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ABSTRACT

The effects of time of day, season and the length of"acclimativon to differ~":
environmental conditions on /n vitro ovarian follicular steroidogenesis in the goldfizn .
Carassius auratus, were investigated. Sexually maturing and méture goldfish were initially
exposedtoa 12 hlight: 12 h dark at 12°C ({12L:12D/ 12°C) for 8 days and then to a
16L 8D /20°C or a 12L:12D/ 12¢C experimental condition for various le;wgths of tirr . in
‘winter” (January to March) and in “spring” (April to July). After thg designated numb?;r of
days of acclimation to these experimental conditions, fish were sampled diurnally and the
ovarian follicles were mechanically dispersed and passed thréugh several sieves of ’
decreasing mesh sizes to acquire three size ciasses of follicles at dif ferent developmental
stagew large-sized follicles (diameter greater thar, 800 microi ) consisted Iargely of
tertiary yolk yiobule cocytes: intermediate-sized foilicles (diameter between 350 microns
and 800 microns! were largely cocytes at late yolk vesicle and primary / secondary yolk
globule stages: and smali-sized follicles (diameter less than 350 microns) were mostly

- oocytes at early and middle yolk vesicle stages. Aliqucts of the pooled dispersed foliicles
from‘e‘ach size group were incubated for 4 hours at their acclimation temperature of 12°C
or 20°C in buffered medium alone (control) or nedium with varying doses of carp
gonadotropin (0.0 1-1.0 microgram GTH/ mi). Testosterone (T) and estradiol- 17 beta (E,) in
the incubation medium were measured by radioimmunoassay and the results were
expressed as picograms (pg) of steroid per milligram img) of protein, per unit of follicular
surface area (mm?) and per follicle. '

After 5-7 days of ;axposure to 16L:8D/20°C, GTH-treatecd large, intermediate and
small follicles from “winter” (January) fish had greater T and E, production per mg of
protein at 1100h than.at 1800h, whereas only large follicles from ’:spring" {April; fish

‘ were more responsive to GTH at 1800h than at 1100h. Hence, the data support previou-
suggestions that teleost ovaries exhibit a temporal variation, on a daily basis, in response
to GTH stimulation.

Steroidogenesis in large follicles from sexually recrudescing fish in “winter”

(January-February) is promoted by GTH after a short-term (5-7 days) and a.long-term



(30-32 davs) exposure to long photoperiod and warm v. 2:er conditions {16L:8D/20°C). In
-contrast. the progressive decline in T and E, production by large follicles in "sprirg’
(May-Junei may signal a shift in ovarian follicular production of T and E, to progestoqens
appropriat'e’f'or ovulatior and spawning o1 large preovulatory follicles, or it may indicate a
decline in "esponsivenos§ to GTH stimulation resulting from regression or atresia of large
follicles in "spring”.

Following a tong-ter:: ".'?'b-‘"B.? drsl acclimation o goldflsh‘to 16L:8D/20°C in
‘winter”, intermedia:e folicies had  r onstant level of steroidoge’ ic responsiveness to
GTH stimulc 1on i terna U B cgue on-per unit surface area and per follicle. However,
there was a decline ') I, output e it surface area and per foliicle by GTH-treated
intermediate follicles a’ter 30-32 ,,déys Qi‘ acclhimation to long photoperiod and warm

_water conditions in “spring’. On ““~ other hand, the levels of E, attained by each
xntef-medxate follicle treated with GTH in "winter” and in "spring’ were similar until Days
11-13, indicating that intermediate follicles at the middle stages of viteliogenesis maintain
a constant level of responsiveness to GTH - maintain i.1eir development.

The relative contribution of intermedia?é and small foilicles to the circulating pool
of T and E. in female gpldﬁsh subjected for 5-7, 11-13 or 30-32 days at 16L:8D/20°C in
‘winter” is greater than by the more responsiv- large fcllicles; however, T and E,in
circulation under similar environmental conditions in "spring” is aue to an approximatnl:
equal contribution by large and intermediate follicles.

A low level of responsiveness to GTH stimulation characterized the ovarian
follicular steroid préduction from goldfish expoéed for different lengths of time at
12L:12D/12°C in "winter” (March) and in "spring” (June-July), Follicular incubation at 12°C
with GTH either failed to stimulate T z;nd £, production by large and intermediate follicles
or steroid production levels under GTH treatment at Days 6-8 and 30-32 were low. A
large proportion of the circulating T and E, in March, and also possibly in June-July at
12L:12D/ 12°C, may be attributed to the relatively more abundant but less responsiv;e
intermediate follicles. The low production of T and E, by ovarian follicles incubated with

| GTH at 12°C, in contrast to levels produced at 20°C incubation, suggests that the rate of

follicular steroidogenesis is suppressed under cold water conditions. N
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I. INTRODUCTION

in teleost fishes in the temperate zone, the Qxerlod of reproductnve act:wty IS
confined to certain seasons of the year. The interactions of the fishes’ inherent biological
rhythms and the environment are thought to govern these reprodu,ctive events (Crim,
1982). Hence, gonadal development and maturation each pfoceed in response to a set of
cues perceived by the peripheral and central nervous systems. Since these cues occur in a
very periodic andvbrecise manner, the'responsiveness of the teleost's gonads to
gonadotropin (GTH) hormone might alse have some synehrohy with the existing set of
environmental factors. | ' '

Much of the information on fish reproduetion deals‘with investigations correlating
the onset of gonadal maturation- with plasm'a levels o% GTH released from the pituitary.
Generally, in female salmonids and cyprinids the plasma concentrations of GTH gradually
increase during the period of gonadal recrudescence (Peter and Crim, 379: Peter, 1981).
At the time of' 6ocyte maturation and ovulation a surge of GTH sécretion occurs n the
goldfish, Carassius auratus (Stacey et a/., 1979), the white sucker, Catostomus .
commersoni (Stacey et a/. , 1984), and the rainbow trout, Sa/mo gairdneri (Fostier et a/.,

. 1878; Scott et a/., 1983).

’ The annual profiles of androgens and/ or estradiol-17 beta (E,) have also bean
Ainyestigated in a variety of teleost fish species.including the brown trout, Sa)mo trutty
(Kime and Manning, 1982). male and female rainbow trout. (Lambert et a/., 1978: Scott et
a/.71982. 1983;'Sc‘hmidt and ldler, 1982; Schreck et a/., 1973), Atlantic salmon, Sa/mo
sa/ar (Hunt et a/., 1982), Indian catfish, Heteropneustes fossilis (Lamba et a/.. 1983),

_ plaice‘, Pleuronectes platessa (Wingfield and Grimm, 1973). winter flounder,
Pseudop/euronectes' americanyus (Campbel/ et al., 1976), amago salmon, Oncerhynchus
rhodurus, (Kagawa et a/., 1983a), white-spotted char, Sa/ve/inus leucomaenis {Kagawa et
a/.,1881), striped mullety, Mugil cephalus (Dindo and MacGregor, 198 1), and goldfish,
(Schreck and Hopwood, 1874; Kagawa et' al., 1983b) In general, corresponding to the
initial rrse of GTH and the commencement of the initial stages of oocyte growth and

deveiopment, there is a gradual increase in plasma levels of testosterone (T) and E,.
Vol



Histochemical and ultrastructural studies indicate that the granulosa cell layer and

the special theca cells surrounding the oocytes are the major cellular sources of steroids

1 leizost ovaries (Hoar and Nagahama, 1978; Nagahama, 1982). /n vitro investigations on
1znlited ovarian follicles of the amago salmon by Kagawa et a/.(1982) have shown that the
granulosa cell tayer synthesrzes estrogens from testosterone produced ¥rom special theca
cells. This mode of production follows the two-cell type model for follicular estrogen
synthesis in mammals (Dorrington and Armstrong, 1979).

During the period of oocyte growth in the white-spotted char and the amago
salmon, there is a good correlation of the plasma levels of T, E; and progesterone.v;/ithrthe
invitro production of these steroids br - olated ovarian follicles in response td GTH
stimulation (Kagawa et a/.,198 1, 1983a; Nagahama and Kagawa, 1982). In both species,
the ability to produce T, E, and progesterone by ovarian follicles /n vitro also varies -~
seasonally in correlation with the seasonal changes in plasma levels of T, E, and
progesterone. However, around the time of oocyte maturatipn and ovulation, changes in
steroid production occur. Preovulatory follicles produce more T and E, than
post-ovulatory follicles; post-ovulatory follicles produce higher progestageh levels
(notably 17 alpha,20 beta-dihydroxy-4-pregnen-3-one or 17 alpha, 20 beta-P) whereas__
preovulatory follicles produce little or no progestagens. This battern in the production of
T and E, has been taken as evidence for a decrease in aromatase enzyme activity in the
granulosa cell layer immediately prior to ovulation (Young et a/., 1983).

In two previous studies.on rainbow trout, Fostier et a/.(1978) and Scott et
a/.11883) found a decrease in plasma Iévels of T and E, immediately before ovulation, at
the same time that GTH and 17 alpha, 20 beta-P plasma levels were simultaneously
increasing. In contr;st, in gdldfish undergoing spontaneous or brain-le_sion induced
ovulation, plasma GTH and E; levels were both high at the same time (Stacey et a/., 1983):
plasm.a testosterone levels psaked early in oocyte'matufation and had already decreased a
few hours later at the time of ovulation. A possibility which was put forward to explain the
trend for increasing levels of steroids (T, E,, 17 alpha, 20 beta-P) and GTH in cyprinids at
the time of final cocyte maturation is that these species have asynéhronous oocyte
growth; the GTH surge during ovulation in cyprinids stimulates imr;nature or

non-preovulatory foliicles to produce high amounts of T and E, (Stacey et a/., 1983;



Kagawa et a/., 1983b).
The coincident rise in the seasonal levels of T and E, with GTH in many fish species

has led investigators to speculate that indeed these steroids may mediate, and possibly

- control, many of the GTH-dependent reproductive processes, as in the case of other

A vertebrates (Chester Jones et a/.,1972). To illustrate, estrogens are known to induce the

. synthesis and secretion of y'olk proteins by,’the liver in the rainbow trout (van Bohemen et "‘
al.. 1982; Idler and Campbeli, 1980) and in the Indian catfish (Sundararaj and Nath, 1981):
also, high levels of estrogens have been correlated with high plasma levels of vitellogenin.
However, the role of testosterone in female teleoéts is hot entirely clear. High plasma T
levels may be associated with final cocyte maturation and, spawning in the amago salmon
(Young et a/., 1983b) in terms of stimulating the accumulation of pituitary GTH prior to the
rapid increase in GTH secretion and the surge of plasma levels during ovulation and
spawning.

Aside from the descriptions shbwing the anrual provi.es of reproductive
hormones, several investigators have demonstrate- the r-eserce of short-term patterns
of hormone fluctuations in several teleosts. de Vlaming anc \ odicnik (1977a) found a daily
variation in pituitary GTH content in the golden shiner, Notermigonus cryso/e_ucas, exposed
to long photoperiod (15.5 h light:8.5 h dark) at 15°C, with GTH being low sarly in Jthe light
phase and high late during the light phase. Breton et a/. (1872) demonstrated a mid-day
peak (1100h) in plasma GTH of sexually mature female goldfish held under natural
environmental conditions in July; however. GTH levels in mature male goldfish remained
constant throughout the day. Recentiy, Hontela and Peter (1978) s;howed the presence-of
significant daily variations in the serum GTH levels of female goldfish acclimated to several
combinations of temperature. and photoperiod for a maximum of~9 days. Significant daily
peaks in GTH occurred in recrudescing and mature fish whereas sexually regressed fish
showed little or' no circadian variations. Hontela (1982) further demonstrated the
occurrence\of significant fluctuations of serum GTH in female goldfish at two different
times c:iuring thé breeding season. Goldfish subjected to 16L:8D/20°C had mid-day
(1100h) GTH surges after 5-7 days in November anq 11-13 days in March; relatively high
and constant daily levels of serum GTH were detected after a month under these

conditions in both November and March. Significant daily fluctuations were observed in

o



fish kept for 32 days on 12L:12D/ 12°C in March but not in November . Interest{ingly,
goldfish with atretic cocytes did not have fluctuatio'ns of serum GTH levels. On the basis
of these results, Hontela and Peter (1978) and Hontela (1982) suggested that the existence
of daily GTH surges in the goldfish and in other fish species may be of importance in
stimulating gonadal development.

The rate and timing of reproductive development in teleosts is influenced by
variations in environmental conditions which operate through the
hypothalamo-pituitary-gonadal axis by mechanisms which are not fully understood. For
some teleost sper:ies, temperature and’ or photoperiod targely controls the onset of
reproductive activity. Warm temperatures (20-22°C) stimulated gonadal growth and
maturation and increased the number of spawning periods in the tench, 7inca tinca {Breton
et a/., 1880). Also, vitellogenesis in tench was accelerated only if the mean daily
temperature was more than 10°C. On the other hand, salmonids respond primarily to
variations in photoperiod to cue their reproductive cycles (Peter and Crim, 1979: Peter.
1881). Trout exposed to a shortening photoperiod regime under both high and low
_ temperatores showed enhanced spermatogenssis; however, plasma GTH levels under high
témperatures and a short ph,otoperiod regimes were higher than under low temperatures
and short photoperiod conditions (Breton and Billard, 1977). The interaction of
temperature and photoperiod would therefore seem to influence the release of pituitary
GTH via the hypothalamus. In the goldfish, a long-term exposure to warm water conditions
is associated with eievated plasma‘ GTH but gonadal recrudescence is largely inhibited
(Gilletet a/., 1877, 1978).

Since the secretior of GTH and other reproductive hormones follows both a
seasonal and a daily cycle c.orresponding to variations in the environment, it follows that
these cycles and, indirectly, the environment may influence the responsiveness of
endocrine organs, inciuding the gonads. In the golaen shiner rrxaintained ona
15.5L:8.5D/ 15°C regime, salmon GTH stimulated the rate of gonadal development if
injected early, but not late, durlng the photophase (de Viaming anH Vodlcnlk 1877). Also,
the anti-gonadal effect of nnjectlons of prolac{m in the goldentshmer was svident only if
the injections were done early'in the light phase (de Vlaming and Vod\icnik, 1 Jvarian:

fragments from mature striped muliets maintained for 45 days at 12L:\\1«2D ewise

x
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showed a'circadian rhythm of oocyte responsiveness to GTH and prostaglandin treatments
in terms of ococyte accumulation of cyclic adenosine 3".5'-monophosphate (cAMP) (Kuo
and Watanabe, 1978). Similarly, female goldfish acclimated to 8L: 16D/ 14- 15°C were
found to have a temporal variation in responsiveness to GTH in terms of GSI
{gonadosomatic index) and oocyte development; daily injections for 14- 18 days with a lown
dosage of salmon and carp ‘GTH at 4 and 8 hours after light onset were effective in
stimulating an increase in GSI, whereas injections at the onset of light were ineffective
(Peter et a/., 1982). Also. female goldfish held under a long photoperiod condition
(16L:8D} and 14- 1 5°C showed an increased GSI in response to daily injections of a low
dose of carp GTH at only 12 hours after.light onset. Taken together, these ii"f;j‘.}';stixg:{é‘tions
suggest that the temporal responsiveness of teleost gonads to several trophic hormones
Tesults from fluctuating levels of endogenous GTH in phase with certain environmentai
cues.

