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ABSTRACT 

Schoonen, W.G.E.J., Van Bennekum, A.M., Lambert, J.G.D., Viveen, W.J.A.R. and Van Oordt, 
P.G.W.J., 1987. Steroidogenesis in pre- and postspawned ovaries of feral African catfish, Clarias 
gariepinus. Aquaculture, 63: 129-142. 

Steroidogenesis in pre- and postspawned ovaries of Clarias gariepinus, collected in the Hula 
Nature Reserve in Israel, was studied following in vitro incubation with [ 3H] -pregnenolone or 
[“HI androstenedione as precursors. 

In both experimental groups the ovaries synthesized progesterone, 17a-hydroxyprogesterone, 
17a,20/3-dihydroxy-4-pregnen-3-one, androstenedione, testosterone, estrone, estradiol-17p, and 
several 5fi-reduced C,,- and C,.&eroids. Testosterone and most of the S/?-reduced Czl- and C,,- 
steroids were also identified in a conjugated form as steroid glucuronides. In postspawned ovaries 
the production of these steroid glucuronides, especially testosterone-glucuronide and 5/?-andros- 
tane-3ql7/3-diol-glucuronide, and the steroid 5/Y-pregnane-3a,17a,20/3-triol had increased sig- 
nificantly in comparison with prespawned ovaries. In these prespawned ovaries, on the other 
hand, androgen production, mainly testosterone, prevailed. It is suggested that the water-soluble 
compounds formed in relatively high amounts in postspawned ovaries are excreted into the exter- 
nal environment, where they may function as sex pheromones during the spawning period. 

INTRODUCTION 

In nature the African catfish, Clarias gczriepinus, shows an annual reproduc- 
tive cycle with a spawning period in early summer, immediately following gon- 
adal recrudescence (Van Den Hurk et al., 1986; Van Oordt et al., 1987). Rainfall 
followed by a rise in water level, resulting in inundation of grassland bordering 
the shallow lakes in which the African catfish live, appear to trigger spawning 
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behaviour in several catfish species, i.e. C. guriepinus (Van Der Waal, 1974; 
Bruton, 1979)) C. b~tr~h~ (Van Der Waal, 1974), and ~etero~ne~tes~~ssi~~ 
f Sundararaj and Vasal, 1976; Lamba et al., 1983). In the absence of these 
environmental changes, for instance under laboratory and husbandry condi- 
tions, catfish do not spawn spontaneously, and the ovaries remain in a post- 
vitellogenic stage. saturation of oocytes and ovulation can, however, be induced 
by artificially raising the plasma gonadotropin (GTH ) level, either by injecting 
exogenous GTH (Eding et al., 1982)) or by inducing pituitary GTH release by 
means of pimozide plus LHRH-analogue injections (De Leeuw et al., 1985). 

In several teleosts, oocyte maturation and ovulation are accompanied by 
changes in ovarian steroidogenesis and steroid blood plasma levels (Scott and 
Baynes, 1982; Zohar et al., 1982; Theofan and Goetz, 1983; Young et al., 1983). 
This was also observed in a preliminary study on ovarian steroidogenesis of 
laboratory-reared African catfish following gonadotropin administration by 
Lambert and Van Den Hurk (1982). These findings imply that steroidogenesis 
in the ovaries of catfish before, during and after artificially induced ovulation 
under laboratory conditions may be comparable with that of feral catfish. To 
test this hypothesis a detailed qualitative and quantitative investigation was 
set up into the bioconversion of tritiated precursors by using tissue samples of 
pre- and postspawned ovaries of African catfish collected in nature during the 
spawning period, and of laboratory-reared African catfish, treated with pimo- 
zide and LHRHa. The latter experiment in particular, because of a good time 
schedule, may give a better insight into the changes in steroidogenesis imme- 
diately preceding, accompanying and following oocyte maturation and 
ovulation. 

The effects of pimozide and LHRHa on steroidogenesis in ovaries of labo- 
ratory-reared African catfish will be published elsewhere. The situation in feral 
African catfish during the spawning period is presented here. Steroidogenesis 
in the ovaries was investigated by in vitro incubations with tritiated pregnen- 
olone, to get a general impression of the steroidogenic capacity, and with tri- 
tiated an~ostenedione, to determine the capacity for androgen synthesis. 

