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Saturday Auqust Ist.

Registratlon at the Littledale Conférence Centre.

Posters to be set up on the display boards.

Sunday August 2nd.

Reglstration at the Littledale Conférence Centre.

Posters to be set up on the display boards.

14:00 Tour to Cape Spear - tnost easterly point of land In North
America and a National HIstorIc Site.

20:00 Informai Réception at Littledale hosted by Dr. Les I le Harris,
Président of Mémorial Uni versIty of Newfoundiand.

SITES OF XliTEREST

1. Oxen Pond Botanlcal Gardens - Mount Soie Road

2. Bird Island Charters - St. John's

3. Salmonler Nature Park - Outslde St. John's (40 miles)

4. St. Mary's Bird Sanctuary - Outslde St. John's (100 miles)

5. The St. John's Regatta - Oldest and Continuons Sportlng Event
(rowlng) In North America, held on Ist. Wednesday In August

LOCAL CRAFTS

1. Wlnmlll Uoollens - Murray Premlses

2. Nonla - Water Street across from Murray Premlses

3. Saltbox - Duckworth Street

4. Newfoundiand Weavery - Duckworth Street

MDSEDMS

1. Newfoundiand Muséum - Murray Premlses

2. Newfoundiand Muséum - Duckworth Street

3. Mémorial Unlverslty Art Gallery - Arts & Culture Center

FINE RESTAURANTS

1. Flshlng Admirai - Water Street

2. Klng Cod - Duckworth Street

3. Flake House - Quldl Vldl Village

4. Jade Garden - Kenmount Road

5. Kenmount Restaurant - Kenmount Road



Monday August 3rd. - Morning

08:30- Seating
08:35

08:35- Openîng remarks by David R. Idier (Canada),
08:40 the Président of the Organizing Committee.

08:40- Introductory lecture by Piet G.W.J. van Oordt (Netherlands),
08:55 the Honorary Président of the Symposium.

Session I - Hypothaiamo - Hypophysial Axis
in the chair: Zvi Yaron

08:55- Nancy M. Sherwood (Canada):
09:30 Current status of brain peptide releasing hormones.

09:30- Discussion

09:45

09:45- Henk J. Th. Goos (The Netherlands):
10:05 Steroid hormone feedback on the pituitary.

10:05- Discussion

10:15

10:15- Poster Session with Coffee Break.
11 :30

11:30- Laurence W. Cri m (Canada):
11:50 LHRH receptor characteristles in the pituitary.

11:50 - Discussion.

12:00

12:00- Lunch.

13:30

Monday August 3rd. - Afternoon

Session I I - Gonadotropins

in the chair: Peter Thomas

13:45- Seating
13:55

13:55- Yves A. Fontaine (France):
14:30 Current status of LH-FSH-I ike-GTH.

14:30- Discussion

14:45

14:45- David R. Idier (Canada):

15:05 Carbohydrate-poor GtH's.

15:05- Discussion

15:15

15:15- Poster Session with Coffee Break.
16:30

16:30- Susumu Ishi i (Japan):
16:50 Biological effects and bioassays of GtH.

16:50- Discussion.

17:00

Suppertime.



Tuesday Auqust 4th. - Morninq

Session Ml - Practical fish culture, broodstock care
and larval rearing

in the chair; Ti l iman J. Benfey

08:45- Seating
06:55

08:55- Kjei i Naas (Norway):
09:30 Current status of cod culture.

09:30- Discussion
09:45

09:45- Helge Paulsen (Denmark):
10:05 Turbot culture.

10:05- Discussion
10:15

10:15- Poster Session with Coffee Break.

11:30

11:30- Clarissa L. Marte (Phi l ippines):
11:50 Mi lkfish culture.

11:50- Discussion.

12:00

12:00- Lunch.

13:30

Tuesday August 4th. - Afternoon

Session IV - Sex manipulation and induced breeding
in the chair: Carel J.J. Richter

13:45- Seating
13:55

13:55- Edward M. Donaldson (Canada):

14:30 Current status of induced sex manipulation.

14:30- Discussion

14:45

14:45- Richard E. Peter (Canada):

15:05 Drug/hormone induced breeding of Chinese teleosts.

15:05- Discussion

15:15

15:15- Poster Session with Coffee Break.

16:30

16:30- Rudolf Reinboth (West Germany):
16:50 Naturel sex reversai.

16:50- Discussion.

17:00

Supperti me.



Wednesday August 5th. - Morning (Regatta Day)

Session V - Reproductive behavior in fish
in the chair: Jan W. Resink

08:45-

08:55

08:55-

09:30

Seati ng

N. Robin Li ley (Canada):
Current status of horniones and sex behavior.

09:30-

09:45

09:45-

10:05

Discussion

Norman E. Stacey (Canada):
Reproduction and pheromones.

10:05-

10:15

10:15-

11:30

11:30-

11 :50

Discussion

Poster Session with Coffee Break.

Masahiko Satou (Japan):
Neural substrates for reproductive behavior.

11:50-

12:00

Discussion.

12:00-

13:30

14:00

Lunch.

Short scenic trip with tour of the Marine Sciences Research
Laboratory faci l ities.

17:00- Supertime. Barbeque planned.

20:00- SCREECH-IN

ANOTHER LOOK

Evcrything is farther away than it used
to bc. It is twice as far to tiré corner, and
they have added a hlll thaï I never no-
ticed before. I have gjven up running for
the bus, it leaves much faster now than
it did before.

It seems to me that they are making
steps steeper than they used to in the
good old days. And have you noticed the
small print that the newspapers are us-
ing now?
. There's no use in asking anyone to
read aloud anymore. Everyone speaks in
such a low voice that I can hardly heax
what is said.

The material in dresses is getting skim-
py, especially around the waist and bips.
Rrally cheap, if you ask me.
Even peopie are changing. They are so

much younger than the) used to be when
I was their âge. On the oiher hand, peo
pie my âge are so much older than I am.
I ran into an old friend ihe other day

and she had aged so much that she didn't
even recogniie me any more.

I got to thinking about the poor thing
while I was combing my hair this morn
ing, and in doing so, I glanced at my
refleaion, and confound it, they don't
even make good mirrors an)'more either.



Thursday August 6th. - Morninq

Session VI - Gonadal Growth/Recrudescence
in the chair; John P. Sumpter

08:45- Seating
08:55

08:55- Robin A. Wai iace (U.S.A.):
09:30 Current status of oocyte growth.

09:30- Discussion

09:45

09:45- Catherine B. Lazier (Canada):
10:05 Gene régulation of vitel logenesis, l iver estrogen receptors.

10:05- Discussion

10:15

10:15- Poster Session with Coffee Break.
11 :30

11:30- Roland Bi l lard (France):
11:50 Maie gonadal growth and spermatogenesis.

11:50- Discussion.

12:00

12:00- Lunch.

13:30

Thursday August 6th. - Afternoon

Session Vii - Maturation of Gonads/Gonadal Steroid Hormones
in the chair: Keiji Hirose

13:45- Seating
13:55

13:55- A.P. (Sandy) Scott (United Kingdom):
14:30 Current status of ovarian steroids.

14:30- Discussion

14:45

14:45- Frederick W. Goetz (U.S.A.):
15:05 Mechanism & hormonal régulation of ovulation.

15:05- Discussion

15:15

15:15- Poster Session with Coffee Break.
16:30

16:30- Alexis Postier (France):
16:50 Steroids in maie reproduction.

16:50- Discussion.

17:00

Suppertime.



Friday Auqust 7th. - Morninq

Session VIN - Environmental factors and reproduction
in the chair; N i a I I R. Bromage

08:45- Seating
08:55

08:55- Ton J. Lam (Singapore):
09:30 Current status of environmental influences on gonadal activity.

09:30- Discussion

09:45

09:45- Victor J. Bye (United Kingdom).
10:05 Environmental management of marine fish reproduction.

10:05- Discussion

10:15

10:15- Poster Session with Coffee Break.
11:30

11:30- John P. Sumpter (United Kingdom):
11:50 Stress and reproduction.

11:50- Discussion.

12:00

12:00- Roland Bi I lard (France):
Concluding Remarks.

Lunch.

Friday Eveninq

19:30- Banquet and closings.



EFFECT OF THYROID HORHONES ON THE GROUTH, FOQD CONVERSION AND TISSUE
CHENISTRY OF THE CARP, CYPRINUS CARPIO

Hanuaan Singh

Laboratory O'f Molacular Endocrinology and Toxicolo^y» Departraent
ot Li-fe Sciencesp Hanipur University, Iniphal 795003, India

<L-T and T^ )
administered to

Changes in rate of growth, food
conversion e-f-ficiency and proxi-
mate composition o-f muscles have
been analysed over a priod o-f one
year in juvénile coromon carp,
Cyprinus carpio communia after
treatment with thyroid hofmones

and T^). Hormones were
fish either by

injection (I/P and I/M) or
orally. Oral administration of
hormones produced the best
response followed by I/H and then
I/P injections. Results o* only
oral administration o-f hormones
will be discussed here. Duplicate
groups of juvénile carp were fed
daily to satiation their normal
diet (5* of body weight, rice
bran and oil cake in the ratio of
2 : 1) and diet supplemented with
1, 5 and 10 mg/kg body weight of
T_ or 5, 25 and 50 mg/kg body
weight of T.. Ail the groups
received the treatment for one

year. Treatment period from
April 1984 to March 1985 was
divded into four phases. Phase I
was from April to June, Phase II
from July to September, Phase III
from October to December and
Phase IV was from January to
March. At the end of each phase
ten fish were randoraly selected
from each treatment group, their
growth rate, food conversion ef-
ficiency and proximate composi
tion of muscle were analysed.
Uhen the effects of T^ and T.
supplemented diets were coropared
5 mg/kg of T_ and 25 mg/kg of
were found to be most efective
growth proraoters, therefore, only
the results obtained with these
dosages of hormones have been
discussed here. Both T^ and T^
have significantly induced the
growth rate (% gain in body
weight over control) and condi
tion factor, however maximum in

duction was achieved during Phase
I  and first half of Phase II.
Feeding of the hormones also in-
creased the food conversion ef fi
ciency of the exper-imental groups.
Food consomption was de-creased
during latter part of the phase
III and Phase IV. Protein ef fi
ciency ratio (PER) was minimum
during Phase I and Phase II
Mbereas during Phase III and Phase
IV increased PER (in most cases)
Mas encountered. Total pr-oteins
increased in liver, kidney, and
muscle. RNA, RNA/DNA and protein/
DNA ratio were général ly in
creased in ail tissues studied.
No change in moisture content of
muscles was noticed in hormone
treated groups, except in early
part of Phase IV where it was
decreased. Total lipid in liver
and muscle were high in Phase I
and then decreased slightly in
latter part of Phase II followed
by another increase in their level
in Phase III and final ly the
lowest level in Phase IV. Ash
contents were significantly diffé
rent in ail treated groups. When
the results of T» supplemented
diets were coroparea with that of
T ; T_ was found to have elicited
better response.

Financial assistance from De-
partment of Science and Techno-
logy, Government of India is
gratefully acknowldged. I am
thankful to Ms Archana Srivastav
for technical assistance.



EVIDENCE OP STEROIDOGENESIS IN POSTOVUIATORY POLLICIES OF THE TIIAPIA, OREOCHROMIS

MDSSAMBIGUS

C.J. Smith, S.R, Haley

Depsurtment of Zoology, University of Hawaii, Honolulu, Hawaii, U.S.A.

f

Summary

Developing oocytes hecome surrovinded hy
two or more layers of cells which comprise
the follicle. The outermost layer is the
thecal layer while the innermost is the
granulosa layer. No endocrine function has
yet been demonstrated for postovulatory fol-
licles in oviparous teleosts, although
appropriate ultrastructure and steroid
couvert ing enzymes appear in the ovaxies of
many of the species examined. This study is
the f±rst of seveial designed to investi-
gate a possible endocrine rôle for postovu
latory follicles in an oviparous teleost,
the tilapia, Oreochromis mossambicus. The
tilapia has two characteristics that make
it an especially good candidate for this
Project. First, it breeds continuously in
waxm water, so that the next clutch of eggs
will begin development in the presence of
postovulatory follicles. Second, female
tilapia are mouthbrooders. After spawning,
she gathers the eggs into her mouth and
holds them until after the yolk sacs are
resorbed. In our system, the water was main-
tained at 27®C with a photoperiod of 12hr
light/l2hr dark, in which the females mouth-
brooded continuovisly for 12-15 days after
spawning. Subsequently, the fry were gath-
ered up whenever the female sensed danger or
darkness. This discontinuons mouthbrooding
continued for up to 25 days after spawning.
Ovarian tissue was examined by electron

microscopy and enzyme histochemistry for
evidence of steroid hormone production.
Idght microscopy was aJ.so used to examine
changes in the ovary with time after spawn
ing. Two groups of females were examined at
varions times after spawning. The first
group consisted of females that mouth-
brooded. The second group included females
that swallowed the zygotes within 1 day
after spawning, and females in which the
zygotes were manually removed within 1 day
after spawning. Since there were no différ
ences found in the ovaries between the two

groups of females in which mouthbrooding
did not occur, they were pooled together as
non-mouthbrooders. Tissue from the mouth

brooders was taken 1, 3f 5» 6, 7» 10» 20,
and 25 days after spawning. Ovarian tissue
from non-mouthbrooders wsis examined 3» 5» 7»
10, 20, and 25 days after spawning. Enzyme
histochemistry was performed only on the
tissue from mouthbrooders.

"Complété manuscript published in Cell and

Electron microscopy detected the presence
of smooth endoplasmic reticulum, lipid drop-
lets, and mitochondria with tubular cristae
in certain cells of the theca interna of
both pre- and postovulatory follicles. These
stiructures are found in cells that synthe-
size steroid hormones. Granulosa cells also
contained some smooth endoplasmic reticuliam,
but only in postovulatoiy follicles. The
granulosa cells of postovulatory follicles
al-so showed an axjgmentation of Golgi com
plexes, vesicles, microvilli, and micro
filaments within 5"7 days after spawning.
Enzyme histochemistry demonstrated an in
tense reaction of A5» 3B-hydroxysteroid
dehydrogenase (3B-HSD) in variably placed
thecal cells of postovulatory follicles
from 1-7 days after spawning. During this
time, there was an increase in young pri-
mary oocytes and recruitment of some of
these to vitellogenic oocytes. Electron
microscopy also showed that the follicles
of oocytes in the yolk vesicle stage were
more developed at régions where postovula
tory follicular tissue directly contacted
it. This may allow a localized stimulation
of folliculogenesis, may aid in the trans
port of materials between the two follicular
structures, or may be a method by which the
postovulatory follicle donates cells to a
developing follicle.

At 6-7 days after spawning, 3B-HSD acti-
vity became equally intense in sporadic
thecal cells of both postovulatory follicles
and the follicles of vitellogenic oocytes.
By 10 days after spawning, the 3B-HSD
activity was more intense in the follicles
aroimd vitellogenic oocytes. This indicates
a shift in the dominant steroid-producing
structure in the ovary.
Postovulatory follicles began to degener-

ate 10 days after spawning in non-mouth
brooders and 25 days after spawning in
mouthbrooders. Also, the next clutch of eggs
developed at a much higher rate in
non-mouthbrooders. The ovarian cycle for
non-mouthbrooders was about 25 days, while
that for mouthbrooders was about ̂ 0 days.
This would suggest that the presence of
postovulatory follicular tissue may inhibit
further oocyte development and/or be invol-
ved in the parental behavior of the female
tilapia.

Tissue Research".
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CHARACTERIZATION OF DOPAMINE RECEPTORS WITH REGARD TO GONADOTROPIN RELEASE IN THE
AFRICAN CATFISH CLARIAS GARIEPINUS

»

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

Department for Expérimental Zoology, Res. Group for Comp. Endocrinol., State University,
P.O. Box 80.058, 3508 TB Utrecht, The Netherlands

Introduction

In the African catfish Clarias eariepinus
gonadotropin release is regulated by at •
least two hypothalamic factors. It is sti-
mulated by gonadotropin releasing-hormone
(GnRH), and this stimulation is inhibited
by dopamine (DA; de Leeuw et al., 1986). A
similar situation has been observed in
other teleosts. Host indications regarding
the dopaminergic inhibition were obtained
using DA antagoniste and agonists. In the
African catfish aiso DA itself proved to
inhibit GnWL induced GTH release (effective
dose 5x 10 mole/kg body wt). The aim of
the présent communication is to character-
ize the DA receptors involved in the GTH
release by means of administration in vivo
of spécifie DA antagoniste and agonists.

Materials and Methods

Sexually mature female African catfish
with an average body wt of 595 g were used
for the experiments. Groupe of animais
each were injected with des-GIy _^/D-aIa /
LHRH ethylamide (LHRHa, Sigma, 10 /mole/kg
body wt) alone or in combination with resp.
sulpiride (D2 antagonist, Pharmexport B.V.),
SCH 23390 (D1 antagonist, Schering Corp.),
bromocryptine (D2 agonist. Sigma) and SKF
38393A (D1 agonist, Smith, Kline ang
French). The dose of ail drugs was 10

100 T

90--

80- LHRHa

70-
LHRHa +
SULPIRIDE

ai
60-

c_ LHRHa i-

X
h- 50-

SCH 23390

a

<

40-
LHRHa ^

S

2
BROMOCRYPTINE

30- LHRHa +

SKF 3B393A

20-
rvwxNi

10

2  i 4

Houns AFTEB INJECTION

Fig. 1. The effect of injections of LHRHa
alone, or in combination with spécifie dop
amine D1 and D2 agonists and antagoniste,
on plasma GTH levels in mature female cat
fish.

mole/kg body wt. Bloodsamples were taken at
t=0, 1, 2, 3, 4, 8 and 24 hr postinjection.
After centrifugation, plasma samples were
stored at -40®C until GTH measurements..

Résulté

LHRHa caused a rise in plasma GTH levels,
starting at 1 hr postinjection and reaching
a maximum at 8 hr. At 24 hr the level was
almost back at control value. The D1 agon
ist SKF 38393A and the D1 antagonist SCH
23390 did not have an effect on the LHRHa
induced GTH levels. Sulpiride, the D2
antagonist, very strongly enhanced the
LHRHa induced GTH release and caused ovul
ation in ail animais. On the other hand,
bromocryptine, the D2 agonist, did not
influence the LHRHa stimulated GTH release
(Fig. 1).

Conclusions

The resuits of experiments using LHRHa in
combination with DA and the aspecific agon
ist apomorphine (de Leeuw et al., 1986) and
pimozide (de Leeuw et al., 1985) demon-
strated the involvement of DA receptors in
the interaction with GnRH. The présent ré
sulté indicate that a D1 receptor does not
play a rôle in the dopaminergic régulation
of the GTH release. The effect of sulpiride
points towards the involvement of D2 recep
tors. The effect of bromocryptine, however,
is somewhat puzzling. As a D^-agonist it
could be expected to have an efïect similar
to that of DA, i.e. a D2 agonist an inhibi
tion of the LHRHa stimulated GTH release.
Investigations using other D2 agonists are
in progress to clarify this problem.

References
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modulâtes the luteinizing hormone-releas-
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lazera. Gen. Comp. Endocrinol. 58:120-
127.



THE REPRODUCTIVE PHYSIOLOGY OF TRIPLOID PACIFIC SALMONIDS

T.J. Benfey, I.I. So1ar and E.M. Donaldson

Department of Fisheries and Océans, West Vancouver Laboratory, 4160 Marine Drive,
West Vancouver, British Columbia, Canada

Summar.v

We have examined the effects of induced
triploidy on gonadal and pituitary
development in coho salmon (Oncorhvnchus
kisutch), pink salmon (0. gorbuscha), and
rainbow trout (Salmo gairdneri). Only a
small fraction (less than one percent) of
pre-meiotic cells successfully pass through
meiosis in triploid gonads. This degree of
gonadal development is not sufficient to
trigger physiological maturation in females,
but does do so in maies. Triploid females
remain silver-bright throughout their
lives, whereas triploid maies develop
typical secondary sexual characteristics,
produce small amounts of aneuploid
spermatozoa, and exhibit the same degree of
precocious maturation and post-spawning
mortality as do normal maies. Plasma levels
of sex steroids and plasma and pituitary

levels of gonadotropin are the same for
diploid and triploid maies throughout their
lives. However, triploid females always
have low or non-detectable sex steroid and
gonadotropin levels in their plasma.
Furthermore, relative to maturing diploid
females or diploid and triploid maies,
triploid females have a very low pituitary
gonadotropin content. Triploid females
generally have minimal plasma vitellogenin
levels, but the administration of
17B-estradiol induces a normal vitellogenic
response by the liver. The production of
all-female triploids is a useful technique
to provide stérile fish for salmonid
aquaculture. We have produced all-female
triploids both by the direct feminization
of mixed sex triploids and by the
induction of triploidy in eggs fertilized
with homogametic mil t.



DETERMINATION OF VITELLOGENIN LEVEES IN OVULATORY PACIFIC SALMONIDS USING AN HOMOLOGOUS
RADIOIMMUNOASSAY FOR COHO SALMON (ONCORHYNCHUS KISUTCH) VITELLOGENIN

T.J. Benfey^, H.M. Dye^, E.M. Donaldson^ and T.G. Owen^

bepartment of Fisheries and Océans, West Vancouver Laboratory, 4160 Marine Drive,
West Vancouver, British Columbia, Canada
2Helix Biotech Ltd., 217-7080 River Road, Vancouver Industriel Park,
Richmond, British Columbia

Summary

We report the development of a
radioimmunoassay to measure plasma levels
of vitellogenin in Pacifie salmonids. Coho
salmon (Oncorhynchus kisutch) vitellogenin
was purified by ion-exchange chromatography
and antibodies were raised in rabbits by
intramuscular injection of vitellogenin in
Freund's complété adjuvant (for détails,
see Gordon, M.R., et al., 1984, Aquaculture
43: 333-339). Plasma sample dilutions from
females at or near ovulation were parailel
to the coho standard for ail Pacifie
salmonids tested, i.e., coho, chinook

(0. tshawytscha), chum (0. keta), pink
(0. gorbuschaT"and sockeye salmon (0^ nerka)
and rainbow trout (Salmo gairdnerij, but
not for Atlantic salmon (S. salarT or a
non-salmonid, the sablefish (Anoplopoma
fimbria). Vitellogenin concentrations at
ovulation were 9.46 ± 12.84 (SD) mg/ml for
coho, 9.10 ± 0.77 mg/ml for chinook,
0.36 ± 0.77 for chum, 0.16 ± 0.16 for pink,
and 0.068 ± 0.086 for sockeye salmon.
Immature maie and female coho salmon had
much lower plasma vitellogenin levels, but
high levels were rapidly attained after
repeated injections of 17B-estradiol.



IN VITRO STEROID PRODUCTION BY OVARIAN FOLLICLES OF ORANGE ROUGHY
HOPLOSTETHUS ATLANTICUS COLLETT), FROM THE CONTINENTAL SIOPE OFF
NEW ZEALAND.

N.W. Pankhiirst*

MAF Fisheries Research Centre, P.O. Box 297, Wellington, New Zealand.
* Présent address: University of Auckland, Leigh Marine Laboratory, R.D. Leigh,
New Zealand.

Orange roughy were captured by trawl froin depths of 800—1200ni and ovarian
follicles or segments from fish that had completed vitellogenesis but had not
begxm final oocycle maturation, were incubated vitro. 11-deoxycortisol (11-DOC),
deoxycortisone acetate, testosterone (T) at 0.1 and l.Qag.ml , and cortisol (F) and
17«c-hydroxy progestérone (17pcOHP) at l.Q/^9*iïil significantly increased the proportion
of oocytes undergoing final maturation, whereas 17D(,20y8-dihydroxy-4-pregnen-3-one
(17«,20jBP), progestérone, pregnenolone, 17/i-estradiol (E2) and low doses of
17p(0HP and F did not.

T and 17^QErP were synthesized by isolated follicles in response to treatment
with human and piscine gonadotropins, while 11-DOC, 17w,20^P and E2 were not. This
is consistent witb measured changes in plasma steroids whereby T is produced during
both vitellogenesis and final oocyte maturation, E2 is présent during vitellogenesis,
17oc,20)6P is not détectable at any stage and plasma 11-DOC changes are apparently
unrelated to gonadal condition, with 11-DOC being of interrenal origin.
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EFFECT OF (D-ALA , TRP , LEU , PRO NEt)-LUTEINIZING HORMONE-RELEASING HORMONE (sGnRH-A)
AND DOPAMINE ON OOCYTE MATURATION AND STEROIDOGENESIS IN CARP (CYPRINUS CARPIO L.) IN VITRO

M. Sokolowska-Mikolajczyk, D. E. Kime*, T. Mikolajczyk and P. Epier

Department of Ichthyobiology and Fisheries, Agricultural Academy, Krakcw, Poland, and
*Department of Zoology, The University, Sheffield, United Kingdom.

Sununai

The in vitro effects of sGnRH-A, dopamine

(DA), carp hypophyseal homogenate (chh),
and 17,20l3-dihydroxy-4-pregnen-3-one
(17,20P) alone and in combinations were

examined. In carp, in distinction to
other vertebrates, sGnRH-A and/or DA had
no effect on oocyte maturation and steroid-
ogenesis, nor did they affect the action
of chh and 17,20P.

In some groupe of vertebrates GnRH blocks
gonadal development via inhibition or
modulation of steroidogenesis. In frogs,
for example, it increases testicular
androgen production (Segal & Adejuwon, 1979)
In the case of GnRH action on sécrétion of

pituitary gonadotropins in fish, DA blocks
the action of GnRH and decreases blood GtH

levels. If GnRH acts at the level of the

ovary in fish as in other vertebrates DA
could remove the effects of GnRH on

steroidogenesis. Carp oocytes were

cultured in vitro to examine the effects of

s GnRH & DA on oocyte maturation and
steroidogenesis compared to the maturation-
al effects of chh and 17,20P.

Five 5-year old females were injected with
chh (1 mg/kg) 24 hr before the in vitro
experiment. FrortT each fish triplicate
incubations were carried out in ail

expérimental groups. Ovarian fragments
were inci±)ated with sGnRH-A (Ipg/ml), DA
(1 & 10 ;ag/ml) , chh (100 ;ag/ml) , 17,20P
(1 ;ag/ml) and with combinations of these
hormones. After 24 hr incubation oocyte

maturation was determined by the germinal
vesicle (GV,) position and the levels of
testosteroné (T), 17-hydroxyprogesterone
(17p), 17,20P, and testosterone glucuron-

ide (TG) in the inc\±iation média measured.

The results (fig. 1.) show that sGnRH.-A
and DA did not alter oocyte maturation, or
affect the influence of chh or 17,20P on

oocyte maturation. Neither sGnRH-A nor DA
had an effect on chh stimulated steroid

production. Ail incubations which contain-
ed chh had very significantly higher
concentrations of T, 17P, 17,20P and TG
compared to control incubations.

OA 1 10 - 1 10 - - 1 I -

CfiRH- - - - - I I 1 1 -
chh ♦♦♦ -♦-♦-

I K) - 1 K) - - 1 l -
'  1 1 1 -

- 1 10 - DA
1 GnRH

- - - chh

fig. 1. The effect of coi±)inations of DA,
GnRH, chh and 17,20P on oocyte maturation
and steroidogenesis. Black bars represent
inci±)ations containing chh, and shaded
bars those containing 17,20P.

The results show that neither DA nor GnRH
alone or together affected steroidogenesis^
including the production of the probable
maturation inducing steroid - 17,20P. Chh
stimulated steroidogenesis was not affected
by addition of either GnRH or DA. As
expected, both chh and 17,20P stimulated
oocyte maturation in vitro. The results
obtained show that in carp sGnRH-A did not
affect steroid biosynthesis in the ovary
and did not inhibit or stimulate oocyte
maturation. These results are confirmed by
the fact that during stimulation of
artificial spawning with intraperitoneal
injections of GnRH-As this hormone has
contact with the ovary but does not inhibit
oocyte maturation or the ovarian stimulatory
effect of pituitary GtH.

Reference
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Direct effect of LHRH on testicular
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EPFECT OP CO-CULTURE OF PRIMED AND CC»ITROL OVARIAN TISSUE OF THE CCMMON CARP (CYPRINUS!
CARPIO L.) ON OCCYTE MATURATION AND STEROIDOGENESIS IN VITRO.

D. E. Kime*, M. Sokolowska-Mikolajczyk, P. Epier, K. Motyka, T. Mikolajczyk and K. Bieniarz.

^Department of Zoology, The University, Sheffield, Unlted Klngdom, and Department of
Ichthyobiology emd Flsherles, Acadeny of Agriculture, Krakow, Poland.

