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Cadmium and mercury present in the environment, cause blood disorders. This study was conducted to 
evaluate the influence of cadmium, mercury and their combination on hematological parameters of 
Wistar rats. For this purpose, two different doses of each metal and their combination were 
administered orally for 28 days to six groups of five rats each. Two groups (A and B) were respectively 
exposed to CdCl2 (0.25 and 2.5 mg/kg), two other groups (C and D) respectively received HgCl2 (0.12 
and 1.2 mg/kg) and the last two groups (E and F) were respectively treated with the combination of 
these two metals: (0.25 mg/kg    Cd + 0.12 mg/kg Hg) and (2.5 mg/kg Cd + 1.2 mg/kg Hg). The control 
group (G) received the same volume of distilled water. At the end of exposure, bodies of rats were 
weighed and the whole blood was collected by retro-orbital sinus method for analysis of hematological 
parameters. The results of this study show a significant decrease (p<0.05) in white blood cells (WBC) in 
the lot treated with the combination (0.25 mg/kg Cd + 012 mg/kg Hg) and also indicate a significant 
decrease (p<0.05) in WBC, red blood cells (RBC), hemoglobin concentration (HGB) and the mean 
corpuscular hemoglobin concentration (MCHC) with high levels of mercury (2.5 mg/kg) and the 
combination (2.5 mg/kg Cd + 1.2 mg/kg Hg). An increase in the number of platelet count (PLT) in all 
intoxicated lots was observed. 
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INTRODUCTION 
 
Heavy metals are hazardous substances that cause 
serious health risk to ecosystems and organisms due to 

their high toxicity conferred by nature of their environ-
mental  persistence (Abbas,  2002). Mercury ecosystem  by 
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mercury and people consuming seafood are major 
concerns of health organizations since the Minamata 
disaster (Takizawa and Osame, 2001). Estimates made 
in populations deriving their livelihoods from fishing have 
shown that between 1.5 and 17 children in 1000 showed 
cognitive impacts due to consumption of fish containing 
mercury (OMS, 2010). Contamination of fish with methyl-
mercury has been shown by research (Lindqvist et al., 
1991). Research works also revealed the presence of 
high doses of other contaminants, particularly cadmium, 
in fish, shrimp (Guédénon et al., 2012a; Hounkpatin et 
al., 2012a, b) and other staple food such as drinking 
water (Adam et al., 2010), vegetables (Dougnon et al., 
2012), seafood and giant snails (Edorh et al., 2009). 
Studies by Guédénon et al. (2012b) showed that fish 
contamination by cadmium and mercury is directly linked 
to the presence of these two metals in the environment. 
Cadmium and mercury have no known biological function 
(Seymore, 1994), and cause many diseases when accu-
mulated in the body from food. Cadmium is toxic to 
humans, excessive exposure can cause death 
(Othumpangat et al., 2005). It enters cells and accu-
mulates in high concentrations in cytoplasmic and 
nuclear space (Andujar et al., 2010). It has been 
observed to have a high affinity for the liver and kidneys 
(Cai et al., 2001). The classic symptoms of mercury 
contamination are carcinogenicity and/or damage to 
kidney function, visual, metabolic, reproductive, 
neurological and immunological (OMS, 2010; Mergler et 
al., 2007). The toxicity of mercury is directly assimilated 
by living organisms and bioaccumulate in the food chain 
(Mergler et al., 2007; Guimarães et al., 2000). After 
ingestion of contaminated food, over 90% of mercury is 
absorbed through the gastrointestinal wall, and then 
transferred into the body through the bloodstream and 
after 4 days, diffused throughout the human body. The 
brain has the special focus of this element especially in 
lipid molecules, with mercury (Hg) concentrations being 
up to 6 times higher than those measured in the blood 
(Kjellstrom et al., 1989). The methyl-mercury is a very 
active neurotoxin that can pass into the blood and across 
cell membranes. These properties provide a stable period 
with a relatively long half-life: 70 days in the blood (Picot 
and Proust, 1998). The alterations in haematological 
changes serve as the earliest indicators of toxic effects 
on tissue (Paprikar, 2003). Blood is the most important 
tissue, in which changes in metabolic processes are 
reflected, therefore, abnormal alteration in blood 
parameters are the reliable indicator of toxic effects of 
drugs, chemicals and diseases (Lodia and Kansala, 
2012) 