MATERIALS AND METHODS 

[ 7-“H] -Pregnenolone (spec. act. 9.4 Ci/mmol) and [ 7-3H] -androstenedi- 
one (spec. act. 9.2 Ci/mmol) were purchased from the Radiochemical Centre, 
Amersham, and purity was checked by thin-layer chromatography. Reference 
steroids were obtained from Steraloids and Makor. Hepes was obtained from 
Boehringer, and Leihovitz-15 medium from Serva. All chemicals and solvents 
(Baker) were of analytical grade. 
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Animals 

African catfish (C. gariepinus, Burchell) were collected in the Hula Nature 
Reserve, 30 km north of Lake Kinneret in Israel, during the breeding period in 
May 1984. Five animals were caught in inundated grassland (temperature 
30°C)) while showing spawning activity (Bruton, 1979; Lambert et al., 1986). 
Three other animals, not showing nuptial behaviour, were caught near the 
spawning grounds. 

The animals were transported to the nearby laboratory, anesthetized with 
phenoxyethanol and sacrificed. The ovaries were removed, weighed to deter- 
mine the gonadosomatic index (GSI) and prepared for histology and for in 
vitro incubations with tritiated steroid precursors. The GSI was calculated as: 
(gonad weight/total weight) x 100. Transport of the animals and exposure of 
the ovaries took about 2 h in total. 

Chromatography 

Thin layer chromatography (TLC) and detection of carrier and reference 
steroids were carried out as described by Schoonen and Lambert (1986a). The 
following systems were used: I, toluene : cyclohexane (1:l) ; II, ben- 
zene : ethylacetate ( 3:l) ; III, chloroform : ethanol (95:5) ; IV, hex- 
ane : acetone (1:l) ; V, diisopropylether : chloroform : hexane ( 7:2: 1) . 

Acetylation, recrystallizations and measurement of radioactivity were car- 
ried out according to Schoonen and Lambert (1986a). 

Incubation procedure 

The incubation was carried out with 0.5 g of minced ovarian tissue in 2 ml 
Leibovitz-15 medium, fortified with 15 m&f Hepes (pH 7.4)) containing [ 3H] ” 
pregnenolone (2.1 ,&i) or [ 3H] -androstenedione (2.1 PCi) in 70 ~1 of pro- 
pylene glycol. No cofactors were added. The incubations were carried out at 
30°C in an air atmosphere with continuous shaking. The enzyme reactions 
were terminated after 2 h by adding 10 ml of ethanol. 

Extraction 

Before extraction, the following carriers were added: 
to incubations with pregnenolone: 25 pg of pregnenolone ( P5), progesterone 
( P4 ) , 17~-hydrox~regnenolone (17~P,) , l?~-hy~ox~rogesterone (1’7~ 
P, ) , 17~,2O~-~hy~oxy-4-pre~en-3-one (17a,20/3-P,) , androstenedione 
(A,), testosterone (T), llj&hydroxyandrostenedione (11/?-A,), 11/3-hy- 
droxytestosterone (11/?-T) and 50 pg of estrone (E, ) and estradiol-17/I (E,) ; 
to incubations with androstenedione: 25 ,ug of androstenedione (A*), testos- 
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terone (T) , etiocholanolone (ETIO) , 5/3-androstane-3,17-dione, 5cu-andros- 
tane-3,17-dione, androsterone, 5P-androstane-3ql7P_diol, 5/?-dihydro- 
testosterone (5/I-DHT), 5ar-androstane-3a,l7P-diol and 50 ,ug of estrone (E,) 
and estradiol-17/I ( E2). 

The free steroids and steroid conjugates were extracted from the tissue with 
ethanol (3 x 10 ml). The ethanol-medium mixture was evaporated and the 
residue was redissolved in water (2.5 ml) to dissolve the steroid conjugates. 
Thereafter dichloromethane was added (3 x 10 ml) to extract the free steroids 
from the water. The combined dichloromethane extracts were evaporated and 
the residue was dilipidized overnight at - 20’ C in hexane : acetone ( 2:7). The 
lipids were precipitated by centrifugation (3000 rpm, 10 min) and the super- 
natant was obtained and evaporated. The remaining residue was dissolved in 
a few droplets of dichloromethane : methanol (9:l) and subjected to TLC in 
system I to separate apolar compounds (triglycerides) from steroids. In this 
system the steroids remain on the baseline, so it is possible to use the same 
plate for a first separation of the steroids. 