Sununary

Possible interactions between ovarian

fragments from primed (carp hypophyseal
homogenate, chh, treated) euid control fish
have been examined by in vitro co-culture.
Primed tissue enhcUiced the % of oocytes

with peripheral germinal vesicle (GV) in
unprimed fragments. 17,20/&-dihydroxy-4-
pregnen-3-one (17,20P) production was
sv^pressed to unprimed levels in co-
cultùre but other steroids were vinaffected.

Maturation of fish oocytes is controlled
by pituitary gonadotropins which stimul-
ate the synthesis of ovarian steroids.
There is a certain degree of ovarian auto-
nomy in the production of steroids and
ovaricin sécrétion may be regulated by
intra-ovarian factors. It is not clear

whether GtH primed ovarian tissue affects
unprimed tissue and/or vice versa. In
vitro co-culture of both primed and unprimed
ovariéin tissue was examined in order to

elucidate this problem.

24 four-year old female carp were used.
12 were injected with chh (1 mg/kg body
weight) and 12 with saline. 3 injected and
3 control fish were sacrificed at 3, 6, 12,
& 24 hr after injection and ovarian
fragments taken fbr in vitro cult\are and co-
culture (fragments from injected & control
fish incvibated in the seune vial).
Incubations were carried out with and

without addition of chh (100 jig/ml).
Oocyte maturation was determined by the
GV position and testosterone (T), its
glucuronide (TG), 17-hydroxyprogesterone
(17P) and 17,20P measured.

The percentage of oocytes with peripher
al GV in tissue from unprimed fish was
significantly (P<0.05) enhanced by the
presence of primed tissue. Unprimed
tissue caused a significant increase (P<0-:01)
in oocytes with peripheral GV in primed
fish due to a decrease in number of oocytes
undergoing final maturation (GVBD). T, TG
and 17P showed no différence between primed,
vinprimed and co-cultured tissues. In ail
groups begun 6 to 24 hr after priming,
17,20P production was elevated in the médium
from primed tissue alone but was low in
médium from both unprimed

tissue cuid from co-cultures. In no case
did the co-culture produce higher amounts
of 17,20P than unprimed tissue alone.

K 100

Fig. 1. Effect of co-culture on 17,20P
production. Open bars show unprimed tissue
dark bars primed tissue euid light béors
co-culture of primed and unprimed tissue.

The results show that there is an inter

action between ovarian tissue from primed
and vinprimed fish when incubated together.
17,20P production is cleéurly svç>pressed by
the presence of less mature, vinprimed, *
tissue. Primed tissue accéléra tes GV matur-

ity in unprimed tissue. Overall the results
suggest that the two effects will tend to-
wards a catching up process leading to syn-
chronous maturation of the maximum nvimber of
oocytes. This fits well with the spawning
pattem of carp where a large niomber of
eggs must be spawned at one time. In our
co-cultures the two types of tissue were
separated by a mesh êuid it is probable that
in an intact oveory in which différent stages
of matvirity would be closely intermingled
the effect would be feir more pronounced and
resuit in synchrony of oocyte maturation
among ail post-vitellogenic oocytes which
will thén be ovulated at one spawning.
This synchronous development is in marked
contrast to that in mammals where intra-

ovarian factors inhibit development in ail
but a few oocytes. The inhibition of
primed tissue in co-culture could be a
similar mechanism to that found in mananals.



■SOME PHYSIOLOGICAL ASPECTS OF GnRH RECEPTOR BINDING IN THE AFRICAN CATFISH, CLARlAg GAFTEPlffUj
R. de Leeuw, W. Smlt-van Dljk, G. van 't Veer, P. Beumer, H.J.Th. Goos, and P.G.W.J. van Oordt
Depaxtment of Expérimental Zoology, Research group for Comparative Endocrinology,
University of Utrecht, Padualaan 8, 3584 CH Utrecht, The Netherlands

In teleosts, the release of gonadotropic
hormone (GTII) is stimulated by a gonadotrop-
in-releasing hormone (GnRH). Chum salmon
GnRH has been identified as Trp -Leu -LHRH
(sGnRH). This sGnRH appears to be the pré
dominant GnRH in several teleost species
(Sherwood et al., 1984). The functional
relationship between GnRH receptors and GTH
release has been studied in goldfish (Habi-
bi et al., 1987) and catfish (De Leeuw et
al., 1987). The présent studies demonstrate
spécifie, saturable GnRH binding sites in
the female catfish pituitary. In addition,
the binding affinity of several GnRH-like
peptides were compared with their in vitro
bioactivity.

In order to study the presence of satur-
,  able GnRH binding sites, catfish pituitary

membranes were incubâted with increasing
concentrations ̂ of the iodiiu^ed sGnRH anal-
og, D-Arg -Pro GnRH-NEt (^"^^I-sGnRI^ for 2
hr at 4®Ç^ At radioligand concentrations of
5Q_x 10 M and above, spécifie binding of

I-sGnRHa was saturable. A Scatchard plot
analysis of the saturation data resulted in

\a strai^ht line suggesting the presence of
a  single class of high-afMnity binding
«44-ao fva = n oni+n nfi v in M , Bmax =sites (Ka = 0.901±0.06 x 10'

* 1678±150 fmol/mg protein).
125The specificity of I-sGnRHabinding was

demonstrated by displacement expérimenta,
in which pitirLtary„ membranes were incubated
with 2 X 10 M I-sGnEHa and increasing
concentration of sGnRHa, native sGnRH, the
superactiye IJffîH analogs Buserelin (D-
SerCt-Bul -Pro^LHRH-NEt) and LHRHa (D-
Âla -Pro -LHRH-NEt) and other peptides. As
shown in Fig. 1, the Gniffl-ilike peptides
inhibited the binding of I-sGnRHa. The
compétition curves were parallel. The se-
quence of compétition capacity was sGnRH >
Buserelin > DIRHa. TRH (thyrotropin-rel-
easing hormone), hCG (human chorionic gon-
adotropin), somatostatin and .vasopressin
did not cause inhibition of I-sGnRHa-
receptor binding.

With respect to the relation between the
above-described relative binding affinities
of sGnRHa, sGnRH, Buserelin and DHUIa and
their bioactivity in the African catfish,
the effect of these peptides on the release
of GTH from catfish pituitary cell suspens
ion was examined. After a preincubation
period of 48 hr, pituitary cells (150.000/-

200 |il médium) were incubated with increas
ing concentrations of sGnRHa, sGnRH, Buser
elin and LHRHa. Ail peptides were equipot-
ent in stimulating GTH release, i.e., they
were active in the same dose range and
their maximal responses were of equal mag
nitude. This is in agreement with the rés
ulta of other in vitro studies (MacKenzie
et al., 1984).

• sGnRHa A hCG
G sGnRH A TRH
■ Buserelin ^ Somatostatin
□ LHRHa 0 Vasopressirt

100-1 m
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C
3
O
n

O

*o
a 50-1
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0-

10" 10'° 10' 10' 10"' 10 10 10
Concentration (M)

Fig. 1. Displacement of specifically bound
I-sGnRHa by différent peptides.

»  A Scatchard plot analysis of saturation
obtained with membrane fractions of pituit
ary cells cultured for 48 h:^, s^owed a
binding affinity of 0.15 x 10 M and a
binding capacity of 62 fmol/500.000 cells.
This binding affinity is approximately 5
times lower than the binding affinity of
fresh pituitary membranes. This might be
caused by the enzymatic treatment of the
pituitaries in preparing the cell suspens
ions, leading to a possible receptor dam
age. In favour with this idea is the ob
servation that after 7 days in culture the
binding affinity is again comparable with
the binding affinity of freshly prepared
pituitary membranes, suggesting complété
recovery of the receptors.
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STUDIES ON THE REPRODUCTIVE BIOLOGY OF GONADAL TUMOUR-BEARING CARP-GOLDFISH HYBRIDS

13 1 2N.E. Down ' , J.F. Leatherland and R.E. Peter

^Department of Zoology, University of Guelph, Ontario; ̂ Department of Zoology, University of
Alberta, Edmonton, Alberta, Canada

Summary

Carp (Cyprinus carpio), goldfish (Caras-
sius auratus) and their intergeneric hybrids
were collected from several sites on the

lower Great Lakes of North America from 1978
to 1981. The hybrids exhibited epizootics
of gonadal neoplasms (a frequency of 68% in
461 hybrids examined) that ranged from small
homogeneous nodules to large multinodular
masses in varions stages of necrosis and
liquifaction. Historical evidence has im-
plicated an environmental etiology for these
tumours. Hybrids invariably displayed a
hyperplasia of prôximal pars distalis baso-
phils (the presumptive gonadotrops) of the
pituitary gland which seemed progressive as
older hybrids had disproportionately larger
pituitaries, totally due to the basophil
prolifération. Parental species exhibited
gonadal tumours at much lower frequencies'
(3.4% and 8.9% for carp and goldfish, res-
pectively) and these neoplasms were coiqxssed
of small nodules only.

Electrophoretic examination of tissue en
zymes and morphological characters indicated
that the hybrids examined for this study were
ail of the Fi génération, with one possible
exception.
The gonadal histology of maie and female

carp captured for this study was typical of
a successfully reproducing population, vhere-
as the hybrids appeared to be stérile.
Meiosis was often completed in maie hybrids
but spermatids usually degenerated early in
spermiogenesis. Females frequently com
pleted vitellogenesis but provided no evi
dence of final maturation or ovulation. Pro

lifération of undifferentiated germ cells
were observed in maie and female hybrids and
were considered to represent neoplastic
transformations. Proliférations of Sertoli

cells were common in maies and in the maie

portion of hybrids exhibiting intersex gon-
ads; the Sertoli cells of these individuels
were well differentiated, formed tubules and
accumulated large stores of lipid. Exten-
sive degeneration of germinal cells was
often apparent in areas of Sertoli cell pro
lifération as were numerous, large melanin-
macrophage centres. Gonadal stromal cell
tumours did not form tubules or accumulate

lipid. The spindle cells of these neoplasms

could be found in homogeneous sheets or
intermixed to varying degrees with the early
stages of germ cells and/or connective tis
sue elements.

The pituitary glands of hybrids had greater
concentrations of immunologically active gon-
adotropin (GtH) than sympatric carp. Tum-
oured hybrids had a higher pituitary GtH
concentration than non-tumoured hybrids. The
gonadotrops were not considered to have
undergone neoplastic transformation.
Hetérologous gonad bioassays indicated

that hybrid GtH was functional since it in-
duced both phosphorous uptake by the immat
ure chick testis û» vivo and steroidogenesis
in testis minces from brook charr (Salvelin-
us fontinalis) in vitro.

Radioimmunoassay determined sérum GtH con
centrations in hybrids was as high as or
higher than levels found in sympatric carp
indicating that the hybrid gonadotrops were
capable of releasing GtH into the blood.
In carp sérum testosterone (T) levels were

similar in maie and females, 11-ketotestost-
erone (11-KT) was predominantly a maie
androgen and 17B-estradiol (E2) was predom
inantly associated with females. Non-
tumoured maie hybrids resembled maie carp ^
with respect to T, 11-KT and E2, while non-
tumoured female hybrids resembled female ^
carp with respect to T and 11-KT but not E2.
Female hybrids did not seem to be preferen-
tially converting T to E2 as were female
carp. Hybrids with gonadal stromal tumours
exhibited the highest androgen levels which
may indicate an androgenic fonction for the
proliferating cell type. Absent or retarded
steroidogenesis could not be supported as
the cause of the hypophyseal hyperplasia in
the hybrids.

3. Présent address: Fisheries and Océans, West Vancouver Laboratory, West Vancouver, B.C.,
Canada
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ANTIFREEZE PROTEIN GENE TRANSFER: A POTENTIAL SOLUTION TO OCEAN PEN CULTURE
OF SALMON IN ICI WATERS.

Garth L. Fletcher, Margaret A. Shears and Madonna J. King
Marine Sciences Research Laboratory, Mémorial University of Newfcundland,

St. John*8, Nfld. AlC 5S7

Ming H. Rao

Department of Biology, Mémorial University of Newfoundland, St. John's,
Nfld.

Choy L. Hew

Department of Biochemistry, Research Institute^ Hospital for Sick Children,
Toronto, Ontario M5G 1X8

Peter L. Davies

Department of Biochemistry, Queen's University, Kingston, Ontario K7L 3N6

The ocean~pen culture of Atlantic salmon is restricted to areas where
the water température does not décliné below 0°C. This is because Atlantic
salmon can freeze to death when the température drops to —0.7 C. Many
marine fish can inhabit icy waters because they have evolved antifreeze
proteins (AFP) which depress the freezing point of their body fluids to safe
levais. We are proposing to make the Atlantic salmon more freeze résistant
by transferring antifreeze protein genes from a fish which can survive icy
waters, the winter flounder, to the genome of the salmon.

Approximately 1800 Atlantic salmon eggs were microinjected with
linearized AFP genes immediately after fertilization. Survival to the fry
stage was approximately 80%.

Individuel fry were analyzed for the presence of the flounder AFP gene
by genomic Southern blotting. Two out of the 30 progeny analyzed showed
hybridization to the DNA probe. The hybridization bands following cleavage
by restriction enzymes Sst 1 and Bam H1 were identical to those of the
linearized DNA which was injected into the eggs. These hybridization
signais were absent from the control salmon. The intensity of the hybridi
zation signais indicated that at least one copy of the AFP gene was présent
in each cell.

Research supported by a stratégie grant from the Natural Sciences and
Engineering Research Council of Canada and by the Médical Research Council
of Canada.



THE GOLGI COMPLEX AND FLAGELLUM FORMATION DURING SPERMATOGENESIS IN GOLDFISH

Guan Tinglu

Institute of Developmental Biology, Academia Sinica, Beijing, China

Summary

The spermatozoa of goldfish, Carassius au-
ratus, have no acrosome and other peculiar
features. It bas been found that the sperm
have Golgi coraplex in their neck (Guan,1987).
OFTEN GROUPS OF TIGHTLY PACKED VESICLES ARE

seen within the flagellum. As soon as the
aperm are released into water, the flagellum
rolls up from the tip towards the head conti-
nuously until it is incorporated into the
head(Guan,1986).During spermatogenesis, the
fine structure of Golgi complex changes as
the cells differentiate from spermatogonium
to spermatozoon. At the primary spermatocyte
stage, the number and activity of Golgi
complex increase and the flagellum formation
starts. The primitive flagellum usually bas
9+0 type axoneme. This fact may suggest that
the main rôle of Golgi complex during sperma
togenesis in goldfish lies in the formation
of flagellum vesicles and the outside memb
rane sheath of axoneme. In spermatid, Golgi
complex is rather sraall as Baccetti (1984)
bas reported.

' o

•  \

spermatocyte showing the

axoneme near to the nue-

-

' /i
i  •

&

Fig.3. A primary spermatocyte. The base
body is located at some distance from plasma
membrane and close to Golgi complex.36,000 X.

Fig.4. A primary spermatocyte showing the
cisternae attached to both side of axoneme to
form primitive flagellum which is located
inside the cytoplasm. 18,000 X.
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VO^IERBaBNE SEIENIUM AND REïnDDUCnVE EAIIZIRE IN CESnBABCHID FISHES
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Abstract

Over the past 10 years wet-basin coal-ash
dispoeed at pcxœr plants has been inpli-
cated in the disappearanoe of freshwater
fish pcpulations tram cooling water réser
voirs. Associated witii dedining fi^
populations has been an increase in water-
bome selenim. Selenim levels in £re^
water are about < 1 xig/l but in pcwer^plant
reseirvoirs nay be 10-£old or more above
bacikgrcund. Selenivon is a reguired eleoonent
for fishes but can be tcodc to f ishes
depending en ocnoentraticn and form of tiie
sélénium (VI, IV, -II). Sélénium accumu
lâtes in tiie food chain of fishes with
potential dietary ccncentrations trooi 500-
1,000 the waterbome ccncentraticn.
Sélénium can also be taken vp directly frcm
the vater. Fi^ population studies indi-
cate that centrarohid fishes such as large-
mouth bass and bluegill are the first
Epecies to diseppear frcm selenim contami-
nated réservoirs. Total boc^ burdens of
sélénium are elevated conpared to fishes
frcxn control areas. Carcass concentrations
may be as much as 20-fold hi^ier than con-
trols. Sélénium levels in the gonads are <
than carcass burdens in the testes but
exceed carcass levels by about 2-fold in
the ovaries. To assess the iinpact of the
elevated levels of sélénium in the gonads
studies hacve bear conducted by cross
•breeding bluegill vdth hiç^ and Icw bxxfy
burdens of sélénium. Neither precent fer-
tilization nor percent hatcsh differed among
parent coeacbinations. Ail crosses with
females with hi^ sélénium burdens produced
larvae with edema and the larvae did not
survive to swim-rp. Histopatholcgy studies
on longear sunfish frcm a selenium-enriched
réservoir indicate pronounced morphological
altérations in the ovaries with atretic
foUicles, abnormally shaped follides and
reduced yolk mass being observed. 6uild-\p
of sélénium in the ovaries of centrarohid
fishes, \AiLch can exceed 1,000 times the
water levels, results in damage to the
ovary and production of abnormal larvae
frcm spawned eggs. Levels of sélénium in
excess of 4 mg/kg wet wei^t in the ovary
are associated with reproductive failure.
Ihe form of sélénium responsible for the
reproductive fsdlure has not been identi-
fied. Sélénium levels in water less than 3
vg/1 will probably protect sensitive
epecies âxm reproductive problems.
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STEROIDOGENESIS AND CXX:YTE MATURATION DURING INDUCED OVULATION IN CARP

E. Kime,* P. Epier, K. Bieniarz, M, Sokolowska, K. Motyka, and T. Mikolajzyk

* Department of Zoology, The University, Sheffield, U.K., and Department of
Ichthyobiology and Fisheries, Academy of Agriculture, Krakow, Poland.

Suimnary

A combined in vivo-in vitro approach is
described for optimising the conditions of
induced ovulation in fish. For carp, two

injections of hypophysial homogenate
separated by a minimiom of 12 h is required
to induce the maturational changes necessary

for ovulation at the optimum temperatiure
of 20^. The changes in oocyte maturation
and steroid production under various
conditions are described.

Ovulation in cyprinid fish is artifici-
ally inducèd by means of two injections of
carp hypophysial homogenate (chh). We
have recently employed a mixed in vivo-in
vitro approach to détermine the optimxam
temperatiire and chh dose during induced
ovulation in carp (Epier et al., 1987).
This approach has been extended to' examine
the optimum interval between the two chh
injections.

Carp were sacrificed at intervais of 3-24h
after injection with chh (primed) or saline
(control) . A significant increase in niomber
of germinal vesicles (GV) at the periphery
of the oocyte occurred between 6 and 12 h
after priming (Fig. 1)
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Fig. 1. % oocytes in central (C), migratory
(M) and peripheral (P) positions 3-24 h after
injection of a priming dose of chh.

The oocytes were incubated with or witJiout
chh for 24 h. Chh stimulated in vitro 17,20?
production only in oocytes taken

6-24 h aftier priming. Oocytes taken at 6
and 24 h had similar response. Oocyte
maturation increased in ail chh incubations
cuid germinal vesicle brecdcdown increased
with time between priming and sacrifice
(Fig.2). Testosterone, tes"tost:erone glucur-
onide and 17-hydroxyprogesterone were only
produced in incubation with chh but yields
were unaffected by priming or time of sacr
ifice. Chh did not give 17,20P or GVBD in
incubations of oocytes from control fish,
although -the % peripheral GV increased.

Fig. 2 % of oocytes in migratory (M) , and •
peripheral (P) positiions or after GVBD (G)
in incubations with chh begun 3-24 h after
priming.

The results further confirm the importance

of priming on GV migration and induction of
potential for 17,20? synthesis. The temporal
sequence suggests that 12 h is the minimum
time that should be allowed between priming

and main injections. The close corrélations
between the predicted conditions for carp and
those already found optimal in aquaculture
suggests that the in vivo-in vitro approach
might be useful for determining conditions
for induced ovulation in other species.
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STEROID GLUCURONIDES IN THE SEMINAL VESICLE OF THE AFRICAN CATFISH
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Summarv

In teleosts pheromones of gonadal origin
may act as sex attractants and may induce
reproductive behaviour. As sex pheromones
steroid glucuronides bave been suggested.
In maie African catfish, Clarias gariepi-
nus, such sex pheromones may originate in
the séminal vesicles. Indeed, an aqueous
extract of séminal vesicles could be used

to attract females after ovulation. In

order to study the capacity of séminal ves
icles to synthesize steroids and steroid
glucuronides, tissue fragments were incub-
ated with tritiated pregnenolone and
androstenedione respectively. Moreover,
steroid glucuronides were identified and
quantified in séminal vesicle fluid of
ferai spawning, and ferai eind cultivated
non-spawning catfish. After
deglucuronidation with 8-glucuronidase the
steroids were determined by gas
chromatography-mass spectrometry.

The séminal vesicles were able to synthes
ize androgens, 11-oxygenated androgens and
SB-reduced and C^^g-steroids. Moreover,
a distinct synthesis of steroid glucuron
ides, i.e. 5B-pregnane-3a,17o-diol-20-one,
testosterone, 5B-dihydrotestosterone, 5B-
androstane-3a,17B-diol and etiocholanolone
was observed. These steroid glucuronides,
as well as the glucuronides of 5B-andros-
tane-3B,17B-diol, 5B-androstane-3a, IIB-
diol-17-one and 5B-androstane-3o,17B-diol-
11-one, were traced in the séminal vesicle
fluid. The latter were also identified as

free steroids after jji vitro incubation.

A short eutline of the methods:

1) Steroids and steroid glucuronides were
extracted from the séminal vesicle fluid

by reversed-phase chromatography with
Seppak C^g columns, followed by elution
with ethanol (100%) and aqueous ethanol
(50%).

2) The isolated steroids and steroid gluc
uronides were separated by an extraction
with dichloromethane against water.

3) The water fraction was treated with B-
glucuronidase and the deglucuronidated
steroids were extracted with dichlorome

thane.

4) The deglucuronidated steroids were der-
ivatized into (oxime-) trimethylsilyl-
ethers.

5) The derivatized steroids of standards

and séminal vesicle fluid were applicat-
ed on a Hewlett-Packard 5992B gaschroma-
tography-mass spectrometer with a fused
silica capillary colvimn.

6) Rétention times and mass spectra of
steroids from the séminal vesicle fluid

were compared with those of standard
steroids.

7) Selected ion monitoring (SIM) was car-
ried out on characteristic ions to

detect steroids at lower concentrations.

8) For quantification, calibration curves
were prepared between standard steroids
and an internai standard 5o-androstan-

3B-ol. TOgCorrect for losses during ex
traction H-estrone-glucuronide was ad-
ded at step 1, while to correct for
losses during dérivâtization and GC-MS
analysis 5o-androstan-3B-ol was added at
step 4.

After GC-MS application, the deglucuron
idated steroid fraction of the séminal ves

icle fluid showed mass spectra at the rét
ention time of the standards 5B-pregnane-
3o,17a-diol-20-one, etiocholanolone and
5B-androstane-3a,17B-diol-ll-one, highly
similar to those of, the corresponding stand
ard steroids. SIM analysis showed the prés
ence of characteristic ions of 5B-andros-

tane-3o,17B-diol and testosterone at the
expected rétention times of these steroids.
An indication of the presence of 5B-andros-
tane-3B,17B-diol, 5B-dihydrotestosterone
and 5B-androstane-3a,llB-diol-17-one could
not be found.

Quantification of the glucuronides dem-
onstrated that in the ferai spawning group
the levels of 5B-pregnane-3a,17a-diol-20-
one-, 5B-androstane-3a,17B-diol-ll-one- and
5B-androstane-3a,17B-diol-glucuronide were
significantly higher than in the ferai and
cultivated non-spawning groups. The levels
of etiocholanolone- and testosterone-glucur-
onide showed no significant différences.
Comparison of the ferai non-spawning and
cultivated non-spawning group revealed that
only the level of 5B-pregnane-3a,17a-diol-
20-one-glucuronide was significantly higher
in the ferai non-spawning group.
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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 sfeer-
oids and dopamine, the following hj^othesis
was proposed. In brain centers, sex ster-
oids (androgens) are aromatized to estrog-
ens. These estrogens can be hydroxylated to
catecholestrpgens, which subséquently are
methylated by catechoI-O-methyl transferase
(COMT). COMT is also responsible for the
inactivation of dopamine. Thus the presence
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
régulâting 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 evaluated 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 modèrate aromatase activity was
observed in remaining parts of the brain,
except cerebeïlum and hindbrain, in which

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

2-Hvdroxvlase

This enzyme could be demonstrated 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-0-methvltransferase

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 substrate
concentrations demonstrated a higher methy-
lation of catecholestrone than of dopamine.

Conclusions

- 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 vitro results of the compétition
experiments suggest that 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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The Chinese loach is a relatively new

species in freshwater aquaculture in

China. In addition to research for devel-

opment of a reliable technique for indu-

ced ovulation for artificial propagation

of this species, we have used the loach

for comparative.studies on the actions

of (D-Arg^,Trp7,Leu8,Pro9NEt)-LHRH
(tCnRH-A) and (D-Ala^,Pro9NEt)-LHRH
(LHRH-A) on gonadotropin sécrétion, as

well as the activity of two dopamine re-

ceptor antagonists, domperidone and pimo-

zide, in potentiating the actions of

sCnRH-A and LHRH-A. The results demons-

trate that sCnRH-A is more potent than

LHRH-A, by a factor of about 10 fold

when given alone or in the presence of

pimozide or domperidone. Pimozide and

domperidone are about equipotent in po

tentiating the actions of both sGnRH-A

and LHRH-A, whereas the différence in po-

tency of sCnRH-A and LHRH-A is similar

to that found in goldfish and common carp,

the lack of any apparent différences in

potency of domperidone and pimozide is

différent from the situation in these

other species in which domperidone is ab

out 10 fold more potent. Since the poten-

tiation of the actions of sCnRH-Arand

LHRH-A by pimozide or domperidone, on

blood levels of gonadotropin, is less in

the loach than in goldfish and common

carp, the gonadotropin release-inhibitory

activity of dopamine in loach is presum-

ably less prominent. On the practical si-

de, a single set of injections of domperi-

done(5 mg/kg body weight) and sCnRH-A

(10 ug/kg body v/eight) is highly effec

tive in inducing ovulation within 11-1^

hours following injections.
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HOBMONiOi REGULATION OP VITELLOGENESIS IN MURREL, CHaNNA PUNCTATU3 (ELOCH)
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Studies with Indian oatfish showed
that «stradiol-17/3 could induce
the eynthesis of vitellogenin, and
gonadotropin Is responsible for
the uptake of thie lipophospho-
protein into oocytes C Sundararaj &
Nath, 1981; Nath & Sundararaj,
1981; Sundararaj ̂  £l. » 1982).
Recently we have examined the in
fluence of estrogen and gonado
tropin on the vitellogenin level
of liver, sérum and ovary in an
Indian murrel, Channa nunctatue
and obtained some intereating
résulta. Like majority of Indian
teleoata, thia fish ia a aeasonal
breeder and breeda during monsoon.

Ail expérimenta were conducted on
fiah belonging to preparatory
phase I and II when ovary con—
tains nonyolky oocytes (80-90î^)
and thua suitable for evaluating
the effects of hormone adminia-
tered to them.

Vitellogenin was identified in
the sera of vitellogenic and estra—
diol-17y8-treated female murrel by
aubjecting the servun to gel fil-
tration on Sephadex G—200. Treat—
ment of female murrel with estra-
diol-17/3 (B2) and eatrone ( Bi ) at
a dose of 10 jug/fish/day for five
deiys resulted in a significant
incz^ease in sérum vibellogenin
level with concomitant decrease of
liver vitellogenin, but there was
no incorporation of vitellogenin
into oocytes which was reflected
by ovarian weight. Bstriol, testos-
terone, progestérone and cortisol
treatment showed no effect on
vitellogenin profile in liver,
sérum and ovary• Simultaneous
"treatment of seuLmon gonadotropin
( SGr-Cr 100) at two dose level s
(500 ng or 2. 5/ig/fish/day) along
with B2 (10yug/fish/day) revealed
that (i) a aynergestic action on
the synthesia of vitellogenin was
noticed when lower dose of SG-G
100 was used with B2 for 9 daya
without promoting the incox^pora-
tion of vitellogenin into oocytes
and (ii) when higher dose was uaed
ovarian vitellogenin content as
well as ovarian weight was
increaaed.

Ihe above findings indicate that
in murrel, both Bi and 32 are
effective in the synthesia of
vitellogenin but the action of B2
can be enhanced in the preaence of
SG-G 100 indicating that SG-G 100
is, perhapa, doing something to
liver cells eo as to enable the
accélération of the action of B2«
Secondly, for the incorporation of
vitellogenin into oocytes a higher
dose of gonadotropin is essential.