 
  
 
 
Mercury and cadmium has been recognized as a 
biological toxicant. They are widely dispersed in the 
environment and are, with excessive levels, toxic to 
humans (Jarup, 2003). Absorbed cadmium and mercury 
following oral ingestion is carried via blood to soft tissues. 
In this respect, the present study was designed to 
evaluate the toxic effects of cadmium, mercury and their 
combination on the disruption of hematology in Wistar 
rats.  
 
 
MATERIALS AND METHODS 
 
Biological material 
 
The animal material was composed of 35 male albino Wistar rats 
weighing about 108±25 g. These rats were obtained at the Animal 
Breeding Unit of the University of Lagos, Nigeria and were 
acclimated for two weeks before the experiments. They were 
placed in designed sterile polypropylene cagesin at room 
temperature (25 to 30°C) with relative humidity of 60°C±5%. The 
cages were illuminated with a sequence of 12 h light and 12 h 
darkness. Animals had free access to water and standard rodent 
laboratory chow (Ladokun feed Nigeria®) ad libitum, in the animal 
"Botanical and Zoological Garden" in the University of Lagos.  
 
 
Chemicals and preparation of different solutions 
 
The chemicals tests used for the experiment were cadmium 
chloride and chloride anhydrous of mercury. The powdered 
mercuric chloride (HgCl2 = 271.50; minimum assay: 98%) and 
cadmium chloride (cdcl2 = 183.32; minimum assay: 99%) were 
purchased from "General Purpose Reagent BDH Chemicals Ltd. 
Poolo England". Concentrations were prepared for the experiment: 
0.25 and 2.5 mg/kg for cadmium chloride and 0.12 and 1.2 mg/kg 
for mercuric chloride. The different solution concentrations were 
based on different daily doses, the average weight of each lot and 
the daily volume administered to rats (1 ml). 
 
 
Distribution of rats and tests 
 
After two weeks of acclimatization, 35 animals were randomly 
divided into six groups of five rats each and one control group. 
Cadmium, mercury and their combination were administered by 
gavage (via stomach tube) for 28 consecutive days following the 
method of Awodele et al. (2010). The six groups of rats received 
daily doses of cadmium, mercury and their combination in a final 
volume of 1 mL of water. The first two groups (A and B) respectively 
received cadmium chloride (0.25 and 2.5 mg/kg), both groups (C 
and D) that followed received mercuric chloride (0.12 and 1.2 
mg/kg) and the last two groups (E and F) received the combination 
of these two metals: (0.25 mg/kg Cd + 0.12 mg/kg Hg) and (2.5 
mg/kg Cd +1.2 mg/kg Hg), respectively. The control group (G) 
received only the same volume of distilled water (Table 1). These 
different doses of cadmium respectively correspond to a dose 
producing significant results: 0.25 mg/kg (Ganesh and Satish,
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Table 1. Distribution of rats. 
 

Group Number 
Cadmium (Cd) (mg/Kg) Mercury (Hg) (mg/Kg) Distilled water (mg/kg) 

0.25 2.5 0.12 1.2 - 

A 5 x     

B 5  x    

C 5   x   

D 5    x  

E 5 x  x   

F 5  x  x  

G 5     x 

 
 
 
1994) and 10 times this concentration (2.5 mg/kg). As for mercury, 
1/10 (1.2 mg/kg) and 1/100 (0.12 mg/kg) of the LD50 (Bharat et al., 
2010) were used. 

 
 
Clinical observations 

 
During the experimental period, the animals were subjected to a 
clinical examination on a daily basis. Signs such as loss of appetite, 
refusal to drink, the characteristics of feces (diarrhea or not), 
occurrence of abscesses, wounds and loss of hair were taken into 
account. 