Hydrolysis of the steroid conjugates of the water fraction with P-glucuroni- 
dase was carried out according to Schoonen and Lambert (1986b). 

Histology 

Central parts of the ovary were fixed in formol-calcium, dehydrated and 
embedded in paraffin. Sections of 6 pm were stained with haemalum-eosin. 

Statistical analysis 

The means of the two groups are given with the standard error of the mean 
(SEM) . Differences between the groups were tested with a Student’s t-test for 
statistical significance. 

RESULTS 

Histology and GSI values 

Histological examination showed that in four animals the ovaries were in a 
postvitellogenic (i.e. prespawning) stage. The tissue mainly consisted of large 
follicles containing yolk-laden oocytes of approximately 1 mm in diameter with 
centrally situated nuclei; postovulatory follicles were absent. In the other four 
animals postvitellogenic oocytes were scarce, but apart from previtellogenic 
oocytes many postovulatory follicles could be observed, indicating a post- 
ovulatory (i.e. a postspawned) stage of the ovaries. 

The GSI in the four postvitellogenic and postovulatory animals was 13.6 + 7.3 
and 6.4? 1.7, respectively. 
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F’H] -Pregnenolone incubation 

After extraction with dichloromethane, the organic fraction contained 
approximately 90% and 80% of the ra~oa~tivity in animals with pre- and 
postspawned ovaries, respectively. Separation of the steroids of these organic 
fractions was carried out by TLC in system II (4 x ) and resulted in six com- 
parable radioactive areas for both groups. These areas corresponded to the 
followingcarriers: (A) 11/3-T, (B) 17a,208-P,; (C) 17ar-P,; l’i’a-P, andT; (D) 
P,, Ad and E,; (E) P,; and (F) El. After TLC in several systems, derivatization 
and recrystallization to constant specific activity (Table 1) , it could be dem- 
onstrated that the tritium activity in area A was not due to lip-T, but to 5@- 
pregnane-3ar,17at,2O@P-triol. In area B, besides 17a,20/3-P,, two other steroids, 
i.e. 5/3-pregnane-3a,l7cr-diol-20-one and 5/3-androstane-3a,l7@liol, were also 
identified, while area C was composed of etiocholanolone and 5cw-androstane- 
3cu,l7P-diol as well as 17a-P,, 17a-P, and T. In the remaining areas D, E and 
F the radioactivity belonged to the steroids Pg, A*, Ez, P, and E,. 

After hydrolysis of the water fraction with ~-glucuronidase, the free steroids 
were extracted with dichloromethane, The organic fractions obtained in that 
way of the animals with pre- and postspawned ovaries contained 4 and 11% of 
the radioactivity, respectively. After separation of the steroids by TLC in sys- 
tem II (4 x ) , three radioactive areas were distinguished in both groups, cor- 
responding to the carriers: (A) 11/3-T; (B) 17a,20/3-P,; and (C) 17cu-P,, 17~ 
P4 and T. These 3H-labeled steroids were identified by TLC, derivatization 
and recrys~llizations (Table 1) as (A) 5~-pre~ane-3~,17~,2O~-triol; (B) 
5~-pre~ane-3~,17~-diol-2O-one and 5~-an~os~ne-3ff,l7~-~ol~ and (C) 
testosterone, 5a-androstane-3ar,l7P-diol and 5P-dihydrotestosterone. 

The quantitative data for these steroids and steroid glucuronides are shown 
in Fig. 1. It follows that, in the two groups, pregnenolone was converted in very 
much the same amounts. There were, however, differences in the steroidogeni~ 
pathways. Thus, the percentage yields of testosterone were si~i~cantly higher 
in prespawned ovaries than in postspawned ovaries. Likewise, in prespawned 
ovaries there tended to be higher percentage yields of l’icr-P, and A*. The 
synthesis of 5/3-pregnane-3a,17a,20P-tiol, on the other hand, was significantly 
reduced in prespawned ovaries in comparison with postspawned ovaries. Fur- 
thermore, the production of several steroid glucuronides tended to be smaller 
in prespawned ovaries than in postspawned ovaries. For all the other steroids 
no significant differences were found. 

