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Abstract 
 
Background The importance of lead as a toxic metal and environmental pollutant has long been recognized to 

human and animal health. In Iraq, lead pollution was documented in Baghdad and in Sulaimaniya city. 

Objective To explore the protective role of vitamin E alone or in combination with the amino acid methionine 
against lead acetate side effects on hematological parameters of adult male rabbits. 

Methods Thirty male adult rabbits were divided equally into five groups four of them administered lead acetate 
for 90 days, as sub-chronic exposure, and the fifth was considered as control. Three of these groups 
were treated with Vitamin E and/or methionine for 90 days. At the end of experiment, blood and liver 
samples were collected for either hematological analysis or histopathological examination. 

Results Lead caused a significant decrease in lymphocytes and erythrocyte indices; and a significant increase 
in reticulocytes and neutrophils. At the same time, Vit. E, alone or mixed with methionine, corrected 
these values to semi normal values. 

Conclusion Decreased erythrocyte indices and reticulocytosis that is found in the present study, demonstrates 
regenerative anemia in rabbits that had administered lead acetate. Vitamin E, alone or mixed with 
methionine, was efficient in reducing the side effects of Lead on hematological parameters; while, 
methionine had little or no effect when administered alone against lead which  may be attributed  to 
the dose or duration of the treatment. 
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Introduction 

he importance of lead as a toxic metal 
and environmental pollutant has long 
been recognized to human and animal 

health (1,2) in Iraq as well as other parts of the 
world. Lead pollution was documented, 
particularly in Baghdad (3).  
The mechanism by which lead affects the human 
body is extremely complex. On an atomic level, 
lead can induce a wide range of adverse effects 
in humans depending on the dose and duration 
of exposure (4,5). Lead induces the production of 
reactive oxygen species (ROS) that result in lipid 

peroxidation, DNA damage, and depletion of cell 
antioxidant defense systems (6). The toxic lead 
effects on the hematologic system (5,7), thus, 
cause a slowly developing hypochromic 
normocytic or microcytic anemia (8).  
Vitamin E is naturally occurring antioxidants that 
play important roles in health by inactivating 
harmful free radicals produced through normal 
cellular activity and from various stressors (9).  
The protective mechanism of vitamin E against 
lead toxicity could be attributed to its 
antioxidant property or its location in the cell 
membrane and its ability to stabilize membrane 
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by interacting with unsaturated fatty acid chain 

(10-13).  
The essential amino acid methionine shows 
antioxidant properties in various models of 
oxidative stress (14). The mechanisms responsible 
for the observed methionine-induced 
cytoprotection are not yet fully understood. The 
free radical scavenging activities of methionine 
can only partially be explained by the chelating 
function of its sulfur moiety (15). There has been 
increased interest among researchers to use 
antioxidant nutrients and medicinal plants with 
antioxidant activity for protection against lead 
toxicity (16).  
In an effort to decrease the severity of lead 
exposure side effects on hematological 
parameters, the present study was designed to 
explore the protective role of vitamin E alone or 
in combination with the amino acid methionine 
against lead acetate side effects on 
hematological parameters of adult male rabbit 
for 90 days, as sub chronic exposure.   
 
Methods  
Experimental design:  
Thirty adult male rabbits of local breed were 
divided randomly into equal five groups, each 
group of six animals treated as follow: Group 1: 
Control group that were orally administered 
with tap water daily. Group 2: Orally 
administered with 2.5 mg/Kg B.W. lead acetate 
(250 mg/100 ml) dissolved in tap water daily. 
Group 3: Orally administered with 2.5 mg/Kg 
B.W. lead acetate (250 mg/100 ml) dissolved in 
tap water + 100 mg/Kg B.W. methionine 
dissolved in 2 ml of tap water daily. Group 4: 
Orally administered with 2.5 mg/Kg B.W. lead 
acetate (250 mg/100 ml) dissolved in tap water + 
100 IU/Kg B.W. vitamin E daily. Group 5: Orally 
administered with 2.5 mg/Kg B.W. lead acetate 
(250 mg/100 ml) dissolved in tap water + 100 
IU/Kg B.W. vitamin E+ 100 mg/Kg B.W. 
methionine \dissolved in 2 ml of tap water daily. 
The experiment lasts for 90 days, meanwhile, 
animals were observed daily for their behavior 
and health performance. At the end of the 
experiment all the experimental animals were 