Very little aftention has been paid, however, to the effects of acclimation to
different conditions together with the trophic influences of GTH and other hormones on
the steroidogenic capacity of the gonads. Along this line, Kime (1982) demonstrated /n
vitro that increasing temperatures favor testicular and hepatic synthesis of steroid
glucuronides and an increased rate of exogenous suBstrate utilization in the fish testes.

In the present study, the hypothesis that environmental conditions affect the
capacity of the teleost gonads to syntheéize T and E, was tested. More specﬁfically, the
efféct of length of acclimation of female goldfish to two sets ofsenvironmental regimes |
and the effect of incubation temperature on steroid production by ovarian follicles /n
vitro were esamined. By testing the steroid secretion response /n vitro of dispersed

ovarian follicles from goldfish, the seasonal changes in responsiveness to GTH by

different sizes of follicles were investigated.



~ 1. MATERIALS AND METHODS

A. Experimental Animais

Goldfish, Carassius auratus, of the common or comet varieties were purchased
from Grassyfork Fisheries (Martinsville, Indiana) or from Ozark Fisheries
(Stoutland,Missouri) in Decembér, February, March and May. The fish were sexed upon
arrival by gently squeezing the abdomen and noting if any yolky oocytes are extruded:; fish
for these experiments were either sexually maturing {undergoing ovarian recrudescence)
or in a mature (preovulatory) stage. The fish were held in a 4800 | capacity flow-through
tank in the main room of the aquatic facilities of the Departr‘nent of Zoology for a period
of 2-4 weeks prior to use in the experiments (laboratory acclimation period) and were fed
twice daily to excess with Ewos trout peliets (Astra Chemical Ltd., Mississauga, Ontario).
The temperature was regulated at 12-14 °C and.room lights simulated the naturél

photoperiod (Edmonton, Alberta).

B. Experimental Maintenance Regimes
1. Experimental Protocol

To assess seasona!l changes in ovarian steroidogenic capacity goldfish were
sampled during the period from January to March of 1983, designated as "winter” fish,
vand during April to July of IS83, designated as "spring” fish.

The protocol of the experiments is outlined in Fig. 1. Following a laboratory
acclimation period of 2-4 weeks in a 4800 | tank, under 12-14°C and a simulated natural
photoperiod (Edmonton), fish were transferred to 250 | flow- through experir'ner;tal tanks

‘and held on a 12L: 12D (lights on at CSOOh) photoperiod and a temperature of I2:71°C
(designated the initial environmental regime). On Day 1, eight days after the 12L:12D/ 12°C
regime was begun, the experimental environmental regimes of 16L:8D/20°C were
imposed, or 12L:12D/ 12°C was continued. Light was provided by a 15 watt cool white
fluorescent lamp in each experimer’ual tank. Feeding was at 4 hours (1000h) and 10 hours

{1600h) after lights were automatically switched on.



) .

Figure 1. An outline of the experimental protocol and sampling schedules used

in the study.
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1900H '
1100H
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1900H
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2300H
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. 2. Sampling Schedule

t

Following the protocol outlined in Fig. 1, fish Were sampled over three |
consecutive days after the designated numbers of days of acclimation on the experimental
environmental regimes. In the Short-Term Experiments, fish were held ona 16L:8D/ 20°C

. regime. and were sampled on Days 5, 6 and 7 at 1100h and 1900h each day. Hontela
(1982) had shown significant dffference§ in the serum GTH levels at these particular times
of day in female goldfish subjected to 16L:8D/20°C for 5-7 days in December. For the
Lonlg-Term Experiments, ;ish were sampled at 0700h and 1900h on the first day. 0300h
and 1500h on the‘secoﬁa day, and 1100h and 2300h on the third day. In the Long-Term
Experiment, fish held ona 16L:8D/20°C were sampled on Days 5,6 and 7, Days 11,12
and 13, and Days 30, 31 and 32. Fishona 12L:12D/ 12°C regime in the Lonngerrﬁ

Experiments were sampied on Days 6,7 and 8 and Days 30. 31 and 32.
C. Tissue Culture

1. Oocyte bigpersion"

After spinal transection, the fish were weighed, and the ovaries of five ‘to ten fish
dissected out an'd placed in a 300 ml-cépacity specimen dish containing a modified
Cortland's buffer solution. The buffer solution was modified from Wolf {1863}, and
contained 0.05%(w / v) bovine serum albumin (BSAJ and 0. 1%(v /v Gentamycin sulfate
{Sigma Chemicals Company, St. Louis, Missouri). The total ovary weig;ut was recorded and
the gonadosomatic index {GSI = ovary weight/ total body weight x 100} calculated. All
dispersions were carried out in finger bowls over chipped ice.

" The pooled ovaries were gemiy teased into clumps of 25-50 vitellogenic oocytes
with a pair of fine forceps. with freqyent changing of the buffer solution. Clumps\ of
oocytes were subsequently dispg/sed into individual follicles by gently aspirating the
clumps of teased'oocytes in and out of a blunt-tipped (4 mm inside diameter) disposable
polyethylene pipette (Bio-Rad L;'iboratories, Mississau-'ga, Ontario) in order to separate the
individual follicles. The dispersed follicles were then sorted through three layers c;f sieve
cloth. The first layer (mesh size 1300 microns) removed clumps of ovarian tissue and

' clumpé of non-dissociated follicles, while the second (mesh size 8C U microns) afid third
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(mesh size 350 microns) layers separated follicles into three size categories: large follicles
(diameter greater than 800 microns), intermediate follicles (diameter between 350 microns
and 800 microns) and small foliicles (diameter less than 350 micr\ons). Thel three follicle
size categories were then each pooled into 12x75% mm culture tubes and centrifuged at
500 rpm (50xg) for 5 min at 4°C. The supernatant was discarded and the oocytes were

thoroughly mixed by aspirating gently with a biunt-tipped polyethylene pipette.

2. Follicle Incubation

The dispersed follicles were distributed in 0.1 ml aliquots, with an automatic hand
pipettor, into 12x75 mm glass culture tubes in a random manner: each tube contained
either 0.5 mi of Cortland's buffer alone (controls) or varying doses of carp gonadotropin
(cGTH. a gift from Dr. B. Breton, Laboratoire de Physiologie des Poissons, Institut National
de la Recherche Agronomique, Campus de Beaulieu, Rennes, France) within the range of |
C.1t0 1.0 m.icrograms/ml buffer. The cGTH used in the experiments, prepared as’
described in Peter et a/.(1982), was the same as the high carbohydrate content
‘maturational” GTH (Con A-ll) that stimulates cAMP levels in ovaries, steroid synthesis and
secretion, oocyte maturation and ovulation, and spermiation (idler and Ng. 1879. Ng and
Idler, 1979). Each dose treatment in an experiment was tested in at least three replicates.
Tissue incubations were carried oQt in air, either in a shaking watef bath maintained at 12°C
for follicles from fish acclimated at 12°C or a mechanical shaker at room temperature
(20°C)' for follicles from fish acclimated ét 20°C. A pilot time course experiment
performed on follicles froth fish accfin:xated at 16L:8D/ 20°C indicated that maximal levels
of steroids were released info the medium within 4-6 hours. A time course experiment of
steroid production by ovarian follicles from goidfish acclimated to 12L: 12D/ 12°C was
not performed. For practical purposes, all follicular incubations were carried out for only .
4 hours. At the end of the incubation period, each culture tube was éentrifuged for 5 min

at 500 rpm (650xg) and 4°C, the supernatant pipetted into a 1.5 mi centrifuge tubeand =~ °

stored at -20°C until assayed for steroids.



3. Incubation Temperature Experiment

To determine the effect of incubation temperature on steroid production, follicles
from fish held for 8 days at 16L:8D/ 20°C or 12L:12D/ 12°C, after the initial acclimation
period, were incubated at 12°C and 20°C for 4 hours and following fhe. procedure

described elsewhere (see RESULTS for details).

D. Radioimmunoassay of Testosterone and Estradiol-17 Beta In the Incubation

Medium b

1. Reagents and Chemicals

a. Chemicals

All chemicals and reagenfs used in the extraction and chromatography were of
spectra-.ana!ytical grade and were purchased from Fisher Scientific, inc. (Don Mills,
Ontario) or BDH Chemicals (Toronto, Ontario).

b. Assay Buffer

The assay buffer consisted of 0.05 M Tris-HCI (Trizma Conﬂpound 8.3.pH 8.3 at .
25°C, Sigma Chemicals Co.) containing 0.1 M NaCl, 0. 1% sodium azide and 0.1% gelatin.

c. Steroid Standards ,, | '

Testosterone (delta‘-androsten- 17 beta-ol-3-one} and estradiol- 17 beta
[1,3.5.11 O)-estratrien-B, 17 beta-diol] were purchased from Sigma Chemicals, Inc.. Stock
solutions {200 nanogramsi(ng)/ ml] were prepared in absolute methanol and stored at
—20°C Aliquots from this stock solution were serially diluted with the assay buffer to
acquure the final concentratlons of the standard solutions.

d. Ant|sera ‘ .

Sealed vials of freeze-dried rabbit anti-testosterone-7 alpha-BSA serum and rabbit
anti-17 beta:estradiol-G-BSA were purchased from Miles Laboratories, Ltd. {Rexdale.
Ontario). The antisera were recanstituted with 5 ml of assay buffer prior to use and this
served as the stock antiserum solution. A 1:10 dilution of the stock solution yielded the
working antiserum solution, which gave,30-50% binding of the radioactively labelied

steroids in the radioimmunoassay.
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' The cross reactions of related steroids with the antisera we.re provided by the
~manufacturer (Tables 1 and 2).

e. Radioactive “teroids N

(1,2.6,7-H)Testosterone (approximately 100 Curves(C\meol) and
(2,4,6,7-’H)Estradiol- 17 beta (approximately 100 Ci/ mmol) were phrchased from

- Amersham Radiochemical Cbrporatien (Oakville, Ontario). Each radioactive steroid was
first diluted to 25 microCi/ml with benzene:absolute ethanol (9: 1), and further to 5
microCi/ml with absolute ethanol. One milliliter alquots of 5 microCi/ml were transferred
to 1.5 ml centrifuge tubes and stored at -20°C. ' ‘ ‘

Before use in a radioimmunoassay, the 5 microCi/mi aliquoj(sl, of the labelled
steroide were dried under nitrogen and redissolved in assay biffer solution to get two
working solutions of labelled steroid, having approximately 1.000 counts per min(cpm)/ 25
microliter in the extraction and chromatography procedures\and apprOXImater
10000-15000 cpm/ 100 mncrohter for the RIA '

f. Cbarcoal Suspension &

The charcoal suspension consisted of O.5%(w/v). Norit A aetivated charcoel and
0.05%(w/v) Dextran T-70 in assay tzuffer solution. - |

J
2. Extr\action Procedure .

Incubation medium (0.5 mi) was transferred to duplicate extraction tubes together
with 25 microliter of tracer (approximately 1000 cpm) by using accurate measuring
devic-es (Oxford eipettor) with disposable tips. The tubes were vortexed and extracted
twice with 1 ml each of diethyl ether and centrifuged at 2000 rpm (90;5xg)for 5 min. The
aqueous phase was frozen over dry ice and was pooled in another’ centnfuge tube. The
pooled extracts were drnled under a stream of nitrogen in a 60°C water bath and were

4 subseduently concentrated with 1 ml of absolute ethanol prior to chromatography (see
below). Likewise, 25 microliters of tracer alone were transferred directly to scmtlllatron
vials to obtain a total count of rad»oactlvuty for calculation of percentage recovery.

To eliminate the extraction procedure prior to radlolmmuno}assay of the mcuba’_tion

medium from all the experiments with follicles, five to seven samples with increasing -

amount of steroids dissolved in the incubation medium were run in duplicate through the
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Table 1. The relative cross-reactivit
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y of various steroids for the antibody

(anti-Estradiol- 17 beta-6-BSA ‘serum) used in the Estradiol-17 beta
radioimmunoassay. Data were provided by the manufacturer (Miles Laboratories,

Ltd.).

STEROID

% CROSS-REACTION

Estradiol-17 beta

Estrone

Estriol

Estradiol-17 alpha

6 albha-Hydroxy-estradiol- 17 beta

6-Keto-estradiol- 17 beta

17 alpha-Ethynyl-estradiol- 17 beta °

Equilenin
Testosterone

Progesterone

100.0
22
1
62.0
52.0
<0.01
1.3
<0.01
<0.01

9.
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Table 2. The relative cross-reactivity of various steroids for the antibody .
(anti-Testosterone-7 alpha-BSA serum) used in the Testosterone radioimmunoassay.
Data were provided by the manufacturer (Miles Laboratories, Ltd.).

% CROSS-REACTION

STEROID

Testosterone 100:0

5 alpha-Dihydrotgstosterone 17.0

5 beta-Dihydrotestostérone 5.0 .

17 alpha-E_pitestoster’one l 0.8

Androsténe’dione’ o 6.0

5 alpha-Androstane-3, 17-dione ) <0.001 o

Dehydroepiaﬁdroster_one . <0.001

5 alpha-Androstane-3 beta, 17 beta-diol <0.001

1 1-Oxotestosterone 4.4

Progesterone . <0.001-

Cortisol <0.001
<0.001

Estradioi- 17 beta

«



',_.
om

.

ialoimmunoassay without extraction and compared with the same set of samples which
had been extracted, as described above. The percentage recovery of the samples was
recorded and the results analyzed by linear regression analysis. Sing:e the
radioimmunogssay values of extracted and un-extracted samples agreed well with
correlation coefficients (r) of 0.96 and 0.99 (P<0.05) for E, and T, respectively (Table 3),

it was deemed not necessary to extract the samples prior to radioimmunoassay.

3. Celite Chromatography |

Since antibodies raised against steroid hormones cross-react to different degrees
with other related steroids, the use of these antibodies as detection methods may require
a chromatographic separation and purification prb;:edure of the steroid hormone prior to
radioimmunoassay. to maintain the specificity of the measurement. '

The chromatographic procedure used here followed that outlined by Abrahambet‘
a/.{1872), with minor modifications. Celite (Diatomaceous Earth, 'Sigma Chemicals Co.) was

prepared by heating in an oven at 540°C overnight to remove water and any intergering

organic material. The celite was cooled in a dessicator for a fe.k/ ours:
dried and baked celite was mixed with ethylene glycol:propy)lene glycol (60:50) for
ethylene gl‘y)col alone fo} the E, partition chromatography at a ratio of 1 ml per 2 gr;\q‘elite.
Then, it was packed into disposable 5 ml glass pipettes finside diameter 0 & cm) to a h;ight
of 5 cm; a small glass bead was added to the bottom of each pjgette 'to retain the celi’te.

