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Abstract

Genotoxicity studies on toxic metals and their organic compounds are very important, especially so in the
investigation of the effects of these compounds on the aquatic environments where they tend to accumulate. The use
of endemic aquatic organisms as biological sentinels has proved useful to environmental monitoring. We assessed
the mutagenic potential of tributyltin (TBT) and inorganic lead (Pbll) using samples of the fish Hoplias malabaricus
(commonly called traira) using the comet assay and the piscine micronucleus and chromosome aberration tests.
Eighteen H. malabaricus were acclimatized in three individual aquariums, each containing six fish, six fish being
exposed to 0.3 ug/g of body weight (bw) of TBT, six to 21 ug/gbw of Pbll and six being used as controls. Exposure to
TBT and Pbll was achieved by feeding the fish every five days with Astyanax (a small fish that is part of the normal
diet of H. malabaricus) which had been injected with solutions of TBT, Pbll or with water (the control group). After two
months the H. malabaricus were sacrificed and their peripheral blood collected and subjected to the comet and
micronucleus assays, the chromosome aberration assay being conducted using kidney-tissue. Although the comet
assay showed now mutagenic effects at the lead concentrations used but encountered results with TBT, the
micronucleus and chromosome aberrations assays both indicated that TBT and Pbll are potentially mutagenic
(p < 0.01), the micronucleus assay showing morphological alterations of the nucleus.
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Introduction

The aquatic environment is the ultimate destination
for almost all urban, industrial and agricultural wastes. Be-
cause of their real or perceived potential as mutagens or
carcinogens, xenobiotic chemicals have often been the fo-
cus of attention, frequent pollutants of marine and/or fresh
waters being inorganic lead (PbIl) and organic tin com-
pounds (Pain, 1995; Johnson, 1998; Alzieu, 2000; Godwin,
2001).

Organic tin compounds such as tributyltin (TBT) are
used for many purposes, principally in antifouling paints
and the plastics industry (Alzieu, 2000), several reports
strongly suggesting that TBT can adversely affect the phys-
iology of not only mammals (Mizuhashi et al., 2000) but
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also marine organisms (Alzieu, 1991, 2000; Santos et al.,
2000). In spite of the fact that tin can bind to DNA no direct
damage has yet been demonstrated, although some studies
have shown apoptosis in mouse timocytes and hepatocytes
exposed to different concentrations of TBT (Yamanoshita
et al., 2000).

Lead has been in use for thousand years, although the
toxic effects of lead compounds were only recognized less
than hundred years ago. Inorganic and organic lead enters
the environment in several ways (Pain, 1995; Godwin,
2001) and can have diverse effects on organisms, including
mimicking essential elements (e.g. calcium, magnesium,
iron and zinc) with consequent effects on enzymes contain-
ing SH groups (Jennette, 1981), increased incorporation of
erroneous nucleotides (Johnson, 1998) and the accumula-
tion of free radicals due to alteration of the oxidative pro-
cesses of cells and effects on repair mechanisms in which
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lead has been implicated as a co-carcinogen (Fracasso et
al., 2002).

This paper reports the results a study of the neotropi-
cal fish Hoplias malabaricus in which this fish was ex-
posed to TBT and Pbll and the effects of the exposure
assessed using the comet assay and the piscine micro-
nucleus and chromosome aberration tests.

Material and Methods
Methodology

The fish we chose as a model was Hoplias
malabaricus [Bloch, 1794] (Trahira, traira in Portuguese),
a neotropical piscivorous fish witn a wide geographic dis-
tribution range, from Panama to the rio Colorado in south
of Argentina. This fish has the advantage that it is easily fed
under laboratory conditions and, because it devours its pray
whole, can be easily exposed to xenobiotics by feeding with
a prey species previously injected with the material under
investigation, a further advantage being that this species
has 40 relatively large bi-armed chromosomes which
makes studying the genetic effects of metals easier.

In our study, we used 18 adult H. malabaricus reared
in captivity at a fish farm (Fazenda Canguiri, Universidade
Federal do Parana, Curitiba, Brazil) which were divided
into three groups of six fish, one group being exposed to
tributyltin (TBT), one group to lead (PbII) and one group be
kept unexposed as a control group. Each group was housed
in a separate aquarium and acclimatized to a water tempera-
ture of 22 °C (= pH 7.6) and a 12 h light/dark photoperiod
for 60 days before starting the experiments.

