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ABSTRACT 

The effects of iron on cadmium –induced alterations on the activities of two antioxidant enzymes and the attendant changes in 

lipoperoxidation status have been examined in the kidneys and livers of rats exposed singly or combined via drinking water and 

feed formulated with milled fish pre –exposed to the two heavy metals singly or combined also. One hundred and eight rats 

divided into eight experimental groups of 5 or 4, rats each were used for this study that was divided into two phases. Phase 1, in 

which the rats were exposed via drinking water and phase 2, in which they were exposed via feeds formulated with milled catfish 

pre –exposed to the heavy metals separately and concurrently. Group A rats of each phase served as the control, group B was the 

iron only group, group C was the cadmium only group while group D was the combined cadmium and iron group. The exposure 

was for 1, 2 and 3 months. At the end of each exposure period it was found that cadmium (Cd) caused significant (p ≤ 0.05) losses 

in catalase (CAT) and superoxide dismutase (SOD) activities in the kidneys and livers whether in rats exposed via drinking water 

or diet when compared with the control group values. Percentage losses in CAT activities were in the range of 8.18 – 25.84 

(kidney) and 16.50 – 51.74 (liver) while those of SOD were 30.11 – 57.71 (kidney) and 8.18 – 28.07 (liver). Correspondingly, 

there were significant (p ≤ 0.05) increases in malondialdehyde (MDA) levels in the Cd only group. The percentage increases 

ranged from 26.24 – 254.02 (kidney) and 123.66 – 433.29 (liver). When rats were concurrently exposed to Cd and Fe, the 

activities of both enzymes were significantly (p ≤ 0.05) increased relative to the Cd only group. Percentage increases in CAT 

activities were in the range of 17.72 – 40.00 (kidney) and 27.41 – 80.92 (liver) while those for SOD were 22.47 – 110.22 (kidney) 

and 5.94 – 25.48 (liver). For MDA, the levels in the Cd plus Fe treated rats were significantly (p ≤ 0.05) reduced compared to the 

Cd only group. Percentage reductions were in the range of 0.58 – 43.28 (kidney) and 0.46 – 65.93 (liver). The findings in this 

study suggest that where Cd and Fe occur as co –contaminants at the concentrations used here, Fe would counter (i) the ability of 

cadmium to impair kidney and liver CAT and SOD activities and (ii) the ability of Cd to enhance MDA production. 
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INTRODUCTION 

Products of plants consumed and water drank by humans 

and animals are usually contaminated with cadmium (Cd) 

present in the atmosphere, water and land [1]. The level of Cd 

in agricultural crops is not uniform. It varies according to the 

plant species, geographical location and also, very importantly, 

the season [2].  

In the body, Cd is widely distributed but the major sites with 

fairly high loads are the kidneys and liver where it is known to 

accumulate and remain with extremely low rate of excretion 

[3]. Once Cd is taken up from the lungs or gastrointestinal 

tract, it is transported in the blood stream bound to albumin 

[4]. Cd bound to albumin preferentially ends up in the liver 

where it induces the synthesis of metallothionein [5], a protein 

that is rich in cysteine residues that have the capacity to bind 

and store metal ions [6]. Relatively, the Cd burden of the 

kidneys is higher than that of the liver but the lowest 

concentrations are found in the brain, bones and fat depot [7]. 

Cd intoxication in animals causes alteration in the status of 

some biochemical parameters in the blood and a good number 

of target organs. Among these parameters are catalase (CAT), 

superoxide dismutase (SOD), Na+/K+ ATPase activities as 

well as malondialdehyde (MDA) levels in rat liver [8] - [10]. It 

also increases the level of cholesterol in rat testes and prostate 

[11], an organ and gland known to be extremely sensitive to 

Cd toxicity [12] – [14]. 

Numerous studies on heavy metal toxicity generally focus 

on individual metals in isolation but the fact is that these 

metals do not exist alone in the environment. When a body of 

water is co-contaminated, as it is with many rivers, 

consumption of the water and/or the fish caught from the 

affected lake or river amounts to concurrent exposure to a 

cocktail of the metallic contaminants. The co-pollutants can 

enhance or antagonize the toxicity of each other. However, 

these abilities, where they exist will not be evident when 

toxicity studies are performed separately on individual entities 

like Cd. For instance, Warri River, in Niger Delta Region of 

Nigeria has been shown to be polluted not by a single metallic 

entity but by many toxic metals in various studies over the 

years. The concentrations of some of the metallic pollutants 

identified which include cadmium, chromium, copper, iron and 

lead were 0.229 mg/L, 0.598 mg/L, 0.1187 mg/L, 1.900 mg/L 

and 0.081 mg/L  respectively [15]; 0.275 mg/L, 0.059 mg/L, 

0.019 mg/L, 2.770 mg/L and 0.086 mg/L respectively [16]; 

0.0073 mg/L, 0.0077 mg/L, 0.040 mg/L), 1.930 mg/L and 

0.0001 mg/L respectively [17]; 0.0547 mg/L, 0.235 mg/L, 

0.0153 mg/L, 0.400 mg/L and 0.0848 mg/L respectively [18]. 