Work is in progress and effort
ia being directed to obtain expia-
nation in regard to the mechanism
involved in the uptake of vitello
genin from aez*um to oocytes.
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Suramar\

Shortly after ovulation female African
catfish are attracted by the odor of maie
conspecifics. This odor seems to originate
from the séminal vesicle, since extirpation
of the séminal vesicle made maies less at

tractive, whereas removal of the testes,
resulting in a subséquent enlargement of
the séminal vesicle, made maies more at
tractive (Resink et al., 1987).

Séminal Protein and

vesicle steroid

fraction

Fig. 1. An U-shaped two-choice tank.

Attraction tests were carried out with

ovulated female catfish placed in the test-
ing chamber (TC) of a two-choice tank (Fig.
1). In both end corapartments (EC) a maie
without séminal vesicle was placed behind a
perforated partition. When a dosage of 2.0
ppm séminal vesicle fluid was infused into
one EC, female catfish spent more time in
the adjacent side compartment (SC, Fig.
2A). No attraction was found with doses of
0.1 an 0.5 ppm; a dose of 16.0 ppm resulted
in a répulsive effect. The steroids and
steroid conjugates of the séminal vesicle
fluid were isolated by reversed phase chro-
matography. The free steroids were then
removed with dichloromethane; the remaining
water fraction containing the steroid con
jugates (glucuronides). Inflow of this wa
ter fraction (2.0 ppm) attracted ovulated
female catfish, whereas other séminal ves
icle fluid fractions did not (Fig. 2B).
After treatment with J3-glucuronidase, the
water fraction did not cause attraction,

indicating the steroid glucuronides as sex
attracting pheromones. Bilatéral sectioning

of the latéral and medial subdivision of

the olfactory tracts, respectively, demon-
strated that the attraction dependents on
the medial tract (Fig. 2C).

Time {%)
40n

n=8

1=8 ■RW*

Water fraction
Water treated
fraction with /3-gluc.

n=10

0 0.1 0.5 2.0 16.0 2.0 2.0 2.0

Dose Cppm)

LOT IVIOT SHAIVl

2.0 2.0 2.0

Fig. 2. Change in percentage time spent
by normal (A,B), sham operated (SHAM),
latéral (LOT) and medial (MOT)olfactory
tract sectioned ovulated catfish in a SC
due to infusion of différent fractions.
(* P < 0.05, ** F < 0.025, *** F < 0.005)

In addition, the olfactory sensitivity of
female catfish for séminal vesicle fluid
fraction was measu^ed by underwater electro-
olfactography. 10 M L-serine was used as
a reference stimulus. Séminal vesicle fluid
appeared to be a highly stimulatory odor
ant, mainly because of its steroid glucur
onides. Water fractions containing steroid
glucuronides evoked a higher response than
fractions containing proteins and free
steroids, and this response was much lower
when the water fractions had been pretreat-
ed with J3-glucuronidase.
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17o,20B-dihydroxy-4-pregnen-3-one and three
5C-reduced C„ -steroids, i.e. 5B-pregnane-
3o,17o-diol-OT-one, 5B-pregnane-3o,17o,20B-
triol and 5B-pregnane-3a,6a,17o,20B-tetrol.

Fish farmers are showing an increasing
interest in the African catfish, Clarias
gariepinus. a.o. because of its high food
conversion find its résistance to diseases.
Under husbandry conditions, however, this
species does not show spontaneous spawning.
Females need to be injected with

gonadotropins or relevant steroids in order
to induce oocyte maturation and ovulation.
Indirectly oocyte maturation and ovulation
can be induced by injecting pimozide (PIM)
and the gonadotrmin releasing hormone an
alogue des-Gly , D-Ala LHRH ethylamide
(LHRHa). (De Leeuw et al., 1985). This
leads to an increase in plasma gonadotropin
(GTH) level, and subsequently to changes in
the ovary that resuit in ovulation.
These changes, especially those concern-

ing steroidogenesis were studied in 40 mat
ure females, 0, i, 1, 4, 8, 10, 12 and 16
hours after the injection of 10 jog Pim and
0.1 ng LHRHa/g body weight. Upon autopsy
part of the ovarian tissue was processed
for histological examination, and part was
used fgr in vitro incubation^during 3 hours
with [ H]-pregnenolone and [ H]-androstene-
dione as precursors. A homologous radio-
immunoassay was used for measuring the plas
ma GTH levels.

Until 4 hours after injection ail ovaries
were in the post-vitellogenic stage, and
between 8 and 16 hours after PIM-LHRHa ad

ministration changed from stages of nuclear
migration and germinal vesicle breakdown to
ovulation and post-ovulation conditions.
The onset of nuclear migration was accom-
panied by.a rise in pla^a GTH level from
25 mg ml to 150 ng ml . This level rem-
ained high during subséquent stages.
The maturation and ovulation processes

were also accompanied by changes in ster-
oidogenic pathways. In post-vitellogenic
ovaries pregnenolone and androstenedione
were mainly converted into testosterone,
whereas during the stages of nuclear mig
ration and germinal vesicle breakdown ster
oidogenesis was shifted in the direction of
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Flg. 1. Ylelds of 17o,20fi-dlhydroxy-4-pregnen-3-one (A),
5û-pregnane-3o, 17a,20û-trlol (B), and 50-pregnane-
3a,6a,17a,20Û-tetrol (C) during post-vitellogenesis (I),
nuclear migration (II), germinal vesicle breakdown (III)
ovulation (IV) and post-ovulâtion (V).

The latter, very polar steroid has not been
identified in fish before. During maturat
ion also the production of steroid glucur- .
onides increased, especially that of test-
osterone-glucuronide, and to a lesser deg-
ree that of 5JÎ-dihydrotestosterone-, 5B-
androstane-3a, 17fi-diol- and 56-pregnane-
3o,17a-diol-20-one-glucuronide. During
ovulation and post-ovulâtion the conversion
of the steroid precursors had decreased,
leading to a reduced synthesis of the ster
oids marking oocyte maturation.
These resuit s indicate that not only

17a,20B-dihydroxy-4-pregnen-3-one, but also
some related 5B-reduced -steroids may be
involved in inducing ooc^e maturation and
ovulation. Moreover, the steroid glucuron-
ides and the highly polar 5B-pregnane-
3o,6o,17o,20B-tetrol might function as sex
pheromones and assist in evoking postovul-
atory spawning behaviour. Expérimenta are
being carried out to evaluate this hypo-
thesis.
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■ULTRASTRUCTURAL LOCALIZATION OF FREE CALCIUM IN PITUITARY GONADOTORPS OF THE AFRICAN
CATFISH, CLARIAS GARIEPINUS: EFFECTS OF GONADOTROPIN-RELEASING HORMONE
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Summarv

The presence and localization of free
calcium in catfish gonadotrops was ultra
structural ly demonstrated with the combined
oxalate-pyroantimonate procédure. It ap-
peared that précipitâtes of the calcium-
pyroantimonate complex were présent in the
mitochondrial 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 <lgpen-
dent (Moriarty, 1978). A rôle for Ca as
mediator of GnRH-induced gonadotropin rel-

*ease has been suggested by a.o. Hopkins and
Walker (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 gariepinus. were used for
this study. Fifteen females were treated

, with the dopamine antagonist Pimozide in
combinat ion with LHRHa. The fish were sac-
rificed in three groups of five specimen
each, after respectively 30, 45 and 60
min.; five fish served as controls. After
dissection the pituitaries were prefixed in
3% glutaraldehyde in 0.01 M oxalic acid,
followed by immersion in potassium oxalate
and postfixation in a mixture of 1% 0 0^
and 2% potassium pyroantimonate accordihg
to Borgêirs 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 moderate 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 £in increase in niunber
of RER cisternae. After treatment of sec
tions with EGTA the calcium-pyroantimonate
précipitâtes had disappeared. The rise 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 rôle in the régulation of the calcium
concentration in the cytosol.

c i

Calcium deposits at 45 min after injection
with Pimozide-LHRHa; x 14.400.
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A STUDY OF OOCYTE DEVELOPMENT AND INDUCTION OF SPAWNING IN THE WINTER FLOUNDER FOLLOWING LHRH
ANALOG IMPLANTATION

L.W. Crim, M.D. Wlegand*, C.E. Wllson, C.M. Hewitt* and J.M. Loewen*

Marine Sciences Research Laboratory, Mémorial University of Newfoundland,
St. John's, Nfld., Canada AlC 5S7 and *The Department of Biology, The University of
Winnipeg, Winnipeg, Manitoba, Canada R3B 2E9

Female winter flounder were collected in

February from Newfoundland inshore waters
by scuba divers. The fish, in prespawning
condition, were held in seawater at con-
trolled laboratory seawater températures (5
+ 2 C) and under ambiant photoperiod with-
out feeding for approximately 2 months or
until they spawned. On February 18, 1986
the fish were implanted IP with either a
blank cholestérol pellet or a cholestérol
pellet containing lOO^A^g [D-Ala^,Pro^-
NHet]LHRH analog. The fish were checked
weekly for spawning by atteiiq>ting to
express ovulated eggs from the body cavity.
At biweekly intervais, a lAG needle was
used to aspirate 300-600 mg egg samples
directly from the dorsal ovary. Monitoring
of the state of egg development was con-
ducted immediately by submitting egg biopsy
samples to microscopic déterminations of
, egg diameter and clearing oocytes for
détermination of germinal vesicle position.
Further oocyte analyses included the déter
mination of % dry weight and estimâtes of
protein, lipid and fatty acid compositions.
The résulta of our study showed that

spawning can be advanced as much as two
~ months by implantation of LHRH analog in
female winter flounder held under labora

tory conditions of constant température and
ambiant photoperiod. Migration of the
germinal 'vesicle was a good indicator of
the approach of the spawning period in the
flounder. During this time egg size in-
creased while ovarian dry weight declined,
presumably associated with the uptake of
water. The levai of protein in the ovary
remained constant while lipid levais
appeared to déclina. An analysis of total
ovarian fatty acids revealed a profile
typical of marine species with the (n-3)
fatty acids being the most abundant family.
The fatty acid profile did not change in
the control fish during the experiment and
appeared unaffected by LHRH analog. Since
no changes in the total protein or fatty
acid profile were observed between pre
spawning fish and fish induced to spawn
with LHRH analog, our data suggests that
accélération of spawning can be accomplish-
ed without deleterious effects on these
aspects of egg chemistry.
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THE INFLUENCE OF [D-Ala^,Pro^-NHet]LHRH (LHEH^) TREATMENT ON PLASMA SEX STEROIDS
PROFILES OF WINTER FLOUNDER, PSEUDOPLEURONECTES AMERICANUS DORING GONADAL RESCRUDESCENCE

S.A. Harmln, L.H. Crlm and D. Evans

Marine Sciences Research Laboratory, Mémorial University of Nwfoundland,
St. John*8, Nfld., Canada AlC 5S7

It is well established that oocyte devel-
opmenc in teleosts is regulated by the
pituitary with vitellogenesis being medi-
ated by 173~estradiol and final maturation
and ovulation by the action of gonadal
progestogens. In the maie, testosterone
and 11-ketotestosterone are the major
androgens that are thought to influence
testicular growth including spermatogenesis
and spermiation.
In winter flounder, the gonads of both

sexes following spawning are coiiq>letely
regressed (July GSl's about 2.7% and 0.9%
in female and maie respectively ). Begin-
ning in August the maie gonads develop
rapidly through to November (GSl 16%) and
in females, onset of vitellogenesis also
begins in August continuing progressively
through February when the ovary reaches its
maximum size (GSl 16%). Thereafter, little
vitellogenin uptake occurs and these fish
undergo a period of apparent ovarian main
tenance retaining the high GSl until May
when spawning occurs.
LHRH analogs have been used previously to

induce spawning in a variety of fishes.
Most of these studies have been performed
on mature fish near the time of spawning.
The purpose of the présent sériés of
studies was to investigate the seasonal
variation in pituitary sensitivity to LHRH
stinulation in maie and female winter

flounder as indirectly determined by sex
steroid hormone levels. LHRH^ was
administered by cholestérol pellet implant
ation (125 yg hormone) and by intraperi-
toneal injection (20 yg/kg b.w.). Expéri
menta were conducted for periods of 2-4
weeks. Plasma sex steroids ll-ketotesto-

sterone and 173-estradiol were measured by
RIA.

Maies in October (GSl 10%) and November
(12%) exhibited an increased level of 11-
ketotestosterone following LHRH^ implant
ation. By contrast sham-operated fish
showed a decrease in steroid levels.

Injections of LHRHg twice a week in
December (GSl 16%) induced significant
increases in 11-ketotestosterone compared
to saline injections. Ail the hormone
treated maies were spermiating when the
December experiment was terminated. Female
fish implanted with LHRH^ in October (GSl
7.0%) showed an increase in 173-estradiol
throughout the experiment for two weeks;
however, levels of 173-estradiol decreased
in sham-operated fish. Hhen females were
injected with LHRH^^ in February the
levels of 17 -estradiol were also elevated

compared to saline injected fish.
In conclusion, the levels of ll-ketotesto-

sterone and 17 3-estradiol in maies and

females, respectively, are increased follow
ing LHRHq administration. This suggests
that the pituitary is responsive to exogen-
ous LHRHg during the gonadal recrudescent
stage of reproductive cycle.
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The production of homozygous gynogenetic Inbred Unes
of common carp, Cvorinus carolo L,

J.Komen, C.J.J.Richter, E.A.HuIsman

Oepartment of Fish Culture and Fisheries
Wageningen Agricultural University
P.O.Box 338, 6700 AH Wageningen

The Netherlands

Abstract

Standardizatlon of blo-assays for hormones, Immune response and vitamins
1s often hampered by large variation In results, caused by genetic and
environmental Influences. These problems might partly be solved If hlghly
Inbred gynogenetic fish are used.
In gynogenesis, eggs are fertilized with Irradiated sperm,wh1ch 1s genet-
Ically Inactlve, and kept diplold by suppression of the second melotic or
first mitotic division. In the first case the degree of homozygoslty
dépends on the rate of crossing over between non-sister chromatids during
the first melotic division. In the second case completely homozygous off-
sprlng 1s produced.
We conducted several experiments to establish the optimum conditions for
the production of gynogenetic broodstock fish of common carp, Cvorinus
carolo L.
Genetic Inactivatlon of sperm was achleved by Irradiating 10 ml of mllt,
diluted 1:3 with physlological saline, with U.V. (2200 J/m^/mln) for one
hour.

Using females, heterozygous for two récessive genes determining a blond
fenotype, two modes of gynogenesis were demonstrated:
-  Gynogenesis by suppression of the second melotic division was achleved

by cold shocking eggs, fertilized with Irradiated sperm, 1-2 or 7-9
minutes after fertillzatlon. Consistent ylelds of 25- 50 % of viable
fry were obtalned when eggs were Incubated at 24 C and cold shocked at
0 C for 15-45 minutes. Typically, only 3-8 % of the offspring were
blond.

-  Gynogenesis by Inhibition of of the first mitotic division was achleved
by Incubating eggs at 24 C and beat shocking them 32 min. after fertil-
ization. Highest ylelds of viable fry were obtained when eggs were
shocked at 40 C for 2 min. 23-25 % of the gynogenetic fry thus produced
displayed the blond fenotype.

By combining both gynogenetic techniques 1t wlll be possible to establish
inbred Unes of carp with specified characteristics for research purposes.
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Effects of repeated human Chorionic Gonadotropin
(  Chorulon R ) -induced spawning on plasma
half-disappearance time, absolute fecundity and
hatching rate of eggs in the African Catfish
(  Clar1as gar1epinus ).

C.J.J. Richter, M. Sukkel, J.H. Blom

Department of Fish Culture and Fisheries
Wageningen Agricultural University
P.O.Box 338, 6700 AH Wageningen

The Netherlands

In fish culture practice hCG is often used to induce
spawning ( Richter et al. 1987 ). The hCG profiles resulting
from a single injection ( usually 4 lU/g ) are probably
long-lived and for this reason it has been suggested not to
use the hormone ( for instance Anquilia spec, unpublished
data ). In other fish species ( Dicentrarchus spec. ) a
possible development of hCG-antibodies has been put forward
(  unpublished data ). This immunological reaction could
reduce the maturation and ovulation response of oôcytes.

In a first experiment the plasma hCG profiles in
African Catfish following intravenous or intramuscular
injection were estimated, using a spécifie enzyme-immuno
asssay. The curves of disappearance of hCG, obtained after
intravenous administration, were fitted using a two phase
model including a distribution and an élimination phase. A
half-disappearance time of 4.9 + 1.3 h and 55.5 + 7.4 h were
found for the first and second phase respectively. The
curves of disappearance of hCG, obtained after intramuscu1ar
administration, were fitted using a three phase model. A
ha 1f-disappearence time of 60.6 + 7 h was found for the
third ( élimination ) phase.

Literature on the half-disappearance time of hCG in
fish is, as far as we know, not available. A plasma half-
disappearance time of 6 - 10 h was calculated from
measurements of plasma gonadotropin levels following
intraperitonea1 injection of highly purified carp GTH in
goldfish (Carass i us auratus ) ( Cook and Peter 1980 ).

In a second experiment the effects of repeated hCG-
induced spawning ( three times with six weeks intervais ) on
the presence of hCG residues, absolute fecundity and
hatching rate of eggs was investigated. 4 weeks after the
first and second spawning residues of 17.83 and 19.57 mlU
hCG/ml were found indicating that an immunological reaction
against hCG could not be detected. The absolute fecundity
and the hatching rate of eggs of the three subséquent
spawnings were 56000 + 12000, 80500 + 13400, 81500 + 21500
and 81.3 + 10.8, 86.3 + 1.7, 69.7 + 7.2 %, respectively. A
réduction of egg quantity and -quality by repeated use of
hCG could thus not be observed in the African Catfish.

Cook, A.F., Peter, R.E.. The effects of température on the
clearance of intraperitoneally-injected gonadotropin in the
Goldfish ( Carassius auratus ). Aquaculture, 19 (1980) 275-
285.

Richter, C.J.J., Rothuis, A.J., Eding, E.H., Oyen, F.G.F.,
van Gellecum, J.F.B., Strijbosch, C., Verbon, F.J. and
Gielen, J.Th.. 1987. Ovarian and body responses of the
African Catfish ( Clarias gariepinus ) to human Chorionic
Gonadotropin ( Chorulon R ) and carp pituitary suspension,
used in a bio-assay for estimating the gonadotropic activity
of a crude carp powder préparation. Aquaculture, in press.
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DISTRIBUTION OF BONflDOTROPHIM RELERSIN6 HORHOME
<8nRH> IH THE BRfilN OF -CRRIBE COLORRDO'»PV90
otntrut not«tM». OaVlssi Narcanof Franoa Ban-
tilt»» Hilda Butrrtpo» and Carttn L.Paiva».
J.n.Uarflas Htdical Sohool. Uniwtrsidad Ctntral
dt Utntzutla. Caracaf» Utntzutla.

BonadotroPhic rtleasin9 hortont <BnRH> activité
has bten found in tht hypothalatus and txtra-
hypothalatic re9ions oF tht brain of warious
ttltosts. Usin9 radioittunoassay Proctdurts tt
have dttonstrattd tht Prtstnot of a substanct
with BnRH-likt ittunortactiwity <ir-BnRH) in
diFPtrtnt brain rt9ions oF tht Utntzutlan
frtshtatar Fish "caribt Colorado"» P. notatuf.
Ittunoatsayablt BnRH «as Prtstnt in txtraots oF
tht oPtic ttotuB» otrtbtllut and tht brain sttt
in both tait and Fttajt Fish. Fluotuaotions in
tht ir-6nRH Itvtls» that dtPtnd on tht
rtProduotivt statt and tnvirottntal conditions
<rainFall>» ooourrtd in tht oPtic taotut and
otrtbtllut txtraots cbtaintd Fret Fttalt Fish.
Tht ir-BnRH contant in tht oPtio taotut and tht
ctrtbollut «as hi9htst in Hay» Paralltlin9 tht
9onosotatic indtx. In tht oPtio taotut» tht
inortast «as tort than Fivt-Fold 9rtattr than
that oF tht Prt- and Post-sPa«nin9 Itvtls. In
tht ctrtbtllut» ir-BnRH Itvtls inortastd Four-
Fold in Play ootPartd to Harch Itvtls. Ho suoh
chan9ts «trt obstrvtd in tait tissuts. Both tait
and Fttalt brain stat txtraots showtd tht lovtst
lavais oF ir-BnRH» and no chantas «art obstrvtd
durint tht rtProduotivt oyolt.

SuPPorttd by CONICIT Brant SI—1B23.
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LOCALIZATION OF TESTOSTERONE IMMUNOREACTIVITY IN RAINBOW TROUT TESTES

RQdiger Schulz and Volker Blum

Ruhr-Universitat Bochum, Fakultât Biologie, West-Germany

Keywords: rainbow trout, testis, spermato-
genesis, testosterone, immunohistology

Introduction

Sparse information is available about the
testicular site(s) of androgen action. Since
conventionally raised steroid antisera are
suitable for immunohistological procédures,
we used this technique to localize testoste
rone (T) immunoreactivity (ir) in rainbow
trout testes during différent phases of the
reproductive cycle.

Material and Methods

The immunohistological procédure (peroxi-
dase anti-peroxidase technique) was carried
out as described previously (Schulz, 1986).

Results and discussion

Most spermatogonia and certain groups of
spermatocytes were intensely labeled. Sper-
matides were always unlabeled while sperma-
tozoa often showed an intermediate staining.
In spermatogonia and spermatocytes, the gra-
nular label was concentrated on the nuclear
area.

Sertoli cells were always stained. At the
initiation and after completion of spermato-
genesis, the label was restricted to the
nucleus while during active spermatogenesis
the périnuclear cytoplasm appeared to be la-
beled too. In advanced maies, the extralobu-
lar space carried an intermediately strong
label and mostly did not contain distinctly
stained structures.

Control experiments demonstrated that the
label corresponds to T-ir but also indicated
that other C-19 steroids contribute to the
staining, so that the label should be con-
sidered as representing androgens. A cross-
reaction of C-18 or C-21 steroids, however,
can be excluded.
The nuclear staining suggests that the an

drogen localization observed here may be of
physiological relevance. On this présomp
tion, androgens could be involved in the
maintenance of spermatogonia, while the rég
ulation of their prolifération appears to
dépend on more complex stimuli. In the rat,
spermatids are formed only when androgen le-
vels are locally high (Sharpe, 1984). The
staining of certain groups of spermatocytes

may be related to a similar androgen need,
and also seems to reflect the cystic form of
spermatogenesis. Since most of the early
spermatocytes were stained, the label ed pop
ulation possibly corresponds to first order
spermatocytes, in which a spécial androgen
need could exist e.g. in the context of pro-
tamine mRNA synthesis (latrou & Dixon,
1978).
The fact that a more intense, cytoplasmic

s'taining of interstitiel cells was observed
only rarely may be related to the rapid sé
crétion of steroids.

Immature (above) and maturing testes were
incubated with T-antisérum diluted 1/1,000 -
5,000. G-spermatogonia, C-spermatocytes, T-
spermatides, Z-spermatozoa, S-Sertoli cell
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METABOLIC CLEARANCE RATE OF TESTOSTERONE IN MALE MUMMICHOGS

R. C. Cochran

Chesapeake Bay Institute, Shady Side, Maryland

Summarv

The half-life of testosterone in
non-breeding mummichogs was 46
min. The metabolic clearance rate
of testosterone from a 10 gram
mummichog was calculated to be
1.82 ml/hr, yielding a 24-hr
production rate of 16.64 ngT/24
hr.

Introduction

Changes in sérum testosterone
(T) levels in mummichogs, Fundulus
heteroclitus, are not correlated
with changes in sérum levels of
17B-hydroxy-4-androstene-3,11-
dione or IIB,17B-dihydroxy-4-
androsten-3-one (Cochran, 1987).
This lack of corrélation might be
due to a différence in the
metabolic clearance rates of the
androgens.

Materials and Methods

Mummichogs, 5-15 g, were
acclimated to 18°C overnight. A 30
gauge needle was used to inject
[1,2,6,7-2h]-T (40 uCi/118ng,
2.2xl0~^dpm/10 g body weight) into
the conus arteriosus. Blood was
taken from ten fish at each time
point-1,5,10,15,20,30,60, and 120
min- via the caudal artery. Servun
was extracted with diethyl ether,
and T resolved from a uBondapak
C18 column by high performance
liquid chromatography (HPLC). ̂ ^C-
T was used to correct for steroid
lost by extraction and HPLC of
each sample.
The sperm index and sérum

concentrations of testosterone

were determined for 5 fish using a
method described previously
(.Cochran, 19 87) .

Résulta and discussion

The maies in the experiment had
a sperm index of 1.48+0.97, which
is three orders of magnitude less
than during the breeding season
(Cochran, 1987). Sérum T was

.38+0.14 ng/ml, compared with
11.3 ng/ml during the breeding
season.

The half-life of ̂ H-T in the
semm, 46 min, was significantly
shoirter than the only other
reported half-life for T in
teleosts- 11.5 hr (Querat_et al-,
1982). The metabolic clearance
rate was 43.68 ml/24 hr. Thus, in
non-breeding mummichogs, the 24-hr
production rate of T is 16.64
ngT/24 hr (MCR*serum [T]).

E
o

a.
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x(t) =
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Tlme (min)

120

fig. 1. Servim metabolic
clearance profile (MCP) of HPLC
isolated ^H-T determined in non-
breeding m\immichogs at 18+1°
illustrating the "curve-peeling"
method of graphical analysis. The
closed circles are the mean
(N=10).
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GONADAL STEROID EFFECTS ON HEPATIC T4 TO T3 CONVERSION IN RAINBOW TROUT (SALMO GAIRDNERI
RICHARDSON)

P.A. Flett and J.F. Leatherland

Department of Zoology, University of Guelph, Guelph, Canada

Détermination of approprlate levais of
gonadal steroids to administer by slow-
release implants

Estradiol-IIB (E2) and progestérone (P)
were suspended in warm hydrogenated coconut
oil and given as intraperitoneal injections
to lightly-anaesthetised rainbow trout at
levais of 1, 5 or 10 mg/kg body weight.
When the fish were returned to water at

10-11 C, the coconut oil solidified in the
peritoneal cavity foming a slow-release
implant. Blood samples were taken from
each fish at the time of injection, and
four and eight weeks after the injection.
There was a clear dose-related response

in liver weightibody weight ratio and
plasma protein levais in the E2-treated
fish. In addition, plasma calcium and
triiodothyronine levais were significantly
elevated and depressed, respectively, in
the E2-treated groups, but the changes
were not dose-dependent. P had no effect
on any of the parameters measured. There
was no dose-response relationship in
plasma E2 or P levels.

T4 to T3 conversion by liver homogenates

Rainbow trout were given intraperitoneal
implants of hydrogenated coconut oil
containing either E2 or P at levels
équivalent to 1 mg/kg body weight, and
samples were taken between 4 and 8 weeks
later to measure hepatic T4 to T3
conversion rates vitro using homogenates

of the liver as the source of deiodinase.
The T3 production rate in the E2-treated
fish was twice as great as that of the
controls, whereas P appeared to have no
significant effect on T4 monodeiodination.
The protein content of the homogenates was
similar in the three treatment groups.

Table 1. Effect of I7B-estradiol (E2) or progestérone (P) on
hepatosomatic index (HSl), and plasma protein, Ca"*"*", thyroxine (T4),
and triiodo-L-thyronine (T3) levels in rainbow trout (Salmo gairdneri
Richardson) at final sampling.

Plasma Plasma Plasma Plasma

HSl protein Ca"*^ T4 T3

eatment N (%) (g/dl) (mM) (ng/ml) (ng/ml)

C 8 0.97+0.04 3.9+0.3 2.5+0.1 4.4+1.0 3.8+0.5

LE2 10 1.19+0.06* 7.8+1.3* 9.6+2.0* 2.6+0.7 2.0+0.4*

ME2 11 1.50+0.12 11.4+2.1 10.1+1.6* 3.5+0.8 1.5+0.2*

HE2 8 1.93+0.15 14.4+0.9 12.8+2.8* 1.9+1.2 1.4+0.4*

E2C 9 0.88+0.06 3.8+0.2 2.6+0.1 4.3+1.5 2.6+0.3

LP 9 0.96+0.07 4.0+0.5 2.6+0.2 4.9+1.4 2.1+0.5

MP 9 0.97+0.08 4.4+0.4 3.0+0.4 6.2+2.1 3.1+1.0

HP 9 1.01+0.10 3.7+0.4 2.4+0.3 6.6+1.6 2.8+0.5

PC 10 0.98+0.08 3.9+0.2 2.1+0.1 4.8+1.8 3.2+0.6

Note: Data are shown as mean + S.E.

