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ABSTRACT
The present work is devoted to access some of the biomarkers due to lead toxicity in experimental Wistar male rats orally
exposed to graded doses of lead (200, 300 and 400 ppm of lead as lead acetate) over a period of four, eight and twelve weeks.
A total of sixty Wistar male rats were equally divided into four groups A, B, C and D. Group A served as control. Groups B, C
and D were exposed to 200, 300 and 400 ppm of lead as lead acetate respectively. At the end of four, eight and twelve weeks,
five animals each were removed from each group; blood sample was obtained via the ocular median canthus for
haematological and biochemical studies. The results indicated accumulation of blood lead which was both dose and time
dependent, while there was significant decrease (P < 0.05) in packed cell volume and haemoglobin concentration. The
erythrocyte indices (mean corpuscular volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin
concentration) also revealed a significant decrease, revealing microcytic hypochromic anaemia. There was significant decrease
(P < 0.05) in both the total plasma protein and albumin while blood urea nitrogen and creatinine revealed a significant
increase, giving an indication of compromised liver and kidney functions. It was concluded that oral exposure to lead at vary
doses over a period of four, eight and twelve weeks results in alterations of various haematological and biochemical
parameters and thus can serve as a sensitive biomarkers in lead toxicity.
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INTRODUCTION
Lead is a ubiquitous environmental toxin that induces a broad range of physiological, biochemical and
behavioral dysfunction. It has being recognized as the major heavy metal pollution because of its wide
distribution in the human environment (Harison and Laxen, 1981; Finkel et al., 1983). Many reports are available
regarding lead toxicity and its deleterious effects in various species of animals. It is a major environmental
pollutant and its toxicity continues to be a major public health problem and there is a growing consensus that lead
cause toxic injury to human at a level of exposure that was considered to be safe a decade ago. Chronic exposure
to lead, even at low levels, can result in slow progressive, in most time, irreversible damage to haemopoietic
nervous and renal system (Silbergeld 1997; Nevin et al., 2008).
Blood or blood constituents are the best indicators of the present internal exposure of an individual to lead
(Lanphear et al., 1999), however blood lead levels alone does not always give an accurate estimate of total body
burden of lead, hence it is important to detect sub cellular damage using reliable sensitive biomarkers. Animals
are very good indicator of the environmental pollution, as they inhabit the same space as humans and are exposed
to the action of the same pollutants, for this reason it is appropriate and advantageous to evaluate the negative
impact of the polluted environment by lead and their influences on human health by parallel evaluation on the
animals. Hence this study is to evaluate some of the haemato-biochemical alterations induced by lead acetate
toxicity in male Wistar rats in addition to blood lead concentration at varying doses in experimental male Wistar
rats that can serve as sensitive biomarkers in lead toxicity.
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MATERIALS AND METHODS
Experimental animals
A total of sixty male Wistar rats were used for this investigation. The average weight of the rats was 152±3.5g.
They were provided with laboratory animal feed (Fat/oil 6%, Crude fibre 5%, Calcium 1%, Available
phosphorus 0.4%, Lysine 0.85%, Methionine 0.35%, Salt 0.3%, Crude protein 18%, Metabolisable Energy 2900