We exposed our H. malabaricus to TBT and Pbll by
feeding them with Astyanax (a small fish that forms part of
the normal diet of Hoplias) which had been artificially con-
taminated by intraperitoneal injection of tri-n-butyltin or
lead (Aldrich Chemical Co) in such a way as to produce a
final concentration of 21ug Pbll/g of body weight (bw) or
0.3 ug TBT/g bw in the H. malabaricus after a suitable
feeding schedule. The feeding schedule consisted of offer-
ing each H. malabaricus one Astyanax each day for four
days over a period of 13 feed-cycles (about two months),
Astyanax injected with TBT or Pbll being fed to the appro-
priate experimental groups and Astyanax injected with wa-
ter only being fed to the control group. Four days after the
last feed-cycle the H. malabaricus were sacrificed after be-
ing anesthetized with 3-aminobenzoic acid ethyl ester
(Sigma, Sao Paulo-SP, Brasil), blood being collected from
the caudal vein for the comet assay and the piscine micro-
nucleus test and kidney tissue for the chromosome aberra-
tion test.

Comet assay

For the comet assay, also known as the single-cell gel
test (SCGE), we used the procedure of Singh et al. (1988),
with a few modifications. Clean microscope slides were
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prepared by covering them with a thin layer of 0.75% (w/v)
NMP agarose (Gibco), two slides being prepared for each
fish. For each slide, 10 pL of whole fish blood was diluted
in 1 mL of bovine calf serum and 10 puL of this mixture
placed in 120 pL of LMP agarose gel (Gibco) which was
then spread on the base layer of the slide and a cover slip
added, the agarose gel being allowed to solidify by placing
the slide in a refrigerator for 10 min. When the gel had so-
lidified, the coverslips were gently removed and the slide
placed in a lysis solution at 4 °C for 1 h to remove cellular
proteins. After lysis, the slide was placed in an electropho-
resis box containing an alkaline solution (pH > 13) for
25 min at 4 °C and then subjected to electrophoreses at
25V, 300 mA, for 25 min, after which the slide was re-
moved, neutralized, fixed in absolute ethanol and stained
with 20 uL of 10 uL/mL ethidium bromide. Comets were
scored using a Zeiss epifluorescence microscope. For each
fish, 100 cells were visually analyzed according to the
method of Kobayashi ez al. (1995), the comets being classi-
fied as having: no detectable DNA damage and no tail
(class 0); a tail with a length less than the diameter of the
nucleus (class 1); a tail between one and two nuclear diame-
ters long (class 2); a tail longer than twice the diameter of
the nucleus (class 3). Apoptotic cells that presented totally
fragmented nuclei were not scored (Speit and Hartmann,
1999). Differences between fish treated with TBT and PbIl
and untreated control fish were tested using the non-
parametric Kruskal-Wallis test.

Piscine micronucleus test (PMT)

For each fish, two microscope slides were prepared
by drawing a drop of fish blood over the slide to form a thin
smear which was air-dried for 24 h, fixed with absolute
methanol (Merck) for 1 h and stained for 20 min with 5%
(w/v) Giemsa in pH 6.8 phosphate buffer (Merck). For each
fish, 4000 erythrocytes were examined under 1000X mag-
nification and scored for the presence of both typical micro-
nuclei and nuclear alterations manifested as changes in the
normal elliptic shape of the nuclei (Ayllon and Gar-
cia-Vazquez, 2000). These two features were considered as
nuclear abnormalities and scored together, frequencies be-
ing tested for significance using the y” test.

Chromosome aberration test (CAT)

Chromosome preparations were obtained by the short
term culture of kidney cells (Fenocchio ef al., 1991), 30
metaphase plates from each individual being scored for al-
terations such as the number of breaks or gaps and the level
of de-condensation. Observed frequencies for treated and
controls were tested using the ¥ test.

Results and Discussion

The comet assay showed a significant increase of
tailed nucleoids in the erythrocytes of fishes treated with
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Pbll, while fish treated with TBT showed a lower fre-
quency of comets than untreated controls (Figure 1).