L = 1.0 mg/kg; M = 5.0 mg/kg; H = 10.0 mg/kg body weight; E2C = control
fish held in E2-treated tank; PC = control fish held in P-treated tank.
* significant from control (p < 0.05); ® significant from LE2 (p < 0.05);

significant from ME2 (p < 0.05) by ANOVA and P.S.D.
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ULTRASTRUCTURE OF THE TESTIS AND LIVER DURING THE NATURAL BREEDING SEASON OF THE BOWFIN
(AMIA CALVA)

C.W. Laidley and J.F. Leatherland

Department of Zoology, University of Guelph, Guelph, Ontario, Canada NIG 2Wl

Abstract

Ultrastructural changes in the testes
and liver of the bowfin (Amia calva)
were studied at varions points in its
natural breeding season In specimens
caught in Lake Erie, Ontario. This study
describes the cytological characteristics
of the liver and the epithelial and
interstitial components of the testis,
examines seasonal changes in hepatocytes
and testicular morphology and attempts to
evaluate the interactions of liver and
varions testicular components in the
reproductive process in this species.
A comparison is made between similar
studies on other teleostean species.
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THE EXPRESSION OF GERM CELL SPECIFIC DIFFERENTIATION MARKERS, AS DEFINED WITH

MONOCLONAL ANTIBODIES, IN CORRELATION WITH THE ONTOGENY OF GONADOTROPIN

PRODUCTION IN CARP (CYPRINUS CARPIO L.)

A. van Winkoop, L.P.M. Timmermans

Department of Expérimental Animal Morphology and Cell Biology, Agricultural University,

Wageningen, The Netherlands
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In carp, developmentally regulated cell

surface antigens of germ cells have been

identified using monoclonal antibodies rais-

ed against spermatozoa (Parmentier et

al., ISS't; Parmentier and Timmermans,

1985) and isolated spermatogonia. It was

shown that the expression of several antigen-

ic déterminants started on primordial germ

cells (PGCs), concomitantly with the initiat

ion of gonad formation (at the âge of 3

weeks) or with the onset of PGC proliférat

ion (at 6 weeks). In contrast, some other

antigenic déterminants, known to be maie

spécifie, arose at the onset of spermatogene-

sis (at 20 weeks). From studies on many

vertebrates, including teleosts, it is generally

accepted that gonadal fonctions are regulat

ed by gonadotropic hormone(s) from the

pituitary gland. The présent study was

designed to gain more insight in the physio-

logy of the germ cell differentiation antigens

in carp. Therefore, the corrélation between

wcs'^'A Y
U6(r() '

the appearance of spécifie antigens in differ-

entiating germ cells and the ontogeny of

gonadotropin production was studied.
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Hormone Changes during Spawning in Goldfish

Makito Kobayashi, Katsumi Aida, and Isao Hanyu

Department of Fisheries, Faculty of Agriculture, University of Tokyo,
Bunkyo, Tokyo 113, JAPAN.

Hormone changes were studied during ovulation in female goldfish

Carassius auratus and during spawning in maies. Mature female goldfish is

known to ovulate spontaneously after the water température is raised from

12 to 20®C, and ovulation occurs during scotophase synchronized with

photoperiod. Plasma gonadotropin (GtH) levels were gradually elevated in

the latter half of photophase (1400-1600hr), and then rapidly rose

(2000hr), showing a peak at the time of ovulation (2300-0300hr). Plasma
testosterone levels showed a peak before ovulation (2000hr) and then

decreased by the time of ovulation. An increase of

17a,20B-dihydroxy-4-pregnen-3-one (17,20-P), an inducer of final oocyte

maturation, lagged behind that of testosterone, and elevated levels lasted
for. a few hours before ovulation (2000—OOOOhr). Plasma estradiol—173, a
main steroid for vitellogenesis, remained at moderate levels during

ovulation.

When females were kept with maies in the same tanks, maies started to

court with ovulatory females between 1600 and 2000hr, and spawning behavior
(oviposition in females and ejaculation in maies) began immediately after
ovulation occurred. The spawning behavior continued for a few hours. Plasma

GtH levels in spawning maies showed a marked increase which was
"V

synchronized with the preovulatory GtH surge in females, and peaked at the
onset of spawning. Plasma testosterone and 17,20—P increased almost

concurrently with the GtH surge in maies, whereas 11-ketotestosterone

remained low during the spawning. A large amount of milt was observed

during spawning, and the amount was correlated with plasma GtH levels.

This GtH surge in maies was induced by pheromones from ovulatory

females. Olfactory tract section of the raales abolished the GtH surge in

the presence of ovulatory females. When maies were separated with an opaque
partition but with water circulating between maie and ovulatory female

compartments, the GtH surge occurred although they could not court with
females.

It appears that the ovulatory GtH surge in femle goldfish synchronized

with photoperiod stimulâtes the production of sex pheromones, which in turn

induce the GtH surge in maies. We can propose that the synchronous GtH

surge in both sexes causes ovulation and milt production to occur at the

same time, favoring a higher rate of fertilization of the eggs.
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•ROLE OF STEROID HORMONES IN OVARIAN MATURATION IN JAPANESE FLOUNDER
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^National Research Institute of Aquaculture, Nansei, Mie, ^Nansei Régional Fisheries Research
Laboratory, Ohno, Hiroshima and "^National Institute for Basic Biology, Okazaki, Japan

Summary

Changing levels of steroids in intact and
HCG-treated Japanese flounder during ovarian
maturation and spawning were examined. T and
Ep were high at last phase of yolk deposit
and decreased thereafter. HCG also caused a
prompt increase of T before beginning of fi
nal maturation. ITûi-OHprog and 170',203-diOH-
prog increased sharply at final maturation.
The resuit on in vitro maturation of the
flounder oocytes indicated that 17ot,206-diOH-
prog was the most potent steroid in inducing
GVBD. Thus, these results suggest that ITc,
206-diOHprog is involved in final maturation
of Japanese flounder. T may be related to fi
nal maturation.

Introduction

There has been an accumulation of informa
tion concerning the changes in plasma levels
of steroids during sexual maturation in many
freshwater teleosts. Current evidence suggests
that 17*, 203 -di hydroxy-4-pregnen-3-one( 17ot,
203-diOHprog) fonctions as the natural matu-
ration-inducing steroid in salmonid species.
Compared with freshwater teleosts, there is
scarecely reported the information concerning
steroids during ovarian maturation and spawn
ing in seawater teleosts. In recent years,
the mass production of useful seawater fish
has been widely developed in Japan. In order
to asertain the techniques as to seed produc
tion, we tried to know hormonal rôles of
steroids during ovarian maturation, ovulation
and spawning in Japanese flounder (Limanda
yokohamae).

Results and discussion

Exp.l Changes in steroids during maturation,
ovulation and spawning (Fig.l)

Testosterone (T) and estradiol-1^ (E2)
were high at last phase of yolk deposit, but
decreased sharply at ovulation. Both 17ot-
hydroxyprogesterone (17ot-OHprog) and 17cx,
203-diOHprog increased at ovulation and de
creased thereafter.

Exp.2 Changes in steroids of Japanese flound
er following HCG treatment

HCG caused a prompt increase of T 6 hr. af-
ter injection. But the high level of T re-
turned to low within 24 hr. E2 decreased to

a low level before final maturation. The él
évation of 17oi-OHprog which is a precursor
for 17a,2C3-diOHprog occurred earlier and per-
sisted longer than the level in 170,203-diOH
prog.

Exp.3 In vitro effects of steroids on GVBD in
flounder oocytes

Effectiveness of steroids on GVBD was in-
vestigated in vitro using the folliculated
oocytes. Both progestérone and IT^-GHprog
were effective in inducing GVBD at relative
high concentrations. But a rate of 48% GVBD
was recorded with the low concentration (1
ng/ml) of 17a,203-diOHprog. This steroid was
the most potent in inducing oocyte final ma
turation. Therefore, the results on in vitro
and in vivo suggest that 17a,2G3-diOHprog is
involved in final maturation of Japanese
flounder. T may has a rôle in serving as an
intraovarian modulation of gonadotropin action
at the level of follicular tissues just before
oocyte final maturation.

n

ID

17oC-OHprog

] 17oC.20R-diOHprog

06

02

Testosterone

I  I EstradioH7D

last phase ovulaled 3-4 days spawned 10 days
Of yolk doposll postovulol'on poslspownlng

Fig.l Changes in steroid hormones during ma
turation, ovulation and spawning in Japanese
flounder.
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GONADOTROPIC AREA DEVELOPMENT CORRELATED WITH TESTIS AND GONOPODIAL DEVELOPMENT IN THE
CUATRO OJOS, ANABLEPS DOWI (PIECES: ANABLEPIDAE).

John R. Burns

Dept. of Biological Sciences, The George Washington University, Washington, D.C. 20052, U.S.A.

Specimens of A. dowi were collected from an estuary in El Salvador, Central America. Histo-
logical préparations were made of pituitaries and testes and were stained with a modified
Masson's trichrome. Based upon the well-established localization of the gonadotropic (GTH)
région in the closely related poeciliid fishes, the cells of the GTH région of A. dowi also
were basophilic and located in an identical position. In order to estimate the degree of
development of the GTH zone, the % area of the entire pituitary occupied by the GTH zone was
calculated from tracings of mid-sagittal sections using a compensating planimeter. Specimens
whose tes.tes contained only isolated spermatogonia or small cysts (<10 cells/cyst/section)
had an average GTH area of 0,75+0.48% and ranged in size from 5.4-8.8cm. Those whose testes
had larger cysts of spermatogonia (>10 cells/cyst) had GTH areas of 2.7^1.16% and measured
7.9-10.8cm. Specimens whose testes had cysts up to the spermatid stage ranged from 11,5-12.0
cm with GTH areas of 4.04+1.28%, Free spermatozoa within the main ducts were seen only in
specimens 12.3cm or larger, where GTH areas ranged from 6.7-19.3%. The first evidence of
gonopodial development was seen in two specimens (7.2 and 7.3cm) whose GTH areas were only
0.6% in each case. If larger % areas indicate higher levais of GTH, then these observations
suggest that increasing levais of GTH may stimulate spermatogonial prolifération, while
higher levais are necessary for the meiotic and later stages.
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RELATIONSHIP BETWEEN GnRH RECEPTOR BINDING 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, Edmonton, Alberta
T6G 2E9, Cêuiada

Studles of goldfish pituitary GnRH receptors uslng an analog
of teleost GnRH (DArgô, Trp7, Leu8, Pro9-NEt)-GnRH as labeled
ligand demonstrated the presence of two classes of binding sites;
a high affinity low capacity site, and a low affinity high
capacity binding site (Habibi et al«, 1987; Biol, Reprod., in
press).

In the présent study, we investigated the seasonal
variations in GnRH receptor properties, and the functional
relationships between GnRH receptor binding and biological
activity in the goldfish pituitary. Positive corrélations were
obtained between pituitary GnRH receptor content of both high and
low affinity sites and pituitary responsiveness to GnRH in tems
of gonadotropin release. However, structure-activity studies
based on teleost and mammalian GnRH molécules with amino acid
substitutions at positions 5 êuid 10 suggest that high affinity
GnRH binding sites are involved in the control of pituitary
gonadotropin release in the goldfish pituitary• In addition, the
findings indicate that the presence of Trp7 and LeuB in the GnRH
molecule (i.e. teleost GnRH format) results in better récognition
of the peptide by the receptors in the goldfish pituitary.
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ACTIONS OF A GnRH-AGONIST AND A DOPAMINE-ANTAGONIST ON PITUITARY

GnRH AND DOPAMINE RECEPTORS IN THE GOLDFISH

R.J. Omeljaniuk^ H.R. Habibi, R.E. Peter

Department of Zoology# University of Alberta^ Edmonton^ Alberta
T6G 2E9, CANADA

In teleosts^ GnRH and dopamine act at the pituitary level to
regulate the release of gonadotropin (GtH) (Peter et al.^ 1986).
The piirpose of this research was to examine the interaction of
domperidone, a dopamine antagonist, and an agonist-analog of
teleost GnRH (tGnRH-A) on pituitary GnRH and dopauaine 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; domperidone and tGnRH-A potentiated each
other's action to increase sérum concentrations of GtH.

GnRH-receptor properties were investigated following treatment
with domperidone or tGnRH-A in vivo. Injection of domperidone or
tGnRH-A increased the number of high-affinity GnRH binding sites
in the pituitary compared to controls. Similarly, tGnRH-A
significantly increased the number of spécifie [3H]-spiperone
binding sites (dopamine receptors) in the pars distalis without

affecting affinity; an increase in the number of binding sites in
the neûrointermediate lobe was not significant.

In summary, 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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EFFECTS OF A GONADOTROPIN-RELEASING HORMONE (GnRH) ANALOG ON

GOLDFISH OOCYTE MEIOSIS AND STEROIOGENESIS IN VITRO.

H.R. Habibi, G. Van Der Kraak, E. Bulanski, R. Fraser, and R.E.
Peter

Department of Zoology, University of Alberta, Edmonton, Alberta,
Canada T6G 2E9.

In mcunmals, GnRH has been demonstrated to inhibit

steroidogenesis in isolated granulosa and luteal cells, and to
impare gonadotropin-induced follicle development and ovulation in
vivo. However, little is knovm about the actions of GnRH on

oocyte meiosis. The présent study provides the first
démonstration of a direct action of GnRH on progestogen-induced
meiosis, using goldfish oocytes in vitro as model System.
Incubation of prophase-I arrested follicle-enclosed goldfish
oocytes \dLth carp gonadotropin (GTH), or one of the two commonly .
found progestogens in teleost blood, 17a-hydroxyprogesterone (HP)
and 17a,20B-dihydroxyprogesterone (DHP), causes reinitiation of
oocyte meiosis, as indicated by dissolution of the germinal
vesicle (GVD). Addition of an agonist analog of teleost GnRH
[(DArgô, Trp7, Leu8, Pro9-NEt)-GnRH; tGnRH-A] significantly
reduced the magnitude of the GVD response to GTH, HP and DHP in a
dose-dépendant fashion. Production of testosterone, stimulated by
GTH treatment, was also inhibited by tGnRH-A. The GTH-stimulated
DHP production which could be demonstrated in the presence of a
phosphodiesterase inhibitor 3-isobutyl-1-methyl-xanthine, was not
affected by tGnRH-A. These observations support the hypothesis
that 'GnRH or a GnRH-like peptide might influence the control of
oocyte meiosis at the ovarian level in goldfish.
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Differential distribution of two molecular forms of Imm^unoreactive gonadotropin.
releasing hormone in discrète brain areas of goldfish, (rarasSIMS aiiratus)

K. L. Yu^, N. M. Sherwood^ and R. E. Peter^

1 Department of Zoology, Univcrsity of Alberta, Edmonton, Alberta T6G 2E9, Canada
^Departmentof Biology. University of Victoria, Victoria, British Columbia V8W 2Y2, Canada

Summarv

Two molecular forms of immunorcactive
gonadotropin-releasing hormone (ir-GnRH) were
identified in the extracts of various brain aie^ of
goldfish by reverse phase high pressure liquid
chromatography (RP-HPLC) and radioimmunoassay
(RIA). The two ir-GnRH peaks coeluted with
[His5,Trp7,Tyr8]-GnRH (cGnRH-II) and
[Trp7,Leu8]-GnRH (sGnRH) and had immunological
properties comparable to those of the synthetic peptides
respectively. T^e concentration ratio of the early
eluting cGnRH-II-like immunoactivity (cGnRH-II-LI)
to the late eluting sGnRH-like immunoactivity
(sGnWi-LI) was higher in the caudal parts
(cerebellum, meduUa and spinal cord) compared to the
rostral parts (olfactory bulbs, telencephalon, optic
tectum-thalamus, hypothalamus and pituita^) of the
brain. The differential distribution of two ir-GnRH
forms suggests that différent iiGnRH forms may have
différent physiological functions.

Introduction

The existence of multiple molecular GnRH forms
in brain of a single species has been well demonstrated
in différent vertebrates including teleosts (for review,
see Sherwood, 1986). However, the functional rôles
of diffèrent Gn]^ forms in brain are not clear. Here,
we characterized the identity and distribution of the ir-
GnRH forms in discrète brain areas of goldfish using
RP-HPLC and RIA.

Results and discussion

é

The two immunorcactive GnRH i>eaks coeluted
with synthetic cGnRH-U and sGnRH, and had
immunological properties comparable to synthetic
peptides in a RIA Ç^u £l al> 1987). RIA using antisera
with différent specificity towards known vertebrate
GnRH structures did not reveal the presence of
mammalian GnRH (mGnRH), [Gln8]-GnRH
(cGnRH-I) and [Tyr34:^u5,Glu6 Trp7,Lys8].GnRH
Oamprey GnRH) in the goldfish brain.

As shown in Fig.l, the concentrations of the late
eluting sGnRH-LI, but not the early eluting cGnRH-
U-LI, were lower in the caudal parts of the brain. The
early eluting cGnRH-lI form showed a clear
prédominance over the late eluting sGnRH form in the
caudal parts, but were about equally prévalent in the
rostral part of the brain.

AlUiough differential localization of neurons
containing the two ir-GnRH forms awaits future
immunocytochemical studies,the differential
distribution of the two ir-GnRH immunoactivities

Fig. 1. Compaiison of the concentrations of two
molecular forms of GnRH immunoactivity in discrète
brain areas of female goldfish ( ■ late eluting
sGnRH-LI; □ early eluting cGnRH-B-LI).

suggests possible differentiation of functions among
the two ir-GnRH forms. One hypothesis is that while
both GnRH forms may serve a neuroendocrine
function at the pituita^, the early eluting cGnRH-II '
form may preferably serve as a neuroti^mitter 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 fil aL 1986). To further the
study, this laboratory is cuirently investigating the
differential in vitro release of two ir-GnRH forms from
discrète brain areas in goldfish.
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' CURRENT STATUS OF LH-FSH-LIKE FISH GONADOTROPIN

Y.A. FONTAINE
m

Miiséiim national d'Histoire natvireile, Paris, France

The situation in Tetrapods

Two gonadotropins (GTH), lutropin (LH) and
follitropin (FSE), exist in each mammalian
species. They are made of two glycoproteic
100-130 cunino acids long svibvinits (SU) cal-
led a and 3; I>H, FSE and also TSE have a in
common. Ail SU's exhibit zoological spécifi
ai ty. The a's from the varions species on
the one hand, ail the 3's (LE3's/ FSE3's and
also TSH3's) on the other hand are homolo-
gous. A similar situation was found in repré
sentatives from the varions Tetrapod classes

even thongh only one GTE seems to be
présent in a few species. Biological, bib-
chemical êuid immnnological data snggest a
général homology of Tetrapod a ' s on the one
hand and 3's on the other hand. Therefore
the three lineages within the 3 family (LE,
FSE, TSE) shonld have derived from a common

molectile by two génie duplications occuring
in Tetrapod ancestors.

The situation in fish

In ail grovçs of fish (except Myxinoids),
varions data indicate the presence of pitvii-
tary GTE exhibiting some similàrities with

the LH-FSE family. The seatch for factor(s)

belonging to this family was essentially
carried ont in one Selachian, two Eolosteans

and several Teleosts. In each case, it led to

the purification of only one GTE, a glycopro-
tein exhibiting zoological specificity. Sub
unit structiore was demonstrated in most of

the cases. Sequence studies were carried ont
in carp and in salmon ; they demonstrated
the homology of the two SU's with mammaliein

a and 3 respectively, Teleost GTE 3 being
slightly doser to mammalian LE 3 than FSE3 .
These data snggest that only one GTE lineage
(LE) exists in fish (together with the TSE
lineage) and that the FSE lineage only ap-
peared in primitive Amphibians. Studies at
the gene level are necessary to test these
hypothèses.

Biosynthesis, sécrétion and control of

Teleost GTE

As in Mammals, hormonal biosynthesis invol
ves the association of a and 3 SU's. This
reaction was shown to be much more rapid and
less thermodependent in a Teleost them in
Mammals, a différence which allows the fish

hojnnone production even at low températures.
A pulsatility of GTE sécrétion, with a period
and an an^litude which vary in the course of
the sexual cycle was demonstrated in the
trout. Pituitary GTE synthesis and sécrétion
éure stimulated by gonadoliberin (GnRH) which
is released in the pituitary, and this GnRE

effect in inhibited by dopamine. Pitdtary
GTE cells are also controlled by sexual ste-
roids ; besides the classical négative retro-
control which exists in adults, a positive
retrocontrol was demonstrated in immature

salmonids and eels ; in these animais sexual

steroids strongly stimulate the synthesis
(but not the release) of GTE and they in-
crease the mRNA's for a cuid 3 SU's.

Mechanism of action of Teleost GTE

When data obtained on varions species are
put together, GTE appears able to stimulate
the varions aspects of the pitviitary dépen
dent gonadal development e£, in female, fol-
licle growth, vitellogenesis, steroidogene-
sis, maturation and ovulation. Receptors (R)
for GTE (with a Kp close to lO'^'^M) were
demonstrated in gonads. In these organs, GTE
was shown to stimulate adenylate cyclase (AC)
activity.as well as cAMP accumulation. Dibu-
tyryl cAMP was shown to increase steroidoge-
nesis in tilapia. Eowever the situation is
much more complex than ' it covild appear. Seve
ral data snggest important différences accor-
ding to species, sex and stage of sexual
development. These différences can be concer-
ned with the location and properties of re
ceptors - the heterogeneity of which was
suggested -, their coupling to AC, the acti-
vity of protein kinases and of steroidogene-
tics enzymes, etc... Moreover the existence
of second messengers other than cAMP cannot
be excluded.

Conclusiony

One should c[uestion how the successive and
différent stages of complex sexual cycles are
precisely controlled even though a single
glycoprotein GTE is présent. The type of ac
tion exerted by GTE probably dépends on the
pulsatility of the GTE sécrétion (as sugges
ted by data on the stimulation of vitelloge-
nin uptake) êuid on the conditions of the
gonadal cells which are themselves under the

control of varions hormonal or paracrine in
fluences, as it is more and more obvious in

Mammals. Indeed pituitary factors différent
from GTE participate in the stimulation of
vitellogenin uptake (the "ccirbohydrate-poor
GTH") and in the control of the estradiol

dépendent hepatic synthesis of vitellogenin
(the growth hormone being a likely candidate
for this effect) . To xinderstand the meaning
und the mechanisms of these varions interac

tions is clearly a main goal for future
research.
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IMMUNOLOGICAL AND BIOLOGICAL CHARACTERISTICS OF TWO GLYCOFROTEIN GONADOTROPINS FROM THE CARP.
PITUITARY
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Summary

The question of the number of
gonadotropins (GtHs) in teleosts and their
homology to other vertebrate GtHs is
currently unresolved. Tetrapod species,
with the possible exception of squamate
reptiles, bave two GtHs, namely LH and FSH
(Licht, 1986). These GtHs share a common
a-subunit but bave différent p-subunits
«bicb dictate hormonal specificity. Work
from Idler's laboratory suggests that
teleosts bave two GtHs (Idler and Ng,
1983), altbougb the homology of one form
with low carbobydrate content to other
vertebrate GtHs is not clear. Other

workers bave demonstrated only a single
form of GtH in teleosts (Burzawa-Gerard,
1982; Licht, 1986).

We bave recently isolated two separate
glycoprotein GtHs from an alcoholic extract
of common carp pituitaries by
DEAE-cellulose chromatography and gel
filtration on Sephadex G-75. Both forms of
GtH, designated GtH-1 and GtH-2, consist of
two subunits. Two GtHs with similar

physicochemical characteristics bave also
been purified from chum salmon (Kawauchi
et al., 1986).

The immunochemical relatedness of carp
GtH-1 and GtH-2 was determined using
antisera generated to isolated a and p
subunits of existing carp GtH préparations
(provided by B. Breton and
E. Burzawa-Gerard). Both ^^^I-labelled
GtH-1 and GtH-2 bind to a-subunit antisera

whereas only ^^^I-GtH-2 shows significant
binding to p-subunit antisera. In the
p-subunit System, GtH-1 had only about 5%
the activity found with GtH-2; whereas
GtH-2 and F-11 carp GtH from B. Breton were
equipotent. There were no différences in
the potencies of GtH-1, GtH-2 and F-11 GtH
when tested with the a-subunit antisera.

These resuits demonstrate that the two carp
glycoprotein GtHs follow the tetrapod
pattern in that they share a similar
a-subunit but bave différent p-subunits.

Carp GtH-1 and GtH-2 exhibit similar
biological activity in goldfish, causing
stimulation of gonadal steroidogenesis and

the induction of oocyte final maturation.
The relative activities of GtH-1 and GtH-2,
based on their effects on steroidogenesis,
change with stage of ovarian development;
GtH-2 having enhanced steroidogenic
activity in preovulatory as compared to
vitellogenic follicles. GtH-1 and GtH-2
are equipotent in inducing oocyte final
maturation. These data suggest the
existence of two classes of GtH receptors

in goldfish preovulatory follicles.

In summary, we bave isolated and
characterized two distinct GtHs from the

common carp pituitary. GtH-2 is comparable
to previously isolated cyprinid
maturational GtH whereas GtH-1 is a newly
identified GtH. Based on their chemical

nature (glycoprotein) and biological
activity, both GtH-1 and GtH-2 appear to be
distinct from the low carbobydrate content
GtH (Idler and Ng, 1983).
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CONCANAVALIN A CHROMATOGRAPHY SEPARATES TWO FORMS OF MATURATIONAL GONADOTROPIN IN GOLDFISH

G. Van Der Kraak and R. E. Peter
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Summary

It Is well known that gonadotroplns
(GtHs) In tetrapod specles as well as
teleosts flshes exist in several molecular

forms (Wakabayashi, 1980). Variation in
carbohydrate content accounts for the
heterogeneity of mammalian GtHs and also
for différences in the biopotency of
spécifie isohormones, through altérations
ih receptor binding af finity and ija vivo
clearance properties (Chappel et al.,
1983). In the présent studies, we have
attempted to separate différent molecular
forms of maturational GtH in the pituitary
and sérum from goldfish by adsorption to
the plant lectin Concanavalin A (Con A).
Con A binds glycoproteins with exposed
glucose or mannose residues, and bas
previously been used to separate différent
molecular forms of mammalian LH and FSH

(Chappel, 1981; Chappel et al., 1982).

The goldfish pituitary and sérum contains
two forms of maturational GtH which are

separated by chromatography across a column
containing Con A linked to Sepharose
beads. One species of GtH does not bind to
Con A and passes through the column
unretarded (Con A-unbound); the other
species binds to Con A (Con A-bound) and is
eluted from the column by the addition of
1-0-methyl-a -d-glucopyranoside. The
dis^lacement curves for both Con A-unbound
and Con A-bound forms of GtH were parallel
to that of the carp GtH standard when
tested by RIA using a p-directed antisera.
Furthermore, both species of GtH stimulate
testosterone production by goldfish testis
pièces incubated i^ vitro. However, when
équivalent amounts of immunoreactive
material were tested, the Con A-unbound
form showed reduced bioactivity compared to
Con A-bound GtH.

In order to détermine whether the

biological and immunological
characteristics of pituitary GtHs change
with physiological state, pituitary glands
and sérum samples were obtained from
goldfish subjected to expérimental
manipulations which induce high rates of
GtH sécrétion. Injection of the dopamine
receptor antagonist domperidone caused a
significant increase in the immunoreactive
Con A-unbound: Con A-bound ratio and a

concomitant decrease in pituitary GtH
bioactivity. In separate studies.

injection of the dopamine receptor
antagonist pimozide and an LHRH agonist
analog caused a time related increase in
the proportion of Con A-unbound GtH in
goldfish sérum and a marked réduction in
the biological: immunological activity
ratio of sérum GtH. These studies have

shown that under high sécrétion rate
conditions, there are marked changes in of
glycosylation of GtH and reduced
bioactivity of the secreted forms.

r~ In summary, we have found two forms of
maturational GtH in goldfish pituitaries
and sérum which differ sufficiently in
carbohydrate content or arrangement to
permit their séparation by Con A
adsorption. Additionally, these results
are consistent with the work in mammals

showing that altérations in carbohydrate
content influence the bioactivity of GtHs.
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Effects of 5-HT on gonadotropin levels in maie and female goldfish,
rnrassitis auratiis.
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Summarv

Plasma gonadotropin (GtH) levels were
measured in sexually recrudescing maie and female
goldfish after the intraperitoneal (i.p.) or brain
intraventricular adminstration of serotonin
(5-hydroxytrptamine, 5-HT). In both sexes,
intraperitoneal administration of the drug evoked a
sigmhcant increase in GtH levels. The brain
administration of 5-HT did not elicit any change in
GtH levels.

Goldfîsh-gonadotropin-serotonin-anteriorpituitaiy.

