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Abstract 
Objectives: The aim of this study was to verify mitigating effects of the anti-
oxidants α tocopherol (Vitamin E) and ascorbic acid (Vitamin C) on lead in-
duced renal toxicity in adult male Wistar rats. Methods: A total of 36 mature 
male Wistar rats separated into 1 control group fed with rat feeds and water 
only and 3 study groups fed with 10 mg/ml of lead acetate, 10 mg/ml of lead 
acetate + 200 mg/2ml of vitamin C and 10 mg/ml of lead acetate + 100 mg/2ml 
of vitamin E respectively in addition to feds and water for 28 days were used. 
Blood samples were obtained for renal indices and the kidneys of all rats were 
harvested, weighed and prepared for histological examination. Result: The 
percentage weight gain was highest among control rats (20.70%), followed by 
lead + vitamin E group (18.42%), lead + vitamin C group (17.00%) and the 
least amongst the lead group (9.50%). The mean serum uric acid of 419.20 ± 
35.80 µmol/L in the lead treatment group was significantly higher than 395.50 
± 15.35 µmol/L, 393.30 ± 14.16 µmol/L and 387.67 ± 14.56 µmol/L in the lead 
+ vitamin C group, lead + vitamin E group and controls respectively. The ex-
tent and proportion of renal tissue damage was higher in the lead-treated group 
and the commonest renal abnormalities observed were tubular and interstitial 
damage seen in 90.00% of rats in the lead-treated group compared to 75.00% 
and 60.00% in the lead + vitamin C and the lead + vitamin E groups respectively 
while the control rats had a normal histological appearance. Conclusions: The 
sub-acute administration of lead acetate may have inhibitory effect on growth 
of animals, and adversely affect renal function and histology with uric acid as 
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a more reliable marker of lead induced renal toxicity compared to urea and 
creatinine. The histologic parameters of tubulointerstitial abnormalities were 
also consistent with lead toxicity. Antioxidants were useful in reducing lead 
induced renal damage and growth inhibition with vitamin E producing a 
more potent effect compared to Vitamin C. 
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1. Introduction 

Lead (Pb) is a common environmental and occupational toxicant with adverse 
effects on multiple organ systems of humans and other animals even at low le-
vels of exposure [1] [2] [3].  

Oxidative stress has been shown to play a significant role in the process of Pb 
induced structural and functional organ damage [4] [5]. The effects of Pb in-
clude alterations in anti-oxidant defense systems and the generation of Pb induced 
reactive oxygen species that contribute to oxidative tissue stress, implicated in 
the pathogenesis of Pb induced hypertension, nephrotoxicity and damage in other 
organs [4] [5] [6] [7]. This pathogenic process therefore generates a potential 
role for antioxidants in the reduction of Pb induced tissue damage. To the extent 
that various studies have evaluated the role of antioxidants in preventing Pb in-
duced tissue damage and even suggested a role for incorporation of antioxidants 
in the diets of highly lead exposed populations for prevention [8] [9] [10] [11]. 
The use of antioxidants in preventing Pb toxicity is supported by the outcome of 
various studies which have shown positive results. Onunkwor et al. [12] demon-
strated a significant reversal of lead induced alterations in antioxidant systems of 
lead exposed artisans in Abeokuta, Nigeria using ascorbic acid (Vitamin C). The 
lead-induced inhibition of heme synthesis as measured by reduced activity of 
aminolevulinic acid dehydratase (α-ALAD) and increased erythrocyte proto-
porphyrin, has also been shown to be reversed with vitamin C administration by 
Ademuyiwa et al. [13]. Hanarfy et al. in Egypt [14] have also shown that the use 
of the antioxidant α-tocopherol (Vitamin E) conferred protection and signifi-
cantly reduced biochemical and structural renal system abnormalities in rats 
exposed to heavy metals including lead. The potential benefits of antioxidants in 
Pb exposed populations will therefore be most valuable in countries like Nigeria 
with documented high lead exposure burden, limited Pb exposure regulation and 
limited access to chelating therapy [15] [16] [17] [18]. These gaps are highlighted 
in the 2010 outbreak of acute lead poisoning in Zamfara state Nigeria which re-
sulted in the death of many children. The key inadequacies included absence of 
chelating agents like calcium disodium ethylene diamine tetra-acetic acid (Ca-
Na2EDTA), succimer (2,3-meso-dimercaptosuccinic acid) and D-penicillamine 
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and dimercaptosuccinic acid (DMSA) which are the mainstay of treatment for 
persons with blood lead level (BLL) above 40 ug/dl which was prevalent in the 
populations; In addition to the inability to routinely monitor safety concerns which 
result from treatment with chelating agents [19] [20]. As a result research into 
the role of antioxidant in the prevention and alleviation of heavy metal toxicity is 
relevant in a country like Nigeria, as it offers a readily available, affordable and 
safe option in Pb exposed persons. It is on this proposition that this study there-
fore aims to appraise the structural and functional effects of sub-acute adminis-
tration of lead acetate and the co-administration of the antioxidants α tocophe-
rol (Vitamin E) and ascorbic acid (Vitamin C) on the kidney function and his-
tology of adult male Wistar rats.  

