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Abstract: This work aims to develop a biochemical study on the effect of both interferon containing treatment
regimens and interferon free regimens on serum iron and serum ferritin in patients with chronic hepatitis C and
to evaluate the role of iron in the severity and course of disease. Blood samples from one hundred fifty patients
aged from 25 to 57 years old were withdrawn; of them 30 blood samples were positive for HCV antibodies and
negative for HCV RNA (control group 1) and 120 blood samples were positive for HCV antibodies and positive
for HCV RNA (diseased group Il) which is subdivided into four groups according to the received treatment;
interferon and ribavirin (group 1la), interferon, sofosbuvir and ribavirin (group I1b), sofosbuvir and ribavirin
(group lic) and herbal therapy (group 1l1d). After treatment there was an extremely significant decrease in iron
levels (94 + 16.96 pg/dL) in group lla, , while there was an extremely significant increase in iron levels after
treatment in group I1b and group llc (160.4 + 37.53 pg/dL and 183.7 + 37.36 ug/dL), respectively. Group Ild
showed a non significant decrease in iron levels after treatment (150.5 + 21.35 pg/dL). For ferritin levels, group
Ila, group Ilb and group llc showed significant increase in serum ferritin levels after treatment (157.6 + 13.44,
99.5 +14.99, and 96.63 + 15.22 ng/mL), respectively. On the other hand, group Ild showed a non significant
increase in ferritin levels after treatment (90.93 + 6.883 ng/mL). It can be concluded that serum ferritin
increases in HCV patients treated with combined pegylated interferon--alfa (PEG-1FN)-ribavirin than the other
treatment regimens. In addition, Serum iron decreases in HCV patients treated with combined PEG-IFN-
ribavirin, while serum iron increases in sofosbuvir dual and trible therapy.
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I.  Introduction

Hepatitis C virus (HCV) infection, which affects nearly 2% of the human population, is a major cause
of liver disease worldwide. Following acute HCV infection, a chronic state is established in as many as 80 % of
infected individuals. Although many subjects carrying the virus remain asymptomatic, chronicity is often
accompanied by altered liver function and progressive liver disease and culminates in cirrhosis or hepatocellular
carcinoma in up to 20 % of infected individuals [1]. Mild-to-moderate iron overload is a common finding
among patients with chronic HCV infection; indeed, up to 30 — 40 % of them may show increased serum
transferrin-iron saturation and serum ferittin or increased hepatic iron concentration [2, 3]. Elevated iron indices
have been correlated with a progression of the liver disease and a decreased response to antiviral therapy [4-9].
Excess iron increases the formation of reactive oxygen species leading to lipid peroxidation, damage to protein
and DNA, and thereby to cell membranes and genomic damage. Reactive oxygen species, which include
hydroxyl radicals, may cause hepatic stellate cell activation and proliferation and upregulate synthesis of smooth
muscle actin and collagen, thus contributing to hepatic fibrogenesis [10-12]. Iron deposition in hepatocytes
enhances HCV replication, thus facilitating the viral infection in the liver [13]. These hydroxyl radicals are
known to generate promutagenic bases, such as 8-hydroxy-2'-deoxyguanosine (8-OHdG), which have been
implicated in spontaneous DNA mutagenesis and carcinogenesis [14]. Therefore, there is need to configurate the
distribution of iron and ferritin levels in patients with chronic HCV. This is what this study aims to achieve for
Egyptian HCV patients. The study also aims to conduct a comparative study between the effects of the standard
therapy for the treatment of chronic HCV infection pegylated interferon and ribavirin [15, 16], complementary
alternative medicine (CAM) [17], and the newer NS5B RNA polymerase inhibitor Sofosbuvir [18] on serum
iron and serum ferritin of HCV patients.