Introduction

To study the involvement of 5-HT on
régulation of GtH sécrétion in goldfish, 5-HT
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 metabisulphite for
intraperitoneal 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. 1. The sérum GtH levels decreased
to contiol levels by 1 hour postinjection. Tîddng
the above results into considération, dose-
dependency of 5-HT was demonstrated in both
maie and female goldfish at 0.5 hours post
injection. There was no response to différent
doses of 5-HT into the brain ventricle of sexually
recrudescing females. The specificity of the
response to 5-HT administered i.p. was
demonstrated by pretreating the animais with the
spécifie $2 receptor antagonist, ketanserin (Leysen
SlaL 1982).
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Fig.l. 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. Hie speciflcity 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, it is
important to note that 5-HT flbers were reportai in
the goldfish proximal pars distalis (Kah and
Chambolle, 1983).
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CRYOPRESERVATION OF CLARIAS GARIEPINUS SPERM AND FERTILIZATION SUCCESS

J.H.J. Van Vuren, G.J. Steyn

Research Unit for Flsh Biology, Rand Afrikaans University, Box 524, Johannesburg South Africa

Summary

Although catfish are successfully cultured
on a commercial scale in many parts of the
world, information on attemps to cryopreser-
ve their gametes are very rare. Until re-
cently no attempts were made to cryopreserve
the sperm of the sharptooth catfish, Clarias
gariepinus (Steyn & Van Vuren, 1987). C. ga-
riepinus ïïas been successfully spawned arti-
ficially and is now being evaluated for its
aquacultural potential (Schoonbee et al.
1982). The significance of milt préservation
in artificial spawning programmes is indis-
putable.
Assessment of sperm motility before free-

zing and after thawing is necessary in the
development of a cryopreservation technique.
Fertilization ability of preserved sperm
should be determined once such a teqhnique
is perfected. The efficiency of the cryopre-
served sperm can only be estimated when the
milt-ova insémination ratio is known. The
use of large volumes of preserved milt could
conceal low sperm survival and fertilizing
capacities.
The most effective extenders in previous

experiments were employed (Van Vuren & Steyn
1985). The most effective freezing rate
(Fig. 1) was used. Sperm could be stored in
liquid nitrogen for 14 days to 28 months with
acceptable fertilization rates (Table 1).
The volume of milt could be lowered to 0,1 ml
with fertilizing successes well over 50% and
a storage time of between 12 and 24 months.
Sperm preserved for 14 days were just as ef
ficient as sperm preserved for 16 months.
Glycerol rendered the best membrane protec
tion opposed to DMSO and methanol.

A remarkable similarity existed between the
cryodiluent success sequences obtained pre-
CRYOPRESERVATION OF CLARIAS GARIEPINUS MILT AND FERTILIZATION SUCCESSES

Dilution ratio 1:1; Equilibration Urne 20 min.; Thawing température
25"C; Ova Volume/number - 20ml / - 7600

viously and the présent investigation. These
findings confirm the value and necessity of
motility évaluations before attempts are made
to perform fertilization experiments. The
low hatching rates accomplished with fresh
milt can be attributed to the quality of eggs
used in the experiments. Due to the lack of
proper hatching facilities it is possible that
overripe ova were used. The last experiments
indicated that the volume of longterm preser
ved sperm should be more than 1 ml in order to
obtain higher hatching rates.

20

10 --

0 --

-10 --

o
o

w -20 --
O

3
-30 --

O
-40 --a

E
<D

1- -50 --

-60 --

-70 --

Tempo

A 6,5°C min-1

B

C

0*^0 min~^ for 2 minutes

n'C min"'

Minutes

MiltSample
Extender Cryoprotectant Freezing Storage

Ova Hatched

No Volume rate time X Estimated
number

A 0,3ml Milt not preserved (Control) 51.0 3876

B

B

C

0.3ml

0,3ml

0.3ml

4

4

4

111 Glyc

111 DMSO

IX Glyc

Fig. 1 14

Fig. 1 14

Fig. 1 16

days

days

months

51.2

47.0

41.0

3891

3572 -

3116

0 0.1ml Milt not preserved (Control) 42.0 3192

B

B

C

O.lrnl

0.1ml

0.1ml

4

4

4

IIX Glyc

IIX DMSO

iX Glyc

Fig. 1 12

Fig. 1 12

Fig. 1 28

months

months

months

59.0

55.0

69.5

4484

4180

5282

E 0.3mi Mi 11 not preserved (Control) 50.3 3822

5168

6292
C

C

0.3ml

1.25mi

4

4

IX Glyc

IX Glyc

Fig. 1 28

Fig. 1 28

months

months

68,0

82.8

10 11 12

fig. 1: Freezing rate employed.
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EFFECT OF SPERM CELL ABNORMALITIES ON THE CRYOPRESERVATION OF SALMO GAIRDNERI MILT
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Summary References

The techniques of Erdahl & Graham (1980)
were strictly adhered to during attempts to
cryopreserve the milt of S. gairdneri. Ex-
periments were first conducted on a local
strain which was originally imported to
southern Africa during 1897. The experiments
were also duplicated on another strain which
was recently imported. Cryopreservation ex
periments were unsuccessful during both in
vestigations. Experiments were conducted
during onset and middle of the spawning sea-
son, extending over a two year period. The
results were always négative. When fresh
milt was employed during hatching trials, the
milters of both strains showed to be fertile
and perfectly able to fertilize 80% and more
ova. An electron microscopic investigation
lead to the discovery of sperm cell abnorma-
lities. The tails of sperm cells in fresh
S. gairdneri milt, were affected with nodular'
Tike déformations. After freezing and
thawing, the tails were severely damaged and
occasionally snapped at the déformation, re-
sulting in immotile sperm. The cause of the
abnormality is unknown. However, we believe
it is possibly due to the environmental con
ditions or the composition of the diet. In
order to identify possible irregularities in
the chemical composition of such milt, we de-
termined the concentrations of spécifie che
mical components of the milt. Milt for the
chemical déterminations was frozen in liquid
nitrogen, directly after sampling and thawed
prior to centrifugation. Due to the lack of
comparable information on the chemical com
position of semen from trout in other parts
of the world, the latter could not be inter-
preted. The chemical composition of the milt
and the environmental conditions under which
above mentioned trout strains were raised,
are presented in Tables 1 & 2.

Erdahl, D.A. Graham, E.F., 1980. Préserva
tion of gametes of freshwater fish. In:
9th International Congress on Animal Re
production and A.I., Vol. 2, 16-20 June,
Madrid, Spain, pp. 317-326.

fig. 1. Flagellar déformations on S. gaird
neri sperm

Table 1 Chemical propertles of the séminal plasma

Parameter (n=10) SD

Ph 7.24
+

0.14 - ogiQ(H'^)

Osmolality 254
+

56.84 m osm kg"'
Na"^ 88.70

+
23.34 m mol je"'

K"^ 36.25
+

11.43 m mol i"'
Ca^'^ 0.98

+
0.14 m mol je"'

1.35
+

0.21 m mol £"'
cr 103.60

+
27.11 m mol je"'

G1ucose 0.86
+

0.40 m mol je"'
Lactate 0.12

+
0.05 m mol je"'

Total protein 0.46
+

0.16 g/100 ml

Albumi n 0.26
+

0.12 g/100 ml

Cholinesterase 78.45
+

27.33 u/je

ATP 0
+

0 m mol je"'
Phospholipids 0.35

+
0.16 m mol je"'

Cholestérol 0.21
+

0.16 m mol je"'
TABLE 2 Water quallty of De Kullen trout hatchery

Parameter

Température

Dlsolved 0.

Conductivity

Summer

Jan. Feb. Mar.

Min. 18.5 16.0 16.0

Max. 24.5 24.0 22.5

Min. 8.1 7.8 7.1

Hax. 8.6 8.5 7.8

Hln. 10.4 10.0 10.0

Hax. 10.5 10.9 10.7

30 60 60

Autum Winter
spawn

May. Jun. Jul.

Summer

Aug. Sep.

20.5 17.5

13.0 15.0

25.0 25.0

-log lO(H^)

10.8 10.6

12.0 11.4

/
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CRITICAL DAYLENGTH AND TEMPERATURE LEVEL FOR PHOTOPERIODISM IN GONADAL MATURATION

OF GOLDFISH

Hosseln Razani, Isao Hanyu and Katsumi Aida

Department of Fisheries, Faculty of Agriculture,The University of Tokyo, Tokyo,

Japan

Our previous study revealed that the ovarian development of goldfish, Cara-

ssius aura tus, in autumn and early winter was markedly accelerated at ZA'^C/lôL

but suppressed at 24^C/12L. This photoperiodic response became indistinct at

16®C. The présent investigation was undertaken to détermine: a, the critical

daylength at which the photoperiodic effect on ovarian activity changes from

accélération to suppression; b, the température level below which the photo

periodic effect becomes obscure.

When yearling goldfish of comet variety were exposed to 12, 13, 14, 15 or

16L at 24^0 from Oct. 26 to Dec. 27, females were suppressed at 12 or 13L but

matured to spawn at other daylengths. The critical daylength was thus located

between 13 and 14L. Maies were not suppressed at any daylengths and spermiated

to pass quickly into post-spawning stage. They commenced next maturational cycle

after completion of régressive stage.

When exposed to 18 or 21°C combined with 12 or 16L from Dec. 5 to Mar. 5,

a few females matured and spawned at 21®C/12L, while most females did so on

other régimes. The température level below which the photoperiodic response

became indistinct was between 21 and 18®C. Maies continued spermatogenesis

at 18^C/16L, but they spermiated and passed into post-spawning stage quickly

on other régimes.
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APPLICATION OF HONEY IN CRYOPRESERVATION DP SPERM DP MILKPISH (CHANOS CHANOS) AND BLACK

P0R6Y (ACANTHOPAGRUS SCHLEGELI)

N.H. Chao and I.C. Llao

Tungkang Marine Laboratory, Tungkang, Pingtung, Taiwan 92804, ROC

Abstract

For cryopreserving sperm of marine finfish,
extenders are needed to dilute viscid milt
and to provide nutrients for long-term
storage. The ai m is to find a more func-
tional, convenient and inexpensive extender
for milkfish and black porgy.
Pure honey is not only a natural bacteria

inhibitor but also reasonably priced and
readily available. The resuit of this
study indicates that 1% honey (449 mOsm/kg)
was an optimum substitute for milkfish
sérum in the preserving of milkfish sperm
in terms of prefreezing and post-thawing
motility. A high motility score of 5 was
obtairïed in both serum-DMSO and 1^ honey-
DMSO groups. Nevertheless, fertility needs
to be studied in the near future.

On the other hand, 0.5% honey (210 mOsm/
kg) was used to substitute 5.6% glucose
in preserving black porgy sperm and rather
satisfactory prefreezing, frozen-thawed,
and three-day frozen-thawed motility as
well as fertility were obtained. The
motility score of 5 was found with ail
5.6% glucose-DMSO, 5.6% glucose-glycerol,
0.5% honey-DMSO, and 0.5% honey-glycerol
groups after 3-day cryopreservation. The
mean fertility rates were 68.09%and 60.63%
in 5.6% glucose-DMSO and 0.5% honey-DMSO
respectively as well as 74.87% and 78.45%
in 5.6% glucose-glycerol and 0.5% honey-
glycerol respectively.
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CONTROL OF SECRETION IN THE BLOOD-TESTIS BARRIER

DP BROOK TROUT (Salvellnus fontinalls)

un lias S. Marshall

Departaent of Blology. St. Francis Xavier Unlverslty, Antlgonlsh, NS, CANADA

Introduction

The sperm duct epithellum 1s part of the
b1ood-test1s "barrier", but Its rôle In
reproduction 1s much more than as a simple
barrier to large solutés. The sperm duct
1s the site of active Na'*' uptake (Marshall
1986) that 1s stimulated by dlbutyryl
cycllc adenosine monophosphate (cAMP). It
1s Involved In steroldogenesis of.androgens
(Schuitz 1986) and In active résorption of
spermatozoa In the post-spawn perlod
(Billard & Takashima 1983). The unique
lonic composition (high [K"*"] and low [Na'*'])
of séminal plasma maintains quiescence of
maturing spermatozoa (Morisawa et a1_.
1983). This study examines the K"*" secre-
tory transport mechanism, Its possible
hormonal control In the trout sperm duct
and évaluâtes this tissue as a général
model for epididymal fonction In ver-
tebrates.

Results & Discussion

Sperm duct epithella from adult, mature
brook trout (400-600 g; GSI 1.1-4.3% 2.1 +
0.14% mean -i- SEM n=33) were mounted In
vitro and Eathed on both si des wltïï
Ringer's solutions for electrophyslological
and radiolsotopic flux studies as described
prevlously (Marshall 1986). Short-circuit
current (Isc), transepithellal potentlal
(Vt) and tissue conductance (Gt) were
measured using dual current-voltage clamps
(WP-Instruments DVC-lOOO). 86Rb'*'
(a tracer for K"*" transport) were used to
measure unidirectional Influx (Jms)* efflux
(Jsm^ net flux (Jpet ~ *^ms " "^sm^*

The net sécrétion of Rb"*" in cAMP-stlmula-
ted voltage-clamped tissues 1s Indicative
of active transport of K"*" (Table 1).
Initlally, unstimulated tissues have a high
Isc (10-40 uamp.cm-2), but this falls to
zéro In about 20 minutes; cAMP restores the
Isc and net Na"*" transport (Marshall 1986).
The estimated rate of cAMP-stImulated K"*"
transport, based on the relative per-
meablllty of K"*" and Rb"*" In rainbow trout
tPk'PRb " 1*27; Sanders & Kirschner 1983),
would be about 150 neq.cm"2.h'l. Ouabain
did not Inhibit Rb"*" net flux In the first
hour of exposure, but the net flux dropped
to zéro by hour 3, Indicating that
Na,K-ATPase 1s Involved In K"*" sécrétion,
but not dlrectly. The slow depletlon of

Intracellular K"*" that 1s typical after
blockade of Na,K-ATPase would account for
the delayed drop In Rb"*" net flux.

Table 1 Ouabain Inhibition of Rb**" sécrétion

Perlod 'sm Jms Jnet

(neq.cm"2.h-l)

Control 64.2 + 9.8 5.8 + 1.9 58.4 ̂ 10

Quabain (10"5 m, serosal)
hour 1 75.0 + 7.4 14 + 2.6 61.2 + 7.7
hour 2 *40.3 + 3.0 *25 + 5.8 *15.7 + 5.2
hour 3 *32.7 + 3.5 28 + 8.9 4.8 + 8.1

* P<0.01, compared to controls, n=7.
with CAMP and IMX

The sécrétion of Rb"*" was unaffected by
mucosally-added Ba^"*" (i.o mM), Indicating
that Ba^'^'-sensltlve K"*" channels are not
Involved. Ba'"*" on the serosal si de stimu
lated Rb"*" net sécrétion from 30.8 +^9.4 to
51.6 ̂ 13.2 neq.cm"2.h"^ (P<0.01, paired t-
test; n=7), suggesting that basai K"*"
channels blocked by Ba2+ increase Intracel
lular [K"*"], leading to augmentation of Rb"*"
exit across the apical membrane.

The antlandrogen cyproterone acetate (CA,
0.2 mg.kg"! per IP Injection In castor oïl;
3  Injections over 7 days) was used as a
pretreatment to test for androgen mainten
ance of the epithella fonction. CA-treated
animais had significantly reduced cAMP-
stlmulatable Isc and Rb"*" net flux, suggest
ing that androgens help maintain Ion
transport rates In the sperm duct. We do
not yet know If a gonadotropic hormone, via
cAMP, might also stimulate the transport.
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INTERACTION OF PROGBSTOGEN WITH OVARIAN FOLLICLES OF THE GOLDFISH CARASSIUS
AURATUS DURING MEIOTIC MATURATION

G. A. LESSMAN

DEPT. OF BIOLOGY, ST. FRANCIS XAVIER UNIVERSITY, ANTIGONISH, N.S., CANADA

aarninrv

During follicle incubation, média, into
vAiich ITalpha hytlroxyprogesterone (HP) was
introduced, showed exponential rechxîtion of
HP with a concomiiitant incirease in the
number of HP metabolites. Follicle extracts
i*6vealed that small amounts of HP were
taken up by the follicles early in the
incubation (i.e., 3 hr) and converted to
several metabolites; the major one of
these, vdiich aocianulated in the follicle,
comigrated with ITalpha, 20beta, dihydroxy
progestérone.
Keywords: meiosis, oocyte, steroid
metabolism.

TntroductiOTl

A peak of HP occurs in the plasma of
female goldfish before ovulation (Kagawa et
al., 1983). HP is one of several steroids
which are effective in eliciting meiotic
maturation in goldfish follicle—enclosed
oocytes in vitro (Jalabert, 1976; Nagahama
et al., 1983; Lessman, 1985). In order to
understand the interaction between HP and
the follicle, RIA, TLC-autoradiography and
HPLC were used to assess changes in added
HP during meiotic maturation.

Rf>gijlt3 and discussion

Initially, RIA was used to assess changes
in exogenous HP over time (Table 1 ). HP in
the média decreased exponentially with tune
to less than 10% of the initial amount by
48 hr, vdiile HP associated with follicles
was less than 5% of the initial amount
throughout the 48 hr incubation. Meiotic
maturation as assessed by germinal vesicle
dissolution (GVD) showed a clear dose
response to both added HP and disappeazance
of HP from the média; control follicles
showed low endogenous levels of HP idiich
was associated with a low level of
spontaneous GVD (T&ble 1 ).
In order to qualitatively assess the

changes, tritiated HP was incubated with
follicles for 0, 6, 24 and 48 hr. Media and
follicle extracts were run on TLC plates
and autoradiographed. The résulta indicated
an increasing number of metabolites (9
major spots for média, 6 msijor spots for
follicles by 24 hr) with time. To provide
quantitative data on HP changes, tritiated
HP was incubated for 0,3,6,16, and 24 hr;
the média and follicle extracts were run on

reverse phase HPLC. The élut ion profile of
radioactivity indicated 6 major peaks in
the follicle extracts and 9 major peaks in
the média extracts by 24 hr.

Table 1. Changes in HP assessed by RIA of
incubâtes of goldfish ovarian follicles.

Incubation steroid added (ng)
200 2000

0 1 22 193 1992

(nd) (nd) (nd) (1)
2 nd 17 128 2012

(nd) (nd) (2) (88)

4 nd 14 111 1480

(nd) (1) (2) (50)

6 nd 7 98 1403

(nd) (nd) (3) (76)

24 nd 3 32 348

(nd) (nd) (1) (35)

48 2 1 11 156

(nd) (nd) (1) (29)

XGVD 17 42 83 97

média and follicle washes (x3); data in
parenthèses are ng HP associated with
washed follicles, nd = none detected; N=3
fanales. Germinal vesicle dissolution assay
(%GfVD) detennined at 48 hr on 3 replicate
batches of 20 follicles/fanale/dose.
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EVIDENCE FOR A GONADOTROPIN-RELEASING HORMONE BINDING PROTEIN IN GOLDFISH SERUM

Y. P, Huang, R, E. Peter

Department of Zoology, University of Alberta, Edmonton, Alberta, Canada

Summarv

Binding of salmon gonadotroping-releasing
hormone (sGnRH) and its superactive analogue,
[D-Arg*, Pro'-NEt]-sGnRH to a macromolecular
component in goldfish sérum was studied, using
i"l-[D-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 havina low affinity and high
capacity. The existence of a GnRH binder in sérum
may, in part, contribute to the long lasting
pharmacological action of GnRHs in goldfish.
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Control of Sexually Related Dimorphic
Growth by Gonadal Steroids in Yellow
Perch (Perça flavescens)

J.A. Malison, T.B. Kayes, B.C.
Wentworth, and G.H. Amundson

Uni versity of Wisconsin-Madison,
Madison, WI

Mechanisms that control sexual
différences in growth and ultimate size
have been well studied in manmials but
are poorly understood in fish. In
yellow perch (Perça flavescens),
females begin to outgrow maies âï~ a
size coincident with the onset of
vitellogenesis ànd spermatogenesis (90-
120 mm total length). Also, exogenous
estrogens can promote and androgens can
retard perch growth. To détermine
whether endogenous gonadal steroids
influence sexually related dimorphic
growth, perch were gonadectomized at
55-65 mm total length, a size at which
neither estradiol-17B (in females) nor
testosterone (in maies) could be
detected in the plasma. As these fish
reached 90-120 mm total length, intact
(laparotomized) females began to grow
faster than gonadectomized females.
Gonadectomized maies grew faster than
intact maies and at the same rate as
gonadectomized females. These results
suggest that gonadal estrogens promote
growth in females and gonadal androgens
impair growth in maies.
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THE EFFECT OF CASTRATION ON PLASMA ANDR06ENS IN MATURE MALE RAINBOW TROUT

Rudiger Schulz and Volker Blum

Ruhr-Universitât Bochum, Fakultët Biologie, West-Germany

Keywords: rainbow trout, castration, plasma
androgens, radio-immunoassay

Introduction

GtH/androgen ratios in blood plasma change
during maturation and maturity in a way not
explicable within the concept of a négative
feed-back of androgens on GTH-secretion.
Furthermore, GTH-levels are relatively low
before spawning and when spawning grounds
are not available. Thus, the testes could be
unsufficiently stimulated to solely account
for the high androgen concentrations in
plasma which may be attained and maintained
in part by extragonadal mèchanisms. In order
to test the significance of these mècha
nisms, we quanti fied plasma androgens before
and at différent times after surgi cal gonad-
ectomy.

Material and methods

Milt producing maies served as expérimen
tal animais. Plasma was gained from an ini
tial control group, and 1, 2, 3, 7, and 14
days after castration. The concentrations of
4 androgens (testosterone-T, 11-oxotestoste-
rone-OT, IIS-hydroxyandrostenedione-OHA, an-
drostenetrion-OA) were measured by radio-im-
munoassay after thin-layer chromatography of
ether extracts. Samples from maies with go-
nadal tissue remnants in the body cavity
were discarded.

Results and discussion

The concentrations of ail androgens de-
clined precipitously one day after castra
tion (Fig.). In comparison with the initial
control group and with the exception of OHA,
they remained at low levels thereafter but
always were clearly above the limits of dé
tection. While T levels did not change after
castration, 11-oxygenated androgens oscilla-
ted significantly which was most pronounced
in the case of OHA (Fig.).
Supposing a linear decrease of OT and T

after castration, -most likely overestima-
ted- plasma halflife-times below 90 min are
calculated with the data from the initial
control group and from one day after castra
tion.
The results indicate that (i) halflife-

times in plasma appear too short to assist

in the maintenance of high plasma androgen
concentrations, (ii) the testes produce the
bulk of sex steroids and their precursors,
(iii) extragonadal steroid sources contrib-
ute to the organism's steroid balance.
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Plasma concentrations (mean +/- SEM; n=4 to
11) before (dO) and until 2 weeks (d14) af
ter castration of milt producing maie trout.
* - p < 0.05, Student-t test.

A non-specific stimulation of the pituita-
ry-interrenal axis following surgery cannot
be excluded. The interrenals appear to syn-
thetize OHA and OA and the. concentration
changes of the two androgens could be under-
stood as reactions to "stress"-like stimuli.
An increased output of cortisol which could
fuel a hepatic production of androgen pre
cursors (Kime, 1978) could as well be rele
vant. The remarkably high OT and T concen
trations, however, remain to be explained.
Possibly, a 17B-hydroxysteroid dehydrogenase
detected in trout blood cells (Schulz, 1986)
is of importance in this context.
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GNRH- AND GTH-IMMUNOREACTIVE STRUCTURES IN THE PITUITARY OF SALMO GAIRDNERI RICHARDSON

H. Schafer, V. BlUm

Arbeitsgruppe Vergleichende Endokrinologie, Ruhr-Universitat Bochutn, FRG

Summary

Immunoreactive (ir-) GtH- and ir-GnRH struc
tures were localized in alternating sériai
sections of rainbow trout pituitary glands
with the peroxidase-antiperoxidase (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

Introduction

In most vertebrate groups the rapid trans
port of Gonadotropin-Releasing Hormone
(CnRH) from the sites of storage into the
adenohypophysis is guaranteed by a capillary
plexus within the médian eminence which
leads to a portai capillary network within
the adenohypophysis. However, in cyclostomes
and teleosts such a portai system is lacking
so that the GnRH transport to the target
cells is not yet clear in détail.

Results and discussion

Pituitaries of Salmo gairdneri were investi-
gated by immunohistcchemistry 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 containing
axon endings and GtH cells.
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Fig. 1. A-B: PAP-staining of adjacent sagit
tal sections of S. gairdneri pituitary with
rabbit anti-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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FROIEIN EINASE C AS A HEDIATCA IN GOLDFISH OVl]LATION.
H.Ranjan and F.V.Goetz. Univezsity of Notre Dame,
Notre Dame, Xndiana, U.S.A. 46556.

The possible involvement of protein kinase C in
goldfish (Carassins auratus) ovulation was investigated.
■ÎS vitro ovulation of oocytes tbat had undergone
germinal vesicle breakdown and follicular detatchment .in
ylyo was observed with botb a phorbol ester,
pborbol~12~myristate~13~acetate and a calcium ionopbore,
A23187. A combination of tbese two factors exbibited
classic synergism and induced ovulation at mucb lower
concentrations. Since protein kinase C is pbysiologically
activated by diacylglycerols, tbree sn-l,2-diacylglycerols
were also tested in combination with A23187. &f these
sn-l-oleoyl-2-acetylglycerol (OAG) was ineffective, while
sn-l,2-dioctanoylglycerol (diCt ) and sn-l,2-dihezanoyl-
-glycerol (diCs) were found to synergise with the calcium
ionophore even at the lowest levels tested. DiCs wa? more
effective than diC< at comparable levels. Lithium
chloride, in the absence of any other factor was found to
be stimulatory to ovulation at concentrations of 25mM or
higher, however, a consistent dose response was not
observed. In vitro ovulation stimulated with phorbol ester
and ionophore could be blocked with nordihydroguaiaretic
acid (NDGA) at 10|xg/ml while indomethacin (IM) at similar
or higher (20|ig/ml) levels was ineffective. This suggests
the involvement of lipozygenase products in conjunction
with protein kinase C activation during ovulation in this
species. Similar résulta with NDGA and IM were also
obtained with arachidonic acid and PGF2a induced
ovulation. While a direct participation of protein kinase
C or its mechanism of action remains to be demonstrated
these résulta indicate its involvement in the control of
ovulation in fish. (Supported by NSF Grant No. 8517718).
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PROTEOLÏTIC ENZIHES IN THE FOLLICULAR WALX. OF BROOK IRODT AND G(tt,DFISH
DURIN6 HEIOTIC MATURATION AND OVULATION. Amy K. Berndtson and Frederick Goetz,
Department o£ Biological Science, University of Notre Dame, Notre Dame, IN.

In teleost fish, proteolytic enzymes are belieyed to be involved in the
mechanism of ovulation. To détermine if follicular protease activity was
présent in brook trout (Salvelinos fontinalis) and goldfisk fCarassius
auratus). follicle walls were dissected from oocytes at différent stages
tbrougbout meiotic maturation and ovulation and assayed using substrate-sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) techniques. In
this System, eitber gelatin or casein was incorporated into gels to serve as a
substrate and, following electrophoresis, a Tris-CaCl2 buffer (pH 7.8) was used
to incubate the gels. In both species, six major proteolytic enzymes digested
gels containing gelatin. The first two (78 and 70 kD) were inhibited with 5.0
wiM 1,10 phenanthroline, 2.0 mM dithiothreitol (Djiï), Ca' ' free médium, 10.0 mM
benzamidine and 5 mM diisopropyl fluorophosphate (DFP). The second two (67 and
59 kD) were inhibited with 5.0 mM 1,10 phenanthroline, 2.0 mM DIT and Ca++-free
médium. The last two (22 and 20 kD) were only slightly inhibited with 5.0 mM
DFP. These two enzymes also digested gels containing casein. Thiol, carboxyl
and other serine protease inhibitors had no effect on follicular proteolytic
activity. Preliminay ^ vitro studies have shown that ovulatory hormones,
such as prostaglandin F2a, altered the proteolytic activity of several enzymes.
Ail six enzymes were marginally active during meiotic maturation and maximally
active just prior to and after ovulation. This study demonstrates that both
métallo and serine proteolytic enzymes are présent in the follicle wall of brook
trout and goldfish and suggests that these enzymes, may play an intégral rôle in
the mechanism of ovulation. Funded by NSF grant number DEC—8517718 to FWG.
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THE MECHANISM AND HORMONAL REGULATION OF OVULATION: THE ROLE OF PROSTAGLANDINS
IN TELEOST OVULATION. Frederick W. Goetz, Hukul Ranjan, Ainy K. Berndtson and
Priscilla Duman. Department o£ Biological Sciences, University o£ Notre Dante,
Notre Dame, Indiana, USA 46556.

