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Sperm Steroidogenesis of the African Catfish Clarias gairepinus
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Abstract: The aim of present research to study the effects of in vitre and in vive exposure of catfish to heavy
metals to determine whether the steroidogenic activity in sperm would be affected by two heavy metals
contaminants, zinc and cadmium. Three groups of six male African catfish were fed from the sexually immature
juvenile stage, with diet containing 1000 ppm zine, cadmium or zine + cadmium for 110 days and 20¢HSD
activity mmilt of these fish were compared with six other control fish fed with normal diet. The 200HSD enzyme
activity was also measured in in vifre incubation of milt from six control fish with different concentrations
(0,0.1,1,3,10,30, 100, 1000 and 3000 ppm) of zine, cadmium or zinc + cadmium. A very high 20¢ hydroxy steroid
dehydrogenase enzyme activity was found in all sperm incubations of African catfish. This enzyme converts
17-hydroxy progesterone (17P) substrate to 17,20a-dihydroxy progesterone (17, 200P) product and the rate of
enzyme activity is related to substrate (17P) concentrations. Significant differences (p<0.05) mn enzyme activity
in converting 17P to 17,20aP were found between in vitro incubations of sperm with different concentrations
of zine, cadmium or zinc + cadmium and control group (0 ppm). Significant differences (p<<0.05) in enzyme
activity and 17,20c¢P production were found between fish fed with diet contamning 1000 ppm zine or cadmium
and the group fed with diet containing 1000 ppm zinc + cadmium and control groups. The results showed that
20ccHSD enzyme activities in fish sperm may be used as indicator of water contamination with heavy metals and

their bicaccumulations in testis of aquatic animals.

Key words: Zine, cadmium, steroidogenesis, catfish, sperm, pollution

INTRODUCTION

For an assessment of the toxic effects of different
pollutants in the aqueous environment, fish could be very
important indicator organisms, due both to their position
1 the food chain and their requirement for great volumes
of water in respiration, making their exposure to pollutants
very intensive and so may provide the first warmng signs
of gross pollution and aquatic ecosystem catastrophy
(Kime, 1995). The obvious sign of highly polluted water,
dead fish, 1s readily apparent, while low-level pollution
may have no apparent impact on the fish itself, but it
may decrease the fecundity of fish populations, leading
to a long-term decline and eventual extinction of this
mnportant natural resource. Such low-level pollution
could impact on reproduction, either indirectly wvia
accumulation in the reproductive organs (Liu et al,
2005; Mathur et al., 2005, Vogel-Mikus et al., 2005;
Lagorio ef al, 2006), or directly on the free gametes
(sperm or ovum) which are released into the water
(Takeda et al., 2004).

Pituitary damage (Baos et al, 2006), testicular
degeneration (da Cruz et al., 2006, Salmore ef al., 2006)
and decrease 1 fry numbers (Paraszkiewicz ef al., 2006;

Has-Schon et al, 2007) after cadmium exposure have
already been reported. Spermatogenesis may also be
inhubited, with only a few spermatids and mature sperm
remaimung after cadmium pollution (Hatfor and Abou-
Tarboush, 2004, McClusky, 2006). Decreased
spermatogenesis resulting from zine toxicity has also been
shown (Sheweita e af., 2005). Sperm may expose to
pollutants through bioaccumulation of toxicants m the
testis, or may directly be exposed to aquatic pollutants
after ejaculation (Kime, 1995). Disruptive effects of
pollutants could be due to disruption of the endocrine
system and the mhibition of hormone production. The
deleterious effects of toxicants may be exerted on the
hypothalamic-pituitary system (Kime, 1995) or could be
directed at gonadal steroid production Plasma estrogen
decreased after exposure of Atlantic croaker (Marine
environment) to lead (Martynowicz et al, 2005) and
Mounopterus albus to cadmium (Suzuki et al., 2006;
Rodriguez et al., 2007), although it has been shown that
cadmium contamination stimulates both vitellogenesis,
plasma levels and in vitro synthesis of estradiol in the
Atlantic croaker (Thomas and Trant, 1989). Tt has also
been shown that cadmium increased the transcription of
the progesterone receptor but decreased that of the
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estrogen receptor gene in humans (Garcia Morales ef al.,
1994). Plasma androgens in females are also depressed by
lead (Thomas, 1988) or cadmium exposure.

