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The present work aims to evaluate the impact of potassium dichromate in armored catfishes’ 
(Hypostomus plecotomus) erythropoiesis, using piscine micronucleus test. Armored catfishes (n = 30) 
were subjected to 12 mg/L of potassium dichromate, with an equal control group (n = 30). For each 
2,000 red blood cells of animals subjected to treatment, it was possible to observe 8.25 ± 0.02% cells 
with micronuclei and 17 ± 0.005 mg/kg of total chrome in tissues, detected through atomic absorption 
spectrophotometry. In the control group, the average was 0.75 ± 0.03% for micronuclei and 1.08 ± 0.04 
mg/kg of chrome in tissues. The results confirm the clastogenic effect of potassium dichromate. The 
sensibility to this ion and the economic relevance of H. plecotomus show that armored catfish can be 
used to monitor acute effects of metallic pollutant spills in freshwater. 
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INTRODUCTION 

 
Exposure to heavy metals is known to cause alteration in 
hematological parameters in fishes (Heath, 1995). One 
parameter used in bioindication is the generation of genetic 
material fragments, known as micronuclei, due to the activity 
of clastogenic agents which provoke chromo-some breaks. 
These fragments appear in the cytoplasm when either parts 
of the chromosomes or chromatids or entire chromosomes 
are not incorporated in the nuclei of the daughter cells in 
mitosis, frequently because these fragments do not have 
centromers; these fragments left behind are incorporated in 
the secondary nuclei, called micronuclei (Schmid, 1975; 
Heddle et al., 1983; Ribeiro et al., 2003). Micronuclei have 
between 1/5 and 1/20 of the original nucleus’ size and there 
is generally more than one per cell (Schmid, 1975).  

Micronuclei test in red blood cells and lymphocytes can 
be used as an indicator of toxic effects in determined 
target populations (Berces et al., 1993). Since DNA repair 
system is very sensitive to metallic ions, it is possible to 
visualize genomic structural damage such as the forma-  
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tion of micronuclei and cellular blebs, the latter typical of 
apoptosis (Berces et al., 1993; Bagchi et al., 2000).  

In fishes, piscine micronucleus tests are usually performed 
using red blood cells, although liver and gill tissues are also 
used (Ferraro, 2003; Benincá, 2006). For biomonitor 
mutagenic elements, the analysis of micro-nuclei using 
peripheral blood instead of tissues is very advantageous, 
since peripheral red blood cells are as sensitive as kidney 
cells, main hematopoietic organ in fishes, and much easier 
to get a sample of. In organisms with adequate size, 
samples of peripheral blood also permit monitoring of the 
organism’s reaction to the pollu-tant through various 
samplings (Palhares and Grisolia, 2002).  

The present work aims to verify the possible formation 
of micronuclei in red blood cells of Hipostomus 
plecotomus, subjected to chronic exposure to potassium 
dichromate in concentrations of 12 mg/liter. 

 
MATERIAL AND METHODS 

 
Specimens of H. plecotomus from vivariums (ponds) were supplied 
by EMATER-NH and kept in a fish tank with 20 liters of water, 
forced aeration and 14:10 photoperiod, under temperature of 25 ± 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Red blood cells of fishes, subjected to potassium 
dichromate, 12 mg/L, in smears. Coloration: methylene blue. Arrow-
head indicates micronucleus. Magnification: 10x100. 
 

 

1.2
o
C. Thirty fishes of each group were kept for fifteen days, with 

pellet and flake feed being given ad libido. A control group was 
isolated (n =30) and another group (n =30) kept in a fish tank with 
12 mg/L of potassium dichromate, dose previously tested in our 
laboratory as optimum inductor of micronuclei.  

The significant difference between the treated animals and the 
controls was analyzed by t-test for independent samples and p 
0.05.  

After anesthesia with ice, the specimens were decapitated and 
their blood collected for air-dried, Bouin fixed smears. The smears 
were stained with methylene blue, 0.03%, pH 4.5. 2,000 cells per 
smear slide were found. Tissue fragments of sampled fishes (n=3) 
were analyzed by atomic absorption spectrophotometry to quantify 
absorbed chrome. 
 