Il. Materials and methods
One hundred and fifty (150) naive HCV out patients aged from 25 to 57 years attending the medical
outpatient clinics of General Authority of Health Insurance hospital, Mansoura, Egypt, participated in the study.
These were divided into a group of 30 patients who were positive for HCV antibodies and negative for HCV
RNA (control group 1) and a group of 120 patients who were positive for HCV antibodies and positive for HCV
RNA (diseased group I1). The diseased group is subdivided into four groups according to the received treatment;
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interferon and ribavirin group for 48 weeks (group Ila n=30), sofosbuvir, interferon and ribavirin group for 12
weeks (group IIb n=30), sofosbuvir and ribavirin group for 24 weeks (group Ilc n=30) and finally herbal group
for 24 weeks (group 11d n=30).

The enzyme-linked immunosorbent assay (ELISA) commercial kit (Micro LISA HCV Ab; Amgenix,
USA) was used for detecting anti- HCV Abs by Voller technique [19]. Serum HCV viral RNA was extracted
using the QlAamp viral RNA mini kit (Qiagen, CA, USA). The extract was subjected to a quantitative HCV
viral evaluation by real-time PCR according to the procedures in the instruction manual of the artus® HCV RG
RT-PCR kit (Qiagen) performed on a Rotor gene 5 plex instrument (Qiagen). HCV genotyping was performed
on HCV-RNA-positive samples, using the VERSANT HCV LiPA 2.0 (Inno-Lipa HCV; Innogenetics, Ghent,
Belgium). However, HCV genotype 4 was the common genotype in the tested cases. Blood samples were
obtained at recruitment (non-fasting) and measured at routine hospital laboratories for the following parameters:
s.iron (Fe), serum ferritin (s.ferritin). Serum iron was measured by Garcic method [20] while Serum ferritin was
determined by chemiluminescence assay using Elecsys immunoassay analyzers [21].

(Group lla) patients were prescribed subcutaneous pegylated IFN-o02a (Reiferon Retard Vials,
MINAPHARM, 10th of Ramadan, Egypt) 160 pg once weekly and oral ribavirin (MINAPHARM) 1000 or 1200
mg daily (1000 mg for those less than 75 kg body weight and 1200 mg for those more than 75 kg) for 48 weeks,
patients in (group llb) received subcutaneous pegylated IFN-o2a, sofosbuvir (Gratisovir 400 mg tablet,
PHARCO, Alexandria, Egypt) and oral ribavirin for 12 weeks, (group lic) patients received sofosbuvir 400 mg
and ribavirin for 24 weeks, additionally patients in (group Ild) received the herbal mixture (Bee venom
previously isolated from honeybee (Apis Mellifera), by intradermal injection according to a schedule of a
starting dose of 10ug on the 1% day, 40pg on the 3 day, 60pg on the 5™ day and finally a maintenance dose of
100ug weekly, 300 mg of boswellia serrata taken orally in capsule form 3 times a day, and Yi zhu decoction
formulation taken orally as pills by taking 500 mg of pills 3 times daily for 24 weeks). Sofosbuvir taken orally,
once daily with or without food. Ribavirin taken with food.

Analyses of data were done with GraphPad Prism version5 statistical programme. Quantitative data
were presented as mean + standard deviation (SD), and a p-value <0.05 was considered significant. Pearson’s
correlation coefficient was used to examine the presence of any correlation between serum iron and ferritin.

I11. Results

1.1. Pre-treatment serum iron and ferritin

Patients in group lla, group llc and group Ild showed an extremely significant higher serum iron
(mean: 135.00, 147.00 and 155.00 pg/dL respectively; P< 0.0001) than the normal control group (mean: 107.00
pg/dL). Patients in group I1b showed a non significant increase (mean: 120.00 pg/dL; P>0.05) compared with
the normal control group. Serum ferritin in all diseased groups (group Ila, group Ilb, group lic, and group I1d)
showed an extremely significant decrease (mean: 80.00, 75.00, 85.00, and 82.00 ng/mL respectively; P< 0.0001)
than the normal control group (mean: 107.2 ng/mL). Pretreatment iron and ferritin levels of all the studied
groups are listed in (table 1).