Recent studies have shown that in addition to the
gonads, sperm itself has enough enzymes to produce
steroid hormones and is capable of producing 20¢  or
20p-reduced progestogen metabolites (Kime et af., 1993;
Asahina et al., 1994; Ebralnmi et af., 1995, Tan et al., 1995,
Ebrahimi et al., 1996) The main aim of the present research
1s to study the effects of ir vitro and in vive exposure of
catfish to heavy metals to determine whether the
steroidogenic activity in sperm would be affected by two
heavy metals contaminants, zine and cadmium. Different
substrate concentrations (1 and 10 pg mL™") have also
been added to these incubations as an indicator of
enzyme capacity. The model used may provide a suitable
tool for monitoring the low level effects of different
pollutants on fish reproduction (Kime, 1995). This method
can future use as an bioindicator of water low level
pollution and also it can be used to look at the fish

steroidogenesis  during exposure to heavy metals
pollution.

MATERIALS AND METHODS
Chemicals: [FH]17P (Radiolabelled-17-hydroxy

progesterone) (Sp. Act. 2.41 TBg/mmol) was purchased
from Amersham International and its radiochemical
purity confirmed by Thin Layer Chromatography (TLC).
Reference steroids (17P, 17,20aP, Progesterone,
Testosterone) were purchased from Sigma (Poole, UK.)
and Steraloids (Wilton, TUSA).

Fish: Three groups of six male African catfish originating
from a stock held at the Zoological Institute, Catholic
University of Leuven (in 1996 in Belgium), were fed from
the sexually immature juvenile stage (initial mean
mdividual weight: 211.9+52.5 g), with diet contaiung
1000 ppm zine, cadmium or zine + cadmium for 110 days.
They were killed by decapitation and milt (intratesticular
sperm) was collected directly from the testes. Since catfish
do not readily release milt by hand stripping, milt was also
collected from six other control fish (1018473 g) fed with
ordinary diet without adding 1000 ppm zine, cadmium or
zinc + cadmium.

Incubations:

¢ Twenty microlitres of milt from each of six control
male catfish was mcubated with gentle shaking for
3hat20°C in 2 mL carp mcubation medium (Jalabert,
1976) containing ["H]17F (74 kBq, 10 ng) plus 0, 0.1,
1 or 10 ug mIL. " unlabelled 1 7P. Twenty microlitres of

milt taken from each of 3 individual catfish treated
in vive with zinc, cadmium or zimnc + cadmium
(1000 ppm for 110 days) was incubated with gentle
shaking under the same conditions.

»  Twenty microlitres of milt from the same six control
catfish were incubated with different concentrations
of zing, cadmium or zinc + cadmium (0.1, 1, 3, 10, 30,
100, 300, 1000 and 3000 ppm) mn the same medium as
above containing only ['H] 17P (74 kBq, 10 ng) for
3 hat 20°C. After incubation, the medium was frozen
at -20°C until steroid extraction.

Steroid hormone extraction: Free steroid fractions and
gluconates were extracted as previously described
(Ebrahimi et al., 1996) and sulphates were extracted using
a modification of previously described procedure (Scott
and Canario, 1992). Aliquots from the free, glucuronate
and sulphate fractions and of the aqueous residues after
the butanol and ethyl acetate extraction were counted for
radioactivity.

Separation and identification of steroids: The procedure
was used to identify products from ir vitro incubation
with radiolabelled precursor as previously described
(Ebrahimi et al., 1996). Fraction 4 (product fraction) was
further resolved as necessary by HPLC. A Phulips PU4100
system with a PU6030 data capture unit, a PU4110
detector set at 242 nm and a Radiomatic Flo-one/Beta
detector using a Monoflow 5 scmtillator (National
Diagnostics, New Jersey) was used to identify fractions.
Metabolites and standards were eluted from a 25 cm
x4.6 mm column (Apex Octadecyl 5U, JTones
Chromatography, Hengoed, Mid-Glamorgan, UK) with
35% acetonitrile, 65% water for 10 min, followed by a
gradient of acetonitrile increasing from 35 to 45% over
20 min at a flow rate of 1 mI. min™". Retention times were:
11-KT, 7.9 min; 11-deoxycortisol, 9.25 min; 17,20¢P,
14.35 min; 17,20BP, 16.75 min; 11 B-hydroxytestosterone,
10.5 min; testosterone, 19,0 min androstenetrione, 10.9 min
androstenedione, 23.4 min and 17P, 24.8 min. A standard
mixture containing these steroids (50 ug mL™") was
injected with each radicactive fraction. The criteria for
identification of metabolites were in accord with Sandor
and Idler (1972). Comparable TLC fractions from all
incubations were combined for identification. Metabolites
were identified by chemical reaction followed by
crystallization described by Ebralumi et al (1995 and
1996).