2. Methodology 
2.1. Study Design 

This was a cross sectional experimental study, involving a total of 36 mature 
male Wistar rats weighing 180 to 200 g. The experimental animals were bred and 
housed in the animal House of the department of human physiology, University 
of Port Harcourt, Port Harcourt, Nigeria and allowed to acclimatize to laboratory 
conditions for one week at room temperature before start of the study with un-
restricted access to water and standard diet. The study experiments were conducted 
in accordance with the Nigerian Health Research Ethics Committee Sub-Code 
for Research Involving Animals [21] while ethical clearance was obtained from 
the University of Port Harcourt Teaching Hospital, Ethics committee. The expe-
rimental animals were separated into 1 control and 3 test groups. The control 
group had 6 rats, while the 3 test groups had 10 rats each. The control group was 
fed with rat feeds and water only. Each rat in test group 1 Lead Only (PbO) had 
10 mg/ml of lead acetate in addition to rat feeds and water only daily for 28 days. 
Each rat in test group 2 Lead + Vitamin C (PbC) had 10 mg/ml of lead acetate + 
200 mg/2 ml of vitamin C and rat feeds and water daily for 28 days simulta-
neously, while rats in test group 3 Lead + Vitamin E (PbE) had 10 mg/ml of lead 
acetate + 100 mg/2 ml of vitamin E simultaneously with rat feeds and water, 
daily for 28 days. 

2.2. Data Analysis  

The weight of each rat was measured at the beginning and end of the study. 
Blood samples were obtained for kidney function indices (Serum Urea, Creati-
nine and Uric Acid). The kidneys of all rats were harvested, weighed and pre-
pared for histological examination, after quick removal with immersion in 10% 
formalin. Renal tissue were subsequently dehydrated, embedded in paraffin, sec-
tioned at 4mm, stained with Haematoxylin and Oesin (HxE) method and eva-
luated by light microscopy at X400 magnification. Data was analysed using the 
statistical package software SPSS23 for windows. Comparisons of means were 
done using the ANOVA and independent t test. Proportions were compared us-
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ing Z test and Chi-square test as appropriate. p-value ≤ 0.05 was considered as 
significant. 

3. Results 
3.1. Body Weight of Animals 

The baseline and interval mean weight values and percentage weight changes are 
stated in Table 1. There were no significant differences between and within the 
mean weights at baseline by ANOVA. The study completion mean weight showed 
significant within mean differences with p = 0.003 between PbC and PbE groups 
by ANOVA. The percentage weight gain was highest among control rats (20.92%), 
followed by PbE (18.42%), PbC (17.00%) and the least amongst the lead group 
(9.50%). The comparison of proportions showed significant differences between 
Pb and PbE with p = 0.02.  