The fact that the river was polluted by many toxic heavy 

metals and not just one gave us the opportunity to test our 

hypothesis which takes cognizance of environmental realities. 

Hence, the aim of this study was to determine whether Cd 

toxicity, when its concentration in water is 0.229 mg/L, will be 

affected by the presence of iron at a concentration of 1.900 

mg/L (Warri River Cd and Fe concentrations respectively 

[15]). We focused on the activities of two antioxidant enzymes 

in the kidney and liver and the levels of  malondialdeyde after 

rats were exposed to both agents via tainted water and food –

chain based formulated heavy metals tainted diet. 

MATERIALS AND METHODS 

Sixty albino rats (Wistar strain) having  average weight of 

172.45± 6.23g were used for the water mediated cadmium and 

iron exposure while 48 rats, mean weight 162.45±7.52g  were 

used for the food chain mediated exposure. Four types of 

waters (control and 3 tests) that differed in their metallic ion 

content and four diets (control and 3 tests) that differed in the 

same way in terms of protein source exposure that were used. 

The test diets contained milled Cd (0.229 mg/L), Fe (1.900 

mg/L) and Cd + Fe (0.229 mg Cd/L + 1.900 mg Fe/L) exposed 

catfish as the source of protein. The control diet on the other 

hand contained milled catfish that were not exposed to any of 

the metallic entities as protein source. Other components of the 

diets were as described previously [9]. The chemicals /reagents 

used were: Hydrogen peroxide – 30% (Sigma- H1009, USA), 

CdCl2.2.5H2O (Kermel, China), trichloroacetic acid (JHD, 

China), FeSO4.7H2O (Kermel, China), 2- thiobarbituric acid 

(Ken Light Lab, PVT Ltd, India), epinephrine (Fluka, 

England)  hydrochloric acid and sulphuric acid (BDH 

Chemicals, Poole, England). 
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Table 1: Composition of control and test diets.
a,a’ 

a
 AAS analysis showed that the Cd and Fe contents of the 

control and test diets were : control diet (0.03 ± 0.02 mg Cd/g 

and 1.30 ± 0.01mg Fe/g feed), TDFe (4.21± 0.02 mg Fe/g 

feed), TDCd (0.29 mg Cd/g feed) and TDCd+Fe (0.21 ± 0.01 mg 

Cd and 3.04 ± 0.02 mg Fe/g feed) 

a’ 
AAS –method of Hernandez et al. [23] was adopted for Cd 

and Fe analysis. 

The rats used for the tainted water exposure were divided into 

12 experimental groups of 5 rats each and housed in wood 

framed iron meshed sides and bottom cages. Cages 1A, 2A and 

3A were the controls for the 1, 2 and 3 months exposure. 

Cages 1B, 2B and 3B were for the 1, 2 and 3 months exposure 

to iron tainted water (1.90 mg/L) administered by gavage. 

Cages 1C, 2C and 3C were for the 1, 2 and 3 months exposure 

to Cd tainted water (0.229 mg/L) while cages 1D, 2D and 3D 

were for the 1, 2 and 3 months exposure to a solution of Fe and 

Cd salts (1.90 mg Fe/L + 0.229 mg Cd/L). Rats in each group 

received the equivalent of 42.186 ml of the appropriate salt 

solution in water/kg body weight/day by gavage for the 

specified period of exposure. 

The rats used for the tainted diet exposure were also divided 

into 12 experimental groups of 4 rats each and housed in cages 

as described above. Cages 1A, 2A and 3A were the controls 

for the 1, 2 and 3 months exposures to the control diet. Cages 

1B, 2B and 3B were for the 1, 2 and 3 months exposure to iron 

exposed milled catfish formulated diet (TDFe). Cages 1C, 2C 

and 3C were for the 1, 2 and 3 months exposure to Cd exposed 

milled catfish formulated diet (TDCd) while cages 1D, 2D and 

3D were for the 1, 2 and 3 months exposure to the cadmium 

plus iron exposed milled catfish formulated diet (TDCd + Fe). 

The tests and control rats were pair fed (which controlled their 

food consumption) but allowed free access to drinking water. 

At the end of each specific period of exposure, each rat was 

handled humanely and sacrificed as described previously [9]. 

A portion of the liver of known weight and one of the kidneys 

after weighing, were separately homogenized in ice –cold 

saline (1:5 w/v) to give a 20% homogenate using ice –cold 

motar and pestle. Each homogenate was centrifuged at 3000 

rpm for 10 minutes. The supernatants were separated and 

stored frozen at -20
o
C until required for biochemical assays. 