Prostaglandins (PGs) have been implicated as stimulators of oocyte
expulsion in various fish species and PG levels have been shown to change
relative to the time o£ ovulation in several species. The purpose of this paper
is to présent old and new data concerning PG stimulation and synthesis in a
salmonid, the brook trout (Salvelinus fontinalis), and a percid, the yellow
perch (Perça flavescens). In both species PGs can stimulate ovulation of
oocytes in vitro, though the most effective PG and^th&^xelative^-^^ngitiviiy to
PG stimulation differ markedly for ^ach. ' F prostaglandins are the jnoSP
e^fëctïvF"TPGs in tlïe~strimul-atiorrbf brook trout ovulation and^~fS€Hër high
exogenous PG levents*—neeesserry—i:or~bb€âin a respjnse. ïn contrast, PGE2 is
the most stimulatory PG in yellow perch and the follicles are more sensitive by
orders of magnitude. In brook trout, FGF does increase in plasma and ovarian
tissue during ovulation as measured by RIA. In addition, ovarian PGE levels
while appearing lw__|d:__.o.vuLatijon, are extremely high in gravid ïîsh pribr to
meiotiç^maturation. From fecent precursôf incorporation studies it appears that
the follicle wâlî of brook trout can produce PGF at ovulation from arachidonic
acid. Incorporation studies have shown, however, that there are actually
several ovarian sites for PG synthesis and that a greater conversion of
precursor to PGE and PGF actually occurs in extr afpl1icula r (i.e. of
vitellogenic o"§Pytes) fî¥sue. PGE synthesis exceptionally high in
connective tissue elements of the ovary while (TCF^an be produced by small
non vitellogenic follicles. In fact, a large portioirtSr the PGs measured by RIA
probably cornes from these tissues. Whether this extrafollicular PG synthesis
is directly involved in ovulation or plays a rôle in some other aspect of
ovarian control (e.g. control of blood flow) is unknown but poses some
interesting new perspectives from which to experiment.

In perch, 17a, 20b-dihydroxy-4-pregnen-3-one, which induces maturation and
ovulation in vitro, also alters reP synthesis relative to ovulation as measured
in incubation fluid by RIA. From preliminary time course experiments, it
appears that there is an increase in the production of PGF at the time of
ovulation J Estrogenic, androgenic and 11-oxygenated corticosteroids are unaBle'
tcTâlter PGF synthesis though other progestational steroids do have an effect
on PGF levels that appears.^ to jje related to their abilitv to stimulatp/

V^pvulation injdtrp.i3"Whether the PGF is involved in the irTl^ïro stimulation bf
perch "^ ovulation or is a conséquence of ovulation is still unclear and being
investigated. As in trout, the primary site of PGF synthesis, demonstrated by
incorporation experiments with arachidonic acid, appears to be extrafollicular.
Supported by NSF grant #DCB-8517718 to FWG.
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ENDOGENOUS OPIOID MODULATION OF GONADOTROPIN SECRETION IN MALE

GOLDFISH

Paul M. Rosenblum and Richard E. Peter

Department of Zoology# The University of Alberta/ Edmonton^
Alberta, Canada

In mammals# the sécrétion of gonadotropin-releasing hormone

(GnRH) and dopauaine (DA) from the hypothalamus is modulated by
endogenous opioid peptides (EOP's). Opioid agonists inhibit/ and
antagonists stim\ilate the sécrétion of both GnRH cuid DA, which in
txirn modulate the sécrétion of anterior pituitary hormones. In
teleost fish, it is now well established that GnRH stimulâtes,

and DA inhibits, the sécrétion of gonadotropic hormone (GtH) from
the pituitary. The présent studies were performed to détermine
whether the EOP System participâtes in the reg\ilation of GtH
sécrétion in maie goldfish, Carassius auratus, via actions on
GnRH and/or DA sécrétion.

In vivo treatment with the opioid antagonist naloxone (NAL)

resulted in a transient decrease in circulating GtH levels. When

animais received NAL 2 hrs prior to an injection of a GnRH
agonist (GnRH-A), the stimulatory effects of GnRH-A on GtH levels
were blocked. Similarly, prior treatment with NAL blocked the
stimulatory effects of the dopcuaine antagonist domperidone.
Together, these results suggest that NAL stimulâtes DA sécrétion,
resulting in decreased sécrétion of GtH.

When NTVL was administered simultaneously or 1 hr following

GnRH-A, the response to GnRH-A was potentiated. This suggests
that NAL can stimulate endogenous GnRH sécrétion vivo, but
that this effect is only évident when exogenous GnRH is présent.
In support of this, in vitro hemipituitary incubations, NAL
elicited increased GnRH release into the médium.

In summary, we have presented evidence for the involvement

of the EOP System in the neuroendocrine reg\ilation of GtH
sécrétion in maie goldfish. Dur data suggests that EOP's alter
GtH sécrétion by modulating the release of both GnRH and DA.
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THYROID-REFRODUCTIVE REIATIONSHIPS IN THE CHANNEL CATFISH, Ictalurus punctafnis;
EVIDENCE FOR ESTRADIOL-INDUCED CHANGES IN PLASMA THÏROID HORMONE BINDING.

Duncan S. MacKenzle*, Jiidy Varner*, and Peter Thomas**

*Dept. o£ Blology, Texas A&M Universlty, Collège Station, Texas, 77843, U.S.A.
**University of Texas Marine Science Institute, Port Aransas, Texas, 78373, U.S.A.

Blood samples taken at monthly intervais from female channel catfish
maintained in pond culture were analyzed for levels of testosterone (T), estradiol
(Ej), thyroxine (T^), and triiodothyronine (T3) by radioinmunoassay. Levels of ail
four hormones were low during the months of September to January, corresponding to
times of lowest température and shortest photoperiod. A significant increase in
the levels of ail four hormones was found in February in the absence of any change
in pond température. T retumed to basai levels in March, and remained at basai
levels throughout the remainder of the year. In contrast, Ej levels remained
significantly elevated throughout the period of maximal gonadal growth until
spawning (April-May), at which time they also returned to lowest levels. The
levels of both thyroid hormones déclined prior to the initiation of spawning, but
then increased during the spawning period in both prespawning and postspawning
females to reach highest levels in postspawning fish during the svimmer. A time of
year thus exista (Febnxary) during which the levels of ail four hormones increase
simultaneously; this also corresponds to the time at which maximum gonadal growth
is initiated. Additionally, during the summer highest thyroid hormone levels are
found during the time when steroid hormone levels are lowest, températures are
highest, and feeding activity (as Judged by stomach contents) is greatest.

To détermine whether observed changes in thyroid hormone levels were due in
part to endocrine interactions with changing Ej levels, both maie and female
catfish were injected with estradiol-17^ at a dose of 1 mg/kg body weight every
four days, and blood was sampled on day 16. Estradiol treatment stimulated a
significant Increase in total plasma protein and in plasma protein phosphorus,
indicatîng that vitellogenin production was induced. When plasma samples from £3-
injected animais were analyzed at sériai dilutions in unextracted thyroid hormone
radioimmvtnoassays, however, Ej treatment was found to induce significant
nonparallelism between unknown plasmas and the standard curve. This
nonparallelism was due to abnormally high précipitation of protein-bound
radioiodinated thyroid hormones at high plasma dilutions, indicating that proteins
induced by Ej treatment were binding thyroid hormones. To examine changes in
thyroid hormone binding to plasma proteins induced by Ej, plasma samples from
control and Ej-injected fish were examined for free thyroid hormone levels using a
Sephadex column chromatography technique (J. G. Eales and S, Shostak, Gen. Comp.
Endocrinol. 58: 291-302; 1985). Ej treatment stimulated a significant decrease in
free thyroid hormone levels, indicating increased protein binding in treated
animais. Additionally, plasma samples were labeled in vitro with radioiodinated
T^ and subjected to gel filtration chromatography. Increased total binding of T^
to plasma proteins was found to be due to substantiel binding of T^ to higher
molecular weight proteins in Ej-treated animais, indicating that vitellogenin may
function as a thyroid hormone binding protein in this species.
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PHOTOPERIODIC HISTORY AND THE ENTRAINMENT OF THE ANNUAL CYCLE OF REPRODUCTION

IN THE FEMALE RAINBOW TROUT (SALMO GAIRDNERI)

C.F Randall, J.Duston and N.R.Bromage

Fish Culture Unit, Department of Molecular Sciences, Aston University,
Birmingham, U.K.

Abstract

Recently, it has been proposed that the
annual cycle of reproduction in the female
rainbow trout is coordinated by an
endogenous circannual dock which is timed
by the seasonal changes in daylength
(Duston & Bromage,1986,1987). Earlier
hypothèses relating to the timing of
maturation have been based on apparent
requirements for long and short
photoperiods during the early and later
portions of the ovarian cycle
respectively, with daylengths over 12
hours generally being considered as 'long'
days.

A requirement for a spécifie daylength
différa fundamentally from our
understanding of the behaviour of the
endogenous dock, for we consider that it
is the direction of change of photoperiod
which entrains the rhythm of maturation
and that the absolute length of the
photoperiod is not important. Further
support for this proposai is provided in
the current work.

Three groupa of 2 year old virgin female
rainbow trout, with a natural spawning
period of December - January, were
transferred in mid - January from outside

ponds (ambiant photoperiod) to lightproof
1200 litre tanks and provided with
artificiel lighting controlled by
electronic time docks. Groupa A and B
were exposed to 18L:6D and 10L:6D
respectively until May 8, followed by
6L;18D until spawning. Croup C was exposed
to 6L:18D until May 8, followed by 2L;22D
until spawning. The water température was
constant at 8.5 - 9.0 ^C and the light
intensity at the water surface was 25 lux.
Sérum levais of oestradiol-17B,
testosterone and vitellogenin (as calcium)
were measured at monthly intervais to
provide further information about the
effects of photoperiod on the rate of
ovarian development.

As a resuit of the photoperiod
treatments fish in Croup A commenced
spawning on August 23, Croup B on October
2  and Croup C on December 2 with the
periods of spawning lasting 9, 8 and 11
weeks respectively.

It is proposed that the 2-3 month
advancements of spawning exhibited by the
fish in Croups A and B were due to two
separate phase advances of the endogenous
dock which controls maturation. The first
occurred at the start of the experiment in
January when the fish were subjected to an
increase in photoperiod, from ambient
(8.5L:15.5D) to either 18L;6D (Croup A) or
10L:14D (Croup B), and the second when the
photoperiod was reduced for both groups in
May. In contrast the fish in Croup C,
where spawning was modestly delayed, were
subjected to a phase delay in January,
when the expérimental 6L:18D photoperiod
was shorter than that of ambient,and a»
phase advance in May when the photoperiod
was reduced.

Collectively, these data indicate that
it is the direction of change of daylength
which is responsible for the entrainment
of reproduction. Daylength per se is of
little importance to this response.
Furthermore, as any photoperiod may be
percieved by the fish as 'long' or 'short'
providing it is longer or shorter than the
daylength to which the fish have been
previously exposed, then photoperiodic
history is of considérable significance to
our interprétation of light effects on
maturation in fish.

This work was supported by NERC awards
to N.R.B.



60

EGG PROTEINS AND VITELLOGENIN IN THREE MARINE FISH SPECIES

Birgitta Norberg

Institute for Marine Research, Austevoll Marine Aquaculture Station,
N-5392 Storeb0, Norway

Introduction

During recent years, ; the aquaculture
of marine organisme bas attained a
growing interest, Cold-water living
species, like the cod (Gadus morhua)
and the Atlantic halibut (Hippoglos-
sus hippoglossus) are particulary
suited for breeding in the northern,
countries, like Norway.

For a successful reproduction and
development of the larvae, the quali-
ty of the eggs is of major importance.
An adéquate supply of nutrients dur
ing the early development is vital
for the embryo. The source of the
nutrients are the yolk proteins, which
are derived from vitellogenin (VTG)
and stored in the egg.

VTG is synthesized in the liver of
maturing females in response to est-
rogen stimulation. It is rapidly sec-
reted and transported to the ovaries,
where it is incorporated into the
oocytes. After the incorporation, the
VTG molecule is transformed into the

yolk proteins.

In some marine fish species, a furt-
her hydrolysis of the yolk proteins
has been observed in. mature, hydrated
eggs. This has been suggested as part
of the mechanism of the osmotic gràd- .
ient that makes water uptake into the

cell possible.

The object of the présent study was
to characterize the yolk proteins in
eggs at différent stages of maturity,
and plasma vitellogenin in three dif
férent species of marine fish; the
plaice (Pleuronectes platessa), the
cod and the Atlantic halibut.

Results and discussion

Eggs from cod, plaice and halibut
were divided into three or four diff

érent stages, according to size and
degree of hydration. The eggs were
crushed and a "yolk" fraction obtained

by centrifugation.

When analyzed electrophoretically,
hydrated eggs differed in their pro—
tein composition from non-hydrated
eggs. Changes in the yolk protein
pattern has been observed in mature,
hydrated eggs from marine fish spe
cies. These observations are in accor-

dance with the results of this study,"
where-hydrated eggs contained proteins
of lower molecular weight than non-
hydrated eggs.

SDS-gel electrophoresis on 7-15%
polyacrylamide gradient gels revealed
the presence of a female-specific
protein of high molecular weight (app-
roximately 180 000 daltons) in the
plasma of fish of ail three species.
When plasma of m ature females was
chromatographed on DEAE-sephacel, this
protein eluted last from the column.
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METABOLISM OF STEROIDS IN THE OVARIES OF THE UROHAZE-GOBY (GLOSSOGOBIUS OLIVACEUS)

K. Asahina^ K. Suzuki^, T. HibiyaS and B. Tamaoki^'^

^Collège of Agriculture and Veterinary Medicine, Nihon University, Setagaya-ku Tokyo 154
^National Institute o£ Radiological Sciences, 9-1, Anagawa-4-choine, Chiba-shi 260 Japan

Summary

In vitro steroidogenesis was examined using
ovaries o£ the urohaze-goby (Glossogobius
olivaceus) in the breeding season. Cell-£ree
homogenates o£ £ully matured ovaries (iust
be£ore ovulation) were incubated with **0-
labeled pregnenolone, dehydroepiandrosterone,
progestérone, 17a-hydroxyprogesterbne, andro-
stenedione, and testosterone in the presence
o£ NAD^ or NADPH. Main products £rom these
substrates were progestérone, androstene-
dione, S0-pregnane-3,2O-dione, 17a-hydroxy-
5B-pregnane-3,20-dione, 53-androstane-3,17-
dione, and 53-dihydrotestosterone, respective-
ly.

Introduction

The steroidogenesis in the testes o£ the
\ urohaze-goby is characterized by the pré
dominant activities o£ Sa-reductase and A®-
33-hydroxysteroid dehydrogenase + A®-A** iso-
merase. Furtherraore, 11-oxotestosterone,

which is an androgen peculiar to teleosts
(Idler et al., 1960) is not synthesized in
vitro in the testes o£ this species (Asahina
et al., 1985). In this study, we investiga-
ted the steroid metabolism in the ovaries o£

the urohaze.

Results and discussion

When pregnenolone or dehydroepiandrosterone
was incubated with the cell-£ree homogenates
o£ the ovaries in the presence o£ NAD , the
main metabolite was progestérone or andro-
stenedione, though each yield was low (Table
1). These results indicate that the ovaries
o£ the urohaze have A®-33-hydroxysteroid de
hydrogenase and A®-A** isomerase activity.
Ovarian tissue o£ the urohaze converted

progestérone, 17a-hydroxyprogesterone, andro-
stenedione, and testosterone into 53-pregnane-
3,20-dione, 17a-hydroxy-53-pregnane-3,20-di
one, 53-androstane-3,17-dione, and 53-dihydro-
testosterone, respectively (Table 1), showing
a relatively high activity o£ 53-reductase.
In contrast, 5a-reductase activity, which is
dominant in the testes o£ the urohaze (Asahina
et al., 1985) was only weakly detected when
progestérone was used as a substrate (Table 1).
Since the ovaries o£ the urohaze did not

convert 17a-hydroxyprogesterone into 17a,203-

dihydroxy-4-pregnen-3-one, the maturation
inducing steroid (MIS) in salmonids (Nagahama
et al., 1985), MIS might be another steroid(s)
in this species.

Table 1. Metabolism o£ various substrate

steroids in the ovaries o£ G. olivaceus.

Substrate Metabolite Yeild

Pregnenolone Pregesterone 0.12*

Dehydroepi Androstenedione 0.27

androsterone

Progestérone 53-Pregnane-3,20-
dione 1.19

5a-Pregnéine-3,20-
dione 0.20

X-1 0.04

X-2 0.04

17a-Hydroxy- 17a-Hydroxy-53-
progesterone pregnane-3,20-

dione 5.27

X-3 0.13

Androstenedione 53-Androstane-

3,17-dione 1.22

Testosterone 0.10

Testosterone 53-Dihydro-
testosterone 0.63

Androstenedione 0.04

53-Androstane-
3,17-dione 0.01

* nmol o£ steroid / 5 mg protein / 60 min.

Re£erences

Asahina, K., K. Suzuki, K. Aida, T. Hibiyà,
& B. Tamaoki, 1985. Relationship between
the structures and steroidogenic £unctions
in the testes o£ the urohaze-goby. Gen.
Comp. Endocrinol., 57: 281-292.
Idler, D.R., P.J. Schmidt, and A.P. Ronald,
1960. Isolation and identi£ication o£ 11-
ketotestosterone in salmon plasma. Can. J.
Biochem. Physiol., 38: 1053-1057.

Nagahama, Y. and S. Adachi, 1985, ldenti£i-
cation o£ maturation-inducing steroid in a
teleost, the amago salmon. Dev.Biol,109:

^ Présent adress: Faculty o£ Pharmaceutical Sciences^~M|âsaki University, Bunkyo-machi,
Nagasaki-shi 852 Japan



62

NATURAL SEX REVERSAI

R. Reinboth

Institut fiir Zoologie» Saarstrasse 21,
D 6500 Mainz, Fédéral Republlc of Germany

Abstract

The normal occurrence of spontaneous sex
Inversion among teleosts is a fairly new
item within current concepts on vertebrate
reproductive physiology. The subject has al-
most totally been seized by ethologists and
by ecologists who cogitate upon sélective
advantages of particular reproductive straté
gies. Investigations on causative events
that are mandatory for a functional change
of sex remain largely neglected. Our know-
ledge on the rôle of hormones being presumed-
ly involved in the process of sex inversion
is close to zéro. This is true even with re
gard to sex steroids. In terms of develop-
mental physiology we must admit that we
don't have the slightest idea about differen-
tial steps leading either to spermatogenic
or oogenic meiosis. The nature of "social
factors" being claimed as causative for sex
inversion in certain species remains in the
dark. Many reports prove the technical feasi-
bility of manipulations that can induce a
phenotypical change of sex. Yet the mechanisms

. underlying such a process are not understood.
It is unknown whether spontaneous sex change
in an adult can be compared reasonably with
sexual altérations in juvéniles. Current re-
search on teleost ambisexual ity needs some
reorientation in order to save it from the
mark of a mere biological oddness.
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STEROIO METABOLISM IN GONADAL TISSUES OF THE SIMULTANEOUS HERMAPHRODITE SERRANUS CABRILLA

R. Reinboth and M. Latz

Institut fUr Zoologie Mainz,
Fédéral Republic of Germany

Abstract

Maie and female tissues of the gonads of
the simultaneous hermaphrodite Serranus ca-
brilla were separated from each other and
incubated with 4-(14C)-testosterone for two
hours without cofactors at room température.
Fishes were captured in June, the spawning
season, and in September. Gonads of juvénile
and adult fishes were used. About 90 % of
the recovered radioactivity (19 metabolites)
could be identified with a séparation procé
dure including paper and thin-layer chroma-
tography, microreactions and cristallization
to constant spécifie activity (détails in:
Reinboth and Becker, 1984).

The main results are summarized in the
tables.

Table 1. Enzymatic activity of the maie

tissues.

Date Sept.20 June 7 June 4 June 6

weight mg 190 60 150 300

status juv. juv. adult adult

173-HSO 12,3 6,1 12,3 4,3
113-hydro-
xylase 28,5 4,9 0,9 3,3
53-reduc-

tase 8,2 9,4 2,2 15,3
5a-reduc-

tase 0,4 1.7 4,1 0,5

Table 2. Enzymatic activity of the feraale
tissues.

Date Sept.20 June 7 June 4 June 6
weight mg 250 170 2x300 3x360

status juv. juv. adult adult

173-HSO 11,0 8,5 16,0 10,7
llB-hydro-
xylase 7,4 - 0,2 0,7
53-reduc-
tase 10,6 31,3 23,1 44,9
5a-reduc-

tase 0,6 1.1 0,8 1.5

ruled out that the obvious similarities
between the shares of différent metabolic
grouDS in the two heterosexual tissues
from juvéniles in September should be ex-
plained by incomplète mechanical sépara
tion.

Among the results from the samples taken
in June it can be noticed that in ovarian
tissue 113-hydroxylase-activity was low or
absent. But 5B-reductase activity was con-
siderablv higher in female tissue. In com-
parison to the data from two other ambi-
sexual species the metabolization rate of
testicular tissue was relatively low. The
bulk of conjugates were sulfates. Estrogens
were not détectable.
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The most surorising finding is the high
activity of 113-hydroxylase in the gonads of
juvéniles outside the breeding season. This
applies even to ovarian tissue. It can be



6^

IN VIVO METABOLISM OF EXOGENOUS 11-KETOTESTOSTERONE IN JUVENILE GUPPIES

H.J. Zentel, M. Latz and R. Reinboth

Institut fiir Zoologie Ma1nz
Fédéral Republic of Germany

Abstract

Juvénile guppies at âges of 5 or 10 days
resp. were incubated in 50 or 10 ml of water
supplemented with 11-KT at a dose of 20 /ag/l,
together with 1,5 - 4 ̂Ci of tritiated 11-
ketotestosterone. After 7 resp. 24 h the
animais were anaesthetized, weighed and homo-
genized in Ac/EtOH 1:1. Metabolites of the
substrate were separated according to a
scheme previously described by our labora-
tory (Reinboth and Becker, 1984) with slight
modifications.

No major différences were observed between
the metabolism of the animais under the
différent incubation conditions. At the end
of the incubation at least 70 % of the acti-
vity in the water was still the substrate.

By far the largest fraction were glucuro-
nides with a yield of 80 % after 7 h and
90 % after 24 h of incubation. Only a few
percents were sulfates.

No ii4-androgens could be identified. The
3 major constituants were an unidentified
compound, which was more polar than andro-

. stane-3,11,17-triols,5B-androstane-3a,17B-
diol,ll-one (identified by cristallization
to constant spécifie activity) and 5a-andro-
stane-3B,17B-diol,11-one. The latter was
identified by TIC, microchemical reactions
and cristallization to constant spécifie
activity after oxidation. A minor fraction
run together with 11-KT in CHClo/Me 9:1
but behaved differently after microchemical
reactions.

The lack of A4-androgens in extracts from
whole juvénile guppies and the strong andro-
genic effect of 11-KT suspended in the rear-
ing water under the conditions used lead us
to speculate on a possible androgenic effect
of reduced 11-oxygenated C19-steroids.
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EFFECTS OF STEROID TREATMENT AND TEMPERATURE ON GONADAL DIFFERENTIATION AND PITUITARY
GONADOTROPES IN THE GUPPY, POECILIA RETICULATA, PETERS

H.J. Zentel and R. Reinboth
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Fédéral Republic of Germany

Abstract

Neonate guppies were treated with différent
doses of 11-ketotestosterone for up to 21
days at températures of 25 and 280C respec-
tively. The animais were fixed in Bouin-
Hollande and embedded in Paraplast. Sériai
sections at 6 um thickness were used for
gonad and pituitary histology. Pituitary
gonadotropes were stained by immunohisto-
chemistry, using an antisérum raised in
rabbits aqainst a commercially available
salmon GTH (Syndel SGA-GTH).

'  At 28°C by far most of the genetic females
developed testes containing a few degenera-
ting oocytes. At 250C only less than half of
the genetic females showed signs of spermato-
genesis. In these animais the treatment in-
hibited the formation of the ovarian cavity
and the differentiation of oocytes. However,
some oocytes hypertrophied and underwent dé
générât ion.

In maies, the treatment accélérated
spermatogenesis, regardless of the rearing
température.

The gonadotropic zone in the pituitary was
further developed in females than in maies.
Androgen-treated maies showed a somewhat
larger GTH-oositive area in their pituitaries.
In females, animais responding by spermato
genesis to the treatment had a larger 6TH-
positive area in their pituitary than con-
trols, whereas females with degenerated
ovaries had less GTH-immunoreactive material.

A direct comparison of genetic females of
one litter treated at 250C and 28^0 for the
same period of time (expressed in day-degrees)
was carried out. The GTH-positive area in
the pituitary of females reared at 28^0 was
about twice as large as that in females
raised at 250C.

The study underlines the action of the sex
inverting treatment on the differentiation
of the pituitary gland and indicates a rôle
of gonadotropes in the process of a success-
ful androgen induced sex inversion.
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TESTIS GROWTH AND SPERMATOGENESIS IN TELEOST FISH

I

R. Billard

Muséum of Natural History, Ichthyology, 75231 Paris, France

Summary

The morphological diversity of
spermatogenesis in fish is shown ei—
ther in the structure of the testis
or the morphology of the spermatozoa,
Two main types of testis structure are
identified. In the tubular type,
spermatogenesis starts at the blind
end of a tube where the stem cells
are located, and cysts move down the
tube where the sperm, sometimes grou-
ped in bundles, are released into the
efferent ducts. In the lobular type
of testis, the stem cells are scatt-
ered at the periphery of a tube-like
structure (lobule) having a central
lumen into which the spermatozoa are
freed from the cysts after spermato
genesis has been completed; these
sperm then move down the lobule to be
released into the deferent duct.

The quantitative aspects of testis
growth are often described by the
gonadosomatic index (GSI) which chan
ges during the reproductive cycle.
The maximal value of this index var-

.ies widely between groups of fish:
from 0.2'5c in some Tilapia and Siluri-
foims to lO^c, in cyprinids and salmo-

• nids. The GSI value is maximal in
seasonal spawners just after meiosis
at the spermàtocyte stage and décli
nés during spermiogenesis due to the
élimination of cytoplasm from the
spermatids. Loss due to germ cell
degenerescence during spermatogenesis
has been reported in some species;
their spermatogenetic production is
quite variable: 7.10° spermatozoa/g
body weight/year in rainbow trout
(parasalmo mykiss), U.IO^ in common
carp (Cyprinus carpio), 2.7•10° in
guppy (Poecilia reticulata) and 6.10°
in pike (Esox luciusHIn seasonal
spawners testis weight decreases dur
ing spermiation period due to the re-
lease of sperm during spawning. In
fish farm conditions the amount of
spermatozoa which can be collected
for artificiel insémination is highly
variable: between 20 and SCfjo of the
total spermatogenetic yield in trout
and in pike. In carp and gold-
fish the number of spermatozoa relea
sed after stripping is low unless
some stimulation is given (presence
of ovulating females or gonadotropin

injection). After the reproductive
season the spermatozoa remaining in
the testis are resorbed in some

species such as trout and pike, but
remain until the next cycle in carp.

The quality of the germ cells is
estimated on the spermatozoa by var
ions parameters such as chemical com
position, motility, fertilizing capa-
city and in vitro survival. Sperm
quality déclinés in some species such
as trout and sea bass (Diecentrarchus
labrax) as shown by the lower fertil
izing capacity, motility and c^pacity
for cryopreservation of the sperm.
In rainbow trout ATP appears to be
necessary for sperm survival in vivo
in the génital tract as well as in
vitro. In trout sperm this demand
seems to be easily covered by mito-
chondrial ATF synthesis. Such a
great sunount of energy is needed to
initiate motility (the beat frequency
of 60 Hertz is one of the highest
found in sperm) that the mitochondria
cannot cope: the endogenous store of
ATF is exhausted within 20 to 25 sec
onds and the sperm become immotile.
Rainbow trout sperm physiology is
highly dépendent on the ionic envir-«
onment in the séminal plasma, and es-
pecially on potassixom and calcium.
During spermiation external potassium
inhibits motility but before spermi
ation is initiated sperm immotility
is not due to potassium but to some
other unknown factors. External cal-
civim is needed to initiate motility.
Spermatogenetic activity may be ei-

ther associated with or dissociated
from spawning time; it does not nec-
essarily coincide with female oogen-
etic activity. The timing of sperma
togenesis during the year dépends on
internai or external factors such as

température, photoperiod or other cli*
matic events which represent long-
teim changes. The initiation or stim
ulation of spermiation dépends on more
rapid environmental changes (tempér
ature change or presence of spawning
females). The high diversity of sper
matogenetic patterns are in parallel
with the variety of modes and straté
gies of reproduction, spawning behav-

diversity of habitats and many
mental factors.r envxronmenta
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OVARIAN CYCLE OF WHITE STURGEON (ACIPENSER TRANSMONTANUS)

F. A. Chapman, R. L. Swallow and S. I. Doroshov
University of California, Davis; Coker Collège, Hartsville, U.S.A.

Summary

Sturgeons differ from most true teleosts
by longer-than-annual ovarian cycle. Chro-
nology and environmental control of this
unusual cycle are unclear. Understanding
of these factors is important for manage
ment of wild and cultured stocks.
We examined ovarian histology and plasma

concentrations of estrogen (17 3 -estra-
diol) and alkali-labile phosphoprotein
(ALPP) of adult females (100-205cm fork
length) collected during the winter in San
Francisco Bay, California. Ovarian stages
were quantified by ranking discrète histo
logie structures (such as three layers of
zona radiata, platelet yolk, melanine
granules, etc.). Three distinct stages
were présent: 1) previtellogenic oocytes
in early growth phase (G.1-0.3mm) with
basophillic cytoplasm and peripheral car-
bohydrate vesicles; 2) early vitellogenic
follicles (0.6-lmm) with platelet yolk and
undifferentiated zona radiata; 3) ripe
follicles (3-4mm) with micro- and macro-
platelet yolk (polarized), differentiated
zona radiata and cortical melanin gran
ules.

