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Abstract 

 

This study was carried out to investigate the effect of iron overload on hepatic trace elements and the antioxidant 

status in the liver and spleen of wistar rats. Acute iron overload (24 hours) was induced in wistar rats by double 

intraperitoneal injection of FeSO4 (200 mg/kg body weight) at 5hours interval while control group was injected with 

isotonic saline. Trace metals concentration in the liver was determined using the Atomic Absorption Spectroscopy 

analyzer. Antioxidant status of the liver and spleen was evaluated using lipid peroxidation and Glutathione (GSH) 

assay. There was a statistically significant (P<0.05) increase in the body weight of iron treated rats (1.62 ± 11.41 

weight change) compared to the control group (10.58 ± 7.27). Iron overload caused a significant (P<0.05) increase 

in zinc and copper concentrations  in the liver of the experimental group (127.05 ± 6.54 µmol/L and 4.43 ± 2.27 

µmol/L respectively) compared to control group (97.23 ± 10.51 µmol/L and 0.982 ± 1.24 µmol/L respectively). 

Magnesium concentration in the liver of the iron treated group (259.89 ± 25.45 µmol/L) increased significantly 

(P<0.05) compared to the control group (224.82 ± 28.50 µmol/L). Liver and spleen malondialdehyde concentration 

increased by 6.06% and 30.59% respectively. There was a decrease of 4.03% and 26.95% in liver and spleen GSH 

concentration respectively. This study shows that iron overload causes increased oxidative stress, reduced level of 

antioxidant status and also has effect on trace elements in the liver. 
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Introduction      

 

Iron is an essential element in various physiological processes in the body such as erythropoiesis, oxidative energy 

production, mitochondrial respiration, and oxygen transport (Kohgo et al., 2008). Although, iron is important for the 

function of cells, its excess accumulation causes iron overload that may result from hereditary hemochromatosis and 

related disorders, secondary iron overload as ineffective erythropoiesis, and excess oral or parenteral iron overload 

(Powell, 2002).  

Iron-catalyzed generation of reactive oxygen species has been implicated in the pathogenesis of many disorders 

including atherosclerosis (Uttara et al., 2009), cancer (Liou & Storz, 2010), ischaemia reperfusion injury and 

conditions of iron overload, such as haemochromatosis, which is one of the most prevalent genetic disorders in 

Western countries, affecting about 1 in 220 whites of northern European ancestry (Bacon et al., 1990). 

Hepatotoxicity and spleen dysfunction are the most common pathological conditions in patients with iron overload. 

The etiology of these multiple organ dysfunctions could be attributed to the presence of excess free iron released 

through the breakdown of heme by hemeoxygenase (HO-1), which is ubiquitous in such reticuloendothelial organs 

(Mancuso & Barone, 2009). This free iron increases oxidative stress via generation of reactive oxygen species 

(ROS) (Valko et al., 2005) as well as depletes cellular stores of antioxidants (Eaton & Qian, 2002). ROS generation 

also leads to impairment of cellular function and multiple disorders such as anemia, heart failure, liver cirrhosis, 

kidney injury, fibrosis, diabetes, arthritis, depression, impotency, infertility, and cancer. Consequently, it is 

important to maintain iron homeostasis via ensuring proper iron supply while preventing accumulation of excess 

iron. Under conditions of chronic Iron Overload, there is evidence that excess iron induces cellular injury and 
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functional abnormalities in hepatocytes by the process of lipid peroxidation in lysosomal, mitochondrial and 

microsomal membranes (Ramm & Ruddell, 2005).  

Lipid peroxidation is a likely outcome of oxidative stress in biological systems, and its measurement is often used as 

a method of assessing the degree of oxidative damage. Towards this end, a number of analytical techniques which 

measure intermediates and end-products of lipid peroxidation have been used, but most of these assays lack 

sensitivity and specificity, which hampers accurate assessment of oxidative damage in vivo (Ito et al., 2019). 

In this study, we have investigated the effects of Iron Overload on hepatic concentration of trace elements (Zinc, 

Copper and Magnesium) and the antioxidant status in liver and spleen of wistar rats. 

 

Materials & Methods    

 

Experimental animals and administration of ferrous sulphate 

 

A total of 10(ten) wistar adult male albino rats (150-230 g) were procured from the animal house of Bowen 

University, Nigeria. They were housed five (5) per cage in plastic suspended cages which were placed in a well-

ventilated animal house. The rats were acclimatized for 7 days prior to the administration of test substance. Rats 

were fed with rat pellets, and had access to unlimited supply of water and a photoperiod of 12 hours and 12 hours 

dark daily, for the period of acclimatization and induction.  The animals were randomly divided into 2 (two) groups 

of five rats in each group. Group I were not given any test substance and served as the control, while Group II were 

administered 30mg/kg of FeSO4 (prepared from 200 mg/kg concentration) intraperitoneally (i.p) throughout the 

experimental period (24hrs) given at 5hrs interval. 