The spontaneous (or basal) frequency of micronuclei
(MN) in fish is normally very low and in our study no sig-
nificant differences were observed in the PMT between un-
exposed control fish and fish exposed to TBT and PblI.
However, statistically significant differences were seen be-
tween the frequency of erythrocytes with altered nuclear
morphology as compared to conserved nuclear morphology
(Table 1, Figure 2 a,b,c).

The number of micronuclei in fish cells is a highly
variable feature and different authors report different num-
bers of spontaneous micronuclei for the same species
(Gustavino et al., 2001), although various authors
(Hooftman and de Raat, 1982; Hose et al., 1987; Ayllon
and Garcia-Vazquez, 2000) have suggested that variations
in the shape of nucleous could represent an alternative ap-
proach for detecting genotoxicity. In spite of the fact that a
correlation between nuclear abnormalities and genotoxic
effects has not yet been established, preliminary observa-
tions strongly suggest that such morphological alterations
could be a manifestation of the effects of xenobiotics. It has
been suggested that in genotoxicity studies with fish mod-
els both, alterations in nuclear morphology and micronuclei
number, should be considered when using the PMT (Ayllon
and Garcia-Vazquez, 2000; Hose ef al., 1987).

Analysis of chromosome aberrations using the CAT
showed that TBT and PbII promote structural alterations
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Figure 1 - Absolute number of comets found in each treatment.
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Figure 2 - a) Typical micronucleus, b) and ¢) morphological nuclear alter-
ations, d) comet class 3.

(e.g. gaps and breaks) but no numerical changes were ob-
served (Table 2), although de-condensation of chromatin
on chromatid arms (Figure 3) was observed.

Chromosome aberration test have not been widely
used in fish due to the characteristics of their karyotypes, al-
though H. malabaricus appears to be an appropriate biolog-
ical model because this species has only about 40 medium
sized bi-armed chromosomes. In our experiments, we fre-
quently observed chromatin de-condensation which we
scored as chromosome aberrations (Table 2, Figure 3).

All the end-points analyzed in this paper show that
PbII significantly increases DNA damage, principally by
inducing single strand breaks that could possibly initiate
double strand breaks, as result of the inactivation or alter-
ation of repair mechanisms (Obe ef al., 2002).

Fish treated with TBT scored statistically higher val-
ues in the piscine micronucleus and chromosome aberra-
tion tests but showed a decreased frequency of tailed

Table 1 - Number of cells with micronuclei and morphological alterations in their nuclei.

Number of cells with

Micronuclei Nuclear alterations
Treatments Total (%) Mean + SD Total (%) Mean + SD
Untreated control 2 (0.008) 0.33+0.52 64 (0.27) 10.67 + 3.61
* Tributyltin (TBT) 2 (0.008) 0.33+£0.52 102 (0.42) 17.0+7.67
** Lead (PbII) 3(0.012) 0.50+0.55 176 (0.73) 29.33 +10.86

*Significant by the y* test at p < 0.01.
**Significant by the ¥’ test at p < 0.01.
SD = Standard Deviation.
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nucleoids in the comet assay. Although there is no com-
pletely satisfactory explanation for these observations TBT
has also given ambivalent results in some other studies,

Table 2 - Absolute number of chromosomal alterations found in each
treatment.

Number of chromosome alterations

Treatments Breaks Gaps Numeric De- Total
condensation
Untreated control 3 0 0 1 4
* Tributyltin (TBT) 11 0 0 8 19
** Lead (PbII) 23 1 0 9 33

*Significant by the y* test at p < 0.05.
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Figure 3 - Most frequent chromosome aberrations. Thin arrows indicate
chromatid breaks and thick arrows chromatin de-condensation.
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Table 3 - Number of cells in each comet assay class.

Comet class

Treatments 0 1 2 3
Untreated control 514 71 6 3
Tributyltin (TBT 580 19 1 0
* Lead (PbII) 330 223 38 9

*Significant by the Kruskal-Wallis test at p < 0.01.
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Yamanoshita et al. (2000) having reported that, depending
on concentration, TBT can either cause apoptosis or protect
against it. To resolve these questions new assays using dif-
ferent concentrations of TBT are needed.