CAT activity was analyzed using the method of Cohen et al. 

[19]. In this method each catalase unit specifies the relative 

logarithmic disappearance of hydrogen peroxide per minute 

and is expressed as K min
-1

. SOD activity was analyzed by the 

method of Misra and Fridovich [20]. The method described by 

Baum and Scandalios [21] was adopted in the computation of 

the activity of SOD, in which the amount of enzyme required 

for 50% inhibition of epinephrine conversion to adrenochrome 

during 1 minute was regarded as 1 unit. The amounts of 

thiobarbituric acid reactive substances (TBARS) which are 

markers of lipid peroxidation were assayed for using the 

method described by Buege and Aust [22]. Values of TBARS 

were arrived at using a molar extinction coefficient of 1.56 x 

10
5 

M
-1

cm
-1

 and expressed in terms of malondialdehyde 

(MDA) units per mg tissue. 

RESULTS AND DISCUSSION 

The composition of the control and tests diets and their 

respective cadmium and iron contents are shown in Table 1. It 

Ingredients Control 

diet
a
 

(%) 

Test 

dietFe 

(TDFe)
a
 

(%) 

Test 

dietCd 

(TDCd)
a
 

(%) 

Test 

dietCd+Fe 

(TDCd+Fe)
a
 

(%) 

Milled Cd & 

Fe-free 

catfish 

 22.00   0.00   0.00   0.00 

Milled Fe-

exposed 

catfish 

  0.00  22.00   0.00   0.00 

Milled Cd-

exposed 

catfish 

  0.00   0.00 22.00   0.00 

Milled Cd + 

Fe exposed 

catfish 

  0.00   0.00   0.00 22.00 

Corn starch   53.00  53.00  53.00  53.00 

Sugar   5.00   5.00   5.00   5.00 

Palm oil   7.00   7.00   7.00   7.00 

Dried peanut 

husk 

  8.00   8.00   8.00   8.00 

ABC 

multivitamin/ 

minerals 

  5.00   5.00   5.00   5.00 

Total  100.00 100.00 100.00 100.00 
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is obvious that the control rats were being exposed to both iron 

and cadmium that were environmentally introduced into their 

feed and/or water as AAS study revealed [23]. For Cd, this has 

been shown to build up progressively in their liver over time as 

reported earlier [9]. The presence of Cd in control 

experimental feed was reported by Asagba and Obi [9] and 

earlier by Lind et al. [24]. So, it is quite interesting to find in 

the present study that environmentally, iron gets incorporated 

in ingredients used for compounding animal feed (Table 1). 

Exposure of rats to Cd via the Cd –only tainted water and 

diet caused significant reduction (p ≤ 0.05) in kidney and liver 

CAT activities (Tables 2, 3, 4 and 5) at the end of 1, 2 and 3 

months exposure relative to the appropriate corresponding 

controls. It also caused significant (p ≤ 0.05) reduction in SOD 

activities in the same organs and at the same periods of 

exposure (Tables 6, 7, 8 and 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Influence of iron on cadmium associated loss in liver 

catalase activity in tainted water exposed rats 

 

 

*Values with superscripts a, b, c or d are statistically 

significantly different from the value of the group with 

corresponding uppercase letter A, B,C or D within the column 

(p ≤ 0.05). 

**Values in brackets in row C, are percentage changes relative 

to corresponding group A value while the values in brackets in 

row D, are percentage changes relative to corresponding group 

C values 

 % Percentage increase  

 

  % Decrease 

 

 

 

 

 

 

 

 

 

 Liver Catalae Activity 

(K/min) 

Mean ± SEM (n = 5) 

Group Treatment Month 1 Month 2 Month 3 

A Control 2.00 ± 0.06
 
 2.10  

± 0.06
 
 

2.33  

± 0.04 

B 1.90mg 

Fe/L 

1.96 ± 0.04
  

 

2.02  

± 0.01
 
 

2.23  

± 0.04
 
 

C 0.23mg 

Cd/L 

1.33 ±0.07
 

a,b,d*
 

(33.05%)** 

1.45± 

0.04
 a,b,d

 

(30.95%) 

1.75  

± 0.01
 a,d 

(24.89%) 

D 1.90mg 

Fe and 

0.23 mg 

Cd/L 

1.89 ± 0.02
 

a,c* 

(42.11%)** 

1.92±0.05
 

a,b,c 

(32.41%) 

2.30 ± 

0.02
 a,c 

(31.43%) 
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Table 3: Influence of iron on cadmium associated loss in liver 

catalase activity in tainted diet exposed rats 

 

 

Table 4: Influence of iron on cadmium associated loss in 

kidney catalase activity in tainted water exposed rats 

 