 
 
Blood collection and haematological analysis 

 
After 28 days of exposure, rats were fasted overnight. They were 
weighed before the collection of blood and sacrifice. All samples 
were taken between 7 and 9 am to avoid variations due to circadian 
rhythm. Whole blood was obtained from a puncture of the retro-
orbital sinus by the conventional method (Van Herck et al., 1992). 
Blood samples collected in ethylene diamine tetra-acetic acid 
(EDTA) anticoagulant tubes (8.5%) was quickly returned by mixing 
with anticoagulant in the tube. All blood samples were labeled and 
immediately conveyed to the laboratory for analysis. Hematological 
parameters were analyzed: white blood cell count (WBC), red blood 
cells (RBC), hemoglobin concentration (HGB), haematocrit (HCT), 
the mean corpuscular hemoglobin (MCH), volume a mean 
corpuscular erythrocyte (MCV), the mean corpuscular hemoglobin 
concentration (MCHC), platelet count (PLT) and the number of 
lymphocytes (LYM). All hematological parameters were analyzed in 
the "Haematology Unit, Lagos state University Teaching Hospital 
(ULTH)" using the automated method with the automatic analyzer 
“Haematology auto analyzer Sysmex KX-21N”. 

 
 
Statistical analysis 

 
Results are expressed as mean ± SEM

 
of n experiments (where n 

represents the number of animals used). The differences between 
the treated and control rats were evaluated using the Students t-
test p (T> t) = 0.05. The software used was Microsoft Excel 2010 
and XL Stat 2011. The differences were statistically significant if the 
value of p <0.05 and not significant if the value of p >0.05. 

RESULTS AND DISCUSSION 
 

During the exposure period, the rats showed clinical 
signs of toxicity. Group of rats (D) treated with the high 
concentration of mercury, showed an appearance of 
abscesses on the cheek (Figure 1) and loss of hair on the 
arm (Figure 2). For the group of rats (F) treated with the 
combination of the high concentration of cadmium and 
mercury, loss of hair on the back (Figure 3) and a wound 
on the tail (Figure 4) was observed. Similar observations 
were made by Alimba et al. (2012) which noted hair loss 
and appearance of abscesses in rats exposed to landfill 
leachate containing heavy metals after analysis. Simi-
larly, Boujelbene et al. (2002) after experiments con-
firmed that the bristles are a reliable biomarker of expo-
sure to highlight cadmium intoxication.  

The mean and standard deviation of the blood 
parameters of the blood of rats exposed to cadmium, 
mercury and cadmium and mercury in combination at 
various concentrations are shown in Table 2. For WBC, 
there was a significant decrease (9.85±0.49) in animals 
of groups D, E and F compared to control group G. For 
RBC, we noticed a significant decrease in animals of 
groups D, F compared to the control group G. HGB 
decreased significantly in the blood of rats of groups D 
and F relative to the control group G. MCHC decreased 
significantly in the blood of the rats in groups D and F 
compared to the control group G. A decrease in HCT and 
LYM with the high concentration of mercury and the 
combination of high concentrations of cadmium and 
mercury was observed. In addition, there was an in-
crease in PLT in all lots intoxicated compared to control 
group. The results found in this study show that some pa-
rameters widely vary depending on the lot of Wistar rats 
intoxicated with cadmium, mercury and their combination 
and the control group. This is for example the case of the 
erythrocyte. Indeed on animals of groups D and F, it 
reached values of 5.59.10

6
 /uL and 5.46.10

6
/μL against 

8.46.10
6
/uL with animals of lot G (control). The number of  
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Figure 1. Abcess on the cheek. Rats 
(Group D) treated with the high 
concentration of mercury. 

 
 
 

 
 

Figure 2. Loss of hair on the arm. Rats 
(Group D) treated with the high 
concentration of mercury. 

