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ABSTRACT 

This study evaluates the effects of chronic toxicity of single, binary and trinary combination of cadmium, 

arsenic and iron. The use of synthetic vitamin C and bitter leaf (Vernonia amygdalina) as a compound 

abatement was explored. Tissue metal concentration and histopathological changes were assessed as 

specific endpoints. The rats (Rattus norvegicus) were exposed concurrently to 200mg of CdSO4, 200mg of 

Na2HA5O4, 200mg of FeSO4 per kilogram of feed. 2000mg of vitamin C and bitter leaf per week in equal 

portions were all administered for an intermediate duration of three months as possible abatement. Tissue 

metal concentration showed significant correlation (p<0.05) for cadmium between lungs and spleen and 

between lungs and kidney for arsenic (Critical r = 0.514, df = 13) respectively. Histopathological 

observations indicated various histological damages in selected tissues such as oedema, tissue 

inflammation, cell degeneration, activation of lymphoid follicles, necrosis, siderosis, haemachromatosis, 

depression of the immune system and chondrohyaline formation. Comparisons of single and combined doses 

revealed more severe tissue damage in combined doses suggesting addictive or synergistic effects with 

cadmium and arsenic.  Combinations of iron with other metals showed more severe tissue damage with 

single dose than with combined doses, which indicated metal interaction and antagonistic effects. The 

abatement showed moderate reduction in tissue damage with single doses of metals on the liver tissue. Mild 

response was observed with the trinary mixture on the lungs. The endpoints of tissue concentration and 

histopathology obtained in this study showed effective assessment of chronic toxicity of test heavy metals, 

and the potential of vitamin C and bitter leaf combined as abatement preferably on a long term basis. 
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INTRODUCTION 

Exposure to heavy metals continues, and is even increasing in some parts of the world, in particular 

in less developed countries though emissions have declined in most developed countries over the last 100 

years. Heavy metals are natural components of the earth’s crust that have relatively high density and cannot 

be degraded or destroyed (Mehtap and Ethem, 2006). As trace metals, some heavy metals are essential to 

maintain the metabolism of the human body, however, the presence in the environment of large quantities of 

toxic metals such as Cadmium, Arsenic, Mercury Lead, Zinc and others poses risks to humans (TOXINET, 

2007). This puts the scientific community under pressure to develop new methods to detect and eliminate 

toxic contaminants from food, air and waste waters in efficient and economically viable ways (Carlos, 

2007). Heavy metals become toxic when they are not metabolized by the body and accumulate in the soft 

tissues (Dupler, 2001).  

Cadmium is a byproduct of the mining and smelting of lead and Zinc. It is used in Nickel-cadmium 

batteries, PVC plastics and paint pigments. It can be found in soils because insecticides, fungicides, sludge, 

and commercial fertilizers that use cadmium are used in agriculture. Cadmium may be found in reservoirs 

containing shellfish. Cigarettes also contain cadmium. Lesser-known sources of exposure are dental alloys, 

electroplating, motor oil and exhaust. When inhaled or ingested and absorbed through the gastrointestinal 

system, target organs are the liver, kidneys lungs, brain, bones and the placenta (ASTDR, 2001). 

Arsenic is released into the environment by smelting processes of Copper, Zinc and Lead, as well as 

manufacturing of chemicals and glasses. Other sources are paints, rat poisoning, fungicides and wood 

preservatives. It is most common cause of acute heavy metal poisoning in adults. Target organs are the 

blood, kidneys, Central nervous system, digestive and skin systems (Roberts, 1999; ATSDR, 2001). 

Iron is a heavy metal of concern, particularly because ingesting dietary iron supplements may acutely 

poison young children (Roberts, 1999). Iron deficiency affects over 600 million people throughout the 

world, particularly in developing countries (Latunde-Dada, 1990). The toxic effect is largely due to 

ingestion and rapid absorption in the gastrointestinal tract. Sources of iron are drinking water; foodstuff such 

as meats, vegetables, legumes, molasses, dried fruits etc, iron pipes and cookware while target organs 

include the liver, cardiovascular system and kidneys (Roberts, 1999). 

The antidote to heavy metal intoxication is a class of compounds called chelators. A chelator is a 

flexible molecule with two or more electronegative groups that form stable coordinate covalent bonds with 

cationic metal atoms thereby providing abatement and facilitating elimination for heavy metal poisoning 

(Vahter, 2002). The body then excretes the complexes formed. 

In humans, vitamin C is a highly effective antioxidant, acting to lessen oxidative stress, a substrate 

for ascorbate peroxides, as well as an enzyme cofactor for the biosynthesis of many important biochemical 

(Higdon,
 
2006). The North American Dietary Reference intakes recommend 90 milligrams per day and no 

more than 2000mg per day (U.S.RDA, 2007). 

Vitamin C has been known to demonstrate protective effects against lead intoxication in an animal 

model (Hasan et al., 2003). It improves immune function and reduces incidences of organ failure (Fuente, 

1998; Nathens et al., 2002) and has been considered a safe and effective therapy to improve the quality of 

life of terminal cancer patients (Yeom et al., 2007) as well as enhances iron absorption (Fleming et al., 

2002). 

Vernonia amygdalina (bitter leaf) is a common leaf vegetable consumed in Nigeria and other western 

and Central African countries. Although very scanty or no data exist for its anti-oxidant effect, it is well 

known for its ant-malaria, anti-bacterial, anti- parasitic and anti-cancer benefits (Adaramoye et al., 2008). In 

this study they have been used along with vitamin C to investigate possible antioxidant effect on single, 

binary and trinary combinations of cadmium, Arsenic and iron intoxication. 
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MATERIALS AND METHODS  

ANIMALS AND HUSBANDRY  

A total of 75 locally bred Wister rats of initial average body weight of 165g were obtained from the 

animal unit, Department of Animal and Environmental Biology, University of Benin. 

All animals were kept under the same standard laboratory conditions. They were housed in a wooden 

cage of 15 compartments and fed with growers mash poultry feed from the Bendel Flour and Feed Mill, 

Ewu. The animals had unlimited access to drinking water. Rats were used in this study after a 2 week 

acclimation period. No consideration was given to sexual selection. 

CHEMICALS  

All chemicals and reagents were of high purity. Cadmium sulphate, sodium arsenate, iron sulphate, 

nitric acid and perchloric acid used for intoxication, digestion and for atomic absorption spectrometry used 

in metal analysis were from BDH Chemical Company, Poole, England. 

EXPERIMENTAL DESIGN  

The experiment was conducted for 12 weeks. The 10–week–old rats, after the acclimatization period, 

were randomly divided into fifteen experimental groups of two each. The compartments were labeled A, B, 

C, D, E, F, G, H, I, J, K, L, M, N, O, with Group O serving as control. 