sacrificed and 6-8 ml of blood samples was 
collected into EDTA tube for immediate 
hematological measurements and reticulocytes 
count.  
Hematological and biochemical changes: 
Total red blood cells (RBC) count, hemoglobin 
(Hb) concentration, packed cell volume % (PCV), 
mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin content (MCHC), 
Platelet count, total and differential WBC as well 
as lymphocyte and neutrophil count were 
accomplished by using heamatological analyzer 
(Hycel Hematology analyzer, version B, ver2.5x.) 
at Damawand general laboratory for processing 
in both hematology and biochemistry/ 
Sulaimaniya city. Reticulocytes were counted in 
1000 cells of the total RBCs and expressed as 
percentage.  
Serum iron: Serum iron concentration was 
enzymatically measured using enzymatic assay 
kit (Biolabo SA, Maizy-France).  
Serum Ferritin:  was measured by Ferritin 
enzyme immunoassay test Kit (Linear chemicals, 
Barcelona-Spain) using DANA 3200 ELISA Reader.  
Histopathological changes:  
Liver tissues preserved in 10% neutral formalin 
buffer solution. After fixation, the tissue was 
trimmed and the specimens were washed with 
saline for (1-2 hrs) and transferred to following 
steps: 1. Dehydration:  specimens were passed 
through ascending grades of ethanol alcohol 
(70%, 80%, 90%, 100%) for 1 hour in each 
concentration. 2. Clearing: two solutions of xylol 
commonly used for clearing. The specimens 
rested 1 hour in each step. 3. Impregnation with 
Paraffin wax, 4. Blocking, 5. Sectioning and 6. 
Staining with Prussian blue stain for 
hemosidrine.  
Statistical analysis  
Data are shown as the mean ± stander error (SE). 
When a significant interaction between major 
factors was identified by ANOVA. SPSS version 
11.5, Duncan’s new multiple range test was used 
post-ANOVA to identify significant differences 
between mean values at probability level of (P< 
0.05) taken as significant.  
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Results  
Observations of the experimental animals during 
the present study revealed that rabbits treated 
with lead acetate suffered from mild anorexia, 
easy hair shading especially during handling and 
dullness. Also these signs were observed in 
group 3, 4 and 5 especially at the end of the 
experiment in comparison with the control 
group. The 90 days duration of the experiment 
indicates the sub-chronic exposure for 
experimental animals to lead acetate. 
Hematological and Biochemical changes:  
The protective role of the oral   administration of 
vitamin E and/or methionine against side effects 
of lead on   the hematological parameters of 
experimental animals, i.e., levels of RBCs, Hb, 
PCV%, MCV, MCH, MCHC and reticulocyte % in 
adult male  rabbits  for 90 days, were shown in 
table 1.  
Results revealed that Lead exposure led to non-
significant reduction of Hb concentration, PCV%, 
and RBCs (×106/µl) count; significant reductions 
of MCH, MCV, MCHC in comparison with control 

group (69.130 ± 0.85 pg, 21.05 ± 0.25 fl, 30.48 ± 
0.27 g/dl; versus 12.05 ± 0.51 pg, 36.61 ± 1.13 fl 
and 5.02 ± 0.09 g/dl; respectively) (P< 0.05); and 
significant elevation of reticulocyte % (1.60 ± 
0.25%). The same results were observed from 
rabbits administered methionine against lead. 
Administration of vitamin E alone against lead 
for 90 days has led to non-significant reduction 
of Hb, PCV and total RBCs (11.06 ± 0.46 g/dl, 
34.34 ± 1.6 %, 4.85 ± 0.25 ×106RBCs/µl; 
respectively); significant elevation of MCV, MCH 
and MCHC (71.11 ± 1.4 pg, 22.90 ± 0.54 fl and 
32.25 ± 0.27 g/dl); and significant decrease in 
reticulocyte % (3.61±0.31%) in comparison with 
group administered lead.  
On the other hand administration of methionine 
mixed with vit. E against Lead had succeeded to 
return back Hb, PCV, RBCs, MCHC, and 
reticulocyte % to the semi normal values, (12.16 
± 0.50 g/dl, 37.71 ± 1.75%, 5.54 ± 0.27 ×106 
RBCs/µl, 32.30 ± 0.36 g/dl, 3.45 ± 0.25 %; 
respectively (Table 1).  

