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ABSTRACT

E-mail: raafatyousri@hotmail.com

Hepatitis C virus (HCV) is the etiological agent accounting for chron-
ic liver disease in approximately 2—3% of the population worldwide. In
Egypt, HCV infection has become one of the national health problems.
The aim of the suggested study was to investigate if any correlation ex-
ists between total free radicals generated in chronic hepatitis C patients
and some trace elements in blood and urine. The study included 104 sub-
jects, 22 healthy controls and 82 CHC patients grouped as follows: Gr 1
(control group), Gr II [compensated chronic liver disease (without cir-
rhosis)], Gr III [decompensated liver cirrhosis (with cirrhosis)] and Gr
IV [(hepatocellular failure (end stage liver disease)].

Correlations of total free radicals and malondialdehyde (MDA) with
other trace elements were studied in different groups. Blood and urinary
trace elements concentrations varied among the different stages of HCV
patients studied groups. The correlation coefficient between the different

KEYWORDS variables independently changed. Results of the present study revealed
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The urinary cupper (Cu) concentration was sig-
nificantly elevated only in Gr II. Gr III and Gr IV
showed significant low values of blood iron (Fe).
Conclusion: blood and urinary trace elements pro-
file was suggested to be a good indicator for assess-
ing liver damage in chronic HCV patients. Oxida-
tive stress with subsequent increase or decrease in
blood and urinary trace elements in hepatitis C in-
fected individuals could happen at various stages
of liver damage causing impairment in the levels of
measured trace elements. The correlation between
trace elements and either total free radicals or MDA
showed different pattern according to the stage of the
disease.

INTRODUCTION

epatitis C virus (HCV) accounts

for approximately 3—4 million

new cases (2—3% of the population

worldwide) of viral hepatitis each

year and it is a human pathogen.
In contrast to hepatitis A, B and E infected patients;
chronic hepatitis C patients develop chronic disease
(CHC) in most cases (> 80%) with increasing risk of
developing liver cirrhosis and HCC (Ivanov et al.,
2013). The highest estimated prevalence of HCV has
been reported in Egypt with 11-14% of the popula-
tion chronically infected with the virus (Frank et al.,
2000). This is ten times greater than any other coun-
try in the world (Mohammed et al., 20122).

Numerous experimental findings have under-
lined the relationship between liver damage and the
production of oxygen-derived free radicals during
inflammation (Contreras-Zentella and Hernan-
dez-Muiioz, 2016). In CHC, liver damage may be
attributed to altered oxide-reductive balance (oxida-
tive stress) and glutathione turnover (Kohchi et al.,
2009; West et al., 2011). Patients with CHC exhibit
an increased production of tumor necrosis factor-o
(TNF-a)), a cytokine that can produce oxidative

stress by stimulating the generation of reactive oxy-
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gen species (ROS) (Ivanov et al., 2013). CHC in-
duces a state of hepatic oxidative stress that is more
pronounced than that present in many other inflam-
matory liver diseases (Korenaga et al. 2005a),

Since the metabolism of trace elements takes
place in the liver, the concentration of each trace ele-
ment may be varied with different types of liver dis-
ease. The relationship between chronic hepatitis and
trace elements has not been understood clearly. Dif-
ferent types of liver diseases induce different pattern
of the concentration of each trace element because
these elements may have a direct hepatic toxicity or
may be decreased as a consequence of the impaired
liver function (Meran et al., 2004). Among these
trace elements, zinc (Zn) which plays an important
role in the function of the liver and affect growth
and integrity of the immune system (Mohammed et
al., 2010). The liver is the main iron storage organ
and it plays a fundamental role in iron metabolism
(Sebastiani et al., 2006). The increase in iron stores
(increase in serum ferritin and transferrin iron satu-
ration) leads to increased response to HCV infection,
and progression of chronic hepatitis C which is a key
link between iron metabolism and pathophysiology
of viral hepatitis.

As the disease progresses from chronic hepatitis
to liver cirrhosis, copper levels increase. Copper acts
as a cofactor against hepatic fibrosis in chronic liver
diseases, particularly in the biosynthesis of collagen.

Magnesium (Mg) is an essential cofactor of nu-
merous cellular enzymes including mitochondrial
superoxide dismutase. The major route of elimi-
nation is biliary with very little excreted in urine
(Bourre, 2006).

Oxygen free radicals generated in CHC patients
lead to the inactivation of enzymes and increase of
intracellular calcium ([Ca®']i) level, both of which
in turn could activate various degradative pathways
in the working muscle cells (Boffi et al., 2002). It
has been reported that the oxidation of a small, but
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critical, pool of protein thiols can cause an irrevers-
ible damage to hepatocytes as a result of a rise of
cytosolic Ca*" concentration, followed by activation
of cytosolic proteolytic systems and phospholipids
hydrolysis (Nicotera et al., 1986). Perturbation of
hepatic Ca** homeostasis was also associated with
modulation of processes such as gluconeogenesis,
glycogenolysis, respiration, and cell division (By-
grave and Benedetti, 1993).