3.2 Post-treatment serum iron and ferritin

Table 2 shows the post treatment levels of serum iron and ferritin in all groups. Iron levels showed an extremely
significant decrease in group Ila (mean: 94.00 pg/dL; P< 0.0001) after treatment, While there was an extremely
significant increase in iron levels after treatment in group Ilb and group llc (mean: 160.4 and 183.7 pg/dL
respectively; P< 0.0001). In addition, group Ild showed a non significant decrease in iron levels after treatment
(mean: 150.5 pg/dL; P>0.05). Ferritin levels showed an extremely significant increase after treatment in group
lla (mean 157.6 + 13.44 ng/mL, P < 0.0001). While, there was a very significant increase in serum ferritin
levels after treatment in group Ilb (mean 99.5 £14.99 ng/mL, P < 0.001) and a significant increase in group llc
(mean 96.63 + 15.22 ng/mL, P < 0.05). On the other hand, group I1d showed a non significant increase in ferritin
levels after treatment (mean 90.93 + 6.883 ng/mL, P > 0.05). The % change in serum iron and ferritin levels
with treatment is illustrated in fig.1 (a and b).
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Figure 1. The % change of the evaluated serum iron and ferritin with treatment in all the studied groups. (a)
Serum iron % change with treatment. (b) Serum ferritin % change with treatment.

Table 1. Pretreatment serum iron and ferritin levels of the diseased groups compared to the control group

(n=30)
Groups Biomarkers
Serum iron (ug/dL) | P-value Serum ferritin (ng/mL) | P-value

Group I** 107.2 + 26.62 107.2 £ 26.62

Group lla** 135 + 21.53* p<0.0001 80 +7.178* p<0.0001
Group Ilb** 120 + 21.53 ns 75+7.178* p<0.0001
Group llc** 147 + 21.53* p<0.0001 85+7.178* p<0.0001
Group I1d** 155 + 22.36* p<0.0001 82.03 + 6.64* p<0.0001

* Extremely significant different from control group at P < 0.0001.

**Group 1, control group; Group lla, diseased group treated with IFN-a2a and ribavirin; Group Ilb, diseased
group treated with IFN-a2a, sofosbuvir and ribavirin; Group llc, diseased group treated with sofosbuvir and
ribavirin; Group I1d; diseased group treated with herbal therapy.

3.3 Correlation between serum iron and serum ferritin

Simple linear regression analysis showed that serum iron levels in group I1b and group llc (sofosbuvir
trible and dual therapy) were significantly positive correlated with serum ferritin (r= 0.607, P<0.0001; r= 0.343,
p=0.007 respectively) while; a significant negative correlation was observed between serum iron and ferritin in
group lla and group Ild (r= -0.487, p<0.0001; r=-0.289, p=0.025 respectively).

Table 2. Post treatment levels of serum iron and ferritin compared to pre treatment levels (n=30)

Groups Biomarkers
Iron (ug/dL) Ferritin (ng/mL)
Pre-treatment | Post-treatment P-value Pre-treatment Post-treatment P-value
Group lla 135+ 21.53 94 + 16.96* p<0.0001 80+7.178 157.6 + 13.44* p<0.0001
Group Ilb 120 + 21.53 160.4 + 37.53* p<0.0001 75+7.178 99.5 + 14,99* p<0.0001
Group llc 147 +21.53 183.7 + 37.36* p<0.0001 85+7.178 96.63 + 15.22* p<0.05
Group Ild | 155+22.36 | 150.5+21.35 | ns 82.03 £6.641 | 90.93 + 6.88 ns

* Extremely significant different from pre-treatment levels at P < 0.0001; significant different from pre-
treatment levels at P < 0.05.

Table 3. Pearson’s correlation between serum iron & serum ferritin levels in all the studied groups.

Parameter Group lla Group Ilb Group llc Group Ild
r P-value r P-value r P-value r P-value
Iron & ferritin -0.487* <0.0001 0.607* <0.0001 0.343* 0.007 -0.289* 0.025

* Extremely significant correlation at P < 0.0001; very significant correlation at p P<0.001; significant
correlation at P < 0.05 & non

significant at P> 0.05.
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Figure 2. Correlations between serum iron and serum ferritin in all the studied groups. (a) Correlation between
serum iron and serum ferritin in group Ila. (b) Correlation between serum iron and serum ferritin in group Ilb.
(c) Correlation between serum iron and serum ferritin in group llc. (d) Correlation between serum iron and
serum ferritin in group I1d.