 
 
 

 

 

   

             

 

     

 Fig. 1 : Abscess on the cheek                     Fig. 2: Loss of hair on the arm 

                               

        Fig. 3: Loss of hair on the back                  Fig. 4: Wound on the tail 

 

 
 

Figure 3. Loss of hair on the back. Rats 
(Group F) treated with the combination of 
the high concentration of cadmium and 
mercury. 

 
 
 
 

 

 

   

             

 

     

 Fig. 1 : Abscess on the cheek                     Fig. 2: Loss of hair on the arm 

                               

        Fig. 3: Loss of hair on the back                  Fig. 4: Wound on the tail 

 

 
 
Figure 4. Wound on the tail. Rats (Group F) 
treated with the combination of the high 
concentration of cadmium and mercury. 

 
 
 

red blood cells obtained from animals in the groups D 
and F was very low compared to the results of Boukerche 
et al. (2007) where these authors found 8.45.10

6
/uL as 

the number of red blood cells in healthy Wistar rats. So 
the high dose of mercury and the combination of high 
doses of cadmium and mercury reduce the number of red 
blood cells causing anemia in Wistar rats intoxicated. 
These results were proved by Guédénon et al. (2012b) 
on fish exposed to cadmium and mercury and Kanhiya et 
al. (2009) in rats treated with mercuric chloride (0.926 
mg/kg) orally for 21 days. The number of red blood cell 
hemolysis decreased due to intoxication (Lavicoli et al., 
2003). The red blood cell count in not intoxicated rats 
(control) was stable and varied a little from one subject to 
another. Regarding hemoglobin, a similar trend was 
obtained with the lowest levels in the rats of groups D 
and F. This decrease in hemoglobin was also found by 
Lahouel et al. (2004) in rats intoxicated with paracetamol; 
by Bersenyi et al. (2003) in rabbit lead poisoning by 
Kanhiya et al. (2009) in rats treated with mercuric 
chloride (0.926 mg/kg) orally for 21 days, and by 
Ognjanović et al. (2003) in rats exposed to cadmium 
chloride. However, the reduction in HGB can be probably 
due to the production of reactive oxygen species (ROS) 
under the influence of mercuric chloride and cadmium 
chloride. This results in the destruction of the red blood 
cell membrane and its function.  

With regard   to   hematocrit,   a   similar   trend   was 
obtained with the lowest levels in the rats of groups D 
and F. These results corroborate those of Tadjine et al. 
(2008) and Bersényi et al. (2003) on rabbits treated with 
metals. Considering the white blood cells, changes were 
observed mainly in rats of groups D and F in which the 
number was lower. These low values are related to the 
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Table 2. Mean values and standard deviation of the blood parameters of rats exposed to Cd, Hg and Cd + Hg. 
 

Dose Parameter 
Control Cd Hg Cd+Hg 

G A C E 

Low 

WBC 13.95±0.21 13.55±1.76 10.17±2.32 8.47±1.50* 

RBC 8.46±0.72 7.45±1.76 7.36±0.49 7.18±0.69 

HGB 14.40±0.35 13.60±2.40 13.47±1.57 13.32±1.12 

HCT 47.450±0.07 44.95±8.83 46.47±5.20 45.07±4.84 

MCV 60.30±1.98 61.00±2.54 63.00±4.86 62.87±5.15 

MCH 18.20±0.42 18.50±1.13 18.25±1.40 18.60±1.10 

MCHC 31.30±0.84 30.30±0.56 29.00±1.07 29.60±0.89 

PLT 624.50±16,26 965.00±158.39 768.50±163.59 742.50±94.60 

LYM 69.60±10.46 69.00±10.46 69.87±11.96 69.80±6.29 

      

  