 

Sample collection 

 

At the end of the 24 h treatment, all rats were fasted for 12 h and then sacrificed by cervical dislocation. The liver 

and spleen were excised and weighed. The tissues were rinsed with normal saline and blotted on filter paper. A 

portion of the liver and spleen tissues was frozen, the remaining portion was homogenized and immediately 

centrifuged at 4000rpm for 10 min. After centrifugation, the supernatant was carefully decanted and stored frozen.  

 

Assessment of lipid peroxidation 

 

Lipid peroxidation was determined by measuring the thiobarbituric acid reactive substances (TBARS) present in the 

test sample which is produced during lipid peroxidation according to the method of Varshney and Kale (1990). 

Briefly, an aliquot of 0.4ml of the sample was mixed with 1.6ml of Tris-KCl buffer to which 0.5ml of 30% TCA 

was added. Then 0.5ml of 0.75% TBA was added and placed in a water bath for 45min at 80
o
C. This was then 

cooled in ice and centrifuged at 3000g. The clear supernatant was collected and absorbance measured against a 

reference blank of distilled water at 532nm. The MDA level was calculated according to the method of Adam-Vizi 

and Seregi (1982). Lipid peroxidation in units/mg protein or gram tissue was computed with a molar extinction 

coefficient of 1.56 x 10
5 
m

-1
cm

-1
. 

 

 
 

Reduced glutathione (GSH) assay 
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The method of Beutler et al. (1963) was used in estimating the level of reduced glutathione. Briefly, an aliquot of the 

sample was deproteinated by the addition of an equal volume of 4% sulfosalicyclic acid. This was centrifuged at 

4000g for 5min. Thereafter, 0.5ml of the supernatant was added to 4.5ml of Ellman’s reagent. A blank was prepared 

with 0.5ml of the diluted precipitating agent and 4.5ml of Ellman’s reagent. Reduced glutathione, GSH, is 

proportional to the absorbance at 412nm. 

 

Determination of trace element content 

 

Varying weights of the liver was dissolved in prepared 50% HCl in a ratio of 1:20. The mixture was then boiled at 

100˚C on a hot plate until the tissue color changed so as to shred metals into the solution. As the solution dried up 

gradually, distilled water was added to top up the solution. After boiling for about 3h, the resultant solution was 

sieved using a filter paper and the filtrate was taken into a measuring cylinder. The filtrate was then diluted to make 

up to either 50ml or 100ml depending on the weight i.e. significantly high weights were diluted to make 100 ml 

while others were diluted to make 50 ml. The diluted solution was then analyzed using the Atomic Absorption 

Spectroscopy for the concentration of metal irons such as iron, zinc, copper, magnesium.  

 

Statistical Analysis 

 

The data were analyzed using the statistical package program SPSS version 18 Software for Windows. Data were 

presented as mean ± SEM. The mean of the two groups were compared using a student’s ‘t’ test. A value of P<0.05 

was considered statistically significant. 

 

Results  

 

Table 1 shows the body weights changes of the Wistar rats over the experimental period, as well as the weight of the 

tissues harvested. There was no significant change in the body weight after iron overload compared to the control 

group. However, there was a significant (P < 0.05) weight change in the control group. 

 

Table 1.  Body and tissue weight 

Groups Body Weight Tissue weight 

Initial Final Weight change Liver Spleen 

 I 179.5 ±43.33 

 

190.08 ± 49.66 10.58 ± 7.27 7.273 ± 1.44 0.572 ± 0.08 

II 192.25 ± 35.87 193.88 ± 39.30 1.62 ± 11.41 6.74± 1.95 0.31 ± 0.19 

Values are expressed as means ± SEM (n=4), at P<0.05. 

 

Table 2. Liver and spleen malondialdehyde concentrations 

MDA (unit/mg 

protein) 

Liver  

 

% Change Spleen % Change 

 I 1.86 ± 3.44  

6.06 

 

5.06 ± 1.31  

30.59 II 1.98 ± 4.73 7.29 ± 1.36 

Values are expressed as means ± SEM (n=4), at P<0.05. 

 

As a biomarker for lipid peroxidation, liver and splenic MDA exhibited a non-significant rise in rats acutely (P> 

0.05) treated with Fe compared to control group rats but there was 6.06% percentage increase in the level of MDA 

between the iron treated group and control group in the liver and 30.59% percentage increase in the spleen (Table 2). 
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A high dose (200 mg kg
−1

) given over a short period (24h) shows an increasing trend in liver and splenic MDA 

induction when contrasted with the control group. 

Table 3 shows the result for glutathione assay. The result shows that there is no significant change in the glutathione 

in the liver and spleen but there is a percentage decrease in the glutathione in iron treated group compared to the 

control group. 

 

 

 

 

Table 3. Liver and Spleen Glutathione Concentration 

 Liver 

(µg/ml) 

% Change Spleen 

(µg/ml) 

% Change 

Group I 15.63 ± 5.54 4.03 2.82 ± 0.63 26.95 

Group II 15.00 ± 3.54 2.06 ± 1.25 

Values are expressed as means ± SEM (n=4), at P<0.05. 