Prior to metal intoxication, the animals were starved for a period of 24 hours after which their 

weights were taken. Before the commencement of poisoning. The toxicants were weighed using electronic 

weighing balance (Scout Pro SPU202, England). During the experimental period, the various chemicals 

were measured for the single, binary and trinary mixtures as follows 200mg CdSO4/kg of feed/ body weight, 

200mg Na2HAsO4/kg of feed/ body weight and 200mg FeSO4/kg of feed/ body weight. 

The contaminants were administered orally and daily to the various groups by incorporating it in 

their feed. Before feeding, thorough mixing of the contaminants and feed (growers mash) was ensured. The 

various groups, toxicants and amounts administered are shown in Table 1. 

Abatement  

The abatement feed consists of synthetic vitamin C tablets complexed with dried and powdered 

leaves of the plant Vernonia amygdalina (bitter leaf). The vitamin C tablets of 500 mg, produced by MAY 

and BAKER NIG. PLC was grinded into powdery form using laboratory mortar and pestle. The sun-dried 

leaf of bitter leaf plant was blended into powder. These were administered in equal portions of 2000mg of 

vitamin C and bitter leaf per week to the test animals. This was done throughout the duration of the 

experiment along with the diet. With the onset of intoxication, feed were given in a ration of about 10g daily 

while water was administered ad libitum.  

In this study, the endpoints evaluated included tissue levels of the metals while spleen, liver, kidney, 

lungs and heart were examined for histopathological effects.  

Tissue Sampling  

The rats were dissected for tissue harvest. The kidney, liver, lungs and spleen were collected and 

kept in 10% formalin. 

 

Histological Preparations of Tissue Samples 

Histological preparation and processing of tissue include were carried out using the following steps: 

Fixation  

The various tissues obtained from the dissected specimens where fixed in 10% formalin. This 

prevented autolysis and protein precipitation. It arrested metabolic activities and preserved the structural 

integrity of the cell components.  
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Dehydration 

During dehydration, the fixed tissues were passed through several changes of alcohol, 70% alcohol 

for 24 hours, 90% alcohol for 12 hours and followed by dehydration in two changes of absolute alcohol. 

This allowed for the removal of water from the fixed tissues and complete infiltration by paraffin wax.  

Clearing 

The tissues were passed through xylene for three hours. This helped to remove alcohol due to 

dehydration as well as prevented shrinkages and brittleness of the tissue in paraffin. 

Infiltration and Embedding 

The blocks of paraffin were melted in a small beaker placed in the oven with the thermostat set at 

60
0
C. The cleared tissues were placed in melted paraffin wax, arranged in the desired plane after which the 

wax was allowed to cool for a duration of 1½ hours in a water bath. 

 

Sectioning 

Blocks of paraffin wax containing the tissues were attached to the block holder of the microtome 

with the aid of a planoconcave knife, and sections were cut with the microtome gauge set at 15 µm. Sections 

were placed one at a time on a slide and flooded with egg albumin. 

Staining 

Sections were serially exposed to absolute alcohol, 90% and 70% alcohol for two minutes each and 

finally washed with distilled water. Slides were stained in haematoxylin for 15 minutes at room temperature 

and excess stains washed in 70% alcohol. Slide differentiation was done using 1% acid alcohol for 15 

minutes and counter-stained in aqueous eosin for three minutes. Stained sections were cleared in xylene.  

 

Mounting 

In mounting, Canada balsam devoid of air bubbles was carefully placed on the specimen mounted on 

the slide. A cover slip was carefully placed over the tissue to avoid the inclusion of air bubbles.  

Collection and Digestion of Tissue Sample for metal Concentration 

The tissues of the kidney, liver, spleen and lungs were collected for metal concentration analysis. 

The entire wet tissue was chopped into tiny pieces using dissecting knife and forcep. 0.25g of the tiny bit of 

the various tissues was collected and washed into clean 25 ml sterilized beakers. 

The digestion method used was the nitric-perchloric acid method described by Fufeyin, (1994). This 

procedure was adapted for use for wet tissues samples with slight modification for this study. 

2.5 ml of the concentration nitric acid was added to the tissue and allowed to stand for about 15 

minutes because of the high protein content. Thereafter 0.5 ml of the 60% perchloric acid and 0.25ml of 

concentrated sulphuric acid were added to it. This mixture was swirled gently and allowed to digest slowly 

at moderate to high heat. The digestion process was regarded as complete when the content turned pinkish or 

colourless on cooling.  

Cd, As and Fe Determinations 

The concentration of metals (Cd, As and Fe) in the prepared mineralizates (after dilution) were 

determined by atomic absorption spectrometry (AAS) (Model: Alpha 4, 4200). Concentrations of metals in 

tissue were expressed as mg/l (ppm). 

The concentrations of Cd, As and Fe were measured by a flame (an air-acetylene burner) AAS 

method. The sensitivity in mg/ml used for the metals included 0.02, 0.9 and 0.05 for Cd, As and Fe 

respectively. The detection limit established for the various metal concentrations were 0.002 µg/ml, 0.2 

µg/ml and 0.003 µg/ml for Cd, As and Fe respectively. The readings were recorded against suitable 

standards at 228.8 nm for Cd, 193.7 nm for As and 248.3 nm for Fe. 
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Statistical Methods  

To assess differences in tissues concentration between the experimental groups, statistical analysis of 

data was conducted by one-way analysis of variance (ANOVA) is SPSS followed by Duncan multiple 

comparison tests. P < 0.05 was considered to be statistically significant.  Correlation analysis was conducted 

for the relationship between Cd, As and Fe accumulation in tissues.  

In addition, multiple bar-graphs were used for graphical presentation of statistical data. 

Photomicrographs were used to represent the histological effects of the metals on the target tissues. 

 

RESULTS  

The results of chronic toxicity of single, binary and trinary combinations of cadmium, arsenic and 

iron along with abatement with respect to haematology, tissue concentrations and histological changes are 

presented.  

TISSUE CONCENTRATION  

Lungs 

In the lungs, the mean values ranged as follows; cadmium, 0.000 – 0.013mg/l, Arsenic, 0.0 – 2.4mg/l 

and Iron 0.000mg/l – 8.7mg/l in lungs as represented in Fig. 1.  

Liver 

The mean value for cadmium in the liver ranged from 0.00 – 0.011mg/l in groups H, I, K, D, A to C. 

Arsenic had a mean range of 0.0 – 2.1 mg/l in groups O, A, C, G, D, F, J, B, L to I. The value of iron in liver 

ranged from 0.7 – 11.0mg/l in groups J and E. This is shown in Fig. 2.  

Spleen  

The mean range of values of cadmium in the spleen was 0.000 to 0.009mg/l for group I to groups A 

and M. Mean value for Arsenic ranged from 0.000 to 1.2mg/l for groups, A, B, C, M, D, K, L, N to I. Iron 

was between 2.2 – 9.8mg/l for groups A and D. 

 

Kidney  

In the kidney, metal concentrations ranged as follows: Cadmium, 0.000 to 0.009mg/l) in groups B, 

C, D, F, L to H respectively. Arsenic, 0.000 to 1.4mg/l for groups O, G, D, F to B. Iron was between 0.000 

to 12.0mg/l in groups N and B (Fig. 4).  