 

RESULTS AND DISCUSSION 

 

It was possible to see (Figure 1), in each animals kept in 
the fish tank with 12 mg/L of potassium dichromate, 2,000 
observed blood cells, 8.25 ± 0.02% cells with micronuclei 
(Figure 2). These fishes accumulated 17 ± 0.005 mg/kg 
of total chrome in their tissues, detected by atomic 
absorption spectrophotometry (Table 1). Control animals 
presented a count of 0.75 ± 0.03% red blood cells with 
micronuclei. In these animals, atomic absorp-tion 
spectrophotometry detected 1.08 ± 0.04 mg/kg of chrome 
in the tissues (Table 1).  

In animals subjected to potassium dichromate 12 mg/L, 
an increase in the generation of clastogenic accidents 
was observed, yielding the formation of micronuclei. 
There was, therefore, a direct relation between bio-
absorption of chrome and the formation of micronuclei. 
This result confirms the data registered by Al-Sabti and 
Metcalfe (1995), Dillon et al. (1998), Kohlpoth et al. 
(1999), and Messer et al. (1999).  

Hexavalent chromium and potassium dichromate, 
among the various clastogenics, awaken the interest 
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Figure 2. Percentage of micronuclei in red blood cells of fishes 
(count of 2000 cells/individual). *Indicates significant difference 
between the treated animals and the controls (t-test; p < 0.05). 
 

 

Table 1. Quantification of absorbed chrome by atomic absorption 
spectrophotometry analysis (EAA). Fragments of tissues of treated 
fishes (n = 3) and controls (n = 3). 
 

Sample Chrome (mg/kg) 

Control 1.08 ± 0.04 

Treated 17.0 ± 0.005 
 
 

 

about its genotoxic activity due to its ample industrial use 
(Berces et al., 1993; Kohlpoth et al., 1999; Rozgaj et al., 
2002; Kasuba et al., 2002). Dillon and his collaborators 
(1998) detected, in V79 cells, micronuclei and other 
alterations resulting from genotoxic action of chromium 
complexes. Kohlpoth et al. (1999) found significant for-
mation of micronuclei in RTG-2 cells exposed to industrial 
effluents containing between 20 and 100 µM of potas-
sium dichromate. Vaglenov and collaborators (1999) also 
found, in measurements made in metallurgic workers, 
high red blood cell concentrations of chrome, besides a 
significant increase in the number of red blood cells 
having micronuclei. Messer et al. (1999) also associate 
nuclear morphological alterations, reflecting genomic 
alterations, in gingival fibroblasts subjected to chrome.  

Chrome VI, as a metallic ion or as chromates and 
dichromates, acts inducing mutations through oxidative 
damage, similarly to reactive oxygen species (ROS) and 
ultraviolet light (Lewin, 2000). Mattagajasingh and Misra 
(1999) detected crosslinks in DNA-protein complexes in 
leukemic T MOLT4 lymphocytes induced by potassium 
dichromate. Flores and Perez (1999) observed, in murine 
and human cell lines, DNA damage induction by potas-
sium dichromate. According to the authors, the damage 



 
 
 

 

caused by hexavalent chrome would be linked to the 

production of intermediate oxidative states, such as Cr
5+

, 
what is also suggested by Sakurai et al. (1999). Hodges 
et al. (2001) demonstrated, in pulmonary A549 cells and 
peripheral blood lymphocytes, a dose-dependent correla-
tion in the increase of breaks in DNA strands by 
potassium dichromate, with bigger presence of 8-
desoxiguanosine in pulmonary cells treated with 10 to 
500 µMol of potassium dichromate, for one hour, besides 
breaks in peripheral blood lymphocytes from healthy 
volunteers exposed to the compound.  

