
Circadian responses of teleostean oocytes to gonadotropins
and prostaglandins determined by cyclic AMP concentration

C.-M. KUO W. O. WATANABE

The Oceanic Institute, Makapuu Point, lNaimonalo, Hawaii, 96795, U. S. A.

Summary. The work describes the circadian rhythm of teleostean oocyte responses to
exogenous gonadotropins and prostaglandins as determined by the level of cyclic AMP
accumulation, and the influence of photoperiodicity.

Mature females, Mugil cephalus, were divided into two groups and acclimated under a
constant photoperiod regime of equal phases (12 L/12 D) at 21 ! 1 OC for 45 days. Two
photoperiod conditions were used. One timed the onset of the light phase at 6 a. m. and the
other at 6 p. m. The oocyte responses to NIH-LH, NIH-FSH, SG-G 100, prostaglandins E?
and F2a were examined at 3-hr intervals. The concentrations of cyclic AMP, assayed by the
protein binding technique, were used to indicate the sensitivity of the oocytes to the hor-
mones.

The circadian rhythm of oocyte response to gonadotropins and prostaglandin E2
appeared to be « timed » by the onset of the light phase. Distinct increases of cyclic AMP
accumulation generally occurred at 3 and 12 hr after exposure to light. In the dark phase,
synchronized increases were not observed. The circadian rhythm of the endogenous cyclic
AMP level was suggested as a reflection of a temporal relationship between the oocyte
response and gonadotropin-surge in the plasma. An additive effect of LH and SG-G 100
in activating adenyl cyclase system was further indicated.

Introduction.

A diurnal rhythm of pituitary gonadotropin synthesis and release has been demons-
trated in the teleosts Salvelinus fontinalis, Salmo gairdneri and Notemigonus crysoleucas
(O’Connor, 1972 ; De Vlaming and Vodicnik, 1977). The physiological significance of
this diurnal rhythm is not understood. However, temporal variation in gonadal res-
ponse to gonadotropins, related to the diurnal cycle of pituitary gonadotropin content,
was demonstrated in N. crysoleucas, and a maximal stimulatory effect of gonadotro-
pins for inducing ovulation in vitro was reported in the late period of light phase in
Oryzias latipes (Hirose and Donaldson, 1972 ; Hirose and Hirose, 1972).

Interaction of gonadotropins at the ovarian level with a highly specific membrane-
bound receptor which triggers enzymatic production of cyclic AMP has been esta-
blished by Ahren et al. (1969), Mason et al. (1973) and others. Both carp and salmon
gonadotropins have been shown to activate the adenyl cyclase system in goldfish



and salmon (Fontaine et al., 1970 ; Menon and Smith, 1971 ; Fontaine et a/., 1972).
Prostaglandins, particularly those of the E series, have been shown to mimic the sti-
mulatory action of LH in vitro on the formation of cyclic AMP by intact ovaries of the
mouse and rat (Kuehl et a;., 1970 ; Lamprecht et al., 1973). The cyclic AMP then acts
as an intracellular second messenger and mediates biological actions common to
LH and PGE, on the ovaries. These include the induction of ovum maturation (Tsa-
friri et al., 1972a, b), luteinization (Channing, 1970 ; Kolena and Channing, 1971),
ovarian steroidogenesis(Pharrissetof., 1968 ; Speroff and Ramwell,1970 ; and others),
and ovarian protein kinase activity (Lamprecht et at., 1973).

Biological rhythms are either endogenous to the organisms or driven by envi-
ronmental cues. Synchronization depends upon external entraining agents. Light and
temperature have been considered two critical variables. The stimulatory effects of
different amounts of different hormones could therefore be determined by the tem-
poral relationship between hormones, receptors, and cyclic AMP production.

This report describes the circadian rhythm of oocyte responses to exogenous
gonadotropins and prostaglandins in vitro, as determined by the level of cyclic AMP
accumulation, and the influence of photoperiodicity.

Materials and Methods.

Six mature female mullet, Mugil cephalus L., with oocytes at the tertiary yolk
globule stage and larger than 500 g, were divided into two groups and maintained in
a constant photoperiod regime of equal phases (12L/12D) at 21 ! 1 °C for a period of
45 days. Two photoperiod conditions were used. One timed the onset of the light phase
at 6 a.m., and therefore simulated natural conditions (normal light cycle) ; the other
timed the onset of the light phase at 6 p.m., and therefore reversed the conditions
(reversed light cycle). At the end of the acclimation period, the oocytes developed
beyond a mean diameter of 600 g, at which stage they are known to be effectively
responsive to SG-G100 (Kuo et al., 1974). Samples of oocytes were withdrawn through
a polyethylene cannula from every fish at 3-hr time intervals throughout a 24-hr
period.