This paper is the first to present results based on the
use of three end-points to investigate the effects of toxic
metals on an endemic neotropical fish, our data indicating
that H. malabaricus represents a good experimental model
for genotoxicity studies.

Acknowledgments

The authors are grateful to the Brazilian agencies
CNPq for fellow to A.S.F. (305218/02-6) and CAPES/
PROAP for financial support.

References

Alzieu C (1991) Environmental problems caused by TBT in
France: assessment, regulations, prospects. Mar Environ
Res 3:121-130.

Alzieu C (2000) Environmental impact of TBT: the French expe-
rience. Sci Total Environ 258:99-102.

Ayllon F and Garcia-Vazquez E (2000) Induction of micronuclei
and other nuclear abnormalities in European minnow
Phoxinus phoxinus and mollie Poecilia latipinna: an as-
sessment of the fish micronucleus test. Mutat Res
467:177-186.

Fenocchio AS, Venere PC, Cesar ACG, Dias AL and Bertollo
LAC (1991) Short term culture from solid tissues of fishes.
Caryologia 44:161-166.

Fracasso MR, Perbellini L, Solda S, Talamini G and Franceschetti
P (2002) Lead induced DNA strand breaks in lymphocytes
of exposed workers: role of reactive oxygen species and pro-
tein kinase C Mutat Res 515:159-169.

Godwin AH (2001) The biological chemistry of lead. Curr Opin
Chem Biol 5:223-227.

Gustavino B, Scornajenghi KA, Minissi S and Ciccotti E (2001)
Micronuclei induced in erythrocytes of Cyprinus carpio
(teleostei, pisces) by X-ray and colchicine. Mutat Res
494:151-159.

Hooftman RN and de Raat WK (1982) Induction of nuclear anom-
alies (micronuclei) in the peripheral blood erythrocytes of
the eastern mudminnow Umbra pygmea by ethyl metha-
nesulphonate. Mutat Res 104:147-152.

Hose JE, Cross JN, Smith SG and Diehl D (1987) Elevated circu-
lating erythrocyte micronuclei in fishes from contaminated
of southern California. Mar Environ Res 22:167-176.

Jennette KW (1981) The role of metals in carcinogenesis: bio-
chemistry and metabolism. Environ Health Perspect
40:233-231.

Johnson FM (1998) The genetic effects of environmental lead.
Mutat Res 410:123-140.

Kobayashi H, Sugiyama C, Morikawa Y, Hayashi M and Sofuni T
(1995) A comparison between manual microscopic analysis
and computerized image analysis in the single cell gel elec-
trophoresis. MMS Comum 3:103-115.



Mutagenicity study in Hoplias malabaricus

Mizuhashi S, Ikegaya Y and Matsuki N (2000) Pharmacological
property of tributyltin in vivo and in vitro. Environ. Toxicol
Pharmacol 8:205-212.

Obe G, Pfeiffer P, Savage JRK, Johannes C, Goedecke W and
Jeppesen P (2002) Chromosomal aberrations: formation,
identification and distribution. Mutat Res 504:17-36.

Pain DJ (1995) Lead in the environment. In: Hoffman DJ et al.
(eds) Handbook of Ecotoxicology, Lewis, Boca Raton,
chap. 16.

Santos MM, Tem Hallers-Tjabbes CC, Santos AM and Vieira N
(2002) Imposex in Nucella lapillus, a bioindicator for TBT
contamination: re-survey along the Portuguese coast to mo-
nitor the effectiveness of EU regulation. J Sea Res 48:217-
223.

107

Singh NP, McCoy MT, Tice RR and Schneider EL (1988) A sim-
ple technique for quantitation of low levels of DNA damage
in individual cells. Exp Cell Res 175:184-191.

Speit G and Hartmann A (1999) The comet assay (single-cell gel
test), a sensitive genotoxicity test for the detection of DNA
damage and repair. In: Henderson DS (ed) Methods in Mo-
lecular Biology: DNA repair protocols - eukaryotic systems.
v. 113. Human Press, Totowa, pp 203-211.

Yamanoshita O, Kurasaki M, Saito T, Takahasi K, Sasaki H and
Hosokawa T (2000) Diverse effect of tributyltin on
apoptosis in PC12 cells. Biochem Biophys Res Commun
272:557-562.

Editor: Catarina Satie Takahashi



