GnRH is
biologically active in salraon (Crira, 1984;
Oonaldson et al., 1984; L. Crira, J. Nestor
and C. Wilson, personal communication). It
is not surprising that salraon l GnRH is
active also in other teleosts (Crira, 1984;
Peter et al., 1985; Breton et al., 1986;
L. Crira, J. Nestor & C. Wilson, personal
communication) because indirect evidence
shows that a nuraber of teleosts have salraon

I GnRH-like peptide in their brain (see
section on 'A decapeptide for all fish').
However, salraon I GnRH is also active in
araphibians, reptiles (Licht & Porter, in
press) and birds (Millar & King, 1984).
For exaraple, salraon I GnRH is equally
potent with chicken l and raaramalian GnRH in
releasing GtH frora frog and turtle
pituitary halves perfused in vitro (Licht &
Porter, in press) although salraon l GnRH is
not expressed in turtles (Sherwood &
Whittier, in press). This lack of
specificity for certain GnRH molécules is
probably a reflection of the GnRH receptors
in subraaramalian species. Specificity does
becorae raore restricted during évolution;
laraprey GnRH is equipotent with the other
vertebrate GnRHs in goldfish, but has less
than 1% potency coinpared with salraon,
chicken I and raararaalian GnRH in frog,
turtle, and chicken pituitaries (Peter et
aie, 1987; Sower et al, 1987; Licht &
Porter, in press). Likewise in raaramalian
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pitultary cells, laraprey, salraon I, and
chicken I and II GnRH have conslderably
less potency and blnding corapared with
maramallan GnRH (Sherwood et al., 1983;
Miyamoto et al, 1984; Sower et al., 1987).

The flsh forras of GnRH, Ilke the other
vertebrate GnRHs, appear to have evolved
frora DNA or nucleotlde base changes and net
frora differential spliclng of raRNA or
differentlal processing of the translation
product. The cDNA sequence for the
precursor or preprohorraone Is known only
for human and rat GnRH to date. The

hormone is cleaved frora the signal peptide
at Its 5' end and frora an assoclated

peptide at Its 3' end (Seeburg & Adelman,
1984). Multiple copies are not présent In
thls precursor. The sequence In the GnRH
Assoclated Peptide (GAP) does not provide
evidence that alternate spliclng would
produce a structurally related GnRH
peptide. Also, post translatlonal
processing Is due to formation of the
pyroglutamyl resldue frora glutaralc acld
(Glu) and addition of the aralde at the
C-terralnal by a donation frora the glycine
(Gly) adjacent to the C-terralnal end of
GnRH in the precursor. The flve known GnRH
peptldes have the san^ terminais and are
assuraed to have the same posttranslatlonal

processing as raGnRH. Of considérable
interest will be the raanner in which

multiple forras of GnRH in subraammalian
species are coded in the DNA and if the
varions forras are présent in the sarae
precursor.

More variation in fish GnRH

Several additional and probably distinct
forras of GnRH exlst In cartllaglnous,
ganoid and teleostean flsh. Even
protochordates appear to have GnRH-llke
peptldes In their neural ganglion-gland
coraplex. In cartllaglnous fish, we found
that the dominant forra of ir-GnRH-like

peptide In dogfish shark Squalus acanthlas

1
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Figure 2. Iramunoreactive GnRH frora salraon
brain extracts after elution frora an HPLC
coluran.

and ratfish Hydrolagus colliei eluted frora
the HPLC in a poVitlo'n distinct frora salraon
1, raaramalian, and laraprey GnRH. However,
the cross-reactivity profile and HPLC
behavlor did not distinguish the GnRH-like
raolecule frora salraon II or chicken II GnRH
(Sherwood & Sower, 1985; Sherwood, 1986;
Lovejoy & Sherwood, unpublished). Minor
forras of GnRH that have sraall araounts
présent in the brain were noted for dogfish
shark and ratflsh. Another species of
dogfish shark Poroderma
major and 5 rainor peaks of GnRH-like
raaterial when the brain extract was eluted
frora HPLC. The 2 major peaks eluted in the
sarae position as chicken II and salraon 1
GnRH, respectively; the other peaks
appeared to be rainor In quantIty (Powell et
al., 1986a). Only purification and
characterlzation of the prlmary structure
of the cartllaglnous and salraon 11 GnRH
molécules will prove whether they are a
single forra and identical to chicken 11
GnRH.

Yet another unique forra of GnRH appears
to be présent In certain ganoid flsh, the
sturgeon and garflsh (Sherwood, 1986;
Sherwood, Carolsfeld, Doroshov and Lance,
unpublished). The forras of GnRH in these
two flsh do not appear to elute In the same
pattern as other GnRHs. More Importantly,
the GnRH in both sturgeon and garfish
cross-reacts with antlserura B-6. This
antlserura is a sequential type that to date
reacts only with raaramalian, ganoid and
protochordate GnRHs. It does not
cross-react with chicken 1 or 11, salraon or
laraprey GnRH.
The ganolds are of spécial Interest In

évolution because of thelr primitive
characterlstles in the class of bony fish
and their closeness to the raain streara of
évolution. Also the sturgeon has a médian
eralnence-portal coraplex Ilke that of the
tetrapods (Bail, 1981). Insufflclent
native GnRH is available to test the
physiological effects of ganoid GnRH, but a
raGnRH analogue does induce ovulation In
sturgeon (Doroshov & Lûtes, 1984).

Finally, protochordates appear to have
GnRH-llke peptldes. Iramunoreactive GnRH
was detected In a tunlcate Clona
intestlnalls (Georges & Dubois, 1985) and
ï^ara'phTo'xuV (Schrelbraan et al., 1986).
Also, an injection of raGnRH analogue
trlggered an Increase In sex sterolds
(Chang et al., 1985). Recently we used
tunlcate neural ganglion-gland complexes to
study the HPLC elution pattern and
cross-reactlvlty profile; two major réglons
of GnRH-llke raaterial eluted (Kelsall &
Sherwood, unpublished). Each région had a
distinct iraraunologlcal reaction. Both
peaks reacted with R-42, an antl-raGnRH
serura, and with BLa-4, an antl-lamprey GnRH
sérum. In contrast, only the oarly eluting
peak cross-reacted with B-6, a sequential



antl-mGnRH serura, and nelther peak reacted
to any extent with GF-4, an anti-salmon
GnRH serura. The tunicate GnRH forras are

unlikely Co be idenClcal to known forras
because raaramalian, salraon and chicken I and
II GnRH would have been detected by GF-4;
laraprey GnRH elutes in a différent position
corapared with the two raajor protochordate
GnRH peaks.

In addition to having unusual forras of
GnRH, single species of fish have
polyraorphic forras of GnRH. We do not known
if the raultiple forras of GnRH exist within
an individual or within the species as
pooled saraples were used for ail structural
and HPLC chroraatographic studies. The
second forra of GnRH in salraon and raost
teleosts varies between collections, but is
about one-third of the araount of the first
forra (Figure 2). This araount, however, is
considerably increased if other antisera
and standards are used (Yu, Sherwood &
Peter, this symposium). There appears to
be substantiel araounts of two or raore forras
of GnRH in the garfish, but the quantity of
the second GnRH raolecule is only a sraail
percentage of the dorainate forra in laraprey,
dogfish shark, ratflsh, and sturgeon.
Two interesting future aspects of GnRH

polyraorphism will be to deterraine whether
raolecular variants have distinct fonctions
and whether the coding genes are on the
sarae or adjacent exons and in single or
raultiple copies.

A decajDept ide f_o_r jai_i

The raolecular variants of the decapeptide
shown in figure l are the peptides in which
the ability to release GtH has been raost
thoroughly substantiated in fish. Other
brain peptides such as the gene associated
peptide (GAP) raay eventually be shown to
raake a further contribution to neural
control of reproduction in fish (see
section on 'other brain peptides ).

Meanwhile, the phylogenetlc distribution
of GnRH suggests it is found in
représentatives of ail classes of
vertebrates. The hagfish is the only fish
tested in which the presence of GnRH is
questionable. The démonstration of the
presence of GnRH in the brain of fish is
usually by immunocytocheraistry, but raore
recently, information on the type of GnRH
présent in the fish brain has corne from
HPLC chroraatographic studies.
The hagfish does not appear to follow the

sarae pattern for neural control of
reproduction as the other vertebrates. The
laraprey forra of GnRH does not exist in the
hagfish brain and indeed, there is still
uncertainty whether any forra of GnRH is
présent. In two species of hagfish,
immunoreactive GnRH was not detected even
with antisera that cross-react with GnRH in
other vertebrates (Crira et al., 1979a;

Nozaki & Kobayashi, 1979; Sherwood & Sower,
1985). Only picograra araounts of
immunoreactive GnRH were noted in the

brains of two hagfish species (King &
MilLar, 1980; Jackson, 1980). It is
possible that species of hagfish breeding
through out the year in deep water can
reproduce without environmental or CNS
eues; these fish raay lack GnRH as a
degenerate rather than a primitive feature
(Crira et al., 1979a). However, the seeraing
lack of GnRH in a cyclical breeder such as
Eptatretus l^J^rger^l is puzzling and requires
raore research. Also James Azt (1985)
rerainds us that laraprey, but not hagfish
are true vertebrates because hagfish lack
vertebrae. Rather, hagfish are chordates
with a craniura, craniata. However, GnRH
probably did not arise after the séparation
of laraprey and hagfish because
immunoreactive GnRH-like peptide is présent
in protochordates. The evldence is
discussed in the section on 'variation in

fish GnRH'.

Indirect evldence shows a GnRH

decapeptide faraily raeraber is présent in at
least 4 species of laraprey (Crira et al.,
1979a,b; Sherwood & Sower, 1985; Sherwood
et al., 1986), 1 species of holocephalans
(Sherwood, 1986), 3 species of
elasraobranchs (King & MilLar, 1980; Nozaki
& Kobayashi, 1979; Sherwood & Sower, 1985),
in primitive bony fish such as sturgeon
(Sherwood, 1986), garfish (Sherwood &
Lance, unpublished), and araia (Crira, 1983),
and in a variety of teleost species (see
Sherwood et al, 1984; King & MiLlar, 1985;
Kah et al, 1986; Sherwood 1986, 1987).
Lungfish and coelacanth have apparently not
been studied for the presence of GnRH.

Multiple functj-ons

The classical function of GnRH is to

release gonadotropins (GtH) frora the
pituitary. There are a number of detailed
studies concerning this function in fish,
but raost research has concentrated on the
salraonid and cyprinid farailies (for review
see Crira et al., in press). The reason is
that their partially purified GtHs and
antisera are available for radioiramunoassay

(RIA). However, the complété structure of
the^ unit of salraon GtH has been
deterrained recently by a corabination of
araino acid sequencing and raolecular cloning
(Trlnh et al. 1986). The success of this
method raeans that other fish GtHs can be

identified. Part of the raolecule can be

synthesized and used as an antigen for
antiserura production. Detailed studies on
the release of GtH(s) in a variety of fish
could then be carried out with horaologous
RI As.

Studies to date show an injection of GnRH

(salraon, chicken l or II, or the raaramalian
forra) results in the release of GtH in
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goldflsh; even larnprey GnRH causes a
significant increase In plasma GtH if the
peptlde Is corablned wlth piraozlde (Peter et
al., 1985, 1987). In testosterone-treated
juvénile trout, an injection of salraon I or
raaramalian GnRH, but not chicken I or II
GnRH at a dose of 100 ug/Kg results in
rapid release of GtH (Crim, Nestor &
Wilson, Personal communication). Even more
potent than the native forms of GnRH in
releasing GtH in vivo are a variety of
analogues of GnRH. The salmon GnRH
analogues include [D-Arg^, Pro^-NEt] sGnRH;
ID-Ala6, Pro9-NEt] sGnRH; [D-Trp6, Pro9
-NEt] sGnRH; lD-hArg(Et2) Pro9-NEtl
sGnRH; and lD-hArg(Et2)6] sGnRH (Crim,
1984; Crim et al., in press; Crim, Nestor &
Wilson, Personal communication).

The action of GnRH in releasing GtH may
be nominally différent in fish corapared
with maramals in the sense that prolonged
exposure of the pituitary to GnRH or one of
its analogues results in neither rapid
desensitization of the gonadotropes nor

inhibition of GtH sécrétion
(Levavi-Zerraonsky & Yaron, this symposium);
pulsatile administration of GnRH is not
usually necessary (Marte et al., 1987;
Alraendras et al., in press).
GnRH may aiso have other releasing

fonctions. Marchant and coworkers (this
symposium) have reported that GnRH can
stimulate growth hormone release from
goldfish. Salmon GnRH, mGnRH and 2
analogues produced this effect by a direct
action on the pituitary gland. The
half-maximal effective dose for sGnRH was
in the nM range for the sécrétion of both
GtH and growth hormone from pituitary
fragments.

Another interesting new fonction
suggested for mGnRH is the release of a
novel pituitary polypeptide, 782, from
pituitary glands in rats. Deng and
coworkers (1986) have shown that this novel
polypeptide is like FSH and LH in that all
three are localized in gonadotropes, have
about the same molecular weight, and are
released simultaneousiy from cultured
pituitary cells by mGnRH. The release of
polypeptide 782 and FSH was not affected by
castration, although LH was increased. The
release of 782 by mGnRH appears to be
spécifie in the sense that
corticotropin-releasing factor (CRF) and
growth hormone-releasing factor (GHRF) are
not effective. The presence of a 782-Iike
factor in fish pituitaries and the fonction
of 782 in naramals reraalns to be
established.

A neuroraodulatory or transmitter role for
GnRH in varions fonctions has been deduced
from indirect évidence. GnRH cell bodies
are located not only in the
preoptic-hypothalamic région of fish
brains, but aIso near the olfactory buibs,
in the telencephalon, and in the midbrain.

GnRH nerve fibers are présent throughout
the goldfish brain. (Kyle et al., 1985; Kah
et al., 1986).

In fish, GnRH in the terminal nerve
located in the olfactory nerves, bulb, and
anterior telencephalon is speculated to be
part of the system that detects water-borne
pheromones. The terminal nerve may aIso
alter fonctions related to vision,

pituitary control, courtship, spawning
behavior and sperm release in teleosts
(Walker & Stell, 1986; for review see Kyle
et al, in press). The presence of GnRH in
the terminal nerve does not necessarily
implicate the nerve as a mediator of
reproductive fonctions. 8ut the anatomy of
the nerve wlth terminais in the nasal
epithelium and projections to the ventral
telencephalon and preoptic areas of the
brain (Von 8artheld & Meyer, 1986; Kyle et
al., in press) supports the idea that the
terminal nerve could be a relay between
external chemical signais and areas of the
brain that control reproductive events.
Physiological evidence that supports a role
in reproduction for the terminal nerve
includes sperm release after antidroraic
stimulation of the terminal nerve in

goldfish (Deraski & Northcutt, 1983) and
changes in reproductive behavior after
stimulation or lesioning of the raedial
olfactory tract containing terminal nerve
projections (see Kyle et al., in press).
This role for the terminal nerve in fish
requires that the effects be teased apart
from those associated with the olfactory
sys tem.

A group of GnRH neurons in the midbrain
of fish appears to send fibers via the
spinal cord to the caudal neurosecretory
ceIls. GnRH was localized in fibers and
terminais around the caudal neurosecretory
cells (Miller & Kriebel, 1986). These
cells are associated primarily with
osmorégulation, but aIso with contraction
of sperm ducts and oviducts. The authors
suggest the location of GnRH in the
terminais around the caudal neurosecretory
neurons makes GnRH a candidate for a
neuromodulator to release a substance that
acts on reproductive ducts. Direct
evidence is required for this novel GnRH
fonction in fish.

Distinct fonctions for the two forms of
salmon GnRH are suggested by the
dlfferential distribution of the two
molecular forms in goldfish brains. A
sirailar concentration ratio of
iramunoreactlve salraon I to salraon II GnRH

was found in pituitary and rostral brain
areas associated with control of the
pituitary gland. In contrast, the caudal
parts of the brain such as the optic
tectum, cerebellum, raedulla and spinal cord
had considerably higher concentrations of
ir-salraon II corapared with salmon I GnRH.

The caudal location of these GnRH fibers



that terrainate wlthln the nervous systera
suggests the salraon II peptlde raay play a.
role as a neuromodulator rather than or in
addition to a role as a GtH releaser (Yu,
et al., this symposium). The likelihood
of this role is increased by the presence
of GnRH receptors in the CNS.

GnRH receptors in rat brains have beon
mapped by autoradiography of GnRH agonist
binding sites (Millan et al., 1986). The
central receptors were mainly in the
hippocarapus, latéral septal nucleus,
anterior cingulate cortex, subiculum and
entorhinal cortex. Receptors were not
detected in the preoptic-hypothalamic
régions. This presence of GnRH fibers and
receptors in the limbic System suggests
GnRH is a neuromodulator with a central
role, perhaps related to reproduction. The
presence of a primordial limbic system, at
least in teleosts, means the same function
may exist in fish and would be of
considérable interest.

Hence GnRH has been tentatlvely
assoclated with neuromodulation of
fonctions related to the limbic system, the
caudal neurosecrctory cells, and to sexual
behavior, and vision. Evidence of a role
of GnRH in sympathetic ganglia has not beon
presented for fish.

Othe r b rain J5ej)_t_ide_s_

Several brain peptides other than GnRH
have been shown to release LH and FSH. The
main question is whether any of these
peptides are physiologically important in
reproduction. Most of these peptides have
nclther been shown to release GtH in fish
nor to be released into the portai system
in maramals. Nevertheless they are worth
investIgating because of the raany
similarities in neural control of piscine
and mammalian reproduction. In some cases
a high concentration of the peptlde is
known to be required for GtH release
vitro, but It is not certain if these
concentrations occur in physiological
conditions in vivo.

The first of "thV non-GnRH peptides that
raay be involved in reproduction is °
the human GnRH precursor molecule. This
peptlde, called gonadotropin-releasing
hormone assoclated peptlde (GAP) is
amino acids within the precursor, but is
predicted to be 53 amino acids in the
mature molecule after cleavage of the
precursor. GAP and GnRH are found in the
same neurons in a variety of mammals as
shown with GnRH and GAP antisera by double
immunostaining of one section or staining
of alternate sections (Sar et al, 1987,
Siiverraan et al, 1987). These neurons in
rats are in the paraolfactory région.
Diagonal Band of Broca, and septal and
preoptic areas; their fibers project to a
number of régions including the médian

emlnence and the vascular organ of the
terminal lamina.

The role of GAP in reproduction is still
somewhat sijeculative. GAP is released into
the blood at the same tirae as GnRH.

Nikolics and coworkers (1985) have
presented evidence that GAP inhibits
prolactin sécrétion in cultured rat
pituitary cells. Fink (1985), however, has
noted several problems with the concept of
GAP as a prolactin inhibitor.

GAP also releases LH and FSH in cultured
rat (Nikolics et al., 1985) and human
pituitary cells (deL. Milton et al.,
1986). The latter workers found that GAP
fragments released LH and FSH if the
fragment contained the ten amino acids near
the N terminal of GAP. A small fragment
(GAPl-13) was effective, but an extended
forra (GAP1-36) enhanced GtH release. (The
GAP numbering system here assumes GAP
begins at the I4th amino acid in the
precursor as shown in Seeburg & Adelman,
1984). The peptlde GAPl-13 required a 10
fold greater concentration compared with
GnRH. The question is whether GAP is
cleaved in vivo to produce these fragments
or remains as an intact 53 amino acid
peptide. The usual cleavage site in a
precursor is a basic amino acid doublet
within a turn; the cleavage sites at
either end of GAP qualify (Rholam et al,
1986). Further cleavage of the 53 amino
acid GAP seeras less likely as only single
basic amino acids that are not part of a
turn exist within the molecule. An
endoprotease may not act to make GAP
fragnents. However, even if GAP is not
fragmented, the biologically active part
for GtH release is likely to be located at
the amino terminal région.
GAP has not been shown to be présent in

fish as yet. It is likely to exist, but
with many amino acid substitutions because
even rat and human GAP have only 70%
sequence homology.

Growth hormone-releasing hormone from
huraans (hGHRHl-z»A) is another brain peptide
that has been shown to release LH and FSH.
_ln_ vitro experiments with rat pituitaries
shovTYha't hGHRHi-4^ releases not only LH
and FSH, but also dynorphin. The effect is
apparently spécifie and mediated by GnRH
receptors because l) GHRH can bind to GnRH
receptors and 2) a GnRH antagonist prevents
the GHRH release of LH, FSH, and dynorphin
from the gonadotropes, but does not affect
the release of growth hormone (Knepel et
al., 1987). GHRH-like peptide has been
localized in the codfish brain with
antisera to the human form of GHRH (Pan et
al., 1985).

The question is whether the effect of
GHRH on gonadotropes is of physiological
significance. The affinity of GHRH to GnRH
receptors in rats is low, almost 3 orders
of magnitude lower than that of unlabeled
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GnRH-A. However, about 100 fold
concentration of GHRH is needed compared to
raGnRH to Induce LH and FSH release so that

the effect raay be raedlated by bindlng.
Knepel and coworkers suggest that GHRH at
low concentrations releases only growth
hormone, but at hlgh concentrations can
release LH, FSH and dynorphin.

Neuropeptlde Y (NPY) potentlates the
GnRH-induced release of LH. A 36 araino

acld peptlde, NPY is widely distrlbuted
throughout the rat braln with the hlghest
concentration in the hypothalamus
(Chronwall et al., 1985). Crowley and
coworkers (1987) have shown that NPY alone
at 10"^ to 10~7 M does not affect LH
release frora cultured rat anterlor

pitultary cells, but at the same dose
signlficantly enhances the effect of mGnRH
on LH release. Support for the
physiological significance of this
observation is that the concentrations of

NPY and GnRH change In parailel in the
médian erainence at the tlrae of a

steroid-induced LH surge (see Crowley et
al., 1987). This suggests both peptides
may be released at the same tlme. The
action of NPY In flsh is not yet known.

Anglotensln II at hlgh concentrations
(0.5 - 5>ug) stimulâtes LH release frora rat
hemlpitultaries, but the significance Is
not clear slnce anglotensln II Is produced
In gonadotropes and coexlsts In many
secretory granules with LH (Deschepper et
al., 1986). Anglotensln II is also présent
In the brain of vertebrates including
salmon (Sakakibata et al., 1985), but the
peptlde has no effect after

intraventrlcular or intravenous

administration in rats (Steele et al.,
1981).