The samples of oocytes were preincubated for 30 min in Tris buffer solution

(pH 7.4), and then incubated in duplicate subsamples in Tris buffer containing theo-
phylline and 2-Mercaptoethanol together with one of the following hormones :

(i) NIH-LH-B10, sp. potency 1.06 x NIH-LH-S1 : 5 fJ.g/ml ;
(ii) NIH-FSH-B1, sp. potency 0.49 x NIH-FSH-S1 : 5 tig/ml
(iii) SG-G100, sp. potency 0.11 x NIH-LH-S1 : 5 fJ.g/ml ;
(iv) Prostaglandin E2(PGE2) : 0.5 fJ.g/ml ;
(v) Prostaglandin F2a(PGF2a) 0.5 fJ.g/ml.

At the end of the 5-min incubation period, the subsamples of oocytes were homo-
genized in 6 p. 100 Trichloroacetic acid solution. The proteins were quantified by
the method described by Lowry et al. (1951). The levels of cyclic AMP in each sample
were measured by the protein binding assay method described by Wombacher and
Korber (1971) and Tsang et a/. (1972).



Results.

The diurnal variations in the endogenous cyclic AMP levels in the mature oocytes
are illustrated in figure 1. Levels of cyclic AMP varied between 1.89 and 2.65 pMole/mg
protein for those fish exposed to the normal light phase, and between 2.34 and 2.69
pMole/mg protein for those in reversed conditions. Although variations in the levels of
endogenous cyclic AMP concentration were recorded, they were not different statis-
tically at 5 p. 100 significant level by student-t test and analysis of variance throughout
the 24-hr cycle. There were also no differences statistically in the endogenous cyclic
AMP levels between fish exposed to the two different light conditions.



The diurnal rhythms of mature oocyte response to each of the three gonadotro-
pins was similar in form (fig. 2). In the light phase of both normal and reversed light
conditions, distinct increases of cyclic AMP accumulation resulted from gonadotropin
stimulation in vitro. This generally occurred at 3 and 12 hr after exposure to light.
Both LH and SG-G100 appeared to be equally effective in stimulating cyclic AMP
synthesis. In the dark phase, synchronized increases were not observed. Response
to the gonadotropins increased 9 hr after the onset of darkness in normal conditions,
and 6 hr after darkness in the reversed conditions. It also appeared that SG-G100 was
more effective than LH.

The gonadotropin FSH was much less effective than either LH or SG-G100 in
activating the adenyl cyclase system. The levels of cyclic AMP accumulation under
FSH stimulation varied between 82-115 p. 100 of the endogenous level in normal

conditions, and between 90-122 p. 100 in the reversed conditions.

Response of the oocytes to the two prostaglandins varied. The rhythmic response
to PGE, was similar to that effected by the LH stimulation for both phases and light
conditions (fig. 3). The effects of PGF2a were greatest at 9 and 12 hr after exposure to
light in normal conditions, and 6 hr before and after darkness in the reversed condi-
tions. Although PGF2a was less effective in stimulating cyclic AMP synthesis in the oocy-
tes, the response of the oocytes to it was similar to that stimulated by LH and PGE2
in the light phase under normal conditions. However, the rhythmic trend was directly
opposite from these two hormones under reversed conditions.

The diurnal rhythm of the cyclic AMP levels in oocytes exposed to PGF2a are

illustrated in figure 4. There is the suggestion that the diurnal variation of oocyte res-
ponse to PGF2a is not related to this particular photoperiod regime, but might reflect



either an endogenous physiological rhythm or another unknown environmental
influence.

Discussion.

Evidence by several workers (Koch et al., 1974) suggests that the effect of hormo-
nes on different tissues through the activation of the adenyl cyclase system is determined
largely by the capacity of the tissues to respond and the amount of hormone pre-
sent. Continuous presence of the hormone at the binding site of the plasma membrane
is necessary to activate the system, but only fractional presence at the receptor site is

necessary to induce maximum production of cyclic AMP by the target tissues. In addi-
tion, some of the biological effects of LH and HCG on ovarian tissues are reported to
require only brief exposure to the hormone (Perklev et at., 1971 ; Lindner et al., 1973),
which then triggers an irreversible biochemical reaction.

The maximum accumulation of cyclic AMP in the mature oocytes of grey mullet
was recorded for total levels of 15 fL9 LH or SG-G100. This level was comparable to
the pituitary contents reported in N. crysoleucas, which ranged between 6.1-34.0 fLg
of SG-G100 during the 24-hr cycle (de Vlaming and Vodicnik, 1977).

In the experiments, responses to LH and SG-G100 were more pronounced than
that of FSH at concentrations of 5 !.g/ml. Similar results were reported in rat ovaries
(Mason et al., 1973), although Marsh et al. (1972) showed that stimulation of cyclic
AMP synthesis in rabbit Graafian follicles by FSH was due to LH contamination. Seve-
ral workers have indicated that LH or HCG, and SG-G100, are effective in inducing
ovulation in teleosts, but not FSH (reviewed by de Vlaming, 1974). The types of pitui-
tary gonadotropin cells present in the teleostean fishes are still the subject of conflict-
ing arguments. Results with FSH in this study indicated that there was little response to
this gonadotropin as shown by the cyclic AMP accumulation in the 24-hr cycle.