The breaks in genetic material yielding micronuclei in 
cells that do not divide anymore, such as red blood cells, 
reflect cytogenetic abnormalities that happen in hemato-
poietic stem cells of the bone marrow. In human beings, 
the micronuclei test aims to evaluate the impact of 
carcinogenic agents in specific populations, such as 
smokers, alcoholics, etc. (Dietz et al., 2000)  

In fishes, the damages are very significant, making it 
possible to monitor the environmental health state 
through this parameter, concerning chrome and other 
metals with clastogenic action. In eels, Sanchez-Galan 
and collaborators (2001) verified a production of 2.64 
micronuclei per 1000 blood cells in animals from rivers 
with different levels of pollution with metals and injected 
with Cd solution. Ayllon and Garcia-Vazquez (2000) also 
saw the generation of micronuclei in sailfin molly 
(Poecillia latipinna), seeking for standardization of the test 
for this fish. Another fish used for this test, due to its 
abundance in nature, is the brown trout (Salmo truta), 
which, according to experiments of Sanchez-Galan and 
collaborators (1999), significantly increases the number 
of micronuclei in kidney red blood cells, 24 h after intra-
peritoneal injection of low doses of cadmium chloride.  

It was also possible to notice that, even in natural 
conditions, a percentage of micronuclei formation is 
observed. Very probably, the metal comes from agro-
chemicals or other sources. Previous experiments 
determined the presence of some heavy metals in tissues 
of fishes commonly eaten by populations on the Rio dos 
Sinos banks (Normann et al., 2002; Fillion et al., 2006).  

Due to the industrial process, the discharge of effluents 
with high metallic residue levels in the receiving bodies of 
water becomes more and more worrying. The verification 
of the impact of this material in natural populations is an 
alert as to the contamination state of living beings. The 
fact that many fishes such as the Loricaridae serve as 
food to poor populations must also be taken into 
consideration. The social impact of this contamination of 
natural resources may, in the medium and long run, 
significantly affect human beings, which should never be 
forgotten. 

 
REFERENCES 
 
Al-Sabti K, Metcalfe CD (1995). Fish micronuclei for assessing 

genotoxity in water. Mutat. Res., 343: 121-135. 
Ayllon F, Garcia-Vazquez E (2000). Induction of  micronuclei and  other 

 
 

  
 
 

 
nuclear abnormalities in European minnow Phroxinus phroxinus and 
mollie Poecillia latipinna: an assessment of the fish micronucleus 
test. Mutat. Res., 467(2): 177-86.  

Bagchi D, Joshi SS, Bagchi M, Balmoori J, Benner EJ, Kuszynski CA, 
Stohs SJ (2000). Cadmium-and chromium-induced oxidative stress, 
DNA damage, and apoptotic cell death in cultured human chronic 
myelogenous leukemic K562 cells, promyelocytic leukemic HL-60 
cells, and normal human peripheral blood mononuclear cells. J. 
Biochem. Mol. Toxicol., 14(1): 33-41.  

Benincá C (2006). Biomonitoramento das Lagoas Estuarinas do 
Camacho - Jaguariuna (SC) e Santa Marta - Laguna (SC) utilizando 
Geophagus braziliensis (Cichlidae). Dissertação de Mestrado. 
Departamento de Genética: Universidade do Paraná-Brasil.  

Berces J, Otos M, Szirmai S, Crane-Uruena C, Koteles GJ (1993). 
Using the micronucleus assay to detect genotoxic effects of metal 
ions. Environ. Health Perspect., 101(Suppl 3): 11-13.  

Dietz J, Diehl AS, Prolla JC, Furtado CD, Furtado AD (2000). Pesquisa 
de micronúcleos na mucosa esofágica e sua relação com fatores de 
risco ao câncer de esôfago. Ver. Ass. Méd. Brasil., 46(3): 207-211.  

Dillon CT, Lay PA, Bonin AM, Cholewa M, Legge GJ, Collins TJ, Kostka 
KL (1998). Permeability, cytotoxicity, and genotoxicity of chromium  
(V) and chromium (VI) complexes in V79 Chinese hamster lung cells. 
Chem. Res. Toxicol., 11(2): 119-129.  

Ferraro MVM (2003). Avaliação do efeito mutagênico do tributilestanho 
(TBT) e do chumbo inorgânico (PB II) em Hoplias malabaricus 
(Pisces) através dos ensaios: cometa, micronúcleo e de aberrações 
cromossômicas. Dissertação de Mestrado. Departamento de 
Genética: Universidade do Paraná-Brasil.  