Data analysis: The effects of in wive and in vitro
treatments with zine, cadmium and zinc + cadmium were
compared with control fish, using the paired sample t-test
by using SPSS 10 for Windows software (SPSS Inc., 444
N. Michigan Avenue, Chicago, lllinois 60611, USA).
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RESULTS

In all incubations, recovery of initial radicactivity in
the media varied from 67 to 97.3%. but showed no
obvious correlation with either substrate concentration or
metal treatments. Less than 5% of the radioactivity
remained m the aqueous residue after the extraction of
free steroids and was not further analyzed. This indicates
that no detectable and sigmficant amount of comjugates
was produced in incubations of milt.

Incubation of milt from six control catfish with different
concentrations of 17P (0, 0.1, 1, 10 pg mL™): Two
fractions were eluted from the thin-layer clromatogram
of the free fraction, corresponding to the major peaks
of radicactivity and to camers 17P (F2) and
17,20:P/17,20pP/deoxycortisol/1 1-KT (F4). There was no
significant activity m the other regions which were not
eluted. In the control fish, F2 area, which corresponded to
17P substrate, increased from 64.9+14.1% of recovered
activity with radiolabelled substrate alone to over
89.344.5% in the presence of 10 ug mIL. ™" substrate (Fig. 1).
Yields of 17,20aP, the sole metabolite of F4 decreased
from 35.1£20.4% at O pg mL~" substrate to 10.714.5%
at the highest F4  was further
chromatographed by HPLC and shown to contain only
17,20¢P in all incubations (Fig. 1).

concentration.

Incubation of milt from six catfish fed with diet
containing 1000 ppm zinc, cadmium or zine + cadmium
with different concentrations of 17P (0, 0.1, 1 and
10 pg mL™): The vields of 17,20¢P decreased from
152408, 169+1.1 and 28.7+2.7% with radioactive
substrate alone to 8.5+1.7, 89411 and 13.3£1.2 at
10 ug mL ™ substrate in zinc, cadmium and zinc + cadmium
treated groups, respectively. There were significant
differences (p<0.05) between groups treated with zinc or
cadmium and the control group and between zinc or
cadmium treated groups and the zinc + cadmium group at
all substrate concentrations.

In vitro incubation of milt from control fish with zinc,
cadmium or zinc + cadmium: Two peaks of activity were
eluted from TLC-VI corresponding to 17P (F2) and
17,20¢P/17,20PP (F4). HPLC of F4 gave a single peak
corresponding to 17.20¢P in all incubations. No
significant differences (p>0.05) were found between
sperms incubated with zine, cadmium or zine + cadmium
and their controls (0 ppm) or among different metal

concentrations (Fig. 3).
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Fig. 1. Conversion of ['H]1 7P to 17,20eP in incubations of
milt from control catfish
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Fig. 2: Conversion of [’H]17P to 17,20«F in the presence
of different concentrations of unlabelled 17P by
catfish milt treated in vivo with zine, cadmium or
zine + cadmium. *indicates significant difference
(p<0.05) between Zn or Cd groups and controls
and &: indicates a significant difference (p<<0.035)
between zinc or cadmium groups and the zinc +
cadmium groups

Statistical analysis:

*  Very ligh 20¢ hydroxy steroid dehydrogenase
(20gHSD) enzyme activity found m all sperm
incubations of African catfish which converts 17P
substrate to 1720aP product. The enzyme activity
was checked with different concentration of
substrate (17P) in the presence of different
concentrations of heavy metals (Fig. 1).

¢+  The results showed that a significant differences
(p<0.05) in 20¢HSD enzyme activity and 17,20aP
production were detectable between milt incubation
of groups treated with zinc, cadmium or zinc +
cadmium and control groups (Fig. 2).

»  Significant differences (p<0.05) m 17,20aP
production were observed by African catfish fed
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Fig. 3: Conversion of ["H]17P to 17,20u:P by catfish milt
mncubated with different concentrations of zinc,
cadmium or zinc + cadmium (no significant
difference (p>0.05) was found

with diet containing 1000 ppm zinc or cadmium with
group fed with diet containing 1000 ppm zinc +
cadmium (Fig. 2).

¢+ No significant differences (p=0.05) were found in
20cHSD enzyme activity between milt from control
groups and those incubated with zine, cadmium or
zing + among different metal
concentrations (Fig. 3).

cadmium or

DISCUSSION

Zinc as a trace element and 1s necessary for normal
growth of the reproductive organs (Stanwell-Smith ef al.,
1983), but 1ts excessive uptake 1s harmful to spermatozoa
(Samanta and Pal, 1986) and at high concentrations may
seriously affect sperm motility of fish (Kime and Ebratumi,
199¢; Kime and Van Took, 2001). Cadmium is extremely
toxic to spermatozoa and even at very low concentrations
(50 ppm) affected sperm motility (Kime, 1995, Kime and
Ebrahimi, 1996; Kime and Van Took, 2001). The aim of this
work was to mvestigate the possible effects of such
pollutants on the enzymes mvolved in the steroidogenic
process of sperm.

