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ABSTRACT 
Continuous exposure of humans to arsenic through long–term ingestion of 
contaminated drinking water and its attendant health problems has been widely 
reported. It is also known that arsenic interact with other substances, metals 
inclusive thereby potentiating its effects or vice versa. In this study, we examined 
the effects of sodium arsenite (SA) and lead acetate (LA) in wistar rats. Sodium 
arsenite (2.5mg/kg bd.wt) and lead acetate (14mg/kg bd.wt) were fed to rats by 
gavage for fourteen consecutive days alone or simultaneously. Control rats were 
fed with distilled water. Clastogenic effects were observed in the bone marrow 
cells using the micronucleus assay. In addition, serum activities of gamma 
glutamyl transferase (γ-GT), alkaline phosphatase (ALP), alanine amino 
transferase (ALT ) and aspartate amino transferase (AST) were monitored . The 
findings indicate that SA and LA separately induced the formation of 
micronucleated polychromatic erythrocytes (mPCEs) in the bone marrow of the 
rats significantly (P < 0.05) by about 9 and 8 folds respectively. When fed 
simultaneously, the induction was about 22 folds as compared with the negative 
control group. SA significantly induced the serum activity of all the enzymes 
while LA significantly induce the activity of only  γ-GT and ALP (P < 0.05). 
Simultaneous feeding of SA and LA also markedly induced the activity of all the 
enzymes in the serum. Mild infiltrative haemorrhage was observed in the lungs of 
rats exposed to the two compounds. This study underscores the enhanced toxic 
effect of combined or simultaneous exposure to toxic substances.  
(Afr. J. Biomed. Res. 10: 59 - 65 , January 2007) 
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INTRODUCTION 
 
 Arsenic (As) and lead (Pb) are well-
recognized environmental toxicants (Elias, 1985; 
Abernathy, et al, 1999; Poma, et al 2003). 
Exposure to As especially through the 
consumption of contaminated well water has 
been associated with skin lesions, certain forms 
of cancers and other non-cancer health effects 
such as neurological disorders and impaired 
cognitive development in children (Valentine, 
1944; Parvez, et al, 2006). Also, environmental 
exposure to Pb especially through inhalation has 
been linked to the induction of chromosomal 
aberrations, cancers and birth defects (Vaglenov, 
et al, 2001; Valverde, et al, 2002 ). 
 Occupational and environmental co-exposure 
to As, Pb and other heavy metals have also been 
documented (Nehez, et al 2000; Englyst, et al 
2001). Such exposure has been shown to occur 
through the consumption of contaminated 
drinking water and herbal medicine products, 
inhalation of tobacco smoke and dust and in 
many occupational settings such as pigments and 
batteries production, galvanization and recycling 
of electrical tools (Elias, 1985; Frisbie, et al, 
2002; Lambert and Lane, 2004; Saper, et al, 
2004). In Nigeria and other West African 
countries, one of the clear sources of co-exposure 
to both metals is through the consumption of 
“calabash chalk”. The chalk also known as La 
Craile, Argile, Nzu, Mabele, Ebumba and Ulo is 
a banned local drug used by pregnant and 
nursing mothers to cure morning sickness 
(NAFDAC, 2006). 
  A lot evidence abound on the co-exposure to 
As and Pb ( Englyst, et al 2001; Lambert and 
Lane, 2004).  However, there is little information 
on the toxicological consequences of the 
interaction between the two metals given the fact 
that metal-metal interactions are important in the 
toxicity of metals. We therefore describe in this 
study the effect of dietary co- administration of 
sodium  arsenite  and lead acetate in albino rats. 
 
 
 
 

MATERIALS AND METHODS 
 
Chemicals and Reagents 
 
Sodium arsenite (Na2AsO2, Mol.wt 129.9 As 
57.6% CAS No 7784-46-5;  Sigma Chemical 
Co., St. Louis, MO) and lead acetate ( 
(CH3COO)2 Pb.3H2O, mol.wt 379.33, 99.999%, 
CAS No. 6080-56-4; Aldrich Chemical Co. Inc. 
St. Paul Avenue Wisconsin USA) were dissolved 
in distilled water. 2-3 drops of acetic acid was 
used to dissolve the lead acetate precipitate. They 
were administered at a dose of 2.5mg/kg body 
weight  (corresponding to 1/10th  of the oral LD50 
of sodium arsenite) and 14mg/kg body weight 
(corresponding to 1/10th of approximate 
environmental human daily exposure level) 
(Preston, et al, 1987; Escribano, et al, 1997). All 
other reagents and chemicals were of analytical 
grade and were obtained from Sigma Chemical 
Co. St. Louis, MO. USA. 
 