13H] -Androstenedione incubation 

Extraction with dichloromethane resulted in organic fractions containing 
approximately 90 and 60% of the radioactivity in ovaries in a pre- and post- 
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PREGNENOLONE INCUBATION 
% Yield 
30 1 

S’teroids 
% Yield 
15 

L-Steroids / - Steroid glucuronides -1 

Fig. 1. Percentage yields of steroids (mean f SEM, n = 4) obtained by incubating ovarian tissue 
of feral African catfish, Clarias gariepinus, with [ 3H] -pregnenolone during prespawning (open 
columns) and postspawning (cross-hatched columns). *PC 0.05, **P-c 0.01. P, =pregnenolone, 
17~P,= 17a-hydroxypregnenolone, 17~P, = 17a-hydroxyprogesterone, P, = progesterone, 

17a,20~-P,=17a,20~-dihydroxy-4-pregnen-3-one, 5/?-P-diol=5jI-pregnane-3cq17a-diol-20-one, 

5/I-P-trio1 = 5/3-pregnane-3q17a,20/3-triol, A, = androstenedione, T = testosterone, E, = estrone, 
E, = estradiol-17/I, ET10 = etiocholanolone, 5cy-A-diol=5a-androstane-3q17,!Ldiol, 5P-A- 
diol=5fi-androstane-3a,I7,9-diol, 5fi-DHT=5/3-dihydrotestosterone. 

spawned stage, respectively. After TLC in system II ( 4 x ) the steroids of these 
organic fractions in both groups were separated into four radioactive areas. 
These areas corresponded with the following carriers: (A) 5/?-androstane- 
3a,17/?-diol; (B) T, ETIO, 5p-DHT and 5cY-androstane-3cu,l7P_diol; (Cl A, 
and E,; and (D) El. 

After TLC in system III, derivatization, rechromatography in system II (2 x ) 
and finally recrystallizations to constant specific activity (Table 11, it could 
be demonstrated that the areas represent (A) 5j?-androstane-3cql7P_diol; (B) 
T and ETIO; (C ) A4 and E,; and ( D ) E,. 

After /?-glucuronidase treatment of the water fraction, and extraction with 
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% Yield ’ 

351 T 

25 

0 A4 T El E2 ET10 5fi-A- T SP- %?-A 5p.n 
dlQl DHT dl.3, *to, 

------Steroids-----J Steroid glucuronides 

Fig. 2. Percentage yields of steroids (mean + SEM, n = 4) obtained by incubating ovarian tissue 
of feral African catfish, Clariasgariepinus with [“HI -androstenedione during prespawning (open 
columns) and ~s~pawning (cross-hatched columns). *P < 0.05, **P < 0.01. A, = ~~os~ne-dione, 
T = te~~sterone, E, = e&one, E2 = estradiol-17~, ET10 = etiocholanolone, 5fi-A-diol = 5@- 
androstane-3ff,l7~-diol, 5ff-A-diol=5~-andros~ne-3ff,l7~-dioi, 5j?-DHT = 5B-dihydro- 
testosterone. 

dichloromethane, the organic fractions of the pre- and postspawned ovaries 
contained approximately 5 and 30% of the radioactivity, respectively. The sep- 
aration by TLC in system II (4 x ) resulted in two radioactive areas in both 
groups, corresponding to the carriers: (A) 5/3-androstane-3cx,17/?-diol and (B) 
T, ETIO, 5/?-DHT and Sa-androstane-3cx,l7P-diol. From these two radioac- 
tive areas the steroids SP-androstane-3cr,l7/3-diol, T, 5/?-DHT and Cicu-andros- 
tane-3~,17~-diol could be identified in the same way as described above (Table 
1). 