The ¢olumns were washed twice with 3.5 mi of isooctane before use.

T~ .

After extraction, the 1-ml extracts were dried under nitrogen in a 60°C water bath
and nec\onstiltuted with 1 ml of isooctane. The reconstituted extracts were then applied to
the columns using disposable Pasteur pipéttes, and eluted under nitrogen pressure to s
obtain a flow rate of 20-30 drops per minute.

For testosterone, elution was carried out in a stepwise pattern using 3.5 ml each
of isooctane, isooctane:efhyl acetate (S0: —1 0), and isod%'tane:ethyl acetate (80:20). The T
fraction was contained in the last 3.5 ml fraction. Likewise, E; was eluted by successively
applying 3.5 ml each of isooctane, isooctane:ethyl acetate (85: 15), and i1sooctane:ethyl

/\

-acetate (60:40)'to the column. E, was contained in the last 3.5 mi fraction.
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Table 3. The recovery df increasing steroid standards added to the incubation medium and
their relationship between steroid levels measured in extracted incubation medium
versus media without extraction and’in media which were extracted then
chromatographed versus media without extraction and chromatography. 7 = number
of samples assayed.

Correlation
n % Recovery . Slope  Coefficient (r)
ESTRADIOL-17 BETA.:
Extracted | 7 51.5-93.9 0.99 . 0.96
Extracted and 7 . 45.0-61.1 | 1.07 0.99
Chromatographed
TESTOSTERONE:
Extracted ‘ 5 70.1-93.7 1.01 0.99
Extracted and 7 58.8-90.6°  0.81 0.99

Chromatographed




The T and E, fractions were subéequently dried under nitrogen, reconstituted with
1 mt of absolute ethanol, and a small measured aliquot taken to calculate the total
percentage recovery. Then, another measured aliquot was taken, dried under nitrogen, a‘nd
subsequently reconstituted with 0. 1 m! of assay buffer for radicimmunoassay.

Seven samples of increasing amounts of T and E, added to the follicle incubation
medium were runin duplicate directly through the radioimmunoassays, and another similar
set of seven sampies was extracted and chromatographed following the method
described‘before being run through the radioimmunoassay. The total percentage recovery
of each sample was recorded. and the steroid levels analyzed by linear regression analy;sis.
Since fhe radioimmunoassay values of the ext’/a\cted and chromatographed samples and
the directly assayed samples agreed well (r = O\.\QQ‘\for both steroids, £<0.05), it was
deemed not necessary to have the incubation ‘medlum samples extracted and
chromatographed prior to radioimmunoassax_f,ofr E, and T (Table 3).

Several dilutions of the incubation méc'ii‘um were assayed and the dilution curves
compared with standard T and E, in order to ascertain whether the T and E, secreted /n
vitro by goldfish ovarian follicles were immunologically simiiar to the standard steroids -
used in the RIA's. Displacemen} curves by several diluted incubation media and by
increasing amounts of unlabelled steroids were statistically tested by ANCOVA (Analysis

of Covariance) (Snedecor and Cochran, 1980?;<nd were parallel(P>0.01)

¢
!

4. Radioimmunoassay Procedure

.A range of concentrations of the steroid standards (0,0.075, 0.15,
0.31,0.63.1.25,2.5,5.0 ng/ml) for both the E, and T RIA's were pipetted (0.1 mi) in
quadruplicate into bolypropylene plastic culture tubes (12 x 75 mm). Quaaruplicate
samples were used to obtain more representative values of the steroi_d standards.
Duplicate sets o'f tubes contained 0.1 ml samples from the follicle incuEation experiments..
Labelled steroids (approximately 10000-15000 cpm in 0.1 ml) were added to each tube.
Except for the total count tubes and blank (non-specific binding) tubes, 0.5 ml of the
working antibody solution was added to each tube; 0.5 mi of assay buffer instead of the
antibody was added to sach of the total count and blank tubes. Therefore, prior to the

addition of the charcoal suspension, all tubes had a total volume of 0.7 m! each.
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After the addition of the antibody. all tubes were incubated overnight {16-18
hours) at room temperature, after which all tubes were cooled to 4°C for at least 15
minutes. Then, 0.2 ml of the charcoal suspension was added to each tube, except for the
total count tubes to which 0.2 ml of assay buffer‘ was added instead. All assay tubes were
shaken for 1 min and further incubated at 4°C for 10 min. All tubes, except for the total
count tubes, were centrifuged at 4°C at 2 100 rpm (QOOxg) for at least 15 min. Finally, a
0.5 mi aliquot of the supernatant from each tube was carefully pipetted to plaétic
scintillation vials and suspended iﬁ 15 ml of scintillation cocktail (Tbluené, 70%;
2-methoxyethanacl, 30%; POPOP(1 .4-Bis|2-(5-phenyloxazolyl)]-Benzene), 0.0 1% PPO ’
(2,5-Diphenyloxazole), 0.4%). Samples were counted in a Beckman liquid scintillation
spectrometer (Model LS9000) with 40-50% counting efficiency for tritium.
| The intra-assay coefch_ient of variation (%CV) or the variabiliiy of a single samble
counted in a single assay run (%CV = SD/mean x 100) was 9.\7% {n=4} and 6.5% (n=4) for
the T and E, RIA's. respectively. Inter-assay %CV or the variability of a sampie Fcounted in
several assay runs was 13.1% (n=20) and 8.1% (n=18) for the T and E, RIA's, respectively.

The sensitivity (or the least significant steroid level detectable from zero) for both assays

was 0.04 ng/ml or 4 pg/tube.

E. Determination of Oocyte Number, Oocyte Diameter and Oocyte Histology

After the*4 hour follicie incubation period, several sets of incubation tubes each
containing the three sizes of follicles were routinely c’ounted under a dissecting
miéroscope. The nurhber of large, intermediate and small follicies in each incubation tube
is shown in Table 4. The diameter of the follicles was also measured with an ocular
micrometer.

Samples of dispersed follicles Were fixed in Bouin's solution -following incubation, .
and standard paraffin embedding, and hematoxylin and eosin staining procedures used.
Tﬁe number of oocytes in each stage was counted for the deferent size ranges of
follides used in the experiments (Table 5) by using the classification of Yamazaki (1965)
for the different ovarian stages of the goldfish. The proportions of each oocyte stage for
each of tHe follicle size categories remained relatively constant in ovarian dispersions

performed from January to July. !



é
Table 4. The number of follicles and the total protein content of each incubation tube for

each of the three follicle sizes separated from goldfish ovaries. .
Follicle Size Number of Follicles/tube  Milligrams of Protein/tube
. {mean*SEM, n) {mean*SEM, n)
Large ’ 245.0+9.0 (38) 7.5+0.17 (14)

(diameter greater than
800 microns)

Intermediate 575.0£18.0 (39) 5.1x0.15 (19)

{diameter between
350 microns and
800 microns)

[N

Small ' 1671.0£52.0 (30) 4.3+0.17 (26)

(diameter less than
350 microns)
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F. Protein Assay

To 0.1 ml of the dispersed follicles was added 1 ml of o.5‘r'\1 NaOH and the
follicles subsequently digested in a 60°C water bath. Four millilite.rs of double distilled
water was added after digestion and a 0.1 ml aliquot taken for the protein assay fbllowing
-he pr_cedure vutlined by a Bio-Rad Protein Assay Kit (Bio-Rad Laboratories). Bovine
“=7u albumin (BSA) was used as the protein standard. The total amount of protein present
.. aach ibatic  .be for each of the three sizes of follicies is shown in Table 4 and,
st nilarly the proten content remained relatively constant for each follicle size category

cen Led frem ovaries in January to July.

G. Data Presentation and Statistical Analyses

The results of the present investigation were presented in three ways: pg of
steroid per mg of protein, pg of steroid per unit surface area of follicle (mm? and pg of
steroid per follicle. The steroid production per mg of protein was calculated by dividing

. the total amount of steroid measured in; ea;h incubation tube by the mean p?otei_n content
present in each tube for each of the three size classes of foliicles. The mean follicular
diameter of each follicle size class and the mean number of follicles present in each
incubation tube was used to calculate an average foliicle surface area brior to expressing
the data as pg of steroid per unit surface area. Steroid production per follicle was
calculated by dividing the total amiount of steroid in each incubation tube by the mean
number of follicles in each tube for each of the fhree follicle sizes.

In the Long-Term Experiments, variability of the results and low .sample sizes (n)
-precluded comparisons between times of day; therefore, the results for the three
consecutive days of sampling were pooled to allow comparisons between doses of GTH
within experiments and length of acclimation between experiments.

Unpaired t-test (P<0.05) was used to compare differences between values from
the same treatment group and differences between their respective controls. Analysis of
variance (ANOVA) followed by Duncan’s Multiple Range Test at P<0.05 was used to
determine differences between mean values expressed in pg steroid per unit surface area
or pg steroid per follicle at different sampling Jdays over the 32-day experimental period

(Snedecor and Cochran, 1980).
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A. Short-Term Experiments

1. January, 1983

Fish were subjected to 16L:8D/20°C for a maximum of 7 days subsequent to 8
days at 12L:12D/ 12°C iﬁ January, 1983. The results are presented in Figs. 2 and 3 for
follicles sampled from these "winter" fish at two different times of the day for three
consecutive days. '

Levels of testosterone (T) in the incubation medium for all the three follicle sizes'
were non-detectable when the follicles were incubated with buffer alone: however, GTH
Caused a dose-dependent increase in T production per mg of protein by all the three sizes
of follicles (Fig. 2. Based on steroid production per mg of protein, large follicles
stimulated by 1 and 0.5 microgram GTH/m! had significantly greater production of T at
1100h compared to 1900h. Intermediate and small follicles had significantly greater
production of T at 1100h.compared to 1300h throughout the whole range of GTH doses
used. Both large and intermediate follicies produced similar T levels (100- 150 pg T/mg
protein) at the highest GTH dose.

Detectable levels of E, per mg o* protein were produced by large, intermediate
and small follicles when incubated with buffer alone: intermediate. follicies without GTH
" stimulation producéd significantly more E; at 1100h than at ’1900h (Fig. 3). GTH caused a
significant increase in the E, levels produced bv all the three sizes of follicles. Large
follicles p\r,oduced more E, at 1100h than at 1300h under all dosages of GTH, except for
the highestragc;se used (1 microgram GTH/mi). Intermediate follicles produced significantly
greater levels of E, at 1100h compared to 1300h under all dosages of GTH, except for .
the lowest-dose tested. For the small foliicies. the E, levels produced were significantly
greater at 1100h ét only the two highést dosages of GTH. Rela'tive to the large and
intermediate follicles‘, small follicles showed the least E, production as assessed'by steroid
production per mg of protein. Intermediate follicles produced the highest E, levels,

reaching 600 pg E,/mg protein at the highest dose of GTH tested.

22



Figure 2. Testosterone (T) production per milligram of protein by large,
intermediate and small ovarian follicles under varying doses of carp
gonadotropin (0.01-1.0 ‘microgram c¢GTH/ml) or in buffer aloneb {Control) at .
two times (1100H and 1900h) during the day in January, 1983. Foliicles
were from goldfish acclimated for 5-7 days in 16L:8D/20°C in January,
1983. The gonadosomatic index (GS)) and the total number of fish killed
(n for the three consecutive days of sampling were pooled and the values

presented are the fnean:SEM of 10 to 15, replicates.

~
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Figure 3. Estradiol-17 beta (E;,) production per m'illigram of protein by large,
intermediate and small ovarian follicles under varying doses of carp
gonadotropin (0.01-1-0 microgram cGTH/mI) or in buffer alone {Control) at
two “ times (1100h and 1900h) during the day in January, \1'983. Foliicles
were froﬁ goldfish acclimated for 5-7 days in 16L:8D/20°C in January,
1983. The' gonadosomatic index (GSl and the -total number of fish killéd.‘\ '
(n) for the three consecutive sampling days “are indicated. The results

- gathered from the three consecutive days of sampling were pooled and

the values presented are the mean:SEM of 10 to 15 replicates.
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Testosterone prouduction by all sizes of follicles was relatively constant at
100-150 pg T/mg protein at the highest dose of GTH used. However 'E; production by
large and intermediate follicies at this time of the year was 2-4 fold greater than small

folllcles and than T productlon by similar-sized follicles, at the highest GTH dose.
2. April, 1983 - |
The T and E, production per mg of protein by large and mtermedlate follicles
sampled at two different times of the day from spring” fish in April, 1883 after 5-7 days
in 16L: 8D/20°C subsequent to 8 days at 12L:12D/ 12°C are described in Figs. 4 and 5.
There }e msuffnment small follicles to carry out incubations at this time of the year.
Large folllcles lncubated without GTH did not produce a detectable level of T

whereas mtermedlate fO”lCIBS did (Fig. 4). lnCubatlon with GTH caused a sngnlflcant

stlmulatlon of T productlon by Iarge follicles. Incubatlon wvth hlgher dosages of GTH aiso

-]

caused a s;gnlflcant increase in T production per mg of protem by mtermedlate follicles at
two times during the day. Large follicles from fish sampled at‘l 800h incubated with the -
iower dosages of GTH produced significan'flv higher T levels than at 1100h; however, no

significant dif ferences between time of day were detected for large follicles stimulated

. by the two highest doses of GTH. Intermediate-sized follicies showed rio differences

between 1 1_00h and 1eoog'in their T production under GTH stimulation except at the
lowest GTH dose tested. The magnitude of responsiveness of both follicle sizes was
similar, reaching maxlmal values of approxlmately 100-150 pg T/ mg pro)teln at the highest
GTH dose and 10- 15 pg T/ mg proteln at the Iowest GTH dose.’

Incubatlon with most dosages of GTH at 1 100h and 1900h caused a sighificant
increase in E, pro‘dut‘tron\per mg of protein by Iarge follicles from “spring” fish (Fig. 5). A
Incubation of mtermedlag foll\cles with GTH at the 0.1 and 0.0 1 microgram GTH/mil dose

levels resulted in higher productlon levels compared with their untreated controls at

1100h; incubatiorn with GTH at the three highest dose levels caused a significant s .
stimulation of E, output by mtermedlate follicles compared to E, Ievels wnthout GTH
treatment at 1900h Except for the lowest GTH dose E, production per mg of protein by
large follicles sampied at 1900h were significantly greater than at 1100h. However with

the intermediate-sized follicles, no sngnlflcant dif ferences in'E, production under GTH

7
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Figure 4. Testosterone (T) production,'per milligram of protein by large and
intermediate ovarian follicles unde‘r\ vaFI;/ing doses 5\‘ carp gonadotropin
(0.01-1.0 ‘microgram cGTH/mI) or in buffer alone (Cont,[ouf‘a'/t two times
(1100h and 1800h) durirjg the day in April, 1983. The gonadosomatic
index (GSIh and the total number of fish killed (7 for the three
consecutive sampling days are indicated. The resuits gathered from 'fhe

three consecutive sampling days were pooled and the values presented are

the mean*SEM of 10 to 15 replicates.
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Figure 5. Estradiol-17 beta (E,) per milligram of protein by large and
intermediate ovarian follicies under varying doses ofkcarp gonadotropin
(0.01-1.0 microgram cGTH/mi) or in buffer alone (Control) at two times ,
(1100h and 1800h} during the day in ':April, 194B3. F‘qtjjlees were from
goldfish acclimated for 5-7 days in 16L:8D/20°C in April, 1983. The
gonadésomatic index (GSl) and the total number of fish killed (n) for fhe
three consecutive sampling days were pooied and the values presented are
the meantSEM of 10-to 15 replicates.
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stimulation were detected between the two different.times of day. The E, production of
both follicle sizes was similar, except for the intermedi;te follicles stimulated by the two
highest doses where the E; levels produced were statistically higher (200-250 pg E,/mg
protein) than their respective counterparts in the large-sized follicles. B
Testosterone and E, production at this time of the year were generally comparable,

~

" with maximal values close to 150 and 200 pg steroid/mg of protein.