Substance P releases LH. The action Is
apparently on the nervous system as 0.5 or
2jug glven intraventrlcularly results In LH
release whereas Intravenous Injections or
in vitro application to pltultaries dld not
stlraulate release (Vijayan & McCann, 1979).

For many years scientIsts have searched
for a gonadotropin Inhlbltory factor
(GnIF). There are several candidates for
this factor or factors that Include

peptides and nonpeptldes. R.E. Peter has
presented considérable evidence that
dopamine, a nonpeptlde, acts as such a
factor in fish (sec this volume). Hwan and
Freeman (1987) argue that a glycoproteln of
12,000 Da is such a factor in rats; the
factor has 105 araino aclds and is

approxiraately 6% by welght of hexose. This
partlally purifled factor inhibits the
effect of GnRH on LH release in cultured

rat pitultary cells, but as a large
glycoproteln, falls outslde the area of
brain peptides. It is not yet clear if
this factor will raeet the crlteria for
releasing factors or will be found In fish
brains.

There are a few peptides, however, that
inhlbit gonadotropin release in spécial
circurastances. Vasoactlve intestinal

peptide, neurotensln and oploid peptides
Inhiblt raGnRH-induced release of LH frora

cultured raaramallan anterlor pitultary
cells. These peptides or at least thelr
iraraunoreactive forras have been found In

fish brains. The evidence that the

peptides inhlbit GtH is based raainly on
mararaalian studies, but the presence of the
peptides In flsh brains opens the

posslbllity for testing.
Vasoactlve Intestinal peptlde (VIP) is 28

araino aclds and found In the hypothalamus
and other braln areas. VIP raay affect
reproduction by actlng on the CNS;
Alexander and associâtes (1985) provide
evidence to suggest that VIP acts to
inhiblt pulsatlle GnRH sécrétion. Thelr
experlraents In ovarlectoraized rats show
that VIP admlnistered by cannula into the
braln ventrlcles resulted In a decrease In

the LH puise frequency by 80% and raean LH
levels by 60%. This effect was not at the
level of the pitultary because the
centrally admlnistered VIP did not affect
the LH response to exogenous GnRH or
steroid treatraent compared with controls.
Another study (Vijayan et al., 1979) also
found that VIP (10 ng - 10^g) dld not
affect LH or FSH release frora

heraipltultarles, or after Intravenous
Injection of VIP (40 - 1000 ng), but
contrary to the Alexander study, found an
increase In plasma LH after
Intraventrlcular VIP (4 - 100 ng). The
more fréquent and prolonged sarapllng of the
former study raay be necessary to show a
decrease In LH puise frequency and raean
value. Further support for the idea that
VIP alters the actlvlty of GnRH-related
neurons is that ir-VIP is in areas Involved
in GnRH sécrétion. We found VIP in salraon
brains (Eiden & Sherwood, unpubllshed), but
whether It controls flsh reproduction is
unknown.

Neurotensln (13 araino aclds) at doses of
0.5 and 2jug Intraventrlcularly inhibits LH
release withln 5 minutes; the action is
probably by inhibition of GnRH as
neurotensln does not affect LH by a direct
action on the pitultary (Vijayan & McCann,
1979).

Opiate peptides appear to Inhlbit LH
release by actlng at both the hypothalamus
and pitultary. In mediobasal hypothalaralc
sllces frora rats,^-endorphln at 10-7m,
Met-enkephalln analogue at 10-7m, and
Leu-enkephalln at 10~7m inhlblted
K+-induced raGnRH release although the
oplates dld not affect spontaneous release
(Drouva et al., 1981). Also hypothalaralc
implants of oploid antisera stlraulated LH
release in vivo. Recent studies suggest
that >S-endorphin and Met-enkephalin also
act dlrectly on the pitultary to inhiblt
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LH, but not FSH release (Blank et al, 1986;
Cacicedo & Sanchez-Franco, 1986). A direct
effect of opiolds was shown in a rat
pltuitary préparation enriched with
gonadotropes in which an antiserum to
j6-endorphin blocked this effect resuiting
in an increase in basai LH sécrétion (Blank
et al., 1986). The j^-endorphin that acts
on the pituitary rnay be of hypothalaraic
origin because the portai blood
concentration (10-10 to 10*9 M in monkeys)
is rauch higher than in the peripheral
circulation (Wehrenberg et al, 1982).
Opiate receptors are reported to be présent
in both the hypothalamus and pituitary
(Drouva et al., 1981).

Recej)toj:-j)ej)_t id_e_ raa t

The structures of both the peptides and
their receptors change during évolution.
This is shovm by the inability of laraprey
GnRH to bind to receptors or stiraulate LH
release in frog and turtle perfused
pituitaries and in chicken anterior
pituitary cells (Sower et al., 1987; Licht
& Porter, in press). Likewise, salraon GnRH
in a raaramalian systera such as rat anterior
pituitary cells binds to GnRH receptors and
releases LH at less than 5% corapared with
mammalian GnRH (Sherwood et al., 1983).
Whether changes occur in the structure of
receptors between species of fish is not
yet clear. In général subraammalian GnRH
receptors have less spécifie requireraents
for binding with peptides. Thus, laraprey,
salraon, chicken I and II, and mammalian
GnRH have a similar ability to release GtH
in goldfish in vivo (Peter et al., 1985,
1987). A général problera is how the
peptides retaln effective blndlng to their
receptors if structural changes occur in
both during évolution. Bost, Smiti
Blalock (1985) have hypothesized that
matching of the peptide and receptor during
évolution occurs because one strand of the
genomic DNA codes for the peptide while the
corapleraentary straiod codes for the n ng
site of the receptor. The afflnity s
believed to be based on the conformât on o
the two peptides in which codons for
hydrophobic amino acids are coraplemented by
those for hydrophilic amino acids and
uncharged amino acids are coded opposite o
each other.

To test the hypothesis for mGnRH, the
corapleraentary peptide was synthesized by
Mulchahey and coworkers (1986). Listed
below on the four Unes are 1) GnRH or
LHRH, 2) raRNA for GnRH, 3) corapleraentary
RNA, and 4) corapleraentary peptide.

I  5 10

Gin His Trp Ser Tyr Gly Leu Arg Pro Gly

5'GAG CAO UGG UCC UAU GGA CUG CGC CCU GGA 3'

3'GUC GUG ACC AGG AUA CCU GAC GCG GGA CCU 5'

Leu Val Pro Gly Ile Ser Gin Ala Arg Ser
10 5 1

Other peptides have been shown to bind to
their corapleraentary peptide and the
antihody generated against the
corapleraentary peptide bound to the receptor
(Bost et al., 1985). For GnRH the
antiserum to corapleraentary peptide bound to
gonadotropes in the rat anterior pituitary;
the binding was thought to be to the GnRH
receptor because a GnRH agonist could
reduce staining with the corapleraentary
peptide antiserum. The antiserum to
corapleraentary peptide cross-reacted with a
substance of the sarae raolecular weight (51
kDa and 60 kDa) as the solubilized GnRH
receptor; the cross-reaction was blocked by
the corapleraentary peptide or a GnRH
agonist. The antiserum to corapleraentary
peptide also prevented GnRH—stiraulated LH
sécrétion. If this hypothesis is true, it
explains how receptors and peptides retain
their affinity during évolution. Thus, a
nucleotide substitution in the codon of one
strand of DNA would autoraatlcally resuit in
the appropriate nucleotide base on the
other strand. The new corapleraentary
peptide, presuraably the sarae as the binding
site of the receptor, would always be
fashioned to bind with its peptide
hormone.
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STEROID FEEDBACK ON PITUITARY GONADOTROPIN SECRETION
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The inhibitory effect of gonadal steroids
on gonadotropin (GTH) sécrétion is known
since a long time as part of hypophysial
regulatory Systems.
There are several hypothèses, mainly re-
sulting from mammalian work, to explain
the mechanism of action of steroid hor

mones on gonadotropin sécrétion: i) ste
roid hormones affect gonadotropic hor-
mone-releasing hormone (GnRH) receptors
on the hypophysial gonadotrops; ii) gona
dal steroids stimulate the enzymatic
breakdown of GnRH; iii) régulation of
gonadotropin release (in connection to
synthesis) via GTH-mRNA; iiii) gonadal
steroids have an effect on catecholamine
metabolism and via catecholamines on the
gonadotropin release. Also positive ef-
fects of sex steroids on the pituitary
are well established as in the mammalian
estrous cycle and in the prepuberal deve-
lopment of the hypothalamo-hyphysial-
gonadal axis in fish.

NEGATIVE STEROID FEEDBACK

The négative influence of gonadal hor
mones on pituitary gonadotropes is not a
recently discovered phenomenon. As early
as 1939, Severinghaus described the ap-
pearance of hyperactive pituitary cells
after castration of adult maie rats.
These cells were referred to as castra
tion cells, or, due to an often charac-
teristic excentrically situated big
vacuole, as signet ring cells. The
development of suitable differential
staining techniques (Purves and
Griesbach, 1954, 1955; Siperstein et al.,
1954), the introduction of the electron-
microscope (Farquhar and Rinehart, 1954)
in studies on the classification of pi
tuitary cells and of gonadotropin (bio)
assays, made it possible to correlate the
hyperactivity of certain cells in the
pituitary after castration with enhanced
plasma gonadotropin levels.

Restoration of the pituitary cell image
and gonadotropin levels to normal values
by steroid replacement experiments justi-
fied the conclusion that in the untreated
animal gonadal steroids inhibit the se-
cretory activity of the gonadotropic
cells in the pituitary. This concept of

négative steroid feedback on gonadotropin
sécrétion bas had such great conséquences
for the development of techniques to mani-
pulate animal and human reproduction.
Over the last forty years numerous expe
riments with a variety of mammals, maies
and females, the latter in varions stages
of the estrous cycle, have been carried
ont, ail providing additional evidence
for the existence of négative steroid
feedback towards gonadotropin sécrétion.
Only a minority however, contributed to
the understanding of the mechanism of
action of this négative feedback. Those
that did, can be divided into several
catégories, each pointing towards a hypo-
thetical mechanism of action.

The first indication that gonadal hor
mones excert a négative action on gonado
tropin sécrétion in fishes came from the
experiments by Atz (1953), who found
cells in the pituitary of Astyanax
mexicanay similar to mammalian castration
cells after physiological castration.
These results could not be considered as

conclusive since gonadotropin plasma
levels were not measured. This is also
true for the experiments of Egami
( 1954a,b,c), wlio treated maie and female
loach (Misgurnus aguilîocaudata) with
androgens and cstrogens respectively, and
noticed a decrease in gonadal weight.
More direct evidence was provided by
Schreibman (1964), who noticed striking
changes in the gonadotropic cells after
surgical castration of the platyfish
{Xiphophorus maculatar) and later by
McBride and Van Overbeeke (1969) using a
similar expérimental approach in the
sockeye salmon (Oncorhynchus nerka).
Billard et al. (1977) and Billard (1978)
found the enhancement of gonadotropin
levels after castration of maie rainbow

trout (Saimo gairdneri) and the sup
pression of the elevated GTH levels by
testosterone or estradiol treatment to be

strongly dépendent of the stage of the
reproductive cycle. Van Putten et al.
(1981), suggested from ultrastructural
studies that ovariectomy in rainbow trout
(Salmo gairdnftr i) not only was followed
by elevated release of GTH but also by
increased synthesis.
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As further evldpnce of a négative feed-
back of sex sterolds it bas been found In
several fish species that treatment wlth
antl-estrogens, snch as chomipliene ci
trate and tamoxifen induced preovulatory
GTH surges (for review, see Peter, 1983).
Borg et al. (1985) found an activatlon of
GTH-cells after castration of maie stlck-
lebacks {Gasterosteus aculeatus) which
was not altered by subséquent methyltes-
tosteron administration. The authors sug-
gested that probably other gonadal fac-
tors (inhibine?) are involved in the
régulation of the gonadotropin produc
tion.

As for the mechanism of action of the
négative steroid fcedback, several hypo
thèses can be proposed, most of them
bascd on resenrch on mammals, and to a
lesser extent on recent data on fish.

Régulation of GnRH receptors by steroid
hormones :

Steroid hormones might inhibit gonadotro
pin release by causing a decrease in num-
ber and/or affinity of GnRH-receptors on
the pituitary gonadotropes. Indeed,
Marian et al. (1981) demonstrated that
ovariectomy in female rats not only re-
sulted in elevated plasma LH levels but
also In a twofold increase in the number

of GnRH receptors in the pituitary. Re-
ceptor affinity was unaffected. Similar
results were obtainod in the rabbit by
Limonta et al. (1986); receptor affinity
was unchanged after castration but GnRH
binding capacity increased threefold, ac-
companied by a fourfold increase of plas
ma IjH levels. Replacement therapy with
testosterone restored both parameters to
control values. In in vitro experiments,
Gignere et al. (1981) and Tibolt and
Childs (1985) showed that in the rat pi
tuitary under androgen treatment the
number of LH and FSH cells binding GnRH
had strongly diminished. In the African
catfish (Clarias gariepinus), castration
caused a significant élévation of plasma
GTH levels at two weeks postoperation (De
Leeuw et al., 1986).
Recently, it was found that this is ac-
companied by a strong increase in GnRH
binding to pituitary cell membranes. Both
the elevated GTH plasma level and GnRH
binding could be suppressed by an aroma-
tizable androgen only. (De Leeuw et al.,
in prep.).

Steroids and the enzymatic breakdown of
GnRH

It has been proposed that gonadal ste
roids stimulate peptidase activity in the
hypothalamus and tlius contribute to the
enzymatic breakdown of GnRH, resuiting in
a decreased stimulation of gonadotropin

production (Griffiths and Hooper, 1973a,
b). Although the model used by these
authors, the neonatal rat, is not the
same one as commonly used to study the
gonadotropin homeostasis, the possibility
that steroid hormones have an effect via

GnRH breakdown has to be considered.
Indeed, in the cyclic and castrated
female rat, O'Conner et al. (1984) could
demonstrate that estrogens stimulate
peptidase GnRH dégradation activity in
the hypothalamus. As for fish, to our
knowledge there are not such data avai-
lable to explain the mechanism of action
of the négative steroid feedback in this
way.

As a conséquence of this concept one
would expect that in the absence of gona
dal steroids, i.c. after castration, the
amount of GnRH in the brain would in
crease due to a diminished GnRH dégrada
tion. Nevertheless, in many studies it
has been reported that castration results
in a decrease in the hypothalamic GnRH
content, probably caused by enhanced axo-
nal transport and release, which can be
restored by steroid treatment. (e.g.
Kalra and Kalra, 1980; Caraty et al.
1981; Kalra, 1985; Glass et al., 1986).

Steroid hormones and the synthesis of
GTH: effect via GTH-mRNA
Another possible site of action of the
négative steroid feedback might be the
biosynthesis (coupled to release) of
gonadotropin. For example, Whitefield and
Miller (1984) reported a decrease of
FSH-B production by ovine pituitary cells
in culture after estradiol-17û treatment.
Synthesis of gonadotropins includes the
transcription and translation of the two
mRNA's for the a and B subunit respec-
tively, the processing and glycosylation
of the two peptides and the conjugation
of the subunits. Some information is
available abont the effect of steroid

hormones on translation of subunit-mRNA.
Corbani et al. (1984) and Counis et al.
(1983) demonstrated that as a resuit of
castration of maie and female rats the
synthesis of mRNA encoding for gonado-
tropin-subunits was enhanced. The spéci
fie mRNA's were expressed as the amounts
of a-, LH-B- and FSH-Bsubunit precursor
translation under cell free conditions.
Similar results were obtained in sheep by
Landefeld et al. (1984). In fish no such
experiments have been carried out yet.
The tools, however, are also now avai
lable for researchers in the field of
fish reproduction (Counis et al., 1987;
Trinh et al., 1986), and it may be ex-
pected that the possible action of the
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sterold négative feedback via gonado-
tropin-mMRNA will be investlgated in fish
in the near future.

Steroid hormones in connection with hypo-
thalamic and hypophysiaJ catecbolamine
metaholism

In a number of fish species it bas been
demonstrated that dopamine bas a function
as gonadotropin release inbibiting hor
mone (GRIF) (for review see: Van Oordt
and Goos, 1987). It bas been proposed
that gonadal steroids migbt control dopa-
mine inactivation (metbylation) and tbus
regulate gonadotropin production via do
pamine (for review see: De Leeuw et al.,
1987). Prerequisites for tbis bypotbesis
are that in tbe case of androgens tbese
steroids are aromatized to esLrogens,
that estrogens are bydroxylated to cate-
cbolestrogens and that catecbolestrogens
are metbylated by tbe enzyme catecbol-0-
metbyltransferase (COMT) and compete witb
dopamine for binding to tbis enzyme.
Indeed, De Leeuw et al. (1986) sbowed for
maie African catfisb, Clarias gariepinus,
that of tbe androgens only tbe aromati-
zable ones bad an effect on elevated GTH
levels after castration. Tbis is in con-
trast to tbe situation in rainbow trout,
Salmo gairdneri (Billard, 1978); bowever,
in salmonids a dopaminergic inhibition of
GTH sécrétion seems to play a minor rôle,
as oviilatory GTH levels can be reacbed by
treatment of GnRH or its analogues witb-
out addition of a dopamine antagonist
(for review see: Donaldson and Hunter,
1983). De Leeuw et al. (1985) also demon
strated tbe presence of tbe enzymes aro-
matase, 2-bydroxy lase and COMT in tbe
gonadotropic cells of tbe African catfisb
and Van Assoit et al. (in prop. ) found
tbnt COMT from tbeso gonadotropos bas a
far bigber affijiity for catecbolestrogens
tban for dopamine. Not only in tbe pitui-
tary tbe dopamine inactivation seems to
be inbibited by catecbolestrogens. In
certain braln areas tbe metbylation of
dopamine by COMT is also competatively
inbibited by catecbolestrogens (Timmers
et al., in prep.).

Tbus, tbe existence of a négative steroid
feedback on gonadotropin production is
well establisbed, but for its mecbanism
of action, especially in fish, tbere is
still no concensus.

POSITIVE STEROID FEEDBACK

Gonadotropin production is not only sub-
Jected to a négative feedback régulation
by gonadal steroids, but also to a posi
tive feedback wbicb is of spécial impor
tance during tbe prepuberal period of
development of tbe bypotbalamo-bypopby-

sial-gonadal-axis and possibly at tbe
time wben tbe reproductive system regains
its activity after a resting period.
Crim and Evans (1979), Crim et al.
(1981), Gielen et al. (1982) and Magri et
al. (1985) demonstrated an accumulation
of GTH in tbe pituitary of juvénile rain
bow trout after treatment witb androgens
and estrogens; similar results were ob-
tained by Dufour et al. (1983) for tbe
European eel {Anguilla anguilla)^ Borg et
al. (1985) for tbe stickleback, and
Scbreibman et al. (1986) for tbe platy-
fisb {Xiphophorus maciilatus). Ultrastruc
tural studles by Gielen et al. (1982),
Olivereau and Olivereau (1979) and
Olivereau et al. (1986) sbowed tbat tbis

was accompanied by a stimulation of tbe
development of tbe gonadotropic cells.
Gielen and Goos (1983) provided evidence
tbat tbe positive action of steroid hor
mones on tbe gonadotropes migbt be a
direct one, not necessarily mediated by
tbe hypothalamus. In all tbese studies
tbe development of GTH cells and tbe
accumulation of GTH were not accompanied
by an enbanced release of GTH. Gielen and
Goos (198A) demonstrated tbat tbis is
neitber due to an Inability of GTH cells
to release tbeir hormonal contents (see

also Dufour et al., 1984), nor to an in
hibition of gonadotropin release by tbe
steroid employed. Crim and Evans (1982,
1983) treated juvénile trout witb testo-
sterone over a longer period of time and
apparently witb blgb doses. Tbey noticed
increased plasma GTH levels and preco-
cious maturity. Similar observations were
made by Magri et al. (1985). Tbese re
sults suggested tbat longterm treatment
witb gonadal steroids not only bas a po
sitive influence on gonadotropin syntbe-
sis but also exerts a positive feedback
on tbe GnRH producing system. Indeed,
Dufour et al. ( 1985) and Goos et al.
(1986) found an increase in tbe amount of
GnRH présent in tbe hypothalamus after
sex steroid administration to European
silver eel and rainbow trout respective-
ly. Scbreibman et al. (1986) sbowed tbat
11-ketotestosterone and testosterone af-
fected différent ir-GnRH containing brain
centres. Tbus, tbe positive feedback
appears to act on tbe bypotbalamic as
well as on tbe pituitary level. As for
tbe mecbanism of tbe positive feedback,
probably tbe same sites of action as for
tbe négative feedback can be bypotbesized
but witb reverse effects. Witb regard to
tbe positive effect of estrogens on tbe
preovulatory LU release in mammals, tbere
are several examples. Tbey cannot all be
discussed bere, for review, see e.g.:
Kalra (1986) or Kalra and Kalra (1985).
Counis et al. (1987) made a comparison
between tbe rat and tbe European eel witb
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regard to the amount of mRNA encoding for
the o subunlt of pltuitary glycoproteln
hormone as influenced by estradiol admi
nistration. They found that as in the rat
this mRNA decreased (négative feedback),
the amount in the eel pituitary increased
(positive feedback). Trinh et al. (1986)
found a corresponding Increase in pitui
tary GTII and mRNA encoding for the GTH-6
subunit after testostoron implantation in
salmon.

To our knowledge, none of the other hypo-
thetical explanations for the négative
steroid feedback have been a basis for

investigations to explain the mechanism
of action of the positive feedback in
teleosts.
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Summary

Experiments were conducted with winter flounder to study
tissue distribution and the fiormonal control of LHRH receptors
in fish. Aithough significant spécifie binding of labeied
Busereiin, an LHRH analog, couid be consistently
demonstrated in vivo and in vitro by the mature flounder
pituitary gland, no evidence was found for extra-pituitary
LHRH binding sites including such tissues as muScle, liver,

and the gonads. A preliminary seasonal study of pituitary
LHRH binding indicated that LHRH binding capacity is clearly
reduced when pituitaries are collected from reproductively
inactive flounder. Our studies to détermine the Influence of

gonadectomy on pituitary LHRH receptor levels in the maie
flounder (aiso the studies of the catfish pituitary by De Leeuw
et al, this conférence) showed that LHRH analog binding
capacity increases in conjonction with a fall in circulating
plasma sex steroids. These obsen/ations suggest that sex
steroids may play a rôle in hormonal control of LHRH receptor
levels in the fish pituitary gland.