Rashid (2011); Nazir et al., (2013) documented
that profile of metals like Cu, Se and Zn for the di-
agnosis of liver disease as well as other diseases like
cancer is highly sensitive.

The present work aimed to evaluate the total free
radical concentration measured by Electron Spin
Resonance (ESR) technique and estimation of the
correlation with malondialdehyde concentration in
different hepatitis C patients group, in addition to
measurements of several blood and urinary trace el-
ements.

Table (1) : Characteristics of the hepatitis C patients.
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SUBJECTS AND METHODS

The study included 104 subjects, 22 healthy sub-
jects chosen randomly and considered as a control
group and 82 chronic hepatitis C (CHC) patients. The
study was conducted at inpatient clinic of El- Sayed
Galal Hospital — Internal Medicine Department. The
choice of patients was carried out by the physicians
of the hospital. Patients and controls were classified
into four groups. Patients groups were divided ac-
cording to the degree of the pathological severity of
the disease into 4 groups (Table 1).

All patients were Enzyme Linked Immunosor-
bent Assay (ELISA) antibody positive for HCV and
with signs of chronic hepatitis justified by clinical
examination, laboratory findings, abdominal ultra-
sonographic examination and/or histopathological
examination of a needle liver biopsy.

All subjects received oral informed consent to
participate in the study, which was approved by the
local ethics committee.

Group Grl Gr 1l Gr 111 Grl1V
Feature (n=22) (n=30) (n=30) (n=22)
Male/female 14/8 20/10 21/9 16/6
Age (years)
Range 25-175 24 - 60 45 - 65 35-75
Mean + SD 46.14 £ 15.16 51.9+8.73 53.40 +5.40 55.32+ 11.96
Duration of infection (years)
Range 1-10 1-10 2-20
Mean = SD ===z 413+ 3.11 4.70 +£2.98 10.18 £5.33
Diabetes 18 % 65 % 40 % 31 %
PCR -ve 70 % 50 % 45 %

Group I: healthy (Control group)

Group II: compensated chronic liver disease (CLD) (non cirrhotic) patients
Group IlI: decompensated liver cirrhosis (LC) (cirrhotic) patients.
Group 1V: chronic hepatitis patients with hepatocellular failure (end stage liver disease)
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Blood sampling

10 millimeters of venous blood samples were
collected using disposable plastic syringes and di-
vided into 2 portions:

e The first was collected into test tubes con-
taining heparin as an anticoagulant for detection of
free radicals and trace elements.

e The second portion was collected in dry
test tubes for separation of serum for the evaluation
of malondialdehyde (MDA), reverse transcriptase
polymerase chain reaction (RT-PCR) and simple
liver function tests.

Urin sampling

The assigned urine samples in this study were
collected in diposable clean urine cups of approxi-
mately 25 ml sample for control and case subjects.

Methods

HCYV reverse transcriptase- polymerase chain re-
action (RT-PCR) of blood samples were carried out
according to the method described by Attia et al.,
(1996).

Assay of trace elements was carried out using

atomic absorption technique.

Total free radicals level was assayed by electron
spin resonance technique (ESR) according to the
method of Heckly (1972; 1976). Determination of
lipid peroxidation was carried out by estimation of
malondialdehyde level according to the method de-
scribed by Yoshioka et al., (1979).

Statistical Analysis

collected data were presented as means + stan-
dard deviation of the means. The statistical analysis
was performed using Student t-test by Prism Dimo-
4 program and Origin 6.1. The method used for the
analysis of the results is that given by Milton et al.
(1986).
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Analysis ESR Data.

For monitoring variations in the peak height
EPR signals (Fig. 1) as a function of magnetic field,
intensities were measured by the use of Bruker EMX
Electron Spin Spectrometer as the distance between
top and bottom points of the first derivative record-
ed according to Gohn (1986) and Passcual, et al.
(2002). Quantitative assessments of free radical con-
centrations were, however, made by the following
equation:

For the experimental data, the number of radi-
cals is given by:

Nd = K |Ho(AH Y 4/ 2/|HmGePH |
Where:
Nd : number of radicals.

K: factor depending on the experimental condition
of spectrophotometer = 10%/cm

Ho: Magnetic field at peak in gauss.

AH: width peak to peal.

Hm: modulation field.

PH: Power in mW = 1.008 mW.

Ge: gain of the detector = 3.17¢"%
Concentration = unpaired electrons / g or spin /g
Where: g = gram.

A: peak height of signal/ weight

RESULTS

Total free radicals and malondialdehyde (MDA)

concentrations:

Blood total free radicals concentrations showed
a highly significant increase in CHC patients with
and without cirrhosis (Gr I & Gr III) (p < 0.01 &
0.001) and a significant increase in end stage of liver
disease (Gr IV) (p < 0.05) compared to those of the
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control group. Serum MDA concentrations showed
a highly significant increase in all patient groups (p

(165)

< 0.001 & 0.01) compared to those of the control

group.