IV. Discussion

HCV is a human hepatotropic virus of the family Flaviviridae with positive-strand RNA. In most cases,
it establishes a lifelong chronic infection [22]. Elevated iron parameters and mild iron overload are common in
the liver of patients with chronic hepatitis C. It has been suggested that serum iron and serum ferritin might be
correlated with liver inflammation and serum markers of fibrogenesis [23, 24]. Moreover, some studies suggest
that iron excess in the liver may favor the persistence of viral infection [25, 26]. A combination of pegylated
interferon-a (peg-1FN) and ribavirin was used to treat CHC with disappointing viral eradication rates. Recently,
there has been an improvement in SVR rates with the development and approval of the HCV-specific direct-
acting antiviral agents (DAAs) [27, 28]. In contrast to the non-specific antiviral activity of peg-IFN and
ribavirin, DAAs are designed to inhibit viral proteins involved in the HCV life cycle. Sofosbuvir (SOF), a potent
nucleotide nonstructural 5B polymerase inhibitor, in combination with RBV is approved for treatment of
genotype 1, 2, 3, 4, 5 and 6 chronic HCV infection [29-31]. On the other hand, CAM is being used increasingly
across the globe for many chronic diseases [32, 33]. Some medicinal herbs might have therapeutic potential in
CHC, or may alleviate side effects of conventional therapy [34]. Although sometimes thought by the public to
be safer than conventional therapy, there are many reports about liver toxicity and other adverse events from
some herbal products [32, 35]. In this study the effect of antiviral treatment on serum iron and liver iron
concentration assessed by serum ferritin was studied before and after treatment to evaluate further the role of
iron on the pathogenesis of chronic hepatitis C.

Regarding pre-treatment serum Iron and serum ferritin levels; there was a statistically significant
difference between the base line levels of iron in all CHC patient groups and the normal control group except in
group b which showed no significant difference in iron levels compared to the control group. The median of
ferritin levels in all the patient groups showed a statistically significant decrease compared to the median of the
control group. This indicates normal iron stores but rules out iron overload [36] where most naive CHC have
blood serum iron markers within the normal range. Some other authors [24, 37, 38] found that cirrhotic persons
had deviations from normal results while, patients with chronic hepatitis had hormal serum iron parameters [39]
and those patients are more expected to achieve SVR after treatment [40].

The results concerning iron and ferritin levels in all patient groups after the four treatment regimens
included in our study showed that; in case of (group Ila) there was an extremely significant decrease in serum
iron at the end of treatment. It is a common side effect of long duration of interferon therapy where anemia is a
common complication occurring in up to 30% of subjects. PEG-IFN-a suppresses HCV production by
augmenting the innate antiviral immune response. Recent data showed that interferon alpha may increase
hepcidin (the iron regulatory hormone) production, resulting in impaired iron availability for production of red
blood cells. In addition, other studies have reported that a single dose of PEG-IFN-a/RBV resulted in a
significant increase in serum hepcidin, peaking at 12 hours, coinciding with a 50% reduction in serum iron and
transferrin saturation over the 24-hour period [41]. However, serum ferritin levels in the same group showed an
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extremely significant increase after treatment; Interferon alpha is one of the stimulants of SF. Previous studies
examined differences in SF levels during peg interferon (PEG-IFN) plus ribavirin combination therapy; they
found that patients who achieved SVR had lower baseline ferritin levels. It was observed that SF levels
increased dramatically in both the SVR and non-SVR groups after starting therapy, remained high until the end
of the treatment period [40]. Our results are in agreement with these findings. Other authors pointed to a central
role for the cytokine network in the modulation of iron metabolism in the acute-phase response and anemia of
chronic disease which characterized by hypoferraemia associated with an increased ferritin synthesis. TNF,
possibly via induction of IL-6, and IFN-gamma induce hypoferraemia, which may in part result from a decrease
in tissue iron release based on a primary stimulation of ferritin synthesis [42].