&
B. Long-Term Experiments

1. 16L:8D/20°C ,

a. January-February, 1883

Follicles were.sampled at two different times of day at Days 5-7 ,11-13 and
30-32 from "winter” fish acclimated to 16L:8D/20°C, subsequent to an initial 8 days[at
12L:12D/ 12°C. The mean GSI at Days 30-32 was significantly lower than at Days 5-7.
Due 1o the small sample sizes of some of the individual sets of samples and variability
within the ilndividual sets of samples, all of the replicates over each three day period were
grouped and mean vaiues expressed‘t ’ ‘

There wa.s no detectable T production per mg of protein by large , intermediate
© and small follicles incubated in buffer alone (Fig. 6). Incubation with the higher dosages of
GTH 'caused a significant increase in T levels per mg of protein by all thrée sizes of
follicles at Days 5-7, 11-13 and 30-32. Increasing the period of acclimation from 5-7
days to 11-13 days éaused a significant'decrease in the T production per mg of protein of
large. intermediate and small follicles in the 0.1-1.0 microgram GTH/mi range. Large and
intermediate follicles taken from fish acclimated to 16L:8D/20°C for 30-32 days also had
significantly less T p:;roduction per'mg of protein under GTH stimulation than was found at
5-7 days of acclimation, except for the highest dose and the two lower dosages of GTH
with the large follicles. There was not an adequate number of small follicles for
incﬁbations at Days 30-32.

" The E, production per mg of protein by all sizes of follicles at Days 5-7, 11-13

and 30-32 were stimulated by most dosages of GTH compared to their respective

untreated confrol groups. The E, production per mg of protein by large follicles in



I3}

Figure 6. Testosterone (T} production per milligram of protein by large,
intermediate and small.ovarian follicles under varying doses of carp
gonadotropin (0.01-1.0 microgram cGTH/mil) or in buffer alone (Control)
after goldfish were acclimated for 5v-7, 11-13 and 30-32 days in
16L:8D/20°C in January-February, 1983. The gonadosomatic indexv(GSI) and
the total number of fish killed (n) for the three  consecutive sampling days
are indicated. Ovarian follicles were sampled at different times during the
day and each value, expressed as the mean*SEM of 10 to 30 repllcates
represents data pooled from the three consecutive sampling days as

outlined In Fig. 1.
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response to high dosages of GTH showed an abrupt decrease between Days 5-7 and Days
11-13 of acclimation to 16L:8D/20°C (Fig. 7). The E, levels per mg of protein at Days
30-32 were also significantly IoWer than at Days 5-7 except at the two lowest GTH doses
where levels were similar to Days 5-7. E, .production per r;1g of protein by lafge follicles -
-at Days 11-13 and 30-32 were similar in controls and at all GTH doses with the exception
of the lowest dose. Likewise, the E, production per mg of protein by intermédiate follicles
exhibited an abrupt decrease between Days 5-7 and Days 11-13 of acclimation to
16L:8D/20°C; however, at the lowest GTH dose, no significant differences were noted
with length of acclimation. Interéstingly, after 30-32 days of acclimation, the intermediate |
follicles had similar responsiveness as intermediate follicles at Days 5-7 and generally
proéluced significantly greater amounts of E, per mg of protein than at Days 11-13. For

the small follicles, the E, levels produced per mg of protein also showed a significant drop
atDays 11-13 compargd to Days 5-7, except for the controls and at the lowest GTH dose
tésted.

The results in Figs. 6 and 7 were also transformed, in part, to mean values of E,
and T per unit surface area (mm?) of the follicles at the highest dose of GTH tested and
presented in Fig. 8. The E, production per unit surface area of large folliicles from fish
sampled at Days 5-7 was two fold greater than by large follicles at other sample times
' during the experimental period. Large follicles also consistently produced greater E, levels
per unit surface area compared to the other follicle sizes. Under GTH stimulation,
intermediate and small follicles had similar E, levels per unit surface area throughout the
32-day experimental period. The T production per unit surface area by GTH-treated large
folliclés at Days 5-7 and 30-32 were similar but both were less than T levels at Days
11-13. The T production per unit surface area by large follicles was signiffcantly higher
compared to other foliicle sizes at aﬁy of the sample times throughout the 32-day
experimental period. |
The results presented in Figs. 6 and 7 were also transformed, in part, toE,and T

production per folliéle at the highest dose of GTH tested and are presented in Fig. 9. E,
proddction per follicle by GTH-treated large folliciés was highest after 5-7 days ét '
16L:8D/20°C but E, levels after 11-13 and 30-35 days in :this environmental regime were

similar and lower than at Days 5-7. Under GTH stimulation, large follicles had higher E,



Figure 7. Estradiol-17 beta (E,) production per milligram of protein by ‘Iarge,
intermediate and small ovarian follicles under varying doses of carp
gonadotropin {0.01-1.0 microgram cGTH/ml} or in buffer alone (Control)
after goldfish were acclimated for 5-7, 11-13 and 30-32 days in
16L:8D/20°C in January-February, 1983. The gonadosomatic index (GSl) and
the total .number of fish killed (n for the three consecutive sampling days
are indicated. Ovarian follicles were samp“.pd at different times during the
day and each value, expressed as the mean=SEM of 10 to 30 replicates,
represents data pooled from the three consecutive sampling days as

outlined in Fig. 1.
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Figure 8. Estradiol-17 beta (E)) and testosterone (T) production per unit surface
area (mm?) by carp gonadotropin-treated (1 microgram cGTH/ml) and
untreated (Control) large, ihtermediate and small ovarian fo!licles from
goldfisdh acclimated for 5-7. 11-13 and 30-32 days in 16L:8D/20°C in
January-February, 1983. Each value, expreséed as the mean*SEM of 10 to
30 replicates, was transformed from data presented in Fi;;_s. 6 and 7. The
results of a Duncan's multiple range test (P<0.05) are indicated: means

which are not significantly different from each other are underlined.
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Figure 9. Estradiol-17 beta (E,) and testosterope (T) production per follicle by
carp gonadotropin-treated (1 microgram cGTH/ml) and untreated (Control)
large, intermediate and small ovarian follicles . from goldfish acclimated for
5-7. 11-13 and 30-32 days in 16L:8D/20°C in January-February, 1983.
Each value, expressed as the mean*SEM of 10 to 30 replicates, was .
transformed from data presented in Figs. 6 and 7. The results of a
Duncan’'s multiple range tést (P<0.05) are indicated; meané which are not

significantly different from each other are underlined.
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production per follicle than any of the other follicle sizes throughout the 32-day
experimental period. intermediate and smal follicﬁes under GTH stimulation had similar E.
output per foliicle throughout the 32-day experimental period. The T produ}:tion per
follicle by large follicles exposed to GTH was similar after 5-7 and 30-32 days in
16L:8D/20°C; however, T production was significantly lower at Days 11- 13 compared to
Days 5-7 and 30-32. Under GTH stimutation, T production per follicle by large folliclés
was consistently more elevated compared to the other follicle sizes at all sample times.
Levels of T per follicle by intermediate follicles under GTH stimulation were similar at Days
5-7 and 11-13; hoWever. T production by GTH-treated small follicles at D‘ayé:5-7 and
11-13 and intermediate follicles at Days 30-32 were simil:;r to T levels produced per
follicle by intermediate follicles'at Days 11-13 but not at Days 5-v7.’,‘r;f‘-.-‘~)

b. May-June, 1983 )

GTH at the 1 and 0.0 1 microgram GTH/mf dose levels caused a significant
stimulatioh of T production per mg of protein l’j'y large follicles at Days 5-7, 11-13 and
30-32. T production per mg of protein by large follicles taken from fish sampied at Days
5-7 after 16L:8D/20°C in May-June, 1983 was significantly greater than at Days 11-13
and 30-32 (Fig. 10). There was a progressive decrease in T levels produced per milligram
of protein from Days 5-7, to 11-13, to 30-32 under stimulation With high dosages of
GTH; at the Iowest.dosage of GTH (0.01 microgram GTH/r used there was no s'igniflcant
stimulation of T production over control levels at Days 11-13 and 30-32.

At most dosages of GTH, T production per mg of protein by intermediate follicles
were greater than their éontrols throughout the 32-day experimental period. Intermediate
follicles produced similar levels of T per mg of protein under stimulation of GTH at either
1.0 and 0.0 1 microgram'GTH/ ml throughout the 32-day experimental period. However, at
a dose of 0.1 microgram GTH/ml, the T levels produced per mg of protein at Days 5:7
.- were significantly higher than at Day " 1-1 3 and 30-32. The magnitude of T
respOhéiveness of large and intermediate follicles was similar, éttaining levels of 100-150

b
pg T/ mg protein under stimulation with the highest dose of GTH (1 .0 microgram GTH/ml)

.at Days 5-7.
Under all GTH dosages tested,‘ E, production per mg of protein by large and

intermediate folliclés at Days 5-7 and 11-13 was greater compared to their untreated




Figure 10. Testosterone (T) production per milligram of ‘;Srotein by large and
intermediate ovarian follicles under varying doses of carp gonadotropin
(0:01-1.0 microgram' cGTH/ml) or in buffer alone (Control) after goldfish
wege acclimated+for 5-7, 11-13 and 30-32 days in 16L:8D/20°C in
May-June, 1983. The  gonadosomatic index (GSl) and the total number of
fish killed (n for the ‘fhree consecutive sampling days are indicated. Ovarian
follicles were sampled at'different times during the day and each value,

- expressed as the mean:SEM of 15 to 30’replicates, represents data

pooled from the three consecutive sampling days as outlined in Fig. 1.
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control group (Fig. 11). Notably, at Days 30-32, GTH was effective in stimulating a
significant increase in E, production per mg of protein by large follicles over its untreated
control at only the 0.5 microgram GTH/ml dose level. E, broduction per mg of protein by
large follicles taken from fish at Days 5-7 at 16L:8D/20°C was signi'ficantly higher than
for large follicles taken at Days 30-32: however, the E, levels produced by large follicles
were significantly greater at Days 5-7 compared to'Days 11-13 at only the 0.5 and 0.1 |
microgram GTH/ml dosages. At all GTH doses, except for 0.5 microgram GTH/ml, the E,
level per mg of protein produced by large follicles taken from fish at Days 11-13 were
significantly higher than at Déys 30-32. -

The levels of E, per mg of protein produced under GTH stimulation by intermediate
foliicies taken from fish sampled at Days 5-7 were significantly hi. -her than at Days 30-32.
Levels of E, per mg of protein produced under GTH stimulation atDays 11-13 were
similar to those at Days 5-7 but were always significantly greater than at Days 30-32.

Under stimulation by the highest GTH concentration, E, production per mg of
protein by large follicles at Days 5-7 and 11-13 was at approximately 20-50 pg/mg
protein; productio’n of E; per mg of protein by intermediate follicles stimulated by this
same dose of GTH was two to three fold greater. "

" GS! of fish sampied on Days 5-7 and 11-13 w=" :imilar and decreased

significantly in fish sampled on Days 30-32. - )
The results in Figs. 10 and 11 were transformed, in part, to mean values of E, and
T productioh per unit surface area (mm?) of the follicles at the highest dose of GTH tested
and are presented in Fig. 12. E, production per unit surface area by large follicles
progressively decreased as the iength of acclimation to 16L:8D/ 20°C increased.
However, E, levels produced per unit surface area produced by intermediate follicles
were at the highest values‘at Days 11-13. and were significantly lower at Days 30-32 than
at Days 5-7 and 11-13.'Only at Days 11-13 were the E, levels produced per unit surface
area by large follicles sig‘nificantly lower coﬁqpared ;(o intermediate follicles. Control
groups were similar throughout the entire experimental‘ period. T productibn per unit
surface area by large follicles was significantly greater than by intermediate foliicles at

Days 5-7 and 11-13, but decreased to the level of intermediate follicles at Days 30-32. T

production per unit surface area by GTH-treated large follicles also progressively



Figure 11. Estradiol-17 beta (E,) production per miligram -of protein by large
and inte}mediate ovarian follicles under varying doses of carp gonadotropin
(0.01-1.0 microgram cGTH/ml) or in buffer alone (Control) after goldfish
were acclimated for 5-7, 11-13 and 30-32 days in 16L:8D/20°C in
May-June, 1983. The gonadosomatic index (GS!) and the total number of
fish killed (n) for the three consecutive sampling days are indicated. Ovarian
follicles were sampled at different times during the day and each value,
expressed as the mean:tSEM of 10 to 30 replicates, represents data

pooled from the three consecutive sampling days as outlined in Fig. 1.
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Figure 12. Estradiol-17 beta (E,) and testosterone (T) production per unit surface
‘area (mm?) by carp gonadotropin-treated (1 microgram cGTH/ml) and
untreated (Control) large and intermediate ovarian follicles from. goldfish
acclimated for 5-7, 11-13 land 30-32 days in 16L:8D/20°C in ‘May-June,
1983. Each value, expressed as the mean+SEM of 10 to 30 replicatés,
was transformed from data presented in Figs. 10 and 11. The results of
a2 Duncan’s multiple range test (P<0.05) are indicated; means which are. not

significantly different from each other are underlined.
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decreased from Days 5-7 to 11-13 and to Days 30-32. T production per unit surface area
by mtermed:ate follicles remained constant under GTH stimulation throughout the 32- day
experimental period. ; ‘ 7
The dataAin Figs. 10 and 11 were also transformed, in part, to T and E, production
per follicle at the highest dose of GTH used, and are presentedin Fig. 13. The E,
production per{follicle by GTH-treated large follicles was greatest at Days 5-7, and K
decreased progressively with increase in length of'acclimation to 16L:8D/20°C. Only at
Days 5-7 and 30-32 was E, production per follicle by GTH-treated large follicles greater
than the E, levels produced by GTH-treated intermediate folliclesl. Also, after reac}hin'g
maximal producfion of E, at Days 11-13, intermediate follicles under GTH stimulation had
similar E, production levels per follicle compared to large follicles at Days 11-13 and
30-32. On the other hand, T prodyction per follicle by GTH-treated large follicles was
greatest at Days 5-7 and progressively decreased with length of acclimation period. The T
production per follicie by GTH-treated large follicles at f)ays 5-7and 11-13 was
significantly greater compared to T levels produced by GTH-treated intermediate follicles
at these same sampie times; only at Days 30-32 was T production per follicle by
GTH-treated large and intermediate follicies similar. The T production per follicle by

GTH-treated intermediate follicles remained constant throughout the entire experimental

pernod

2.12L:12D/12°C

a. March, 1983

Following an initial environ"mental regime of .1 2L:12D/ 12°C for 8 days, the fish
were subjected to continuation of the 12L: 12D/ 12°C reéime énd sampled during Days
6-8 and 30-32 (refer to Experimental Protocol in Fig. 1). The fish' were sampled at two
different times of day over each three day sampling period, follicles inc.:ubate‘d wiih
varying doses of cGTH for 4 hour‘,%s at 12°C, and pooled values expressed as the steroid
production at Days 6-8 and Days 30-32.