 

 

 

 

 

Table 5: Influence of iron on cadmium associated loss in 

kidney catalase activity in tainted diet exposed rats 

 

Table 6: Influence of iron on cadmium associated loss in SOD 

activity in liver of tainted water exposed rats 

 

 

 

 

 Liver Catalae Activity 

(K/min) 

Mean ± SEM (n = 4) 

Group Treatment Month 1 Month 2 Month 3 

A Control 3.15 ± 0.34 3.49 ± 

0.40 

5.17 ± 

0.46 

B 1.90mg 

Fe/L 

2.74 ± 0.38
 a*

 

 

3.36 ± 

0.44
 a,

 

4.89 ± 

0.97
 a,

 

C 0.23 mg 

Cd/L 

1.52 ±  

0.34
a,b,d** 

(51.24%)
 

2.59 ± 

0.17 
a,b,d 

(25.79%) 

3.53 ± 

0.21
 a,b,d 

(31.72%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

2.75 ±  

0.09
 a,b,c 

(80.92%)** 

3.30 ± 

0.23
a,b,c 

(27.41%) 

 

4.81 ± 

0.44
 a,b,c 

(36.26%) 

 Kidney Catalae Activity 

(K/min) 

Mean ± SEM (n = 5) 

Group Treatment Month 1 Month 2 Month 3 

A Control 1.82 ± 0.03 1.94 ± 

0.02 

2.09 ± 

0.05 

B 1.90mg 

Fe/L 

1.76 ± 0.04 1.91 ± 

0.03
 
 

2.07 ± 

0.03
 
 

C 0.23 mg 

Cd/L 

1.42 ± 0.06
 

a,b,d**
(21.98%)

 

 

1.49 ± 

0.04
a,b,d 

(23.08%) 

1.55 ± 

0.05
 a,b,d 

(25.85%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

1.74 ± 0.12
 c 

(22.54%)** 

1.88 ± 

0.03
 c 

(26.17%) 

2.05 ± 

0.06
 c 

(32.26%) 

 Kidney Catalae Activity 

(K/min) 

Mean ± SEM (n = 4) 

Group Treatment Month 1 Month 2 Month 3 

A Control 3.01  

± 0.08 

3.58  

± 0.13 

4.21  

± 0.22 

B 1.90 mg 

Fe/L 

2.89  

± 0.12 

3.51  

± 0.12
 
 

3.80  

± 0.17
 a
 

C 0.23 mg 

Cd/L 

2.22 ± 

0.06
 a,d** 

(29.24%) 

2.99 ± 

0.10
 a,b,d 

(16.48%) 

3.00 ± 

0.10
 a,b,d 

(28.74%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

2.84 ± 

0.17
 a,c 

(27.93%) 

3.52 ± 

0.03
 a,c 

(17.73%) 

4.20 ± 

0.17
 b,c 

(40.00%) 

 Liver SOD Activity 

(Units/mg tissue) 

Mean ± SEM x 10 
-2

(n = 5) 

Group Treatment Month 1 Month 2 Month 

3 

A Control 2.03 ± 0.13 2.05 

 ± 0.19 

2.20 

 ± 0.12 

B 1.90mg 

Fe/L 

2.00 ± 0.12 2.09  

± 0.20
 
 

2.19  

± 0.03
 
 

C 0.23 mg 

Cd/L 

1.66 ± 

0.12
a,b,d* 

(18.23%) 

1.79 ± 

0.27
 a,b,d 

(12.68%) 

2.02 ± 

0.12
 a,b,d 

(8.18%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

1.83 ± 0.19
 

a,b,c 

(10.24%)** 

1.93 ± 

0.21
 a,b,c 

(7.82%) 

2.14 ± 

0.11
c 

(5.94%) 



www.ijcrt.org                                                    © 2021 IJCRT | Volume 9, Issue 2 February 2021 | ISSN: 2320-2882 

IJCRT2102108 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 863 
 

Table 7: Influence of iron on cadmium associated loss in SOD 

activity in liver of tainted diet exposed rats 

 

Table 8: Influence of iron on cadmium associated loss in 

kidney SOD activity in tainted water exposed rats 

 

 

 

 

 

Table 9: Influence of iron on cadmium associated loss in 

kidney SOD activity in tainted diet exposed rats 

 

Relative to the Cd –only group of tainted water or diet exposed 

rats, Cd + Fe exposure via either tainted water or diet caused 

significant (p ≤ 0.05) increase in CAT (Tables 2, 3, 4 and 5) 

and SOD (Tables 6, 7, 8 and 9) activities in the kidney and 

liver of rats at the end of the exposure periods. Cd intoxication 

has been known to be accompanied by alteration in SOD and 

CAT activity levels [25] – [27] and this accord with our 

present findings. The present study, however, shows that this is 

true whether Cd was ingested via a liquid or solid “vehicle”. It 

has been reported [25], ) that early effects of Cd is the 

inhibition of antioxidant enzymes such as SOD, although 

others have observed a rise in level of antioxidants enzyme 

activities in the heart, kidney and liver within 24 hours of 

intoxication of rats with Cd [26]. It would appear that longer 

duration of exposure can cause an inhibition in the activities of 

these enzymes as typified by the reduced activities of CAT and 

SOD in the present study. 

