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Abstract

The frequencies of mitomycin C and cyclophosphamide-induced kidney and gill erythrocyte micronuclei were
compared in Tilapia rendalli and Oreochromis niloticus. Cyclophosphamide (CP) and mitomycin C (MMC) were
previously used to investigate fish sensitivity to micronuclei induction in kidney erythrocytes. Fish were treated with a
single dose of cyclophosphamide (40 mg/kg) or mitomycin C (2 mg/kg). Peripheral blood samples and kidney blood
samples were obtained, 1, 2, 3, 5, 7, and 15 days after the intra-abdominal injection of MMC. T. rendallishowed to be
more sensitive than O. niloticus to micronuclei production. Both compounds were used at the maximum tolerated
dose (MTD), and mitomycin C proved to be more toxic than cyclophosphamide. The frequency of micronucleated
erythrocytes observed varied significantly among the treated individuals. The difference between the kidney and gill
micronuclei frequencies was not significant. Higher levels of micronucleated erythrocytes were observed in Tilapia
rendallithan in O. niloticus. T. rendalli produced erythrocytes with deformed nuclei, which O. niloticus did not.
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Introduction

Fish serve useful as genetic models for the evaluation
of pollution in aquatic ecosystems (Mitchell and Kennedy,
1992; and Park et al., 1993). The erythrocyte micronucleus
test has been used with different fish species to monitor
aquatic pollutants displaying mutagenic features (De Flora
et al., 1993). Kligerman (1982) demonstrated that fish in-
habiting polluted waters have greater frequencies of micro-
nuclei. The micronuclei frequencies may vary according to
the season, the kind of pollution involved, and the species
of fish. In laboratory tests involving fish, several sub-
stances have been shown to have genotoxic potential
(Odeigah and Osaneyinpeju, 1995; Minissi et al., 1996),
while others have proven innocuous (Belpaeme et al,
1996).

The micronuclei represent acentric chromosome
fragments or whole chromosomes lost during cellular ana-
phase. These structures are easy to visualize in erythrocytes
and are therefore often used as a measure of chromosomal
aberrations (Rabello-Gay, 1991). In fish, the kidney is re-
sponsible for erythropoiesis as well as filtration. Upon fish
exposure to toxins, defective erythrocytes undergo passage
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from the kidney into the peripheral blood, from where they
are removed by the hemocatheresis organs. The hypothesis
of this study was that the examination of kidney erythro-
cytes would provide earlier and more sensitive detection of
micronuclei frequencies than peripheral blood erythro-
cytes. Accordingly, we analyzed the frequencies of micro-
nuclei obtained from peripheral blood and from kidneis of
Tilapia rendalli and Oreochromis niloticus, following in-
duction by cyclophosphamide (CP) and mitomycin C
(MMC) treatment.

Materials and Methods

Fish of the Tilapia rendalli and Oreochromis
niloticus (Cyclidae) species, with an average size of 12 £+
2 cm and an average weight of 100 + 5 g, were caught in
Lake Paranoa, an artificial reservoir in Brasilia, from 1996
through 1998. The base frequencies of micronuclei in pe-
ripheral erythrocytes were very low at all of the sampling
sites (Grisolia and Starling, 2001). The Brasilia Water and
Sewage Company continually monitors the quality of the
water at those sites. The fish were brought to the laboratory
and allowed to acclimatize for 5 days in 500 L tanks con-
taining filtered, chlorine-free water, with constant aeration
atpH 7.0, and a temperature of 20 £ 2 °C. Mitomycin C was
prepared in Ringer’s solution at 0.4 mg/mL and injected at a
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dosage of 2 mg/kg of bodyweight. Cyclophosphamide was
prepared at a concentration of 10 mg/mL in distilled water,
and injected at 40 mg/kg. Both compounds were injected
intra-abdominally in a single dose. Compounds were previ-
ously tested to determine the maximum tolerated dose
(MTD). Each treatment and control group was made up by
six fish. Kidney blood from the fish treated with cyclo-
phosphamide was obtained 1, 2, 3, 5, 7, and 15 days after
the treatment, and both peripheral and kidney blood were
obtained from the groups treated with mitomycin C, 1, 2, 3,
5, and 7 days after treatment.

The peripheral blood smears were obtained through
the gills, and those of kidney blood by means of a me-
dial-kidney imprint following dissection. The slides were
air-dried for 12 h and then fixed in methanol for 10 min, fol-
lowed by 5% Giemsa (w/v) staining . Each fish had 2000
erythrocytes examined, from both peripheral blood and the
kidney. To detect micronuclei in erythrocytes, the slides
were analyzed using a 1000X oil-immersion lens. Statisti-
cal analysis was performed using Student’s ¢ test.

Results

Mitomycin C at 2 mg/kg body weight was more toxic
for O. niloticus than for T. rendalli, mainly between the
third and the fifth post-inoculation days. Atthe MTD, some
fish died within 5 days from treatment with mitomycin C.
Treatments with mitomycin C at 2 mg/kg and cyclophos-
phamide at 40 mg/kg were considered to have reached the
MTPD for both species, because at these dosages signs of se-
vere toxicity were observed, such as scale loss, refusal to
feed and alteration in behavior.