Kcal.kg-1, Manufactured by TOPFEEDS®, Lagos, Nigeria) and water provided ad libitum. Experimental animals
were acclimatized to their housing environment one month before the start of the experiment.
Animal ethics
All experimental protocols carried out on the animals were in accordance with the internationally accepted
principles for laboratory animal use and were approved by the Ethics Committee on Laboratory Animal Use of
the College of Veterinary Medicine, Federal University of Agriculture, Abeokuta.
Administration of lead acetate
The animals were randomly divided into four groups of fifteen animals per group and were treated with lead
acetate orally as the source of lead exposure for a period of four, eight and twelve weeks. The treatments were as
follows: Group A: served as the control and were given distilled water. Group B: were given 200 ppm (parts per
million) of lead as lead acetate. Group C: were given 300 ppm of lead as lead acetate. Group D: were given 400
ppm of lead as lead acetate. Lead acetate, ((CH3.COO)2Pb.3H2O, Assay (ex Pb) 99-103%, Maximum Limits of
Impurities, Chloride (Cl) 0.005%, Copper (Cu) 0.002%) a product of Cartivalues, England.
Haematological studies
Blood lead concentration were determined in whole blood using atomic absorption spectrophotometer (Buck
200) a product of Buck scientific, Connecticut, U.S.A. At the end of four, eight and twelve weeks of lead
treatment, blood samples were collected via the occular median canthus using heparinized capillary tubes into
heparinized tubes. Packed cell volume, red blood cell and white blood cell count and haemoglobin concentration
were determined as described by Jain, (1986)
Plasma preparation
The blood samples were centrifuged at 4000 rpm for 10 minutes to separate the plasma from the red blood
cells (erythrocytes). The plasma was then removed and stored in Eppendorf tubes for further analyses.
Biochemical studies
Total plasma protein and albumin concentrations was estimated according to the method of Tietz, (1995) and
Grant, (1987) respectively by using commercial kits (Randox®, Spain). Plasma blood urea nitrogen and
creatinine concentrations were estimated according to the method of Henry, (1974) by using commercial kits
(Cromatest®, Spain).
Statistical analysis
Results were expressed as mean±SEM. Analysis of the data was done using one-way analysis of variance
followed by the Duncan multiple range test. A p value 0.05 was considered significant in all cases.
RESULTS AND DISCUSSION
The mean blood lead concentrations of male Albino rats treated with graded doses of lead for a period of four,
eight and twelve weeks are shown in Table 1. Throughout the duration of treatment, there was a significant
increase (p<0.05) in blood lead concentrations in the treated groups compared to the control group. The 400ppm
treated group had the highest blood lead concentration irrespective of the duration of lead treatment. The group
treated with 400ppm for four weeks had blood lead concentration of 19.76 ± 0.47µg/dl which was about 9.2
times higher than that of the control, while those treated for eight weeks had blood lead concentration of
39.82±1.14µg/dl and those treated for twelve weeks had blood lead concentration of 63.50 ± 1.65µg/dl which
was about 9.9 times higher than that of the control.
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Table 1. The mean blood lead concentrations of male Albino rats treated with graded doses of lead
Blood lead concentration (µg/dl) (mean±SEM)
Groups (n=6)
4 weeks
8 weeks
12 weeks
Control
2.15±0.06a
4.31±0.14a
6.41±0.24a
200 ppm
12.36±1.14b
28.35±1.57b
39.39±2.92b
300 ppm
13.16±1.00b
29.64±1.86b
43.60±2.77b
400 ppm
19.76±0.47c
39.82±1.14c
63.50±1.65c
Values within the same column with different superscripts are significantly different at p<0.05