Table (2) : Total free radicals (radical/ g) and malondialdehyde (MDA) (nmol/ml) concentrations in control

and CHC patients groups.
Parameters Total Free Radical Malondiadehyde
Groups concentration (MDA)
P (Radical/g) X 10 (nmol/ml)
GI Range 0.11 - 1.027 1.76 — 7.7
(n=22) Mean + SD 0.26 £0.28 3.51 £1.55
Range 1.64 —85.9 54—-158.5
GII Mean + SD 17.84 +£25.8 48.31 +£56.12
(n=30) [URS 0.01 0.001
% change 6761.5% 1275.5
Range 1.63 - 67 12.5-144.2
GIII Mean + SD 12.86 +18.8 37.9 +£43.69
(n=30) p,< 0.01 0.001
% change 4846.1 979.15
Range 1.6 —99.45 6.7—149.2
GIV Mean + SD 10.04 +£21 33.19 +44.67
(n=22) |URS 0.05 0.01
% change 3761.53 845.6
Group I: healthy (Control group)
Group II: compensated chronic liver disease (CLD) (non cirrhotic) patients
Group IlI: decompensated liver cirrhosis (LC) (cirrhotic) patients.
Group 1V: chronic hepatitis patients with hepatocellular failure (end stage liver disease)
p < 0.05 significant correlation must be written under all table
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Fig. (1): ESR spectra of lyophilized blood samples.

Blood Trace elements Table (3)

Blood Cu levels showed a highly significant in-
crease in non cirrhotic and cirrhotic patients groups
(Gr 1T & Gr IIT) and in end stage liver disease group

(Gr IV) (p < 0.001 & 0.01) when compared to the
values of the control group.

Blood Zn levels showed a highly significant de-
crease in all patients groups (p < 0.001 & 0.01) in
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comparison with those of the control group.

Blood Fe levels showed non-significant decrease
in non cirrhotic patients group (Gr II), as well as a
significant decrease in cirrhotic patients group (Gr
III) (p < 0.05) in addition to a highly significant de-
crease in patients with end stage liver disease group
(Gr1V) (p<0.01) compared to the levels of the con-
trol group.
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Blood Mg concentrations showed non signifi-
cant increase in all patients groups compared to the
corresponding values of the control group.

Blood Se levels showed highly significant de-
crease in non cirrhotic patients group (Gr II), cir-
rhotic patients group (Gr III) and patients with end
stage liver disease group (p < 0.01 & 0.001) against
to the values of control group.

Table (3) : Blood. Cu, Zn, Mg and Se (ng/g) concentrations and in control and CHC patients groups.

Parameters B. Cu B.Zn B. Fe B.Mg X10* B. Se
Groups ug/g ug/g ug/g ug/g ng/g
GI Rang 36.03 —68.92 3.12-74 209.1 — 592 0.93-1.61 55-153
(n=22) | Mean +SD 53.82+9.36 4.53 +1.07 294 £ 73.91 1.196 £ 0.17 107 £31.03
Range 48.63 —137.2 0.86 —7.2 174.6 — 527.9 0.93 -2.16 0—198
GII Mean £SD | 72.09 +20.63 2.82+1.47 289.5+77.66 | 1.325+0.28 | 60.06 + 64.56
(n=30) < 0.001 0.001 N.S N.S 0.01
% change 34 -37.8 -1.53 10.8 -43.87
Range 40.61 —91.53 0.49-17.1 158.1 —371.1 | 1.048 —1.563 0-139
GIII Mean £SD | 69.43 +15.57 2.99+2.03 245.2 +77.42 1.26 £0.15 36.51 £ 46.63
(n=30) p,< 0.001 0.01 0.05 N.S 0.001
% change 28.8 -33.55 -16.6 35 -65.87
Range 44.39 —93.37 0.34-6.72 147.8 —398.1 | 1.043 —1.769 0-34.7
(€714 Mean £SD | 68.93 +15.38 3.11 £ 1.46 237.7+£61.62 | 1.26 £0.179 | 13.53 +£10.59
(n=22) p,< 0.001 0.001 0.01 N.S 0.001
% change 28 -31.23 -19.14 5.35 -87.35

Group I: healthy (Control group)
Group I1: compensated chronic liver disease (CLD) (non cirrhotic) patients

Group IlI: decompensated liver cirrhosis (LC) (cirrhotic) patients.
Group 1V: chronic hepatitis patients with hepatocellular failure (end stage liver disease)

B. Cu (Blood copper)
B. Fe (Blood iron)
B. Mg (Blood magnesium)

B. Zn (Blood zinc)
B. Se (Blood selenium)

Urinary Trace Elements Table (4):

Urinary Cu concentrations showed significant
increase in non cirrhotic patients group (Gr 1) (p <
0.05) and a non significant increase in other patients
groups when correlated to the values of the control

group.