The spontaneous micronuclei frequencies observed
in kidney and in peripheral blood erythrocytes were statisti-
cally not different (p > 0.05, Table 2). CP and MMC in-
duced high frequencies of micronuclei in both species
(p<0.05, Tables 1 and 2). However, no difference between
kidney and gill was observed, neither in O. niloticus, nor in
T. rendalli (p = 0.85, Table 2).

T. rendalli kidney erythrocytes treated with either
mitomycin C or cyclophosphamide contained large num-
bers of nuclear deformities indicating cytotoxicity, not
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Table I - Mean (£S.E.) micronucleus frequencies (MN/1,000 kidney
erythrocytes) in fish treated with cyclophosphamide

T. rendalli O. niloticus
control 02£0.3 0.4+0.4
1 day 22+09* 1.6 £0.8%
2 days 2.340.8* 1.6 £0.6*
3 days 6.4£3.1% 2.1+04%
5 days 53+£1.9* 1.3+1.0
7 days 5.7+1.8% 03104
15 days 4.6+ 1.7 0.7+1.0

* = significantly higher (p < 0.05) than the control.

observed in cells from O. niloticus (Figure 1). T. rendalli
responded faster to mitomycin C, but the effects of cyclo-
phosphamide lasted longer (p = 0.01). The maximum fre-
quencies of CP-induced micronuclei in kidney erythrocytes
were significantly lower in O. niloticus than in T. rendalli
(Table 1). In O. niloticus, mitomycin C caused a greater
increase in the number of micronuclei than cyclophospha-
mide (p < 0.01), while in 7. rendalli there was no signifi-
cant difference between the maximum frequencies induced
by the two drugs (p = 0.70).

Discussion

In fish, the micronucleus test is usually based on
erythrocytes, but liver and gill tissues have been used
(Al-Sabti and Metcalfe, 1995). In mammals, young bone
marrow erythrocytes can be distinguished quite easily from
the mature ones by examining the Giemsa staining pattern
of the cells. However, in fish, this distinction is not feasible.
Rodriguez-Forero (1995) suggested that young fish eryth-
rocytes stain as basophils with Giemsa. Observations made
in our laboratory conditions agree with Ueda et al.’s (1992)
findings that they are not distinguishable. The same authors
(Ueda et al., 1992) counted fluorescent acridine-orange-
stained erythrocytes in the peripheral blood of fish, provid-
ing evidence that there is a significant volume of young
erythrocytes in peripheral blood.

Table II - Mean (£S.E.) micronucleus frequencies (MN/1,000 erythrocytes) in fish treated with mitomycin C.

T. rendalli (gill)

T. rendalli (kidney)

O. niloticus (gill) O. niloticus (kidney)

Control 04+0.3 02+03 02+03 0.4+0.4
1 day 7.6+2.7% 6.9+1.9% 22412% 28+1.0"
2 days 57+25% 49+2.9% 2.1+1.3% 23+2.0"
3 days 18+1.8° 18+1.8° 3.8+ 1.7° 48+2.1"
5 days 1.4£08° 13£18° 27+1.1% 2.14£12%
7 days 3.0+22° 23+15° 2.1+1.0° 23+1.5°

* = significantly higher (p < 0.05) than the control.
® = not significantly higher (p = 0.85), comparing gill and kidney.
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Figure 1 - Photomicrograph (1000 X) of a kidney blood smear from 7.
rendalli treated with cyclophosphamide, showing a deformed and micro-
nucleated erythrocyte nucleus (a), and two other erythrocytes with de-
formed nuclei (arrows).

Manna and Sadhukan (1986) compared the frequency
of micronuclei in gill and kidney cells after irradiation, not
detecting any statistically significant difference between
the two tissues. While they included various types of cells,
our study was focused on the erythrocytes. A hypothesis to
explain the fact that we did not detect any difference be-
tween kidney and peripheral blood micronuclei counts may
be that circulating peripheral erythrocytes also undergo mi-
tosis. However, if the kidney is the main hemopoietic tissue
in fish, and if micronuclei are formed during cell prolifera-
tion, more micronucleated erythrocytes should be expected
in the kidney than in the gill. Alternatively, we may have
sampled peripheral blood during kidney imprinting. The
cephalic kidney is a frequently chosen organ for cyto-
genetic aberration studies in fish. However, for biomo-
nitoring water mutagens, micronuclei analysis is more
advantageous, because peripheral erythrocytes are as sensi-
tive as kidney erythrocytes but easier to sample.

These results demonstrate that two close fish species
can respond in completely different ways to a given geno-
toxic agent. T. rendalli produced an expressive number of
kidney erythrocytes with deformed nuclei, and had signifi-
cantly higher rates of micronuclei than O. niloticus. De-
pending on the toxic agent and on the species, the behavior
of micronuclei rates may exhibit significant variations,
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probably related to the pharmacokinetics of the drugs used
and to the speed of the hemopoietic cycle. Therefore, it is
suggested that micronuclei tests in fish erythrocytes be car-
ried out at various times following treatments, thus making
it possible to follow-up the changing micronuclei frequen-
cies. Studies of the micronuclei rates of various fish species
showed that they generally peaked between the first and
fifth days after treatment (Al-Sabti and Metcalfe, 1995;
Grisolia and Cordeiro, 2000). We also conclude from this
study that the sampling of peripheral blood is appropriate
and sufficient for biomonitoring projects, as it allows to
collect several samples from the same individual, without
having to sacrifice it.
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