Although in vifro exposure of sperm to both
toxicants have shown dramatic effects on sperm motility
and structure (Kime, 1995; Kime and Ebrahumi, 1996; Kime
and Van Took, 2001), it did not elicit any obvious effects
on 20¢HSD enzyme activity in sperm (Fig. 3). This might
be due to the short duration of exposure of the enzyme to
heavy metals in only 3 h incubation time, although zinc
and cadmium exposure affect sperm motility in just only a
few seconds. But in fish fed with different concentrations
of zine, cadmium and zine + cadmium for 110 days, a
significant differences (p<0.05) found m enzyme activity

(Fig. 2). The findings suggest that long time exposure
inside the testis may be needed for heavy metals to alter
enzyme capabilities.

The results showed that short-term exposure does
not change the structure or efficiency of the steroidogenic
enzymes in reproductive tissues. Long term pre-
incubation of sperm in extender with heavy metals and
then 3 h in vitro incubation with ["H]17P might exert
deleterious effects on the enzyme’s activity and would be
of great concern. Long term exposure of sperm to heavy
metals may have deleterious effects on the whole sperm
rather than a specific enzyme since a study currently in
progress revealed that at concentrations as low as 10 ppm
of cadmium, caused structural deformities in carp sperm
after 5 h as shown by scanning electron microscopy
(Ebrahimi, 2004). Other possible mhibitory effects of
cadmium on sperm motility may be due to destabilization
of the sperm chromatin via removal of essential zinc
(Bianchi et al., 1994; Martin Ponthieu et al, 1994,
Suzuki et al., 1995). The other possible toxic effect of
heavy metals on sperm might be through respiratory
activity inhibition (ATP depletion) (Christen et al., 1987).
None of these routes is applicable to steroidogenic
enzyme activity in sperm. Therefore it is not surprising if
no effect of short-term exposure of sperm to heavy metals
was found.

20¢HSD enzyme activity was significantly decreased
{(p<0.05) m meubations of sperm from fish fed and treated
in vive with zinc or cadmium compared to untreated
control fish for 110 days (Fig. 2). Unlke direct
contammation of sperm with pollutants,
contamination of sperm via bicaccumulation of toxicants
in the testis over a long period dramatically decreased
enzyme efficiency. This destructive effect of pollutants on
enzyme activity might be exerted either a) at the level of
the gene by disturbing transcription, translation or protein
synthesis, since cadmium can cause genotoxic damage in
somatic and germ cells (Mukherjee e af., 1988), or b) it
may destroy the special configuration of the enzyme or
cause structural damages within the cell which may
destroy the effectiveness of the enzymes (Gazdzik and
Kaminsky, 1985; Eamshaw ef al., 1986, Au et ai., 2000,
Rho et al., 2002).

As shown in Fig. 2, the toxicities of zine and cadmium
in in vivo exposure were similar, while zinc had a lower
spermiotoxic effect on sperm than cadmium in in vive
treatment (fish fed with diet containing 1000 ppm zinc,
cadmium and zinc + cadmium). This may be due to the fact
that zinc tends to concentrate in the male reproductive

mdirect

system and its concentration 13 much higher in sperm and
seminal plasma than i other body flnds (Saito et af.,
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1988, Xuet al, 2001), while the liver accumulates cadmium
and hence the concentration of cadmium in liver is much
higher than other organs.

The present results confirm our previous findings
which cadmium toxicity was alleviated by an equal amount
of anc (Kime and Ebralumi, 1996). In fish exposed to zinc
+ cadmium, the 20¢HSD was significantly (p<0.05) higher
than each metal exposure alone and no significant
(p=0.05) difference was observed between this group and
control fish. This interaction between zinc and cadmium
15 in accord with the previous findngs (Kime and
Ebrahimi, 1996).

Tt is important that growth of the male catfish fed with
contaminated food also showed the protective effect of
zinc against cadmium and fish fed 1000 ppm zinc +
cadmium had weights comparable to controls (weight at
harvest tume after 4 months), while fish fed 1000 ppm
cadmium had sigmficantly (p<0.05) lower weights than
control or zinc + cadmium exposed fish. This
compensatory effect of zinc against cadmium was even
significant at 2000 ppm of zinc + cadmium (p<<0.05). The
gonadosomatic indexes (GSIs) of ir vive treated catfish
showed similar results and was higher in zinc + cadmium
contaminated fish than m those treated with cadmium
alone.
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