1/4 équivalent of flounder pituitary homogenate. Following a
2 hr incubation at 4°C, the assay is terminated by addition of 3
ml ice-cold Tris-HCI buffer and centrifugation at 2300 X g for
15 minat4°C.

Androgen levels in maie winter flounder were determined
on ether extracts of the plasma by testosterone and 11-
ketotestosterone RI As. Antisera and tracer for the 11-
ketotestosterone RI A were kindiy donated by Dr. D.R. Idier
and colleagues.

ResuHs

Experiments 1 & 2 - LHRH Receptor Tissue Distribution
Studies in the winter flounder.

Sexually mature females were given an intravenous (IV)
injection of radioactive ̂ ^^l-Buserelin in v/Voto study tissue
distribution of LHRH receptors in the winter flounder. The
data in Table 1 shows that there was sélective uptake of

Introduction

In mammals, binding of LHRH, pGlu1-His2-Trp3-Ser4-
Try5-Gly6-Leu7-Arg8-Pro9-Gly10-NH2, to pituitary plasma
membranes is an essential first step towards LHRH-stimulated
release of gonadotropins and a number of post-receptor
events are known to follow (review by Conn, 1987). In 1983,
Sherwood et al, purified a gonadotropin-releasing hormone
(GnRH) from extracts of the salmon brain and indicated that
the structure of this fish GnRH is [Trp^-Leu®lLHRH. A number
of studies subsequently showed that various types of LHRH
analogs are capable of stimulating release of pituitary
gonadotropin (GtH) and inducing spawning in several species
of teleosts (review by Crim et al., 1987a). Presently, little is
known about the mechanism of action of LHRH on the fish

pituitary gland, except for evidence documenting binding of
LHRH to the pituitaries of goldfish (Habibi et al., 1987), catfish
(De Leeuw, et al., 1987) and the winter flounder (Crim et al.,
1987b). The présent studies were conducted to examine the
characteristics of fish pituitary LHRH receptors in more détail.

Materials and methods

A previous study (Crim et al., 1987b) demonstrated that
[D-Ser(tBu)®,Pro®-NHEt]LHRH (Busereiin) is specifically bound
to pituitary homogenates obtained from the sexually mature
winter flounder. Briefly, this radioreceptor technique is
conducted as follows: ail assay components are prepared in
25mM Tris-HCI buffer (pH 7.6 @ 4^0 containing 1 mM
Dithiothreitol and 0.1% each of Fraction V Bovine Sérum
Albumin and Sodium Azide. The 0.5 ml incubation volume
contains about 60 fmoles labeied Busereiin with approximately

Table 1. Tlssue/Serum Ratios (S) 1.5 hr Following IV Labeied
Busereiin Treatment of Female Winter Flounder.

Tissue Source Tissue/Serum Ratio

Hypothalamus

Pituitary

Liver

Muscle

Ovary

0.25 ±0.03

4.13 ± 1.19 (N=3)

0.55 ±0.13

0.06 ±0.01

0.06 ±0.01

Values are Mean ± SEM (N=4)

labeied LHRH by the flounder pituitary gland but no
evidence for LHRH concentration in other parts of the body.
When ^"i.Buserelin and a large dose (50 pg/kg) of
uniabeled [D-Ala®.Pro®-NHEtlLHRH analog were
administered simultaneousiy in female winter flounder
(Figure 1). pituitary uptake of labeied Busereiin was greatly
reduced. Compétitive displacement of radioactive Busereiin
by uniabeled LHRH analog suggests that flounder pituitary
LHRH receptors are spécifie for LHRH peptides.

Another study to test for the binding of LHRH by pituitary
and gonadal tissues obtained from the sexually mature
winter flounder was conducted in vitro. The data of Table 2
shows that significant binding of labeied Busereiin by the
pituitary occurred as expected but no evidence was obtained
for spécifie binding of Busereiin by the flounder ovary or
testis.
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Figure 1. ̂^si.Buserelin TIssue/Serum Ratios following IV
treatment of sexualiy mature femaie winter fiounder with
labeled Busereiin In the presence or absence of 50 pg/kg [D-
A!a®,Pro®-NHEt]LHRH analog. Data too small for scjle
(hypothalamus and muscle) not shown. Values are X ±
SEM.

Table 2. In vitro Tests of '^si-Buserelin Binding by Crude
Homogenates of Fiounder Gonad and the Pitultary Gland.

Fiounder Tissue Source Quantity % Spécifie CRM Bound

Femaie Pitultary 0.5 Equivalent 5.1

Ovary 100 pg 0.3

Testis 100 pg 0

A homogenate of each gonad was obtalned by Polytron and following
a slow speed centrifugation (35 x g), the supernatant was tested In the
LHRH receptor assay.

Experiment 3 - A Study of the Level of Pitultary LHRH
BIndIng In Relation to Stage of Reproductive Development.

During the active phase of seasonal reproduction
(sexualiy mature fiounder), a relatively high capaclty for
bIndIng labeled Busereiin was found for homogenates of
both the maie and female winter fiounder pitultary (see Table
3). In contrast. a clear réduction In the capaclty to bind
Buserelln was obtalned when pitultarles were collected from
the post-ovulated, sexualiy regressed female fiounder.

Table 3. Binding of '^I-Buserelin by Homogenates of the Winter
Fiounder Pitultary Gland.

Rounder Tissue Source Quantity % Spécifie CPM Bound

Spermiating Maie 0.25 5.5

Prespawning Mature Female 0.25 4.3

Postspawned Regressed Female 0.25 1.0

Expérimenta 4 & 5 - A Study of the Physlological Régulation
of Fiounder Pitultary LHRH Receptor Levels.

The Influence of gonadectomy on pitultary capaclty for
bIndIng labeled Busereiin was examined In the maie winter
fiounder. Figure 2 shows that following orchidectomy of
sexualiy mature maies, the plasma level of 11-
ketotestosterone (11-KT) déclinés significantly by 3 days and
11-KT continues to fall over the course of the 7 and 14 day
expérimental perlod. In addition, there was aiso a rapld

y 30

en 20

TIME (deys)

Figure 2. The Relatlonship between plasma 11-keto-
testosterone levels and spécifie pitultary bIndIng of LHRH (%
bound, ̂ "I-Buserelln/500 pg pitultary protein) In sham
castrate (open bars) and castrate (hatched bars) maie winter
fiounder at 3, 7 and 14 days following gonadectomy. Sterold
values = X ± SEM = p<0.05,0.005,0.0005,
respectively): means of receptor bIndIng data for tripllcate
determinattons In the LHRH receptor assay.

disappearance of a relatively low level of plasma
testosterone In response to testes removal (3 day plasma
testosterone level In sham castrate and castrate maies =
1.50 ± 0.68 ng/ml and non-detectable, respectively). The
capaclty for spécifie bIndIng of labeled Busereiin by the
fiounder pitultary gland Increased following gonadectomy
Indicating that there Is an Inverse relatlonship between the
falling levels of circulating sex sterolds In maies and the
Increasing capaclty of pitultary receptors for LHRH analog
uptake.
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Discussion

Recent radioreceptor assay studies of the fish pHuitary
demonstrate that goidfish. catfish and winter flounder
pituitarles contain high affinity binding sites spécifie for LHRH
(Habibi, et al., 1987; De Leeuw, et al., 1987; Crim, et al.,
1987b). Furthermore, it bas been clearly established by the
above studies that LHRH receptors in the fish pituitary aiso
recognize LHRH analogs which have significantly higher
binding affinities compared with their native LHRH
counterparts.

In mammals, there is evidence for extra-pituitary, high
affinity LHRH binding sites présent in the rat testes and ovary
(Clayton and Catt, 1981), but to date organ/tissue distribution
studies for fish LHRH receptors have not been reported. Our
présent work demonstrates that when labeled Buserelin is
administered intravenousiy to the female winter flounder, this
LHRH analog is clearly concentrated in the pituitary gland. In
the presence of cold LHRH analog, however, pituitary
accumulation of intravenousiy administered Buserelin is
greatly reduced confirming the suggestion that fish pituitary
LHRH receptors are highiy sélective for LHRH and peptide
derivatives of LHRH. Since we could not demonstrate
spécifie uptake of labeled Buserelin by extra-pituitary sites in
flounder in vivo, nor could we show any evidence for In vitro
binding of ̂ ^^l-Buserelin by gonadal tissues, it appears that
LHRH is not selectively concentrated in flounder organs other
than the pituitary gland. From these observations, it seems
that a général body distribution for LHRH receptors in fish is
uniikely although the data of Habibi et al (1987, this
conférence), showing LHRH analog suppression of GtH and
steroid induced oocyte maturation, suggests that LHRH
receptors may exist in the goidfish ovary.

Our current work showed that LHRH binding capacity is
higher for pituitaries collected from reproductively active
flounder compared with much lower pituitary LHRH binding
when fish are found in sexually regressed condition. The
suggestion of a seasonal fluctuation in pituitary LHRH
receptor levels correlates well with changing LHRH
responsitivity for the fish pituitary which has been reported to
reach maximum sensitivity in fully ripe trout and goidfish
(Weil, et al.. 1978; Lin et al., 1985).

The possibility of a seasonal pattern in LHRH receptor
levels suggests the presence of hormonal régulation of fish
pituitary LHRH receptors similar to the mammalian pituitary
where cyclic changes in the amount of LHRH receptor have
been noted, for example, during the rat estrus cycle. Steroid
feedback and LHRH itself both exert strong influences upon
LHRH receptor levels in mammals (Clayton and Catt, 1981;
Marian et al., 1981). We have presently shown that the
capacity of the maie flounder pituitary to bind LHRH analog
rises quickly after gonadectomy closely correlating with a fall
in plasma androgen levels. De Leeuw et al., (!987, this
conférence) has reported increased LHRH binding for the
catfish pituitary following removal of gonads; furthermore,
LHRH binding in the pituitary did not significantly increase if
gonadal steroid was administered coincident with
gonadectomy. On the basis of these preliminary experiments
in sexually mature catfish and the winter flounder, we
conclude that fish pituitary LHRH receptor levels are subject
to physiological régulation by sex steroids.
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Long photoperiod and high température
stimulâtes the development of secondary
sexual characters and reproductive be-
haviour in the maie three-spined stickle-
back in winter. The gonadotropic (GTH)
cells aKîear active with prcminent
granulated endoplasmic reticulum (ŒR)
cistemae dilations. In short photoperiod/
high teitperature secondary sexual charac
ters and reproductive behaviour did not
appear. The GTH cells had an inactive
appearance, only rather few and small GER
cistemae are found (Borg et al., 1987).

Methyltestosterone (MT) given in short
photcperiod and high température in winter
stimulated the appearance of secondary
sexual characters. Surprisingly, a positive
effect of MT on the GTH cells was observed.
The GTH cells of the MT-treated fish con-
tained significantly more dilated GER
cistemae than the controls, thus more
resembling the long photc^riod fish. The
amount of granulae in the cells decreased,
suggesting cin in'^'îreased release rather than
storage. This is also suggested by that the
testes Leydig cells were more numerous and
had larger nuclei in the MT fish than in
the controls (Borg et al., 1986).

In order to study if a positive feedback
fran the gonads to the pituitary plays a
physiological rôle at the onset of breeding
under long photoperiod in winter, adult
maies v;ere kept under winter conditions
until castrated or sham-operated. They were
then kept at 20^ C and a photoperiod of
Light;Dark 16:8 h for a month (12/12-13/1).

The control maies, but not the castrated
ones, developed secondary sexual characters
and many built nests. The GTH cells of the
sham-operated fish were large and oontained
extensively dilated ŒR and large Golgi-
ocnçîlexes. In most castrated fish, on the
other hand, the GTH cells were smaller and
the dilations in the ŒR were far less
extensive.

The ultrastructure indicates that the GTH
cells are more active in sham-operated than
in castrated maies under these conditions.
This is quite the opposite to the usual
castration effect that has been found in
many fishes, including in sticklebacks
castrated when the natural breeding period
had already started (Borg et al., 1985).
It appears that a positive feedback fran

the gonads to the pituitary (directly or
via the hypothalamus) plays a physiological
rôle in stimulating the onset of breeding
when sticklebacks are exposed to long
photoperiod in winter.
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USE OF PELLETED LHRH ANALOGUE TO INDUCE SPAWNING IN ATLANTIC SALMON
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Summarv

In recent years, Atlantic salmon brood-
stock have been raised to maturation in
commercial seawater (SW) cages. Egg quality
from such fish has been variable and gen-
erally less than freshwater (FW) broodstock
(Glebe per. comm.). Similar fluctuations
in egg quality have been reported for
Pacifie salmon (Seattle Workshop, 1980/01;
Stoss per. comm. ). Synchronized spawning
of these fish would reduce the time
required for gamete collection. This may
also improve egg quality due to reduced
seawater exposure during final maturation
processes. LHRH analogues have been shown
to be powerful inducers of ovulation in
Pacifie (Donaldson et al. ,1985) and
Atlantic salmon (Crim & Glebe, 1984).
RESULTS AND DISCUSSION

25 mg cholesterol/cellulose pellets were
prepared with lOOug of D-Ala6,des-Glyl0-
LHRH (1-9) ethylamide. Two sea winter
broodstock were implanted on 7/11/86 at
two commercial sea cage sites, A and B.
Spawned egg lots from treated fish and a
subsample of the remaining broodstock were
collected and fertilized. Ovarian fluid
samples were collected for analysis. Per
cent fertilization was estimated after 36
hours of incubation. Data was also obtained
from untreated broodstock transferred to
freshwater in September.

At site A, fourteen of nineteen, LHRHa
implanted fish were sampled along with five
untreated freshwater fish. Mean of days to
spawning for LHRHa fish was 8 (n=19) and
for control fish, 14 (n=82). Measurement
of ovarian fluid osmolality in mOsm/kg (n=)
gave the following Mean = SE values; SW
LHRHa 306.4=2.6 (13) , SW control 295.1=11.6
(12) ,and FW control 309.3 = 5.0(5). Studenfs
T  tests showed no significant différence
between these three groups. Site B data
supported Site A findings. Percent egg
fertility for Site A & B are given in the
following table.
TABLE 1. Mean percent fertilization

FRESHWATER SALTWATER

Untreated LHRHa Untreated

SITE A 84.1M5) 79.3M14) 77.3%(13)

SITE B 89.9%(5) 82.2% (9) 77.4% (7)

(n = number of fish)
Studenfs T test showed no significant

différence in percent fertilization among
treatment groups.

In experiment 2,one seawinter grilse held in
sea or fresh water were implanted with LHRHa
or placebo pellets (4/11/86). Samples of
2x100 egg lots were fertilized, incubated and
the percentage of eyed eggs recorded. Ovarian
fluid was collected for osmolality analysis.
TABLE 2. Mean Percent Eyed Eggs and Mean No.

of Days to Spawning for Grilse.

GROUP
(n)

FRESHWATER SALTWATER

% EYED #DAYS % EYED #DAYS

8 10

41.0»
(9)

75.5*
(9)

spawning showed a
< 0.05) in time to

LHRHa Implant 76.8»
(10)

Placebo Implant 84.0<
(9)

T test of mean day to
significant réduction (P
spawning for LHRHa implants in sea and trésh
water compared to placebo (SW) fish. T test
of transformed mean percent eyed eggs showed
a significant decrease (P < 0.01) for LHRHa
seawater fish compared to seawater placebo
fish. Ovarian fluid osmolality, mOsm/kg (n) ,
gave the following Mean=SE values : LHRHa SW
347.2 = 20.8 (9) ,placebo SW 321.7 = 8.2 (9) ,
LHRHa FW 277.7 = 10.4 (9), and placebo FW
286.3 = 9.8 (10). T tests showed a signifi-
cantly higher osmolality in SW fish compared
to freshwater for both LHRH and placebo
groups. There was no significant différence
between FW LHRHa and placebo groups and this
was also seen for the seawater groups,

Egg quality in seacaged broodstock improved
in 1986 compared to previous years. This was
probably due to improved husbandry and spawn
ing technique. The LHRHa implant in two sea
winter fish induced highly synchronized spawn
ing which was significantly earlier than con
trol groups. This treatment showed no detri-
mental effects on egg quality. In one sea
winter grilse, however, LHRHa did produce a
significant réduction in percent eyed eggs.
The higher ovarian fluid osmolality seen in
these grilse may have resulted in eggs being
exposed to unfavorable média while still in
the body cavity. These conflicting results
between one seawinter and two seawinter brood
stock may be due to the différent types of
fish investigated. Work is now in progress to
clarify this situation before commercial use
of LHRHa can be recommended for Atlantic sal
mon broodstock in New Brunswick.
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THE EFFECT OF CASTRATION AND STEROID REPLACEMENT ON GONADOTROPIN-RELEASING HORMONE (GnRH)
RECEPTOR BINDING IN THE AFRICAN CATFISH, CLARIAS GARIEPINUS
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Xn^rpdu c_t ion
Tn adiilt teloosts with a functionally

active brain-pituitary-gonadal axis, gona-
dal hormones exert a négative fcedback
effect on gonadotropin (GTH) relense. în
the African catflsh castration of maies
leads to an increase of plasma GTH levels,
a decrease of pituitary GTH content, and a
degranulation of the gonadotropes (De Leeuw
et al., 1986). Doth testosterone and andro-
stenedione re.stored these castration ef~
fects, whereas, the non-aromatizable andro-
gens 5a-dihydrotestosterone and llB-hydro-
xyand ros t ened i one. did not. From these
results De Leeuw et al. (1986) concluded
that an aromatization of androgens into
cstrogens might be essential in the feed-
back régulation of GTH release

The purpose of the présent study was to
investigate the effect of castration and
steroid repla(^ement on GnRH receptor bin-
ding, i.e., affinity and capacity, in the
African catfish.

Mater_ials_^nd m^-thods
~ "Adul't mal'e catfish (n=36) were castra-
ted i.e., testes and séminal vesicles
removed, under anesthesia. Sham-operated
animais (n=12) were exposed to similar
surgical conditions but the gonads were
left in place. After two weeks the castrated
catfish were divided into three groups of
12 animais each. One group received^si1 as-
tic capsules with androstenedione (A ); one
group received cap.sules with 1 IB-hydroxy-
androstened ione (IIBOHA'*); the th i rd group
of castrated fish served as control and
received empty capsules. Three weeks afler
the opération, i.e., one week after the
steroid implantation, the animais were
killed by décapitation and the pittiitaries
were collected. Blood samples were taken
once a week, starting just before opéra
tion.

In order to détermine GnRH receptor bin-
ding affinity (Ka) and binding capacity
(Bmax), pituitary membrane fractions of the
différent groups (six pituitaries per group
per détermination) were incubated with in-
creasing concentrations of the iodinated
salmon GnRH (Trp^-Leu®-LHRH) analog, D-
Arg®-Pro®-sGnRH-NEt (sGnRHa) for 2 hr at
25°C. Non-specific binding was measured in
the presence of 10 ® M unlabeled sGnRHa and
subtracted from total binding. The Ka and
Bmax were calculated by means of a Scat-
chard plot analysis of the saturation data.

Results and Conclusions

Castration caused a signiflcant increase
of plasma GTH concentrations (day 14:
1.98±0.2 ng/ml) compared to sham-operated
animais (day 14: 0.82±0.13 ng/ml). After A**
implantation the plasma GTH levels were
back to normal (day 21: 0.65±0.12), whereas
after IICOHA'* implantation, these levels
remained elevated (day 21: 2.02±0.25). Cor-
relating with these results, castration
caused an increase of GnRH binding capacity
(238±20%) compared to sham-opeated animais
(100%). After A** implantation GnRH binding
capacity was back to normal (126±15%). Af
ter 1160HA'* implantation GnRH binding capa
city remained high (246±34%). Castration
nor steroid replacement had any effect on
GnRH binding affinity (Ka=0.37-0.62 x
10®M-*).

These results indicate that the feedback
régulation of gonadal steroids on GTH re
lease might involve a GnRH receptor régula
tion. Furthermore, an aromatization of
androgens might be essential in this feed
back action.
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GONADOTROPIN-RELEASING HORMONE AGONISTS: THEIR RELATIVE BINDING AFFINITY AND BIOLOGICAL ACTIVITY
IN THE AFRICAN CATFISH, CLÂRIAS GARTEPINUS.

R. de Leeuw, W. Smit-van Dijk, C. van 't Veer, P. Beumer, H.J.Th. Goos, and P.G.V.J. van Oordt.
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Introduction
Tn teleosts, the release of gonndotropic

hormone (GTH) is stimiilnted by a gonado-
tropin-rejeasing hormone (GnRH). Chum sal-
mon GnRH has been identlfied as Trp^-Leu®-
IiîîRH (sGnRH). This sGnRH appears to be the
prédominant GnRH in several teleost species
(Sherwood et al., 1984). The presence of
.spécifie, saturable GnRH receptor.s was de-
mon.strated in pituitary membrane fractions

of goldfish (Habibl et al., 1987) and cat-
fish (De I.eeuw et al., 1987).
The purpose of the présent study was to

compare the relative binding affinit les of
four GnRH analogs, i.e., sGnRH, D-Arg®-
Pro®-sGnRH-NEt (sGnRHa), n-Ser(t-Bn)®-Pro®-
I.HRH-NEt (Bnserelin) and D-A la®-Pro®-I.HRH-
NF.t (LHRHa), with their in-vitro and in-

vivo bioactivity in the African catfish.

ReJj t iye „blnd Ing a f f in i t ie^
The relative binding affinities of the

GnRH analogs were determined by displace
ment experiments in which pituitary mem
branes were incnbated with 2x10

sGnRHa and increasing concentrations of the
GnRH agonists for 2h at 4°.
The différent GnRH agonists inhibited the

binding of *'M-sGnRHa. The inhibition
cnrves were parailel. sGnRH was approxi-
mately 6 times less potent than sGnRHa it-
self in inhibiting binding of ^'®]-.sGnRHa
to the receptor. Bnserelin and IiHRHa were
respectively about 70 and 130 times less
potent competitors than sGnRHa. An increase

in température from 4°C to 2S°C, the
physiological température of the catfish,
resulted in a shift of the sGnRH and Î.HRH

inhibition cnrves to higher concentrations

of these competitors.

In-yitro bioactivity
Tn order to détermine the in-vitro bio

activity of sGnRHa, sGnRH, Bnserelin and
T.HRHa, the effect of these peptides on the
release of GTH from catfish pituitary celIs

in static culture and pituitary fragments
in a péri fus ion system, was examined.