Cadmium  

For cadmium concentration in tissues of animals given single doses of the metal, the range was 0.007 

in the kidney to 0.010 in the lungs in group A. The binary mixture was lower than the single mixture, it 

ranged from 0.000 in the lungs and liver for group G and H respectively to 0.009 in the kidney for group H. 

The trinary mixture did not show much variation from the binary mixture but was however lower, than the 

single mixture. The value ranged from 0.001 in the kidney to 0.009 in the spleen in group M. This is 

represented in Table 2.  

In single doses, concentrations showed reduction in the abated tissues of animals. The range was 

from 0.000 in the liver and kidney (Group A) to 0.004 in the lungs and spleen. The binary mixture also 

showed slight reduction in tissue concentration of the metals ranging from 0.000 in the lungs and liver in 

group G and H respectively to 0.004 in liver in group G. The trinary mixture showed selective reduction and 

inconsistent variation in animal tissues ranging from 0.000 in the liver to 0.009 in the lungs which was 

slightly higher than 0.007 for the poisoned lungs in group M, as shown in Table 2.  
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Arsenic  

The single mixture of the metal ranged from 0.0 in the liver and spleen to 1.4 in the kidney for group 

B. The binary mixture indicated a range of 0.0 in the liver and kidney of group G to 2.1 in the liver of group 

I. The trinary mixture was of the range of 0.0 in spleen to 0.7 in the liver and kidney of group M 

respectively. The change in concentration between single, binary and trinary mixture showed that the trinary 

mixture had a lower range relatively to the single, binary mixture, as shown in Table 3.  

The abated groups showed selective reduction in some tissues. For the single dose, the values ranged 

from 0.5 in the kidney to 0.8 in the lungs in group E. The range was from 0.0 in the liver and spleen in group 

G and I respectively to 1.8 in lungs of group I animals. The trinary mixture was from the range 0.0 in the 

spleen to 2.4 in the lungs, and increased when compared to 0.6 in the unabated lungs of group M, as shown 

in Table 3.  

Iron  

The observation from the single mixture in Table 4 showed a range of 4.7 in the spleen in group C to 

10.2 in the kidney. The value for the binary mixture was lower than the single mixture and ranged from 2.7 

in the spleen to 5.8 in the kidney in group I. The trinary mixture had a range of 0.3 in the kidney to 7.2 in the 

spleen.  

In the abated groups, the single dose had a range of 0.7 in the lungs to 7.5 in group F. The binary 

mixture ranged from 0.8 in the liver in group H to 10.4 in group L in the spleen. The values for the trinary 

combination ranged from 0.0 in the kidney to 6.6 in the lungs in group N. This is represented in Table 4. 

 

HISTOPATHOLOGY  

 

THE LUNGS  

Normal Lungs  

Sections of the lungs showed bronchioles, alveolar ducts and surrounding sacs with intervening 

scanty interstitium containing blood vessels, as shown in Plate 1.  

Poisoned Lungs  

A single dose of Cadmium treatment on the lungs revealed severe interstitial infiltrates of chronic 

inflammatory cells and exudates with activation of lymphoid follicles, as represented in Plate 2. Arsenic 

administered singly showed destruction of bronchiolar and alveolar epithelium, alveolar collapse and focal 

vascular hyperplasia on the lungs. This is represented in Plate 3. Severe destruction of alveolar sacs and 

bronchiolar walls as well as activation of local immune system was observed with Iron, as shown in Plate 4.  

A combination of Cadmium and Iron on the lungs showed destruction of alveolar wall and capillary 

and interstitial chronic inflammation as shown in Plate 5. A mixture of Arsenic resulted in atelectasis, 

fibrosis, hypertrophy of blood vessels and degeneration of the bronchioles as represented in Plate 6.  With 

the triple metals, severe chronic inflammation and severe bronchiolar and alveolar damage were observed.  

Abated Lungs  

The lungs were only mildly abated for the trinary mixture of metals as shown in Plate 8. 

 

THE LIVER  

Normal Liver  

Sections of the normal liver shows the central veins surrounded by hepatocytes radiating to the portal 

tracts (Plate 9). 
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Poisoned Liver  

Mild hepatocyte degeneration with fading of the nucleus outline were observed with single cadmium 

dose in Plates 10 and 11. Treatment with Arsenic showed pseudoglandular pattern of hepatocytes, with 

hepatocyte degeneration, vascular dilatation and periportal inflammation on the liver (Plates 12, 13 and 14). 

Iron administered singly, on the liver resulted in haemochromatosis and chronic inflammation with 

degeneration of the hepatocyte observed in Plates 15 and 16.  

A combination of Cadmium and Iron on the liver showed lymphatic vascular dilation as well as 

portal tract chronic inflammation. This is represented Plate 17. With Arsenic and Iron, severe lymphatic 

dilation and degeneration as well as portal tract fibrosis were observed in Plates 18, 19 and 20. The triple 

metal combination indicated severe vascular congestion, hepatocyte necrosis and haemorrhage effects as 

shown in Plate 21. 

 

Abated Liver  

The single dose of Cadmium on the liver showed abatement effects. This is shown in Plate 22. 

Arsenic was observed to be moderately abated on the liver. This is shown in Plate 23. The same applied to 

Iron which was mildly abated. For binary and trinary combinations of metal no abatement effects were 

observed as represented in Plate 24. 

 

THE SPLEEN  

Normal Spleen  

Sections of the normal spleen shows a thin capsule surrounding aggregates of lymphocytes in 

follicular pattern, sinuses, blood vessels and lymphatic channels as shown in Plate 25. 

Poisoned Spleen  

For single dose of Cadmium and Arsenic respectively, the tissue showed activation of the local 

immune system. This is represented in Plate 26 – 29. However, a corresponding depression of the immune 

system was observed with Iron.  

Abated Spleen  

No abatement effect was observed on the spleen. 

 

Combination of Cadmium and Arsenic indicated interstitial oedema and activation of the immune 

system vascular hyperplasia, fribosis and a mild oedema as shown in Plate 31. Cadmium and Iron combined 

showed depression of the immune system on the spleen. This is represented in Plates 32 and 33. Depression 

of the immune system was also observed with the triple metal combination as shown in Plate 34. 

 

THE KIDNEY  

 

Normal Kidney  

Sections of the normal kidney indicated glumeruli surrounded by the cortical proximal and distal 

convoluted tubules, the medullary conducting and collecting tubules, as shown in Plate 35.  

Poisoned Kidney  

With single dose of Cadmium treatment, mild interstitial oedema, mild infiltrates of chronic 

inflammatory cells and vascular hypertrophy were observed. This is represented in Plate 36. With Arsenic, 

focal tubular (medullary) necrosis, moderate interstitial inflammation, fibrosis and vascular hypertrophy 

were observed, as shown in Plates 37, 38 and 39.  
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Tubular necrosis, vascular degeneration and dilatation and chronic inflammation were observed 

effects with a combination of Cadmium and Arsenic, as shown in Plate 40. Cadmium and Iron combined 

showed generalized tubular necrosis and oedema on the kidney. This is represented in Plates 41 and 42. 

