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Abstract 

Iron overload and altered metabolism are the consequences of many disorders frequently observed in chronic liver diseases 

i.e., hepatitis B virus and hepatitis C virus. The present study, therefore, was aimed to evaluate the effect of HBV and HCV on 

iron metabolism. For this purpose blood samples of 25 patients with HCV and 25 patients with HBV were collected from Mayo 

hospital, Lahore, Pakistan along with 25 normal individuals. Serum was separated and processed for the estimation of markers of 

iron metabolism via free iron, ferritin, total Iron binding capacity (TIBC) and unsaturated iron binding capacity (UIBC) by 

performing ELISA and flame atomic absorption spectroscopy. Ferritin levels were measured separately in male and female individuals. 

The outcome showed significant alteration in mean levels of free iron, TIBC and UIBC  in case groups (HBV and HCV) as 

compared to control group while insignificant alteration was observed in mean levels of ferritin in serum of HCV and HBV male 

patients as compared to control group. It was concluded that the manifestation of HBV and HCV significantly altered basic 

parameters of iron metabolism; however, the level of alteration of ferritin depends upon the viral load of HCV and HBV resulting 

in significant or insignificant alteration in ferritin level. 
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Introduction 

Persistent infection with hepatitis C virus (HCV) is 

a major cause of chronic liver disease, with an estimated 

170 million infected people worldwide [1]. It is well 

established that about 20% of patients with chronic 

hepatitis C (CHC) progress to cirrhosis within 20 years 

of infection [3]. The CHC patients frequently develop 

mild to moderate iron overload [4]. Many experimental 

and clinical studies [5-7], though not all [8, 9], 

suggested that the excessive iron in CHC is a cofactor 

that promotes the progression of liver damage and 

increases the risk of fibrosis, cirrhosis, and 

Hepatocellular carcinoma (HCC). Most of the HCV-

infected patients develop a chronic slowly progressive 

liver disease that may result in cirrhosis and 

hepatocarcinoma. Several factors have been proposed to 

explain this unfavorable evolution, such as male gender, 

age at infection and alcohol abuse [10]. 

The liver is an important organ in iron homeostasis. 

Besides, the liver is involved in iron storage, produces 

transferrin and hepcidin, iron carrier proteins in plasma 

and a hormone regulating iron metabolism, respectively 

[11, 12]. Another aspect of the relationship between iron 

and the liver is that this organ is one of the main targets 

in hemochromatosis [13]. Serum iron (SI), total iron 

binding capacity (TIBC) and ferritin levels are the 

principal tests used in the evaluation of iron burden. 

Another frequently used parameter, transferring  

 

 

saturation (TS), is calculated by dividing the SI level by 

TIBC, and it shows the percent saturation of transferrin.  

Testing and understanding of serum iron parameters 

in liver disorders is important for different reasons: 

Serum TS and ferritin levels are used for the screening 

of hereditary hemochromatosis [14]. It has been 

proposed that iron might be important for the 

progression of liver fibrosis in viral hepatitis, and serum 

iron parameters, especially ferritin level, might reflect 

hepatic iron accumulation [15]. Anemia is very frequent 

in cirrhotic patients for many different reasons, 

including iron deficiency [16]. Identification of iron 

deficiency in these patients is especially important, 

because it is an easily correctable cause of anemia. Total 

iron binding capacity (TIBC) level (i.e., transferrin 

activity) may change in hepatic disorders as transferrin 

is produced in the liver [17, 18]. Ferritin is increased in 

many patients with acute and chronic liver diseases 

(CLDs) [17, 18]. Therefore, serum iron parameters may 

not truly reflect iron homeostasis in hepatic disorders. It 

has been proposed that serum iron parameters were 

unreliable in CLD, and that systemic iron overload 

should be confirmed histologically in these patients [19, 

20].  

However, the effect of the severity of hepatic 

compromise on the test results has not been clearly 

defined in any study. Similarly, differences between 

liver disease- and iron overload-related iron parameter  
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changes have not been clarified. Previous studies related 

to iron homeostasis in CLDs might be confounded by 

difficulties in the diagnosis of hereditary 

hemochromatosis. Currently, this disease can be 

easily defined by genetic testing. We aimed to 

describe the effect of CLD severity on serum iron 

tests in patients with different Child-Pugh stages of 

liver cirrhosis unrelated to hemochromatosis and with 

chronic viral hepatitis and to elucidate differences in 

liver disease- and iron overload-related iron 

parameter changes. 

Materials and methods 

Collection of blood samples 

The blood samples of 25 patients of hepatitis B 

and hepatitis C, along with 25 normal individuals 

were collected from Mayo hospital Lahore, Pakistan. 