Ai l peptides were equipotent in stimiila-
ting GTH release from pituitary relis in
static culture. However, when tested on
pituitary fragments, sGnRHa and Bnserelin
were about two times more potent in stimu
lât ing GTH release than sGnRH and I.HRHa.

In-vivo bioactivity

To study the in-vivo bioactivity, female
catfish were injected ip with the four GnRH
Agonists (O.OS mg/kg bw). At t=0, 1, 2, 4,

8, 12, and 24, bloodsamples were taken for
GTH measurements.

At ail sampling times the increase in
plasma GTH concentrations induced by sGnRHa
and Bnserelin was significantly higher than
the increase induced by sGnRH and LHRH, the
différence being at its maximum at 8 and 12
h after injection (Table bclow: ng GTH/ml
plasma).

t sGnRHa sGnRH Bnserelin LHRHa

0 0.6±0.1 0.610. 1 0.810.1 0.910. 1

1 11.6±2.0 5.710.9 10.612.3 6.911.2

2 9.4±1.2 4.910.9 9.611.5 5.712.5

4 9.811.2 3.210.9 12.612. 1 8.011.6

8 19.812.2 2.010.4 21.012.7 4.210.7

12 28.913.2 1.110.2 14.611.5 1.810.4

24 6.611.8 0.510.2 2.810.7 0.610. 1

Cor^ lus ions
The relative binding affinities of the

teleost related gonadotropin releasing hor
mones (sGnRH and sGnRHa) are higher com-
pared to the relative binding affinities of
the mammalian related peptides (Bnserelin
and TiHRHa). This resnlt suggests that ami no
acid seven and eight are of importance for
receptor binding affinity. Tlie shift in the
sGnRH and LHRHa inhibition curves to higher
concentration of the competitors at in-
creased température, suggest degrailation of
these peptides.
The différent GnRH agonists show identi-

cal bioactivity when applied to pituitary
cells in static culture and a short incuba

t ion time. Using pituitary fragments, the
différent agonists are not equipotent. The
sequence of potency is sGnRHa = Bnserelin
Î.HRHa > sGnRH. This sequence of bioactivity
correlates with the bioactivity in-vivo.
Hnder bot h conditions the most. stabi lo ago
nists, sGuRHa and Bnserelin, are the most

potent ones. Apparently, dégradation of the
peptide plays an important rôle in their
biological potency.
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RELATIONSHIP BETWEEN GnRH RECEPTOR DINUING AND BIOLOGICAL ACTIVITY IN THE GOLDFISH PITUITARY.

H.R. Habibi, H. Van Der Loo, T.A. Marchant and R.E. Peter

Department of Zoology, University of Alberta,

Summary

The primary structure of a GnRH in chuia
salmon bas been determined as (Trp7, Leu8)-
GnRH (tGnRH) (Sherwood et al., 1983). This
forin of tGnRH is knovm to be présent in a
number of other teleost species and bas
activity in terms of pituitary GTH release in
vitro and in vivo (Peter et al., 1937).
Studies of goldfisb pituitary GnRH receptors
using an analog of teleost GnRH (DArg6, Trp7,
Leu8, Pro9-NEt)-GnRH (tGnRH-A) as a labeled
ligand demonstrated tbe presence of two
classes of binding sites; a bigb affinity low
capacity site, and a low affinity bigb
capacity binding site (Habibi et al., 1987).
In tbe présent study/ seasonal variations

in GnRH receptor properties, and tbe
functional relationsbip between GnRH receptor
binding and biological activity were
investigated in goldfisb pituitary. Higber
pituitary content of botb bigb and low
affinity binding sites was found during tbe
late stages of gonadal recrudescence, prior
to tbe spawning period, witb no significant
variation in receptor affinity for tGnRM-A.
Seasonally-dependent changes in tbe pituitary

Edinonton, Alberta T6G 2E9, Canada

GnRH receptor capacity of botb bigb and low

affinity sites correlated closely witb tbe

variations in tbe GnRH- induced plasma GTH
level in goldfisb (Fig 1).

Furtber structure-activity studies

indicated tbat substitution of Gly6 witb

D-amino acids, especially DArg6, increased
botb biological activity and receptor
affinity for tbe bigb affinity class of

binding sites; tbe corrélation between
receptor affinity and biological potency was

bigb for tbe analogs of tGnRH (i.e., GnRH

molécules containing Trp7 and Leu8), but low
for mainmalian GnRH analogs (Table 1).

Table 1. Corrélation between GnRH receptor

affinity and biological potency of various
GnRH analogs in goldfisb.

HIgh Btfinlty sito A
R n 0.901

ï

.1

.  i ^
:  I

0.4 0.6 0.8 1.0 1.2 1.4

Low attinlty sIto B
R = 0.924

!

r  1

:  I
0  100 200 300 400

Receptor capacity ((moles/pituitary)

Fig 1. Pituitary GnRH receptor capacity and
the effect of a GnRH analog on plasma GTH
levels were determined during various
reproductive stages in goldfisb. (DAla6,
Pro9, NEt)-GnRH-induced GTH levels are

plotted as a fonction of the capacity of bigb
(A) and low affinity (B) binding sites during
various times of the year.

GTH release

Peptides in vitro in vivo

Teleost GnRH analogs

bigb affinity sites 0.981 0.818

low affinity sites -0 .028 -0.262

Mammalian GnRH analogs

bigb affinity sites 0.204 0.592

low affinity sites 0. 125 0. 197

Values are linear corrélation coefficient, R.

.'Unino acid substitutions included DArg6,

DAla6, DTrpe, (ImBzl)-DHis6,* D(But)Ser6,
alone or in combination witb Pro9-NEt for

teleost and mammalian GnRH.

Tbe présent findings indicate tbat bigb
affinity GnRH receptors are involved in tbe
control of pituitary GTH release, and native
tGnRH and its analogs bave better receptor
récognition tban mammalian GnRH analogs in
goldfisb pituitary.
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EVIDENCE FOR A GONADOTROPIN-RELEASING HORMONE BINDING PROTEIN IN GOLDFISH SERUM

Y. P. Huang. R. E. Peter

Department of Zooiogy, University of Alberta, Edmonton, Alberta, Canada

Summary

Binding of salmon gonadotroping-reieasing
hormone (sGnRH) and its superactive analogue.
ID-Arg'. Pro'-NEtJ-sGnRH to a macromolecular
component in goldfish sérum was studied. using
>"|-ID-Arg', Pro'-NEt]-sGnRH as labeled ligand. Bound
was separated from free labeled ligand by gel
filtration with Sephadex G-50 mini- columns. The
binding of labeled ligand to goldfish sérum was
dose-dependent. The results indicate a single class of
spécifie binding site having low affinity and high
capacity. The existence of a GnRH binder in sérum
may, in part, contribute to the long lastinq
pharmacological action of GnRHs in goldfish.

Introduction

There is some information available about low
affinity high capacity binding of GnRH (pGlu>. His^
lrp\ Ser^ Tyr^ Gly', Leu\ Arg®, Pro'. Gly'®-NHj) to
proteins in mammalian sérum (Chan & Chaplin, 1985,
Tharandt et al., 1979).

Salmon GnRH ((TrpMeu'J-GnRH, sGnRH) is a native
gonadotropin releasing hormone in many species of
îeleost fish including goldfish (Sherwood et al., 1984,
Vu et al., submitted). In the présent study, the binding
of sGnRH and its si^eractive analogue ID-Arg^
Pro^'-NEtJ-sGnRH (sGnRH-Al to qoldfish sérum protein
was investigated, using '"l-sGnRH-A as labeled ligand.
The results of our studies provide evidence for the
existence and properties of a spécifie GnRH binding
protein in goldfish sérum.

Results and discussion

Data in fig. 1 show that goldfish sérum apparently
inhibited the binding of >"l-sGnRH-A to antibody in a
RIA spécifie for sGnRH-A. Since sGnRH-A does not
exist in normal goldfish sérum, these data suggest that
goldfish sérum contains a binder for sGnRH-A that
competes effectively for '"l-sGnRH-A when sérum is
added to the RIA.

GOLDFISH SERUM(ul)

y T '? — I

m

m
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o
m
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♦ GnRH

« sGnRH

X GnRH-A

V Goldfish Sérum

« sGnRH~A

0 01 01 '0 10 100 10(

UNLABELED PEPTIDES (ng)
Fig. 1. Radioimmunoassay compétition curves for
'"1-sGnRH-A as a function of increasing amount of
uniabeled GnRHs or goldfish sérum. Binding is
expressed as the percentage of the total spécifie
binding to antibody at zéro hormone control.

In the following experiments, '"l-sGnRH-A was
preincubated with diluted goldfish sérum (without
antibody), bound peptide was separated from free
peptide by gel filtration with Sephadex G-50
mini-columns. The binding of *-^-sGnRH-A to différent
concentrations of diluted goldfish sérum was
dose-dependent. The binding was aiso
time-dependent, saturable, and reversable.

The bound '"l-sGnRH-A was displaced from the
binding site by sGnRH-A or sGnRH (fig. 2), but not by
somatostatin, neurotensin, a-MSH. B-endorphin or VIP
(data not shown). Since the high molecular weight
binding component was degraded and its binding ability
was destroyed by preincubation with protease
(Dispase. Boehringer),this binder is very likely a sérum
protein.

The existence of a GnRH binding protein in goldfish
sérum may, in part, contribute to the long lasting
pharmacological action of GnRHs in goldfish.

sGnRH-A
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Fig. 2. Displacement of '^M-sGnRH-A bound to goldfish
sérum (M20 dilution) by increasing concentrations of
uniabeled sGnRH-A or sGnRH. values are meaniSEM
of tnplicates.
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MAMMALIAN» SALMON AND CHICKEN-LIKE LHRH'S FROM HYPOTHALAMI OF WINTER FLOUNDER {Pseudo-
pleuronectes americanus) AS EVIDENCED BV CHROMATOGRAPHIC MOBILITY AND IMMUNOREACTIVITY.

David R. idier and Beverley A. Everard

Marine Sciences Research Laboratory, Mémorial University of Newfoundiand, St. John's, Newfoundiand, Canada. A1C 5S7

An eariier report presented chromatographic, immuno
logie (Antisera 743. A. Arimura) and bioassay evidence for
an LHRH-like substance in winter flounder (1). The current

status of LHRH'S in fish bas been reviewed (2).
Two antibodies. one built agaist mammalian LHRH

(Arnel) and the other against salmon LHRH. have been
used to show that the hypothalamus of a winter flounder has
three LHRH-like substances which behave chromatographi-
cally and immunologically as synthetic forms of chicken
LHRH (P-Glu-His-Trp-Ser-Tyr-Gly-Leu-Gln-Pro-Gly-NH2)
(A), mammalian LHRH (P-Glu-His-Trp-Ser-Tyr-Gly-Leu-
Arg-Pro-Gly-NHg) (B). salmon LHRH (P-Glu-His-Trp-Ser-
Tyr-Gly-Trp-Leu-Pro-Gly-NHg) (G). Purification was
achieved by acetic acid extraction, dialysis (molecular weight
<2000). salmon LHRH IgG affinity chromatography. and
three HPLC Systems: ion exchange, gel filtration and C^g re
verse phase. Surprisingly. the gel filtration column (TSK-
GEL. G-2000 SW). separated the three LHRH's even
though their molecular weights are nearly identical; the
same séparation was achieved at this stage with flounder
LHRH'S.

Fig. 1. The séparation on reverse phase HPLC of the three
immunoreactive peaks from hypothalami of ca.1000 winter
flounder previousiy dialysed and purified by affinity chroma
tography. A gradient of buffer A (0.01% trifluoroacetic acid
(TFA/water) and buffer B (0.01% TFA/acetonitrile (ACN))
was used. Aliquots of the fractions were assayed with
salmon LHRH antibody. When another buffer System was
used. buffer A (0.02 M triethylammonium phosphate (TEAP)
pH 3.0) and buffer B (0.2 M TEAP pH 3.0:ACN [1:9]). under
the same conditions, the u.v. peaks from chicken LHRH and
mammalian LHRH standards appeared in reverse order as
did the first two immunoactive peaks from flounder.

Fig. 2. Reverse phase HPLC séparation of a u.v. absorbing
immunoreactive peak was isolated from an extract of
ca.1500 flounder hypothalami; absorbance at 280 nm was
recorded at 0.01 units full scale. This immunoreactive which

had been through the entire purification procédure, was
initially separated on cation exchange and gel filtration
columns. The peak co-eluted with mammalian LHRH in ail
three HPLC Systems.

Fig. 3. Cation exchange HPLC isolation of a u.v. absorbing
immunoreactive peak from a flounder extract containing
ca.3000 hypothalami. Absorbance at 280 nm was recorded
at 0.05 units full scale. The third peak was initially isolated
on the reverse phase column (Fig. 1) and had been through
the complété purification procédure. Elution was isocratic
with 0.15 M ammonium acetate pH 3.5 for 20 min. The
immunoreactive peak was detected by salmon LHRH anti
body. The first immunoreactive peak (Fig. 1) purified in the
same manner as Fig. 3 was isolated and ran with chicken
LHRH in ail three HPLC Systems.

When cross-reaction studies were performed using
salmon LHRH and mammalian LHRH antibodies. the three

immunoreactive peaks behaved as the three LHRH
standards. The best example would be the immunoreactive
peak chromatographically resembling mammalian LHRH.
This peak was at least 4X as large when detected with the
mammalian LHRH antibody as with the salmon LHRH anti
body.
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CATECHOLESTROGENS, THEIR SYNTIIESIS AND INHIBITORY EFFECT ON THE METABOLISM OF DOPAMINE IN

THE BRAIN OF THE AFRICAN CATFISH

J.G.D. Lambert, R.J.M. Timmers and P.G.W.J. van Oordt

Department of Expérimental Zoology, Research Group for Comparative Endocrinology,
University of Utrecht, Padualaan 8, 3584 CH Utrecht, The Netherlands

In several teleosts, including African
catfish, Clarias gariepinus. gonadal ster-
oids have a négative feed-back action on
gonadotropin release, and dopamine can in-
hibit this GnRH stimulated release.

In order to investigate a possible link
between the inhibitory actions of sex ster-
oids and dopamine, the following hypothesis
was proposed. In brain centers, sex ster-
oids (androgens) are aromatized to estrog-
ens. These estrogens can be hydroxylated to
catecholestrogens, which subséquently are
methylated by catechol-O-methyl transferase
(COMT). COMT is also responsible for the
inactivation of dopamine. Thus the prcsence
of catecholestrogens might inhibit the de-
gradation of dopamine, resulting in a stim
ulation of the dopaminergic inhibition of
the gonadotropin release.

This hypothesis présupposés the presence
of the enzymes involved in the conversion
of androgens into methoxycatecholestrogens
in brain centres, preferably in centres
regulating gonadotropin release. Moreover,
the affinity of COMT for catecholestrogens
should be the same as or higher than its
affinity for dopamine.
The first supposition was checked by stud-

ying enzyme activity in 0.3 mg brain punch-
es, using a radiometric assay method. The
second supposing was cvaluated by studying
the kinetic characteristics of COMT follow
ing incubations of telencephalon homogen-
ates with catecholestrone and dopamine res-
pectively, and by studying substrate comp
étition by incubating similar homogenates
with both substrates together.

Aromatase

The highest activity (expressed as pmol
estrogen per mg tissue per hour) was detec-
ted in the preoptic région (3.7 pmol). The
more caudally located area tuberalis, in
cluding the nucleus lateralis tuberis and
the nucleus recessus lateralis, also showed
a  relatively high activity (2.5 pmol). A
similar activity was found in the most
rostral part of the telencepahalon and the
dorsal parts of the mesencephalon i.e. tec-
tum opticum and torus semicircularis (2.3
pmol). A moderate aromatase activity was
observed in remaining parts of the brain,
except cerebellum and hindbrain, in which

aromatase activity was hardly détectable
(0.1-0.3 pmol).

2-Hydroxylase

This enzyme could be dcmonstrated through-
out the brain. Relatively high activities
were observed in the telencephalon, partic-
ularly in the area ventralis pars dorsalis
(0.5 pmol), in the nucleus recessus poster-
ior (0.5 pmol) and the area tuberalis, in
cluding the nucleus lateralis tuberis, and
the preoptic région (0.4 pmol) of the hypo
thalamus, and in the tectum opticum and
torus semicircularis of the dorsal mesen

cephalon (0.4 pmol). The ventral mesence
phalon (0.2 pmol) and the hindbrain (0.1
pmol) showed a much lower activity. A mode-
rate activity was found in the remaining
parts of the brain (0.3 pmol).

Catechol-O-methyItransferase

This enzyme, although présent in most of
the brain areas (5-20 pmol), shows a more
than moderate activity in areas containing
a high aromatase activity.

Substrate compétition

Substrate saturation studies indicated a
preference of COMT for catecholestrogens.
Although the Km values of catecholestrone
and dopamine were nearly the same, compé
tition experiments with equal substratc
concentrations demonstrated a higher methy-
lation of catecholestrone than of dopamine.

Conclu ̂_qn s

- The enzymes, aromatase, 2-hydroxylase and
COMT were detected in régions known to be
involved in the régulation of reproduction.
-  Since the torus semicircularis and the

tectum opticum demonstrated a high activity
of the three enzymes, it is suggested that
these structures are also involved in re

productive processes.

- The jUi vitro results of the compétition
experiments suggest that jji vivo the pres
ence of catecholestrogens may lead to a
decreased dégradation of dopamine, result
ing in a prolonged dopaminergic inhibition
of gonadotropin release.
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GONADOTROPIN SECRETION FROM THE PITUITARY OF TILAPIA: STIMULATION BY

GnRH AND POSSIBLE MODE OF ACTION

Berta Le vavi-Zermonsky and Z. Yaron.

Department of Zoology, Tel Aviv University,Te 1 Aviv 69978, Israël.

The mechanistn of GnRH action on the pitui-

tary gonadotrops in maramals in volves a chain
of intracellular mediators such as diacyl-

glycerol (DG) and inositol triphosphate
(Berridge, 1984). In fish, where GTH sécré
tion is under a dual hypothalamic control,
the mechanism of GnRH effect is not yet
clear. The présent work is an attempt to
study the mechanism of GnRH action on gona-
dotropin sécrétion froro perifused tilapia
pituitary fragments. In each perifusion
experiment glands taken from female tilapia
were placed in BME médium and rinsed at a
flow rate of 15 ml/hr, at 26°C, according to
Levavi-Zermonsky and Yaron (1987). The méd
ium was collected every 15-30 min, and tila
pia gonadotropin CtaGTH) was determined by
RIAaccording to Bogomolnaya-Bass and Yaron
(this volume).

Introduction of a DG analog and activator

of protein kinase C, 1 oley 1-2-acety 1-rac-
glycerol (OAG; 2.5 mM) was followed by a
biphasic increase in the sécrétion rate of
taGTH, similar to that obtained following a
puise of 0.39 nM GnRHa (des Gly^°, [D-Ala°]-
LHRH ethy 1 amide^'ig. 1). In mammals, inosi
tol triphosphate is recycled by the inositol

phosphate cycle culminating in the formation
of phosphatidylinositol 4, 5 - biphosphate.
Lithium is known to reduce the phospholipid
turnover by blocking the conversion of ino-
sitol-1-phosphate to free inositol. Exposure
of tilapia pituitary fragments to 5 mM LiCl
had no effect on basai taGTH output (Fig.
2), but stimulation of GnRHa during this
exposure resulted in a sharp but short peak
of taGTH sécrétion. Following the withdrawal
of the lithium, a high sécrétion rate was

L.CI 5 «nM[
GnRHa GnRHa

0.J3 nM 0.13 nM

noted for at least 8 h. The involvment of

extracellular calcium was examined by adding
a Ca chelating agent (EGTA; 4mM) to the
perifusion médium (Fig. 3). This resulted in
a reduced basai sécrétion of taGTH. However,
addition of GnRHa concomitantly with EGTA

EGTR M mM [_

GnRHa ».0>4 nM Q nni"

resulted in a dramatic surge of taGTH out

put. These preliminary results indicate the
possibility that in fish, as in mammals,
diacylglycerol, Ca ion and inositol triphos
phate are involved in the médiation of GnRH
stimulation of gonadotropin sécrétion from
the pituitary.
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COMPARISON OF [D-Arg^, Trp , Leu^, Pro^ NEtJ-LUTEINIZING HORMONE-RELEASING HORMONE (sGnRH-A)
AND [D-Ala^, Pro^-NEt]-LUTEINIZING HORMONE RRLEASING HORMONE (LHRH-A), IN COMBINATION WITH
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SUMMARY

It is established that doparaine acts as a

gonadotropin release-inhibitory factor in
teleosts. In the présent study, we have
deterrained the effects of sGnRH-A and

LHRH-A alone and in corabination with one of

two doparaine receptor antagonists, PIM or
DOM, on GtH sécrétion and ovulation in the
loach.

As shown in Fig. 1, sGnRH-A (0.001 pg/g
body wt) stiraulated significantly higher
serura GtH levels than LHRH-A at the sarae

dosage. Injection of DOM (5 pg/g body wt)
stiraulated a raodest but significant
increase in serura GtH levels corapared to
controls. DOM potentiated the actions of
LHRH-A and sGnRH-A in a dose-dependent
raanner; sGnRH-A together with DOM resulted
in significantly higher serura GtH levels

corapared to LHRH-A plus DOM. In addition,
the corabination of DOM and sGnRH-A resulted

in a significantly greater ovulation rate
corapared to treatraent with DOM plus LHRH-A.
The effects of différent dosages of PIM and
DOM were corapared in another experiment
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Fig. 1. The effects of LHRH-A and sGnRH-A
(0.001 pg/g body weight) with DOM (1 or 5
pg/g body weight) on serura GtH levels and
ovulation in the loach. Groups with
similar GtH levels (Duncan's Multiple Range
test), or rates of ovulation (Fisher's
Exact Probability test), are identified by
the sarae superscript.

(data not shown). A low dosage of PIM or
DOM (1 pg/g body wt) failed to potentiate
the action of LHRH-A on GtH release; a high
dosage of PIM or DOM (10 pg/g body wt) plus
LHRH-A resulted in a significant Increase
in serura GtH levels and ovulatory rate
corapared to LHRH-A alone. However, there
were no significant différences between the
serura GtH levels in the PIM plus LHRH-A and
DOM plus LHRH-A groups.