In case of (group Ilb) treated with Sofosbuvir, ribavirin and pegylated interferon for 12 weeks, we
observed a significant increase in serum iron level after treatment but it did not reach the upper limit of normal;
this may be due to the shorter duration of interferon therapy compared to the old regimen of 48 weeks, so little
hepcidin (the iron regulatory hormone) production resulting in little reduction in serum iron. Also, sofosbuvir is
an oral direct acting antiviral agent inhibits the RNA polymerase that the hepatitis C virus uses to replicate its
RNA [43]. Its action does not depend on augmenting the innate antiviral immune response as interferon, so it
has no effect on serum iron. Also, this increase in serum iron may be due to ribavirin induced hemolytic anemia
that increases serum iron because red blood cells are being destroyed too quickly [44]; this action may be
counteracted by hepcidin production in case of 48 weeks INF- ribavirin treatment. In case of (Group llc) treated
with sofosbuvir plus ribavirin for 24 weeks, serum iron level showed an extremely significant increase after
treatment (high normal value) where it is an interferon free regimen so we avoided the common interferon side
effect of reducing serum iron. Also, it was observed that the absorption of dietary iron is better during interferon
free regimens. Additionally, the RBCs hemolytic side effect of ribavirin increasing serum iron. Ferritin levels in
(group Ilb) showed a moderate significant increase after treatment (less than group Ila) where shorter duration
of interferon in (group 1lb). While, (group lic) showed a weak increase in ferritin levels after treatment; where
absence of interferon in this group. This mild increase may be related to high serum iron level of this group
which may increase stored iron in the liver expressed by ferritin. These results showed that sofosbuvir has no or
little effect on ferritin where its action is directly on the virus.

By the analysis of (group Ild) treated with the herbal therapy we found that there was no significant
difference in serum iron and serum ferritin levels after treatment so we can say that herbal therapy has no effect
on iron and ferritin. Previous studies evaluated complementary and alternative treatments and showed that
herbal remedies may be able to lower viral load in humans with prolonged treatment but they have no effect on
iron and ferritin levels [45].

Regarding the correlation studies; we observed a distinct pattern of changes in serum iron and serum
ferritin concentrations during the four treatment regimens included in our study where, (PEG-IFN)-ribavirin
treatment induce immune response assessed by an increase in serum ferritin levels and a decline in serum iron
levels. So, we obtained a significant negative correlation between serum iron and serum ferritin during this
treatment regimen while, direct acting antiviral agent regimens (both with and without interferon) exhibit an
increase in serum iron with a moderate and weak significant increase in serum ferritin levels respectively.
Consequently; we obtained a significant positive correlation between serum iron and serum ferritin in both
group b and llc. On the other hand, serum iron and ferritin levels showed no significant differences after
herbal treatment; this explains the weak significant correlation between serum iron levels and serum ferritin in
group Ild. These findings may shed light to the relationship between HCV treatment and serum iron and ferritin
concentrations.

V. Conclusion
This article provides a comparative study between interferon containing treatment regimens and
interferon free regimens such as herbal therapy and sofosbuvir dual therapy; we can conclude that serum ferritin
increases with higher levels in HCV patients treated with combined pegylated interferon--alfa (PEG-IFN)-
ribavirin for 48 weeks than those treated with interferon, sofosbuvir and ribavirin for 12 weeks. So, the duration
of interferon treatment has an effect on serum ferritin levels. While interferon-free regimens including herbal
therapy and sofosbuvir dual therapy; have little or no effect on serum ferritin levels. On the other hand, serum
iron level decreases in HCV patients that treated with combined pegylated interferon--alfa (PEG-IFN)-ribavirin
for 48 weeks and it is a common side effect of long duration of interferon therapy. While serum iron increases in
sofosbuvir dual and trible therapies; this is because of better absorption of dietary iron in interferon free regimen
and shorter duration of interferon therapy respectively. In addition serum iron level shows no change during the
course of herbal treatment. This study may also shed light on how the changes in serum iron and ferritin levels

in chronic hepatitis C patients may be related to HCV treatment.
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