 

Table 4 shows the result for the analysis of iron concentration and other trace elements in the liver. Liver iron 

concentration in rats of iron treated groups were extremely higher (415.21 ± 15.15molg
-1

 fresh tissue) than 

corresponding control subjects (131.43 ± 13.21molg
-1

fresh tissue). Iron burden in liver was markedly higher (P < 

0.05) in iron treated group (Table 4) than control group. The high dose of iron sulphate (200 mg kg−
1
) given in a 

short period (24 h) showed profound hepatic iron accumulation than the control group given normal saline. 

 

Table 4. Concentration of Trace Elements in the Liver 

Trace element 

concentration 

(ppm/ml)  

Group 1 

 

Group 2 

Fe 131.43 ± 13.21 415.21±15.15 

Zn 97.23 ± 10.51 127.05±6.54 

Cu 0.98 ± 1.237 2.99±2.966 

Mg 224.82 ± 28.50 259.89 ± 25.45 

Values are expressed as means ± SEM (n=4), at P<0.05. 

 

Discussion 

 

In this study, acute iron overload (24 h) was induced in wistar rats by double intraperitorial injection of Ferrous 

Sulphate at 5 h interval. The body weight of the treated group showed no significant increase after treatment 

compared to the control group although there was a significant increase in the body weight of the animals in the 

control group over the experimental period. This shows that the presence of excess iron in the body caused a 

decrease in the body weight which could be as a result of inadequate nutrient uptake from the diet. Mendler et al. 

(1999) previously stated that insulin resistance which is a metabolism disorder is associated with hepatic iron 

overload, this metabolism disorder could actually have led to the weight loss of the excess iron induced animals. 

This change was accompanied with increased lipid peroxidation and reduced level of antioxidant concentration. It is 

also evident from this study that excess iron intake increased the level of hepatic iron content as well as increase in 

the level of trace elements (zinc, copper and magnesium) present in the liver. The high dose of iron sulphate given in 

a short period (24 h) showed profound hepatic iron accumulation than the control group given normal saline. This is 

in agreement with earlier findings of El-Sheikh; et al. (2018), where iron overload caused increased intestinal iron 

concentration. 
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Excess iron content in the cell could be harmful because it is involved in oxidation-reduction reactions, which in 

turn promote tissue injury by catalyzing lipid peroxidation (Eaton; & Qian, 2002). Iron initiates lipid peroxidation 

by producing highly reactive hydroxyl radicals from hydrogenperoxide via Fenton type reactions or by complexing 

with oxygen directly to yield reactive perferryl and ferryl ions (Valko et al., 2005). In the present study, the role of 

iron overload causing increased oxidative stress and reduced level of antioxidant status is made evident with the 

lipid peroxidation assay and Glutathione (GSH) assay. Lipid peroxidation is used as an indicator of oxidative stress 

in cells and tissues. Malondialdehyde (MDA) is one of the most known secondary products of lipid peroxidation and 

it can be used as a marker of cell membrane injury. The measurement of MDA has been used as an indicator of lipid 

peroxidation (Esterbauer et al., 1991). In this study, there was an increase in the concentration of the liver and 

spleenic MDA of the iron treated group compared to the control group, which indicates the existence of oxidative 

stress in agreement to the result of El-Sheikh; et al. (2018), with iron overload causing increase in the MDA 

concentration in the intestine. 

Glutathione acts as an important antioxidant in the body. For this study, the GSH assay carried out shows that the 

concentration of glutathione in the liver and spleen was reduced in the iron treated group compared to the control 

group. This indicates that the glutathione present in the body was involved in antioxidant activity which led to the 

decrease in its concentration giving that there was increased oxidative stress in the liver and spleen after acute iron 

overload. This result corroborates the earlier reports of Badria; et al. (2015) confirming the depletion of GSH in the 

liver and spleen following iron overload.  

The present study shows that iron overload in wistar rat increased the iron content in the liver (table 4) and the 

clinical proof of liver iron toxicity was shown by Tavill et al. (1990) as a 4.5-fold increase in liver iron stores in 

humans receiving intramuscular iron dextran injections compared with the corresponding values in saline-injected 

controls.  

The present study also shows that iron overload and trace elements concentration are linked. After iron overload 

occurred, the magnesium content in the liver increased significantly as well as the concentrations of zinc and copper 

in the liver. Earlier reports have shown that high dietary iron reduces zinc absorption (Prasad, 1983). This is because 

transferrin is also essential for zinc transportation and less transferin will be available during iron toxicity (King, 

1990). There was an increase in the hepatic zinc concentration following iron overload and this is in agreement with 

Vayenas; et al. (1998) who reported that Iron overload in rats, regardless of its route of application resulted in an 

increase in zinc concentration in the liver. There was an increase in the hepatic copper concentration in this present 

study. This is not in agreement with the study of Vayenas; et al. (1998), which states that copper concentration in the 

liver remained the same after iron overload. The result may be due to the fact there was a short period of acute iron 

overload (24 h). This study also shows iron overload causing a significant increase in the concentration of hepatic 

magnesium. 

 

Conclusion  

 

In conclusion, iron overload has a link with the levels of trace elements (Zn, Mg, and Cu) in the liver of wistar rats. 

Acute iron overload in a short period (24hrs) has a slight effect on the antioxidant status of the liver and spleen of 

iron treated rats. 
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