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The estrogenic effect of fenthion, an insecti-
cide, in goldfish (Carassius auratus) was examined
in terms of the induction of vitellogenin, a biomar-
ker of estrogens in fish. When male goldfish were
kept in water containing diethylstilbestrol (0.1 mg/
1) or nonylphenol (0.5 mg/1) for 5 days, a significant
level of vitellogenin in the blood was observed.
However, vitellogenin was not detected in the blood
of male goldfish kept in water containing fenthion
(3 mg/1) for 5 days. When female goldfish were kept
in water containing fenthion for 5 days, the levels
of vitellogenin in the blood were not enhanced.
Furthermore, fenthion sulfoxide and fenthion sul-
fone, the oxidized products of fenthion, did not
induce vitellogenin in male goldfish. These results
suggest that fenthion and its oxidized products do
not produce estrogenic activity in goldfish.

Key words —— fenthion, estrogenic effect, vitel-
logenin, goldfish, Carassius auratus

INTRODUCTION

Fenthion [0,0-dimethyl-O-(4-methylmer-
capto)-3-methylphenylthiophosphate], an orga-
nophosphorus pesticide, is widely used through-
out the world as a relatively safe substitute for
parathion and malathion. However, many or-
ganophosphorus pesticides persist in the environ-
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ment, and undergo chemical, physical and biolog-
ical changes."” Fenthion is known to be easily
oxidized to fenthion sulfoxide and fenthion sul-
fone in the environment (Fig. 1), and contamina-
tion with fenthion and its oxidation products in
rivers and lakes has been reported in Japan.®=?
Furthermore, Tsuda et a/.'® reported that fenth-
ion accumulates in the body of killifish (Oryzias
latipes) exposed to fenthion. However, the
estrogenic effect of fenthion has not been report-
ed hitherto. Since it is important to assess the
possible risks associated with human exposure to
fenthion and its related compounds, we examined
its estrogenic effect in goldfish.

Many insecticides which are carcinogenic
and mutagenic also have estrogenic activity. It is
postulated that these compounds mimic
estrogenic hormones and bind to the estrogen
receptor, exhibiting an agonistic or antagonistic
effect.!'"'® The measurement of vitellogenin
levels in the blood of male fish is a useful method
for the detection of estrogenic activity. Vitel-
logenin, a precursor of egg yolk protein, is in-
duced by estrogens.!® Vitellogenin is detectable
in the sera of female goldfish at spawning time.
In male fish, vitellogenin is usually not detected,
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Fig. 1. Structures of Fenthion and Its Oxidation Products
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but the fish have the ability to synthesize vitel-
logenin in the liver if they are exposed to
estrogens, including environmental estro-
gens.16-18)

In the present study, the estrogenic effect of
fenthion, fenthion sulfoxide and fenthion sulfone
in goldfish was estimated by measurement of the
vitellogenin levels, in comparison with those in-
duced by diethylstilbestrol and nonylphenol.

MATERIALS AND METHODS

Materials —— Fenthion, fenthion sulfoxide and
fenthion sulfone were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Goldfish (C.
auratus, a kind of red crucian carp, 9—12 cm length,
12—15 g) obtained commercially, were used. The
antibody reacted with carp vitellogenin (anti-carp
lipovitellin) was prepared by the reported method.’®
Treatment of Fish with Chemicals —— Goldfish
were kept in 5 1 of water containing fenthion, g-
estradiol, diethylstilbestrol or nonylphenol at concen-
trations of 3, 0.1, 0.1 or 0.5 mg/l, respectively, at a
water temperature of 20—23°C. These solutions were
prepared by the addition of an acetone solution of the
chemicals (0.1—3 mg/ml) to distilled water. After 3—
5 days, about 0.2 ml of blood was collected from the
caudal blood vessel of the goldfish.

Western Blot Analysis The sera (10 gl) of gold-
fish were separated by 7.59% SDS—polyacrylamide gel
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electrophoresis according to the method of Laemm-
1i29, and proteins were transferred to a PVDF mem-
brane (0.2 mm, Bio-Rad Laboratories, Hercules, CA,
U.S.A) using an Atto AE-6675 semi-dry electrotrans-
fer apparatus (Atto Co., Tokyo, Japan). The transfer
buffer contained 25mMm Tris base, 192 mM glycine,
SDS (0.19) and methanol (5%). The membrane was
blocked for 1h in a blot buffer (20 mM Tris-HCI buffer
(pH 8.0) containing 5% nonfat milk) at room tempera-
ture, then briefly washed with the blot buffer and
incubated overnight after adding anti-carp lipovitellin
rabbit sera (1 in 5000 dilution). It was washed four
times with the blot buffer, then incubated with goat
anti-rabbit IgG horseradish peroxidase (Daiichi Pure
Chemicals Co., Ltd., Tokyo, Japan) (1 in 2000 dilution)
for 1 h at room temperature and washed four times
with Tris—buffered saline (TBS; 25 mM Tris—HC],
0.5 M NaCl, pH 7.5). The development was performed
in TBS containing 0.15% diaminobenzidine hydroch-
loride and 0.069% H,O, for about 5 min, then stopped
by adding TBS containing 0.19% Tween 20.