Arsenic and Iron showed vascular hypertrophy, lymphatic dilatation and tubular necrosis, as shown in Plates 

43 and 44. For the trinary mixture, severe vascular congestion, interstitial inflammation and collecting 

tubular necrosis occurred on the kidney as represented in Plate 45.  

Abated Kidney  

No abatement was observed on the kidney.  

 

THE HEART  

Normal Heart  

Sections of the heart showed a thin layer of serious pericardium, containing blood vessels. The heart 

muscle (Myocardium) is cut in section with myocytes arranged in syncythial pattern, as represented in Plate 

46.  

 Poisoned Heart  

With single dose of cadmium treatment, the heart section showed mild transmural oedema mild 

infiltrates of chronic inflammatory cells in the pericardium. This is shown in Plate 47. Arsenic in single 

dose, resulted in mild transmural oedema and vascular hypertrophy of the heart, as shown in Plate 48. 

Severe oedema, severe degeneration of the heart muscle was observed on the heart with single dose of iron. 

This is represented in Plates 49 and 50.  

Cadmium and Arsenic combination resulted in hypertrophy of blood vessels, fibrosis, transmural 

oedema, lymphatic dilatation and myocardial degeneration, as shown in Plate 51. A mixture of Cadmium 

and Iron showed transmural oedema, myocardial degeneration, lymphatic dilatation and mild inflammatory 

cell infiltrates. This is shown in Plate 52.  

Cadmium and Arsenic combination showed transmural oedema, myocyte degeneration and 

lymphatic dilation effects on the heart.  

Abated Heart  

For the heart, no abatement was observed.  

 

SEVERITY OF CHANGES BETWEEN SINGLE AND COMBINED 

METALS IN DIFFERENT TISSUES 

The result obtained indicated that changes from the combination of Cadmium and Arsenic were more 

severe when compared to the effects of the single metals in the various tissue examined as shown in Table 5. 

On the other hand, Iron administered singly had more severe effect on the tissues when compared to 

the effects of it’s combinations with other metals in the various tissues as shown in Table 5. 

 

DISCUSSION 

The results from this study demonstrated that chronic doses of Cadmium, Arsenic and Iron when 

administered concurrently, through dietary intake in single, binary and trinary combination had adverse 

effects on mammals with special reference to rats (Rattus norvegicus). This was measured in terms of tissue 

concentration and histopathology which were used as endpoints in this study. These are discussed as 

follows;  
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METAL CONCENTRATIONS IN TISSUES  

The accumulated concentrations of cadmium in the tissue were small in magnitude. The distribution 

across the groups and among the various tissues studied did not show significant difference between control, 

poisoned and the given abatement i.e. the degree of amelioration was not significant. However, graphical 

illustrations indicated that the concentration of cadmium retained in the liver was slightly higher than other 

tissues. This was closely followed by the spleen. Numerous studies (ATSDR, 2001; Mahafftey, 1981), have 

shown that chronic exposure leads to a selective accumulation of cadmium in the liver and kidneys (renal 

cortex) (Friberg et al., 1985). The spleen is known also to acquire relatively high concentrations of cadmium 

(Nordberg and Nishiyama, 1972). The accumulation of cadmium in the liver and subsequent redistribution 

to the kidney has been attributed to efficient metallothionein synthesis in the liver. Furthermore, the 

proportion of cadmium in the kidney decreases as the liver concentration increases due to renal damage and 

increased leakage of bound cadmium into the urine (Friberg et al., 1985). For binary and trinary mixtures, 

the changes in concentration tended to be small in magnitude and inconsistent across the groups in the 

various tissues. This trend may be due to a complex factor of dose, frequency, route, age, duration of metal 

administration, background level effects, and metal interactions. In connection with metal interactions, it has 

been shown that arsenic (as sodium arsenic) had no effect on the accumulation of cadmium in the liver, and 

kidney (ATSDR, 1999). Also, low dietary levels of calcium, having iron deficiency or protein have 

reportedly led to enhanced absorption in experimental animals (Friberg et al., 1985). With the given 

abatement, concentrations of the metals in binary and trinary mixtures showed reduction which is however 

inconsistent in direction across the groups. The reductions in tissue metal concentrations especially in the 

liver, can be attributed to the compounded abatement. This is evidenced by the fact that the metals were 

moderately abated in the liver histopathologically. Vitamin C, which is a component of the abatement was 

reported to be present in the liver. Padayatty et al. (2003) reported the antioxidant effect of Vitamin C on 

toxic metals. Thus, the implication is that vitamin C and bitter leaf had abatement effects with consideration 

to the liver. 

Tissue concentration of arsenic showed relatively higher accumulation in the kidney compared to 

other tissues. Changes in the mixtures were either small in magnitude or inconsistent in trend in the selected 

tissues. The tissue interaction and accumulation of arsenic with cadmium, iron and abatement was 

ambiguous. This is congruent with some other reports (ATSDR, 1999). However, with the single dose, 

concentration of arsenic reduced with the given abatement.  

The graphical illustration of iron distribution in selected tissues showed relatively higher 

concentrations in the liver and spleen. This observation is in agreement with the observations of NRC (1999) 

which reported that iron is stored in the liver, spleen and erythropoetic bone marrow as ferretin and 

haemosiderin. The changes in the concentration of iron in binary and trinary mixtures were small in 

magnitude. With abatement, the concentration showed slight changes in the lungs. This could be attributed 

to Vitamin C which has been shown to enhance the absorption of iron (Conrad, 1999). In the liver, iron 

concentration reduced slightly with abatement in the mixtures. For single, binary and trinary mixtures, the 

direction of change in tissue concentration was inconsistent across the groups and tissues. This could 

probably be traced to several factors which included dose, duration and interaction with other elements in 

the body (Peuranen et al., 1994; Trinder et al., 1999; Nicolas et al., 2003).  

Correlation analysis showed significant correlation between lungs and spleen for cadmium (r = 

0.514,df = 3 ), kidney and lungs for arsenic (r = 0.514,df = 3 ) and none for iron. The existence of a positive 

correlation in the accumulation of cadmium in both lungs and spleen, and arsenic in both kidney and lungs 

was difficult to explain. However, the occurrence may be coincidental. On the other hand, Brzoska et al. 

(2001), reported significant positive correlation between Cadmium accumulation and zinc concentration in 
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the kidney, liver and spleen as well as the whole pool of both metals in internal organs of rats. Besides, these 

findings could be as a result of a lot of factors ranging from food and water intake, mechanism and rate of 

distribution of the various bioelements and tissue metals interactions.  