3.2. Kidney Function Parameters 

The renal function and renal weight parameters for the study animals are as 
shown in Table 2. The serum urea for controls was 3.55 ± 0.23 mmol/L com-
pared to 3.39 ± 0.23 mmol/L for Pb Only treated group; 3.25 ± 0.21 mmol/L for 
PbC and 3.33 ± 0.21 for PbE group. There was no statistically significant differ-
ence between and within the means with ANOVA and independent t test. The 
mean serum creatinine for the control group was 75.00 µmol/L ± 4.34, compared 
to 73.50 ± 2.92 µmol/L for Pb Only; 72.50 ± 4.78 µmol/l for PbC and 74.50 ± 
2.92 µmol/L for PbE, with no statistically significant difference with ANOVA and 
comparisons of means with t test. The mean serum uric acid for the Pb Only 
group was 419.20 ± 35.80 µmol/L, compared to 395.50 ± 15.35 µmol for PbC 
group, 393.30 ± 14.16 µmol/L for PbE group (p = 0.04) and 387.67 ± 14.56 
µmol/L, for the control group (p = 0.03) with statistical significance as shown 
with independent t test and ANOVA. 

3.3. Morphologic and Histological Analysis of Kidneys 

The weight of the kidneys was 0.63 ± 0.11g in the control group, 0.64 ± 0.10 g for 
Pb Only group, 0.65 ± 0.07g for PbC group and 0.66 ± 0.09 g for PbE group, as 
shown in Table 2. There was no significant difference in the means with ANOVA 
and t test.  

The commonest renal abnormalities observed were tubular and interstitial 
damage seen in 90.00% of rats in the lead-treated group compared to 75.00% and 
60.00% in the PbC and PbE groups respectively. The comparison of proportions 
showed significant differences between PbC and PbE (p = 0.02). The other his-
tological abnormalities were cortical, interstitial and glomerular cellular infil-
trates in a frequency of 20.00% in the Pb Only and PbC groups and 10.00%, in 
the PbE. The control rats had a normal histological appearance. The histological 
appearance of the study animals is shown in Figures 1-5. 
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Table 1. Baseline mean weight, interval mean weight and percentage weight change in study animals. 

Study Group 
Baseline weight  

Mean ± SD (grams)  
Interval weight 

Mean ± SD (grams)  
p value % weight gain p value 

Control group (normal feed) 203.33 ± 29.42 g 245.83 ± 51.03 g  20.92%  

Group—Lead only (PbO) 210.00 ± 10.54 g 230.00 ± 34.96 g  9.52%  

Group—lead + ascorbic acid (PbC) 200.00 ± 0.001 g 234.00 ± 23.90  
0.003 

17.00 %  
0.02 Group—lead + α-tocopherol (PbE) 190.00 ± 10.54 g 225.00 ± 26.23 18.42% 

NS = Not Significant NS     

 
Table 2. Renal function parameters and renal weight of study animals. 

 Controls Pb Only Group PbC Group PbE Group  

Parameters     

Serum Urea (mmol/L) 3.55 ± 0.23 3.39 ± 0.23 3.25 ± 0.21 3.33 ± 0.21 

Serum Creatinine (µmol/L) 75.00 ± 4.34 73.50 ± 2.92 µmol 72.50 ± 4.78 µmol/L 74.50 ± 2.92 µmol 

Serum Uric Acid (µmol/L) 387.67 ± 14.56 
419.20 ± 35.80 

(p = 0.03) 
395.50 ± 15.35 

393.30 ± 14.16 
(p = 0.04) 

Renal weight grams (Rt and Lt) 0.63 ± 0.11 0.64 ± 0.10 0.65 ± 0.07 0.66 ± 0.09 

 

 
Figure 1. Showing normal glomeruli, tubules and interstitium of 
the kidney in the control group (H&E Stain (×400 Magnification)). 

 

 
Figure 2. Showing degeneration of tubules and tubular cast in the 
lead only group (H&E Stain (×400 Magnification)). 
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Figure 3. Showing glomeruli with hyper cellularity indicative of 
either inflammation and mesangial proliferation in the lead only 
group (H&E Stain (×400 Magnification)). 

 

 
Figure 4. Showing regeneration of the tubules after injury in the 
lead plus vitamin C group (H&E Stain (×400 Magnification)). 

 

 
Figure 5. Showing regeneration of the tubules in the lead plus vitamin 
E group (H&E Stain (×400 Magnification)) 

4. Discussion 

Lead toxicity resulting from acute, sub-acute or chronic exposure is known to 
have harmful effects as a consequence of oxidative stress and tissue injury [4] [5] 
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[8]. Therefore the use of anti-oxidants is propositioned as a cost effective strate-
gy for the mitigation and prevention of lead induced tissue injury especially in 
settings where lead exposure is common and adequate care for heavy lead expo-
sure is not readily available [8] [9] [10] [11].  