Urinary Zn levels showed highly significant in-
crease in all patients groups (p < 0.001 & 0.01) when
compared to those of the control group.

Urinary Mg concentrations showed non signifi-
cant decrease in non cirrhotic and cirrhotic patients
(Gr II & Gr III) and patients with end stage liver dis-
ease group (Gr IV).
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Table (4) : Urinary Cu, Mg, Zn and Ca (ug/ml) levels in control and CHC patients groups.

Parameters U. Cu U. Zn U. Mg
Groups ug/ml ug/ml ug/ml
Gl Range 0.09 —2.85 0-3.27 50.3-702.8
(n=22) Mean £SD 0.98 +£0.76 0.96 +0.78 226.2 + 148.1
Range 0.31-17.72 0.06 -12.74 24.9 —356.5
Gl Mean + SD 292+39 442 +3.87 176.9 £116.1
(n=30) p< 0.05 0.001 N.S
% change 198 359.8 -21.8
Range 0.26 —2.8 1.3-12.14 42.7-423.1
(€7114 Mean +SD 1.35+0.75 3.78 £ 3.94 178.7 +159.8
(n=30) p,< N.S 0.01 N.S
% change 37.75 293.77 -21
Range 0.12-8.34 0.48 — 16.67 19.9 - 989.4
GIvV Mean + SD 1.44 +1.68 4.08 +£5.25 188.6 +247.4
(n=22) p< N.S 0.01 N.S
% change 46.94 325 -16.62

Group I: healthy (Control group)

Group I1: compensated chronic liver disease (CLD) (non cirrhotic) patients
Group IlI: decompensated liver cirrhosis (LC) (cirrhotic) patients.

Group 1V: chronic hepatitis patients with hepatocellular failure (end stage liver disease)

B. Cu (Blood copper)
B. Fe (Blood iron)
B. Mg (Blood magnesium)

B. Zn (Blood zinc)
B. Se (Blood selenium)

Measurements of Ca status Table (5):

Blood Ca levels showed highly significant in-
crease in all patients groups (p < 0.001 & 0.01) in
comparison with those of the control group.

Ionized Ca levels showed highly significant in-
crease in all patients groups (p <0.001 & 0.01) com-
pared to the values of the control group.

Urinary Ca concentrations showed non signifi-
cant changes in all patients group

Correlations of Blood Total Free Radicals
and MDA With blood and urinary elements in
Different Patients Groups:

A correlation was held between total free radi-
cals as well as MDA analyzed for all patients groups
according to Spearman correlation coefficient (r)
(Tables 6 & 7). This was done in a trial to find out
any sort of relation between these two parameters and
some blood and urinary trace elements which could
assess significantly in understanding of such mecha-

nisms and/or factors underlying such correlations
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Table (5) : Blood Ca, Urinary Ca and ionized Ca (ug/ml) in control and CHC patients groups.

Parameters B. Ca I.Ca U. Ca
Groups ug/g ug/g ug/ml
Gl Rang 75.29 - 115.5 35.88 -412.2 38.6—61.54
(n=22) Mean £SD 95.71 £ 10.67 167.5+101.3 49.4+5.76
Range 86.46 —207.2 31.36 -595.2 48.2-115.8
GII Mean +SD 126 £27.31 186 £ 162.1 70.5+ 14.79
(n=30) p< 0.001 N.S 0.001
% change 31.64 11 42.9
Range 92.33 -210.8 45.43 -319.6 51.4-130.6
GIII Mean + SD 132.2 £30.15 142.5 £91.27 75.6+ 19.84
(n=30) p,< 0.001 N.S 0.001
% change 38.12 -15 53
Range 77.52 —328.9 22.04 -890.2 42.2 - 181.6
GIV Mean £SD 119.2 +£52.46 197.6 £204.9 70.3+28.9
(n=22) p,< 0.05 N.S 0.01
% change 24.54 18 42.35

Group I: healthy (Control group)
Group II: compensated chronic liver disease (CLD) (non cirrhotic) patients

Group IlI: decompensated liver cirrhosis (LC) (cirrhotic) patients.

Group 1V: chronic hepatitis patients with hepatocellular failure (end stage liver disease)
B. Ca (Blood calcium)
I. Ca (ionized calcium)
U. Ca (Urinary calcium)

Table (6) : Spearman correlation coefficient (rs) of blood total free radicals with some blood and urinary
elements in CHC patients groups.

BLOOD TOTAL FREE RADICALS

P ol GrlI Grlil Griv
MDA 0.38 0.83 0.58
B. Cu 027 017 012
B. Zn 031 044 2031
B. Fe 20,08 0.04 021
B. Se 0.24 017 02
B. Mg 011 027 0.13
B.Ca 0.1 048 % 0
I Ca 2034 2047 * 0.04
U.Cu 20,08 2025 018
U.Zn 20.04 017 0.1
U. Mg 0.27 203 0
U.Ca 0.8% 20.09 03

Group I: healthy (Control group)
Group I1: compensated chronic liver disease (CLD) (non cirrhotic) patients

Group IlI: decompensated liver cirrhosis (LC) (cirrhotic) patients.