Iron, as is evident in the findings presented here antagonizes 

Cd and minimizes its toxic effect particularly, in terms of its 

capacity to generate and sustain oxidative stress within the 

cell. This action of Fe would account for the relative increase 

in CAT and SOD activities in the kidneys and liver of rats 

exposed to Cd and Fe concomitantly via water or diet. 

   Exposure of rats to Cd via Cd –only tainted water and diet 

brought about significant (p ≤ 0.05) increases in the level of 

MDA in the kidneys and liver (Tables 10, 11, 12 and 13) at 

 Liver SOD Activity 

(Units/mg tissue) 

Mean ± SEM x 10 
-2

(n = 4) 

Group Treatment Month 1 Month 2 Month 3 

A Control 4.87  

± 0.24 

5.20 

 ± 1.29 

4.59 

 ± 0.05 

B 1.90mg 

Fe/L 

4.09 

 ± 1.41
 a
 

4.54  

± 0.33
 a
 

4.49  

± 0.01 

C 0.23 mg 

Cd/L 

3.62 ± 

1.25
 a,b,d 

(26.59%) 

3.74 ± 

0.24
 a,b,d 

(28.07%) 

3.65 ± 

0.01
a,b,d 

(20.48%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

3.95 ± 

0.63
 a,c 

(9.12%) 

4.49 ± 

0.33
 a,c 

(20.00%) 

4.58 ± 

0.03
c 

(25.48%) 

Kidney SOD Activity 

(Units/mg tissue) 

Mean ± SEM x 10 
-2

(n = 5) 

Group Treatment Month 1 Month 2 Month 3 

A Control 10.99 

 ± 0.33 

9.11 

 ± 0.26 

9.30 

 ± 0.42 

B 1.90mg 

Fe/L 

8.78 ± 0.79 8.31  

± 0.19 

8.99 

 ± 0.56 

C 0.23 mg 

Cd/L 

4.85 ±1.47
 

a,b,d* 

(55.87%)
**

 

5.43 ± 

0.65
 a,b,d 

(40.18%) 

6.50 ± 

0.25
 a,b,d 

(30.11%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

6.30 ± 0.91
 

a,b,c 

(29.89%) 

6.65 ± 

0.73
 a,b,c 

(22.47%) 

8.20 ± 

0.07
 a,b,c 

(26.15%) 

 Kidney SOD Activity 

(Units/mg tissue) 

Mean ± SEM x 10 
-2

(n = 4) 

Group Treatment Month 1 Month 2 Month 3 

A Control 3.24  

± 1.41 

7.02  

± 2.83 

8.11 

 ± 0.59 

B 1.90mg 

Fe/L 

4.06  

± 2.24
a
 

6.56 

 ± 1.12 

5.92  

± 1.83
a
 

C 0.23 mg 

Cd/L 

1.37 

±0.03
 

a,b,d** 

(57.71%) 

4.17 ± 

0.64
 a,b,d 

(40.59%) 

5.25 ± 

0.10
 a,b,d 

(35.27%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

2.88 ± 

1.67
b,c 

(110.22%) 

5.82 ± 

0.43
 a,b,c 

(39.57%) 

7.02 ± 

0.10
 a,b,c 

(33.71%) 
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the end of 1, 2 and 3 months exposure when compared to the 

corresponding appropriate control. When compared to the Cd 

–only group of tainted water - or diet –exposed rats Cd + Fe 

exposure via either tainted water or diet brought about 

significant (p ≤ 0.05) decreases in MDA levels in the kidneys 

and liver at the end of 1, 2 and 3 months of exposure. This 

was consistently so except for the liver and kidneys at the end 

of 1 month in the groups exposed via tainted water. Even in 

these there were decreases in MDA levels but not statistically 

significant (p > 0.05) (Tables 10 and 12). 