The présent results are consistent with
an earlier study (Lin et al», 1988) showing
that sGnRH-A is about 10-fold raore potent
than LHRH-A in the loach; PIM and DOM are
about equipotent in potentiating the
actions of both sGnRH-A and LHRH-A.
Whereas the différence in potency of
sGnRH-A and LHRH-A is similar to that found
in goldfish (Peter et al., 1987) and coraraon
carp (Lin al•, 1988), the lack of any
apparent différences in potency of DOM and
PIM is différent frora these other specles
in which doraperidone is about 10 fold raore
potent. Since the relative potentiation of
the actions of sGnRH-A and LHRH-A by PIM or
DOM, on blood levels of GtH, is less in the
loach than in goldfish and coraraon carp, the
GtH release-inhibitory activity of doparaine
in loach is presuraably less prominent. On
the practical side, we have found (Fig. 1;
Lin al-, 1988) that a single set of
injections of DOM (5 pg/g body wt) and
sGnRH-A (0.001 pg/g body wt) is highly
effective in inducing ovulation in loach
within 11-14 hours.
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SUMMARY

The stimulation of gonadotropin (GTH)
sécrétion by the hypothalamic peptide
gonadotropin-releasing hormone (GnRH) is

well documented in teleost fishes [Peter
et al., 1986]. We report here results of
experiments demonstrating that GnRH also
acts on the goldfish pituitary to
stimulate the sécrétion of growth hormone.

Intraperitoneal injection of GnRH
elevates sérum levels of growth hormone in

both maie and female goldfish. In one
experiment using female fish, mammalian
GnRH (mGnRH), salmon GnRH (sGnRH),
[D-Ala',Pro' NEt]-mGnRH (mGnRH-A), or
[D-Arg',Pro' NEt]-sGnRH (sGnRH-A) caused
elevated sérum growth hormone levels,
although the response to mGnRH, mGnRH-A
and sGnRH-A was longer lasting than the

response to sGnRH. In a second experiment,
injection of mGnRH-A resulted in a
dcse-dependent increase in sérum growth
hormone levels, with a dose as low as

0.001 ng mGnRH-A/g body weight causing
elevated sérum growth hormone levels.
The influence of GnRH on GTH and growth

hormone sécrétion was also studied using
goldfish pituitary fragments maintained in
a perifusion system. In these experiments,
exposure of fragments to two minute puises
of various concentrations of sGnRH rapidly
stimulated the sécrétion of both GTH and

growth hormone. Analysis of the iji vitro
dose-response curves indicates a
half-maximal effective dose of sGnRH in

the nM range for both growth hormone and
GTH sécrétion. These results indicate that

GnRH acts directly at the level of the
pituitary to alter both growth hormone and
GTH sécrétion.

A major différence in the neuroendocrine
régulation of GTH and growth hormone
sécrétion is suggested by experiments

examining the influence of dopamine, a
teleost GTH release-inhibitory factor
[Peter et ̂ ., 1986], and somatostatin, a
teleost growth hormone release-inhibitory

factor [Marchant et al., 1987], on
GnRH-induced hormone release. Injection of
the dopamine antagonist pimozide greatly
potentiates the effects of GnRH on sérum
GTH levels. However, pimozide did not
potentiate the GnRH-induced élévation in
sérum growth hormone levels. Furthermore,
apomorphine, a dopamine agonist,
completely blocked sGnRH-induced GTH
sécrétion ̂  vitro, but was without effect
on sGnRH-induced growth hormone release.
Conversely, somatostatin completely
abolished sGnRH-induced growth hormone
sécrétion, but was without effect on GTH
sécrétion.

Based on these results, we hypothesize
that growth hormone and GTH release in the
goldfish are regulated, at least in part,
through a common releasing factor, GnRH.
However, the release-inhibitory factors
régulâting growth hormone and GTH
sécrétion from the goldfish pituitary are

separate and distinct. (Supported by NSERC
and AHFMR)
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Siinunary

In teleosts, GnRH and dopamine act at the
pituitary level to regulate the release of
gonadotropin (GtH) (Peter et al., 1986).

Teleost GnRH and its analogs stimulate
pituitary GtH release through a

high-affinity class of binding sites (Habibi
et al., 19B7b). Domperidone, a spécifie
dopamine antagonist, interacts with

pituitary low-affinity dopamine receptors to
antagonize endogenous dopamine action, and

increase the release of GtH in goldfish
(Oraeljaniuk et al., 1987). The purpose of
this research was to examine the interaction

of domperidone and an agonist-analog of
teleost GnRH ([DArgB, Trp7, Leu8, Pro9-NEt]
-GnRH; tGnRH-A) on pituitary GnRH and
dopamine receptors and GtH release in
goldfish.

In goldfish, injection of tGnRH-A or

domperidone, alone, increased sérum

concentrations of GtH in a dose-related

manner (Fig 1). A small dose of domperidone
potentiated the action of tGnRH-A, but did

not increase sérum concentrations of GtH in

excess of those induced by the maximum dose
of tGnRH-A tested. A small dose of tGnRH-A

greatly enhanced the action of domperidone
to increase sérum concentrations of GtH in
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Fig 1. Sérum concentrations of GtH (ng/ ml)

in goldfish 24 h after injection with
varions doses of domperidone (—Q—-*)»
domperidone + sGnRH-A (8.33 nmoles/ kg BW)
('—B ), sGnRH-A (—O—) / or sGnRH-A +
domperidone (5 umoles/ kg BW) ( ■ 0 * »

excess of those induced by the maximum dose

of domperidone tested alone.

GnRH-receptor properties were investigated
following treatment with domperidone or
tGnRH-A in vivo, as described previously
(Habibi et al., 1987a). A single injection
of domperidone increased the number of

high-affinity binding sites in the pituitary
by over one-third corapared to controls.
Similarly, two injections of tGnRH-A, 12 h

apart, increased the number of high-affinity

binding sites.
The effect of tGnRH-A on dopamine

receptors was also excunined by injecting

goldfish with tGnRH-A three times, 48 h

apart. A radioreceptor assay, using

(3H]-spiperone and domperidone, was employed
to identify pituitary dopamine receptors

(Omeljaniuk and Peter, unpublished). tGnRH-A
treatment significantly increased the number
of binding sites in the pars distalis

without affecting affinity; an increase in
the number of binding sites in the

neurointermediate lobe was not significant.

In vivo studies indicate that tGnRH-A and

domperidone potentiate each other's
activities on GtH release. Receptor studies
suggest that this in part be due to an
increase in the number of pituitary GnRH

receptors. In addition, the findings suggest
that GnRH may influence GtH release by
affecting dopamine receptors at the
pituitary level.
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ULTRASTRUCTURAL LOCALIZATION OF FREE CALCIUM IN PITUITARY GONADOTROPS OF THE AFRICAN

CATFISH, CLARIAS GARIEPINUS: EFFECTS OF GONADOTROPIN-RELEASING HORMONE

J. Peute, 0. Strikker, M.A. Zandbergen and P.G.W.J. van Oordt
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The presence and localization of free
calcium in catfish gonadotrops was ultra-
structurally demonstrated with the combined
oxalate-pyroantimonate procédure. It ap-
peared that précipitâtes of the calcium-
pyroantimonate complex were présent in the
raitochondrial matrix, the cytosol and in
particular in cisternae of the endoplasmic
reticulum. In vivo treatment of fish with
LHRHa strongly increased the déposition of
calcium in the cisternae.

Keywords: catfish, gonadotrops, ultrastruc
ture, calcium, LHRH.

Introduction

Gonadotropin release in the African cat
fish is stimulated by GnRH, which in turn
is under inhibitory control of dopamine (De
Leeuw et al. 1986). The release of pituit-
ary hormones in général and of go^^dotrop-
ins in particular is, moreover, Ca d^^en-
dent (Moriarty, 1978). A role for Ca as
mediator of GnRH-induced gonadotropin rel
ease has been suggested by a.o. Hopkins and
tfalker (1978) and Conn et al. (1979). The
présent study was undertaken to localize
calcium in relation to its functional prop-
erties in stimulated pituitary gonadotrops.

Materials and Methods

Twenty mature females of the African cat
fish, Clarias eariepinus, were used for
this study. Fifteen females were treated
with the dopamine antagonist Pimozide in
combination with LHRHa. The fish were sac-
rificed in three groups of five speciraen
each, after respectively 30, 45 and 60
min.; five fish served as controls. After
dissection the pituitaries were prefixed in
3% glutaraldehyde in O.OI M oxalic acid,
followed by immersion in potassium oxalate
and postfixation in a mixture of 1% 0^0^
and 1% potassium pyroantimonate according
to Borgers et al. (1984). After dehydration
the tissues were embedded in Epon. Vérific
ation of the presence of calcium included
treatment of the sections with EGTA.

Results and discussion

Précipitâtes of the calcium-pyroantimon-
ate complex were présent in the mitochond-
rial matrix, the cytosol and more in part

icular in the cisternae of the rough endo
plasmic reticulum (RER). Occasionally the
précipitâtes were distributed also on the
limiting membrane of secretory granules. In
fish treated with Pimozide-LHRHa the cal

cium deposits in the RER cisternae had
weakly increased after 30 min, whereas a
strong increase and a moderato increase
were observed at 45 and 60 min following

injection, respectively (Fig. 1). Ap-
parently, the stimulatory effect on the
calcium concentration is time-dependent.
Stimulation of the gonadotrops was, more
over, accompanied by an increase in number
of RER cisternae. After treatment of sec

tions with EGTA the calcium-pyroantimonate
précipitâtes had disappeared. The rlse in
calcium concentration in the stimulated
gonadotrops is probably due to an influx of
Ca across the cell membrane (Limor et al.
1987). Most probably the RER plays a cru
cial role in the régulation of the calcium
concentration in the cytosol.

Calcium deposits at 45 min after injection
with Pimozide-LHRHa; x 14.400.
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OPIOID MODULATION OF GONADOTROPIN SECRETION IN MALE GOLDFISH, CARASSIUS AURATUS
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Summary

In manunals, the sécrétion of gonadotropin-
releasing hormone (GnRH) and dopamine (DA)
frora the hypothalamus is modulated by
endogenous opioid peptides (EOPs) (Leadem et
al., 1985). In teleost fish, it is now well
established that GnRH stimulâtes and DA

inhibits the sécrétion of gonadotropic
hormone (GtH) frora the pars distalis of the
pituitary (Peter et al., 1986). Because the
EOP System may raodulate the release of both
the stiraulatory and inhibitory regulators of
GtH sécrétion in teleosts, we exarained the
effects of opioids on GtH sécrétion in maie
goldfish, Carassius auratus.
In the présent studies we investigated the

in vivo response of maie fish to the opioid
receptor antagonist naloxone^CNAL) alone or
in combination with Des-Gly [D-Ala ]-LHRH-
ethylaraide (LHRH-A) and the DA receptor
antagonist domperidone (DOM); in these
experiments, NAL was injected at différent
tiraes relative to, or siraultaneously with
the control, DOM or LHRH-A injections.

NAL (10 ug/g BW) caused a significant
decrease in serura GtH 1 hr following
treatment (Ctl, A.81 ± 0.34 ng/ml; NAL, 2.96
+ 0.50 ng/ral), with a return to control
levels by 2 hrs. Treatment with NAL
attenuated the response to DOM (Table 1;
Expt. 1). Animais receiving NAL 2 hrs prior
to or 2 hrs after DOM had significantly
lower serura GtH levels than aniraals
receiving DOM alone. Sirailarly, during raid-

Inf)!e 1. Effccts oJ Nalo

and LHRH-a' In ma Ic goldf ish

isr 1(1 dompiT 1 il"

Expt.

Ctl.

6.OC.

îO.«5

Expt.

Ctl.

3.93

±0.62

Expt.

Ctl.

7.82

±1. 75

77.07

±16.70

C.1.69

±  7.c,2

K.02

± 6.70

Tlmlng of Naloxonc Injection

-2 Hr -1 Hr Sim. *\ Hr

36.31"" 5C..02 ">2.80 50.72
±  7.12 ±11.07 î 9.89 ±12.01

Tlmlng of Naloxonc Injettlon

-2 Hr -1 Hr Slm. +1 Hr

21.05* 32.21 59.5C. 39.83
± 4.93 ± 6.03 ±17.67 ± 5.67

Timing of Naloxonc Injection

-2 Hr -1 Hr Slm. Hr

7.39

± 1.06

23.14

± 5.03

33.39

± 6.06

37.25

±11.28

32.69

± 5.45

28. 73

±13.82

15.43

± 3.32

'dOug/g BW); *(5pg/g BW); *(0.1pg/g BW)
Ail values are ng/ml sérum (Mcan ± SEM)(n = 8)
Fish were bled 5 hrs following DOM or LHKH-A
* p s 0.05 compared to DOM t'Expt. 1) or LHRH-A (Expt.

recrudescence, treatraent with NAL 2 hrs
prior to LHRH-A significantly blocked the
stiraulatory effects of LHRH-A on serura GtH
(Table 1; Expt. 2). The ability of NAL to
suppress sérum GtH levels and to attenuate
the stLmulatory effects of both DOM and
LHRH-A suggests that NAL acts to stiraulate
DA sécrétion.

During early recrudescence, LHRH-A did not
elevate serura GtH levels (Table 1; Expt. 3).
Treat.ment with NAL siraultaneously with or 1
hr following LHRH-A significantly elevated
GtH levels in these fish. When aniraals were

pretreated with DOM (5 ug/g BW) and injected
with NAL (10 ug/g BW) and LHRH-A (0.1 ug/g
BW) in combination 5 hrs later, serura GtH
levels were increased nearly 10-fold (Ctl,
27.14 + 3.24 ng/ral; NAL + LHRH-A, 246.14 +
85.22 ng/ml). These results suggest that NAL
treatment induces endogenous GnRH sécrétion,
which potentiates the response to exogenous
LHRH-A.

The hypothesized effects of opioids on
GnRH release were investigated more directly
in vitro. When pars^distalis fragments were
incubated, NAL (10 M) significantly
increased the release of GnRH. The action of
NAL was antagonized by simultaneous morphine
(10 ̂ M) treatment (Ctl, 11.49 + 1.90
pg/tube; NAL, 18.83 + 1.41 pg/tube; NAL +
MOR, 11.49 ± 1.90 pg7tube).
In summary, these data indicate that the

EOP System may play an important rôle in the
régulation of GtH sécrétion in teleost fish,
by modulating the release of both the
stiraulatory (GnRH) and inhibitory (DA)
regulators of GtH sécrétion.
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GNRH- AND GTH-IMMUNOREACTIVE STRUCTURES IN THE PITUITARY OF SALHO GAIRDNERI RICHARDSON
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Summary

Immunoreactive (ir-) GtH- and îr-CnRH struc

tures were localized in alternating sériai

sections of rainbow trout pituitary glands
with the peroxidase-antiperoxldase (PAP-)
technique. Immunoreactive (ir-) GtH cells
are présent within ail three parts of the
adenohypophysis. GnRH-ir axons enter the
neurohypophysis and GnRH-ir material occurs
in the entire neurointermediate lobe near by
capillaries and sinusoids as well as in the
neural protrusions penetrating the proximal
pars distalis (PPD).
Keywords: GnRH, GtH, PAP, hypophysis, te-
leostei, Salmo

Introduc tion

In most vertebrate

port of Gonado
(GnRH) from the si
adenohypophysis is
plexus within th
leads to a portai
the adenohypophysi
and teleosts such .

so that the GnRH

cells is not yet c

groups the rapid trans-
tropin-Releasing Hormone
tes of storage into the
guaranteed by a capillary

e  médian eminence which

capillary network within
s. However, in cyclostomes
a portai System is lacking
transport to the target

lear in détail.

Results and discussion

Pituitarîes of Salmo galrdneri were investl-
gated by immunohistochemistry in order to
observe possible structural interdépendances
between GnRH- and GtH-containig sites. After
fixation of the heads in Bouin s fluid the
brains were excised and conventionally em-
bedded in paraplast. The PAP-technique was
applied to 7 um sériai sections using anti-
sera to synthetic mammalian GnRH and sal-
mon-GtH with known specifity. Ir-GtH cells
are identified within the entire adenohypo
physis. The granular reaction product is lo-
cated in the cytoplasm and the nuclei remain
unstained. In the rostral pars distalis
(RPD) these cells are spindle-shaped and are
integrated into the follicular prolactin
cell structures. In the PPD the ir-GtH cells
are elongated and are found within epithe-
lial layers together with nonreactive cells.
The pars intermedia (PI) contains only a few
ir-GtH cells which have an ovoid shape and
form small groups. GnRH-ir axons enter the
neurohypophysis as a distinct tractus. In
the pituitary stalk as well as in the neu
rointermediate lobe large amounts of ir ma
terial is présent near capillaries and sinu

soids. The neural protrusions penetrating
the PPD contain GnRH-ir material, too, which

is also often found in the neighbourhood of
GtH-ir cells in the PPD and the PI (fig.l).
These findings indicate two possibilities of

GnRH transport into the adenohypophysis:
a: via bloodstream from the nervous struc

tures interdigitating with the PI and

b: direct contacts between GnRH containlng
axon endings and GtH cells.

' -• ■ -« —
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Flg. 1. A-B: PAP-staining of adjacent sagit
tal sections of S. gairdneri pituitary with
rabbit antl-GtH (A) and anti-GnRH (B). C:
GnRH-ir fibers entering the PPD.
l=GnRH-ir fibers, 2=PPD-GtH cells, 3=capil-
lary, V=ventricle. Arrow points rostrad.
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Effects of 5-HT on gonadotropin levels in maie and female goidnsh,
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Summary

Plasma gonadotropin (GtH) levels were
measured in sexually recrudescing maie and female
goldfish afier the intraperiioneal (i.p.) or brain
intraventricular adminstration of serotonin

(5-hydroxytrptamine, 5-HT). In bolh sexes,
intraperiioneal administration of the drug evoked a
significant increase in GtH levels. The brain
administration of 5-HT did not elicit any change in
GtH levels.

Goldfish-gonadotropin-serotonin-anterior pituitary.

Introduction

To study the involvement of 5-HT on
régulation of GtH sécrétion in goldfish, 5-HT was
administered "in vivo" intraperitoneally or by brain
intraventricular injection.

Experiments were done in sexually
recrudescing maie and female goldfish acclimated
to a natural simulated Edmonton photoperiod and
180C. Serotonin was dissolved in 0.7% NaCl
with 0.1% sodium metabisulphitc for
intraperiioneal injection. In the case of the brain
administration, the vehicle used was 0.7% NaCl
with 0.004% ascorbic acid. Ketanserin tartrate
was dissolved in a vehicle of 1:2 (v/v) dimethyl
sulfoxide and propyleneglycol, and injected in a
volume of 1 ul/g fish. Sérum GtH was measured
using a radioimmunoassay for carp gonadotropin.

Results and discussion

In both maie and female goldfish, a significant
increase in sérum GtH levels was seen 0.5 hours
after the administration of 5-HT (10 ug/g) as
shown in Fig. I. The semm GtH levels decreased
le control levels by 2 hour postinjection. At 0.5
hours after administration of 0, 2.5,5, 10 and 20
l^g/g of 5-HT in female goldfish there was a dose-
dependent increase in sérum GtH levels (R= 0.90).
There was no response to différent doses of 5-HT
into the brain ventricle of sexually recrudescing
femmes. The response to 5-HT (10 pg/g)
administered i.p. was inhibited by pretreatment (1
hour) of the ammals with the spécifie 5-HT2 receptor
antagonist ketanserin (10 pg/g) (Leysen et al. 1982).
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Fig. 1. Time course effects of 5-HT (i.p.) on
sérum GtH levels in female goldfish.

The evidence from these experiments suggests
that 5-HT stimulâtes GtH release in a dose-
dependent manner. The spccificity of this action of
5-HT is demonstrated by blocking the response by
pretreatment with ketanserin. The levels of this
stimulatory action are not known. However, il is
important to note that 5-HT fîbers were reporled in
the goldfish proximal pars distalis (Kah and
Chambolle, 1983).
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BIOLOGICAL ACTION OF LAMPREY G0NAD0TR0PIN-RELEA3ING HORMONE IN LAMPREYS

Stacia A. Sower

Department of Zoology, University of New Hampshire, Durham, New Hampshire, U.S.A.

Gonadotropin-releasing hormone (GnRH)
is the major hypothalamic peptide known
to control the pituitary-gonadal axis in
mammals* The presence of GnRH in the
hypothalamus in many différent species of
vertebrates signifies a functional rôle
that has been conserved throughout
vertebrate évolution. We have recently
determined the structure of GnRH in the

sea lamprey (Petromvzon iqarinM6)> as
pGlu-His-Tyr-Ser-Leu-Glu-Trp-Lys-Pro-Gly-
NH2 (Sherwood et al., 1986). The
structure of the lamprey GnRH differs in
five amino acids compared with mammalian
GnRH and chicken GnRH I and in four amino

acids with salmon GnRH and chicken GnRH
II.

Lampreys belong to the class of
Agnathans, the oldest living vertebrates.
Although lampreys lack vascular or neural
connections between the hypothalamus and
adenohypophysis, the control of the
pituitary by the hypothalamus is probable
by diffusion of GnRH across the
connective tissue to the adenohypophysis
(Gorbman, 1965; Nozaki et al., 1984).
Physiological studies utilizing mammalian
GnRH analogues which stimulated various
reproductive processes (Sower et al.,
1982, 1983, 1985) have provided evidence
for the regulatory influence of the
hypothalamus on the pituitary-gonadal
axis. More recently in cur first
reported paper on the biological activity
of lamprey GnRH, we dcmonstrated that
ovulation had occurred in 80â of the
lampreys treated with either a single
injection or two injections of lamprey
GnRH at 0.2 or 0.1 ug/kg (Sower et al.,
1987). This présent paper examines the
biological activities of lamprey GnRH, a
lamprey GnRH putative antagonist ( l D-
Phe Pro^J lamprey GnRH) and a ^
mammalian GnRH superagonist (iD-Ala ,
Pro^ NEtJ mammal GnRH) on steroidogenesis
as an indicator of pituitary function in
female and maie adult sea lampreys in two
différent reproductive stages to further
enhance our understanding of the rôle of
hypothalamic GnRH in reproduction in
lampreys.
The lamprey GnRH or the mammalian GnRH

superagonist significantly stimulated
plasma estradiol and progestérone in maie
and female lampreys undergoing the final
maturational processes (Figs 1 and 2).
In contrast, in maie and female lampreys

in the parasitic phase, plasma estradiol
decreased and progestérone increased in
response to lamprey GnRH (0.1 or 0.05
ug/g) or the mammalian GnRH superagonist
(0.05 or 0.025 ug/g). The putative
lamprey antagonist which significantly
inhibited ovulation in our earlier study
(Sower et al., 1987) had no effect on
estradiol levels in the présent study
except at a dose of 0.05 ug/g in the
female lamprey in which estradiol levels
were significantly higher than controls
at 24 hr. However, this putative lamprey
antagonist at doses of 0.3, 0.15, or
0.075 ug/g, stimulated estradiol levels
but had no effect on progestérone levels
in the maie lampreys.