Group 1V: chronic hepatitis patients with hepatocellular failure (end stage liver disease)
*: p < 0.05 significant correlation
& FF¥: p < 0.01 highly significant correlation
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Table (7) : Spearman correlation coefficient (rs) of malondialdehyde (MDA) with some blood and urinary
elements in CHC patient groups.

MALONDIALDEHYDE (MDA)
Parameters LR Grll GrIII Griv
Free radicals 0.38 0.83 0.58
B. Cu -0.17 -0.43 0.1
B.Zn -0.19 -0.44* 0.4
B. Fe 0.18 0.26 -0.03
B. Se 0.68 *** 0.31 0.13
B. Mg 0.18 0.1 -0.26
B.Ca 0.57 * -0.49 * -0.03
I Ca 0.42 * 0.52 % 0.01
U. Cu 0.02 0.11 -0.03
U.Zn 0.17 0.17 0.16
U. Mg 0.17 0.51% 0.01
U.Ca 0.2 0.33 -0.34

Group I: healthy (Control group)

Group 11: compensated chronic liver disease (CLD) (non cirrhotic) patients
Group I1I: decompensated liver cirrhosis (LC) (cirrhotic) patients.
Group IV: chronic hepatitis patients with hepatocellular failure (end stage liver disease)

*: p < 0.05 significant correlation
& ***p < 0.01 highly significant correlation

DISCUSSION

Many attempts have been made to find out and
discover some serological or cellular markers that
may help in the clinical management and evalua-
tion of treatments response of chronic HCV patients
(Saad, 2014) because the activity of serum alanine
transaminase (ALT) is variable and in most cases do
not correlate with the histopathological findings of
the hepatic biopsies of these patients (Hiraga et al.,
2005).

In the current study, the high levels of total free
radicals measured by electron spin resonance tech-
nique (ESR), and malondialdehyde (MDA) as a se-
lected biomarker of oxidative stress coincided with
the results of former studies which revealed that oxi-
dative stress involved as a part of the pathophysiol-
ogy of CHC (Romero et al., 1998), correlated with
the severity of chronic hepatitis (Cunningham-
Rumdles et al., 2002). It was a significant feature
of HCV infection (Jain et al., 2002) and impaired

interferon-a (IFN-a) signaling and might cause re-
sistance to its antiviral action in CHC patients (Di
Bona et al., 2006).

Liver is a major organ susceptible to be attacked
by ROS. Parenchymal cells are primary cells ex-
posed to oxidative stress induced injury in the liver.
Oxidative stress promotes the development and pro-
gression of hepatic and extrahepatic complications
of HCV infection. This oxidative stress in HCV, de-
pends on the efficacy of antioxidant defences, the
nature, reactivity and site of production of ROS, the
presence of iron, fatty liver, alcohol consumption
and the patient’s age (Choi and Ou, 2006; Li et al.,
2015).

Although the general behavior of total free radi-
cals and MDA was precisely similar and performed
simultaneously, they had different correlation with
trace metals parameters. Total free radicals corre-
lated positively and significantly with, MDA in all
groups except Gr 1.
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Romero et al., (1998) and Mansurova et al.,
(2005) stated that MDA values apparently corre-
spond with the severity of the inflammatory histo-
pathological findings, and not with the serum ALT
activity. Meanwhile, Vendemiale et al., (2001) in-
dicated that disease severity is caused by a direct
oxidative stress induction without being mediating

inflammatory reactions.

Oxidative stress has been detected in almost all
clinical and experimental conditions of chronic liver
disease cases. (Parola and Robino, 2001) but it was
found that CHC induces a state of hepatic oxidative
stress that is more pronounced than that present in
many other inflammatory liver diseases (Korenaga
et al., 2005a, Mottaran et al., (2002) concluded that
antigens derived from lipid peroxidation contribute
to the development of immune responses associated
with alcoholic liver disease.

Results of the present study are concordant with
the findings of Nagoev et al., (2002) who noted that
the concentration of active oxygen forms in leuko-
cytes was maximum at the peak of the disease. Thus,
free radicals or MDA can diagnose liver disease but

can’t differentiate its stage.

One possible explanation was cited by Choi et
al., (2004) who showed that ROS, within the biolog-
ically relevant concentration range, could suppress
HCV RNA replication in hepatoma cell line (Huh7
cells). An important corollary to these findings might
be that the antioxidants which are currently being
investigated as potential adjunct therapy for vari-
ous liver diseases (Jain ef al., 2002) might in fact
facilitate HCV replication by counteracting ROS in
these patients. Anti-oxidative therapy, mainly using
natural and synthetic antioxidants, represents a rea-
sonable therapeutic approach for the prevention and
treatment of liver diseases due to the role of oxida-
tive stress in contributing to initiation and progres-
sion of hepatic damage. However, although concept
of anti-oxidative therapy has been raised for decades

and intensive efforts have been paid, there is a long
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way to go for the application of antioxidants in liv-
er disease (Li et al., 2015). .However, many stud-
ies showed a beneficial effect of antioxidants in the
course of HCV infection (Loguercio and Federico,
2003; Melhem et al., 2005) while others didn’t show
this beneficial effect (Takagi et al., 2003; Saeian et
al., 2004).