 

HISTOPATHOLOGY  

Cadmium, Arsenic and Iron in single and combined doses, are known to induce several pathological 

changes. 

Single Metals  

The result clearly indicated that the single doses of the metals had damaging effects on the tissues. 

Cadmium toxicity resulted in mild transmural oedema, inflammation in the pericardium, mild degeneration 

of hepatocytes in the liver, interstitial oedema and vascular hypertrophy in the kidney. Inflammation and 

activations of lymphoid follicles were seen in the lungs. This was accompanied by activation of local 

immune system in the spleen. Fufeyin et al. (2007) observed that oral administration of single doses of 

cadmium compound caused dystrophic changes in heart, liver and kidneys. Observed changes in these 

tissues are similar with the reports of Mahaffey et al. (1981), Kajikawa et al. (1981), and ATSDR (1999). 

These authors reported that cadmium resulted in histopathological changes in the bladder, including 

squamous metaplasia, fibrosis and inflammations.In addition, cadmium may alter the surface of 

gastrointestinal tracts. More specifically cadmium interferes with Zinc-enzyme complexes (Fufeyin et al., 

2002).  

In the case of single doses of arsenic, degenerative changes in cells, oedema, hypertrophy and 

dilation of periportal of blood vessels, inflammation in heart and liver respectively, focal tubular necrosis 

with moderate interstitial inflammation in the kidney were observed. Destruction of alveolar epithelium and 

focal vascular hyperplasia were observed in the lungs while activation of local immune system occurred in 

the spleen. The observed findings are consistent with the findings of National Academy of Science (1999) 

and Novelli et al. (1998). Labadie et al. (1990) suggested that arsenic induced hepatic injury was caused by 

vascular and not hepatocellular damage, but findings in this study revealed that arsenic was generally 

vasculotoxic, with effects on blood vessels. Arsenic may have a toxic effect on the erythropoietic cells of the 

bone marrow, and increased haemolysis. In addition, it is also known to react with the sulfhydryl groups of 

protein, inactivate enzymes and interferes with mitochondrial function as well as exhibit cytotoxic effects 

(ATSDR, 2001). 

Iron induce such effects as severe oedema, degeneration of the heart muscle, haemochromatosis, 

chronic inflammation and severe destruction of alveolar sacs and bronchiolar walls as well as depression of 

immune system in the spleen. In agreement with these findings, Conrad (1999) reported that the detrimental 

effects of chronic iron toxicity are due in part to iron accumulation in various organs. Accordingly, iron 

toxicity causes liver damage which may result in malignancy. Iron is normally stored in the liver, and excess 

iron accumulation results in liver damage with respect to haemacromatosis and siderosis (Andrews, 2000). 

Iron has affinity for cardiac tissue but in excess, it causes damage to the heart muscles. Iron toxicity in this 

study was observed to cause severe damage to heart muscles leading to chondrohyaline formation. This may 

be a contributory factor to heart failure.  

Metal Combinations  

The binary combination of cadmium and arsenic worsened the damage on the tissues when compared 

to the single metal doses. This indicated synergistic effects on the tissues by both metals (ATSDR, 1989). In 

intermediate duration oral studies in rats, exposure to arsenic did not affect concentrations of cadmium in the 

kidney. This indicated additivity (no interaction) (Mahaffey et al., 1981). The implication is that there was 

absence of Cd and Ar interaction and both metals exerted combined toxic effects on the tissue. 
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Mechanistically, arsenic induces metallothionein (MT), a protein which binds and sequesters cadmium, 

protecting cellular components from the toxicity of free cadmium. On the other hand, the CdMT complex 

retains cadmium within the kidney and other tissues (ATSDR, 1999). If released into the circulation by the 

liver, CdMT is toxic directly or indirectly which may result in tissue damage. This explanation tends to 

explain the severity of tissue damage associated with binary combinations of cadmium and arsenic 

compared to single doses of the metals.  

The toxicological significance is that while renal dysfunction is a critical effect of cadmium, arsenic 

can also cause renal effect especially with respect to the blood vessels (ATSDR, 2000). Analysis of 

comparison of the severity of tissue damage with respect to iron and other combined metals showed that 

changes were severe with the single dose of iron than when combined with other metals except in the case of 

the lungs. This suggested that metal interaction or inhibition between iron and other metals occurred. This 

might well be a case illustrating metal antagonism (ATSDR, 2000).  Particularly, iron loading has been 

shown to reverse the effects due to dietary cadmium by Crowe and Morgan (1997).  

Activation of immune system in most case and depression of the immune system in few cases were 

observed with single, binary and trinary metals in the spleen. Koller et al. (1975) reported decrease in 

antibody production and of antibody forming cells in the spleen in mice in experiments using arsenic.  

The severity of changes between binary and triple metal combinations did not show much difference. 

Also the direction of changes with triple metal combination did not show consistency between or within 

poisoned and abated groups. Dietary study of toxicity and interactions for lead, arsenic, and cadmium in rats 

indicated that effects of trinary mixture generally reflected those for binary mixtures (Mahaffey et al., 1981). 

This suggest that components based approaches focusing on interactions for binary mixtures may be used in 

predicting the toxicity of the trinary mixture (ATSDR, 1999).  

The effects of abatement varied from mild to moderate and effects of the abatement with respect to 

histopathology was generally pronounced on the liver with single doses of metals. For binary combinations 

of Cd and As, Cd and Fe or As and Fe, there was no indication of abatement of toxic effects for the trinary 

mixture except for the lung, which was mildly abated.  

Findings from this study revealed that the given abatement had obvious effects on the liver, which 

was consistent when considered from the histopathology and tissue concentrations. The liver was 

moderately abated for single doses of cadmium and arsenic and mildly for the single dose of iron.  

Also observed was the fact that tissue concentration was reduced in abated rats given binary and 

trinary mixture. However, histopathological findings did not indicate any pronounced abatement effects. 

This could have resulted from the synergistic and antagonistic interaction of the metals that might have 

taken place in the liver (Mahaffey, 1981; ATSDR, 1999). 

Results from tissue concentration, indicated accumulation of the various metals in the kidney. This 

was reflected in the several damaging effects observed in the histopathology. However, the selective 

reductions in tissue concentrations observed in the abated groups were not reflected in their 

histopathological results. In addition, the concentrations accumulated may not have reached a threshold level 

to reduce the damages on the tissues. This may be as a result of the inability of the abatement to reduce toxic 

effects, especially, when frequency, dosage, duration and concentration of the abatement were considered 

(Fufeyin et al., 2007).  

In both lungs and spleen, the given abatement did not show any effects in their histopathology except 

for a mild case of abatement in the lungs given the trinary mixture. This observation is in conformity with 

results of metal concentration for abated groups which showed slight decrease in concentration. The 

abatement did not reduce the toxic damage of the metals in the tissues, an indication that frequency, 
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duration, dosage and concentration and constituent of the abatement feed may likely be contributory factors 

in the ability of such as abatement feed to ameliorate observed damages in the tissues.  