Experimental Animals 
 Twenty twelve-weeks old male albino wistar 
rats of average weight of approximately 110 ± 5g 
were purchased from the Physiology Department, 
University of Ibadan, Ibadan. They were housed 
in the Experimental Animal House, Department 
of Biochemistry, University of Ibadan, Nigeria.  
They were fed with rat pellet containing at least 
20% protein, 3.5% fat; 9.0% fibre; 1.2% calcium; 
0.7% phosphorus; vitamin; mineral per mix; 
antioxidant; antibiotics; carbohydrates etc. 
(Ladokun Livestock Feeds Limited, Ibadan, 
Nigeria) and water ad libitum. The room 
temperature was 29 ± 2o C with twelve hours 
light/dark cycle and relative humidity of 60 ± 
5%. 
 
Experimental Protocol 
 The rats were distributed randomly into four 
groups of five animals each.  The rats in group I 
served as negative control and were given 
distilled water throughout the fourteen days of 
study.  Those in group II were given 2.5mg/kg 
body weight of sodium arsenite (SA) only by 
gavage daily for fourteen days, while those in 
group III were given only lead acetate (LA; 
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14mg/kg body weight) daily also by gavage 
throughout the duration of the experiment.  
Animals in group IV were simultaneously fed 
lead acetate and sodium arsenite daily.  All 
experimental animals had free access to rat pellet 
and water ad libitum throughout the period of the 
experiment.  
 Twenty- four hours after the last treatment 
with SA and / or LA, all the rats were bled and 
sacrificed by cervical dislocation. Clastogenic 
effects were evaluated in the rat bone marrow 
using the micronucleus assay as described by 
Heddle and Salmone, (1981) and modified by 
Heddle, et al, (1981). Two hours prior to 
sacrifice, the animals were injected (i.p.) with 
0.04 % colchicine (1ml/100g body weight). Bone 
marrow cells from both femurs were used for 
preparing slides. The slides were fixed, air-dried 
and pretreated with May-Gruenwald solution. 
They were then stained with Giemsa solution. 
The slides were scored for the presence of 
micronucleated polychromatic erythrocytes 
(mPCEs) according to standard procedure. 
 Gamma glutamyl transferase (γ-GT) and 
alkaline phosphatase (ALP) activities were 
determined in the serum samples using the 
method of Sazsz, (1969) and Gesellschaft fur 
Klinische Chemie respectively as described. The 
activities of alanine amino transferase (ALT) and 
aspartate amino transferase (AST) were 
evaluated base on the method of Reitzman and 
Frankel, (1957) also as described. Basic 
histopathological examination of the hearts, 
kidneys, liver and lungs of the test and control 
rats were done at the Veterinary Pathology 
Department, University of Ibadan, Ibadan.  
 
Statistical Analysis 
We used One Way Analysis of Variance 
(ANOVA) at the P< 0.05 significant level. If 
significant differences were found, Duncan’s 
multiple range test was used to compare the 
significance of differences among the different 
experimental groups. Significant differences 
were defined as P< 0.05. 
 
 
 