In the present study, both total free radicals and
MDA levels were higher in non-cirrhotic than in
cirrhotic patients could be proposed that they had a
higher viral load than the other patient groups.

Abdalla et al., (2005), Yamaguchi e al., (2005)
and Korenaga et al., (2005b) observed that HCV
core protein down-regulated lipid metabolism-asso-
ciated gene expression. These findings may contrib-
ute to the understanding of HCV-related steatosis,
induction of ROS, and carcinogenesis.

Liver, intestine, and kidney have an important
function in the regulation of trace elements metabo-
lism (Dhawan and Goel, 1996). Further trace met-
als serve as cofactors for many enzymes in numer-
ous metabolic pathways. Therefore, changes in the
distribution of these essential elements can delineate
a sequence of events imperative for biochemical
adaptation in various stressed states. For assessing
the relationships between metal loads and liver dam-
age, several research workers have studied status of
trace elements in patients with chronic liver diseases
(Loguercio et al., 2001). Clinical studies reported
that hepatitis C virus (HCV) related chronic liver
disease patients at different stages of liver damage
have impaired metabolism of trace elements.

A focal point, in HCV-related oxidative stress
onset, is the mitochondrial failure. These organelles,
known to be the “power plants” of cells, have a cen-
tral role in energy production, metabolism, and met-
als homeostasis, mainly copper and iron. Further-
more, mitochondria are direct viral targets, because
many HCV proteins associate with them. They are

the main intracellular free radicals producers and tar-
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gets. Mitochondrial dysfunctions play a key role in
the metal imbalance. This event, today overlooked,
is involved in oxidative stress exacerbation and may
play a role in HCV life cycle (Arciello et al., 2013).

In the present study, blood copper (Cu), Calcium
(Ca) and ionized Ca (iCa) levels were significantly
elevated while Zinc (Zn) and selenium (Se) levels
showed significant decrease in patients groups com-
pared to the values of the control group. Blood iron
(Fe) was unchanged in non-cirrhotic patients but it
showed a significant decrease in cirrhotic and end-
stage liver disease. Urinary Cu was high in the non-
cirrhotic CHC patients, while urinary Zn showed a
significant increase in all patients groups compared
to the control group. Urinary Mg showed a signifi-
cant decrease in both non-cirrhotic and cirrhotic
HCV groups. The proportional increase of free radi-
cals generated due to HCV infection is not associat-
ed with the same tendency of increase in Cu and Ca
except urine Cu in non cirrhotic patients. Although
Ca and iCa were significantly increased there was a
negative correlation between them and total free rad-
icals. On the other hand, MDA correlated positively
and significantly with Se, Ca and iCa in non cirrhotic
patients. The ideal relationship was between either
total free radicals or MDA with blood zinc. It was
found inverse relationship in cirrhotic patients indi-

cating severe consequences.

Nazir et al., (2013) concluded that serum trace
elements profile reflected a significant statistical
variation in HCV patients as compared to healthy
individuals.

The results of present study was in accordance
with the result of Qasim who found that serum cop-
per concentration is higher in chronic hepatitis C pa-
tients as compared to healthy control groups, while
the serum zinc concentrations were significantly
lower in chronic hepatitis C patients than healthy
control groups. Marchesini et al., (1996) found
that the Zinc deficiency is common in patients who
have advanced cirrhosis when there is liver dam-
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age. Nagamine reported that, the patients responded
completely to interferon therapy were found to have
a higher serum Zn/ Cu ratio than the patients who did
not respond to interferon. Therefore, they advised Zn
administration as an adjunct to interferon therapy in
chronic HCV infections (Nagamine et al., 1997).
They proposed that Zn increased antiviral effect and

in turns response to interferon therapy.

The results of the present study coincide with
those stated by Ko et al. (2005) who observed that
the levels of Zn and Se in plasma and erythrocytes
of HCV-infected patients significantly decreased and
Cu levels were significantly higher than those in the
control group. Nevertheless, alterations of these mi-
cronutrients concentrations in plasma and erythro-
cytes varied in different magnitudes.

Glutathione (GSH), a key antioxidant, able
to suppress Cu toxicity through its binding to this
metal, maintains it in a reduced state and avoids its
redox cycling (Mattie and Freedman, 2004). GSH
decrease, associated with Cu deregulation, may play
a key role in the HCV-related OS onset. So, the OS
induced by HCV promotes the onset of a dangerous
loop involving, once again, mitochondrial damage;
hence, the deranged homeostasis of metals may en-
hance ROS production and mitochondrial failure,
which may participate in the alteration of metal ho-
meostasis. Mitochondria, in fact, play a key role in
the maintenance of Cu and Fe homeostasis (Leary,
2010; Huang et al., 2011).