The results obtained in this study showed that concurrent exposure of the metals used as poison had 

damaging effects on the tissues. This was also evident in the recorded accumulation of metals in the tissues 

and further reinforced with the significant changes observed in the blood parameters, which served as the 

transport medium of the body. Changes observed in the various endpoints suggested that exposure to these 

metals pose a risk and can create a major threat to human health, when ingested through food and water.  

Combinations of poison metals in this study have been shown to worsen their consequences as 

against single administration of the metals. There is also evidence in this study that vitamin C and bitter leaf 

can ameliorate toxic effect of exposure as observed in the moderate to mild abatement of toxic effects in the 

lung and liver.  

 

CONCLUSION 

The findings obtained from this study provided insight on chronic toxic effects of single, binary and 

trinary mixtures of cadmium, arsenic and iron in terms of metal accumulation and histopathological changes. 

Histopathological examination revealed varying pathological tissue damage which ranged from tissue 

necrosis, oedema, inflammations, lymphatic dilatations. Structural changes in tissue suggested synergism, 

between Cadmium and Arsenic and antagonism between Cadmium and Iron and between Arsenic and Iron. 

Metal concentration indicated accumulation with least concentration of cadmium.  

Dietary supplementation with vitamin C and bitter leaf mildly to moderately abated tissue damage in 

the liver and lungs respectively for single and trinary mixtures showing that both vitamin C and bitter leaf 

have immense potential to be used as local abatement for heavy metals. 
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FIGURES 

 

 
Figure 1: Multiple histograms showing metal concentrations in lungs tissue 
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Figure 2: Multiple histograms showing metal concentrations in liver tissue  
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Figure 3: Multiple histograms showing metal concentrations in spleen tissue 
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Figure 4: Multiple histograms showing metal concentrations in kidney tissue  
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PLATES 

 
Plate 1: Normal lung tissue showing terminal bronchioles (A), expanded alveoli (B), and interstitium (C) 

[H&E x10] 

 

 
Plate 2: Cadmium poisoned animal showing lung with severe interstitial pneumonitis consisting of focal 

follicular aggregates of lymphocytes (A) and alveoli exudate (B) and focal vascular hyperplasia (C) [H&E 

x10] 
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Plate 3: Arsenic poisoned animal showing lung section with severe atelectasis (A), follicular lymphocytic 

aggregate (B) focal vascular hyperplasia (C) and bronchiopulmonary dysplasia (D) [H&E x10] 

 

 
 

Plate 4: Iron poisoned animal showing lung tissue with severe interstitial pneumonitis (A), follicular 

lymphoid aggregate (B) and vascular hypertrophy and dilatation (C)  [H&E x10] 

 

B 

A 
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Plate 5: Cadmium and Iron poisoned animal showing lung tissue with severe interstitial oedema (A) and 

fibrosis (B), atelectasis (C), degeneration of bronchiole (D) and vascular hypertrophy and dilatation (E) 

[H&E x10] 

 

 
Plate 6: Arsenic and Iron poisoned animal showing lung tissue with mild atelectasis (A), interstitial fibrosis 

(B), bronchiolar degeneration surrounded by lymphoid aggregates (D) and vascular hypertrophy (E) [H&E 

x10] 
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Plate 7: Cadmium, Arsenic and Iron poisoned animal showing lung tissue with atelectasis (A), vascular 

hypertrophy and dilatation (B) and bronchiolar degeneration (C) and follicular lymphoid aggregates (D) 

[H&E x40]  

 

 
Plate 8: Cadmium, Arsenic and Iron poisoned and moderately abated showing the lung with well expanded 

alveoli (A), mild interstitial oedema and mild bronchiolar degeneration (C) [H&E x10] 
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Plate 9: Normal liver showing hepatocytes (A) radiating from the central vein (B) and portal triad (C) [H&E 

x10] 

 

 
Plate 10: Cadmium poisoned animal showing liver with central vein (A) and hepatocyte undergoing mild 

degeneration (B) giving a ground glass necrotic pattern [H&E x10] 
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Plate 11: Cadmium poisoned animal showing liver with central vein (A) and hepatocyte undergoing mild 

degeneration (B) giving a ground glass necrotic pattern [H&E x40] 

 

 
Plate 12: Arsenic poisoned animal showing liver with vascular (A) and lymphatic dilatation (B), mild 

periportal degeneration and chronic inflammatory cell infiltration (C) and periportal fibrosis (D) [H&E x40] 
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Plate 13: Arsenic poisoned animal showing liver with dilatation and degeneration of central vein (A) and 

pseudoglandular arrangement of hepatocytes (B) [H&E x10] 

 

 
Plate 14: Arsenic poisoned animal showing liver interstitisl oedema (A) and pseudoglandular arrangement of 

degenerated hepatocytes (B) [H&E x10] 
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Plate 15: Iron poisoned animal showing liver with oedema (A), haemochromatosis (B) congested portal vein 

(C) and periportal fibrosis (C) [H&E x10]  

 

 
Plate 16: Iron poisoned animal showing liver with haemochromatosis (A), degenerating hepatocytes 

arranged in pseudoglandular pattern (B) and degeneration at the margin of the central vein (C) [H&E x10] 
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Plate 17: Cadmium and Iron poisoned animal showing liver with oedema (A), lymphatic dilatation (B), and 

periportal fibrosis (C) [H&E x10] 

 

 
Plate 18: Arsenic and Iron poisoned animal showing liver with severe lymphatic vascular dilatation (A) and 

periportal degeneration and fibrosis (B) [H&E x10] 
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Plate 19: Arsenic and Iron poisoned animal showing liver with mild hepatocyte degeneration (A), portal 

vascular dilatation (B) and lymphoedema (C) and periportal fibrosis (D) [H&E x10] 

 

 
Plate 20: Arsenic and Iron poisoned animal showing liver with slight dilatation of central vein (A) 

degeneration of hepatocytes with ground glass pattern (B), focal severe hepatocyte necrosis (C) and 

brownish hue of haemosiderin (D) [H&E x40] 
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Plate 21: Cadmium, Arsenic and Iron poisoned animal showing liver with severe central venous congestion 

(A) and hepatocyte necrosis (B) and haemorrhage (C) [H&E x10] 

 

 
Plate 22: Cadmium poisoned and moderately abated animal showing liver with mild central vein 

degeneration and dilatation (A) and normal hepatocytes (B) [H&E x10] 
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Plate 23: Arsenic poisoned and moderately abated animal showing liver with central vein congestion (A) 

and normal hepatocytes (B) [H&E x10] 

 

 
Plate 24: Iron poisoned and mildly abated animal showing liver with normal hepatocytes (A), lymphatic 

dilatation (B) and periportal haemochromatosis (C) [H&E x10] 
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Plate 25: Normal spleen showing follicles (A), with sinusoids (B) and outer thin capsule (C) [H&E x10] 

 

 
Plate 26: Cadmium poisoned animal showing spleen with interstitial oedema and sinus histiocytosis (B) 