The production of T per mg of protein by large follicies at Days 6-8 in the
presence of different concentrations of GTH was not significantly different from the T

production by follicles incubated without GTH, exéept for the highest dose of GTH (Fig.

’
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Figure 13. Estradiol-17 beta (E,) and testo'sterone (T) production per follicle by
carp gonadotropin-treated (1 microgram cGTH/ml) and untreated (Control)
large and intermediate ovarian follicles from goldfish acclimated for 5-7,
11-13 and 30-32 days in 16L:8D/20°C in May-June, 1983. Each value,
expressed as the mean:tSEM of 10 to 30 replicates, was transformed
from data presented in Figs.l 10 and 11. The results of a Duncan's |
muiltiple range test (P<0.05) are indicated; means which are not significantly

different from each other are underlined.
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Figure 14. Testosterone (T) productic;n per milligram of protein by large and
intermediate ovarian follicles under varying doses of cérp gonadotropin
(0.61-1.0 microgram cGTH/ml) or in buffer alone (Control} after goldfish
were acclimated for 6-8 and 30-32 days in 12L:12D/12°C in March,
1983. The gonadosomatic index (GS) and the t;tal number of fish killed
(n for the three consecutive sampling days are indicated. Ovarian follicles
were sampled at different times during the day and gach value, expressed
as the meanzSEM of 10 to 25 replicates, represents data pooled from
results gathered during the three consecutive sampling day; as outlined in

Fig. 1.
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14). GTH stimulated T production per mg of protein by large follicles at Days 30~32 over
their untreated controls which had no detectable levels of T measured. Except for the
u;treated control groups, no significant differences were noted in T levels per mg of
protein bproduced by large follicles exposed to similar concentrations of GTH between
Days 6-8 and Days 30-32. The T production per mg of protern by intermediate follic}kes‘
~was also low; however, at Days 6-8 T production by intermediate follicles exposed to
high concentrations of GTH (1.0 and 0.5 microgram GTH/ml) was sigrtificantly greater than
in controls. At Days 30-32, GTH stimulated T production per mg of protein by
intermediate follicles over their untreated controls which had no detectable level of T
measured. Only in the control groups and at a dose of' 0.1 microgram GTH/ml was there a
-signif‘icant différence in the T levels produced by intermediate folli'c!es between Days 6-8 N
and Days 30-32. - I

Although E, productlon per mg of protein by large foliicies exposed to GTH at
Days 6-8 was not significantly different from the ¢ontraol group, the £, production of
control and GTH treated large follicles at Days 6-8 was sugnrflcantly greater than at Days :
30- 32 (Fig. 15). The E, levels per mg of-protem produced by untreated Iarge follicles at.
Days 30-32 were similar to the levels produced by GTH- treated large folhcles with the
exception of follncles exposed to 1 mlcrogram GTH/ ml Wthh had greater E, productlon
The E, productnon per mg of protein by mtermedlate folhctes was also re!atlvely low
throughout the 32-day experlmental period. However WIth the lntermedlate folllcles most '
of the GTH-treated groups were sngmfncantly elevated at both Days 6-8 and Days 30 32
compared to théT respective untreated controls. Also, the E Ievel per mg of proteln :
produced by intermediate follicles at Days 6-8 was greater. than at Days 30-32 at the 1 O
and 0.05 micrégram GTH/mI dose levels. N 2 | |

Mean GSl values of fish sampled througho‘ut ',the 32-day experinﬁental period were
nc' significantly different from each other. IR '

The-results from Figs. 14 and 15 were, in part transformed to mean values of E, :
and T produced per unit surface area (nxl ) of the follicles and are presented in Fig. 16."
The E, production per unit surface area by Iarge fol!:cles that were untreated or exposed
to GTH was greater on Days 6-8 than in the counterparts on Days 30 32 however there

were no significant differences between the GTH treated and the untreated targe folllcles
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Figure 15. Estrac;‘nol-n7 beta- d’:) production per mxllngram o‘ protem by Iarge
and mtermemate ~ovarian follicles under varying doses of carp gonadotropm
(0.01-1.0 microgram cGTH/ml) or in buffer alone (Co\ngrol) after goldfish
were -acclimated for 6-8 and 30-32 "days in 12L:12D/12°C in March,

'~1983. The gonadosomatic “index (GS!) and the total number of fish kilted ,
(m for the three .consecutive sampling days are indicated. Ovarian foliicles
were sambled at different times during the day and éach value, expres#ed
as the mean+SEM, of 10 tc 25 replicatés, represents data pooled. from

the three consecutive sampling days as outlined in Fig. 1
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Figurve 16. Estradiol-17 . beta (E,) and testosterone (T) production per unit surface
area. (mm? by carp gonadotropm treated (1 mlcrogram cGTH/ml} and
untreated (Control) Iarge and intermediate ovarian follicles from goldflsh |
acclimated for 6-8 and 30-32 days in 12.: 120/12°C in March, 1983.
Each value, expressed as the meanzSti., of 10 to 25 replicates, was
transformed from data presented in Figs. 14 and 15. The results of a
Duncans multlple range test {P<0.05) are indicated; means which are not

\ I

significantly cufferent from each other are underlined.
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at Days 6-8. At Days 6-8 the £. prouucticn per unit surface area by GTH-treated and
untreated large follicles were higher whan by the GTH-treated and untreated intermediate
follicles, respectively. Significant differences were observed in E, production per unit
surface area between the GTH-treated large and intermediate foIlicles at Days 30 32. The
E, production per unit surface area by GTH-treated and untreated intermediate follicles
showed no significant dif ferences throughout the experimental period. The E, production
per unit surface area by GTH-treated and untreatetflarge foliicles, respectively, decreased
after 30-32 days of aeclimation. The production of T per unit surface are3 by both large
and intermediate follicles exposed to GTH at Days 6-8 showed ho significant differences
from their respective untreated controls. Large and intermediate follicles incubated
without GTH at Days 30>-32 had no detectat;le levels of T per unit'surface area. When
treated with GTH, large and intermediate follicles had similar levels of T production per unit
surface area at Days 6-8 and Days 30-32. Hence, GTH stimulated T production per unit
surface area by large and intermediate follicles at Days 30-32.

The results shown in Figs. 14 and 15 were also transformed, in part, toE,and T -
production per follicle at the highest dose of GTH tested and are presented in Fig. 17. The
E, production per follicle by large follicles treated with GTH was greater than GTH-treated
intermediate follicles at Days 6-8 and 30-32; however, GTH did not stimuiate E;i
production in large and intermediate follicies compared to their respective untreated
controls at Days 6-8 and 30-32. The production of E, per foliicle by GTH-treated large
follicles was greater at Days €-8 than at Days 30-32 in 12L: 12D/ 12°C. GTH-treated large
follicles at Days 30-32 had E, levels per follicle similar to untreated Iarge follicles at Days
6-8. Under GTH stimulation, T production per follicle between iarge and intermediate
follicles did not show any significant differences throughout the entire experimental
period: Likewise, T production per follicle by large and intermediate follicles did not show
any significant variations after 6-8 and 30-32 daysin 12L:12D/ 12°C. At Days 30-32, GTH
stimulated T productmn':per follicle by large and infermediatefollicles over their untreated
controls wiﬁch were not detectable. - S
b. June-July, 1983 ,

Large follicles incubated without GTH did hot produce detectable Ievels of T per

mg of protein after 30-32 days of acclimation tp, 12,?: 1 ?.D/ 12°Cin June-Juiy; hqwever,

>
£ e
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Figure 17. Estradiol-17 beta (E,) and testosterone (T) production per foliicle by
carp gonadotropin-treated (1 microgram cGTH/va) and untreated (Control)
large and intermediate ovarian follicles from goldfish acclimated for 6-8
and 30-32 days in 12L:12D/12°C in March, 1983. Each value, expressed
as the mean*SEM of .10, to 25 replicates, was transformed from data
presented in Figs. 14 and '15. The results of a Duncan's muiltiple range

~test (P<0.05) are indicated; means which are not significantly different

from each other are underlined. \
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incubation with GTH caused a significant stimulation of T output (Fig. 18). T produced per
mg of protein by GTH-treated large follicles at Days 6-8 were not significant from their
untreated controls. With or without GTH stimulation, T production per mg of protein by
large follicles at Days 6.-8 were greater than at Days 30-32 but only at the two lowest

' dosages of GTH tested. T produced per mg of protein by GTH-treated intermediate
follicles at Days 6-8 were similar compared to their untreated controls with the exception
of the highest GTH dose used. No detectable level of T per mg of protein was produced
by intermediéte follicles when incubated with buffer alone at Days 30-32; however, GTH
stimulated T production at all dose levels tested. Except for their untreated controls, no
significant differences were detected be‘tween T produced per mg of protein by
GTH-treated ihtermediate follicles at Days 6-8 and 30-32. _

The production of E, per mg of protein by GTH-treated large follicles at Days 6-8
was significantly higher than by the untreated contro\Is, eXéept at the highest GTH dose
(Fig. 19). Levels of E, per mg of protsin produced by untreated large follicles at Days
30-32 were not detectable; GTH stimulated E, production by large follicles af all dose
levels at Days 36-32. Large follicles produced more E, per mg of protein on‘Days 6-8
than on Days 30-32, except at the 1 and 0.1 microgram GTH/ml dose levels, however, E,
- levels of untreated controls at Days 6-8 were greater than untreated controls at Days

30-32 Although E,'production per mg of protein by most GTH-treated intermediate

wotd .
A7 "
‘ )‘J R .

follicles was greater than by the respective control groups at Days 6- 8 and-30-32, no
significant dlfferences were observed in the E, l‘gvels at Days 6-8 versus Days 30-32.
Howev 1. E, levels produced by untreatgd intermediate follicles were higher at Days 6-8
than at Days 30-32. |

Mean GSI values of fish sampled on Days 6-8 and on Days 30-32 were not

signifjcantly different.

‘The above data (Figs. 18 and 19) were transformgd, in part, to T and E, production

per u_nit‘sur'face area (mm’) at the highest GTH dose tested (Fig. 20). The E, production per
unit surface area by large and intermediate folllcles treated with GTH were similar to 8ach .
other throughout the experimental period. The E, production per unit surface area by
‘thermedlate folhclesi exposed to GTH at Days 6-8 and 30-32 were greater than by their

respective untreated controls. GTH stimulated E; production per unit surface area by large



Figure 18. Testosterone (T) production per rqijﬂgram of protein by large and
intermediate ovarian follicles under varyi;é doses of éérp gonadotropin
{0.01-1.0 microgram cGTH/ml) or in buffer{falone (Control) after goldfish
were acclimated for 6-8 and 30-32 days in 12L:12D/12°C in 'June-Jyly,
1883. The gonadosomatic index (GSI) and the total number of fish killed
(n for the three consecutive sampling déys are indicated. Ovarian follicles
were sampled at different times during the day and each value, expressed
as the mean=SEM of 10 to 30 replicates, represents data pooled from

the ‘three consecutive. sampling days as outlined in Fig. 1.
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Figure 19. Estradiol-17 beta (E,} production per milligram of protein by large

and intermediate oyarian follicles' under varying _dose's;—"of "carp gonadotropin
(0.01-1.0 microgram cGTH/mi) or in. buffer alone (Control) after gold@:{sh
were acclimated for 6-8 and 30-32 day‘/s in -12L:‘I2D/12°C-in June-July,
1983. The gonadosomatic index (GS) and the total number of fish killed
(n) for the three consecutive sampling days are indicated. Ovarian follicles
were sampl_eéi at different timés during the day and each “value, expressed
as the mean+*SEM vof 10 to 20 repiicates, repreéents data pooled from |

the three consecutive samp]ing days as outlined in Fig. 1.

