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Introduction 
 

Exposure of humans and animals to heavy 

metals through long–term ingestion of 

contaminated drinking water and its attendant 

health problems has been widely reported 

(Oyeronke et al., 2007). Arsenic is second 

only to lead as a source of heavy metal 

intoxication to domestic animal species (Sahli, 

1982; Osweiler et al., 1985). It is also known 

that arsenic interact with other metals thereby 

potentiating its effects or vice versa. Very 

little research information is available on 

toxicity of mixture of arsenic and lead. We 

therefore describe in this study the 

genotoxicological effects of dietary co-

administration of sodium arsenite and lead 

acetate in Wistar rats.  

Materials and Methods 

 

The experiment was conducted on Wistar rats 

after taking approval from IAEC (Institutional 

Animal Ethics Commiteee) and CPCSEA 

(Committee For Purpose of Control and 

Supervision of Experimentation on 

Animals).The subacute toxicity study on the 

interaction of sodium arsenite and lead acetate 

was evaluated on 60 Wistar rats divided into 5 

different groups each consisting of 6 male and 

6 female rats. The group I served as a control 

and was given only deionised water orally. 

The group II and III were orally dosed with 

sodium arsenite (4 mg/kg body weight) and 

lead acetate (53 mg/kg body weight) 

respectively for 28 days. The group IV was 

gavaged with mixture of sodium arsenite (4 
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with sodium arsenite, lead acetate and mixture of both metals, respectively. The group 

V served as positive control which was treated with cyclophosphamide. Chromosomal 

aberration assay and micronuclei assay was studied from bone marrow cells of femur 

bone of all the rats. Arsenic and lead alone was equally genotoxic to that of mixture of 

both metals while their genotoxic potential was less than cyclophosphamide. 
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mg/kg body weight) and lead acetate (53 

mg/kg body weight) for 28 days. The group V 

was kept as a positive control for genotoxicity 

study, which was given cyclophosphamide (20 

mg/kg body weight) intraperitoneally 24 hour 

before the terminal sacrifice. At the end of the 

experiment all the rats were subjected to 

terminal sacrifice and bone marrow cells from 

femur were collected. Chromosomal 

aberration assay was studied according to the 

method given by (Malhi and Grover, 1987) 

and (Chauhan et al., 2000) Micronuclei assay 

was studied as per the method given by 

(Zhong and Siegel, 2000). The data generated 

during experiment were subjected to statistical 

analysis by using standard statistical 

procedures given by (Snedecor and Cochran, 

1980).  

 

Results and Discussion 

 

Chromosomal aberrations were scored as type 

–I (excluding gaps) and type-II (excluding 

gaps and pulverization) and presented in Table 

I. 

 

The mean numbers of chromosomal 

aberrations both type I & II from group II, III 

and IV revealed significant increase as 

compared to group I (negative control) on 

28th day post treatment. Among different 

treatment groups (i.e. II, III and IV) there was 

insignificant difference in chromosomal 

aberrations both type I & II. The known 

genotoxic compound cyclophosphamide 

showed significantly higher percentage than 

all the treatment groups. The structural 

chromosomal aberrations noticed among 

different groups were gaps, breaks, fragments, 

exchange and ring chromosomes. 

Chromosomal aberrations arise from damage 

to structural integrity of chromosomes.  

 

The mean number of micronuclei/2000 

Polychromatic erythrocytes (PCE) found in 

groups I, II, III, IV and V were 1.19, 3.30, 

3.35, 3.79 and 13.39, respectively as presented 

in Table I. The mean number of micronuclei 

found in group V was significantly higher than 

group I, II, III and IV as it was treated with 

cyclophosphamide. Among different treatment 

groups there was no significant difference in 

micronuclei on 28th day post treatment.  

 

PCE/TE (Total erythrocytes) ratio was lowest 

in positive control (group V) and highest in 

negative control rats (group I). All the three 

treatment groups (II, III, and IV) showed 

significantly decreased value of PCE/TE ratio 

as compared to negative control. 

 

Table.1 Effect of arsenic, lead and mixture of arsenic and lead on different genotoxicity 

parameters (Mean ± S.E.) of rats on 28
th

 day post treatment 

 

Parameter Group I 

Control) 

Group II 

(Sodium 

Arsenite) 

Group III 

(Lead 

Acetate) 

Group IV 

(Sodium 

Arsenite + 

Lead Aceate) 

Group V (Positive 

Control –

Cyclophosphamaide) 

Micronuclei /2000 PCE 1.19
a
±0.37 3.30

b
±0.37 3.35

b
±0.37 3.79

b
±0.37 13.39

c
±0.74 

PCE/TE 114.39
c
±2.22 106.59

b
±1.88 102.19

b
±1.65 101.00

b
±1.73 74.60

a
±1.92 

Chromosomal 

Aberration assay I (%) 

1.19
a
±0.49 2.25

b
±0.49 2.24

b
±0.33 2.71

b
±0.49 8.00

 c
 ±0.89 

Chromosomal 

Aberration assay II (%) 

0.85
a
 ± 0.22 2.27

b
 ± 0.18 2.26

b
 ± 0.23 2.44

b
 ± 0.34 5.54

c
± 0. 37 

Superscript should be read row wise for mean comparison. 

Mean with similar superscripts in row do not differ significantly (P<0.05) 
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In the present study various structural 

chromosome aberrations (gaps, breaks, 

fragments, exchange and ring chromosomes) 

were observed. Out of these, gaps were 

excluded from statistical analysis as it could 

arise from the despiralisation in the 

metaphase chromosome and were observed in 

control animals also. Pulverization indicated 

genotoxic as well as cytotoxic effect and 

hence was excluded during statistical analysis 

as suggested by (Adler, 1984). As accordance 

with the present findings (Lee et al., 2004) 

was also reported increased frequency of 

chromosomal aberration with arsenic 

treatment, they further suggested that 

genotoxicity might be mediated by the 

induction of oxidative stress. Similarly, 

(Jadhav, 2005)
 

also found increase in 

micronuclei formation and chromosomal 

aberrations with mixture of eight metals 

inclusive of arsenic and lead. 

 

Micronuclei are thought to arise from 

chromatid or chromosome fragments 

detached from a chromosome after breakage 

(Moore et al., 1997). This micronucleus does 

not integrate into the daughter nuclei and 

remains as a separate entity. Consistent to 

present study (Oyeronke et al., 2007) also 

reported presence of micronucleated 

polychromatic erythrocytes in the bone 

marrow cells of the rats treated with mixture 

of sodium arsenite and lead acetate.  

 

The overall findings of both the micronuclei 

and chromosomal aberration study suggested 

that arsenic and lead when administered alone 

were equally genotoxic to that of mixture of 

both the metals at the given dose level while 

their genotoxic potential was less than the 

positive control. 
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