The biochemical analysis was done at Institute of 

Molecular Biology and Biotechnology (IMBB), The 

University of Lahore, Pakistan. Blood samples 

serums were separated from blood samples and were 

subjected to biochemical analysis for iron 

metabolism biomarkers via estimation of free iron, 

total iron binding capacity (TIBC), unsaturated iron 

binding capacity (UIBC) and ferritin level. The data 

were analyzed statistically by using multiple 

comparison and independent T test.  Ferritin levels 

were measured separately in male and female 

individuals as iron accumulation and loss determine 

steady-state levels of body iron stores and ferritin 

levels remained relatively low in women until 

menopause. The relatively low iron store typical of 

premenopausal women represented by serum ferritin 

values is because of menstrual blood loss. 

Estimation of total iron in serum  

The technique used to detect iron concentrations 

in human blood was flame atomic absorption 

spectroscopy (FAAS). The iron stock solution was 

prepared by dissolving 10 mg of iron metal strips in a 

minimum volume of 1:1 HCL/HNO3 and diluted to 1 

dl of deionized water, which gave 10 mg/dl iron 

stock solution. The standard calibration curve was 

prepared by running a series of standard solutions 

ranging from 1.0-10 mg/dl made from iron stock 

solution. The instrumental parameters were adjusted 

to manufacturer recommendations. An iron hollow 

cathode lamp operating at 248.3 nm was used as the 

radiation source. 

Estimation of TIBC 

Total iron-binding capacity was estimated by kit 

method. The iron reagent 1.0 ml and sample 0.5 ml 

were mixed well. After 3-5 min, one level measuring 

spoonful of aluminum oxide (approximately 0.25- 

0.35 g) was added and mixed with a mixer for 10 

minutes.  Later, samples were allowed to stand for 3 

min upright or centrifuged for 1 minute at 5,000 rpm. 

The cap was taken off prior to centrifugation. 

Estimation of ferritin 

The ferritin quantitative test was based on a solid 

phase enzyme linked immunosorbent assay (ELISA). 

The assay system utilizes one rabbit anti-ferritin 

antibody for solid phase (microtiter wells) 

immobilization and a mouse monoclonal anti-ferritin 

antibody in the antibody-enzyme (horseradish 

peroxidase) conjugate solution. The test sample was 

allowed to react simultaneously with the antibodies, 

resulting in the ferritin molecules being sandwiched 

between the solid phase and enzyme-linked 

antibodies. After 45 min incubation at room 

temperature, the wells were washed with water to 

remove unbound-labeled antibodies. The TMB 

reagent was added and incubated at room temperature 

for 20 minutes, resulting in the development of a blue 

color. The color development was stopped with the 

addition of stop solution. The color was changed to 

yellow, which was measured by spectrophotometer at 

450 nm. The concentration of ferritin was directly 

proportional to the color intensity of the test sample.  

Estimation of unsaturated iron binding capacity 

For the calculation of latent or unsaturated iron-

binding capacity (UIBC) the serum iron was 

subtracted from the TIBC (UIBC=TIBC- iron).  

Statistical analysis 

The data was analyzed statistically by using 

multiple comparison and independent T test. In 

addition, standard deviations were calculated.  

Results 

The level of alteration of iron metabolism was 

accessed by the estimation of iron, estimation of 

TIBC, estimation of UIBC and estimation of ferritin. 

A significant (p<0.05) increase in serum iron levels 

was observed in a group of individuals suffering from 

hepatitis B and C as compared to control group 

individuals.  
Table 1: Estimation of iron (mg/dl) 

 

  “ * ”Significant as p < 0.05; SD =  Standard deviation 

 

Groups Mean ± SD Significance 

Control (Normal) 2.625 ± 0.418 

Hepatitis B 3.505 ± 0.760 

Hepatitis C 3.808 ± 0.634 

0.000* 
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Analysis of serum ferritin level separately in male 

and female individuals showed overall increase in 

serum ferritin levels in both male and female individuals 

suffering from hepatitis B and hepatitis C, however, in 

males (suffering from hepatitis B and hepatitis C) serum 

ferritin level was increased insignificantly (p>0.05) as 

compared to control male individuals, while in females, 

highly significant (p<0.05) increase in serum ferritin 

level was observed as compared to control female 

individuals. Significantly (p<0.05) high TIBC and 

UIBC were observed in group of individuals suffering 

from hepatitis B and C as compared to control group 

individuals.  

Discussion 

The present research work was aimed to study the 

level of alteration in iron metabolism in HCV and HBV.  

Elevated iron parameters and mild iron overload are 

common in the liver of patients with chronic hepatitis C. 

