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Abstract: Copper sulphate is widely used in aquiculture to control algal blooms and infestations caused by
aquatic macrophytes. In the present study, we performed Micronucleus test using copper sulphate on tadpoles
of the amphibian Lithobates catesbeianus, a organism that is suitable to be a bioindicator in aquatic and
agricultural ecosystems. Forty animals were divided into four groups with ten individuals each: (1) negative
control, (2) positive control (using ciclophosphamide, 5 mg.LG ), (3) treated with CuSO4 0.2 mg.LG , (4) treated1       1

with CuSO4 0.4 mg.LG . Only a modest increase in the micronuclei frequency on the evaluated erythrocytes was1

observed. Meanwhile, nuclear morphologic abnormalities increased in the positive control and in the two
experimental groups exposed to copper sulphate. These results revealed potential adverse effects of the copper
on amphibian erythrocytes in aquatic and agricultural ecosystems. Although, there were no significant
differences in MN frequency in the treated groups, for MNA, the differences between the frequencies of treated
groups and the control group were significant (p < 0.05).
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INTRODUCTION to the mitotic apparatus. There may also be the formation

There are various mutagenicity tests used in cellular metabolism [5, 10].
genotoxicity studies and in the biomonitoring of There are many cytogenetic techniques currently
contaminated environments, e.g. comet assay [1,2], available and between them the study of nuclear
alterations in erythrocytes [3], chromosomal aberrations abnormalities such as binuclei and micronuclei are
[4], micronuclei [5-7] and other nuclear abnormalities [8]. considered well established indicators of cytotoxicity and

MN test is relatively simple, reliable and sensitive genetic toxicology, respectively [11].
and has been used to evaluate the effects of mutagenic Amphibians  are  important  organisms  in aquatic
compounds in different environments  [9].  Micronuclei and agricultural ecosystems; they are among the most
are the result of acentric chromosome fragments important natural enemies of many agricultural pests.
(clastogenic effect) or whole chromosomes that, through Because  of  their  sensitivity  to  changes  in   their
incomplete migration,  have  been  excluded  from  the habitat and the fact that their larvae live in aquatic
main nuclear core (aneugenic effect). Thus, micronuclei environments, amphibians have been considered
represent a loss in chromatin stability as a result of bioindicators  of  aquatic  and  agricultural  ecosystems
damage to the chromosomal structure (fragmentation) or [12, 13].

of warped nuclei, thereby indicating an early change in
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One of the key functions of such biomarkers is to nuclear abnormalities (MNA) frequencies in peripheral red
provide an “early warning” signal of significant biological blood cells, as well as compare it with the frequencies of
effects (changes at the genetic/molecular level) with sub- micronuclei.
organism (molecular, biochemical and physiological)
responses preceding those occurring at higher levels of MATERIALS AND METHODS
biological organization such as cellular, tissue, organ,
whole-body  levels  and  in  fine  at  population  level  [14]. Chemicals: Copper sulphate (CuSO ) is an inorganic salt
In this way, the detection of micronuclei and abnormalities with wide use, both as a food additive as a potent anti-
in nuclear morphology, by means of the micronucleus algae. In this study was utilized CuSO  provided by the
assay may provide an important tool for the prediction of chemistry lab of the Instituto Federal de Educação,
the potential long-term effects in the environment in Ciência e Tecnologia do Pará. Our bioassay applied two
amphibians. low doses of copper sulphate: 0.2 mg.LG  and 0.4 mg. LG .

Environmental contamination caused by heavy metal Cyclophosphamide (CP) is used to treat several types
is a great concern, since it is highly toxic, beyond capacity of cancer and a few autoimmune disorders. Moreover, CP
of bioaccumulation and may induce chromosomal and is one of the most extensively studied mutagens and
DNA damages [15]. Bioassays allow the study of toxic teratogens and needs to be metabolized by microsome
effects caused by contaminants in an isolated or monooxygenases present in the hepatocytes [20]. All test
associated way, which significantly decreases the solutions were prepared immediately before each
influence of environmental variables. However, even experiment. 
though the use of bioassays requires a careful
extrapolation of the results when they are compared to the Experimental Design: The bullfrog tadpoles (Lithobates
environmental context, the results obtained help to catesbeianus: 61.98 ± 7.71 mm and 1.66 ± 0.63 g) were
understand the factors that affect both human and provided by Rãmazon Frog Culture (Belém, Pará, Brazil).
environmental health [16]. Prior to the experiment, tadpoles were acclimated to

Most genotoxic studies using amphibians choose experimental conditions for fifteen days (15 L aquariums,
tadpoles as an experimental model. This stage was with dechlorinated tap water, temperature 26 ± 1,3°C, pH
selected for micronucleus test because the larvae are large 6.5 ± 0.29, 14h : 10h photoperiod). One third of the water
enough to allow cardiac puncture and provide a sufficient in the aquariums was changed every 48h.
amount of blood for smears preparation. In addition, this Forty animals were divided into four groups with ten
sampling interval corresponded to a period of intense individuals each: (1) negative control, (2) positive control
hematopoiesis with active cell division in the circulating (using cyclophosphamide, 5 mg.LG ), (3) treated with
blood [17]. The micronucleus test has been widely used CuSO  0.2 mg.LG , (4) treated with CuSO  0.4 mg.LG . The
in amphibian erythrocytes since this cell type is easy water containing the compound and the food was not
handled and cellular dissociation is not required. Red changed during the experiment. 
blood cells (RBCs) in lower vertebrates, such as
amphibians, are nucleated and undergo cell division in the Morphologic Nuclear Abnormalities and Micronucleus:
blood stream, especially during the larval stages. These The MNA and micronucleus frequency in each group was
cells are therefore suitable for micronuclei detection which scored after 48 hours of treatment.
can be readily counted in blood smears [5]. Blood samples were obtained from each immobilized