 
Table 1. Lead Induced Changes on Hb, PCV, RBC Count and Indices and Reticulocytes Count 

 

Parameter 
Rabbit Groups 

G1 
(N = 6) 

G2 
(N = 6) 

G3 
(N = 6) 

G4 
(N = 6)  

G5 
(N = 6) 

Hb (g/dl) 
PCV (%) 

RBCs (×106/µl) 
MCV (fl) 

MCH (pg ) 
MCHC (g/dl) 

Reticulocytes (%) 

12.050±0.517a 

36.617±1.138a 
5.025±0.099ab 

72.850±1.058a 

23.967±0.775a 

32.867±0.656a 

1.602±0.252d 

11.017±0.485a 

36.167±1.427a 

5.252±0.251ab 
69.133±0.852b 
21.050±0.275c 
30.483±0.387b 

7.793±0.351a 

11.450±0.287a 
36.833±0.610a 
5.350±0.127ab 
69.767±0.426b 
21.550±0.148bc 

30.833±0.275b 
5.337±0.292b 

11.067±0.467a 
34.433±1.631a 
4.850±0.250b 

71.117±1.455ab 
22.900±0.542ab 
32.250±0.279a 
3.617±0.315c 

12.167±0.508a 
37.717±1.751a 
5.548±0.270a 

A68.083±0.812b 
22.000±0.284bc 
32.300±0.361a 
3.458±0.250c 

Different small letters horizontally denotes significant Differences between groups at P < 0.05 
 

Table 2 illustrated analysis of the data obtained 
from the present study, showing the non 
significant changes of total WBC count between 
different groups. On the other hand, after 
administration of lead there was a significant 
elevation of Neutrophils which correlated with a 
significant reduction of Lymphocytes (P< 0.05). 
These abnormal changes were corrected in 
groups treated with Vit. E and/or methionine. 
After 90 days of lead administration, serum iron 

increased significantly in the four studied groups 
(G2, G3, G4 and G5): (299.45 ± 6.56, 211.5 ± 
7.36, 226.90 ± 10.66 and 270 ± 8.69 µg/dl; 
respectively) in comparison with control group 
(193.25 ± 6.56 µg/dl). Marginal reduction of 
Ferritin concentration after lead administration 
was observed in group 1 (0.15 ± 0.03 µg/dl) in 
comparison with control (2.200 ± 0.15 µg/dl); 
however, this reduction was corrected by the 
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administration of vit.E and/or methionine as shown in the other groups (Table 3).  
Table 2. Lead-Induced Change on WBC, Lymphocyte, neutrophil, and Platelets and control group 

 

Groups 
WBC 

(×103/µl) 
Lymphocyte 

(×103/µl) 
Neutrophil 
(×103/µl) 

Platelets 
(×103/µl) 

G1 
G2 
G3 
G4 
G5 

6.550±0.161a 
6.083±0.156a 
6.467±0.338a 
6.383±0.421a 
6.367±0.288a 

3.500±0.141a 
2.417±0.098b 
3.833±0.343a 
4.100±0.545a 
3.800±0.363a 

1.833±0.276a 
1.867±0.161a 
1.367±0.042ab 
1.117±0.172b 
1.133±0.126b 

188.667±1.745b 
225.333±12.478a 
190.833±4.045b 

202.000±10.132b 
181.833±5.558b 

Different small letters horizontally denotes significant Differences between groups at P < 0.05 

 
Table 3. Lead Induced Changes on Iron and Ferritin and in the control group 

 

Groups Iron (µg/dl) Ferritin (µg/dl) 