Ebara et al. (2003) and Lin et al. (2006) ob-
served that Cu accumulation and not Fe or Zn in
fibrotic livers caused by CHC may contribute to he-
patic injury. The real mechanism was not known, but
excess Cu may damage the liver by oxidative stress
(Fisher and Naughton, 2003; Klein et al., 2003). It
was reported that inflammatory cytokines are higher
in HCV-infected individuals and increased Cu levels
might result from inflammatory responses and they
are directly related to the pathology developed in the
liver by HCV (Razzaq and Malik, 2014). Research-
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ers found that phlebotomy or dietary iron restriction
decreases oxidative stress and lipid peroxidation in
CHC patients (Paracha et al., 2013).

The decrease in serum Zn levels was explained
by decreased intake of dietary Zn, disturbed intesti-
nal absorption of Zn, decreased serum albumin as a
carrier of Zn, decreased storage of Zn in liver, and
increased urinary excretion of Zn. These assump-
tions can also be applied to decreased tissue Zn con-
tent (McClain et al., 1988).

In early research of Aaseth et al. (1990); Thulu-
vath and Triger (1992) was found that the decrease
of Se in cirrhotic patients documented both in alco-
holics and nonalcoholics was attributed primarily to
a poor intake and was not related to degree of liver
function. More recently this idea altered as observed
by Loguercio et al. (2001) and Ko et al. (2005) who
revealed that liver plays a central role in trace ele-
ment metabolism. Therefore, the alternation of its
structure and function typical of cirrhosis may alter
the intrahepatic utilization of trace element as well
as their emission in the blood and not induced by
nutritional status or intestinal malabsorption and so,
the decreased Zn and Se levels. The main cause of
blood decrease in selenium and zinc attributed to
liver impairment in HCV related chronic liver dis-
ease, independently of the nutritional status, whereas
the associated malnutrition affects the ferrous levels
only (Ioannou et al., 2003).

Also, Czuczejko et al. (2003) reported that
decreasing levels of Zn, Se, or increasing Cu lev-
els were also noted in sera of hepatitis cases. This
conclusion was previously proposed by Nandi et al.
(1989) who indicated that serum and urinary zinc
levels could be used as a prognostic indicator in ful-
minant hepatic failure (FHF).

Numerous studies have documented low levels
of selenium in hepatitis C patients, and when it used
in conjunction with other antioxidants, it has been

shown to reduce oxidative stress in the liver (Naga-

Abdel Fattah, S.M. et al.

mine et al., 1997). In the study of Kolachi ez al.
(2011), they found that the serum and blood levels of
Se and Zn in HCV patients were significantly lower
than those of the referent subjects.

Iron has also been found to play an important
role in oxidative stress. Fenton’s reaction, which
causes the conversion of low active H,O, into poten-
tial hydroxyl and peroxide radicals, helps iron ions
in ROS production (Ryter et al., 2007; Weinreb et
al., 2010). Iron is present in many parts of the body
and liver is one of the main sites of storage (Ganz
and Nemeth, 2012; Pantopoulos et al., 2012),
thereby increased iron ions could result in more oxi-
dative stress in liver cells. Researchers found that
phlebotomy or dietary iron restriction decreases oxi-
dative stress and lipid peroxidation in CHC patients
(Paracha et al., 2013).

Results of the present work are in agreement
with those of Loguercio et al. (2001) who reported
a decrease of serum iron in cirrhotic patients, where-
as Sikorska et al. (2003); Metwally et al. (2004);
Shan et al. (2005) recorded an obvious increase was
in both liver and serum Fe of CHC patients.

Thus, levels of blood Fe received from pretreat-
ed patients might not be a proper marker for the iron
status in patients with CHC infection. Although the
precise causes remain to be elucidated, there is evi-
dence that cytokines might alter the levels of serum
trace elements in viral hepatitis (Yano et al., 2004).
Hepatic iron deposit has been identified as one of the
risk factors of progression of liver disease (Nozic et
al., 2005). Yano et al. (2004) and Nozic et al. (2005)
demonstrated that iron depletion and zinc supple-
mentation may improve the response of chronic
hepatitis C patients to interferon treatment. Whereas,
Gattoni et al. (2006) didn’t support a role for iron

depletion in patients with chronic HCV infection.

The data of Morbitzer and Herget (2005)
pointed to a more direct antiviral function of the

selenoprotein GI-GPx in HCV infection. Because
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deficiency in dietary selenium results in decreased
levels of selenoproteins, thus compromising biologi-
cal processes that are maintained by these proteins,
it will be interesting to investigate whether selenium
lack supports HCV spreading in patients.