[H&E x10] 
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Plate 27: Cadmium poisoned animal showing spleen with histocytosis and multinucleated giant cell (A), and 

interstitial oedema (B) [H&E x40] 

 

 
Plate 28: Arsenic poisoned animal showing spleen with vascular hyperplasia (A) and sinus histiocytosis (B) 

[H&E x10] 
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Plate 29: Arsenic poisoned animal showing spleen with sinus histocytosis (A) and multinucleated giant cell 

(B) [H&E x40] 

 

 
Plate 30: Iron poisoned animal showing spleen with severe oedema (A), degeneration of sinus histiocytic 

cells (B) leaving prominent reticular frame work (C) [H&E x10] 
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Plate 31: Cadmium and Arsenic poisoned animal showing spleen with mild interstitial oedema and fibrosis 

(A), sinus histiocytosis (B) and vascular hyperplasia (C) [H&E x10] 

 

 
Plate 32: Cadmium and Iron poisoned animal showing spleen with vague sinus histiocytosis (A) and 

interstitial oedema (B) and fibrosis (C) and haemosiderin laden macrophages (D) [H&E x10] 
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Plate 33: Arsenic and Iron poisoned animal showing spleen with sinus histiocytosis consisting of histiocytes 

(A), multinucleated giant cell (B) and lymphocytes (C) [H&E x40] 

 

 
Plate 34: Cadmium, Arsenic and Iron poisoned animal showing spleen with severe oedema (A), interstitial 

fibrosis (B) and sinus histiocytosis (C) [H&E x10] 
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Plate 35: Normal kidney showing glomerulus (A) and proximal (B) and distal (C) convoluted tubules [H&E 

x10] 

 

 
Plate 36: Cadmium poisoned animal showing kidney with mild interstitial oedema (A), chronic 

inflammatory cell infiltration (B), lymphatic dilatation (C) and vascular hypertrophy (D) [H&E x10] 
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Plate 37: Arsenic poisoned animal showing kidney with moderate interstitial inflammation (A) and fibrosis 

(B) and vascular hypertrophy (C) [H&E x10] 

 

 
Plate 38: Arsenic poisoned animal showing kidney with focal collecting tubular necrosis (A) and interstitial 

oedema (B) [H&E x10] 
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Plate 39: Arsenic poisoned animal showing kidney with focal proximal (A) and distal (B) convoluted tubular 

necrosis [H&E x40] 

 

 
Plate 40: Cadmium and Arsenic poisoned animal showing kidney with convoluted tubular necrosis (A) and 

vascular hypertrophy (B) [H&E x10] 
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Plate 41: Cadmium and Iron poisoned animal showing kidney generalized convoluted tubular necrosis (A) 

with myxoid degeneration (B) and interstitial oedema (C) [H&E x10]  

 

 
Plate 42: Cadmium and Iron poisoned animal showing kidney collecting tubular necrosis (A) with myxoid 

degeneration (B) [H&E x40]   
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Plate 43: Arsenic and Iron poisoned animal showing kidney with lymphatic dilatation (A), vascular 

hypertrophy and dilatation (B) and focal collecting tubular necrosis (C) [H&E x 10]  

 

 
Plate 44: Arsenic and Iron poisoned animal showing kidney with proximal (A) and distal (B) convoluted 

tubular necrosis, and interstitial myxoid degenearation and inflammation (C) [H&E x10] 
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Plate 45: Cadmium, Arsenic and Iron poisoned animal showing kidney with severe interstitial haemorrhage 

(A) and collecting tubular necrosis (B) [H&E x10] 

 

 
Plate 46: Normal heart showing myocardium (A) and coronary vessel (B) [H&E x10] 
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Plate 47: Cadmium poisoned animal showing heart with mild chronic inflammatory cell infiltration of the 

pericardium (A), mild myocardial degeneration (B), and transmural oedema (C) [H&E x10]   

 

 
Plate 48: Arsenic poisoned animal showing heart with mild transmural oedema (A), mild myocardial 

degeneration (B) and focal vascular hypertrophy (C) [H&E x10] 
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Plate 49: Iron poisoned animal showing heart with transmural oedema (A), focal vascular hypertrophy and 

myocardial degeneration with focal chondrohyaline change (C) [H&E x40] 

 

 
Plate 50: Iron poisoned animal showing heart with focal chondrohyaline change (A) and central necrosis (B) 

and transmural oedema (C) [H&E x40] 
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Plate 51: Cadmium and Arsenic poisoned animal showing heart with transmural oedema (A), myocardial 

degeneration (B), focal vascular hypertrophy and dilatation (C), lymphatic dilatation (D) and pericardial 

fibrosis (E) [H&E x10] 

 

 
Plate 52: Cadmium and Iron poisoned animal showing heart with transmural oedema (A), myocardial 

degeneration (B) and mild inflammatory cell infiltrates (C) [H&E x10] 
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TABLES 

 

Table 1: Toxicant, feed and abutment schedule 

Group Contaminant(s) Type of Feed 

A 200mg CdSO4 Feed only 

B 200mg Na2HASO4 Feed only 

C 200mg FeSO4 Feed only 

D 200mg CdSO4 Feed + Abatement  

E 200mgNa2HAsO4 Feed + Abatement 

F 200mgFeSO4 Feed + Abatement 

G 200mg CdSO4 + 200mg Na2HAsO4 Feed only 

H 200mg CdSO4 + 200mg FeSO4 Feed only 

I 200mg Na2HASO4 + 200mg FeSO4 Feed only 

J 200mgCdSO4 +200mg Na2HAsO4 Feed + Abatement  

K 200mgCdSO4 + 200mgFeSO4 Feed + Abatement  

L 200mgNa2HASO4 +200mg FeSO4 Feed + Abatement  

M 200mg CdSO4 + 200mg Na2HAsO4 + 200mg FeSO4 Feed only 

N 200mgCdSO4 + 200mgNa2HAsO4 +200mg FeSO4 Feed + Abatement  

O NIL Feed only 

 

Table 2: Cadmium accumulation in tissues for single, binary and trinary doses 

Cadmium (Single) 

Tissue  Poisoned (A) Abated (D) Control  

Lungs 0.010 ± 0.003 0.004 ± 0.009 0.000 ± 0.003 

Liver 0.008 ± 0.07 0.003 ± 0.004 0.002 ± 0.012 

Kidney  0.007 ± 0.003 0.000 ± 0.009 0.001 ± 0.007 

Spleen  0.009 ± 0.002 0.004 ± 0.001 0.000 ± 0.000 

Binary  

Tissue  Poisoned (G) Abated (J) Control  

Lungs 0.000 ± 0.004 0.000 ± 0.003 0.000 ± 0.003 

Liver 0.007 ± 0.003 0.004 ± 0.009 0.002 ± 0.012 

Kidney  0.004 ± 0.003 0.001 ± 0.000 0.001 ± 0.007 

Spleen  0.004 ± 0.001 0.002 ± 0.000 0.000 ± 0.000 

 