In summary, lamprey GnRH is
biologically-active in stimulating the
pituitary-gonadal axis and its activity
is dépendent upon reproductive stage of
the lamprey. The lamprey GnRH molecule
has retained the length and NH2- and
COOH-termini of the GnRH molecule and has

been conserved in its function in terms

of its ability to stimulate the
reproductive system in the lamprey.
Increasing our understanding of the
structure and function of the vertebrate

GnRHs may contribute to our understanding
of the évolution of the reproductive
System in vertebrates.
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Figure 1. Plasma estradiol (ng/ml) and
progestérone (ng/ml) of maie lampreys
injected at 0 hr with saline (cont),
lamprey GnRH (IGnRH) at ^00^ 100> ^0, or
5 ug/kg, or [D-Ala°, Pro NEt] GnRH
(GnRHa) at 50 ug/kg. Plasma samples were
taken at 0, 4, 24, and 48 hr after the
injection.
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Figure 2. Plasma estradiol (ng/ml) and
progestérone (pg/ml) of female lampreys
injected at 0 hr with saline (cont),
lamprey GnRH (IGnRH) at 200, 100, 50, or
25 ug/kg, or GnRHa at 50 ug/kg. Plasma
samples were taken at 0, 4, 24, and 48 hr
after the injection.
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CHARACTF.RIZATION OF DOPAMINE RECEPTORS WITH REGARD TO GONADOTROPIN RELEASE IN THE
AFRICAN CATFISH ÇL^RLAS GARIEPINUS

L.A.C. van Asselt, H.J.Th. Goos, W. Smlt-van Dijk, P. Speetjens and P.G.W.J. van Oordt

Department for Expérimental Zoology, Res. Group for Comp. Endocrinol., State University,
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Introduction

In the African catfish Clarias gariepinus
gonadotropin release is stimulated by gona-
dotropin releasing-hormone (GnRH), and this
stimulation is inhibited by dopamine (DA).
A similar situation bas been observed in
other teleosts. Most indications regarding
the dopaminerglc inhibition were obtained
using DA antagonists and agonists. In the
African catfish, also DA itself proved to
inhibit GnRH induced GTH release. The aim
of the présent communication is to charac-
terize the DA receptors involved in the GTH
release by means of administration iji vivo
of spécifie DA antagonists and agonists.

Materlals and Methods

Sexually mature female African catfish
(600 g) were used. Exp. 1.: Animais were
injected with des-Gl y * ° ( D-_ala ]LHRH ethyl-
amide (LHRHa, Intervet, 10 ^mole/kg) alone,
or in combination with resp. DA (Sigma,
2  lO'^mole/kg), Bromocryptine (D2 agonist.
Sigma, 10 « or 10"®mole/kg), SKF 38393-A
(Di agonist, Smith, Kline & French, 10 or
10 ®mole/kg), Siilpiride (D^ antagonist,
Pharmexport, 10 ®mole/kg) and SCH 23390 (Di
antagonist, Schering, 10 ®mole/kg). Exp.
2.: Animais were injected with LHRHa (10
mole/kg) alone, or in combination with
Pimozide (PIM, aspecific antagonist, Jans-
sen Pharmaceutica, 10 ®mole/kg), Pimozide
and Bromocryptine (10'®mole/kg) or Pimozide
and SKF 38393-A (10 ®mole/kg). Bloodsamples
for GTH measiirement were taken at t - 0, 1,
2, 4, 8 and 24 hr postinjection.

Houns AFTER INJECTION

Résulta

Exp. 1: LHRHa caused a rise in plasma GTH
levels, reaching a maximum at 8 hr. DA in
hibited the LHRHa stimulated GTH release at
4 and 8 hr. The Dj agonist SKF 38393-A and
the Di antagonist SCH 23390 did not have an
effect on the LHRHa Induced GTH levels.
Sulpirlde, the Dj antagonist, very strongly
enhanced the LHRHa effect. Bromocryptine,
the Da agonist, Inhibited the LHRHa stimu
lated GTH release (dose lo'®), the lower
dose (10 ®mole/kg) dld not have an effect.
Exp. 2: The aspecific antagonist Pimozide
enhanced the LHRHa stimulation of GTH re
lease. Thls enhancement was Inhibited by
the Da agonist Bromocryptine whereas the Di
agonist SKF 38393-A dld not have an effect.

Conclusions

The results of expérimenta using LHRHa in
combination with DA and the aspecific anta
gonist Pimozide demonstrated the involve-
ment of DA receptors In the Interaction
with GnRH. The présent results Indicate,
that a Di receptor does not play a rôle in
the dopaminerglc régulation of the GTH
release. The effects of Sulpirlde and
Bromocryptine point towards the involvement
of Da receptors.

1  2

HOURS AFTER INJECTION
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REGULATION OF GtH SECRETION BY GnRH AND STEROID HORMONES IN MALE AND FEMALE RAINBOW TROUT.

AN IN VITRO STUDY

G. WEIL, 0. MARCUZZI

Laboratoire de Physiologie des Poissons, INRA, Rennes, France

Maie and female rainbow trout exhibit an

annual sexual cycle characterized by varia
tions of pituitary gonadotropin hormone
(GtH) levels, of plasma GtH and steroid hor
mones levels and of pituitary responsiv-
ness to gonadotropin-releasing hormone
(GnRH). For this latter parameter maximal
values were recorded at the time of matura

tion - ovulation or prespermiation - sper-
miation (Weil, 1981).

In the présent work, we test in vitro
the change in gonadotroph sensitivity to
GnRH and its modulation by steroid hormo
nes during the reproductive cycle.

Primary cultures of whole pituitary main-
tained in standardized conditions (Weil et

al., 1986) were used. At definite stages of
gametogenesis, cells dispersed with collage-
nase were preincubated for 3 days in con-
trol médium or in médium containing the
main steroids involved in oocyte matura
tion 17 ahydroxy 203dihydroprogesterone (17,
20-P) and spermiation 11-Ketotestosterone
(llK-T) and 17,20-P. Cultures were then in-
cubated with sGnRH during 24 hrs after
which GtH released in the médium was measu-

red.

Pituitary responsivness to sGnRH was stu-
died in female at the beginning of vitello-
genesis (BV), at the SPGV stage - correspon-
ding to oocytes with subperipheral germi
nal vesicle-and the day of ovulation. Two
doses of 17,20-P were tested : the first
one corresponding to circulating levels at
maturation (400 ng/ml), the second one to
levels just prior maturation (20 ng/ml)
when the germinal vesicle is in a periphe-
ral position (PGV stage). In control cultu
res, pituitary responsivness to GnRH is
maximal at the time of ovulation. This

might partly be due to high in vivo circula
ting levels of 17,20-P since a pretreat-
ment with this steroid (maturation dose) in-
creases the GnRH-induced GtH release of pi

tuitary cultures from females at the BV sta
ge. At the SPGV stage, only the PGV dose in
duces an increase likely to explain SPGV to
PGV stages rise in plasma GtH levels (Weil,
1981). At the time of ovulation, both do
ses of 17,20-P induce a decrease in pituita
ry sensitivity to GnRH. This might account
for the décliné in plasma GtH levels follo-
wing the injection of 17,20-P (Jalabert et
al., 1976).

Maies were studied at the beginning of
spermatogenesis, at spermiation and presper
miation. IIK-T and 17,20-P were used at do

ses corresponding to spermiation circula
ting levels, 50 and 20 ng/ml respectively.
In control cultures, pituitary sensitivity

to GnRH increase from beginning of spermato-

genesis to spermiation. This could be rela-
ted to the in vivo rising levels of 17,20-P
and llK-T since a pretreatment with these

hormones increases the GnRH-induced GtH re

lease of beginning of spermatogenesis cultu
res. At spermiation, no effect of steroid
pretreatment is recorded whereas during
prespermiation a slight decrease is linked
with the presence of 17,20-P. This latter
observation might explain the slight décli
né in plasma GtH observed at onset of sper
miation (Sanchez-Rodriguez et al., 1978).

In conclusion, we demonstrate that the

variation of circulating GtH levels may par
tly be due to a direct action of gonadal
steroid hormones on pituitary gonadotrophs
by modulating their responsivness to GnRH.
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LOCALIZATION OF CELL TYPES IN THE ADENOHYPOPHYSES OF THREE SCIAENID FISHES: ATLANTIC CROAKER,
SPOTTED SEATROUT AND RED DRUM.

H. Y. Van and P. Thomas

Marine Science Institute, The University of Texas at Austin, Port Aransas, TX 78373, U.S.A.

Several aspects of the reproductive and
stress physiology of three sciaenid fishes,
Atlantic croaker (Micropogonias undulatus),
spotted seatrout (Cynosclon lîêbulosus) and
red drum (Sciaenops ocellatus) have been
investigated"! including the physiology of
gonadotropin sécrétion. However, there is a
lack of information on the functional
morphology of the pituitary glands in these
species and in particular, the identity of
the cell types in the adenohypophysis. The
purpose of this study, therefore, was to
détermine the locations of the varions cell
types in the adenohypophyses of these three
species using a variety of histochemical
techniques.

Adult Atlantic croaker, spotted seatrout
and red drum were caught in the vicinity of
Port Aransas, Texas. The fish were decapita-
ted and the pituitary glands were rapidly
dissected out and fixed in Bouin's solution.
Pituitaries were embedded in paraffin wax.
Sériai sections of 6 um thickness were
stained by the following five histochemical
staining procédures: Herlant's alcian blue-
periodic acid Schiff (PAS)-orange G,
Gomori 's chromium-hematoxylin-phloxin,
Cleveland and Wolfe's polychrome, lead
hematoxylin (PbH) and PAS, and Masson's
tri chrome.

Based on the tinctorial and morphological
characteristics of the cells (Bail and
Baker, 1969; Fish Physiology Vol. II, pp 1-
110. A.P. New York), they were grouped into
seven cell types and presumptively identif-
ied as follows: Type I-prolactin cell. Type
II-corticotrop (ACTH cell). Both were found
in the rostral pars distalis (RPD). Type
III-somatotrop (GH cell). Type IV-thyrotrop
(TSH cell) and Type V-gonadotrop (GtH cell)
were found in the proximal pars distalis
(PPD). Small strings of PPD tissue contain-
ing GtH cells extended to the pars interme-
dia (PI) and formed the external border of
the PI in ail three species. Two types of
cells: Type VI-PbH +, and Type VII-PAS +
were found in the PI. PbH + cells are the
oresumptive sites of melanotropin (MSH)
svnthesis in some teleosts. The localization
of these seven pituitary cell types m the
three sciaenid fishes is similar (Fig. 1).

Since the categorization of cell types of
the adenohypophysis based on histochemical
characteristics is not conclusive, immuno-
histochemical techniques and various
expérimental manipulations are currently

being used to confirm the localization of
the pituitary hormones in the adenohypophys-
eal cells.

Fig. 1. Schematic diagrams of midsagittal
sections through the pituitary glands of :
(A) Atlantic croaker, (B) spotted seatrout
and (C) red drum. Anterior to the left. RPD
:  rostral pars distalis; PPD : proximal pars
distalis; PI: pars intermedia; N: neurohypo-
physis. Cell types and their presumptive
identities are shown.
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Dirrerential distribution of two molecular fornis of immunoreactive gonadotropln-
releasing hormone in discrète brain areas of goldfish, (Carassiiis aiiratush
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iDepartment of Zoology, University of Alberta, Edmonton, Alberta T6G 2E9, Canada
2Department of Biology, University of Victoria, Victoria, British Columbia V8W 2Y2, Canada

Siimmarv

The existence of multiple molecular
gonadotropin-releasing hormone (GnRH) forms
in brain of a single species bas been well
demonstrated in différent vertebrates including
teleosts (see Sherwood, 1986). However, the
functional rôles of différent GnRH forms in brain
are not clear. Here, we characterized the identity
and distribution of the immunoreactive
gonadotropin-releasing hormone (ir-GnRH)
forms in discrète brain areas of goldfish using
high pressure liquid chromatography (HPLC)
and radioimmunoassay (RIA, Yu si âl» 1987).

Two molecular forms of ir-GnRH were
identified in the extracts of various brain areas of
goldfish by reverse phase HPLC and RIA. The
two ir-GnRH peaks coeluted wiih
[His5,Tip7,Tyr8]-GnRH (cGnRH-II) and
[Trp7,Leu8].GnRH (sGnRH) and had immuno-
logical properties similar to those of the synthetic
peptides rcspectively. RIA using antisera with
différent specificity towards known vertebrate
GnRH structures did not reveal the presence of
mammalian GnRH, [Gln^J-GnRH (cGnRH-I),
and [Tyr3,Uu5,Glu6,Trp'7,Lys8]-GnRH
(lamprey GnRH) in the goldfish brain.

As shown in Fig. 1, the concentration ratio of
the early eluting cGnRH-U-like immunoactivity
to the late eluting sGnRH-Iike immunoactivity
was higher in the caudal parts (optic tectum-
ihalamus, cerebellum, medulla and spinal cord)
compared to the rostral parts (olfactory bulbs,
telencephalon, hypothalamus and pituitary) of the
brain.

Although differential localization of neurons
containing the two ir-GnRH forms awaits future
immunocytochemical studies, the differential
distribution of the two ir-GnRH immunoactivities
suggests possible differentiation of functions
among the two ir-GnRH forms. One hypothesis
is that while both forms may serve a neuro-
endcx:rine function at the pituitary, the early
eluting cGnl^-II form may preferably serve as a
nei^otransnutter in the other parts of the goldfish
brain. Multiple sites of GnRH actions in the rat
brain have been indicated by the wide distribution
of the ir-GnRH and the GnRH binding sites (see
Millan d al, 1986). To further the study, this
laboratoiy is currently investigating the
differential in vitro release of two ir-GnRH forms
from discrète brain areas in goldfish.

"Sb 20

Fig. 1. Comparison of the concentrations of two
molecular forms of GnRH immunoactivity in
discrète brain areas of female goldfish («late eluting
sGnRH-LI;Dearly eluting cGnRH-II-LI). A
hundred dissected brains were acetone-HCl
extracted and chromatographed by HPLC using a
Supelco C-18 column (0.46 x 25 cm) with a mobile
phase of acetonitrile (from 17% to 24%) in 0.25M
formic acid buffered with triethylamine, pH=6.5.
Ir-GnRH in early and late eluting peaks was
determined by a RIA using antiserum PBL-49,
sGnRH as iodinated tracer and cGnRH-II and
sGnRH as respective standards. Each column
represents mean of duplicate déterminations.
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GONADOTROPIN BIODYNAMICS FOLLOWING GnRH ADMINISTRATION IN THE GILTHEAD

SEABREAM, SPARUS AURATA: A COMBINED RADIOIMMUNOASSAY (RIA) AND
IMMUNOCYTOCHEMICAL (ICC) STUDY
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Summary

Based on cytological, ICC and RIA
methods, we find that a single
injection of [D-Ala6, Pro9-NET]LHRH
(GnRHa) induces both synthesis and
release of gonadotropin (GTH) in S.
aurata. At 0.5 hrs after this

analog is administered , there is
intense release and initiation of

synthesis of GTH. At 1.5 hrs,
GTH release is accompanied by active
synthesis; at 2H hrs both synthesis
and release are diminished.

Introduction

GnRH is frequently used to induce
ovulation and spawning in teleosts
and yet little is known of its

spécifie effect on pituitary
gonadotropes. We présent the effect
of a mammalian GnRH analog [D-Ala 6,
Pro 9-NET]-LHRH (GnRHa) on gonado-
trope activity as observed by using
both ICC and RIA methods.

Matériels and Methods

Thirty, two to three year old ,
female (300-650 gm) ^ aurata
received one intramuscular injection
of GnRHa (7.5 ug/kg body weight).
Contrôla received saline. At time
zéro, 0.5, 1.5 and 24 hrs after

injection, fish were bled for RIA
and pituitaries removed and fixed in
Bouin»s solution for ICC and
histological analysis. Blood GTH
levels were determined by a
homologous S_. aurata RIA (Zohar and
Breton, unpublished).
Paraffin sections were stained

with Masson*s trichrome and periodic
acid-Schiff (PAS). The indirect
immunoperoxidase (PAP) method
localized GTH using antiserum to
the beta subunit of carp GTH ( E.
Burzawa-Gerard) at 1:1800. Control
procédures included the substitution

of normal rabbit sérum for anti-

cGTHb and the absorption of anti
serum with carp GTH. Comparisons of
ICC responses were made on mate-

rial processed simultaneously.

Résulta and Discussion

Gonadotropes stain with aniline
blue and PAS and contain

immunoreactive (ir-) GTH. Their
cellular index (CI) is 8.6u and
their nuclear index (NI) is 4.5u
[CI and NI are averages of (length
+ width)/2.] Blood GTH levels of
contrôla remained low and constant

over the expérimental period.
0.5 hrs after the GnRHa treatment,

circulating GTH increased sharply
from 2.4 +/- 0.22 (0 time) to 160
+/- 41 ng/ml (mean +/- S.E.). The
gonadotropes decreased slightly in
ir-GTH and cells and nuclei were

somewhat enlarged (CI= 9.3u, NI=
4.9u). These observations suggest
that there is intense release, and
the initiation of synthesiSjOf GTH
0.5 hrs after GnRHa administration.

1.5 hrs after GnRHa, GTH levels
increased from 2.22 +/- 0.16 to 200

-»•/- 33 ng/ml. Gonadotropes were
significantly enlarged (CI= 10.Ou,
NI= 5.lu ) and ir-GTH was most
intense. Thus at this time both the

release and synthesis of GTH are

at their maxima.

At 24 hrs GTH levels decreased to

23.3 +/- 4.6 ng/ml. Ir-GTH
intensity and cell dimensions were
reduced (CI= 7.7u, NI= 4.3u).
Our RIA and ICC observations are

release of GTH

0.5 hrs after the

administration of GnRHa. At 1.5 hrs

gonadotropes are actively
synthesizing, as well as releasing,
GTH; these activities are markedly
diminished at 24 hrs. These
observations suggest that GnRHa

produces immédiate and intense
effects on both release and
synthesis of pituitary GTH.
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Summary

Both an LH lineage and an FSH lineage

exist in most tetrapods besides the TSH li

neage, Ali LH3's and FSH3's (as well as
TSH3's) are likely to be horaologous i.e
they have been derived, by duplications,
from a comraon ancestor. Do tish TwHTtii pos-
sess TSH) bear witness to an interraediate

situation, i.e do they possess a single LH-

FSH-like gonadotropin (GTH) ?

Even though a definite answer can only be
given by molecular biology, available data
on fish GTH purification and biocheraistry
suggest to the authors that such is indeed
the case. The singlejGTH,exhibits microhete-
rogeneity and this phenomenon has led some
authors to daim that several "distinct"

GTH's were présent. However, différences
between these are rather similar to those

demonstrated between isoforms of either mam-

mal LH or marnmal FSH.

The authors examine the mechanisms by
which the action of a single GTH might be
modulated, ensuring sex cycle régulation.

Both qualitative (isoforms with différent
biological activities) and quantitative
(différent patterns of release) variations

of circulating GTH are likely to be invol-
ved. This hypothesis implies the existence
of GTH isoreceptors. Variations of circula
ting GTH may be regulated at several steps
of GTH production. Gonadotropin-releasing
hormone (under its frequently différent

forms), varions neuromediators as well as
sex steroids are potential messengers able
to participate in this régulation.

Finally, hormones other than GTH can be
involved in the control of the sex cycle by
acting at gonadal sites (e£ Idler's vitello-
genic hormone) or at extragonadal sites (eg
growth hormone on the liver).

Introduction

In mammals two gonadotropins sensu stricto,
lutropin (LH) and follitropin (FSH), exist
in ail species that have been investigated.
Other hormones, eg prolactin, are able to
exert some actions on gonads.

Lutropin and FSH are composed of two dis-
similar glycoproteic subunits (SU) called a
(about 90 amino acids long) and 3 (about
110-120 amino acids long). In one species,
LH, FSH and also thyrotropin (TSH) have a in
common. Although quite différant, the amino
acid sequences of Lh3, FSh3 and TSH3 exhibit

a striking homology. Ail SU's display zoolo-
gical specificity (see Fontaine, 1980). Ano-
ther biochemical characteristic of these

hormones is their microheterogeneity (eg
Chappel et al., 1983 for FSH) ; each hormone
possesses several isoforms (isohorraones)
which may (e£ Blum et al., 1985 for rat FSH)
or may not (e£ Matteri et al., 1986 for
equine LH) show quantitative différences of

activity in certain bioassays or radiorecep-
tor assays.

Mammalian-like lutropin and follitropin
were both fovind in représentatives from the

various tetrapod classes (see Fontaine, 1980)
even though only one GTH may be présent in a
few species, particularly in snakes and li-
zards (Licht et al., 1977). Biological, bio
chemical and immunological data indicate a
général homology of tetrapod a's on the one

hand and 3's on the other. Therefore, from
an evolutionary point of view, the three li-

neages within the 3 faraily should have been
derived by duplications from a comraon molé

cule existing in a more or less distant te

trapod ancestor. Fish possess a TSH (see
Fontaine, 1985). Do they also possess both
LH and FSH lineages ? We shall first examine

this question and suggest, from the availa
ble data, the hypothesis that they only
possess one LH-FSH-like gonadotropin (GTH).
Data which lead to other conclusions will be
discussed. Finally, we will try to formulate
working hypothèses on the mechanisms by
which the action of a single GTH could be

modulated, ensuring the régulation of the

sex cycle.

I. The LH-FSH lineage in fish

A. Unicity

In ail groups of fish (except myxinoids),
various biological and immunological data
indicate that the pituitary contains a fac-
tor similar to the LH-FSH tetrapod hormones
(see Fontaine, 1980, 1985). Purification of
the active material was carried out in a
number of species by classical methods, used
for mamraalian LH and FSH séparation, such as
ethanol or salt-differential précipitations
gel filtration, ion exchange chromatography
with continuons ionic strength elution gra
dient. Bioactivity of the fractions was mea-
sured by tests involving the stimulation of
processes such as spermiation, oocyte matu
ration, ovulation or steroidogenesis.