Winter female stock (n = 398) was
composed of seventy-three percent fish in
stage one, eleven percent in stage two,
and sixteen percent in stage three. Stage
3 was recruited in current year spawning
(spring), whereas stage 2 in next year
spawning. Stage one (quiescent) was two
or more years away from spawning recruit-
ment.

In stage 1, plasma estrogen was below
détectable level (RIA, 0.25 ng/ml) and
ALPP was also low (4.2 ug/ml). Concen
trations of both metabolites significantly
rose in stage 2 (4.76 ng/ml and 29.2
ug/ml, respectively) and remained elevated
throughout the stage 3. Fish in this
latter stage were induced to spawn two
months after capture. At ovulation,
concentration of estrogen fell to 0.29
ng/ml and ALPP to 20 ug/ml (Figure 1).
Although concentrations of both metabo

lites exhibit similar trends during the
ovarian cycle, we found no corrélation
between the estrogen and ALPP in group of
individual fish undergoing vitellogenesis.
Even though the estrogen stimulâtes hep-
atic protein synthesis, plasma levels of
vitellogenin may dépend on rates of
synthesis, dégradation, and uptake.
Additionally, plasma levels of ALPP may
not be strictly under estrogen control.

Mean, $£.; (n- )

T(25)

Laie Pre-
Spawming

Vitellogenesis

_J L_

20 40
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Figure 1. Plasma concentrations of estro-
gens and alkali-labile phosphoprotein in
white sturgeon females at différent stages
of ovarian development. Morphometric scale
is the histologie ranking of oogenesis.

In conclusion, our data indicates that
the ovarian cycle in sturgeon is, indeed,
an unusually long process but its active
part, vitellogenesis, is quite similar
with other non-teleost and teleost fish

(Dodd & Sumpter, 1984). While vitello
genesis in sturgeon takes approximately
one year, duration of previtellogenic
stage is, most probably, longer. Sturgeon
females lose more body calories at spawn
ing than any other fish (Krivobok &
Tarkovskaya, 1970). A timetable of the
ovarian cycle in iteroparous sturgeon
allows recovery and growth of fish needed
for each new wave of vitellogenesis.
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■ A NOVEL ACTION DP GONADOTROPIN-RELEASING HORMONE IN THE GOLDFISH (Carassius auratus):
THE STIMULATION OF GROWTH HORMONE SECRETION

Tracy A. Marchant, J.P. Chang, M. Sokolowska, C.S. Nahornlak and R.E. Peter

Department of Zoology, University o£ Alberta, Edmonton, Alberta Canada T6G 2E9

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
dose-dependent increase in sérum growth
hormone levels, with a dose as low as
0.001 Mg mGnRH-A/g body weight causing
elevated sérum growth hormone levels.
The influence of GnRH on GTH êuid 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 êuid

growth hormone. AnalysJs of the in vitro
dose-response curves iiulicates 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 al., 1986], cuid 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 in 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
regulating growth hormone and GTH
sécrétion from the goldfish pituitary are
separate and distinct. (Supported by NSERC
and AHFMR)

References

Marchant, T.A., R.A. Fraser, P.C. Andrews
Si R.E. Peter, 1987. The influence of

mammalian cuid teleost somatostatins on the
sécrétion of growth hormone from goldfish
(Carassius auratus L.) pituitary fragments
in vitro. Reg. Peptides 17: 41-52.

Peter, R.E., J.P. Chêuig, C.S. NahornicUt,
R.J. Omeljaniuk, M Sokolowslca, S.H. Shih
Si R. Billard, 1986. Interactions of

catecholamines and GnRH in régulation of
gonadotropin sécrétion in teleost fish.
Rec. Prog. Horm. Res. 42: 513-548.



69

CURRENT STATUS OF INDUCED SEX MANIPULATION

Edward M. Donaldson and Tillmann J. Benfey
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Summary

There has been significant recent progress
concerning the refinement of existing
techniques and the development of new
techniques for the régulation of sex in
cultured fish. The groups of species that
have received particular attention have been
the salmonids, tilapias and carps. The
greatest diversity of approaches has been
utilized in the salmonids and this review
will focus on this group.
There are two main approaches to the

production of monosex female and maie fish;
the use of estrogens and androgens to
directly influence sex differentiation and
the use of chromosome set manipulation to
regulate the contribution of genetic
information from the maie and female gametes

to the zygote.
To produce stérile fish the hormonal and a

variety of genetic techniques can be used
alone or in combination. Thus stérile fish
can be produced by the direct administration
of androgens during and after sex
differentiation, by the production of female
triploids and in some situations by the use
of interspecific hybrids. In addition, fish
can be sterilized by exposure to ionizing
radiation at a time when the differentiating
gonad is particularly susceptible.
The utilization of techniques for the

manipulation of sex will be discussed in the
context of their intégration into aquaculture
production Systems.
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INOUCED OVULATION IN SABLEFISH (ANOPLOPOMA FIMBRIA) USING GONAOOTROPIN RELEASING HORMONE
ANALOGUES
»
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Sumnary

The sablefish (or Alaska Blackcod,
Anoplopoma fimbria. Pal!as 1811) is a
coninercially important species which
inhabits the continental shelf of the North
Pacifie Océan and is the subject of an
increasing fishing effort off the west coast
of Vancouver Island and the Queen Charlotte
Islands (McFarlane & Beamish, 1983).
Sablefish are known to spawn at depths
greater than 300 m with spawning activity
peaking in February (Mason et al., 1983).
The species has been identified as having
great potential for coimiercial mari culture
because of its hardiness, ease of adaptation
to captivity, ability to feed on a variety
of marine protein sources and fast growth
rate.

Gonadal hydration and ovulation were
induced in captive adult sablefish during
their normal breeding season by
intraperitoneal injections of 0.1 mg/kg
gonadotropin releasing hormone analogue
(D-ala6,des glylO-LHRH-ethylami de).

■  The fish (4.94 + 0.6 kg average weight of
females) were caught in the wild in October
1986 and held in covered outdoor tanks at

•the Pacifie Biological Station, Nanaimo,
B.C., for three months prior to the
experiment conducted during the period Jan.
22 to Mar. 5, 1987. The sexes were
identified by measurement of plasma levels
of estradiol-17B, later confirmed by gonadal
catheterization and collection of gametes.
Female fish only were injected, maies
spermiated independently.
A single injection of the analogue alone

or combined with 5 mg/kg domperidone (a
dopamine receptor antagonist) induced
gonadal hydration and ovulation within 4 to
20 days in ail the treated fish. Control
groups injected with saline or domperidone
alone (5 mg/kg) did not ovulate within the
same period.
Ovarian hydration was monitored through

periodic collection of eggs by ovarian
catheterization and observation of the
changes in total weight and condition factor
of the fish. Blood samples were also
collected to study the changes in plasma
concentration of estrogen during final
maturation.
A second experiment using single hormone

analogues (GnRHa): 0.47-0.54 mg/kg

D-trp6-LHRH, 0.1 mg/kg D-ala6-LHRH ethylamide
and 0.1 mg/kg D-arg6-salmon GnRH ethylamide
resulted in a combined total of 7 of 10
injected fish ovulating within 5 to 19 days.

Fertilization rates were variable ranging
from 0.0 to 76.4% (D. Alderdice et al.,
Personal communication, 1987). Incubation of
the fertilized eggs lasting 12 days at 5.2 +
0.2 C resulted in successful hatching in 4 of
12 test fertilizations. Larval rearing and
feeding is underway (G.A. McFarlane et al.,
Personal communication, 1987).

This is to our knowledge the first report
of successful induced ovulation,
fertilization and larval production in
sablefish. We have shown that the
application of several high potency LHRH and
GnRH analogues are effective in inducing
ovulation in the sablefish, that the use of a
dopamine inhibitor does not seem to
potentiate the ovulation inducing effect of
GnRHa at the dosage tested, and that weight
changes and the increase in the diameter of
cannulated eggs are a reliable indication of
ovulatory response.

Further work is required on injection
timing and dosages, on the nutritional,
hormonal and environmental manipulation of
long-term captive broodstock whose gonads do
not develop to a stage where they may be
induced to ovulate, and on incubation
parameters and techniques. The development
of these techniques, resulting in reliable
sources of sablefish seed, are critical for
the successful development of a sablefish
mariculture industry in B.C.
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INFLUENCE OF ESTROGEN, AROMATIZABLE AND NON-AROMATIZABLE ANDROGEN DURING ONTOGENESIS ON SEX
DIFFERENTIATION IN COHO SALMON (ONCORHYNCHUS KISUTCH)

Francesc Piferrer and Edward M. Donaldson

Dept. Fisheries and Océans, Biological Sciences Branch, West Vancouver Laboratory, 4160 Marine
Drive, West Vancouver, B.C. V7V 1N6 Canada

Sumitiary

The sex steroids are capable of
influencing sex differentiation in the
majority of gonochoristic teleost species.
Therefore, they are a valuable tool for both
exploration of the process of sex
differentation and the manipulation of
gonadal sex for purposes of fish culture. If
the steroids are the natural sex inducers or
play a décisive rôle in sex differentiation
and the moment during ontogenesis when they
act occurs prior to the first observable
histological sex differentiation, as
postulated by Yamamoto, then a peak of
sensitivity to exogenous sex steroids in
terms of final phenotypic sex should be
found.

To test this hypothesis estradiol-176 and
17a-methyltestosterone (MX) were
administered, by immersion for 2 hr at a
concentration of 400 ug/1, to separate
groups of developing coho salmon at weekly
intervais from the late eyed egg stage until
the 3rd week of feeding. Histological
samples of the gonadal région were prepared
from a control group at each treatment
interval using a plastic embedding process.
Treated groups were grown for 18 weeks at
lO'C and then examined histologically to
détermine phenotypic sex.

It was found that a single exogenous
estrogen treatment significantly increased
the proportion of phenotypic females when
administered between 8 days pre-hatch and 13
days post-hatch, while single androgen
treatments significantly increased the
proportion of phenotyjiic maies when
administered between 6 and 13 days

post-hatch. The maximum response occurred
one week earlier for estrogen (84% females)
than for androgen (73% maies) thus creating
two well-differentiated peaks of steroid
sensitivity. The natural estrogen
176-estradiol was more effective at the
dosage tested than the potent androgen MT.
Histological analysis indicated that steroid
sensitivity occurred prior to the time when
gonadal sex could be distinguished.

A second study was conducted to investi gâte
the phenomenon of paradoxical feminization
during androgen treatment. Aromatization
from C-19 to C-18 steroids has been proposed
as an explanation for this phenomenon which
is encountered when administering androgens
at high concentrations and/or during a long
period of time.
Groups of developing coho salmon were

treated either wih the aromatizable androgen
MT or with the non-aromatizable androgen
17a-methyldihydrotestosterone (MOT) one week
after hatching at concentrations ranging
from 6.25 to 6,400 yg/1 for 2 hr in an
immersion bath.

Histological examination after 18 weeks at
lO'C showed that the proportion of phenotypic
maies increased with the dose of either
androgen, and that at the highest
concentration the proportion of females
increased relative to that of the maies for
the aromatizable androgen (MT) but not for
the non-aromatizable androgen (MOT).
The results of both studies are presented

as a three dimensional model illustrating the
influence of sex steroids on sex
differentiation.
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GONADOTROPIN-RELEASING HORMONE CONTROL OF OOCYTE MATURATION, OVULATION, AND SPAWNING IN
THE GILTHEAD SEABREAM, SPARUS AURATA

Y. Zohar, G. Pagelson, M. Tosky, Y. Finkelman, and E. Shmuel

National Center for Mariculture, I.O.L.R., Elat, Israël

Abstract

The gilthead seabream, Sparus aurata, is
one of the major candidates for marine
fish farming in Europe. Ovarian
development in this species is
asynchronous, resulting in daily cycles of
maturation, ovulation, and spawning over a
2-3 month period. However, in most cases,
females do not spawn spontaneously in
captivity. In such females, gonadotropin
(GtH) content in the pituitary increases
towards the breeding season (winter) but
the hormone is not released into the blood
stream. The pituitary is responsive to
GnRH year round, with maximal GnRH induced
GtH release in March-April. The mammalian
GnRH analog [D-Ala6, Pro9-NET] - LHRH
(mGnRHa) is 30 times more potent than
native mammalian or salmon GnRH in
inducing vivo GtH release in the female
Sparus. A unique injection of the mGnRHa
(at 7.5Mg/kg BW) administered to females
with oocytes at final stages of
vitellogenesis induces a rapid but short-
lived (48 hours) increase in plasma GtH
levels followed by oocyte maturation,
ovulation, and spawning. Administration
of the hormone in sustained release
delivery Systems significantly improved
the spawning response. In spite of
continuously elevated GtH levels, treated
females spawned at précisé 24 hour
intervais. mGnRHa treatment resulted in a
rapid increase in blood E2I76 levels that
parai leled the pattern of the GtH
élévation. The E2I76 is probably required
for the continuation of vitellogenesis in
the younger oocytes. However, the mGnRHa
treatment resulted in only a very slight
ri se in the plasma levels of 17a-hydroxy,
203 -dihydroprogesterone (17o ,203 -OHP).
This, in addition to very low and constant
levels of 17a ,203 -OHP in females
undergoing daily cycles of oocyte
maturation and ovulation, raises the
question as to the nature of the
maturation inducing steroid in sparus
aurata.
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60NAD0TR0PIN BIODYNAMICS FOLLOWING GnRH ADMINISTRATION IN THE GILTHEAD SEABREAM SPARUS
AURATA; A COMBINED RADIOIMMUNOASSAY AND IMMUNOCYTOCHEMICAL STUDY

Y. Zohar , M.P. Schreibmanl, H. Margolis-Nunnol, M. Tosky, G. Pagelson , and L.
Cepriano^
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Abstract

Radioimmunoassay (RIA) and immunocyto-
chemistry (ICC) were used to study the
effect of gonadotropin-releasing hormone
(GnRH) on pituitary gonadotrope activity
in the Gilthead Seabream, Sparus aurata.

Two to three year old females recelved a
single intramuscular injection (7.5 ug/kg
body weight) of the mammalian GnRH
analog, [D-Ala6, Pro 9- NET]-LHRH (GnRHa).
Controls received an injection of saline.
At time zéro, 0.5, 1.5, and 24 hrs after
injection, fish were bled for RIA and
decapitated, pituitaries removed and fixed
in Bouin's solution for ICC and
histological analysis. Blood GTH levels
were determined by an homologous Sparus
aurata RIA (Zohar and Breton,
unpublished). Pituitaries, embedded in
paraffin and sectioned at 5 micra, were
stained with Masson's tri chrome, periodic
acid Schiff (PAS) or aldehyde fuchsin
(AF). The indirect immunoperoxidase (PAP)
method was used to localize gonadotropin
(GTH) with antiserum to the beta subunit
of carp GTH (anti-cGTHb; E. Burzawa-
Gerard) at a dilution of 1:1800. Standard
ICC control procédures were used.
Comparisons of ir-intensity were made on
material processed at the same time.

In ^ aurata, gonadotropes form the
outer boundary of the caudal pars distalis
(CPD). These cells stain with aniline
blue, PAS, and AF and they contain
immmunoreactive (ir) -GTH. Blood GTH
levels of saline treated fish remained low
and constant over the expérimental period.
Thirty minutes after the GnRHa treatment,
circulating GTH increased sharply from 2.4
± 0.22 ng/ml (0 time) to 160±41 (mean +
S.E). The pituitary gonadotropes at this

time showed a slight decrease in ir-GTH
and their nuclei appeared somewhat
enlarged compared to control animais. At
1.5 hrs following the GnRHa treatment GTH
levels increased from 2.22±0.16 to 200 ±
33 ng/ml. Gonadotropes were noticeably
enlarged and iiinnunoresponsiveness to anti-
cGTHb was most intense. At 24 hrs blood
GTH levels decreased to 23.33 ±4.6 ng/ml.
The intensity of ir-GTH staining and cell
and nuclear size were reduced.

Our RIA, ICC, and cytological
observations are well correlated and they
suggest that intense release of GTH is
already taking place at 0.5 hrs following
the administration of GnRHa. At 1.5 hrs
the GTH release is accompanied by active
synthesis in the gonadotropes. Both
synthesis and release are diminished at 24
hrs after GnRHa treatment.
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CTBCANNUAL CYCLES OF SERUM THÏRDID HCmUES AND CtVARIMJ SEX STERDIDS IN RAINBCW TFOOT

1  2 2 1
.D.G. , J. Duston , N.R. Bronage , J.G. Eales

of Zoology, Univ. Manitoba, Winnipeg, Canada

^Ificular Scienœs D^t., Uhiv. Aston, Birmin^iam, U.K.

Sunnmary.

CLrcannxial cycles of thyroxine (T ) and
triiodothyronine (T_) were ireasured and
relafed to ̂ cles of 17^ —estradiol (E2)
and "testosteirone (T) in feinale rainbow
trout: \^iose spavflning fdaas yas àltered ly
varying the photpperiod. In ail cases
thyroid harmone levels were inversely
correlated vd.th circulating levels of Ej.
These results suggest a strong inter-
relation^iip between annucd variations
of tlyroid hormones and sex stexoids and
a rôle for tiyroid hormones in ovarian
developnnent.
Keywords: Estradiol, thyroid, T , T-,
ovarian cycles, photcperiod, rainbow trout.

Introduction

Previous studies have reported the
occurrence of circannual cycles of thyroid
hormones (T -tlyroxine; T^-triiodothyronine)
in rainbow trout (Osbom et al., 1978;
Leatherland & Sonstegard, 1980; 1981).
While annual variations in circulating

• levels of thyroid hormones appear to be
negatively correlated with estradiol (E.),
a number of unoontroUed oivironmental
' variables may have complicated the inter

prétation of these observations.
The objective of this stutfy was to

measure circulating levels of sérum
thyroid hormones in groiçs of female
rainbow trout held under constant
conditions and to correlate these with
circulating levels of sex steroids.

Résulta and discussion

Feroale rainbow trout itiaintained under
controUed laboratory conditions displayed
marked annual variations of thyroid
hormones. Circulating levels of T_, vhich
in most cases exceeded levels of T , were
hi^iest during previtelloge^sis and
progressively decreased during exogenous
vitellogenesis as sérum levels of ̂
increased. While the maintenance of'^groi^
of female trout under différent photcperiod
régimes successfully altered the spawning
t-iinp of the trout, the inverse relationship
between circulating levels of thyroid
homones and E was not altered.
These results strongly suggest that ̂

interrelationship exista betsreen tlyroid

and ovarian function. Elevated levels of
thyroid hormones during previtellogenesis
may indicate a rôle for thyroid hormones
during early ovarian development.
Itecently, Çyr & Eales (1986) have reported
that thyroid hormones, particularly T,,
act vpon the ovarian follicle of rainbow
trout ̂  vitro to anplify gonadotrpin
action with regards to E sécrétion.
Decreasing levels of thyroid hormones
during vitellogenesis may be the resuit of
E action vpon thyroid hormone metabolism.
Tne administration of E^ to rainbow trout
bas been shown to decrease circulating
levels of T- (Leatherland, ,1985; MacLatchy
et al,, 1985). This effect ̂ pears to be,
at least in part, the resuit of a decrease
in hepatic 5 ' -monodeiodinase (Madatdy et
al., 1986).

Wtiile the précisé interaction between the
thyroid and tiie ovary remains to be
clarified, it is conceivable that these tsjo
endocrine Systems interact with one another
to regulate the partitioning of energy
between sonatic growth and sexual
development.
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THE DISASSOCIATION OF MATURATION FROM WATER UPTAKE IN FUNDULUS
HETEROCLITUS OOCYTES

Roger McPherson^, Mark S. Greeley, and Robin A. Wallace
The G. V. Whitney Laboratory, University of Florida, St.
Augustine, Florida 32086

The effects of a non-aqueous médium on the maturation of
follicle-enclosed oocytes of the mummichog Fundulus heteroclitus
in vitro were examined. Hydration of oocytes can be successfully
uncoupled from meiotic maturation in oocytes stimulated with 17©^
hydroxy-20^-dihydroprogesterone by incubating follicles in
paraffin oil. It was found that germinal vesicle breakdown
(GVBD) occurs just as readily in vitro in paraffin oil as in 75%
L-15 incubation média. Furthermore, follicles stimulated by
steroid that matured in paraffin oil appear similar to those
raaturing in an aqueous médium, only smaller. Therefore, it seems
apparent that incubation of follicles in a nonaqueous environment
does not repress normal oocyte maturation. When stimulated
follicles incubated first in paraffin oil were transferred to an
aqueous médium, they swelled immediately. Oocytes treated in
this manner were also observed to swell to the same extent as
controls, regardless of time of transfer. Polyacrylamide gel
electrophoresis indicated that proteolysis of yolk proteins of
stimulated follicles incubated iji vitro in aqueous médium
occurred prior to GVBD. In contrast, proteolysis of yolk
proteins was not observed until some time after GVBD in stimu
lated follicles incubated in paraffin oil. Therefore, prote
olysis is delayed but not inhibited by the absence of hydration
in heteroclitus oocytes.

1. Biology Department, Clarion University, Clarion, PA
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TESTOSTERONE AND ESTRAOIOL-17B PROFILES DP FEMALE MILKFISH, CHANOS CHANOS,
UNDERG0IN6 CHRONIC LHRH-A AND 17a-METHYLTEST0STER0NE THERAPY

C.S. Tamaru and C.S. Lee

Oceanic Institute» Hawaii, U.S.A.

Abstract

A chronic LHRH-a and 17a-raethyltes-
tosterone therapy was used to enhance
the number of mature female mllkfish.
Our two spécifie goals were: to
characterlze the maturation process
of the mllkfish's ovary at both a
macroscopic level (l.e., egg
diameters) and at the physlological
level (l.e., sérum testosterone and
estrad1o1-17B titers); and, to gain
Insight Into the mechanism by which
the chronic hormonal therapy brings
about a larger percentage of mature
females compared to untreated
females. These goals were achleved
by coupling the 1_n vivo monitoring of
the ovary with the détermination of
sérum levels of testosterone and
estradiol-17B using RIA procédures.

The mllkfish's ovary can be charac-
terlzed as the group synchronous type
In which a female may mature anywhere
from one to flve times during the
breeding season. The rate of growth
of the oocytes from treated females
appears to be llnear between 250-750
um and ranges between 21.4-27.4
um/day.
The sérum testosterone levels slow-

ly ri se (1-15 ng/ml) as the ova
Increase from 300 to 500 um In size.
A dramatic ri se 1s then observed as

the eggs of a clutch grow to 800 um
and complété v1tel 1ogenes1 s . This
rise 1s concurrent with a decrease In
sérum estradiol levels. The maximum
sérum testosterone value observed was
74 ng/ml.
Estradiol levels Increase as the

eggs grow from between 300 to 600 um
(maximum value observed 1s 19 ng/ml).
After ova have attalned an egg dlam-
eter of 600 um, estrad1ol-17B levels
drop dramatically and return to
Initial levels, although egg growth
continues. The egg diameters provide
a good Index of the timing of these
changes.
There are no significant différ

ences between the sterold levels of
treated and untreated females. This
observation 1s discussed In relation
to the mechanism by which the chronic
hormonal therapy brings about a
larger percentage of mature females.



77

THE COST AND PHYSI0L06ICAL EFFECTIVENESS OF CPH, HC6 AND LHRH-A IN THE
INOUCED SPAWNING OF GREY MOLLET MUGIL CEPHALUS

C.S. Lee, C.S. Tamaru and C.D. Kelley

Oceanic Institute, Hawaii» U.S.A.

Abstract

Two hormone Injections, a primer
and a resolver, are required to
Induce spawning In grey mullet.
Combinatlons of CPH, HCG and LHRH-a,
each used as a primer or resolver,
were tested In 60 spawning attempts.
Both the response. In terms of
fecundlty, fertillzatlon rate and
hatching rate, and the cost effec-
tlveness of each combinatlon were
evaluated. The cost effect1veness

was also examined In a hypothetical
"perfect" spawn, where the compll-
catlng factors affecting the fertil
lzatlon and hatching rate (l.e..
Initial egg state, maie state, etc.)
were ellminated.
In the hypothetical spawn, the

least expensive treatment was elther
CPH/LHRH-a or LHRH-a/CPH, followed In
order of Increasing cost by LHRH-
a/LHRH-a, CPH/CPH and LHRH-a/HCG.

In actual tests, CPH/LHRH-a was the
most cost-effectlve, as well as the
most physlologically-effectlve treat
ment. The Implications of combining
gonadotropin préparations with gonad-
otropln-releaslng préparations wlll
be discussed.
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ACCELERATION OF MATURATION AND DOUBLE SPAUNING IN ONE SEASON IN THE GREY
NULLET (MUGIL CEPHALUS) FOLLOWING CHRONIC HORMONE TREATMENT

C.S. Lee» C.D. Kelley and C.S. Tamaru

Oceanic Institute» Hawaii* U.S.A.

Abstract

The maturation rate of female grey
mullet (Mugll cephal us) was compared
among two hormone treatment groups
and one control group. Hormone
treatment was administered when the
mean oocyte diameter was between 200-
300 um (1.e.> early vitellogenesis).
One treatment group recelved an LHRH-
a  pellet plus a 17a-methyltestos-
terone (17-MT) capsule. The other
treatment group recelved an LHRH-a
pellet plus a testosterone (T)
capsule. The fish In both treatment
groups and the control group were
cannulated four times between
November 18, 1986* when treatments
were given* and January 13* 1987 .
The mean oocyte diameter was obtalned
for each fish followlng each check.

There was no significant différence
between the control group and the
LHRH-a/17-MT treated group one month
after treatment. The mean oocyte
diameters for each group were 288 and

'246.1 um, respectively. There was*
however* a significant différence In

.the LHRH-a/T treated group whose mean
oocyte diameter was 538.1 um. The
majorlty of this group were spawned
by mId-January and three fish subse-
quently rematured and were spawned a
second time In February.
The mullet 1s considered an annual

spawner and there are no previous
reports of this specles spawning
multiple times In one season. The
potentiel différences between the
action of 17-MT and T wlll be
discussed.



79

ACTIVITY PATTERNS OF SEVERAL ENZYMES IN THE OOCYTES OF THE GREY MULLET, MUGIf
CEPHALUS, DURING INDUCED SPAWNING.

C.O. Kelley

Oceanic Institute, Hawaii, U.S.A.

Abstract

In this preliminary study, the
activity of five enzymes In the
oocytes of female grey mullet was
examined during induced spawning.
From each female, a sample of 200
oocytes (follicles attached) was
obtalned every 4-8 hours. The first
sample was taken just prior to the
first hormone injection and sampling
continued through the completion of
hydration and GVBD. Each set of
samples was homogenized, electro-
phoresed on vertical starch gels and
stained. The gels were examined
quaiitatively for relative sample to
sample changes in band density.
Three of the enzymes, creatine

kinase (CK), malate dehydrogenase
(MOH) and leu-gly-gly peptidase
showed synchronous patterns of activ-
ity which varied between first injec-
tion and GVBD. The other two
enzymes, leu-tyr peptidase and ester-
ase (EST) showed less variability.
With the exception of esterase,
hydrated oocytes showed little or no
activity in the enzymes tested.

Corrélation of activity patterns to
hormone injections, potentiel prob-
lems associated with this type of
analysis and the advantages of using
mullet for studies on the reproduc
tive physiology of fishes will be
di scussed.
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THE PURIFICATION AND RADIOIMMUNOASSAY OF GONADOTROPIN IN THE ATLANTIC CROAKER (MICROPOGONIAS
UNDULATUS), A MARINE TELEOST.

Paul Copeland and Peter Thomas

The University of Texas at Austin, Marine Science Institute, Port Aransas, TX 78373 USA

Introduction

The measurement of plasma gonadotropin
levels in fish has, with few exceptions,
been limited to salmonid and cyprinid
species. We report here the purification of
a  maturational gonadotropin and the
development of a homologous radio-
immunoassay (RIA) for its measurement in the
Atlantic croaker, a marine teleost, (family
Sciaenidae, order Perciformes) found on the
Atlantic and Gulf coasts of the U.S.A.