N
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Figure 20. Estradiol-17 beta (E,) and testosterone (T) production pér ‘unit surface

area (mm?) by carp gonadotropin-treated (1 “microgram cGTH/ rﬁl) and -

untreated (Control) large and intermediate ovarian follicles fromw goldfish
acclimated for 6-8 and 30-32 days in 12L:12D/12C in June-July, 1983,
Each value! expressed as the mean*SEM of 10 to 30 replicates, was
transformed ffom data presented -in Figs. 18 and 18. The results of a
Duncans multiple range test (P<O 05) are indicated; means which are not

sngmflcantly dlfferent from each other are underhned
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follicles’ compared to their untreated controls at Days 6-8. The productnon of T per unit

surface area by both GTH-treated and untreated large and mtermedlate foliicles were low,

throughout the 32-day” experlmental period. No sugnlfxcant stlmulat.aon by GTH of T.

production per unit surface area by Iarge and mtermedlate follucles wete noted over the1r~ ‘
untreated controls at Days 6-8. However GTH stlmulated T production per unrt surface >
area by large and mtermeduate folllc}as over the:r untreated controls after 30-32 days of
acclimation. ' \ SR S R

I

The data in Figs. 18 and 19 were also transformed, in part to E and Tproductlon

Z

- per follicle at 'the highest dose level of GTH tested (Fig. 2:1), The E
S

by GTH treated large folllcles were sngnlflcantly h|gher than gy ‘then—a €

"/roductlon per follicle
spectrve untreated
controls throughout the experlmental period. Onty at Days 30 32 was E~ producedber~
follicle by GTH-treated mtermednate folllcl'es greatér than ItS untreated control E~, L\r c Ly

v oL
PR

production per folllcle by GTH- exposed largeJand mtermedlate folhcles respectlvely at :

) Days 6-8 and 30-32 were simiiar to’ each other On the other hand T pro,ductton per ‘

follicle by largewand intermediate folllcles exposed to GTH at Days 8- B'QNere s:gmflcantly e / '

different from each other. Compared to their untreated controls GTH stnmulated T ' u : %‘W; .

production per foliicle by large follicles. throughout the experlmental pernod GTH o .
_ stimulated T productaon per follicle by mterrnedlate folhcles at Days 30-32 only : - ?V%

. C. Effect ogt Incubation Temperature onSterPld éroducti'on by Goldfish Ovarian
" Follicles /n Vitro s ’ ST B
Ovarian follicles from fish acclimated for 8 days at 16L:8D/ 20°C andﬁampled at
1 100h in January 1983 (GSI=5. 72+O 49%, n=1 3) were mcubated for’ 4 hours either at®
' thear acchmatlon temperature of 20°C or at 12°G (Frg 22) Under GTH treatment T andE;
) productlon per mg of protein for all folhcle snzes was s:gmflcantly lower at 120C than at ._;. H
20°C Ovarian folhcles from fish accllmated at. 12L 12D/ 12°C for 8 days and sampled at

“ e

1 100h in March 1983 (GQI— 1 3 39+ 2. 3% %3) were mcubated at their acchmatlon

e

temperature of 12°C or :&2@% for 4 hoyrs (Fxg 23? Slmllariy‘ results lllustrated in Flg 23
show that there%as sugnn‘lcantly less T and E, productvon per mg of pre at 1?°C under

all folhcle sizes. s : _ &
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Fugure 21. Estradiol-17 beta (E,) and.testosteroné (T) productuon pgr folhcle by
carp gonadotropin- treated (1+ mucrogranﬁ cGTH/rﬁ’I) and untreated (Control) %

Iarge and. mtermedlate .ovarian, folllcles from goldflsh accﬂ:mated for 6- 8" \,2}

-+ and 30-32 ‘days in “T2L: 12D/12°C in June- July, 1983 Each vau%.,~»'}~g

expressed as the mean+SEM of 10 to 30 rephgates was transformed
‘from data presented in’ Fugs 18 and 18. The reéults of a Dulgcans

multlple range ‘test (P<0.05) are mdncated means which | are not significantly %

dlfferent from sach other.. are underlined:
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Figure” 22 The effect of incubation temperature on the estradiol- 17 beta (€,

and testosterone (T) ptroduction per miliigram of protein by - carp
gonadotropnn treated (0.01-1.0 microgram cGTH/ ml) and' untreated {Control)
‘ Iarge mtermedlate and small ovarian folliicles from goldfnsh sampled at

1100h on Day 8 of acclimation at 16L: 8D/20°C in January 1983

[Gonadosomatic index (GSI) = 572+O 48%, n 13 fish). Ovarlan follicles : .

o
A

were lncubated for 4 hours either at 20°C or at 12°C Each vaIue f

¥

represents ~the mean+SEM of three to five replicates
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Flgure 23. The effect of incubation temperature on the estradlol 17 beta (E) 5
‘and testosterone (T} production per mllllgram of protein by carp
gonadotropln treated (0.01-1.0 microgram cGTH/mQ and untreated (Control)

- large and mtermedlate ovarian follicles from goldflsh sampled - at 1100h on *
Day 8 of acclimation at 12L:12D/12°C in March, 1983 [Gonadosomatic
index (GSI) = 13.39£2.36%, n = 3 fish} ‘Ovarian follicles were. mcubated

for 4 hours either at 12°C or at 20°C Each value represents the

mean+SEM of three to five repllcates
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stero:d productlon per follicle is a direct method of determining the steroido

IV. DISCUSSION

The existence of varlatlons in the steroudogenlc capacity, in terms of estradiol- 17
beta (E,) and testosterone {T) production, of goldflsh ovarian follicles /n vitro was
mvestugated in the present study. At two different times in the season ("winter” and
"spring”), ovarian follicles were sampled diurnally from fish acclimated for different
lengths of time to 12L:12D/12°C or 16L:80/20°C, after an initial 8 day period of
12L:12D/ 12°C, and subsequ~ tly incubated with varying concentrations of carp
gonadotropin (cGTH). | v

The resuits of the present mvestlgatlon were expressed as pg of steroid produced
per mg of protein, per unit surface area and per follicle. These methods of presenting the
data provide several ways of comparing the steroid productlon between dlfferent sizes of
follicles, although each method may show entlrely different’ proflles of the same stero»d

‘7< " ~\o
production level. Steroid productlon expressed on a per mg of’ ‘p,r, S _Niyr»on‘% welght

/ ’, ,c.‘ﬁ— ' Lt i &
the breedlng season. The transformation of part of the data to steroid l(g yORT4

surface area of the folllcles is also of importance because the total surfaﬁ:‘p"\\ga%ﬁ eaoh
folllcle changes s:gmflcantly through the course of oocyte growth and devglo@nt such -

an assessment has not'been done previously for teleost oocytes The data e{pre,ssed as
/ N

capacuty of each folllcle size during oocyte development
%Sbortherm Expenments ' R .

¢ After an mntlal accllmatlon toa 12L:12D/ 12°C regime for 8 days the o ' ,

t“ N .

. envtronmental condltlons were changed to 16L- 8D/20° C.5-7 days later the fish were

kllled at 1 ‘lOOh and 1800h a”nd the ovarlan follicles incubated with GTH at 20°C for 4 6{_ -
hours This eXperlment Was performed on wmter" (January, 1883)and on sprlng (Aprll
1983) fISh Regardless of folllcle siZe, folllcles from \Aﬁer" flsh showed a daily variation

ln responsuveness to at least some dosages of GTH wath folllcles sampled at 1100h.

PRYA
u
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producing more T and E, per mg of protein than foliicles sampled at 1300h. The
difference was most prominent with the intermediate follicles where E, levels produced

under GTH stimulation at 1100h were close to three times the levels produced at 19~00h.

/On the other hand, the steroid production by GTH-treated ovarian follicles from “spring”

fish either Jacked a significant variation in steroid productlon between the two samplmg
times, or exhihited an inverted mode of response, wherein follicles from fish killed at
1900h had higher production of E, and T than follicles from fish sampled at 1 100h;
notably, this significant difference was limited to large follicles only. T levels produced per

mg of protein by all follicle sizes remained relatively constant in ‘winter” and in "spring”

follicles.

Although the results do not demonstrate a diurnal rhythm of steroid secretion by

" ovarian follicles in vitro since the samplnng txmes were limited to only two times of the.

day the data clearly indicate that the ster0|dogenlc respons'veness to GTH varies

throughout the day, and support the hypothesis suggested by Peter et a/. (1982) that a
daily cycle of ovarian GTH receptors exists in the teleost ovary. This hypothesis is
lndlrectlm\gported by the flndlngs that there Is an acgumulation of cAMP in the mullet

ovary in response te GTH 4nd prostaglandin treatments in vitro at several hours after

hgr@j“on but not at other tim8s (Kud and Watanabe 1978) a3 sngnlflcant daily fluctuation of

serum GTH in the goldflsh {Hontela and Peter 19‘?5' Hontela, 1982), a temporal

responsuveness of the gonads of the golden shiner to mjectlons of salmon GTH (sGTH) and

Iute:nlz:ng.hormone (LH) (de Vlaming and-Vodicnik, 1977) a temporal re‘s'ponsiveness of
the goldfish ovary to sGTH and cGTH (Peter et a/.,1982), and the dally surges of plasma T

and E, in the Indlan catflsh (Lamba et al., 1883).

e, :
- As demon_strated by Hontela and Peter {1978) and Hontela (1982), recrudescing

-female goldfish in January have a GTH variation of greater magnitude than mature fish in

March under the same environmental conditions’ (16L 8D/ 20°C) and feeding regimes used

. :_m the present investigation. In the present study, all sizes of folhcles from “winter” fish

~_produced significantly greater amounts of T and E, per mg of protein at 1 100h than at

il 900h to most dosages of GTH. It is possible that folhcles from "wmter or recrudescmg

female goldfnsh would be- producmg more steroids in response to the high mid- day surge
of CIrculatlng GTH known to occw in fish at thns partlcular stage of sexual maturlty when

A T - B

Y

S L

i
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held under the given environmental conditions Hence, it is likely that there is a close
synchrony of ovarian GTH receptors to the dally cycle of pltwtary GTH release A distinct
‘ advantage of this synchrony would be a greater stimulation of ovarian development since
more receptors would be available at the time when circulating GTH levels are highest.
Indeed, Hontela and Peter (1978) and Hontela (1982) suggested that fluctuating GTH levels
may be important for stimulation of goldfish ovarian development and that the optlmlzatlon
of ovarian growth occurs when the daily peak in GTH levels coincides with the dally peak
of responsiveness of the ovaries. E,and T together with GTH may posslbly act on the -
ovary to influence its responsiveness. E, has been shown to increase the level of follicular
responsiveness to GTH by enhancing the appearance of granulosa cell LHreceptors in the
mammalian ovary {Richards, 1979}. 1n goldfish acclimated fo:r .5-6 days in 16L.:8D/20°C, B. -
Breton, R.E. Peter and C.S. Nahorniak {unpublished results) demonstrated /n vitro that
receptors can be induced by GTH in large, preovulato'ry follicles and not in smaller
follicles. It remains to be shown wheth‘erl the mechanism of receptor i(nduction or
activation in the teleost ovary resembies the mammalian model which involves gonadal
steroids acting synergistically with GTH. |

Hontela (1982) showed that female goldfish kept for 5-7 days at 16L: 8D/20°C n
March had low and constant serum levels of GTH throughout the day.; only after the fish’
were: m,anntamed for 11-13 days under these conditions was a sngnlflcant mid-day peak

(1100h) in serum GTH levels observed. Also, the amplitude of the daily variation in serum

) ) : . ' R U
GTH levels found in "winter” fish by Hontela and Peter (1978} and Hontela (1882} was much et

greater than the amplitude found in "spring" flsh The present data which showed that

protein at, 1. 1@1 and 1900h, and lower amounts of steroid compar
folllcles maybe related to the above observatlons on serum GTH Ieve "
.,,.relatlvely constant or low magnitude variations in GTH levels durlng the day iead to a low

level of responsiveness by the ovaries. Whether th&wer responsiveness by’ ovarian

folhcles from * spring” fish compared to "wiriter” fish is due to a lower receptor populatxon

| ora Iower bmdxng of GTH to these folllcular receptors remains to be lnvestlgated | . o K
Kagawa et al. (1981 1983a) have demonstrated a.good correlation of TandE,

proB’uctlon between isolated ovarian follicles in wtro and plasma steroid levels in the

/» N
s . . ’
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amago salmon and the viihite-spotted char during their annual re.producti\;ecycles'.
Likewise, Zohar et a/. (1982) demonstrated that by subjecting .fragm\epts of rainbow trout
ovaries to GTH pulses in an open perifusion system fragments taken from fish undergoing
the peak"gf exogenous viteilogenesis had the longest (16 hours) extended amplification of
E, output compared toovarian fragments from fish in early recrudescence or in a mature
‘stage. Under these conditions, ovarian fragments from an early recrudescing rainbow

© trout showed an immediate and continuous E, output that gradually decreased over 8
hours; on the other hand, fragments from mature fish showed an increased E, output
which rapidly declined after GTi—f’stimulation Taken together these studies suggest that
ovaries of salmonid species sh%ﬁ/ an elevated steroidogenic responsiveness during the .
bperiod of rapid oocyte growth. The present data from goldfish also fit with this pattern in
that the period of most active vitellogenesis is in the "winter” fish , and the ioll_icles from
“winter” fish had the greatest E, productiofi per mg of protei_n in response to G“TH
" stimulation. It is somewhat incongruous that intermediate follicles apparently in the

of viteliogenesis from "spring" fish were less responsive than "wintér"” foliicles of the

same size. However, in the Long Term Experiment, T and E, production per mg of protein,

per‘unit surface area and per follicie by intermediate follicles unhder the highest GTH dose

,_,;tested were reiatively sxmiiar in "winter” and in "spring” after 5-7 days of exposure to

16L: 8D/ 20°C. The timd Qf sampling of the fish in early January in the Short ~Term ~
Experiment, in contrﬁt@ sampling the follicies in late January and early February in the
Long-Term Experiment, could have contributed to the higher E, levels produced by -
intermediate "winter" follicles in the Short-Term Experiment.

| Although the frequencnes of the different follicle sizes remained the same, the
higher T and E, production by large ' 'spring’ follicles sampled at 1900h compared to
1100h may be attributed to the more advanced stage of maturity of these follicles in
terms of the ability of GTH to induce its own specific receptors /n vitro (B. Breton, R.E.,
Peter and C.S. Nahorniak, unpublished data) ﬁThese large follicie&e possibiy ata. .
preovulatory stage awaiting the ovuiatory 5urge of GTH ThIS _may entail a shift in the time :
of the sterondogenic responsuveness of large, preovulatory follictes to just prior to the

. onset of scotophase (1800h) enabling them to better respond to the the ovulatory GTH

.surge when it occurs under the conditions described by Stacey et al. (19793 bl. Inrats, a

..A
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progressive increase in ovarianﬁresponsivenessto_ LH coincides with ahwincreased 'L’H
receptor content in the granulosa cells of preovulatory follicles, resulting in an increased .
production of E, which'triggers the ovulatory surge of LH (Uilenbrosk and van der Linden |
1983) ‘Also, in the rat testis, elevated serum GTH levels caused an increase in the number
of testicular LH receptors, afthough receptor occupancy by LH/HCG was at a minimal level
(Powell et a/., 1981). - ' ' .
» " The relatlvely lower Ievels of T productlon per mg of proteun compared to E,
. produced by wnnter and "spring” follncles is also in good agreement with the
f"substrate prdduct relat‘Onshlp exustmg between T and E,. Similar to the two-cell type e
mammialian model Kagawa et a/. (1982) have demonstrated in the amago salmon that
testosterone is specifically synthesnzed in the theca cells and is transported intercellularly
to the granulosa cell layer where |t is aromatlzed to E,. Therefore, an mcreased productlon‘ R
of E, by the folhcles leads to a reduction of the substrate (T). A ’)
: It is .mterestlng to speculate whether the ovarlan follicles would also exhibit a
’ temboral-asponsiveness to the.GTH molecule with a low carbohydrate content (Con A-l) \\.
"or whether the follicles are dufferentlally responswe to each type of GTH molecule. The
GTH used in the pr&Sent study was the Con A-Il fraction whnch has a relatlvely higher
carbohydrate eodntent and is capable of unducmg final oocyte maturation, ovuiation,
spermiation, cCAMP accumulatlon and steroidogenesis, whereas Con A-l GTH can stlmulate
vitellogénin uptake and stercndogenesns {Idler and Ng. 1979; Ng andidier, 1979 The .
'vpresent work has shown that there is a danly change in responsivenass of all folhcle sizes
to the Con A-ll GTH, but whether Con A-I GTH is also capable of eliciting similar results is’
not known. ’ )
B.4Long"Term Experiments ' E A : . ? -

In this series of expernments the effec\ts of d:fferent Iengths of accllmatnon of