Table 10: Influence of iron on cadmium associated alteration 

in liver malondialdehyde level in tainted water exposed rats 

 

 

 

 

 

 

 

 

 

 

Table 11: Influence of iron on cadmium associated alteration 

in liver MDA level in tainted diet exposed rats 

 

Table 12: Influence of iron on cadmium associated alteration 

in kidney MDA level in tainted water exposed rats 

 

 

 

 

 

 Liver MDA Level 

(MDA Units/mg tissue) 

Mean ± SEM x 10
-3

 (n = 5) 

Group Treatment Month 1 Month 2 Month 3 

A Control 0.81  

± 0.18 

0.71  

± 0.32 

0.93  

± 0.10 

B 1.90mg 

Fe/L 

2.13  

± 0.37
 a*

 

1.41 

 ± 0.04
 a
 

1.55 

 ± 0.09
 a
 

C 0.23 mg 

Cd/L 

2.19 ± 

0.05
 a** 

(170.37%) 

2.20 ± 

0.23
 a,b,d 

(209.86%) 

2.08 ± 

0.10
 a,b,d 

(123.66%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

2.18 ± 

0.04
 a 

(0.46%)** 

1.47 ± 

0.15
 a,c 

(33.18%) 

1.70 ± 

0.11
 a,c 

(18.27%) 

 Liver MDA Level 

(MDA Units/mg tissue) 

Mean ± SEM x 10
-3

 (n = 4) 

Group Treatment Month 1 Month 2 Month 3 

A Control 0.65 

 ± 0.25 

0.34  

± 0.11 

0.83 

 ± 0.16 

B 1.90mg 

Fe/L 

1.13  

± 0.11
 a*

 

1.74 

 ± 0.17
 a
 

1.82  

± 0.07
 a
 

C 0.23 mg 

Cd/L 

1.53 

±0.09
 

a,b,d** 

(135.38%) 

1.82 ± 

0.01
 a,d 

(435.29%) 

2.43 ± 

0.14
 a,b,d 

(192.77%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

1.18 ± 

0.19
 a,c 

(22.88%) 

0.62 ± 

0.34
 a,b,c 

(65.93%) 

1.00 ± 

0.15
 a,b,c 

(58.85%) 

 Kidney  MDA Level 

(MDA Units/mg tissue) 

Mean ± SEM x 10
-3

 (n = 5) 

Group Treatment Month 1 Month 2 Month 3 

A Control 6.86 

 ± 0.10 

7.00  

± 0.54 

6.93 

 ± 0.03 

B 1.90mg 

Fe/L 

7.98 

± 0.12
 a*

 

8.53 

 ± 1.15
 a
 

8.43  

± 0.05
 a
 

C 0.23 mg 

Cd/L 

8.66 ± 

0.05
 a,b** 

(26.24%) 

9.81 ± 

0.25
 a,b,d  

(40.14%) 

10.20 ± 

0.12
 a,b 

(47.19%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

8.61 ± 

0.03
 a,b 

(0.58%) 

7.79 ± 

0.43
 a,b,c 

(20.59%) 

6.97 ± 

0.06
 a,c 

(31.67%) 

*Values with superscripts a, b, c or d are statistically 

significantly different from the value of the group with 

corresponding uppercase letter A, B,C or D within the 

column (p ≤ 0.05). 

**Values in brackets in row C, are percentage changes 

relative to corresponding group A value while the values 

in brackets in row D, are percentage changes relative to 

corresponding group C value.  

       % Decrease       % Increase 



www.ijcrt.org                                                    © 2021 IJCRT | Volume 9, Issue 2 February 2021 | ISSN: 2320-2882 

IJCRT2102108 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 865 
 

Table 13: Influence of iron on cadmium associated alteration 

in kidney MDA level in tainted diet exposed rats 

 

 It has been demonstrated that acute exposure of rats to Cd 

administration increases renal MDA concentration [27]. Also, 

it has been found that exposure of experimental animals to Cd, 

irrespective of the route of administration causes lipid 

peroxidation in a number of tissues which include liver and 

kidneys as evidenced by elevated MDA production [10]. These 

observations are in harmony with the findings in this study vis 

– a – vis Cd –induced increase in tissue MDA levels. 

Furthermore, the present findings also show that lipid 

peroxidation do occur even when the exposure is chronic. 

As indicated above, exposure to Cd for 1, 2 and 3 months 

caused profound decreases in kidney and liver CAT (Tables 2, 

3, 4 and 5) and SOD (Tables 6, 7, 8 and 9) activities. 

Correspondingly, the Cd only group of rats had significantly 

elevated kidney and liver MDA levels (Tables 10, 11, 12 and 

13). Cd associated lipid peroxidation as indicated by increased 

MDA production has been attributed to the ability of Cd ions 

to stimulate reactive oxygen species (ROS) production by 

inhibiting the electron transport process in the mitochondria 

[10], [28]. Increased ROS production without adequate activity 

of the antioxidant enzymes such as CAT and SOD culminates 

in lipid peroxidation, which is likely why the Cd only group 

had elevated MDA levels. Low CAT and SOD activities are, 

however, associated with acute Cd exposure as reported by 

others [26] whereas chronic exposure caused increases in the 

activities of both enzymes in red blood cells [29], [30].  