This study set out to evaluate the comparative mitigating effect of two com-
mon anti-oxidant compounds, ascorbic acid (Vitamin C) and α-tocopherol (Vi-
tamin E) on the renal biochemical and histologic parameters of adult male Wis-
tar rats.  

The results of the study indicate that the sub-acute lead acetate toxicity has inhi-
bitory effect on growth as the percentage weight gain was lowest in lead-treated 
group with 9.50%, compared to the control group, lead + vitamin E group and 
lead + vitamin C group with 20.70%, 18.42% and 17.00% growth rates respec-
tively. The findings also support the protective effect of the anti-oxidants ascor-
bic acid (Vitamin C) and α-tocopherol (Vitamin E).  

The results of this study are comparable with the findings of Ibrahim et al. 
[22] in a study of lead effects on albino rats with control rats achieving almost 
100% weight gain compared to lead acetate fed rats with 60% weight gain. 
Ponce-Canchihuamán et al. [23] also reported similar weight trend pattern com-
parable to the results of this study with significantly reduced weight gain in lead 
group compared to the lead and spiriluna and control group, during an assess-
ment of the effects of the antioxidant spiriluna in lead acetate fed rats. Ezejiofor 
et al. [24] in a study of the antioxidant effect of Costus afer (CA) in lead fed rats 
documented that the total weight of 114.52 ± 11.3 grams in lead fed rats was 
lower than 130.9.34 grams in rats with 1500 mg dose CA respectively. These 
findings support the mitigating effects of antioxidants on lead induced weight 
loss in lead exposed animals.  

Three biochemical parameters of renal function assessed in this study were 
urea, creatinine and uric acid. The comparison of urea and creatinine levels among 
the different experimental groups did not show any significant differences, while 
uric acid levels were significantly higher in the lead acetate treated group, com-
pared to the controls and lead and vitamin E and lead and vitamin C groups re-
spectively.  

In comparison with findings from other studies, Salem et al. [25] in a study of 
the protective effects of garlic on lead exposed rats documented significantly 
higher urea values in lead exposed rats of 34.6 ± 3.5 mg/dl compared to 24.5 ± 
2.6 mg/dl and 22.2 ± 2.3 mg/dl in lead plus garlic fed rats and controls in con-
trast with the findings of this study; with urea values of 3.55 ± 0.23 mmol/L, 3.39 
± 0.23 mmol/L, 3.25 ± 0.21 mmol/L and 3.33 ± 0.21 in controls, lead treated 
group, lead + vitamin C group and lead + vitamin E group respectively.  

Al-Attar et al. [26], evaluated the protective effect of vitamin E in heavy metals 
exposed rat’s and documented significant differences in values of urea in lead 
exposed rats compared to rats on lead plus vitamin E and controls with the fol-
lowing respective values 25.45 ± 3.09 mg/dl, 14.88 ± 2.46 mg/dl and 13.95 ± 1.38 
mg/dl, in contrast with the findings on this study.  
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Hanafy et al. [14] also documented increase urea of 77% from baseline in lead 
treated rats compared to 17% in controls also contrasting with the findings of 
our study. 

In comparable pattern with the findings of this study, Andjelkovic et al. [27], 
in a study of acute heavy metal effect on renal, hepatic and blood parameters in 
rats also documented significantly higher urea of 10.72 ± 1.02 mmol/l in the 
controls compared to 8.76 ± 1.12 mmol/l and 9.08 ± 1.13 mmol/l in lead only 
and lead plus cadmium exposed rats respectively. Similarly Ezejiofor et al. [24] 
studied the antioxidant protective effects of Costusafer (CA) extract and re-
ported no significant difference in urea values in the lead only group of 1.1 ± 0.1 
mg/dl compared 1.2 ± 0.03 mg/dl in the lead plus 1500 mg CA group. 