The quantitative data are summarized in Fig. 2. It is notewo~hy that andros- 
tenedione was converted significantly less in prespawned ovaries than in post- 
spawned ones. Furthermore, significantly higher percentage yields of 
testosterone, etiocholanolone and 5/3-androstane-3cx,l?P-diol were observed 
in the prespawned stage, while the percentage yields of E, and E2 did not differ 
significantly between the two groups. The lkoduction of steroid glucuronides, 
on the other hand, was significantly higher in the postspawned stage than in 
the prespawned stage. Especially synthesis of testosterone-glucuronide and 
5j?-androstane-3a,l7fi-diol-glucuronide had increased significantly in post- 
spawned ovaries, and there was a tendency for an increased formation of 5/3- 
DHT-glucuronide and 5~-androstane-3~,17~-dial-glucuronide in the latter 
group. 
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DISCUSSION 

The present results demonstrate that under in vitro conditions tissue frag- 
ments of both pre- and postspawned ovaries of Clurias guriepinus can convert 
pregnenolone and androstenedione into a number of other steroids, and that 
there are hardly any qualitative differences in steroidogenic capacity between 
the two experimental groups. In both pregnenolone was converted into andros- 
tenedione and testosterone partly via the 44 route, i.e. via progesterone and 
17~-hydrox~rogesterone, and partly via the 45-44 route, i.e. via l’lcr-hy- 
drox~re~enolone and 17~-hy~ox~rogesterone. Since dehy~oepian~os- 
terone was not synthesized, it seems that the A4 route prevailed. Other prod- 
ucts of pregnenolone incubation were the C&,-steroids 17a,20/3-dihydroxy-4- 
pregnen-3-one, 5/3-pregnane-3ff,l7ardiol-20-one and 5/?-pregnane- 
3ar,17cr,20b-triol, the C,,-steroids 5a-androstane-3a,l7p-diol, etiocholano- 
lone and 5fi-androstane-3a,l7P-diol, and the &,-steroids estrone and estra- 
diol-17/3. A number of steroid glucuronides were derived from pregnenolone, 
namely 5/3-pregnane-3cu,l7cu-diol-20-one-, 5/3-pregnane-3a,17a,2Oj?-triol-, 
testosterone-, 5j?-dihydrotestosterone-, 5cr-androstane-3cu,l7/3-diol-, and S/3- 
androstane- 3cr,178-diol-glucuronide. The androstenedione incubations yield- 
ed the same androgens, estrogens and &-steroid glucuronides. 

The above results, obtained with tissue incubations, and the results of Lam- 
bert and Van Den Hurk (1982)) obtained with homogenate incubations, differ 
in the production of several 5/J-reduced steroids. This difference may be due 
to the fact that in tissue incubations the bioconversion of steroid precursors 
into end products including SD-reduced steroids, is a faster process than in 
tissue homogenates. It should, however, also be kept in mind that following 
cell destruction and decompartimentalization, steroid biosynthesis will follow 
less normal routes than in intact tissue, incubated in the presence of nutrients 
(Hall, 1984; Schoonen and Lambert, 1986a,b). 

Quantitative differences were restricted to the formation of testosterone, 
and the conversion of pregnenolone into 5~-pre~ane-3~,17ff,2O~-triol and of 
androstenedione into etiocholanolone, 5~-andros~ne-3~,17~-diol and the 
glucuronides of testosterone and 5~-~~ostane-3ff,l7~-diol. In ovaries filled 
with postvitellogenic follicles the production of testosterone was relatively 
strong. A similar situation has been described for prespawned ovaries of #Mu- 
piu aureu (Eckstein and Katz, 1971) , ayu, Plecoglossus ultiuelis ( Suzuki et al., 
1981) , and the carp, Cyprinus curpio (Colombo et al., 1982a). Likewise, cell- 
free homogenates of prespawned ovaries of laboratory-reared African catfish 
have a strong capacity to synthesize testosterone (Lambert and Van Den Hurk, 
1982). This probably results from a reduction in the aromatase activity nec- 
essary for the production of estrogens that during ovarian recrudescence stim- 
ulate vitellogenin formation in the liver (Van Bohemen et al., 1982; Wiegand, 
1982; Ng and Idler, 1983). At any rate, a decrease in the plasma concentration 
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of estradiol, accompanied by an increase in the plasma testosterone level, has 
been described for postvitellogeni~ plaice ( Win~eld and Grimm, 1977 ) , rain- 
bow trout (Zohar et al., 1982; Scott et al., 1983), white-spotted char (Kagawa 
et al., 1981)) amago salmon (Kagawa et al., 1983) and Indian catfish (Lamba 
et al., 1983). Also in laboratory-reared African catfish with postvitellogenic 
ovaries, the plasma levels of testosterone are relatively high (30 ng.ml-‘ ) and 
those of estradiol relatively low (11 ng*ml-’ ) (Richter et al., 1987). Cell-free 
homogenates of such ovaries, likewise, yield much more testosterone than 
estradiol (Lambert and Van Den Hurk, 1982). Thus it seems that the high 
postvitellogenic level of testosterone results from a reduced aromatase activity 
in the ovaries. The androgen might be involved in GTH synthesis and storage 
prior to the prespawning GTH surge (Peter and Crim, 19’79; Gielen and Goos, 
1983; Kagawa et al., 1983; Van Den Hurk et al., 1984; De Leeuw et al., 1986). 