G B D F 

High 

WBC 13.95±0.21 12.50±1.20 9.85±0.49* 8.15± 0.49* 

RBC 8.46±0.72 7.78±0.66 5.59±1.02* 5.46±0.78* 

HGB 14.40±0.35 14.47±0.96 10.37±1.97* 9.65±0.77* 

HCT 47.450±0.07 48.00±3.57 37.55±8.74 35.85±4.73 

MCV 60.30±1.98 61.00±1.91 66.62±5.86 60.50±0.72 

MCH 18.20±0.42 18.60±0.58 18.52±0.48 18.45±0.77 

MCHC 31.30±0.84 30.20±0.29 27.35±1.39* 27.00±0.70* 

PLT 624.50±16.26 901.50±241.41 822.50±378.70 841.00±427.09 

LYM 69.60±10.46 71.32±11.02 65.75±5.47 65.30±4.38 
 

*The difference between the value of blood parameters of the experiment groups and that of the negative control at 0.05. WBC, 
White blood cells (X103/μL); MCV, mean corpuscular volume (fL); RBC, red blood cells (X106/μL);MCH, mean corpuscular 
hemoglobin (pg); HGB. hemoglobin (g/dL); PLT, platelets (X103/μL); HCT, hematocrit (%); LYM: lymphocytes (%); MCHC, mean 
corpuscular hemoglobin concentration (g/dL). 

 
 
 

toxic action of mercury and cadmium and mercury 
combination which can induce leukopenia and thrombo-
cytopenia in cases of severe liver dysfunction (Lee, 
2004). These observations were also made by Lodia and 
Kansala (2012) and Veena et al. (2011) in mice treated 
with lead. The significant decrease in hemoglobin 
(10.37±1.97 and 9.65±0.77 g/dL) in rats of groups D and 
F, associated with a decrease in MCHC (27.35±1.39 and 
27.00±0.70 g/L) indicate a tendency to macrocytosis and 
hypochromia hematopoiesis in the liver which occurs 
efficiently. Mercury and the combination of high 
concentrations of cadmium and mercury could inhibit 
heme synthesis of red blood cells as evidenced by Lodia 
and Kansala, (2012) and Veena et al. (2011) after lead 
poisoning. This causes signs of anemia described by 
Bottomley and Muller-Eberhard (1998). However, red 
blood cells were low in heme, where there was decrease 
in mean corpuscular hemoglobin concentration; indicated 
by our results in rats of groups D and F. The observed 
decrease in erythrocytes, hemoglobin and haematocrit is 
consistent with previous studies of anemia by Horiguchi, 
(2007) and Dhanapakiam and Ramasamy (2001). It was 
evidenced that the anemia was caused not only by 

increased destruction of erythrocytes (Kori-Siakpere et 
al., 2009) but also by decrease in the synthesis and 
release of erythrocytes into the blood circulation 
(Vinodhini and Narayanan, 2008). About heavy metals 
accumulation in kidney, spleen and liver by the same 
authors, it is conceivable that heavy metals might have 
suppressed the activity of these hematopoietic tissues. 
This idea is supported by the study of Gill and Epple 
(1993) that attributed the anemia to impaired 
erythropoiesis caused by a direct effect of metals on 
haematopoietic centres (kidney/spleen), accelerated 
erythroclasia due to altered membrane permeability 
and/or increased mechanical fragility and defective Fe 
metabolism or failure of intestinal uptake of Fe due to 
mucosal lesions.  
 
 

Conclusion 
 

In view of these results, it appears that cadmium chloride 
and mercuric chloride induce hematological disturbances 
in rats. A large variation in these parameters from blood 
was recorded for the high concentration of mercuric 
chloride and the combination of high concentrations of 

http://ukpmc.ac.uk/search/;jsessionid=8pcIxMWUNXJlI5yZEdTL.6?page=1&query=AUTH:%22Horiguchi+H%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=8pcIxMWUNXJlI5yZEdTL.6?page=1&query=AUTH:%22Horiguchi+H%22+SORT_DATE:y


 

 

3736        Afr. J. Biotechnol. 
 
 
 
cadmium chloride and chloride mercuric. These 
environmental pollutants known for their effects which are 
particularly dangerous to human health, are present in 
the air, soil, water and ricocheted is found in foods of first 
necessity consumed by humans. Monitoring of these 
pollutants is necessary for a sustainable environment. 
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