The trend of creatinine reported in the study by Salem et al. [25] showed sig-
nificant differences in values with higher creatinine values of 1.9 ± 0.14 mg/dl in 
lead exposed animals compared with 1.1 ± 0.09 mg/dl in the garlic plus lead 
group and 0.90 ± 0.05 mg/dl in the controls, contrasting with this study findings 
with insignificantly higher creatinine in the controls of 75.00 µmol/L ± 4.34 com-
pared to 73.50 ± 2.92 µmol/L for lead-treated group, 72.50 ± 4.78 µmol/l for lead 
+ vitamin C and 74.50 ± 2.92 µmol/L for lead + vitamin E group. Al Altar et al. 
[27] reported higher creatinine of 0.93 ± 0.05 mg/dl in lead group compared to 
0.46 ± 0.05 mg/dl, and 0.37 ± 0.03 mg/dl in the lead and vitamin E and control 
groups respectively. Andjelkovic et al. [27], also reported a significant and higher 
creatinine values in lead fed group 43.40 (41.4 – 46.5) µmol/l compared to 42.45 
(39.5-43.5) µmol/l in controls; while Hanafy et al. [14] reported a 24% increase 
in baseline creatinine in lead group compared to 7% in the lead plus vitamin E 
protected group.  

The trend of insignificant differences in serum creatinine in our study has also 
been documented in other studies. A study by Ishaik et al. [28] which used ly-
cophene as the antioxidant did not find significant difference between serum 
creatinine value of 18.0 ± 4.6 mg/dl in lead only group compared to 15.1 ± 3.5 
mg/dl in lead plus lycopene group and 10.0 ± 2.3 mg/dl in controls. Odigie et al. 
[29] in a low level lead exposure study did not report significant differences in 
serum creatinine value of 57.8 ± 7.5 µmol/L in lead exposed rats compared to 
controls with 49.0 ± 2.7 µmol/L. Ezejiofor et al. [24] using CA as the protective 
antioxidant also did not find any significant difference in creatinine values of 
178 ± 3.0 µmol/L in the lead only group compared to 175 ± 1.5 µmol/l in the 
lead plus 1500 mg CA group. 

The variance in the outcome of this study and comparator studies could be 
due to varied weights of animals which may have an influence on creatinine and 
urea values which are related to weight and muscle bulk. In addition other fac-
tors like the varying dose of lead used in the studies and the diverse level of lead 
exposure from acute, sub-acute and chronic may also account for the differences 
as the study duration in the work of Al-Attar et al. [26] was 7 weeks, 10 weeks 
for the study by Salem et al. [25], acute low level exposure for below 2 weeks by 
Ishiak et al. [28], 1 week by Andjelkovic et al. [27] and chronic low exposure of 3 
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months by Odigie et al. [29]. In addition the differing results could also be ex-
plained by the recognition that serum urea and creatinine are less reliable mark-
ers of lead induced kidney damage as indicated by other reports [30] [31] [32] 
and the sample size limitations due to the ethical limitations for large animal 
sample population.  

The serum uric acid of 419.20 ± 35.80 µmol/L recorded in the lead treatment 
group in this study was significantly higher than the respective values of 395.50 
± 15.35 µmol/L, 393.30 ± 14.16 µmol/L and 387.67 ± 14.56 µmol/L for the lead + 
vitamin C group, lead + vitamin E and control respectively. The results are con-
sistent with that of other studies as Salem et al. [25] reported significantly higher 
uric acid values of 3.24 ± 0.28 mg/dl in lead only group compared to 1.92 ± 0.16 
mg/dl and 1.85 ± 0.17 mg/dl in the lead plus garlic and control group respec-
tively in line with the findings of this study. Al-Attar et al. [26] also reported 
higher urate of 3.09 ± 0.31 mg/dl in lead group compared to 1.83 ± 0.23 mg/dl 
and 1.88 ± 0.13 mg/dl in the lead plus vitamin e and controls groups respective-
ly. These findings indicate that irrespective of the duration and level of lead ex-
posure uric acid elevation is an early, consistent and more reliable marker of 
lead induced kidney damage when compared to the other renal function para-
meters. The findings also indicate a mitigative effect of antioxidants which in-
clude vitamin C and E on lead induced renal damage exemplified by elevated 
uric acid.  