In these studies there was no conclusive
evidence for the presence of more than one
GTH. Such a resuit was obtained in the case
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of several teleosts (Cyprinus carpio. Fon

taine & Gérard, 1963, Burzawa-Gérard, 1974 -

SaliDO gairdneri, Breton et al. , 1976 -
Oncorhynchus keta, Yoneda & Yamazaki, 1976 -
Oncorhynchus tschawytscha, Donaldson et al.,

1972, Pierce et al., 1976, Breton et al.,

1978 - Tilapia roossambica, Farmer & Papkoff,
1977 - Hypophthalmichthys molitrix, Kobaya-

shi et al., 1985), one chondrichthyan (Scy-
liorhinus canicula, Sumpter et al., 1978)

and one holostean (Acipenser stellatus,
Burzawa-Gérard et al., 1975).

Further arguments for the presence of a

single GTH in fish were provided, especially

in the case of carp GTH (cGTH). For instance
the activity ratio of purified GTH to crude

pituitary extract was not significantly dif
férent in différent bioassays (Burzawa-

Gérard, 1974 ; Kobayashi et al., 1985). Even
more suggestive is the fact that GTH is able

to stimulate various aspects of gonadal de-

velopment such as follicular growth, steroi-
dogenesis, vitellogenesis, oocyte maturation,
ovulation in females (see Fontaine, 1980 ;

Burzawa-Gérard, 1982 a ; Leloup-Hatey, un-

published data), spermatogenesis and andro-
gen production in maies (Billard et al.,
1970 ; Khan, 1983 ; Leloup-Hatey et al.,
1984) .

Ail available data indicate that the fish
GTH just referred to is a glycoprotein made
of two SU's (see Fontaine, 1980 ; Huang e^
al., 1981, etc...). Immunological related-
ness between these SU's and mammalian LHCi

and 3 respectively was demonstrated, for
instance in the case of the carp hormone
(Burzawa-Gérard et al., 1980) . The raolecular
weight of the hormone was estimated by va
rious methods (electrophoresis, gel filtra-
tion) in différent species ; it ranged from
25.5 KDa (Huang et al., 1981) to 50 KDa
(Kawauchi et al., 1986). Frora composition
data it was determined to be 31.4 KDa (14.4
for a and 17.0 for 6) in the case of cGTH
(Jolies et al., 1977). Sequence data are
available for two species - partial séquen
ces of cGTHa and 3 (Jolies et al., 1977) and
a complété sequence of GTH3 from Oncorhynchus
tschawytscha (Trinh et al., 1986) - and lead
to several conclusions. An obvious horaology
exists between cGTHCt and mammalian Ot's. Carp
and salmon GTH3's are différent, which con-
firms the zoological specificity of fish
GTH, previously demonstrated by various bio-
logical and immunological data (see Fontaine,
1980 ; Burzawa-Gérard et al., 1980 ; Yu
al., 1986), A detailed comparison of partial
sequences from teleost GTH3 and mammal LH3
and FSH3 is given in the table.Out of the
first 29 N terminal aminoacids from human

LH3, 8 were found to be identical in ail mo
lécules. Eight supplementary amino acids are
the same in cGTH and oncGTH. These data

clearly demonstrate the horaology between
teleost GTh3's and mammal LH3's and FSH3's
i.e. these molécules have a common ancestor.

As in raammals, teleost GTH su's are synthe-

sized from mRNA's spécifie for a (Counis e^
al., in press and this book) and 3 (Trinh et
al., 1986) respectively ? the comparison of
the cDNA sequences of mammalian gonadotropin
SU3's on the one hand and salmon GTH3 on the
other hand confirmed the homology between

these molécules (Trinh et al., 1986).

In our opinion, the previously summarized
data indicate that a single GTH with LH-like
and FSH-like biological effects is présent
in fish. Other data have led several authors

to an opposite conclusion, namely the exis
tence of several distinct gonadotropins in
these animais. We suggest that this discre-
pancy reflects différent interprétations of
the key words "gonadotropin" and "distinct".
Indeed these daims belong to two catégories.
The first category is concerned with the e-
xistence in the pituitary of factors which
are likely to play a rôle in gonad control
without belonging to the LH-FSH family. The
main example is vitellogenic hormone, or CON
Al gonadotropin, described by Idler and his
coworkers. This point is considered else-
where in this book ; we will only recall
that, according to the limited biochemical
data available, some important common featu-
res of the LH-FSH family, namely glycopro-
teic nature, subunit structure and, general-
ly, some immunological cross reactivity do
not appear to be shared by this factor. In
deed it is well known in marnmals that several

pituitary hormones, other than LH and FSH, do
interfère in some phases of reproduction
(Hsueh et al., 1984).

The second category of daims against the
unicity of fish GTH is very différent. It is
related to the problem of gonadotropin poly-
morphism which we shall discuss in some dé
tail.

B. Polymorphism

The microheterogeneity of "pure" fish GTH
(which was disclosed in the work of Burzawa-

Gérard, 1974, on cGTH) is now well documen-
ted. We shall review the main data on this

problem and try to answer the obvious ques
tion : are there raolecular entities as dif

férent as are LH or FSH in mammals, or are

there isoforms of a single hormone as in the

case of mammals for LH on the one hand, and

FSH on the other ?

From dogfish (Scyliorhinus canicula) pitui
tary, Sumpter et al. (1978) separated two
gonadotropic fractions (CMl and 2) on carbo-
xymethylcellulose ; they were sirailar in

their behavior on diethylaminoethylcellulose
(DEAEC) and in their biological activity
(32p uptake in chicken testes, steroidogene-
sis by avian testicular cells). Also, CMl
biological activity was neutralized by anti-
serum against CM2. The authors concluded

that only one GTH had been purified.
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Degree of hooology between the N-tenainal sequences o£ the GTH 6 's from
inammals and teleosts (data froo JOLLES et al. 1977 , GIUDICE a PIERCE, 1978 , TRINH et al, 1986).

subunit

hLH B

OLU B

cCTH B

oncGTH B

oFSH B

hFSH B

Frora Chum salmon (Oncorhynchus keta) pi-

tuitary, Idler et al. (1975 a,b,c) obtained
two gonadotropic fractions on DEAEBiogel
(Figure 1, A). DEAEB 1 was resolved by iso-
02_0ctrofocusing into 6 bands which were bio—
assayed for cAMP level in trout testes and
ovaries. Four of the bands were active in
both ; two showed activity only on testes
or ovaries, respectively.

Careful studies were carried out by Gon-
charov's group in the sturgeon (Acipenser
stellatus) (Goncharov et al., 1983 ; Kuznet-
zov et al., 1983). Four gonadotropic frac
tions were separated on DEAEC and isoelec-
trofocusing showed that each fraction con-
tained several components. Altogether 15
bands were discriininated which did not show
any chernical or immunological différences.
The authors concluded that these bands are
isoforms of a single GTH. Bioactivity was
measured in two tests (in vitro maturation
of sturgeon or amphibian oocyte and frog
sperraiation in vivo). Interestingly enough,
the ratios of the two types of activity dif-
fered in some cases between isohormones.
These authors also showed that the structu
ral and functional heterogeneity was related
neither to sex nor to genetic intrapopula-
tion polymorphism.

In the pike eel (Muraenesox cireneus),
Huang et al. (1981) identified 4 isogonado-
tropins which were présent in variable abun-
dance in successive fractions (eluted by NH4
HCO3 30, 50, 80 and 120 mM) obtained by
stepwise DEAEC chromatography (Figure 1, B).
Ail these isoforms were similar in molecular
weight and amino acid composition and they
were made up of subunits. N-terminal amino
acids were Tyr and Ser, as found for cCTTH a
and 3 respectively (Jolies et al., 1977).
These isoforms also showed an identical pat-
tern (the same two bands) in SDS electropho-
resis. Finally their relative gonadotropic
activities in several tests (e^ catfish ovu
lation and testicular testosterone produc
tion) were correlated.

Kawauchi et al. (1986) frac'tionated pitui-
tary glycoproteijis from Oncorhynchus keta by
stepwise elution from a DEAEC column. They
claimed that they identified "two distinct
gonadotropic glycoproteins for the first ti-
me in teleosts" (Figure 1, C). These were

reported to differ slightly in their molecu
lar weights and possibly in N-terminal amino
acids of the subunits (Tyr and Gly for GTH I ;
Tyr and Ser for GTH II). The two hormones
had the same activity on estradiol production
by Amago Salmon vitellogenic follicles. In
vivo, at the single dose tested, they were
equipotent on the gonadosomatic index in im
mature female rainbow trout whereas GTH I

was more active than GTÎTTl^in maies.

A similar fractionation (stepwise elution
from DEAEC column) was carried out on Onco

rhynchus gorbusha pituitaries by Zenkevich &
Lace (1982). They obtained two fractions

from female (Fl, F2) and maie (Ml, M2)

glands, respectively. Ml was found to be
less active than Fl in the bioassays used. A
biochemical différence between maie and fe

male (jTH had been suggested by Breton et al.
(1978) .

Swanson et al. (1987) carried out a detai-

led study on Coho Salmon (Oncorhynchus ki-
sutch) (jTH. This hormone was resolved by

chromatofocusing (Figure 2 A) into 5 major
peaks which exhibited similar potencies in
stimulating ovarian estradiol synthesis in
vitro and were considered as isohormones.

This review of the presently available da

ta prompts several remarks.

From a biochemical point of view, the va

rions (TTH fractions isolated from a given
fish pituitary extract generally appear ra-
ther similar proteins. For instance, they
elute from a DEAEC column in the same range

of ionic strength as do the isoforms of mam-
mal LH (Figure 1, D) ; also, in chromatofo-
cusing, a very similar elution pattern was
obtained for Oncorhynchus kisutch GTH (Swan

son et al., 1987) and rat FSH (Blum et al.,
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1985) (Figure 2, B). Therefore, in the pré
sent state of our Knowledge, an acceptcibie
working hypothesis is that one is dealing
with isoforras of a single GTH rather than
with two hormones as différent as are mamma-

lian LH and FSH. However the final response
to the question of the so-called unicity or
duality of GTH in the diverse fish undoubted-
ly has to wait for comparative studies on
the GTH genes in the varions vertebrates.

The isoforms we have been considering were

separated on the basis of charge différen
ces ; the biochemical reasons for such a he-

terogeneity are not precisely known, neither
in fish nor in mammals. Sialic acid is often

thought to be involved but its concentration
was found to be similar in différent isoforms

from Sturgeon (Kuznetzov et al., 1983) and

Pike eel (Huang et al., 1981) ; neutral su-
gar may play a rôle as suggested by Kuznet
zov et al. (1983). A microheterogeneity of
the carbohydrate moiety itself was also di-

rectly indicated by composition data (eg
Burzawa-Gérard, 1982 b) and concanavalIrT ex-
periments (Le Menn & Burzawa-Gérard, 1985),
Différences in the length of SU peptidic
chains may also occur : Jolies et al. (1977)
showed the presence in pure GTH of two forms
of sua, one being 9 amino acids shorter
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than the other at the N-terminal.

As previously summarized, biological acti-
vities of the isoforms are similar in some

cases but certainly différent in others.
This conclusion is, again, quite similar to
that obtained in mammals with LH's or FSH's
(see introduction) : indeed efficiency cind
action specificity may differ within isohor
mones and the physiological importance of
this phenomenon is gradually emerging. Fur-
ther studies are needed concerning the bio-
chemical background for microheterogeneity,
the synthesis, sécrétion and control of the
isoforms as well as their raechanism of ac

tion.

II. Gonadotropin unicity and sex cycle régu

lation

One may wonder how the successive and dif
férent stages of complex sexual cycles are
precisely controlled in fish even though a
single GTH lineage appears to be présent. We
should like to point out some possibilities.

A. Chcinges in the type of effect exerted

by GTH

1. GTH isoforms

As mentioned above, data in mammals as well

as in fish suggest that différent GTH iso
forms may have non-identical biological ef-
fects. This implies différences in the mecha-
nism of action, which are as yet unknown. It

may be hypothesized that GTH isoforms do not
bind to the same receptors. Indeed, the pré

sence of spécifie binding sites for fish or
mammalian gonadotropins was démonstrated in

the gonads of several teleosts (see Salraon e^
al., 1987). On the basis of comparative stu-
dTes with cGTH and human chorionic gonadotro
pin (hCG) it was suggested that these sites
were heterogenous in the immature eel ovary :
although a spécifie binding was observed with
both cGTH and hCG, several results indicate
that the receptors brought into play are not
identical (Salmon et al., 1987 and unpublis-
hed data from Salmon, Marchelidon & Fontaine).
Différences were also demonstrated concerning

the behavior of cAMP produced under hormonal
stimulation by the two hormones (Salmon £t
al., 1985 ; 1986). The possible physiological
sTgnificance of these "isoreceptors" (Salraon
et al., 1985) is under study (are they loca-
lized in différent target cells ? Do they
lead to différent intracellular events ?

2. Mode of GTH release

Many observations show that blood GTH is
very low in juvéniles, slowly increases du-
ring gonadal development and culminâtes
around the time of gamete release (eg Breton
et al., 1983). Further studies on short terra
profiles of blood GTH have revealed the exis
tence of pulsatile sécrétion. The amplitude
and the temporal organization of the puises

change during the sexual cycle, resulting in

the longterm évolution which had been pre

viously described (Zohar et al., 1986 a, b).

It was suggested that the pattern of the
pulsatile release could be important for the
type of action of GTH (Zohar et al., 1986 a,
b). In vitro, pulsatile stimulation by GTH

was suggested to be more active than chronic
stimulation on the incorporation of vitello-

genin into oocytes (Breton & Derrien-Guimard,
1983). Here also one should question the rae
chanism of such différences related to the

frequency and the amplitude of GTH puises.
Receptors might differ in their ability to be
desensitized (see Salmon & Fontaine, 1983)

and in their affinity for GTH. Binding sites
with différent affinities for GTH were des

cribed by several authors (e£ Breton et al.,
1986 ; Salmon et al., 1987) but the physio
logical significance of such différences has
not been estciblished.

If indeed isoreceptors for GTH are invol-

ved in the fine control of the gonads, the
proportion of the various forms has to be
regulated. An expérimental approach is cal-
led for by this working hypothesis,

3. Control

From the above-reported data, it is clear
that circulating GTH may vary not only quan
ti tatively but also qualitatively (as sugges
ted by Idler, 1982) even though the presence
of isoforms in the blood has not yet been in-

vestigated. A régulation of both types of
variability is likely to exist at several
levels, such as the biosynthesis and matura
tion of the SU*s, their association and the
secretory process ; variations in rate of
catabolism may also be involved as certain
carbohydrate différences are known to affect
this parameter ; indeed metabolic clearance
rate was shown in the eel to be about 20 ti-

mes lower for hCG (which is very rich in

sugars) than for cGTH (Fontaine et al., 1984).

We would like to point out some possible
mechanisms able to participate in the control
of circulating GTH variability and firstly
those concerned with gonadotropin-releasing
hormone (GnRH) (see also chapters by Sherwood
and Crim in this book). Since the pioneer

work of Breton & Weil (1973), the existence

in teleost brain of factors resembling mamma

lian GnRH in their structure and their biolo

gical activity has been largely documented
(see Peter, 1986). With regard to GnRH struc
ture in teleosts, a salraon hormone was first

characterized as the Trp^-Leu^ GnRH (Sherwood
et al., 1983). Then, new data accuraulated and
it is now clear that several différent GnRH's

exist in teleosts and may even coexist in a

given species (King & Millar, 1985 ? Powell
et al., 1986 ; Sherv/ood in this book) , This
situation raises the question of possible
différent functions for différent GnRH's, eg
neuromediator vs GTH cell stimulator. Further
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studies are necessary on localization and

quantitative détermination of the varions

GnRH's ; so far, such studies have been

raainly carried out with a few antibodies
against mammalian and salmon GnRH. More-
over, if several GnRH's were indeed able to
stiraulate gonadotropic cells in a given spe-

cies, one might wonder whether they act at
différent phases of the sex cycle and also

whether they have differential effects on

GTH sécrétion (e£ on synthesis and release
of GTH isoforms).

In addition to GnRH, a multihormonal con-

trol is exerted on teleost gonadotropin
cells by neuromediators (dopamine - see
Peter, 1986 ; Dufour et al., 1984 and sub-

mitted) - and probably also norepinephrine -
see Peter, 1986 - as well as gamma aminobu-
tyric acid - Kah et al., 1987) and sex ste-
roids (see Goos, in this book). However one

does not know if and how this multihormonal

System régulâtes the roodalities (pattem of
pulsatility) and the qualities (isoforms) of
GTH sécrétion. For instance, it has been

suggested that, in mammals, the degree of
glycosylation of GTH dépends on the steroid
environment (eg Chappel et al., 1983). Va
rions external factors play an important
rôle in the control of GTH function in te-

leosts (see Lam, in this book). For instance

we have deraonstrated an effect of deep-sea

immersion on the gonadotropic function in
the European eel (see Dufour, 1986). The
main effects are probably exerted by way of
the central nervous system, by modulating
the neuroendocrine system which controls GTH
function. However, because of poikilothern^r,
température may directly affect différent
steps of GTH synthesis, release and catabo-
lism ; its effect on the association of cCTH

SU's was for instance well characterized

(Marchelidon et al., 1979).

B. Intervention of other hormones

In mammals, it appears more and more ob

vions than hormones other than LH and FSH

can play a rôle in gonadal régulation ; not
only prolactin but also growth hormone,
growth factors, GnRH and other neuromedia
tors for instance have been shown to have

receptors and/or to exert some effects at
the gonadal level. As reviewed by Hsueh et
al. (1984), in the case of mammalian granu-

losa cells, the complex régulation indeed

involves not only endocrine but also neuro-
modulatory, paracrine, exocrine and autocri-
ne control. These effects can involve a

modulation of GTH receptors or be indepen-

dent of GTH action.

It is very likely that such phenomena may
be even more important than in mammals^ also
exist in fish. Idler's group (see Idler's
review in this book) has shown that a pitui-
tary factor différent frora LH-FSH-like GTH
participâtes in the stimulation of vitello-

genin uptcdce by the oocyte. Extrapituitary
factors may also be involved in fish gonadal
régulation : indeed, Quérat et al. (1987)
recently démonstrated that the acclimatation

from fresh water to artificial sea water

induced an increase in plasma estradiol
levels not only in normal but also in hypo-
physectomized silver eels.

Finally, control of the sex cycle also in
volves hormonal interactions at extragonadal
sites : for instance, a pituitary factor dif
férent from GTH (and which was suggested to
be growth hormone) potentiates the effect of
estradiol on the hepatic synthesis of vitel-
logenin in the silver eel (Burzawa-Gérard,
1985 ; Delevallée-Fortier et al., 1987).

To understand the meaning and the mecha-
nism of these varions interactions in the

control of reproduction is clearly the main
goal for future research and fish provide a

fruitful roodel.
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CARBOHYDRATE-POOR GONADOTROPINS

David R. Idier and Ying P. So
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In 1975 we introduced the use of Concanavalin A-

Sepharose for the isolation of the carbohydrate-rich
gonadotropin(s) (CR-GtH) from pituitaries of Pacifie salmon
(1). Concanavalin A has a high affinity for the carbohydrates
présent in CR-GtH and its use permitted the removal of
some 25% of cartK)hydrate-poor-proteins (CP-proteins) from
the best CR-GtH préparations then available. Equally
important was the ability to remove CR-pituitary hormones
from the CP-proteins; this encouraged us to look for
biological activity in the CP-proteins. Particularly, we
searched for a previousiy undescribed gonadotropin to
explain the rapid uptake of vitellogenin by the ovary at a time
when CR-GtH was believed not to be abundant in the

circulation and we reported the first such activity using
hypophysectomized (hypex) flounder in 1976 (2). Overthe
next 5 or 6 years we reported the isolation of highiy purified
CP-GtH's from plaice, carp, salmon and flounder (e.g. 3).
While the fish CR-GtH's resemble mammalian LH in that

they display steroidogenic and maturation-ovulatory
activities, the CP-GtH's bear superficiel resemblance to FSH

in that both stimulate follicular growth. albeit by a différent
mechanism since vitellogenesis does not occur in viviparous
mammals. It is not possible to state with certainty the

relationship, if any, between CP and CR-GtH's in fish but
there is no compelling evidence to suggest that the former is
a partially deglycosylated form of the latter or that one arises
from the other. There are indications that CP-GtH may play

some rôle in steroidogenesis but there are questions still to

be answered. When hypophysectomized flounder were

injected with homologous GtH the results were unequivocal
and CR-GtH stimulated production of 11-ketotestosterone

(11-KT). and testosterone (T) but the CP-GtH did not (4).
American plaice is in the same subfamily as the winter
flounder and, as expected, plaice CR-GtH but not CP-GtH
stimulated synthesis of 11 -KT. However, there is evidence
for heterologous hormone action of plaice on flounder since
a plaice CP-fraction significantly stimulated T synthesis.
When we tested chum salmon pituitary fractions on hypex
flounder the CR-GtH was the most potent stimulator of 11-
KT and total androgen but the CP-fraction had significant
"heterologous" activity. Finally. when we tested carp
fractions on hypex flounder both CR-GtH and CP-GtH
stimulated 11-KT and total androgen production (5).
However, Ng and Lo (6) recently reported that carp CR-GtH,
but not CP-GtH. stimulated testosterone production by rat
Leydig cells. The message is clear, one should test
hormones on animais that are as closely related as possible.

In some instances, salmonids for example, it is difficult to

hypex with good sun/ival and use of antibodies is a possible
alternative.

Antibodies to CP-GtH and CR-GtH have been valuable

tools for defining the rôles of the two classes of gonado
tropin during phases of the reproductive cycle. Antibodies
administered in vivo bind some or most of the selected

gonadotropin while leaving other pituitary hormones
available to act on their receptors. This technique appears to
offer a major advantage over hypophysectomy.

When antibodies to CP-GtH and CR-GtH were

administered for 7 weeks to vitellogenic female flounder
there was marked atresia in yolky oocytes and a diminished
GSI in fish treated with anti-CP-GtH but not with anti-CR-GtH

(7). In a similar experiment with landiocked Atlantic salmon
over a two month period of rapid growth the anti-CR-GtH
failed to influence GSI (8) but It did impair early ovarian
growth (9). I shall defer reference to In vivo use of antibodies
to PAGE fractions until later. Antibodies to gonadotropins
have been used in vitro for immunofluorescent histology to

detect the gonadotropins at the site of origin, the pituitary,
and in the ovary.