It has been suggested that ferritin and serum iron might 

be correlated with liver inflammation and serum 

markers of fibrogenesis [21, 22]. Iron overload is 

associated with higher ALT levels and more severe 

histological findings in HCV-infected chimpanzees 

[23]. Increased iron stores may stimulate hepatic 

fibrogenesis, by leading to oxygen free radical injury 

and/or by inducing the production of profibrogenic 

cytokines such as tumor growth factor ß (TGF-ß). 

However, there is a discrepancy between the frequency 

of altered iron parameters in serum and in liver tissues. 

In a study, 40% of patients were observed to have 

increased iron in serum compared to 10% in tissue [24]. 

Table 3: Estimation of TIBC 

Groups Mean ± SD Sig. value 

Control  0.33±0.002   

Hepatitis B 10.52±2.28 0.000a 

Hepatitis C 11.42±1.90 0.000a 
0.186b 

      a = Significant value at p<0.05 as compared to control. b = Non significant value at p>0.05 in comparison 

between hepatitis B and hepatitis C; SD = Standard deviation. 

 

The presence of iron overload has been reported to 

possibly be involved in fibrosis progression and in the 

development of hepatocellular carcinoma, although the 

studies are controversial [25, 26]. Over the last few  

 

 

 

 

 

 

 

 

 

 

years, there 

has also been much interest in the role of iron in the 

outcome of antiviral therapy in patients with chronic 

HCV infection [27, 28]. Several studies have 

demonstrated that iron overload is associated with lower 

response rates to interferon-α (IFN-α) monotherapy. 

Little is known about whether iron overload also has an 

impact on the response rate to combination therapy with 

interferon and ribavirin. 

In the present study, the insignificant alteration in 

ferritin level was observed in male individuals suffering 

from HCV and HBV as compared to control. The 

outcomes were in contrary with the result of Vaguet et 

al. [29] as they observed significant elevation in ferritin 

and low level of TIBC. The level of alteration in ferritin 

and TIBC depends on the viral load of HCV and HBV. 

Higher the viral load more will be alteration in ferritin. 

Insignificant alteration in ferritin and TIBC observed in 

the present study could be due to a low viral load of 

patients with HCV and HBV. 

Table 4: Estimation of UIBC 

      a = Significant value at p<0.05 as compared to control. b = Non significant value at p>0.05 in comparison 

between hepatitis B and hepatitis C; SD = Standard deviation. 

 

Table 5: Estimation of ferritin level in male individuals 

Groups Mean ± SD Sig value 

Control 135 ± 10.80   

Hepatitis B 228 ± 443.91 0.479a 

Hepatitis C 191 ± 226.65 0.506a 
0.828b 

      a = Significant value at p<0.05 as compared to control. b = Non significant value at p>0.05 in comparison 

between hepatitis B and hepatitis C; SD = Standard deviation. 

 

Outcomes of iron estimation showed significant 

alteration in iron level in HCV and HBV as compared to 

control group. The results were in line with the work of 

Vagu et al. [29]. In the present study, elevated level of 

iron could be due to liver damage. Because liver is the 

main organ for iron metabolism and liver damage 

strongly affect the iron metabolism. 

Estimation of TIBC and UIBC showed a significant 

alteration in HCV and HBV patients. The results were 

correlated with the work of Vagu et al. [29]. In the 

present study, total iron binding capacity with 

Groups Mean ± SD Sig value 

Control  0.22±0.001   

Hepatitis B 7.01±1.52 0.000a 
Hepatitis C 7.62 ± 1.27 0.000a 

0.185b 
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transferrin elevation could be due to tissue damage of 

liver imparted by HCV and HBV due to which 

apotransferrine could not move inside hepatocytes. It 

will leads to the inactivation of transferring and iron 

metabolism altered as iron could not bind to transferrin. 

Table 6: Estimation of ferritin level in female individual 

Groups Mean ± SD P value 

Control 65 ± 10.11   

Hepatitis B 140 ± 207.8 0.339a 
Hepatitis C 90 ± 91.56 0.355a 

0.185b 

      a = Significant value at p<0.05 as compared to control. b = Non significant value at p>0.05 in comparison 

between hepatitis B and hepatitis C; SD = Standard deviation. 

 

Conclusion 
The present study showed that iron overload 

was generated in the conditions of hepatitis C and B 

by overall elevation of serum iron, serum ferritin 

levels with high TIBC and UIBC. The observations 

of pathogenesis of hepatitis C and B in relation to 

altered iron metabolism confirms the role of iron 

overload as a non-overrated factor in the clinical 

course of disease, however, there are still many 

questions about the molecular mechanisms of the 

accumulation of iron in individuals suffering from 

hepatitis C and B. A better understanding of the 

interplay between HCV, HBV and iron may help to 

develop effective strategies for the treatment of HCV 

and HBV. 
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