RESULTS 
 
 Table 1 shows the frequency of 
micronucleated polychromatic erythrocytes 
(mPCEs) induced in the bone marrow cells after 
the administration of either sodium arsenite (SA) 
or lead acetate (LA) alone and simultaneously. 
Sodium arsenite and lead acetate significantly 
induced mPCEs formation in the bone marrow 
cells by about 9 and 8 folds respectively as 
compared with the negative control group (P< 
0.05) in both cases ( Table1, groups I, II, III).  
Furthermore, co-administration of SA and LA 
markedly induced mPCEs formation by 22 about 
folds as compared with the negative control 
group (Table 1, groups I,IV). When compared 
with the groups administered SA or LA alone, 
the induction observed in the co-treatment group 
was about 2 and 3 folds respectively (Table 1, 
groups II, III, IV).  
 The data for the serum activities of γ-GT, 
ALT, AST and ALP in the treated and control 
rats are presented in table 2. From the data, SA 
induced the serum activity of ALP  (≈3 folds), 
ALT (≈ 2 folds), γ-GT (≈ 2 folds) and AST (≈ 
1fold) respectively as compared with the 
negative control group (Table 2, groups I and II). 
Lead acetate induced  the activity of ALP by 
about 2 folds while γ- GT, AST and ALT were 
induced by approximately 1 fold respectively 
also as compared with the negative control 
(Table 2, groups I and III). Simultaneous feeding 
of both SA and LA also induced the serum 
activities of ALP (≈ 3 folds), γ- GT (≈ 2 folds), 
ALT (≈ 2 folds) and AST (≈ 1 fold) respectively 
as compared with  the rats given distilled water 
only ( Table 2, groups I, IV). The increases in the 
serum activities of the enzymes observed in the 
rats co-treated with SA and LA were about 1 fold 
( γ-GT, AST,ALT and ALP respectively) when 
compared with enzyme activities in the rats fed 
with SA only ( Table 2, groups II, IV). Also, 
comparison with rats fed LA alone shows the 
increases in activities of the enzymes to be about 
1 fold ( γGT, AST, ALT) and 2 folds (ALP) 
respectively (Table2, groups III, IV). 
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Table 1:   
Induction of micronucleated polychromatic erythrocytes (mPCEs) in rat bone  marrow cells after exposure to 
sodium arsenite and/or lead acetate. 

Group Treatment  Number of mPCEs/1000 PCEs 
(Means ± S.E) 

I Distilled Water Only 0.50a ± 0.29 
II Sodium Arsenite Only 4.50bc ± 0.64 
III Lead Acetate Only 4.00bc ± 0.91 
IV Sodium Arsenite + Lead Acetate 10.75d  ±1.25 

Values with the same superscript are not significant at 5% level whereas values with different superscript are 
significant (P< 0.05). 
 
Table 2:     
Serum level of gamma glutamyl transferase, aspartate amino transferase, alanine amino transferase and alkaline 
phosphatase in sera of rats. 
Group Treatment γ-GT AST ALT ALP 

I Distilled water only 28.10 a ± 1.21 18.43 a ± 0.35 22.00 a ± 0.23   11.56 a ± 
0.46 

II  
Sodium arsenite only 

 
44.16 bd ± 1.54 

 
25.75 bc ± 0.52 

 
41.75 b ±  
0.43 

  33.58 bd ± 
0.86 

III  
Lead acetate only 

 
35.00 c ± 1.43 

 
22.08 bc ± 1.07 

 
25.10 a ± 0.49 

  18.40 c ± 
0.70 

IV  
Sodium arsenite + Lead 
acetate 

 
46.14 bd ± 2.20 

 
26.40 bc ± 0.87 

 
35.00 c  ± 
1.19 

  34.50 bd ± 
0.85 

 Values (mean ± SE) with the same superscript are not significant at 5% level, whereas values with different 
superscript are significant at (P < 0.05). N= 5/group. 
 
Result of the basic histopathological study 
showed that the lungs of the rats fed 
simultaneously with SA and LA had mild 
infiltrative heamorrhage. All the other organs 
(kidney, liver, brain etc )  in this group seem 
normal. Also, no marked lesions were observed 
in the organs of the groups II and III rats as 
compared with the organs from the negative 
control rats in group I. 
 
DISCUSSION 
 

This study was designed primarily to 
assess the effect of co-exposure to arsenic and 
lead in rats.  The results of the study clearly 
demonstrate that sodium arsenite and lead acetate 
when administered alone significantly (P < 0.05) 
induced the formation of micronuclei in the 
polychromatic erythrocytes (PCEs) of the rat 
bone marrow cells (Table 1).  This observation is 

consistent with an earlier observation and those 
of others on the genotoxic potentials of SA and 
LA in the bone marrow and other tissues (Moore, 
et al, 1993; Vaglenov, et al, 2001; Valverde, et 
al, 2002; Odunola, 2003; Poma, et al, 2003; 
Celik, et al, 2005).  In this particular 
investigation, the induction by SA (at 1/10th of 
the LD50; 2.5mg/kgbw) and LA (at 1/10`th of the 
approximate environmental daily exposure in 
man;14mg/kg) was about 9 and 8 folds 
respectively as compared with the 
micronucleated polychromatic erythrocytes 
(mPCEs) induced in the bone marrow of rats 
given distilled water alone (Table 1, groups I, II, 
III). 