G1 
G2 
G3 
G4 
G5 

193.250±6.564b 
299.450±15.178a 
211.050±7.362ab 

226.900±10.662ab 
270.333±8.693a 

2.200±0.157a 
0.150±0.034c 
1.367±0.076b 
1.567±0.143b 
1.667±0.115b 

Different small letters horizontally denotes significant Differences between groups at P < 0.05 
 
Histopathological changes: 
Examination of liver histopathological sections 
from rabbits received lead revealed a heavy 
deposition of iron blue-stained hemosidrine in 
periportal hepatocellular kupffer cells and portal 
tracts macrophages; while iron deposition was 
clear in the middle and periportal zone (Figure 
1), when compare this picture with liver section 
of control rabbits (Figure 2). 
This heavy deposition of iron was reduced into 
mild one in pan lobular hepatocyte, kupffer cells 
and portal tract macrophages in rabbits 
administering vit.E and/or methionine along 
with lead after 90 days of the experiment 
(Figures 3, 4 and 5). 
 
Discussion 
In the present study, the role of vitamin E and/or 
methionine on hematological changes in lead-
administered male rabbits for 90 days was 
investigated. The dose and the sub-chronic 
exposure of adult male rabbits to lead acetate 
were designed to produce cumulative effects on 
hematological system. The main findings of the 
present study regarding the changes in RBCs  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Liver section form control rabbits, 

stained with Prussian blue showing no iron 
deposition (400×). 

 
count, Hb concentration and Erythrocytes 
indices are showed in table 1. 
The results referred to the type of anemia 
induced by lead, the most common form was 
microcytic-hypochromic. The significant 
reduction of MCH and MCHC caused by lead for 
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90 days might be due to reduced Hb production. 
Lead inhibits ferrochelatase, the enzyme that 
catalyzes the incorporation of iron into the 
porphyrin ring leading to reduced iron 
incorporation in Hb (10,17), and might result in 
reduced oxygen transfer by RBCs. This was 
compensated for by increased number of these 
cells with smaller volume (18), and was confirmed 
by the significant reduction of MCH and MCHC. 
This is in agreement with observations in this 
study regarding RBC and reticulocyte count and 
MCV, suggesting that bone marrow could 
overcome lead toxicity because of sub-chronic 
exposure which was not at high dose, but 
suppressed the production of Hb (19) unless it 
would indicate  impaired marrow function or 
lack of erythropoietin stimulus (20,21). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Liver section from rabbits administered 
lead was stained with Prussian blue, showing 

heavy  deposition of iron in periportal  
hepatocelluler, kupffer cells and portal  tracts 
macrophages in middle and periportal zone 

(400×) 
 
On the other hand, results of this study 
demonstrated that vitamin E and methionine 
played an important role in improvement of Hb 
biosynthesis, RBCs production, which was 
confirmed by the significant elevation of total 
RBCs count, Hb, and MCHC. This protective 
mechanism of vitamin E and methionine against 
lead adverse effects could be explained by the 
direct effect of   vitamin E on improving the 
morphology of RBCs by its ability to stabilize 

their membrane (22), and the free radical 
scavenger activities of methionine residues as 
powerful sulfur-containing endogenous 
antioxidant V (17). In addition, methionine is a 
very important nutrient during the Hb 
biosynthesis and RBC production in bone 
marrow. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Liver section form rabbits received  

lead+methionine stained with Prussian blue, 

showing a heavy deposition of iron in periportal 

hepato-celluler, kupffer cells and portal tracts 

macrophages (400×). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Liver section form rabbits received  
lead+vit.E stained with Prussian blue, showing 

mild panlobuler hepatocyte and kupffer cell 
iron deposition, iron present in portal tract  

macrophage (400×). 
 