‘female goldﬁsh in ”wmter -and in "spring” 10 a 16L BD/20°C and a 12L 12D/ 12°C '

condntnon on the sterondogemc capacity of ovarian folliclés were tested

The effects of exposuﬁe to warm temperature and long photOPef' 'Od are »;;: B \

dependent on the Iength ofgxposure the sexual stage of the fnsh and the season wben b

m&éu?m - : w—v

these conditions are appheq*‘srewous work on the golden shiner by de Vlamlng 4975),
u* -
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the Indian catfish by Vasal and Sundararaj (1976) and the goldflsh by Glllét etal.(1978)

showed a marked development of recrudescing and mature ovaries afte- -term
exposure to warm water. Similarly, Hontela and Peter (1978) demons latory
effect of warm water and long photoperiod on recrudescing female in7-9

days of exposure and noted a significant daily fluctuatuon in serum GTH le\/ulv concomitant
with this effect in the present investigation, GTH treated large follicles from "winter” and

"spring” fish generally had higher steroid productnon levels at Days 5-7 than at Days 11- 13
and 30-32 of\accllmatuon to 16L: 8D/20°C The E, productlon per mg of protern per unit
#surface area and per follicle by GTH-treated large "wintgr” folllcles at Days 11- 13 and
30-32 were generally similar; however, only after 30~ 32 days of acclimation was T

production per unit surface area and per follicle similar to the high ievels observed at Days-.,

5-7, indicating that both a Shogtal erm and a long term exposure of recrudescmg flsh to

16L.8D/20°C in winter pr '

, declme in sterond productlon expressed per mg of protein, per unit surface area or per
follicle throughout the experrmental penod at ‘t6L 8D/20°C. This observatron is most v
apparent with T productlon per mg of protein by these folhcles. However, E, production
per mg of protein at Deys 5-7 was always higher than -at'Days 30-32 but not at Daysy

- 11135 only at0.5and 0.1 microgram GTH/mi doses was E, productron per mg @f orotem
atDays 11-13 lower than Ievels at Days 5-7. Notably there was no, : ' ‘
.by GTH of' E; production per mg of protein by large ”sprmg” folhcl o
Lnkewnse E production per mg of protem by large ' sprmg;’ folhcles under the hlghest GTH
dose level was fnve times less than by 5|m|lar sized folllcles in "winter". Slnce these' ‘
follicies were sampled from sexually mature fish in sprmg the general progr‘ess:ve
deerease in T and E Ievels produced per mg of protein, _per unit surface area and pe;

follicle by large follicies suggest’s that large folhcles from mature, fISh held on long

photoperlod ahd warm \%ater condmons can mamtam E, and T productnon capabmty for a

N
-

‘ro:dogenes:s in large follucles under GTH stimulation.



number of days before a decline in responsiveness occurs. This may explain why a
Iong-term application of warmth to female goldfish in November and March resulted in
hngh and uniform serum GTH levels throughout the day and was accompanied by a hlgh

incidence of ovarian regresswn (Gillet et a/., 1978; Hontela, 1982). The decline in E,

A

production per mg of protein, per unit surface area and per follilcle by large "spring”
follicles treated wnth GTH at the end of the 32-day experimental penod may also be an
indication that ovarian GTH receptors are mactuvated after a long-term exposure to the
experrmental ts;ondmons or are lost as the flsh approaches a prespawning, condmon The

shift in E productnon may also reflect an effect of temperature on the activity of ova
\‘\;Jf

follicular ertzymes Klme (1982) fg&nd an rncrease in the blosynthems of sterond
..m )
‘ glucwomdes in fish testes in wtr’e,at warm temperatures which may explain the failure of

rainbow trout to spermiate /n vivo at elevated t'é’“mperatures However no seasonal
- correlation has been detected between glucuromde synthesis and ambient water
temperature in. vivo; the series of mvestngatlons by Klme (1982) have shown that in vitro

activation of glucuronyl transferase in the testes and the liver of bréwn trout, rainbow

trout and the goldﬁsh occurs at temperatures above those whnch are the envuronmental!y

preferred temperatures for reproduct:on by these specnes o \

Itis also possuble that the overall low level of responsuveness in terms of E,

res

’ productlon per mg of proteun per umt surface area and per follicle by Iarge sprlng

: :__yfolheles in contrast to large ‘winter” folhcles can be attributed to preparatnon for the. -
\

'0vulatory response to GTH in "spring”. Young et a/. (1983a), Kagawa et a/. (19833) e o

Nagahama and Kagawa (1982)and Kagawa et af. (1984) have interpreted a decréase m‘)‘&

wtro E, product:on by mature folhcles of amago salmon and goldfosh as evudégce ogan

inhibition of aromatase enzyme actrvuty prior to ovulatlon The mcreasmg tltnes of plasma

. GTH | in preovulatory rambow trout has been 5uggested by Scott et a/ { 1983) to suppress |

C21+(C18 desmolase act:wty and enhance the’ actlvuty of 20 be‘ta HSD Ox:doreductase- _
*&g to the product:on of the maturatnon mducmg sterond ) 17 alpha 20 beta—P) The

' "ablllty ofa salmon maturat:onal GTH to inhibit aromatase enzyme actrvxty /n wtro Was also’

>
demonstrated by Sire and Depeche ( 1981) but on pre~ and early vutellogemc ovarles of

rambow trout. Therefore a]n extended exposure to warmth and long phot d of
mature goldfush in spnng“ may lead to preparatlon fon the ovulatory response by shxftmg
L ) (} - LV . ' . LN



follicular production from C19 steroids to C2 1 steroids. The high and constant serum .
levels of GTH during the day in female goldfish in "spring” observed by Hontela (1982)
after 30-32_d"'ays of ac. iimation to 16L:8D/20°C may possibly serve a similar purpose as
' suggested by Scott et a/. (1983) in the rainbow trout in suppressing C2 1 C 19 desmolase
activity in large preovulatory follicles from "spring” fish‘. Furthermore, in the goldfish,
Stacey et a/. (1983) measured 17 al-pha, 20 beta-P at 5 hours prior to ovulation in
brain-lesioned geldfish, suggestin-g that a transient GTH stimulation of the progestogen
pathway occurs, further, supportlng this lnterpretatlon However, this line of reasoning

‘ does not account for: the hsgher incidence of oocyte regression under Iong term exposure
to 16L:8D/20°C (Hontela, 1982), which leads to the suggestion given above that the 4
decline in stereid production observed resulted from a decreased responsiveness to GTH
due to some change in receptors. On the basis of the present data, it is not possible to
favo\r one hypothesis over anothet: itis possible that both situations occur at the same

\

" time. | _ ).

:\Although E. output per follicle and per unit surface area by intermediate "winter”
folvliclke}s remained constant thtoughout the 32-day experimental peridd at 16L:8D/120°C,
E, production per mg of protein under GTH stimulation at Days 11-13 were gerlerelly
lower in comparison to levels at Days 5-7 and 30-32. No apparent explanation eould .
account for these differences; however, the continuous output of E, expressed per unit
surface area and per follicle by intermediate wmteﬁ follicles treated with GTH indicates a
constant level of responsiveness to GTH stimulation of goldf’ish ovaries in a recrudescing
stage. Similarly, ovarian fragnwents from vitellogenic rainbow trout (eariy ovarian ‘
recrudescence and exogenous vitellogenic stagej showed an amplification and prolonged
enhancement of E, secretion /n vitro following the application of a GTH 'pulse (Zohar et
al/.,1982), supporting their hypothesis that daily fluctuations of GTH Ie\;els act to stimulate
E, secretion and ovarian development in this species. Hence, the continuous ptoduction of
E, per unit sutface area and per follicle by intermediate follicles from "winter” goldfish
under the influence chTH likely contributes to the maintenance of vitellogenesis in the
recrudescing goldfish ovary. Khoo {1879) had, in fact, indicated that estrogens induced

the formation of yolk vesicles while pregnenolone induced the formation of yolk granules

in hypehysectomized goldfish.
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While E, production per mg of protein by GTH-exposed intermediate "spring” -
follicies were similar and high at Days 5-7 and 11-13 compared to levels at Days 30-32,

s Jtput pe"r"' unit surface area and per follicle were higher at Days 11-13 than at Days 5-7
and 30-32; the lowest levels of E, production per unit surface areé aﬁd per follicie by
GTH-treated intermediate follicles in "spring” were'also observed at Day- 30-32. This
suggests that a long-term exposure to 16L:8D/20°C in "spring” decrAea.ses the
responsiveness of these foliicles to GTH stimulation as determined by E, production. The
decline in E, output per mg of protein, per. unit surface area and per follicle by both large
and intermediate follicles in "spring” in response to GTH at Days 30-32 could also partly
explain the occurrence of higher proportions of atre,ticfol&icl\es observed.by Hontela
" (1882). However, the ability of GfH to stimuléie—T'aHd E‘2 prodi:ction by large "spring"
follicies could probably sustain the development of yolky oocytes during the spawning
months by providing androgens for aromatization to eétrogens by smaller-sized follicles.

The results presented in Figs. 8 and 9 show E, and T proauction by ail follicle size o
groups expressed per uni't surface area or per follicle from "winter” fish kept at |
16L:8D/20°C. On a per unit surface area and a per féllicle basis, large "\(vint/er" folli'cles
produced more T and E, compared to the other follicle sizes throughho'ut t}1’e 32-day
experimental period. As previously stated, the data expressed on a per unit surface area
or on a per follicle basis allow a more direct method of cSmparing steroid production
capacity between different sizes of follicles. It may at first seem from the present data
that large "winter” follicies account for a Iarge’majori'gy of the circulating T and E, pool as
this particuar size group was more responsive to GTH stimﬁlation compared to the smaller
follicles. However, in an analysis of the cellular compositioﬁ of goldfish ovaries at an' early
stage of ovarian recrudescence (GSI=3.4%-3. 1%) in November after subjecting fish to
sirr]ila,r environmental conditions used in the present investigation, Hontela (1982) found
that the ovaries consisted mostly of what are termed here “intermediate follicles” or’ ‘
oocytes at the yolk vesicle and~a‘t the primary and secondary yolk globule stages. Tertiary
yolk globule oocytes ("large-sized follicles” in the present study) were rarely observed in
. the goldfish ovaaries at this time of the year. Although the fish used in the present study
were at a later stage of ovarian recrudescence (GSI= 7.34%-4.34%) in January-February,

ah‘d may have had a slightly different ovarian cellular composition than the goldfish ovaries
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in the study by Hontela\(1982), it 1s still apparent that the relative contribution of
intermediate and small follicles to circulating T and E, in "winter” goldfish must be greater .
than by the more responsive large follicles due toAthe_ greater number and the Iargevr‘
combined surface area 61‘ the former‘.A sharp increase in plasma E, Iévels of female
goldfish held under natural environmental conditions in January-February was observed by

)

Kégawa et a/. (1983b), supborting the present suggestion that an accelerated recruitment ’
of interrr}ed;ate and small follicles is reflected by a gradual increase in GSl in

N January-February, and the accompanying increase in surface area of follicles results in

: \gr atef steroid production.

As shown in Figs. 12 and 13, farge "spring” fc;llicles produced significantly more E; _
per follicle than interiediate follicles at Days 5-7 only and, in terms of T production per
follicle and per unit surface area. at Days 5-7 and 11-13 only. Intermediate "spring”
follicles exposed to GTH had similar E, production per unit surface area as large follicles at
Days 5-7 and 30-32; only at Days 11-13 was E, production per unit surface area by large
"spring"” follicles sighificamly less than by intermediate follicles. Hontela (1982) showed
that the ovaries of mature goldfish (GSI= 12.5%-3.9%) after 30-32 days at 16L:8D/20°C
in March had about twice as many tertiary yolk globuie stage (or "large-sized follicies” as
primary or secondary stage oocytes, but the yolk vesicle stage oocytes were equally
abundant as tertiary yolk globule oocytes; héwever, after 5-7 and 11-13 days of
acclimation to 16L:8D/20°C in March she found that tertiary yolk oocytes were as
abundant as pPirpary and secondary yolk globule oocytes, and that the tertiary yolk oocytes
were twice as abundant as yolk vesiclé stage oocytes. Intermediate follicles used in the
present study consisted largely of yolk vesicle and primary yolk globule stage oocytes,
and, since each of these stages were as abundant as tertiary yolk globule oocytes at
certain times during the experimental period (Hontéla, 1882), it is likely that the relative
contrj;ui on by large and intermediate-sized féllicles to T and E, in circulation in the spring
could b : dur - —ally -5 each size range and category of these follicles. Hence, the
mainter.>nce and anrnentation of elevated T and E, in female goldfish (Kagawa et a/.,
1983b’)" at the end of April could be dué to the recruitment of more large follicles from

intermediate follicles as reflected by the high GS! at this time of the year (Yamazaki, 1965)

and to the ability of large and intermediate-sized follicles to equally secrete T and E, in
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response to GTH stimulation.
It is interesting to note that, comparing between "winter” and "spring” fish, T

production per follicle and per unit surface area by GTH-treated lar.ge and intermediate

' follicies showed no variation ir: 'evels after 5-7 and 1 1;13 days of acclimation to
16L:8D/20°C, at 30-32 days. large follicles from "winter" fish had greater producztion of
T per follicie and per unit surface area than large follicles from "spring” fish. The output.of
E. per follicle and per unit surface area by large follicles under GTH stimulation declines
from "winter” to "spring” whén exposed' to warm water aﬁd long photoperiogj for
different lengths of time; Howgvér, the E, levels produced per follicle and per unit surface
area by intermediate follicles were genefally similarlbétween "winter” and "spring”. Schreck
and Hopwood (1874) havr shown that seasonal levels of androgens in.the female goldfish
unger naturjﬂ conditions remain fairty constant at 10 ng/ ml of plasma throughout the
mid-winter and early spring months after reaching a peak of 33 ng/ml in early fall. Kagawa
";?t a/. (1983b! showed that plasma E. levels in goidfish graduaily ingrease during
mid-winter, corresponding with the period of increasing oocyte growth, and remain at
very high levels during and after ovulation in April. A good seasonal correlation between /n
vivoolasma T and E; levels in amago salmon and /n vitro production of these steroids by
isolated ovarian follicles under GTH stimulatnon has also been reportedTKagi\iva et al.,
1883a). The fact that large f~liicles from goldfish exhibit a change in E. output >\70uld
support the possibility that large ‘spring” follicles are preovulatory and might therefore
show dn ovulatory response to GTH in spring. As has been previously stated. estrégen
secretion may be inhibited in these large follicles so that steroid production is prepared
for production of progestogens «ppropriate for ovulation (Scott et a/., 1983; Kagawa et
a/.,1883a, 1984). Therefore, the general lack of differences in E, production per follicle
and per unit surface area by GTH-treated«»intermedi_ate and sma.h follic[es exposed to -
16L:8D/20°C in "winter” and i "spring” could be attributed to their earlier stage of
development, in contrast to the sntuatlon with the large follicles. Ovarian fragments taken
from rainbow trout at the peak of exogenous vitellogenesis showed the longest
amplification of £, output, when exposed to GTH pulses /n vitro, compared to ovaries
from fish in early recrudescence or in a mature state (Zohar et a/., 1982). Also, the

capacity of the rainbow trout ovaries to sy'rithesize estrogens from labelled precursors /n
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vitroincreased from the period of endogenous viteliogenesis through to the period of
exogenous vitellogenesis, and correlated well with increasing plasma titers owa,,
E,(estrone) and viteliogenin (van Bohemen and Lambert, 198 1). Intermediate and small
follicles in the present study predominantly consist of oocytes at early and midcie stages
of yolk deposition; hence, the high requirement df these oocyte‘s‘ for

hepatically- synthesized yolk proteins is maintained by a constant output of T and E, unlder
GTH stimulation in "winter” and in “spring"”. It is most likely that the parallel increase in GSI
and plasma T and E, levels in female goldfish observed from January to April by Kagawa et
a/. (1883b) éould partially be attributed to this accelerated growth of intermediate foliicles
and to their lack of any seasonal variation of E, .output. The.relatively higher production of
T and E; per unit surface are; and per follicle by large "winter” and “spring” follicles in -
contrast to intermediate follicles could also serve to maintain the process of accelerated
~grow'th of intermediate follicles under these conditions. High levels of T prozﬁuced by largé
follicles in "winter” and "spring” undér GTH stimulation could also provide an additional
source of substrate for further aromatization by intermediate and small follicles, espeéially
during the spring=spawning months when the continuous recruitment of more large
preovulatory follicles from smaller-sized follicles occurs.