Fillion M, Mergler D, Sousa Passos JC, Larribe F, Lemire M, Guimarães 
JRD (2006). A preliminary study of mercury exposure and blood 
pressure in the Brazilian Amazon. Environ Health: Glob Access Sci. 
Sour. 5(29): 1-9.  

Flores A, Perez JM (1999). Cytotoxicity, Apoptosis and in Vitro DNA 
damage induced by potassium chromate. Toxicol. Appl. Pharmacol. 
161(1): 75-81.  

Heath AG (1995). Water pollution and fish physiology. CRC Press, Inc, 
Boca Raton, Florida, pp. 203-205.  

Heddle JA, Hite M, Kirkhart B (1983). The induction of micronuclei as a 
measure of genotoxicity. A report of the US Environmental Protection 
Agency Gene-Tox Program. Mutat. Res., 123: 61-118.  

Hodges NJ, Adam B, Lee AJ, Cross HJ, Chipman JK (2001). Induction 
of DNA-strand breaks in human peripheral blood lymphocytes and 
A549 lung cells by sodium dichromate: association with 8-oxo-2-
deoxyguanosine formation and inter-individual variability. 
Mutagenesis, 16(6): 467-74.  

Kasuba V, Rozgaj R, Saric MM, Blanusa M (2002). Evaluation of 
genotoxic damage of cadmium chloride in peripheral blood on 
suckling rats. J. Appl. Toxicol. 22(4): 271-277.  

Kohlpoth M, Rusche B, Nusse M (1999). Flow cytometric measurement 
of micronuclei induced in a permanent fish cell line as a possible 
screening test for the genotoxicity of industrial waste waters. 
Mutagenesis, 14(4): 397-402.  

Lewin B (2000). Genes VII. Oxford University Press, New York, pp. 
421-424.  

Mattagajasingh SN, Misra HP (1999). Analysis of EDTA-chelatable 
proteins from DNA-protein crosslinks induced by carcinogenic 
chromium (VI) in cultured intact human cells. Mol. Cell Biochem. 
199(1-2): 149-162.  

Messer RL, Bishop S, Lucas LC (1999). Effects of metallic ion toxicity 
on human gingival fibroblasts morphology. Biomaterials 20(18): 
1647-1657.  

Normann CABM, Menezes MLM, Reggi R, Müller J, Dolder MAH 
(2002). Metais pesados em Tecidos de Peixes do Rio dos Sinos. 
Ciência em Movimento, IV (8): 39-44.  

Palhares D, Grisolia CK (2002). Comparison between the micronucleus 
frequencies of kidney and gill erythrocytes in tilapia fish, following 
mitomicin C treatment. Genet. Mol. Biol, 25(3): 281-284.  

Ribeiro LR, Salvadori DMF; Marques EK (2003). Mutagênese 
Ambiental. Editora da ULBRA, Canoas, pp. 351-356.  

Rozgaj R, Kasuba V, Fucic A (2002). Genotoxicity of cadmium chloride 
in human lymphocytes evaluated by the comet assay and cytogenetic 
tests. J. Trace Elem. Med. Biol. 16(3): 187-192. 



 
 
 

 
Sakurai H, Takechi K, Tsuboi H, Yasui H (1999). ESR characterization 

and metallokinetic analysis of Cr(V) in the blood of rats given 
carcinogen chromate (VI) compounds. J. Inorg. Biochem. 76(1): 71-
80.  

Sanchez-Galan S, Linde AR, Ayllon F, Garcia-Vazquez E (2001) 
Induction of micronuclei in eel (Anguilla anguilla L.) by heavy metals. 
Ecotoxicol. Environ. Saf. 49(2): 139-143. 

 
 
 
 

 
Schmid W (1975). The micronuclei test. Mutat. Res., 31: 9-15. Vaglenov 
A, Nosko M, Georgieva R, Carbonell E, Creus A, Marcos R  

(1999). Genotoxicity and radioresistance in electroplating workers 
exposed to chromium. Mutat. Res. 446: 23-34. 