There was a significant decrease (p<0.05) in the packed cell volume at varying doses of exposure, most
especially at higher dose of 400 ppm for duration of 12 weeks in which there was almost 50% reduction in
packed cell volume compared to the control group. The haemoglobin concentrations also followed similar pattern
as the packed cell volume (Table 2).
Table 2. The mean packed cell volume and haemoglobin concentrations of male albino rats treated with graded dose
Packed cell volume (%) (mean±SEM)
Haemoglobin concentration (g/dl) (mean±SEM)
Group (n=6) 4 weeks
8 weeks
12 weeks
4 weeks
8 weeks
12 weeks
Control
49.75±1.06a
48.61±1.98a
45.12±1.11a
16.12±3.11a
15.51±2.13a 16.72±2.01a
200 ppm
42.01±1.21a
40.11±1.28b 34.01±0.13b
14.01±2.11a
13.00±2.20a 15.21±1.08a
300 ppm
40.11±1.13b 37.01±1.13c
32.11±1.01b
11.11±1.04b
9.85±1.13b
13.33±1.13c
400 ppm
39.12±1.11b 34.11±1.04c
29.01±0.13c
9.01±1.13b
8.11±0.19b
7.11±0.18c
Values within the same column with different superscripts are significantly different at p<0.05

Table 3 shows the mean red blood cell indices as measured by MCV, MCH and MCHC. There were
significant reductions (p<0.05) in MCV, MCH and MCHC in all the dose groups. The reduction was found to be
dose-dependent. At highest dose (400 ppm), reduction in MCV was found to be about 50% compared to the
control group. A similar pattern was also observed in MCH and MCHC.
Table 3. MCV, MCH and MCHC of male Albino rats treated with graded doses of lead for different periods

Control
200 ppm
300 ppm
400 ppm

4 week
59.4±1.0a
58.8±1.0a
30.1±0.6b
29.0±0.5c

MCV (fl) (mean±SEM)
8 week
12 week
62.2±0.7a
57.1±0.3a
52.6±0.1b
51.9±0.1b
40.1±0.1c
29.1±0.2c
38.1±0.2c
30.1±0.2c

MCH (pg) (mean±SEM)
4 week
8 week
12 week
20.4±0.1a
21.2±0.1a
19.1±0.2a
18.2±0.1a
17.1±0.1b
17.1±0.1a
14.1±0.2b
10.0±0.1c
15.0±0.1b
12.0±0.1b
10.1±0.1c
9.2±0.1c

MCHC (%)(mean±SEM)
4 week
8 week
12 week
34.4±0.4a
35.0±0.2a
32.2±0.1a
30.2±0.2b
30.1±0.2b
29.1±0.3b
33.2±0.1b
28.1±0.1b
20.2±0.3b
28.1±0.2b
30.1±0.1c
18.2±0.1b

Values are Values within the same column with different superscripts are significantly different at p<0.05
There was a significant decrease (p<0.05) in the plasma protein in all the dose groups compared to the control
group. However, there was no significant change in the albumin concentration at four week treatment, but
treatment for eight and twelve weeks produced a significant decrease (p<0.05) in the albumin concentrations
(Table 4).
Table 4. The mean total plasma protein and albumin concentrations of male Albino rats treated with graded doses
Total plasma protein (g/dl) (mean±SEM)
Albumin (g/dl) (mean±SEM)
Groups (n=6)
4 weeks
8 weeks
12 weeks
4 weeks
8 weeks
12 weeks
Control
7.00±0.41a
6.94±0.39a
7.07±0.30a
4.60±0.26a
4.01±0.22a
4.22±0.29a
200 ppm
4.59±0.22b 4.11±0.21b 4.01±0.21b 4.11±0.12a
2.59±0.11b 2.87±0.13b
300 ppm
4.72±0.29b 3.17±0.11c
4.22±0.34b 4.22±0.25a
2.40±0.13b 2.51±0.17b
400 ppm
4.50±0.30b 4.21±0.09b 3.04±0.21c
3.01±0.11b 2.14±0.12b 2.40±0.16b
Values within the same column with different superscripts are significantly different at p<0.05
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Table 5 shows the mean blood urea nitrogen and creatinine concentrations of male Albino rats treated with
graded doses of lead for a period of four, eight and twelve weeks. There was significant increase (p<0.05) in both
the blood urea nitrogen and creatinine concentration in all the dose groups. The increase was more prominent at
higher treament dose of 400 ppm of lead.
Table 5. The mean blood urea nitrogen (BUN) and creatinine concentrations of male Albino rats treated with graded
doses of lead for a period of four, eight and twelve weeks
BUN concentrations (mg/dl)
Creatinine concentrations (mg/dl)
Groups
4 weeks
8 weeks
12 weeks
4 weeks
8 weeks
12 weeks
Control
17.97±2.98a
17.66±2.71a
17.99±2.57a
0.95±0.02a
0.90±0.04a
0.78±0.01a
200 ppm 18.67±1.08a
20.14±2.11b
25.11±2.01b
1.04±0.01a
1.62±0.03b
1.62±0.03b
300 ppm 24.11±1.22b
24.66±1.74b
30.44±1.11c
1.11±0.01a
1.70±0.03b
1.77±0.04b
400 ppm 26.78±1.34b
26.75±2.91b
34.27±2.46c
1.27±0.04b
1.89±0.03b
1.93±0.06b
Values are mean±SEM. Values within the same column with different superscript are significantly different at p<0.05