Copper  sulphate is the most utilized algaecide [18]. larvae by cardiac puncture, under a magnifying glass.
It is widely used in aquiculture to control algal blooms Peripheral blood smears for each animal were immediately
and infestations caused by aquatic macrophytes and its prepared on clean slides, fixed in absolute ethanol for 20
usual  concentrations range between 0.5 e 2.0 mg.LG min and air dried. These slides were stained with 5%1

[19].In a recent paper [7], we reported a modest increase in Giemsa solution for 10 min. The assay was realized by
the erythrocytes micronucleated induced by low doses of analysis of 1,000 erythrocytes from each tadpole using
copper sulphate (0.2 mg.LG  and 0.4 mg.LG ) in bullfrog 1,000X magnification. The MNA frequency was expressed1   1

Lithobates  catesbeianus  (syn.   Rana   catesbeiana). per 1,000 cells. The nuclear morphologic abnormalities
The aim of the present study was to assess the cytotoxic considered hereby, were three, namely: blebbed nuclei,
effect of this metal compound measuring the morphologic lobed nuclei and notched nuclei.

4

4

1    1

1

4      4
1       1
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Table 1: Micronuclei (MN) and Morphologic Nuclear Abnormalities (MNA) in erythrocytes of Lithobates catesbeianus.

Nuclear Abnormalities  /1,000 erythrocytes

-------------------------------------------------------------------------

Treatment Concentration MN NMA

Negative contro -

µ ± SD 0.10 ± 0.31 37.60 ± 29.96

Medians/Q1-Q3 0.00/0.00-0.00 24.50/15.25-59.25a c

Positive control (cyclophosphamide) 5 mg.LG1

µ ± SD 2.30 ± 2.06 69.25 ± 30.80

Medians/Q1-Q3 1.50/1.00-3.00 71.50/48.25-93.25b d

CuSO 0.2 mg.LG4
1

µ ± SD 0.40 ± 0.69 76.30 ± 52.00

Medians/Q1-Q3 0.00/0.00-0.75 71.00/38.25-103.75a d

CuSO 0.4 mg.LG4
1

µ ± SD 0.20 ± 0.42 85.00 ± 33.00

Medians/Q1-Q3 0.00/0.00-0.00 80.50/73.25-102.50a d

µ: mean; SD: standard derivation; Q1: lower quartile; Q3: upper quartile.

Statistical Analysis: Data were tested for normality using
the Lilliefors test, with several of them demonstrating
asymmetry. As for variance, the data showed
heteroscedasticity. Therefore, the evaluation of
micronuclei frequency, as well as other nuclear
morphological abnormalities, comparative both positive
and negative controls with the two exposed groups, was
performed using Kruskal-Wallis test. P-values below 0.05
were considered statistically significant. The statistical
analyses were performed using BioEstat 5.0 software
package [21].

Results are presented as mean ± standard deviation
and also in medians and quartiles (Q1-Q3). According to
Ramsdorf et al. [22], when the distribution is not
symmetrical, median is most useful that the mean like
representing of the data. The median is at the middle of an
ordered (ranked) data set and is a useful measure for
ordinal variables. Strictly, the mean only makes sense for
interval and ratio scales of measurement.

RESULTS

Three morphologic nuclear abnormalities (MNA)
were founded: buds, lobes and invaginations. The MNA
frequencies after treatments are shown in Table 1,
together with the MN frequencies. Same letters indicate
no significant difference at 5%.

There were no significant alterations in the frequency
of nuclear morphologic abnormalities at the two different
concentrations of copper  sulphate (p = 0.4911). We also
verified that there were no  significant  differences
between   these   groups and the positive  control  group.

Fig. 1: Comparisons of morphologic nuclear abnormalities
between exposed treatments. Results are
presented as the medians and quartiles (Q1-Q3).

All treatments were statistically significant when
compared to the negative control group (Figure 1), with
p=0.0398 between negative control and 0.2 mg CuSO  / L,4

p = 0.0061 between negative control and 0.4 mg CuSO  /4

L and p = 0.0488 between negative control and positive
control.

DISCUSSION

It is well known that the toxicity of copper is strongly
dependent on several biotic factors (age, stage, size and
condition of the organisms) as well as on water quality of
the environment [23]. In our experimental design those
factors were kept constant along the assay, therefore, the
registered alterations cannot be attributed to them.
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Bullfrog Lithobates catesbeianus was originally erythrocytes  are  more cytotoxic than genotoxic. At any
distribute from southwestern Canada, covering eastern rate, these results revealed potential adverse effects of
and center-south region of United States, until Veracruz, copper sulphate on the erythrocytes of amphibians in
in México. Due to its economic potential, this specie was aquatic and agricultural ecosystems.
introduced in 41 countries [24]. L. catesbeianus is an
interesting biological model for experimental study of ACKNOWLEDGEMENTS
exposure to contaminants, principally due to its ability to
adapt to experimental conditions. Thus, several studies The authors would like to thanks Rãmazon for
have been published performing genotoxicity bioassays supplying the tadpoles; Mr. Marcelo H. Vilhena Silva
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