SG-G100 and LH, at a concentration of 5 fLgfml, are equally effective in stimulat-
ng adenyl cyclase activity in the mature oocytes of mullet, although the biological
potency of SG-G100 is about one-tenth that of LH preparation as indicated by the chick
testis radiophosphate uptake assay. Because of the specificity and lack of physiological
cross-reaction of pituitary gonadotropins between heterologous species of vertebrates,
the assayed potency of the hormones from heterologous species is not comparable if



the assay system of phylogenetically different species is used. Evidence suggests that
mammalian gonadotropins are active in nonmammalian species, whereas pituitaries
of non mammalian species, particularly poikilotherms, tend to be devoid of activity
when tested in mammals (Channing et al., 1974). Scanes et al. (1972) reported a poor
cross-reaction of poikilotherm gonadotropins in the chicken LH radioimmunoassay
system. In contrast, piscine pituitary gonadotropins were shown to be effective in

teleost systems, although they showed a specificity among teleosts (Breton et al., 1973).
Species specificity within teleosts was reported to be minor compared with that bet-
ween teleost and mammalian species (Fontaine et al., 1972). The present study was
not intended to compare the effectiveness of gonadotropin preparations from the
different sources, but to determine any oocyte response to these hormones throu-
ghout the 24-hr cycle.

Experimental results suggested that the stimulatory action of PGE, on cyclic AMP
synthesis was more potent than that of PGF2a on mature oocytes of the mullet. In gene-
ral, PGE2 has been found to be more potent than PGF2a in promoting progesterone
synthesis in vitro (Speroff and Ramwell, 1970), but less potent in the luteolysis of rat
corpora lutea (Labhsetwar, 1975). Okamura et al. (1972), Jalabert and Szollosi (1975),
and Jalabert (1976) indicated that PGF2a may play an important role in follicle rupture
(ovulation) through the stimulation of smooth muscle fibers present in the ovarian
stroma as well as in the follicle walls. Kuehl (1974) further suggested that PGF2a
was more selective in stimulating cyclic GMP, and that its role in the production of
cyclic AMP was minor.

In the 24-hr cycle, marked increases in cyclic AMP accumulation in the oocytes
were recorded at certain times after exposure to the light phase, regardless of the
time of day. The circadian rhythm of oocyte response to gonadotropins and PGE2
appeared to be « timed » by the onset of the light phase. The photosensivity rhythm of
organisms determines whether light will stimulate the hypothalamo-hypophyseal
gonadal axis (Stetson et al., 1975) or not. The circadian rhythm of the endogenous
cyclic AMP level might be reflecting a temporal relationship between the oocyte res-

ponse and the pituitary gonadotropin level or gonadotropin-surge in the plasma. De
Vlaming and Vodicnik (1977) reported that the gonadal response to gonadotropin
treatment was maximal when the pituitary gonadotropin level was minimal for N.

crysoleucas maintained in a 15 1/2 L/8 1/2 D photoperiod regime at 15 °C, Gonadal
responses might therefore be related to the gonadotropin-surge in the plasma, and the
hormones act as triggers iniating biochemical reactions that persist after the hormones
are no longer detectable. In the absence of data on diurnal rhythms in pituitary gona-
dotropin level or gonadotropin-surge in the grey mullet, this relationship has not yet
been determined. The increase of cyclic AMP accumulation in the oocytes responding
to exogenous LH or SG-G100 in vitro, was observed in most cases, if not all, when the

endogenous cyclic AMP levels were relatively high. The results further indicate the
additive effect of these gonadotropins in activating adenyl cyclase system.
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Résumé. Ce travail décrit le rythme circadien de la réponse des ovocytes d’un poisson
téléostéen aux gonadotropines exogènes et aux prostaglandines.

Des femelles matures, Mugil cepholus, sont divisées en deux groupes et acclimatées
pendant 45 jours à une photopériode constante 12 L-12 N à 21 :::1:: 1 °C. Le début de la

période claire est à 6 h pour un groupe et 18 h pour l’autre. La réponse des ovocytes à
NIH-LH, NIH-FSH, SG-G 100, et aux prostaglandines E2 et F2x est examinée toutes les 3 h.
La sensibilité des ovocytes aux hormones est testée par le dosage de l’AMP cyclique.

Le rythme circadien de la réponse des ovocytes aux gonadotropines et à la prosta-
glandine E est déterminé par le début de la période claire. Une augmentation notable de
l’accumulation d’AMPc se produit généralement à 3 et 12 h après l’allumage. Pendant la
période sombre on n’observe pas d’augmentations synchronisées. Le rythme circadien du
niveau d’AMPc endogène apparaît comme un reflet de la relation temporelle entre la

réponse de l’ovocyte et la décharge de gonadotropine dans le plasma. Il semble exister
un effet additif de LH et SG-G 100 pour activer le système adényl cyclase.
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