RESULTS AND DISCUSSION

Vitellogenin Levels in Male and Female Gold-
fish

Vitellogenin levels in the sera of male and
female goldfish were measured by Western blot
analysis using anti-carp lipovitellin. High vitel-
logenin levels in the sera of female goldfish were
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Fig. 2. Vitellogenin Levels in Sera of Malé and Female Goldfish

(A) Seasonal changes in vitellogenin levels in sera of female goldfish, (B) vitellogenin levels in sera of untreated male

goldfish and B-estradiol-exposed fish.

The vitellogenin levels in sera of goldfish were measured as described in Materials and Methods. In the g-estradiol
experiment, male goldfish were kept in water containing §-estradiol at the concentration of 0.1 mg/l for 3 days.
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detected during July—October, which is the
spawning time for fish in Japan. The highest
level was observed in July. However, vitellogenin
could not be detected in male fish. When male
fish were kept in water containing g-estradiol
(0.1 mg/1) for 3 d, significant amounts of vitel-
logenin were detected in their sera (Fig. 2).

Effect of Fenthion on the Vitellogenin Level

The effect of fenthion and its oxidation prod-
ucts on the vitellogenin levels in the sera of
goldfish was examined by Western blot analysis.
When male goldfish were kept in water contain-
ing diethylstilbestrol (0.1 mg/1) or nonylphenol
(0.5 mg/1) for 5 d, vitellogenin was strongly in-
duced, as expected. In contrast, vitellogenin was
not detected in the blood of male goldfish after
exposure to fenthion. When female goldfish were
kept in water containing fenthion (3 mg/1) for 5 d,
their vitellogenin levels were not enhanced (Fig.
3). Furthermore, fenthion sulfoxide and fenthion
sulfone, the oxidized products of fenthion, failed
to induce vitellogenin in male goldfish (data not
shown). These results suggest that fenthion and
its oxidation products do not act as environmen-
tal estrogens in fish.

Estrogenic Effect of Fenthion in Fish
Fenthion was developed as a safe pesticide,

which is not easily converted to the oxon form.

However, it has been demonstrated that fenthion
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is accumulated in fish at a high level, and also
that it is converted to fenthion oxon, which is
likely to be highly toxic, in the environment.!**"
Thus, it is necessary to reevaluate the toxicity of
fenthion, including its degradation products.
Furthermore, fenthion is easily converted to oxid-
ized compounds, fenthion sulfoxide and fenthion
sulfone, in the environment. Fenthion is also
oxidized to fenthion sulfoxide, and the sulfoxide
formed is reduced back to fenthion in fish.?? In
this study, we examined the estrogenic activity of
fenthion, fenthion sulfoxide and fenthion sulfone
by measurement of vitellogenin levels in goldfish,
and found that fenthion and its oxidation prod-
ucts do not have an estrogenic effect in these fish.

The vitellogenin test using goldfish is a
well-proven method for the detection of
estrogenic chemicals iz wvivo. There are some
advantages to using goldfish in the vitellogenin
test. The fish are easily obtained in all seasons,
and the effects of chemicals can be separately
evaluated in male and female fish. Furthermore,
it is possible to test in a small scale, and blood
can easily be collected at intervals from the
caudal blood vessel. We are using this system to
conduct further screening tests of environmental
chemicals with estrogenic effects.
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Fig. 3. Vitellogenin Levels in Sera of Goldfish Exposed to Diethylstilbestrol, Nonylphenol or Fenthion
(A) Sera of diethylstilbestrol-exposed male fish, (B) sera of nonylphenol-exposed male fish, (C) sera of fenthion-exposed male

fish, (D) sera of fenthion-exposed female fish.

Goldfish were kept in water containing diethylstilbestrol, nonylphenol or fenthion at 0.1, 0.5 or 3 mg/], respectively. Blood
was collected at 0 and 5 days from the same fish. The levels of vitellogenin were measured as described in Materials and

Methods.
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