The present results are in accordance with those
reported by Jain et al. (2002) who stated that the
moderate but significant reduction in selenium levels
in the non-cirrhotic group reflecting the early stage
of disease. They added that the cirrhotic group hav-
ing even lower levels. Interestingly, HCV itself has
been shown to encode a selenium-dependent gluta-
thione peroxidase gene (Zhang et al., 1999) presum-
ably as a protection against attack from free radicals

generated by inflammatory cells.

Selenocysteine proteins do not only function
to protect against oxidative stress but seem to have
other crucial roles in maintaining a healthy physi-
ology of the liver (Carlson et al., 2004). Selenium
was proposed to have anticarcinogenic functions,
and recently it was shown that in progressed stag-
es of colorectal cancer expression of selenoprotein
GI-GPx was decreased (Miyamoto ef al., 2003).
Selenium has also been implicated in enhancing im-
mune functions and thereby slowing the progression
of AIDS in human immunodeficiency virus-positive
patients (Gladyshev et al., 1999).

Koivisto et al. (2002) stated that there are no
studies on magnesium status in chronic cirrhotics
which may be in depletion.

In the present study Mg levels showed non sig-
nificant change in all patients groups. These results
were in contrast with those of Wang et al. (2004)
who concluded that there was calcium and magne-
sium deficiencies in the patients with uncompensa-

tive cirrhosis and compensative cirrhosis.

Also, Kamochi et al. (2002) observed that pro-
found ionized hypomagnesemia was induced by
plasma exchange in liver failure patients. Koivisto ez
al. (2002) observed that chronic terminal cirrhotics
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are Mg depleted which should be taken into account
in case of liver transplantation and also in other in-
terventions.

Rocchi et al. (1994) observed that the plasma
levels of Zn and Mg and urine levels of Mg were
found to be reduced. They added that plasma Zn
correlated inversely, and urine Zn directly, with the
severity of the disease, rather than with alcohol con-
sumption or treatment with diuretics. Protein metab-
olism impairment would appear to affect the plasma
transport of Zn rather than its overall availability in
the organism; the opposite was found in the case of
Mg, the availability of which appeared to be reduced.

In the present study, total and ionized Ca levels
in blood were significantly elevated in all patients

groups.

HCYV replication is associated with the endoplas-
mic reticulum (ER), where the virus causes stress
(Ciccaglione et al., 2005). Cells cope with ER stress
by activating an adaptive program called the un-
folded protein response (UPR), which alleviates this
stress by stimulating protein folding and degradation
in the ER and down-regulating overall protein syn-
thesis. Tardif et al. (2005) suggested that HCV also
alters ER calcium homeostasis, inducing oxidative
stress. Wang and Weinman (2006) observed that
core protein increased Ca (2+) uptake into isolated
mitochondria. These results assume that interaction
of core protein with mitochondria and subsequent
oxidation of the glutathione pool and complex I in-
hibition may be an important cause of the oxidative
stress seen in CHC.

Hypercalcemia caused by advanced chronic
liver disease (CLD) without hepatic neoplasia is un-
commonly reported and poorly understood condition
(Kuchay et al., 2016). One of the consequences of
the ER overload response is the activation of STAT-
3 via Ca* signaling and induction of ROS, trigger-
ing an ER-to-nucleus signal transduction pathway
(Gong et al., 2001).



(174) J. Nucl. Tech. Appl. Sci., Vol.7, 2019

An overwhelming number of studies supported
the role of free radicals in the initiation and pro-
gression of multistage carcinogenesis (Sun, 1990).
Consistent with this idea, free radical scavengers
and antioxidant enzymes are down-regulated in tu-
mor cells (Corrocher et al., 1986). Bergqvist et al.
(2003) indicated that expression of HCV in infected
T lymphocytes may contribute to the establishment
of persistent infections by inducing Ca2+ oscilla-
tions that regulate both the efficacy and information
content of Ca2+ signals and are ultimately respon-
sible for induction of gene expression and functional
differentiation.

Taylor et al. (2003) concluded that HCV core
protein localizes to mitochondria, associates with the
mitochondrial outer membrane, increases mitochon-
drial Ca*" uptake, and causes oxidation of the glu-
tathione pool. This change in mitochondrial redox
state inhibits complex I activity, further increases
ROS production and can create positive feedback
loop.

The present results of high blood levels of ion-
ized Ca may causes osteoporosis which seen in
chronic liver disease. The prevalence of osteoporo-
sis among patients with chronic liver diseases ranges
from 10% to 60% (Gonzalez-Calvin et al., 1993).

It was concluded that liver functional impair-
ment as well as oxidative stress associated with free
radical generation may alter the metabolism of trace
elements, in particular, zinc and copper. Our findings
imply that the levels of elements (Cu, Zn, Fe, Se,
Mg, Ca and iCa) might serve as biochemical param-
eters in the identification status and the degree levels
of diseased patients with HCV as well as the pre-

dicted consequences of the diseases.
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