The increased platelet count found in the 
present study (Table 2), refer to other 
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hematological disturbances induced by lead 
administration, which could be attributed to 
either hyper stimulation of thrombopoiesis in 
the bone marrow as a response to peripheral 
loss of platelets caused by increased platelet 
aggregation and adhesion (4,10), or as response to 
decreased Hb concentration caused by lead 
acetate administration. This result is in 
agreement with the results of other researchers 
who found that accelerated platelet aggregation 
when there is lowered Hb concentration (23). On 
the other hand, results of the present study 
reflected the protective role of methionine and 
vitamin E against changes induced by lead 
administration. There were no changes in 
platelet count in rabbits received vit.E and 
methionine (Table 2). This protective effect 
could be explained by the direct action of vit.E 
and methionine on reducing the aggregation and 
adhesion of platelets in peripheral blood vessels, 
keeping normal blood level of thrombocytes in 
rabbits. Further, Vit.E supplementation also 
proved to be effective in significantly decreasing 
the already raised values of platelets (24). 
Although results in table 2 indicated a significant 
decrease in lymphocyte count, which was 
correlated with a significant increase in 
neutrophil count; however, the mean total WBC 
count was relatively unchanged. Despite that, 
not all researchers agree on the effects of lead 
on total and differential WBCs (18,25). The 
damaging effects of the reactive oxygen species 
on living systems as a result of lead intoxication 
required more phagocytic functions faced by 
increase of neutrophils. These damaging effects 
were prevented by the protective action of 
vitamin E, thus, neutrophil count returned back 
to semi normal values in rabbits administered 
vit. E alone or mixed with methionine reflecting 
either the antioxidant property and/or the 
protective role of vit. E on bone marrow 

(12,22,24,25). 
After 90 days of the experiment, results revealed 
a significant increase in serum iron faced by the 
significant decrease in serum ferritin in rabbits 
administering lead acetate as compared with the 
control and other groups (table-3). Lead inhibits 

ferrochelatase enzyme that catalyzes the 
incorporation of iron into the porphyrin ring 
causing reduced iron incorporation in Hb and 
elevation of serum iron (10,27). Moreover, 
competition between lead and iron, since lead is 
similar to some other ions, enables lead to take 
the place of iron in heme molecule of Hb, 
leading to increased serum iron (28). The 
decreased serum ferritin may be due to the 
accumulation of the ferritin in the form of the 
hemosiderin, resulting in hemosiderosis and 
hemochromatosis, both of which are associated 
with excessive levels of serum iron and % 
saturation of the transferrin with iron and 
decreased serum ferritin levels (29). The 
hemosiderosis observed in the liver of rats 
administering lead acetate (Figure 2) may be due 
to increased serum iron released from the heme 
liberated from the premature hemolysed RBCs. 
This excess iron cannot be utilized for Hb 
synthesis, because of the toxic effects of lead. 
Increased intracellular iron, increased ferritin 
expression, deposed as hemosiderin in liver 

(5,20,30). The severity of these findings were 
decreased in groups administered vit. E alone or 
mixed with methionine (Figures 3, 4 and 5), 
reflecting again the protective role of vit. E 
against lead toxic effects. These finding could be 
explained that prevention of the preliminary 
RBCs elimination decreases phagosytosis and 
consequently decreases iron deposition, as well 
as the antioxidant effect of vit. E in reducing liver 
parenchymal damage and ferritin release to the 
circulation. L-methionine produces an increase 
in ferritin protein expression, thus activation of 
endogenous iron sequestration could be an 
important mechanism by which methionine 
increases the cellular defense against oxidative 
injury (11,17). 
In conclusion, decreased MCV, MCH, and MCHC 
and reticulocytosis demonstrate regenerative 
anemia in rabbits administering lead acetate; 
since reticulocytes are still synthesizing Hb and 
bone marrow tries to compensate these changes 
by an increase in the reticulocytes release while 
lead causes increased iron in circulation and 
intra cellular deposition, vit. E alone or mixed 
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with methionine, prevent the occurrence of 
these changes. Results of this study, also, 
provide direct evidence that combined 
treatment of Pb-exposed animals with vit.E, 
whether alone or mixed with methionine has a 
protective role represented by the significant 
improvement of MCV, MCH and MCHC; with 
reticulocyte production within normal values. 

Therefore, it can be concluded that vitamin E can 
effectively mitigate most of the adverse effects 
induced by lead exposure. However, further 
studies are necessary to determine the 
mechanisms involved in the synergistic role of 
dietary nutrients against lead adverse effects.  
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