A relatively strong production of the 5/?-reduced pregnanes, 5P-pregnane- 
3a,17cu-diol-20-one and fiP-pregnane-3aJ7cq2Op-triol was observed in the 
postspawned ovaries. The percentage yield of the former product had remained 
high since the prespawned stage; the relative production of the latter had 
increased. On the other hand, the conversion of an~ostenedione into testos- 
terone and the 5/3-reduced androgens etiocholanolone and 5/3-androstane- 
3cu,l7P-diol had significantly changed to the synthesis of steroid glucuronides. 
A similar high yield of 5/?-reduced pregnanes and low yield of testosterone has 
also been described for postovulatory ovaries of the ayu (Suzuki et al., 1981) , 
and a reduced testosterone synthesis was mentioned for postspawning Tilupiu 
aurea (Eckstein and Katz, 1971). The synthesis of 5p-reduced steroids has 
been described for ovaries of Centropristes striatus (Reinboth et al., 1966)) H. 

fossilis (Ungar et al., 1977)) Spicara maenu, Serranus cabrilla (Reinboth, 1979)) 
Coris julis (Reinboth and Becker, 1984) and Poecilia latipinna (Kime and 
Groves, 1986). Up to this moment, however, the biological function of these 
compounds remains unknown. 

The enzyme UDP-glucuronosyltransferase seems to have increased in activ- 
ity following ovulation, leading to a higher percentage yield of steroid glucu- 
ronides, especially after incubation of ovarian fragments with androstenedione. 
These steroid conjugates have also been described for the testes of Gobiuspaga- 
nellus (Colombo et al., 1970)) G. jozo (Colombo et al., 1977)) 5’. guirdneri (Hews 
and Kime, 1978)) Cur~si~s uur~t~ f Kime, 1980)) Cl~r~~sguriepi~~ (Schoo- 
nen et al., 198713) and Brachydunio rerio (Van Den Hurk et al., 1987), the 
seminal vesicles of C. guriepinus (Schoonen and Lambert, 1986b; Schoonen et 
al., 1987a), and for the ovary of C. guriepinus (Lambert and Van Den Hurk, 
1982 ) , and Poecilia latipinnu ( Kime and Groves, 1986 ) . Recent investigations 
indicate that in teleosts such steroid glucuronides may function as sex phero- 
mones (Colombo et al., 1982b; Van Den Hurk and Lambert, 1983; Lambert et 
al., 1986; Resink et al., 1987; Van Den Hurk et al., 1987). If so, it seems likely 
that these water-soluble steroid derivatives are excreted, following ovulation 
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and during oviposition. A free steroid may also be excreted, i.e. the highly polar 
and water-soluble 5P-pregnane-3a,17a,2Ob-triol. The high percentage yield of 
this pregnane in postspawned ovaries might indicate that it has a role, together 
with steroid glucuronides, as a sex pheromone during the spawning period. 

It should, however, be kept in mind that the material used in the present 
experiments reflects the situation some time before and shortly after ovula- 
tion, and that the changes in steroidogenesis leading to the production of sex 
attractants and ovulation-synchronizing pheromones were not studied in these 
experiments. Likewise, the material did not allow any conclusions to be drawn 
about the changes in steroid biosynthesis immediately preceding oocyte 
maturation and ovulation, or the nature of the steroids inducing these pro- 
cesses. In order to enlarge the present data regarding the situation in the ova- 
ries of feral C. gariepinus during the spawning season, experiments have been 
carried out with ovaries of laboratory-reared specimens treated with pimozide 
and LHRHa that induce an endogenous GTH surge and ovulation. 
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