Increase in urate levels is a known association of lead exposure which occurs 
in both acute and chronic exposure with oxidative stress and impairment of ni-
tric oxide as a mechanism and consequence [31] [32] [33] [34] [35]. In addition 
the elevation of urate in lead exposure is also known to occur at low doses of 
lead exposure and even when kidney disease or damage is still subclinical [31] 
[32] [33]. This may explain the finding of significant change in uric acid in this 
study when compared to the other renal biochemical parameters. In addition the 
contribution of oxidative mechanisms in this process also supports the role of 
antioxidant use in uric acid reduction in lead exposed animals as seen in this and 
other studies [25] [26].  

The renal organ weight and histologic pattern was also used in evaluating the 
effect of lead on the kidneys and the mitigating effect of antioxidants. The study 
findings indicate that the weight of the kidneys was not significantly different 
between the control (0.63 ± 0.11 g) and the various treatment groups Pb Only 
0.64 ± 0.10 g; PbC 0.65 ± 0.07 g; and PbE group 0.66 ± 0.09, as shown in Table 
2, though the renal weight in the control and antioxidant groups were marginal-
ly higher. These findings are similar with the findings of Odigie et al. [29] who 
reported insignificant changes in the right and left renal weight of lead fed rats 
of 0.57 ± 0.05 g and 0.57 ± 0.06 g respectively compared to 0.62 ± 0.10 g and 0.63 
± 0.08 g in controls respectively. Another study by Ibrahim et al. [22] did not 
find significant differences in the organ weight of controls which was 2.5 ± 0.13 
g compared to lead exposed animals with 2.99 ± 0.81 g. However significant dif-
ferences were observed in organ body weight ratio in controls of 0.68 ± 10 com-
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pared to a higher ratio of 1.00 ± 00 in exposed animals indicating an impact of 
lead on the kidney. Ezejiofor et al. [24] documented that the renal weight of the 
rats in the lead group of 0.77 ± 0.01 g was lower than that of rats with lead plus 
antioxidant CA of 0.80 ± 0.00 at all doses of CA. They also found a higher organ 
to body weight ratio 0.67 in lead only rats compared to 0.31 in lead plus CA fed 
rats. Salem et al. [25] also documented lower kidney weight in the lead exposed 
groups of 1.6 ± 0.2 g compared with 2.1 ± 0.4 g and 2.0 ± 0.3 g in controls and 
the lead plus garlic group respectively indicating a significant impact of antioxi-
dant on lead induced reduction of renal weight and protection from the antioxi-
dant garlic. 

These findings show that renal weight is reduced in lead exposed animals. 
This finding is characteristic of lead nephrotoxicity which manifests with un-
iformly contracted kidneys in the presence of excessive lead absorption [31] [32]. 
The findings also show that the application of antioxidants can mitigate this ef-
fect.  

The key histologic findings in acute lead nephrotoxicity are the reversible pres-
ence of acid-fast lead induced nuclear inclusion bodies which are lead-protein 
complexes in the proximal tubular cells [32]. In chronic lead nephrotoxicity the 
kidneys macroscopically appear contracted and have a granular surface, with the 
cut surface showing general loss of cortical tissue, corticomedullary demarca-
tion, and vascular markings with intact but small pyramids [31] [32]. The histo-
logic hallmark is a chronic acellular interstitial nephritis comprising of coexist-
ing dilated and alternate atrophic tubules [31] [32]. In addition a large propor-
tion of glomeruli are lost without leaving a trace, with some coexisting periglo-
merular fibrosis indicating that lead kidney disease is largely a tubulointerstitial 
disease [31] [32]. 

The histological analysis of rats kidneys in this study showed that renal tubu-
lar and interstitial damage were the major abnormalities observed in this study 
as shown in Figures 2-5; with a significantly higher extent and proportion of 
renal tissue damage of 90% observed in the lead-treated group, compared to 
75.00% and 60.00% in the lead + vitamin C and the lead + vitamin E groups re-
spectively. The other histological abnormalities were cortical, interstitial and 
glomerular cellular infiltrates in a frequency of 20.00% in the lead only and lead 
and vitamin C group and 10.00%, the lead and vitamin E treated group. The 
morphologic and histologic findings of this study are distinctive off sub-acute 
lead nephrotoxicity [31] [32]. The results also show significant protective effect 
of vitamin C and vitamin E on lead induced kidney damage with vitamin E hav-
ing a more protective effect. The histologic pattern observed in this study are 
comparable with the findings of other studies by Odigie et al. [29] who reported 
minimal interstitial changes in low level chronic exposure and Hanafy et al. [14] 
who found dense renal tubular cells, glomerular shrinkage and widening of cap-
sular space typical with lead nephrotoxicity [31] [32] with vitamin E providing a 
significant protective effect. In like pattern Al-Attar et al. [26] also reported renal 
tubular dilatations with congestion of blood vessels with hemorrhage and dege-
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neration of renal corpuscles and a significant protective effect from vitamin E 
administration in line with the findings of this study. 