Tissue Poisoned (H) Abated (K) Control  

Lungs 0.003 ± 0.006 0.001 ± 0.006 0.000 ± 0.003 

Liver 0.000 ± 0.005 0.000 ± 0.005 0.002 ± 0.012 

Kidney  0.009 ± 0.006 0.003 ± 0.007 0.001 ± 0.007 

Spleen  0.006 ± 0.002 0.003 ± 0.003 0.000 ± 0.000 

Trinary 

Tissue  Poisoned (M) Abated (N) Control  

Lungs 0.007 ± 0.002 0.009 ± 0.007 0.000 ± 0.003 

Liver 0.006 ± 0.004 0.000 ± 0.004 0.002 ± 0.012 

Kidney  0.001 ± 0.000 0.002 ± 0.002 0.001 ± 0.007 

Spleen  0.009 ± 0.002 0.008 ± 0.000 0.000 ± 0.000 
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Table 3: Arsenic accumulation in tissues for single, binary and trinary doses 

Arsenic (Single) 

Tissue  Poisoned (B) Abated (E) Control  

Lungs 1.1 ± 0.5 0.8 ± 0.9 0.0 ± 1.0 

Liver 0.8 ± 0.1 0.6 ± 1.0 0.0 ± 0.7 

Kidney  1.4 ± 0.1 0.5 ± 0.1 0.0 ± 0.7 

Spleen  0.0 ± 1.4 0.6 ± 1.1 0.0 ± 1.0 

 

Binary  

Tissue  Poisoned (G) Abated (J) Control  

Lungs 0.5 ± 2.0 0.1 ± 0.3 0.0 ± 1.0 

Liver 0.0 ± 1.6 0.0 ± 0.3 0.0 ± 0.7 

Kidney  0.0 ± 0.5 0.3 ± 0.4 0.0 ± 0.7 

Spleen  0.9 ± 1.6 0.8 ± 0.2 0.0 ± 1.0 

 

Tissue  Poisoned (I) Abated (L) Control  

Lungs 0.4 ± 0.5 1.8 ± 0.8 0.0 ± 1.0 

Liver 0.0 ± 1.6 0.0 ± 0.3 0.0 ± 0.7 

Kidney  0.0 ± 0.5 0.3 ± 0.4 0.0 ± 0.7 

Spleen  0.9 ± 1.6 0.8 ± 0.2 0.0 ± 1.0 

 

Trinary 

Tissue  Poisoned (M) Abated (N) Control  

Lungs 0.6 ± 0.2 2.4 ± 0.6 0.0 ± 1.0 

Liver 0.7 ± 1.3 0.4 ± 0.4 0.0 ± 0.7 

Kidney  0.7 ± 0.3 1.3 ± 0.1 0.0 ± 0.7 

Spleen  0.0 ± 0.1 0.0 ± 1.0 0.0 ± 1.0 

 

Table 4: Iron accumulation in tissues for single, binary and trinary doses 

Iron (Single) 

Tissue  Poisoned (C) Abated (F) Control  

Lungs 8.7 ± 1.0 0.7 ± 0.8 0.4 ± 5.9 

Liver 5.9 ± 2.0 6.2 ± 1.3 4.6 ± 13.2 

Kidney  10.2 ± 2.0 3.5 ± 3.3 0.9 ± 3.0 

Spleen  4.7 ± 0.2 7.5 ± 5.5 7.5 ± 5.5 

 

Binary  

Tissue  Poisoned (H) Abated (K) Control  

Lungs 5.1 ± 2.5 4.2 ± 0.4 0.4 ± 5.9 

Liver 3.0 ± 13.6 0.8 ± 3.0 4.6 ± 13.2 

Kidney  3.2 ± 2.5 2.7 ± 2.2 0.9 ± 3.0 

Spleen  2.9 ± 1.5 4.7 ± 0.2 7.5 ± 5.5 

 



European International Journal of Science and Technology             ISSN: 2304-9693           www.eijst.org.uk 

 

 

92 

Tissue  Poisoned (I) Abated (L) Control  

Lungs 1.9 ± 6.8 2.0 ± 1.0 0.4 ± 5.9 

Liver 3.9 ± 3.8 3.0 ± 13.6 4.6 ± 13.2 

Kidney  5.8 ± 5.8 7.3 ± 4.4 0.9 ± 3.0 

Spleen  2.7 ± 4.1 10.4 ± 5.4 7.5 ± 5.5 

 

Trinary 

Tissue  Poisoned (M) Abated (N) Control  

Lungs 1.0 ± 5.6 6.6 ± 1.1 0.4 ± 5.9 

Liver 4.0 ± 3.9 0.4 ± 0.4 4.6 ± 13.2 

Kidney  0.3 ± 1.7 0.0 ± 0.7 0.9 ± 3.0 

Spleen  7.2 ± 5.3 5.5 ± 0.6 7.5 ± 5.5 

 

 

Table 5: Severity of changes between single and combined metals in different tissues  

CADMIUM  

TISSUE METAL CHANGES  

 

On the Heart 

Cd/As Lesions were most severe WITH Cd/As combined than in Cd alone  

Cd/Fe No difference was OBSERVED when Cd/Fe were combined compared to 

Cd alone I.E. THE EFFECTS OF Cd/Fe was same as Cd alone 

 

On the Liver 

Cd/As The severity increases as the combination of metals increases 

Cd/Fe More severe when Cd/Fe were combined than in single dose of Cd  

On the Kidney  Cd/As The severity increases as number of metals increases  

 

On the Lungs  

Cd/As Most severe with triple mixture compared to combined dose of Cd/As and 

single dose of Cd. 

Cd/Fe Severity increases with increased number of metals  

On the Spleen  Cd/As Activation of immune system most intense with single metal and least 

with triple metal  

 

ARSENIC 

TISSUE METAL CHANGES  

 

On the Heart 

As/Cd More severe when As/Cd combined than in single  

As/Fe None 

 

On the Liver 

As/Cd The severity increases with increased numbers of metals  

As/Fe More severe with double metal than in single dose of As 

On the Kidney  As/Cd Severity increases with increased number of metals  

On the Lungs  As/Cd Severity same in all groups  of metals  

On the Spleen  As/Fe/Cd Activation is most intense with single metal than in double and triple 

mixture 
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IRON 

TISSUE METAL CHANGES  

 

 

On the Heart 

Fe/Cd More severe with single metal (Fe) compared to a combination of Fe/Cd 

Fe/As More severe with single metal (Fe) than a combination of Fe/As 

On the Liver Fe/Cd More severe with single metals than double, but worst with triple 

 

On the Lungs  

Fe/Cd Severity increases as combination increases 

Fe/As  None 

On the Spleen  Fe/Cd More immune suppression with single metal compared to the double and 

the triple mixture 

 

Key:  

Cadmium = Cd      Arsenic = As     Iron = Fe 
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