In brief review of the current status, antisera against CP-

GtH and CR-GtH have been employed in immuno
fluorescent histology in vitro to demonstrate that the
hormones occur in différent régions of the flounder pituitary
and are abundant at différent times of the reproductive cycle
(10). The CP-GtH Is abundant during exogenous
vitellogenesis while the CR-GtH is not, but the latter is
abundant immediately before and after spawning. Antibodies
to the CP-GtH localize in the proximal pars distalis while CR-
GtH antibodies localize in a distinct région between the rostal

and proximal pars distalis.

Immunofluorescent localization of the CP-GtH in ooplasm

of large immature and vitellogenic oocytes and in follicular
envelopes of the latter implied that the CP-GtH stimulâtes
vitellogenic oocytes to incorporate vitellogenin; by contrast
CR-GtH was not located in the ooplasm of vitellogenic

oocytes but rather in follicular envelopes and in interstitial
tissue, consistent with its rôle in steroidogenesis (11). This
interprétation is consistent with findings following in vivo
administration of the antibodies.

We have made two principal changes in our published
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procédures for isolating CP-GtH. The first is the use of high
molecular weight cutoff (ca. 100k Mr) membranes supplied
for cassettes. It is weil to use the minimum necessary
surface area, low pressure, and to check for possible loss

of spécifie proteins. The object is to remove the bulk of
protein from the CP-fraction prior to gel filtration on Ultrogel
ACA-44 to effect a séparation of any "dimeric" GtH from

void volume protein. The second change is to separate CP-

GtH from growth hormone and other CP-proteins by prep.
PAGE rather than with NH4HCO3 gradient pH 9 on BtoGel A.
With the gradient procédure prolactin is not absorbed,

growth hormone is eluted next, followed by CP-GtH which
was therefore named DE III. There are two problems,
complété séparations are difficult due to poor buffering
capacity of NH4HCO3 and protein recovery is only 43%

(Table 1).

Table 1 : Protein Recovery off DEAE Biogel A by Gradient

Elution and Reverse Flow of Chum Salmon

CP-Proteins (25k Mr)

Method of Bution

Gradient Reverse Flow

% Recovery 42.9 ±5.8* 68.7 ±7.9*

• Mean ± SEM, N = 5.

In the revised procédure the unadsorbed prolactin is

eluted with 3 mM NH4HCO3; then the direction of flow is
reversed and DE fraction ll-IV eluted with 0.15 M NH4HCO3.
The recovery of protein is much improved. The séparation

of DE ll-IV proteins on preparative-scale PAGE (Fig. 1) is
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FIg. 1. Preparative PAGE of CP DE II-IV (25k M,) (16.5 mg)
using LKB 7900 Uniphor column electrophoresis System;
7.5% gel (6 cm) at 300 V, 20 mA for 16 h. Analytical PAGE
gels, pH 8.9, are shown below the profile.

followed by analytical PAGE of individual fractions and the

fractions pooled according to Rf value. Salmon growth

hormone extends from Rf 0.28-0.42 (see aiso 12) and the

CP-GtH(s) are expected to have a greater Rf based on their

later elution from DEAE-Biogel A. The relative quantities of

each of the CP-proteins is shown in Table 2. Recovery of the

DE ll-IV CP-proteins from prep. PAGE is ca. 37% (Table 3).

Table 2: Yield of Prep-PAGE* Fractions from Chum Salmon"
DE n-rv (25k Mr)

Rf
%

0.3 30.0

0.4 14.0

0.5 13.4

0.6 12.7

0.7 16.7

>0.8 13.2

rrepaTallVo puiyauiyicumuo yci Qiowuwpiiwiw^i^

performed using LKB 7900 Uniphor (»lumn electrophoresis system.
7.5% gel (6 cm) at 300V. 20 m A (or 16 h at 4''C.

'* Mixed sexes, captured in October; GSI of females 10-12%.

Table 3. Yield of Prep-PAGE Proteins* from Chum
Salmon** CP DE II-IV (25k Mr)

Recovery (%)

Experiment 1

Experiment 2

36.6

38.6

* analyzed byTCA-Lowry.

** mixed sexes, captured in October; GSI of females 10-12%.

The carbohydrate content of fish CR-GtH's differs among
species (e.g. 6) and it is recommended that the CP-GtH
fraction be shown to be free of CR-GtH before using the CP-
fractton in bioassays. A simple way to achieve this is to do an
RIA for CR-GtH on the CP-fraction after each pass through
Concanavalin A-Sepharose. Salmon CR-GtH antibody cross
reacts with CP-GtH in a parallel fashion but to a small extent
(e.g. 6). Three passes through Concanavalin A-Sepharose
are sufficient to remove CR-GtH (Table 4).

Until recently most of our studies on the stimulation of
exogenous vitellogenesis by CP-GtH's employed radioactive
leucine and phosphate because the préparation of
undenatured radioactive vitellogenin by iodination, using

classical methods, had eluded us. The use of lodogen

reagent has made possible the successfui labelling of trout
(13) and salmon vitellogenin (14) among other sensitive
substances.

The salmon CP-fraction is capable of stimulating uptake of
1^31-Vg during early endogenous vitellogenesis even without
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Table 4: Chum Salmon CP-Fraction (25k M^) in
Radiolmmunoassay for CR-GtH*

CP-Fraction from % Cross-
Con A-Sepharose reactivity

Pass 1 0.54

Pass2 0.36

Pass 3 0.23

Pass 4 0.19

Pass 5 0.19

* Radiolmmunoassay for salmon GtH was described In Truscott et al.
1986 (Gen. Comp. Endocrinol. 62:99-110).

hypophysectomy (Table 5). Treatment of hypex. salmon
during early exogenous vitellogenesis suggested that the
Rf 0.7-proteln and possibly the Rf 0.5-band had CP-GtH
activity as evidenced by uptake of P®^-Vg (Table 6). The
number of fish was low because many did not survive
hypex for the required 2 1/2 weeks. When more hormone

was available CP-GtH activity of the Rf 0.7-protein was

Table 5. Effect of Chum Salmon CP-ProteIns on Ovarian

Uptake of Plasma jn Landiocked Atlantlc
Salmon* (June-July)

Treatment N

Intact

Ovary

(cpm/g)x 10"^

TCA

Fraction

(cpm/g) X 10*3

Upoprotein

Fraction

(cpnVg)

Buffer 6 20.8 ±5.0 9.1 ±2.3 245±40

CP-Prolelns 7 37.9 ±6.5 18.8 ±1.6 480 ±40
(p<0.001) (p<0.001) (p<0.001)

Rsh recelved IP Injection of buffer or CP-proteIns at a dose of 40 pg/
100 g fish on every altemate day, 7 injections in 13 days ending Juty
19. Second day after last Injection P^i.Vg at a dose of 0.6 pCi/100 g
fish was irijected intravenousiy and the fish were sacrificed on the
following day.

|i3i.Vg was prepared as described in reference 14 of text.

Préparation of the ovarian fractions was by method described in Ng &
Idier 1978 (Gen. Comp. Endocrinol. 34:408-420).

Table 6. Effect of Chum CP-FractIons on Ovarian Uptake of
Plasma I^^-Vg In Hypex Landiocked Atlantic Salmon*
(September)

Treatment N

Intact TCA LIpoprotein
GSI Ovary Fraction Fraction

(cpm^)x10'3 (q)m/g)x10"3 (cpnVQ) x lO'^

Buffer

RfO.5

RfO.7

7.9 ±0.6

7.0 ±1.2

4  6.7 ±1.2

18.4 ±2.6

22.1 ±7.7

55.9 ±1.7

(p< 0.05)

125±1.1

13.8 ±4.7

37.0 ±16.3

0.4 ±0.04

4.9 ±1.7

(p< 0.01)

4.8 ±21

(p< 0.01)

Hypophysectomy was performed essentially as described for rainbow
trout by Komourdjian & Idier, 1977 (Gen. Comp. Endocrinol. 32:536-
542). They were kept In 1/3 seawater at lO'C for 10 days before
recelving 4 injections of the fractions (20 pg/100 g fish) every 3 days.
At the last injection, pS^-Vg (0.6 pCi/100 g fish) was given
Intravenousiy and the fish sacrificed the following day.

Table 7. Effect of Chum Salmon CP DE D-IV Prep-PAGE
Fractions on the Ovarian Uptake of Plasma
in Landiocked Atlantlc Salmon* (July 30-Aug 30)

Expt. Treatment N
Intact Ovary

(cpm/g) X 10'^
TCA Fraction

(cpm/g) X 10"®

1 Buffer 6 33.2 ±28 1.6 ±0.2

CP-Proteins 7 46.0 ±3.4
(p< 0.05)

21 ±0.1
(p< 0.05)

RfO.3 6 39.4 ±1.5 1.7 ±0.1

RfO.5 7 41.9 ±3.0 1.6 ±0.1

2 Buffer 6 16.6 ±1.7 29 ±0.3

RfO.6 6 16.0 ±3.3 3.0 ±0.4

RfO.7 6 30.2 ±28

(p< 0.005)
5.0 ±0.5
(p< 0.01)

Rve irijections of the prep-PAGE protein fractions at a dose of 30 pg
(for Rf 0.3- and Rf 0.5-fractions) or 10 pg (for Rf 0.6- and Rf 0.7-
fractions)/100 g per injection were given respectively. Expt 1 : July %
to Aug. 11 ; ExpL 2: Aug. 22 to Sept 1.

confirmed using intact fish (Table 7).
Antibodies were administered to salmon for 11 days during

rapid endogenous vitellogenesis and confirmed the CP-GtH
activity of the Rf 0.7-protein (Table 8). Note that diminished
uptake of Vg is accompanied by an increase In plasma Vg.

Table 8. I^^^-Vg Uptake In Landiocked Atlantlc Salmon* (2+)
Treated WIth Antibodies Against Salmon CP-FractIons
(Sept. 19-30)

Treatment

Intact

Ovary
(qMiVg) X 10"^

TCA

Fraction

Upoprotein Plasma Vg

Fraction Sept. 30

(opm/g) (mg / mQ

NRS" IgG 7

Rf0.5lgG 8

Rf 0.7 IgG 8

26.5 ±5.8

17.2 ±29

11.4±29

(P< 0.05)

4.7 ±0.8

4.1 ±0.6

29 ±0.5

(P< 0.05)

550 ±80 29.3±4.8

350±50 41.0±7.5

260 ± 20 79.3 ±19.0

(P<0.05) (P<0.05)

•  The intact fish recelved 6 IP injections over 11 days of IgG's
équivalent to 125 pl of the respective antisera. M^'-Vg at a dose of 0.6
pCi/100 g fish was given intravenousiy 24 h before sacrifice. IgG's
were prepared similar to that for Vg IgG in reference 14 of text.

** Normal Rabbit Sérum

Long term treatment of salmon with anti-Rf 0.7-GtH during
exogenous vitellogenesis reduced normal gonadal growth
(Table 9). It is of interest that antibody binding of the Rf 0.7-
protein elevated plasma CR-GtH suggesting that the fish

were compensating for loss of CP-GtH by producing or
releasing more CR-GtH. The effect of anti-CP-GtH would

likely be greater if the titre of the antibodies (1:3000) were as
high as anti-CR-GtH (1:80,000). The data (Table 10)
demonstrates that while an excess of anti-Rf 0.7-GtH was

présent in plasma it was quantitatively less effective in

binding the hormone than was anti-CR-GtH.

In conclusion, we have developed an RIA for the Rf 0.5-

and 0.7-proteins and the plasma circannual profile is shown
in Fig. 2. The CP Rf 0.7-GtH is elevated from endogenous
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Table 9: Treatment of Landiocked Atlantic Salmon* (1+) with
Antibodies Against Salmon CP-Fractions
(Aug.Sto OctIQ)

Treatment N GSI
•Vg" In Gonad

(mg/g)

Plasma CR-

GtH (OcL 19)

(ng / ml)

Intact 6 2.9 ±02 — —

(Aug.11)

MRS" IgG 7 72 ±02 640 ±43 9.1 ±12

Rf 0.5 IgG 7 7.4 ±0.7 550 ±30 122 ±0.3

Rf 0.7 IgG R 52 ±0.6 510±40 24.9 ±6.8

(P < 0.05) (P< 0.05) (P < 0.02)

These intact fish recelved 12IP Injections in 11 weeks of IgG's
équivalant to 2 of the respective antisera. Fish sacrificed two days
after tfie last injection. IgG's were prepared similar to tfiat for Vg IgG ir
reference 14 of text

Normal Rabbit Sérum

Table 10. Excess Antibodies Présent in Plasma of Landiocked
Atlantic Salmon after Injections of Antibodies
(Aug.8-OcL 19)

Group N

No. of

Antibody
Injections

Binding (%) to racfioiocfinated
antigens*

2.5 pi lOpJ 25 pi

NRS 4 11 3.1 ±0.1 3.2 ±0.1 32 ±0.1

RfO.7 IgG 8 4 20.1 ±2.1 26.4 ±2.3 29.0 ±2.9

11 23.6 ±1.7 31.2±1.6 35.8 ±1.2

RfO.5 IgG 8 11 25.3 ±2.8 34.4 ±2.3 40.7 ±1.9

Anti-CR-GtH 8 11 68.1 ±4.2 79.1 ±1.6 81.2 ±0.8

The plasma samples were incubated with 100 pl radioiodnated
hormones containing 10,000 cpm for 72 h at 4''C before addition of 100
pi goat anti-rabtxt sera (120 dilution). The tubes were œntrifuged 24 h
later and the predpates counted. Tfte counts represent the binding of
the labelled hormone by excess antibodies présent in the fish plasma
samples (Ng et al. 1980. Gen. Comp. Endocrinol. 41:233-239).

through exogenous vitellogenesis, consistent with its
apparent primary function; plasma concentrations peak in
September at ce. 45 ng/ml when plasma CR-GtH is less than
1 ng/ml (8).

In summary, our evidence continues to confirm that CR-
GtH and CP-GtH of salmon are ent'ities which differ in more
than their carbohydrate composition and they appear to

have spécifie rôles to play in reproduction.
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ACTIONS AND ASSAYS OF FTfH GONADOTROPTN: PRESENCE OF A NEW TYPE GONADOTROPIN IN THE TUNA

WHICH IS INACTIVE IN THE HOMOLOGOUS SPECIES BUT ACTIVE IN A HETEROLOGOUS SPECIES

S. Ishii

Department of Biology, School of Education, Waseda University, Tokyo 160, Japan

Summary

The survey of literature on purification
of fish gonadotropin revealed that bioassays
using ovarian vitellogenin accumulation as
the index are not always spécifie for so-
called FSH-like gonadotropin of fish.We need
a new spécifie assay for FSH-like gonadotro
pin to solve the unity/duality problem of
fish gonadotropin. By using homologous
radioreceptor assays (RRA), we can discri-
minate FSH and LH completely in mammals and
birds. However, we can only incompletely
discriminate FSH and LH by the homologous
RRA in anuran amphibians. By means of
heterologous RRAs, we isolated salmon and
silver carp gonadotropins but we could not
separate FSH- and LH-like activities.

Instead, we found that the pituitary gland
of the yellow fin tuna contains two types of
gonadotropins: one is active on the thunnid
testis but inactive on the Glossogobius

testis and the other is active on the

Glossogobius testis but inactive on the

thunnid testis.

Introduction

Although more than 20 original papers have
been published on the purification of fish
gonadotropin, the unity/duality problem of
fish gonadotropin is still popular as a
current topic in comparative endocrinology
and fish endocrinology. In order to solve
this problem, we have to overcome two metho-
dological difficulties. The first is to
find the proper chemical method which can
separate glycoproteins with slight dif
férence in chemical properties. Gonadotro
pin is well known for the property so-
called "microheterogeneity" and because of
this property the method should be sensitive
to the slight différence in the isoelectric
point of hormone. The second difficulty is
to find proper assay methods to discriminate
two types of fish gonadotropin if the
duality hypothesis is correct. The first
difficulty seems to have been almost solved,
since chromatographic methods with the high
resolution power such as the isoelectrofo-
cusing, chromatofocusing and varions types
of the high performance liquid chromato-
gaphy (HPLC) are now availble in many labo-
ratories.

In contrast, we have been unable to find
proper bioassay methods to overcome the
second methodological difficulty. The author

surveyed more than 20 papers on the purifi
cation of fish gonadotropin and examined
assay methods of gonadotropin used in these
studies. In the présent paper, the author
discusses briefly how these methods are not
proper for discrimination of two types of
gonadotropin like FSH and LH. In addition,
the author introduces the radioreceptor
assay method that is as accurate as the

radioimmunoassay, is far more sensitive than
the bioassay and requires less time than the
radioimmunoassay. Furthermore, the author
présents a recent finding performed with the
aid of the radioreceptor assay in his
laboratory. It is that the tuna pituitary
contains the following two types of gonado
tropin: one is active on tuna and mackerel
testes but inactive on the goby testis, and
the other is active on the goby testis but
inactive on tuna and mackerel testes.

Results and discussion

Evaluation

employed
of assay methods previously

In 21 published studies examined, 17 kinds
of bioassays and A kinds of radioimmuno-
assays were used for the assessment of the
gonadotropin activity (Table 1). Among
these bioassays, 11 assays used fish as
the assay animal and 6 assays used verteb-
rates higher than fish, i.e. amphibians,
birds and the rat. Radioligand assays
were minorities.

Homologous bioassays

It is well known that fish glycoprotein
gonadotropin has biological activities
similar to LH of higher vertebrates.
Furthermore, Fontaine (1980) reported that
fish glycoprotein gonadotropin is more
closely related to LH than to FSH in their
chemical properties. Accordingly, if we
want to find two types of gonadotropin in
fish, we have to look for FSH-like gonado
tropin. For this purpose, the spécifie
assay for FSH-like gonadotropin is indis
pensable.
Among the bioassays with fish, we have to

discuss first the ovarian radiophosphorus
and tritiated leucine uptake assays, since
these assays were used once by Idler and his
associâtes as the spécifie assay for their
nonglycoprotein gonadotropin or "vitello-
genic gonadotropin" (Campbell and Idler,
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1976; Ng and Idler, 1978a; Ng and Idler,
1978b). If these methods are completely
spécifie for "vitellogenic gonadotropin"and
insensitive to glycoprotein gonadotropin or
"maturational gonadotropin", they can be the
standard method for biological characteri-
zation of FSH-like fish gonadotropin.
However, unfortunately, Ng and Idler (1979)
later reported that flounder glycoprotein
gonadotropin as well as its nonglycoprotein
gonadotropin possessed vitellogenic activ-
ities. More recently. Le Menn and Burzawa-
Gerard (1985) also reported that carp
gonadotropin which was absorbed to concana-
valin A-Sepharose stimulated vitellogene-
sis in the ovary of Gobius as well as a
carp hypophyseal fraction which was not
absorbed to concanavalin A-Sepharose.
Accordingly, the radioactive phosphorus and
tritiated leucine uptake methods must be
critically re-evaluated for their speci-
ficity. None of the other homologous
bioassay methods has been reported as the
spécifie assay for vitellogenic or FSH-like
gonadotropin of fish.

Heterologous bioassays

The most frequently used heterologous bio
assay is the chick testis radiophosphorus

Table 1. Assay methods employed for purifi
cation of fish gonadotropin.

Bioassays with fish (11) No. of studies

Oocyte maturation
Ovarian radiophosphorus uptake
Ovarian tritiated leucine uptake
Gonadosomatic index

Ovarian cAMP production
Testicular cAMP production
Estrogen production
Androgen production
Ovulation

Spermiation
Ovipositor elongation

Heterologous bioassays (6)

Chick tetis radiophosphorus uptake 6
Frog spermiation 2
Frog or toad oocyte maturation 2
Rat testis androgen production 2
Xenopus ovulation 1
Quail testis androgen production 1

Radioimmuno- or radioreceptor assays

Fish GTH RIA 2

Heterologous RIA 2

Homologous RRA (1)
Heterologous RRA 3

uptake method. The uptake of radiophospho
rus into the chick testis can be enhanced

by both FSH and LH of mammalian and avian
origins. The androgen production assay with
the avian and mammalian testis is LH-speci-
fic as well known. The remaining methods
using amphibians can not be simply catego-
rized as FSH or LH spécifie ones, since
we found that mammalian FSH can bind speci-
fically to interstitial cells of the Xenopus
testis (Adachi et al., 1979). A similar
phenomenon was also reported in the lizard
(Licht and Midgley, 1977). Accordingly,
some of these bioassay methods are LH
spécifie when tested with LH of homologous
species, but none of thera can be regarded as
FSH spécifie nor LH spécifie when tested
with hormone of heterologous species such as
fish gonadotropin.

Radioreceptor assay methods for fish gonado
tropin

It is established that FSH and LH have

separate receptors in the gonad in mammals:
rat FSH can not replace spécifie binding of
labelled rat LH, and rat LH can not replace
the spécifie binding of labelled rat FSH in
the rat testis. The presence of separate
and indépendant receptors for FSH and LH has
been shown also in the bird (Ishii and
Kubokawa, 198A).

Although amphibians have two types of
gonadotropin as mammals and birds, they seem
not to have two type gonadotropin receptors.
We found that the bullfrog testis has single
type gonadotropin receptors which can bind
both gonadotroplns (Takada and Ishii, 1986).
This finding shows that FSH can be compéti
tive inhibitor of LH and vice versa.

However, in the bullfrog, we recently
obtained a resuit indicating that FSH
bindings to testicular receptors increased
the affinity of the receptors to LH but not
their affinity to FSH (Yamanouchi and Ishii,
1986). Accordingly, FSH can hardly be the
compétitive inhibitor of LH in the bullfrog
testis.

Thus, we showed that in the bullfrog (f) the
gonadotropin receptor still remains undif-
ferentiated, although gonadotropin molécules
are differentiated into FSH and LH. Actions
of fFSH and fLH may be differentially
received by some unknown mechanism within
the plasma membrane or receptor molecule.
If we extrapolate these results in higher
vertebrates to fish, we may expect that fish
has single type gonadotropin receptors and
also single type gonadotropin. Of course,
this does not exclude a possibility that
fish has multiple types of gonadotropin
which are différent from the FSH/LH type.

The first attempt to purify fish gonado
tropin by monitoring the activity by means
of the radioreceptor assay was performed in
1980 by myself in collaboration with Dr. K.
Aida of University of Tokyo (Aida et al..
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