Ovarian follicles from "winter” and "spring” fish maintained for different lengths of
time at 12L:12D/ 12°C were also incut;ated for 4 hours at 12°C with GTH to test their
steroidogenic responsiveness. T production ber mg of protein, per unit surface area and
per follicle bY GTH-expased large "winter” and "spring” follicles were fairly similar a‘t Days
6-8 and 30-32; in general,;GTH significantly stimulated T pronction by large follicles at
Days 30-32 only. While E, production per mg of protéin, per unit surface area and per
follicle by GTH-treated large “winter” follicles at Days 6-8 were gréater than at Days
30-32, E, levels were generally I‘ow and similar to their untreated control groups.
ind;cating a very low level of responsiveness to GTH stimulation of 'Iarge “winter” \follicles
under cold conditions. : ‘

Although significantly greater than untreated controls, there was a similar and
relatively ' ~w.E, production per unit surface area and per follicle by GTH-exposed large
“spring” follicles from fish held at 12L:12D/ 12°C, suggesting that their responsiveness to

GTH does not vary under these conditions. Only when E, levels were expressed on a per
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mg of proteiin was the productluonvby G'(H-treat_ed large "spring” follicles at Days 6-8
greater than at Days 30-32. Itis interasting to note th.  vhile GTH was uriable to stimulate
E, production per mg of protein, per tnit syrface are. ind per follicle by :arge "winter”
follicles over their untreated controis th;oughout the 32- vy experimental period, GTH did
stimulate E, output by large "spring” follicies in compariso- "o ther un’treated controls,
indicating thét these follicles ﬁn "spring” maintain their respo siveness to GTH even late
during the season (June-July). The physiological advantage and sic figance of maintaining a
higher than basal level of responsiveness to GTH stimulation amo- - me "spring’ foilicles_
in June-July rather than in March when goldfish should encc. .nter more favorabile
'OVUIatory and spawning conditions is not known, '

The T prodﬁction per mg of protein, per unit surface area and per follicle by
GTH-treated intermediate "winter’ and “spring” follicies were also low and similar at Days
6-8 and 30-32 of 12L:12D/ 12°C; GTH caused a significant stimulation of T production
over t.heir untreated conti ols in these ‘ollicies at only Days 30-32. Similérly, E, production
by GTH-treated intermediate "winter” anc "spring” fo“llicles~were low and constant ’
throughout the 32-day experimental.period and, except when E, production was
expressed on a per mg of protein basis, GTH-treated follicies at Days 30-32 had
‘ consistently greater E, output per unit surface area and per follicle than their untreated
controls. These observations could therefore indicate that the responsiveness'o.‘
intermediate "winter” znd "spring” follicles to GTH also dées not vary under these
conditions. Again. there appears to be no reason to explain the generally higher E,
production levels per unit surface area and per follicle by these follicles under GTH
stimulation in “winter’ and ‘spring” over their untreated controls at Days 30-32 although it
can be an indication fhat along-term exposure to 12L:12D/12°C in March and June-July
stimulates their responsiveness to GTH in anticipatic;n‘of a possible shift to more favorable
environmental conditions which are appropriate for rapid oocyte growth and
development.

When exposed to GTH, large follicles from fish acclimatad to 12L:12D/ 12°C for
6-8 days in March produced more E, per unit area and per follicle than intermec :te
follicles. suggesting that large follicles are more responstee to GTH stimulation. Hontela

(1982) showed that after goldfish (GSI= 8.5%-7.7%) were errosed for 6-8 and 30-32
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days to 12L- 12D/ 12°C in March the ovaries consisted largely of primary and secondary
yolk globule stage oocytes; yolk vesicle and tertiary yolk globule oocytes were equally
abundant but were less frequent than primary and secondary volk globule oocytes.
Although large follicles (tertiary yolk globule oocytes) were more responsive than
entermeldxafe follicles -yolk vesicle and primary yoik globuic 5o=ytes) in terms of E, output
per unit surface re and per fgllicle at Days 6-8. because of the rglatwe number ¢ ¢ the
different oocytes inti. ovary under these conditions, it is likely thiat a  eater proportion
or circulating E, and T in female’ go' fish in Mlarch is due to the contribution by
m‘termeuiage follizies In the goldfish ovary. A similar situation is also likely after 3C-32
davs 5f ex~cars to 12L:12D7 12°C wiMarch. because of the greater relative abundance
Uérr'n'-the'}r»ratcr surface aréa of intermediate follicles over large ones.

Th.o-adility of GTH to continuously stimulate steroid production ir all follicle sizes
coulc be readdy obgerved throughout the 32-day Long-Term Experiments under
16L:8D/20°C and 12L.12D/ 12°C in "winter” and "spring".‘The continuous output of T and
E; supports the data of Stacey et a/.(1983) and Kagawa et a/. (1983b) that T and E, remain
elevated around the time of ovula on in goldfish. Hance, a'shrge of GTH leading to 5
ovulatioﬁ of large preovulatory follicles may also stimulate a steroidogenic response
among the remaining non-preovulatory follicles present in fish displaying an asynchronous
péttern of oocyte growth. In contrast, E; plasma levels in salmonids decline before final-
oocyte maturation at the same time that GTH levels are increasinc osti{gr/et al., 1978;
Scott et a/., 1983). |

The continuous production of T and &, by all follicle sizes from "winter"‘ and
“spring” fish under GTH stimulation leads to the gquestion of how rapid the metabolic
clearance rate is of these steroids /n vivo and what the po_ssible physiological significance __
of these steroids is at the time of ovulation and spawning. The role of T and E, in the final
stages of oocyte maturation is not clear. Whereas E, is entirely ineffective, only
pharmacolbgical doses of T are effective in inducing germinal vesicle breakdown (GVBD)
invitro{Goetz and Bergman, 1978) and it has been suggested that T may only enhance the
rate of GVBD in response to pituitary GTH (Young et a/., 1982). Other steroids are known
to increase the effectiveness of the maturation-iﬁducing steroid (17 alpha,20 beta-P),

most notably 11-deoxygenated and 11-oxygenated corticosteroids (Goetz, 1983). There
¥

!
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has been very little research done to investigate the mantabolic clearance rate of steroids in
fish. it is known that the plasmg clearance rate of GTH is influenced by the ambient

temperature and the stage of sexual maturity of the fish (Cook and Peter. 1980a).

C. Effect of Incubation Temperature on Steroid Production by Goldfish Ovarian
Follicles /nVitro ‘

The results of tnis expecnrﬁent are presented in Figs. 22 and 23 and demonstrate
tha;t temperature has a direct effect on folllcular steroidogenesis. Levels of &, ar.d T
produced by GTH-treated follicies incubated at 20°C for 4 hours were three to five fold
greater than levels produced following a 4 hour lr;cubation at 12°C. The levels of steroid
produced at 20°C incubation over 12°C are greater than what can theorntically be
predicted ona Q10 ~r a "temperature coefficient” basis since most biological systems
would haQe a coefficient close to 2. Kime (1982) has shown that the production of
testosterone glucuronide from tritiated testosterone by goldfish testes /n vitro increased -
with incubation temperature and the rate of production of steroid metabolites over a 10°C
range was closer to the theoretical Q10 of 2. It may be that steroidogenic enzymes in
goldfish ovarian follicles are more sensitive to shifts in temperature than are testicular
enz;'/mes and that steroid produ.ction cannot be simply predicted on the basis of Q1 ’O=2A
Although the 4 hour incubation /n vitro at 12°C may not have been sufficient for the’
follicles to reach their maximum level of steroid production, it is clear that iow
temperature does slow ovarian steroidogenesis more than wouid have been predicted.
Bogomolnaya and Yaron (1984) have recently suggested that the /n vitro
estrogen-synthesizing system of-Sarotherodon aureus is temperature-dependent,
supporiting their observations that elevated temperatures induce ovarian recrudescence in
this species under natural and éxpe;imental conditions. Also, the observation by Kagawa et
a/. {1983b) that plasma T and E, levels in the female goldfish kept under natural
photoperiod and temperature conditions were iow from December to January before
rapidly increasving in March and April agrees well with the present /n vitro results that the

gradual increase in ambient water temperatures from winter to spring influences

circulating levels of these steroids.
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The present data where follicles incubated with GTH at 20°C had higher steroid
output than follicles incubated at 12°C may in part be explained by an increased rate of
GTH uptake by follicular receptors at the warmer temperature. Cook and Peter (1980b)
demonstrated that the /n v/vo ovarian uptake of labelled GTH by sexually maturing goldfish
at 20°C was greater than the uptake found in fish held at 12°C which supports their
hypbth‘esis that a rapid rate of gonadal recrudescence at warm temperatures results from
a greater level of ovarlah respor;siven,ess to endogenous GTH at 2Q°C than at 12°C..'Hence,
it s possible that warm temperatures can induce a c;onfornﬁa:ional structural change of
membrane-bound ovarian GTH réceptors. resulting in increased affinity to GTH, or that
there is an increase in density of GTH recep'tors at the higher temperature, thereb;/

influencing the dynamics'of GTH binding.

D. General Discussion gl ' —

The results of the present investigation deécribed some influences of
environmnetal factors on follicular sieroidogenesis in a teleost species. In particular, the
present study showed some effects of time of day, season, length of acclimation to a
given environmental regime and incubation temperature on fhe production of T and E, by
éoldfish ovarian foliicles stimulated by GTH /n v;'rr;

The Short-Term Experiments performed in ”winter"' (Jénuary) and in‘”spring" (April)
showed that large, intermediate and small follicles had sig;ﬂficant differences in th;-:-ir
sferoidogenic responsiveness to GTH at two times during the day. In "winter”, gll follicle )
sizes were more responsive at 1100h than at 1900h. However, only large "spring”
foliicies exhibited a temporal responsiveness to GTH stimulation. These results provide
additional evidence that teleost gonads vary in their daily responsiveness to GTH as
detected /n vivo (de Vlaming and Vodicnik, 1977 Peter et a/., 1982) and in vitro (Kuo and
Watanabe, 1978).

The results of the Long-Term Experiments wherein golidfish were ac;climated to
16L:8D/20°C for different lengths of time in January-February ('winter") and in May-June
. {"spring”) demonstrated that this environmental condition exerts a différent effect on the
various follicle sizes in the goldfish 6yary depending on the length of acclimation, the

stage of sexual maturity of the fish and on the time of the year when such conditions are
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introduced. A short-term (5-7 days) and a long-term (30-32"days) exposure of goldfish to
iong photoperiod and warm water in winter promoted follicular steroidogenesis by large
follicles under GTH stimulation; whereas, the steroidogenic responsiveness of large
‘spring” follicles to GTH treatment progressively declined with an increase in length of
acclimation. These observations support the suggestion that the decline in the E, output by
each large follicle from "winter” to "spring” is a reflection of the onset of preovulatory C
steroiq;genesis as the fish encounters conditions suitable for ovulation and spawning or is
an indication of a decreqﬁdflevel of responsiveness to GTH stimulation due to atresia'.,
Intermediate "winter" follicles had’c/:onstant levels of E; producéd per unit surface area and
per follicle throughout the 32-d4\y experime:ntal period. High levels of E, were attained by
intermediate "spring” follicles after 11-13 days of acciimation; however, their E, output
per unit surface area and per follicle was generally similar to levels attained in "winter”,
indicating that intermediate follicles maintain a constant level of responsiveness to GTH ,
stimulation in order to maintain their development. '

The present investigation also indicated that the reiative contribution of the
different follicle sizes to circulating steroids in the female goldfish varies during the
seasonal reproductive cycle. Due to their abuﬁdance in the winter and to their greater
surface area exposed to circulating GTH, a greater propofrtion of T and E, in circulation
under these con'ditions is due to the contribution of follicles of smaller diameter rather
than to the more responsive large follicles (tertiary yélk gigbule oocytes). However, large
and intermediate follicles in the spring would likely contribute equal amounts of T and E, in
circulation as the goldfish ovary largely consi;sts of these two foliicle sizes at this time of
the year.

In the other series of Long-Term Experiments, large "winter” follicles incubated
with GTH at 12°C for 4 hours had higher E, production levels per mg of protmh, per unit
surface area and per follicle at Days 6-& than at 30-32 days of acclimation to
12L:12D/12¢°C, although'these levels were low and similar to their untreated control
groups. Similarly, T and E, production by GTH-treated large ';spring" follicles were low and
constant throughout the duration of the 32-day experiment-! perioc¢ however, a

significant stimulation by GTH was generz/" observed over their untreated controls'during

all sampling times. The T and E, output by intermediate follicles from "winter” and "spring”
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fish were likewise low and constant thrdughout the 32-day experiment’él period but
generally showed a greater level of responsiveness to GTH in contrast to their untreated
controls. A large proportion of circulating T and E, in the female goldfish maintained at -
12L:12D/12°C in March and, possibly in June-July, is contriButed by intermediate follicles
"during the course of the experimental'period. Taken tggether, these results indicate that
thé level of gteroidogenic responsiveness of follicles to GTH stimulation is low under
12L:12D/ 12°C conditions in March and in June-July. Moreover, the results of the-
incubation temperature experiment support tk:ese findings by suggesting that low
temperatures reduce the rate of follicular steroidogenesis //; vitro.

In conclision, the present investigation has shown that e‘.nvirronment‘al conditions
exert a direct effect on the ovarian follicles of goldfish bz influencing their steroidogenic
responsiveness to GTH stimulation. Other endogenous factors such as hormones of
hypc;thalamic, pituitary, follicular or non-follicular origins could also influence the
steroidogenic capacity of goldfish ovarian follicles; however, the interaction of these

factors with a given set of environmental conditions in the regulation of ovarian

steroidogenesis in teleosts remains to be investigated.
' )
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