Simultaneous administration of SA and 
LA also significantly induced mPCEs formation 
in the bone marrow of the rats (P < 0.05).  This 
induction was about 22 folds when compared 
with mPCEs induced in the negative control 
group.  (Table 1, groups I, IV).  Furthermore, the 
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induction observed after co-administration of the 
two compounds appears to be synergistic. This 
suggests that simultaneous administration or co-
exposure to As and Pb may result in an 
enhancement of the toxic effects of both metals.  
It had earlier been shown that co-administration 
of Pb and the pyrethroid cypermethrin results in 
an enhanced genotoxic effect in rat bone marrow 
cells (Nehez, et al, 2000).  Disturbances in 
intracellular calcium by As and/or Pb may be one 
of the mechanisms involved in mPCEs induction 
by the two metals (Goldstein, 1993; Liu and 
Huang, 1997; Florea, et al, 2005). 

Given the concentration of SA and LA 
used in this study, the observations made further 
suggest that greater health hazards that may 
result from co-exposure to As and Pb at levels 
not exceeding their permissible levels cannot be 
under estimated.  For instance, in addition to the 
observed genotoxic effects, it has been suggested 
that a possible interaction between As and Pb 
may be involved in lung cancer risks among lead 
smelter workers simultaneously exposed to 
arsenic (Englyst, et al, 2001). In this connection, 
pregnant/nursing mothers and their new-borns in 
Nigeria and other West African countries may be 
at greater risk of exposure to As and Pb from the 
consumption of calabash chalk and As 
contaminated drinking water.  This may be 
closely linked to the incidence of maternal and 
infant mortality in these populations.  It is known 
that lead retained in hard tissues after exposure 
can be metabolized during pregnancy, lactation 
and other pathological conditions. (Silbergeld, et 
al 1988; Silbergeld, 1991). 

The results obtained from the assessment 
of the serum activities of γ-GT, ALP, ALT and 
AST show that SA and LA separately induce the 
serum activity of   γ-GT significantly (P < 0.05) 
by about 2 and 1 folds respectively as compared 
with the  γ-GT activity induced in the control rats 
(Table 2; groups I, II, III).  Simultaneous 
administration of both compounds also 
significantly induced serum  γ-GT activity by 
about 2 folds also as compared with the negative 
control (Table 2; groups I, IV).  This is an 
indication of induction of hepatotoxicity and 
oxidative stress in the hepatocytes.  Increased 

activity of γ- GT has been associated with 
hepatotoxicity, oxidative stress and chromosomal 
abberations in cells (Dinari, et al, 1979; 
Karmaker, et al, 1999; Lee, et al, 2004).  SA and 
LA also induce the serum activity of ALP 
following the same pattern as observed for  γ-GT. 
SA and LA significantly (P< 0.05) induced ALP 
activity separately by about 3 and 2 folds 
respectively while co-administration of the two 
compounds caused about 3 folds induction all as 
compared with the negative control group (Table 
2).  Exposure to SA had been shown to induce 
ALP activity (Chattopady, et al, 2003).   

Taken together, SA induced the serum 
activity of AST and ALT by about 1 and 2 folds 
while the induction by LA was about I fold each 
as compared with the induction observed in 
group I rats given distilled water alone. 
Simultaneous feeding of both SA and LA caused 
an elevation of about 1 and 2 folds in AST and 
ALT activities respectively (Table 2).  The 
induction of AST and ALT activities following 
exposure to As has been documented (Mallick, et 
al, 2003).  Basic histopathological  analysis of 
the organs from the rats after sacrifice showed 
that rats fed simultaneously with SA and LA had 
mild infiltrative hemorrhage in their lungs.  All 
the other organs seem normal.  The effect of long 
term co-exposure of laboratory animals to arsenic 
and lead is being studied. 
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