Lead is a major environmental pollutant and its toxicity continues to be a major public health problem and
there is a growing consensus that lead cause toxic injury to human at a level of exposure that was considered to
be safe only a decade ago.
Our result shows that following oral exposure to lead, there was an increased in the blood lead concentration
which was dose dependent. This can be associated to rapid absorption of lead following ingestion which are
rapidly absorbed and transported by blood to various tissues. The obtained results are in agreement with earlier
studies (Okediran et al., 2009; Moussa and Bashandy, 2008) who reported accumulation in blood lead following
oral exposure with significant reduction in weight.
Anaemia that accompanies lead poisoning is in part the result of various inhibitory effects of lead on heme
biosynthesis. On the other hand, lead also increase the rate of red cell destruction and shortened red cell survival
(Yangho et al., 2002). The result of this study shows significant reduction in both the packed cell volume and
haemoglobin concentration, owing to the fact that lead intoxication causes a documented defect in haem
synthesis (Nabil, et al., 2012; Duruibe, 2007) The reduction in haemoglobin concentration confirmed the
decrease in packed cell volume which is attributed to the toxicity of lead acetate. It is possible that lead can cause
anaemia and even growth retardation because the action of lead is particularly marked in the blood vessel and
some effects are secondary to this injury (Reza et al., 2009). The reduction in red blood cells, packed cell
volume, haemoglobin concentration, mean corpuscular volume, mean corpuscular haemoglobin and mean
corpuscular haemoglobin concentration observed in this study following lead exposure revealed microcytic
hypochromic anaemia. The results obtained agreed with several authors (Okediran et al., 2009; Helmy et al.,
2000; Jain, 1986) because lead pollution has an inhibitory effect on globin synthesis, inhibits iron to form haem
and inhibits delta amino levulinic acid dehydratase in red cells. Moreover lead also inhibits the conversion of
coproporphyrinogen iii to protoporphyrin ix leading to reduction in haemoglobin production and shortened life
span of erythrocytes (Suradkar et al., 2009; Klassen, 2001).
Biochemical results detected significant decrease in plasma total protein and albumin while creatinine and blood
urea nitrogen revealed significant increase. About 9% of inorganic lead is transported mainly in the plasma (McLntire and Angle, 1972), while albumin in plasma is used as carrier for lead. Heavy metals including lead can
precipitate soluble protein (Nabil et al., 2012). The reduction in plasma total protein and albumin may be due to
inhibition of protein and albumin biosynthesis through the specific enzymes in the cell processes, also may be
due to decrease utilization of free amino acids for protein synthesis. Lead also binds to plasma proteins where it
causes alterations in high number of enzymes and can also pertub protein synthesis in hepatocytes (Georing,
1993). Swarp et al. (2007) also reported decreased total plasma protein and albumin concentrations which were
attributed to liver injury due to significant increase in the plasma transaminases.
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Elevation of blood urea nitrogen and creatinine was observed in this studies which are indicative of abnormal
kidney functions agreed with those of Goswami et al., (2005). Increase in creatinine concentration might be due
to loss of appreciable loss of kidney function and considered as functional evidence of lead induced
nephrotoxicity (Qu, 2002). However significant decrease in creatinine and blood urea nitrogen was reported in
lead acetate rats (Rumana et al., 2002). The observed increase in blood urea nitrogen and creatinine caused by
lead suggest that renal function impairment which might result from intrinsic renal lesions, decreased perfusion
of the kidney obstruction of lower urinary tract or due to deranged metabolic process caused by this metal
(Cameron and Greger, 1998). Rats treated with lead had significantly decreased urine urea and slight increase in
serum urea has been reported to increase in acute and chronic intrinsic renal disease and also when there is
decreased renal perfusion (Cameron and Greger, 1998). Ghorbe et al. (2001) illustrated that oral administration
of lead acetate caused significant increase in blood urea and serum creatinine.
The observations in this study suggest that the alterations in both the haematological and biochemical
parameters were produced by lead at varying doses over a period of time. It was concluded that oral exposure to
lead at vary doses over a period of four, eight and twelve weeks results in alterations of various haematological
and biochemical parameters and thus can serve as a sensitive biomarkers in lead toxicity.
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