However, it is pertinent to state that in the present study, 

chronic exposure to Cd produced reduced SOD and CAT 

activities when compared to the Cd – and Fe – free control 

group values and not an increase. The reason why we observed 

a decrease in the activities of both enzymes following chronic 

exposure while others reported an increase remains unclear at 

the moment apart from the fact that the authors in question 

[29] examined the red blood cells while we examined the liver 

and kidney. This however, is not entirely surprising because 

fluctuations in the activity of both enzymes are known and 

inconsistent reports on this are available in the literature [31], 

[32].  

Like Cd, exposure of rays to Fe via Fe only tainted water 

and diet also brought about significant (p ≤ 0.05) increases in 

the level of MDA in the kidneys and liver at the end of 1, 2 

and 3 months exposure relative to the corresponding control rat 

value (Tables, 10, 11, 12 and 13). This is in agreement with the 

report of Fletcher et al. [33] who found a significant increase 

in liver lipid peroxidation as measured by increased MDA 

level when rats were exposed to iron via dietary carbamyl iron 

treatment. Similarly, iron oxide nanoparticle administration to 

rats orally produced significant increase in lipid peroxidation 

in the kidney, liver and brain [34] evidently, exposure to iron 

via oral route is capable of causing tissue lipid peroxidation as 

demonstrated in the present study. Mechanistically, Cd causes 

lipid peroxidation indirectly since it is a redox inactive 

element. It does so by using an indirect route to produce 

reactive oxygen species (ROS), which are the lipid 

peroxidation causative agents [10], [28], [35] – [37]. 

Increased MDA production in the kidney (Tables 12 and 13) 

and liver (Tables 10 and 11) of rats exposed to iron as 

described here is an indication of oxidative stress in these 

organs. Ordinarily, this implies that the antioxidant defense 

system, be it molecular or enzymatic did not act efficiently to 

counter the stress, hence the peroxidative tissue damage. The 

current study examined the antioxidant enzyme status. Their 

activities influenced the action of iron in the induction of lipid 

peroxidation as evidenced by MDA generation. The results 

presented in this report show that iron caused significant (p ≤ 

0.05) reduction in catalase activity in the liver of tainted diet 

exposed rats relative to the control at the end of 1, 2 and 3 

months exposure (Table 3). Same goes for the kidney of rats 

exposed via tainted diet but at the end of 3 months exposure 

only (Table 5). Liver SOD activity was significantly (p ≤ 0.05) 

reduced in rats exposed to iron via tainted diet at the end of 1 

 Kidney  MDA Level 

(MDA Units/mg tissue) 

Mean ± SEM x 10
-3

 (n = 4) 

Group Treatment Month 1 Month 2 Month 3 

A Control 0.87 

 ± 0.12
 
 

1.54 

 ± 0.09
 
 

1.96 

 ± 0.16 

B 1.90mg 

Fe/L 

2.71 

 ± 0.84
 a*

 

3.15  

± 0.84
 a
 

3.22  

± 1.10
 a
 

C 0.23 mg 

Cd/L 

3.08 

±0.12
 

a,b,d** 

(254.02%) 

5.36 ± 

0.35
 a,b,d 

(248.05%)
 

 

4.53 ± 

0.11
 a,b,d 

(131.12%) 

D 1.90 mg 

Fe and 

0.23 mg 

Cd/L 

2.43 ± 

0.71
 a,c 

(21.10%) 

3.04 ± 

1.78
 a,b,c 

(43.28%) 

2.87 ± 

0.52
 a,b,c 

(36.64%) 
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and 2 months exposure but without significant (p ≤ 0.05) 

reduction at the end of 3 months (Table 7). Kidney SOD 

activity was significantly (p ≤ 0.05) reduced in rats exposed to 

Fe via tainted diet at the end of 3 months but a significant v 

increase was demonstrated at the end of 1 month (Table 9). It 

appears, therefore, that iron –induced lipid peroxidation 

observed in this investigation is to some extent attributable to 

compromised antioxidant catalase and SOD activities. The 

findings in this study most cases that dietary iron caused 

reduction in antioxidant enzyme activities in the kidney and 

liver of exposed rats agrees with the observation of others. For 

instance Fletcher et al. [33] showed that there was significant 

decrease in SOD activity in the liver of rats exposed to 

carbamly iron orally. Reddy et al. [33] also found that rats 

exposed to iron oxide nanoparticle orally had significantly 

decreased SOD activity in the brain, kidney and liver. As 

pointed out above, these investigators [34], [35] also found that 

increased MDA levels accompanied significantly reduced 

antioxidant enzyme activities. 