The outcome of this study and other studies on the protective effect of anti-
oxidant against lead toxicity effect in experimental animals gives justification to 
the application of antioxidants for reduction of lead toxicity damage in humans. 
This assertion is supported by the outcome of cross sectional studies across Ni-
geria and the globe as demonstrated by the significant reversal of lead induced 
alterations in antioxidant systems of lead exposed artisans in Abeokuta Nigeria 
using ascorbic acid by Onunkwor et al. [12] and the reversal lead-induced inhi-
bition of heme synthesis as measured by reduced activity of aminole-vulinic acid 
dehydratase (α-ALAD) and increased erythrocyte protoporphyrin, with vitamin 
C administration by Ademuyiwa et al. [13]. Akinhami et al. [36] also showed sig-
nificant ameliorative effects of vitamin C in a spectrum of lead exposed workers 
using 400 mg of vitamin C supplementation which resulted in 51%, 33%, 13% 
and 28% reduction of blood Pb in polyurethrane workers, auto mechanics and 
allied workers, motor terminus workers and controls respectively. There was also 
evidence of antioxidant effect documented by the reduction in glutathione (GSH) 
and increased level of plasma aminolevulinic acid (ALA). Esimai et al. [37] also do-
cumented that Vitamin C reduced the urinary excretion of lead in a group of 
primary school children in south west Nigeria while Dawson et al. [38] in a study 
of the general population in the USA also established that daily supplementation 
with 1000 mg of ascorbic acid results in a significant decrease of blood-lead le-
vels associated with the general population and postulates that ascorbic acid 
supplementation may provide an economical and convenient method of reduc-
ing blood-lead levels.  

In addition various reviews [9] [39] [40] [41] and other cross sectional animal 
studies [42] [43] have also documented the role of vitamin E as a significant 
preventive and adjunct therapy for lead exposure and toxicity. Patra et al. [42] in 
a study of the ameliorative effects of antioxidant (ascorbic acid, α tocopherol or 
l-methionine) alone and antioxidant (α tocopherol) plus a conventional chelator 
(CaNa2 EDTA) established significant reduction of lead toxic effects with the 
use of vitamin E while Elshelby et al. [43] in a study of the protective effects of 
vitamin E supplementation in fish (in Oreochromis niloticus) found that it reduced 
the accumulation of lead in fish muscle and prevented its negative impact on growth 
when compared with controls as dietary vitamin E supplementation reduced lead 
concentrations in muscles and increased GH levels in serums of Pb treated fishes.  

It is observed that there are more studies on the use of vitamin C for lead toxici-
ty mitigation when compared to vitamin E probably due to safety concerns relat-
ing to solubility. It is also recommended that co-administration of different groups 
of antioxidants molecules may confer greater benefit due to combined antioxidant 
and chelation functions thus resulting in more effective reduction of oxidative 
stress mediated by lead toxicity [10] [40]. The non-assessment of co-administration 
of vitamin E and vitamin C in this study is a limitation which can be addressed 
in further studies.  
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5. Conclusion 

In conclusion, this study corroborates the outcome of other studies and reviews 
which have established the utility of the antioxidants vitamin C and E in the 
prevention and mitigation of the effects of lead exposure and toxicity especially 
on renal structure and function. It is recommended that these antioxidants are 
utilized as a preventive strategy in a country like Nigeria where lead exposure is 
prevalent and access to chelation therapy is not routine. It also strengthens the 
recommendation for longitudinal studies on the utility of these antioxidants in 
the prevention of low level chronic lead exposure in the human population. 
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