Methods

Pituitary glands were collected from fish
caught during their annual offshore spawning
migration in October and November by sports
fishermen. Four thousand five hundred
pituitaries were collected (wet weight
8.97g). Ethanol fractionation yielded 259
mg of glycoprotein-enriched material and
this was further purified by gel-filtration
on Sephacryl S200, chromatofocusing,
filtration on Sephadex G75, affinity
chromatography on CON-A Sepharose and
refiltration on G75. Throughout the
purification, protein was monitored by O.D.
280 and gonadotropic activity was assessed
by an in vitro germinal vesicle breakdown
(GVBD) bioassay. The maturational GTH
activity eluted from the chromatofocusing
column at low pH (3-4) and eluted from CON-A
Sepharose in the bound (CON-A 2) fraction.
Antisérum was raised against the
biologically active fractions from the final
G-75 column (.072 mg), and the same material
was used as standard and for préparation of
assay tracer. The RIA protocol is similar
to those previously published, involving
delayed addition of tracer and séparation of
bound from free counts with 2nd antibody and
polyethylene glycol.

Results and Discussion

The assay was able to measure GtH in the
range 25 ng/ml-50 pg/ml with an interassay
variance of 11%. The assay was highly
spécifie in that a variety of mammalian
glycoprotein hormones (LH, FSH, TSH, HCG)
showed no cross-reactivity. Pituitaries
from two other species of the family
Sciaenidae; the redfish:. „_(Sciaenops
ocellatus) and the spotted seatrout
(Cynosciôn nebulosus) showed a partial
cross-reaction in the RIA (i.e. they diluted

non-parallel to the croaker GTH standards).
It is assumed, therefore, that heterologous
RIAs for the measurement of gonadotropin
in these species can easily be developed
using the aval1able reagents. Biological
validation of the assay consisted of: 1)
The démonstration of a ri se in plasma
levels of iiranunoreactive GTH following
administration of LHRHa in^ vivo, 2) A
dose-response to LHRHa by pituitaries in
short-term culture iji vitro and 3) A ri se
in immunoreactive plasma GTH following
castration of maie croakers.
Immunoreactive GTH has been found only in
the pituitary and blood and not in any
other tissue.
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EFFECTS OF CAPTURE AND HANDLING ON CIRCULATIN6 LEVEES OF 60NADAL STEROIDS AND CORTISOL IN THE
SPOTTED SEATROUT. CYNOSCION NEBULOSUS

S.E. Safford and P. Thomas

The University of Texas at Austin, Marine Science Institute, Port Aransas, TX, USA

A wide variety of adverse environmental
stimuli have been shown to impair repro
ductive endocrine function in mammals.
Stressors can exert direct effects on
reproductive physiological function by
inhibiting gonadotropin sécrétion. Stress-
ors can also indirectly influence repro
duction by causing hypersécrétion of
hormones which interfère with reproductive
processes, such as corticosteroids and
catecholamines. In contrast, there is a
lack of information on the effects of
stressors on the reproductive physiology of
teleosts. An understanding of the effects
of stressors on teleost reproductive
endocrine function would be valuable, not
only in the design of reproductive physi
ology experiments, but also in the develop-
ment of practical methods for breeding fish
in captivity.

In the présent study the effects of
angling stress and confinement on plasma
cortisol, testosterone and 11-ketotestos-
terone titers in spermiating maie spotted
seatrout (Cynoscion nebulosus) were ex-
ami ned. The fish were caught by hook and
line and either bled immediately, or
confined to a 41 x 56 cm flow-through tank
for 5, 15, 30, or 60 minutes before blood
samples were taken. Plasma steroid levels
were measured by radioimmunoasssiy.

Mean plasma cortisol concentrations
significantly increased between 15 and 30
minutes of confinement. However, there were
marked individuel différences in the
magnitude of the corticosteroid stress
responses; some fish showed only minor
increases in plasma cortisol (20-40 ng/ml).
Testosterone levels did not change signif
icantly during the time-course of the
experiment. 11-ketotestosterone levels
decreased significantly between 30 and 60
minutes of confinement from a mean of 0.8
ng/ml to 0.4 ng/ml. These results indicate
that circulating levels of sex steroids are
not altered during the first 30 minutes of
exposure to moderate stressors. The effects
of différent handling techniques and chronic
stressors on circulating levels of steroid
hormones will also be discussed.
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SEASONAL VARIATION OF ESTROGEN-RECEPTOR CONCENTRATIONS IN THE LIVER OF SPOTTED SEATROUT
CYNOSCION NEBULOSUS

J.S. Smith and P. Thomas

The Universlty of Texas at Austin, Marine Science Institute, Port Aransas, Texas, USA

Introduction

Hepatic estrogen receptors have been
demonstrated In several teleost specles.
However, there have been no descriptions of
the changes In Intracellular distribution
and concentration of receptors during the
annual reproductive cycle. Furthermore, no
seasonal studies of vitellogenesis have yet
defined the relatlonship between the
synthesis of vitellogenin and the concentra
tion of estrogen receptors In the 11ver.
The purpose of this project was to charact-
erlze the hepatic estrogen-receptor of
spotted seatrout and to Investigâte receptor
fonction with regard to the control of
vitellogenesis.

Methods

Fish were captured by glll net between
July 1984 and October 1985. Livers were
frozen on dry Ice and stored at -80®C untll
assayed. Cytosol fractions (lOOK x G) were
prepared using 50 mM Tris, 1.5 mM EDTA, 1.0
mM DTT and 30% v/v glycerol, pH 7.4 at 4®C
(TEDG). After washing the nuclear pellet,
the nuclear receptors were solubllized In
TEDG with 0.6 m KCl (Mak and Callard, 1985).
Saturation analysis was performed on these
extracts using 0.2 to 20 nM tritlated
estradiol. Nonspecific binding was assayed
with parailel Incubations of a 100 fold
molar excess of diethylstllbestrol.
Affinlty constants were determined by the
method of Scatchard (1949). Single point
assays were used to estimate receptor
concentrations for the seasonal study.

Results

A single class of high affinlty binding
sites (Kd = 1.17 ± 0.32 nM) was found In the
cytosol1c fraction. Binding was very
température sensitive. At 4®C, full
exchange was accomplished after 12 hours
with a half-time of dissociation of 60
minutes. Binding was hlghly spécifie for
estrogens: estrone and estriol were thirty
times less compétitive than elther estradiol
or diethylstllbestrol. Androgens (dlhydro-
testosterone, testosterone, 11-ketotestos-
terone, lip-hydroxytestosterone and andro-
stenedlone), corticosterolds (cortisol,
corticosterone, cortisone, 21-deoxycort1sol,
ll-deoxycort1costerone and ll-deoxycort1sol)
and pregnene derivatives (progestérone.

pregnenelone, 203-dlhydroprogesterone, 17a-
hydroxyprogesterone, 203-d1hydroprogestérone
and 17a-hydroxy,20p-d1hydroprogesterone) did
not displace estradiol from the receptor
site.

In January, females (ail with regressed
ovarles) had low levels of cytosollc and
nuclear receptors, <0.4 and <0.03 pmole per
gram llver, respectively. Vitellogenesis
began In mId-February as water températures
rose (>20®C). By mId-May, when the majorlty
of the females had mature ovarles, concen
trations of receptors Increased to 5.25 and
1.10 pmole per gram llver (cytosollc and
nuclear, respectively.). Reproductive
activity decllned by September and cytosollc
and nuclear receptor levels also decreased
to 1.78 and 0.71 pmoles per gram llver,
respectively. In November, after the
reproductive season, receptor levels fell to
levels comparable to those In regressed fish
although 25% of the total binding remalned
wlthin the nuclear fraction.

References

Mak, P. and G.V. Callard, 1985. Character-
Izatlon of estrogen receptors In the
hamster braln. J. Sterold Blochem.
22:355-361.

Scatchard, G., 1949. The attraction of pro
teins for small molécules and Ions. Ann.
NY Acad. Sel. 53:66-72.



83

PLASMA LEVELS OF GONADAL STEROIDS DURING THE REPRODUCTIVE CYCLE DP FEMALE SPOTTED SEATROUf
(CYNOSCION NEBULOSUS)

P. Thomas, N.J. Brown and J.M. Trant

The University of Texas at Austin, Marine Science Institute, Port Aransas, TX, USA

Most investigations of the seasonal
changes in plasma levels of gonadal steroids
have been conducted on teleost species which
have synchronous oocyte development and
spawn once a year. The purpose of the
présent study was to détermine the naturel
cycle of gonadal steroids in a multiple
spawning marine species, Cynoscion nebu-
losus, in which oocyte oevelopment T?
asynchronous throughout the reproductive
season (April-October).

Spotted seatrout were captured with a
trammel net at their spawning sites on
shallow grass flats in a Texas bay. Blood
was obtained by cardiac puncture within
minutes of capture, centrifuged, and the
resulting plasma was stored at -80®C until
analyzed for steroid hormones by spécifie
RIA procédures.

In January the ovaries were completely
regressed and ovarian recrudescence began at
the end of February. Plasma estradiol
concentrations increased during the period
of oocyte growth in March and by April had
reached a peak of 0.8 ng/ml in fish with
fully grown oocytes. Thereafter, estradiol
concentrations declined to approximately
half April values and remained at this level
until the end of the reproductive season in
September. Histological examination of the
ovaries indicated a continuous recruitment
of vitellogenic oocytes throughout the
spawning season. The results suggest that
once exogenous vitellogenesis is underway,
vitellogenin production can be maintained
with lower plasma levels of estradiol.
Large numbers of vitellogenic oocytes were
still présent in the ovaries of fish that
had ovulated, which may explain why plasma
estradiol levels were not conspicuously
lower in these individuels. Testosterone,
which is the immédiate precursor of estra
diol in spotted seatrout, had a seasonal
cycle of plasma fluctuations similar to that
of estradiol. There were also diumal
changes in the plasma concentrations of
estradiol and testosterone, with minimum
levels occurring at dusk and maximum levels
at dawn.

Final maturation of fully grown oocytes is
highly synchronized in this species. Lipid
coalescence and germinal vesicle migration
did not begin until around dawn on the day
of spawning. By early afternoon later
stages of oocyte maturation, germinal
vesicle breakdown and hydration were

observed. Ovulation began late in the
afternoon and by dusk the eggs were free
flowing. Interestingly, plasma estradiol
and testosterone levels decreased around the
time of ovulation. Plasma levels of
17a,203-dihydroxy-4-pregnen-3-one and 11-
deoxycorticosterone, steroids which have
been implicated in the control of final
oocyte maturation in other teleost species,
were low and did not change significantly
during final oocyte maturation. Another
s teroi d, 17a, 203,21-tri hydroxy-4-preg nen-3-
one (203-S) was synthesized during final
oocyte maturation by spotted seatrout
oocytes in vitro. Currently a radioimmuno-
assay is~Being developed to measure plasma
levels of 203-S in spotted seatrout during
final oocyte maturation and ovulation.
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THE PRODUCTION OF A NOVEL MATURATION INDUCING STEROID IN VITRO IN THE ATLANTIC CROAKER
(MICROPOGONIAS UNDULATUS)

John M. Trant and Peter Thomas

The University of Texas at Austin, Marine Science Institute, Port Aransas, TX, USA

This study describes the identification of
17a,203,21-tri hydroxy-4-pregnen-3-one (203-
dihydro-ll-deoxycortisol, 203-S) as a major
steroid product of the ovary of Atlantic
croaker (Micropogonias undulatus) incubated
in vitro. The potency of 203-S to induce
TTnal oocyte maturation (FOM) of Atlantic
croaker oocytes ^ vitro is unsurpassed by
any other steroid tested to date.

Expériment 1
The purpose of this experiment was to

isolate and identify the most potent steroid
inducers of final oocyte maturation (FOM).
Ovarian tissue (20 grams) in the process of
FOM was removed from Atlantic croaker and
was incubated in tissue culture média sup-
plemented with hCG and pregnenolone for 8
hours. Steroids were extracted from the
média and fractionated by HPLC and TLC.
Fractions were bioassayed for potency to
induce FOM iji vitro.

Several steroids produced by oocytes
undergoing FOM were isolated. However, only
one steroid (203-S) was both produced in
large quantities and was a very potent in-
ducer of FOM. The ovarian steroid was
identified as 203-S by a variety of methods,
including HPLC, TLC, GC-MS, UV absorbance,
and reactions with spécifie enzymes. An-
other steroid with equal potency to induce
FOM was produced in small amounts and was
tentatively identified as 17a,203-dihydroxy-
-4-pregnen-3-one (17a,203-P4). However,
over 10 times more 203-S than 17a,203-P4
accumulated in the incubation média. Other
studies suggest that under more physiolog-
ical conditions, the accumulation of 17a,
203-P4 may be an artifact of the high con
centration of the steroid precursor. A
small amount of testosterone (about 1/20 of
the amount of 203-S) and no estradiol-173
accumulated in the incubation média.

Experiment 2
The time-course of the change in steroido-

genesis associated with the process of FOM
was investigated during both ̂  vitro and in
vivo hCG induction. In vivo induction ÔF
FOM was accomplished by a single injection
of human chorionic gonadotropin (hCG) cap
able of inducing Atlantic croaker to spawn.

The change in the production of 203-S, 17a,
203-P4, 11-deoxycorticosterone (DOC),
testosterone and estradiol-173 was examined
in vitro by incubating tritiated pregnen
olone with ovarian tissue removed from
females before, during, and after spawning.

A parallel study investigated the products
of steroidogenesis of full-grown, iirmature
oocytes induced in vitro with hCG to undergo
FOM. The change~Tn the synthesis of testos
terone, estradiol-173» and 203-S at 1, 8,
22, 32, and 48 h of culture with or without
hCG was detected by incubating ovarian
tissue with tritiated pregnenolone.

HCG induced similar changes in ster
oidogenesis using either the in vitro or the
in vivo method. The percentage of total
radioactivity in the form of testosterone
was inversely related to the percentage of
radioactive 203-S. Only a small amount of
radioactive estradiol-173 was isolated.
The production of maturation inducing

steroids previously proposed for other spe-
cies of teleosts could not be demonstrated
in this study. However, enhanced production
of 203-S was associated with the process of
FOM in both in vivo and in vitro experi-
ments.

Summary
The timely synthesis of 203-S suggests a

physiological rôle in the process of FOM or
spawning in the Atlantic croaker. At the
time of FOM, 203-S is the major steroid
produced. Synthesis of other proposed
maturation inducing steroids (17a,203-P4 and
DOC) under physiological conditions was not
detected. The high potency of 203-S to
induce FOM in vitro is further evidence that
203-S as the maturation inducing steroid in
the Atlantic croaker.



T. 85

LOCALIZATION OF CELL TYPES IN THE ADENOHYPOPHYSES OF THREE SCIAENID FISHES: ATLANTIC CROAKER,'
SPOHED SEATROUT AND RED DRUM.

*

H. Y. Yan 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 (Cynoscion nebulosus) and
red drum (Sciaenops ocellatiisl have been
investigated'i includi rig tRi physio1 ogy 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 identi
fication of cell types in the adenohypo-
physis. The purpose of this study, there-
fore, was to détermine the locations of the
various cell types of adenohypophysis in
these three species.

Adult Atlantic croaker, spotted seatrout
and red drum were caught in the vicinity of
Port Aransas, Texas in January. The fish
were decapitated 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 with Herlant's alcian
blue-periodic acid Schiff-orange G (Herlant,
1960), or chromium-hematoxylin-phloxin, or
Cleveland and Wolfe's (1932) polychrome
staining procédure.

The locations of the various adenohypo-
physeal cell types in the three species are
shown schematically in Figure 1. Corti-
cotroph (ACTH cell) and luteotroph (pro-
lactin cell) were found in rostal pars
distalis. Gonadotrophs (alpha and beta
cells), somatotroph were found in proximal
pars distalis. Two types of gonadotrophs
(alpha and beta cells) were identified in
croaker (Fig. 1-a) and red drum (Fig. 1-c).
In spotted seatrout, however, only one kind
of gonadotroph (beta cell) could be located
(Fig. 1-b).

Since the categorization of cell types of
the adenohypophysis based on histochemical
characteristics is not conclusive, immuno-
histochemical techniques are currently being
used to confirm the localization of the
pituitary hormones in the adenohypophyseal
cell s.

Fig. 1. Schematic diagrams of midsagittal
section through the pituitary glands of the:
(a) Atlantic croaker (b) spotted seatrout
and (c) Red drum. Anterior to the left.
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"Biolassays of Fish Gonadotropin and Presence of a New Type of Gonadotropin
Which is Active in Heterologous Species but not in Homologous Species

Susumu Ishii

Department of Biology, Waseda University, Nishi-Waseda, Tokyo ]60, Japan

Multiplicity of gonadotropin is one of the
most interesting probleos in fish endocrin—
ology. Although Idler's group separated
vitellogenic and maturational gondotropins
from several kinds of fish, the problem is
still obscure. For example, Ng and Idler
(]979) reported that maturational gonadotro
pin of the flounder had an activity to sti-
mulate vitellogenin uptake by the ovary.
Recently, Burzawa Gérard et al. (]985) showed
that a nonglycoprotein fraction of the carp
pituitary as well as its glycoprotein gona
dotropin stimulated vitellogenin uptake by
the ovary. Kawauchi et al. (]986) separated
two types of chemically distinct gonadotro—
pins from salmon pituitaries. In addition to
these, sex spécifie gonadotropins (Breton et
al., ]978) and small and large molecular wei-
ght gonadotropins (Ng and Idler, ]978) have
been reported. Furthermore, hormones with
différent isoelectric points due to "micro-
heterogeneity" also exists in fish gonadotro
pin as well as in higher vertebrate ptuitary
glycoprotein hormones. Thus, the multiplicity
of fish gonadotropin is a complicated prob
lem. The authors attempted to find a key to
solve this difficult problem by surveying
more than 20 published papers on gonadotropin
purification in fish with spécial emphasis on
the assay method. The survey revealed that
the spécifie and quantitative assay method
are necessary in this field. ■ The authors
employed radioreceptor assay methods for
monitoring gonadotropin acitivity in the pu
rification of tuna gonadotropin and obtained
unexpected results which will be mentioned
later.

As the assay method of gonadotropin, bio-
assays have been used in most of the 22
papers examined. Among them, homologous and
heterologous assays were emplolyed in ]] and
]3 studies, respectively. Radioimmunoassay s
were utilized in four of the studies examin
ed and they were ail heterologous assays.
Radioreceptor assays were employed in three
of them and only one of these studies used
the homologous assay. The uptake of radio-
phosphorus by the gondad and steroid release
from the gonad were most frequently used as
the endpoint of the assays. The oocyte matu
ration or increase in the gonosomatic index
were the second frquently used methods. The
uptake of tritiated leucine by the gonad,
accumulation of cAMP in the gonad, induction
of the ovulation or spermiation were also
employed in some studies. The elongation of
the ovipositer was used in few studies.
However, none of them was as spécifie as the
ovarian ascorbic depletion depletion method
and Steelma-Pahley's rat ovarian augmentaion

assay for mammalian LH and FSH, respective
ly. They were also not quantitative enough
to assess the rate of contamination of the

other type gonadotropin.

One of the présent authors and his colabo-
rators have utilized successfully the radio
receptor assay method for purification of
gonadotropins of chicken, bullfrog, toad,
salmon, silver carp and tuna. These studies
revealed the high sensitivity and précision
of the method which enabled quantification
of the hormone activity of the eluate col-
lected in each fraction collector tube after

chromatographies.
For the purification of gonadotropin from
pituitary glands of the yellow fin tuna,
Thunnus albacares, we employed two radiore
ceptor assays, one with radioactive silver
carp gonadotropin and the testicular receptor
prepartion of the goby, Glossogobius oliva-
ceus, and the other with radioactive tuna
gonadotropin and the testicular receptor pre
partion of the yellow fin tuna. For chro-
matographies, concanavalin-A Sepharose, Mono
Q and Superose ]2 were employed: the latter
two are for anion exchange and gelfiltration
in the FPLC System from Pharmacia, respec
tively). As final products of the purifi
cation, we obtained eight fractions which
were separated by the anion exchange and
presumably with différent electrostatic pro-
perties or isoelectric points. Judging from
their behaviors in the SDS electrophoresis,
they were considered to dérivé from two prin-
ciples. These principles were found in
the most acidic and least acidic frations

without countercontaminations. The least

acidic four fractions which were free from

the most acidic principle had strong poten-
cies to bind specifically to the yellow fin
tuna testis, while they were completely un-
able to bind to the goby testis specific
ally. Unexpectedly, the most acidic frac
tion could not bind to the yellow fin tuna
testis but had a strong potency to bind to
the goby testis specifically. By using the
accumulation of cAMP in the testis of the

mackerel (a related species to the tuna) and
goby as the index, we bioassayed these gona
dotropins. Their biological activities were
parallel to the receptor binding activities.
In colaboration with Dr. H. Hayashi of Gunma
University, we could show that these two
types of gonadotropins, i.e. homologous and
heterologous type gonadotropins, had dif
férent amino acid compositions. The hetero
logous type gonadotropin may be "vestigial
hormone", which is still being used by the
goby as the current hormone, or "neutral
hormone" such as mesotocin or isotocin.
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SEXUAL DIFFERENTIATION IN WHITEFISH (COREGONUS LAVARETUS L.)

M. Dlugosz & K. Dabrowski

University of Agriculture & Technology, Olsztyn, Poland

Summary

Development of the gonad was studied by
light microscopy in whitefish larvae and
juvéniles, The first primordial germ cells
(PGCs) were observed 47 days after hatching
in 15 mm long individuals. Whereas females
can be distinguished in fish 103 days old and
weight of 0.6 g, cytological differentiation
of maies could not be observed within the
period of the trial (166 days),
Keywords: histology, gonadogenesis,
ontogenesis

Introduction

Our objective was to analyse the period of
sex differentiation (SD) in whitefish (1)
for comparison with other species and for
the (2) détermination of time and duration of
administration of sex steroids which will
results in the desired sex inversion, There
are several morphological descriptions of
gonadal SD in cold— and warm—water fishes
(Table 1) but information concerning
coregonids is apparently missing (Brusle &
Brusle, 1983),

Materials & Methods

Two lots of fish were used in the présent
study, One group (1) was reared on live
zooplankton at a water température increasing
gradually from 7°C (in April) to 17 G (in
June), The second lot was reared on dry,
starter diet at constant temeprature of 16 C,
Détails of the procédure are described
elsewhere (Dabrowski & Poczyczynski, 1987),
Fish were fixed in Bouin's solution and
histological studies were performed on 4—8 pm
sections stained with iron hematoxyline of
Heidenhein,

Results & Discusssion

For timing of the onset of gonadal
development whitefish larvae of 40 days of
âge were used, However, the first appearance
of PGCs was évident 47 days after hatching
and at a size of 15-20 mm total length (lot
1), In lot 2 examined first time 46 days
after hatching, when fish reached 95-151 mg
body weight (1,9-2,5 cm), the indiffèrent
gonad contained only 1-2 PGCs,
In individuals 103 days old (lot 1) at the

size of 0,6 g weight (4 cm length), numerous
divisions were noticed in the gonads as well
as some oogonia in the meiotic prophase. This
fact sets the timing of cytological

differentiation of the female, The first
folicular cells of oocytes were observed 108
days after hatching in fish of 4,8 cm length
and 1.1 g body weight.

In several fish 166 days old only PGCs
were observed in the gonads and these will
probably become the maies. In lot 2, fish 95
days old only females were found at the size
of 3,2-4,5 g body weight,
The comparison with other species (Table 1)

reveals that whitefish gonadogenesis begins
far latter than in rainbow trout where normal

sex differentiation takes place during the
change from endogenous to exogenous feeding.
On the other hand, in warm-water fish
species, gonad cell differentiation occurs
shortly after hatching and in ail cases
females can be distinguished cytologically
much earlier than maies.

Table 1, Sex differentiation in fish

Species T°C Timing of the onset
PGCs Cytological sex

Salmo

gairdneri 11,5
Perça

flavescens 21

Tinca tinca 18

Oryzias latipes 25
Menidia menidia 21

C.lavaretus 7

15 * 50 * (1)

5-10 mm 35 mm (2)
24 ** 151 ** (3)
3 * 1 **

- 40 * (5)
47 ** 103 ** présent

*  days after fertilization, ** days after
hatching, (1) van den Hurk & Slof, 1981; (2)
Malison et al, 1986; (3) Dlugosz et al, 1983;
(4) Kanamori et al, 1985; (5) Conover &
Fleisher, 1986,

Refernces

Brusle, J, & S, Brusle, 1983, Reprod, Nutr,
Develop, 23; 453-491,

Conover, D,0, & M,H, Fleisher, 1986, Can.J,
Fish.Aquat.Sci, 43: 514-520,

Dabrowski, K, & P, Poczyczynski, 1987,
Aquaculture (in press),

Dlugosz, M,, B, Grabowska & E, Worniallo,
1983, Zesz.Nauk ART Olszt, 12: 105-116,

Kanamori, A,, Y, Nagahama & N, Egami, 1985,
Zool.Sci, 2: 695-706,

Malison, J,A,, T,B, Kayes, C,D, Best, C,H,
Amundson & B,C, Wentworth, 1986, Can.J,
Fish.Aquat.Sci, 43: 26-35.

van den Hurk, R, & G,A. Slof, 1981, Cell
Tiss.Res, 218: 487-497,



88

CURRENT STATUS OF COD CULTURE

Kjell Naas

Institute of Marine Research, Austevoll Aquaculture Station
N-5392 Storeb0, Norway

Abstract

In 1983, a break through was achie-
ved in the mass rearing of cod fry in
a seawater pond. The cod produced had
been spawned naturally in a closed
System, startfed on natural zooplank-
ton and, as fry, received artificial
dry food. Along with the generally
increasing price for cod on the
Norwegian market, there has been an
explosion in the interest for cod
culture. In 1987 the estimated pro

duction is between 1-2 million cod

fry shared by six companies, while
more than 300 Norwegian fish farmers
have applied for licenses for cod
culture.

This year will give answers to many
questions concerning the pond method
of cod fry production. In Hyltropollen,
the site of the break through, pro
duction has been stable each year

since 1983. However, it remains to be

seen whether other ecosystems at

other locations will yield similar
results. 1987 will be a critical year

in the process of commercialisation
of cod as an aquaculture species.
Keywords ; cod, mariculture, pond.
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THE STEROIOOGENIC GONADOTROPIN OF TILAPIA: ISOLATION AND RADIOIMMUNOASSAY

Alissa Bogomolnaya-Bass, and Z. Yaron, Department of Zoology, Tel Aviv University,
Tel Aviv 69978, Israël.

The présent paper reports on the Isolation of the steroidogenic gonadotropin of tilapia
(taGTH) and the radioimmunoassay (RIA) established for its quantitative détermination.

Pituitaries were collected from fish, mainly maie hybrids of Ti 1 apia hi 1 otica X T.

aurea. The glycoprotein fraction was isolated from the aqueous pituitary extract by affinity
chromatography on concanavalin A Sepharose. The adsorbed fraction (aC) was further
fractionated by anion exchange chromatography on DEAE Trisacryl M at pH 7.5 and subsequently
by gel filtration on Ultrogel AcA 54. After each step, the GTH-containing fractions were
identified employing a bioassay based on the stimulation j£ vitro of estradiol sécrétion
from the homologous ovary (Bogomolnaya and Yaron, GCE 53,187-196, 1984; Yaron et al.,
Current Trends in Comparative Endocrinology, Hong Kong Univ. Press, 225-228).

Preparative isoelectric focusing of purified taGTH yielded six peaks at a pH range of
4.20 to 5.35, ail showing immunological reactivity and biological activity. They are
assumed, therefore, to be GTH isohormones.

An anti-taGTH sérum, raised against the DEAE-adsorbed fractions, abolished the GTH
activity of the homologous pituitary extract in the bioassay. Imnunocytochemical study of
the homologous pituitary showed binding of the antiserum to basophilic cells in the proximal
pars distalis and in pars intermedia.

A RIA was established using this antiserum and the most purified taGTH fraction as
standard. Sériai dilutions of either homologous pituitary extract or plasma yielded
displacement curves parai lel to that of the standard taGTH, indicating the immunological
similarity of the GTH form in the circulation and in the pituitary. Sériai dilutions
prepared from pituitary extracts of T. nilotica, T. aurea, T. mossambica, T. galilea, T.
zillii, Cichlasoma niqrofasciata and Mugil cephalus yielded curves parai lel to that of the
standard, while carp and salmon GTHs yielded curves that were not parai lel to that of
tilapia. None of the mammalian gonadotropins tested exhibited any cross-reaction in this
System.

The RIA established for the steroidogenic gonadotropin of the hybrid tilapia also seems
to be suitable for GTH détermination in other species of the genus and may support further
research on the reproductive physiology of these economically important fish.




















































































































































