Relative to the control, treatment of rats with iron or cadmium 

tainted water or diet in isolation triggered increased production 

of malondialdehyde in the kidney and liver (Tables 10, 11, 12 

and 13) though Cd was more potent. When rats were exposed 

to both chemicals simultaneously, the levels of MDA found in 

the kidney and liver were significantly reduced compared to 

the value of the Cd –only group of rats. In this situation, the 

combined effect of Cd and Fe on MDA production in the 

kidney and liver of rats to which they were exposed 

simultaneously turned out to be less than the sum of their 

effects when rats were exposed to them independently of each 

other. Evidently both elements were antagonistic of each 

other’s action. 

Cadmium – induced reductions in kidney and liver CAT and 

SOD activities and increase in MDA levels caused by both 

metallic ions were reversed when the duo, Cd plus Fe were 

concurrently administered to rats via tainted water or diet 

(Tables 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13, group D). 

Evidently, Fe has the capacity to impair these toxic actions of 

Cd. The mechanism by which Fe does this is largely undefined 

but a few facts about the chemistry of Cd and Fe may shed 

light on how the latter could prevent the former from 

exhibiting its full toxic potential. Firstly, iron is a redox active 

metal while cadmium is redox inactive [27], [38]. The 

possibility exists that the processes by which the redox inactive 

Cd exerts toxicity could be undermined by iron through its 

redox capacity by stimulating reversed processes influenced by 

reduction or oxidation. Again, iron is both an essential nutrient 

and a potential toxicant to cells whereas cadmium is 

completely a toxicant bereft of evidence of nutritional value or 

essentiality to the mammalian cell [39].Consequently, 

adequate supply of iron is essential for the sustainable 

maintenance of a number of biochemical processes which 

include electron transfer reactions in the cytoplasm or 

organelles like the mitochondria. This capacity may somehow 

impact negatively on the toxic capacity of cadmium. 

Secondly, since Cd can reach the mitochondria [40], [41] it is 

conceivable that without sufficient extra – mitochondrial iron 

levels, the level of iron in the mitochondria is not likely to be 

sufficient to antagonize Cd toxicity in Cd – exposed rats. This 

is particularly of interest in view of the fact that dietary Cd 

loading potentiates dramatic reduction in plasma iron and non 

– haem iron levels in the kidney and liver which in effect 

creates an induced iron – deficiency state [42]. This likely 

explains the ability of Cd to impair the activities of CAT and 

SOD whose activities are strongly influenced by tissue iron 

status [43], [44]. 

In the group of rats exposed to iron and cadmium concurrently, 

the overwhelming presence of iron (Cd:Fe ratio = 1:8.3), may 

give it a competitive advantage over Cd in terms of capacity 

for chemical activity that will ordinarily enhance or antagonize  

the toxic potential of Cd. However, in this context, it appears 

to be antagonism. If the equilibrium is competitively shifted in 

favour of iron, the level of ROS ordinarily generated by Cd 

will be reduced. Consequently, the ROS associated effects on 

liver and kidney levels of CAT and SOD activities and MDA 

level will be reduced. 

In this study, rats were exposed to Cd and Fe as separate 

metals or combined via water or diet. Either way the exposure 

route was oral. The tissue levels of Cd in Cd alone – or  Fe  in  

Fe alone – treated rats were respectively greater than their 

tissue levels when combined. The 15.65% to 52.62% reduction 

in tissue Cd and Fe levels (Table 14) in the rats exposed to the 

duo, appears to suggest that there was relative competition 

between the two for uptake from the gastrointestinal tract 

(GIT). Also, there is evidence that Cd ions were more 

biologically available when rats were exposed via water than 

via diet but the opposite is true of Fe ions (Table 14, 15). It 

does appear then that the findings that CAT and SOD activities 
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as well as MDA level were significantly reduced in rats 

exposed to both metals concurrently , can be attributed to the 

ability of iron loading to reverse the biochemical consequences 

of cadmium loading [42]. The dietary route that produced 

more Fe ions in vivo was accompanied by higher reversal 

effect in CAT and SOD activities and MDA levels. This gives 

support to our belief that Fe ions are indeed impairing Cd 

toxicity. 

Table 14: Kidney Metal Burdens in 3 Months Exposed Rats 

 

 

 

 

 

 

 

 

 

 

 

Table 15: Liver Metal Burdens in 3 Months Exposed Rats 

 

 

 

 

The findings presented in these reports which show that Cd 

toxicity can be mellowed by Fe, at least as far as kidney and 

liver CAT and SOD activities are concerned gives credence to 

the hypothesis on which this study was predicated. Our 

hypothesis is that in the presence of other metals, a toxic heavy 

metal may be more or less toxic than when examined in 

isolation. Evidently, the fear entertained by investigators that 

the consumption of food or water contaminated by Cd or 

indeed any other heavy metal is hazardous may be unduly 

exaggerated since none of the metals exists in the environment 

in isolation. 
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