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Abstiract

AIM: To assess the extent of micronutrient and oxidative
stress in blood and to examine their linkages with viral
loads in chronic hepatitis C patients.

METHODS: Hepatitis C virus (HCV)-RNA levels were
quantified in the serum from 37 previously untreated
patients with chronic hepatitis C. The plasma and
erythrocyte micronutrients (zinc, selenium, copper, and
iron) were estimated, and malondialdehyde (MDA)
contents were determined as a marker to detect oxidative
stress. Antioxidant enzymes, superoxide dismutase (SOD),
glutathione peroxidase (GPX) and glutathione reductase
(GR) activities in blood were also measured. The control
group contained 31 healthy volunteers.

RESULTS: The contents of zinc (Zn), and selenium (Se)
in plasma and erythrocytes were significantly lower in
hepatitis C patients than in the controls. On the contrary,
copper (Cu) levels were significantly higher. Furthermore,
plasma and erythrocyte MDA levels, and the SOD and GR
activities in erythrocytes significantly increased in hepatitis
C patients compared to the controls. However, the plasma
GPX activity in patients was markedly lower. Plasma Se
(r=-0.730, P<0.05), Cu (r= 0.635), and GPX (r = -0.675)
demonstrated correlations with HCV-RNA loads. Significant
correlation coefficients were also observed between
HCV-RNA levels and erythrocyte Zn (r = -0.403), Se
(r=-0.544), Cu (r=0.701) and MDA (r = 0.629) and GR
(r=0.441).

CONCLUSION: The levels of Zn, Se, Cu, and oxidative
stress (MDA), as well as related anti-oxidative enzymes
(GR and GPX) in blood have important impact on the viral
factors in chronic hepatitis C. The distribution of these
parameters might be significant biomarkers for HCV.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Essential micronutrients are involved in many metabolic
pathways in the liver, such as enzymatic functions and
protein synthesis, oxidative damage and anti-oxidant defense,
immunological competence, interferon therapy response
regulations, and alterations of the virus genomes!". Reactive
oxygen species (ROS) have also been implicated in a number
of hepatic pathologies in exacerbating liver diseases®'".. The
oxidant production associated with immune reactions against
viral hepatitis leads to the formation of hepatocellular
carcinoma (HCC)®. Therefore, the changes in micronutrients
and their demolishing effects against oxidative stress are
factors for viral hepatitis pathogenesis.

HCV is a major cause of chronic liver disease. HCV
infection frequently leads to chronic hepatitis with increasing
risk of developing liver cirrhosis and HCC. Interferon with
or without ribavirin is the only drug with proven efficacy in
treating chronic HCV infections!""". Unfortunately, these
therapeutic models maintain the rate of sustained virologic
response (SVR) to approximately 10-40%!+'%. The effective
advancement in the antiviral treatments against chronic
hepatitis C is necessary.

There are several factors that attribute to the failure in
achieving a SVR for the majority of patients!"""".. Hepatic
iron deposit has been identified as one of these factors® .
Iron depletion and zinc supplementation®*! may improve
the response of chronic hepatitis C patients to interferon
treatment. Moreover, viral factors may affect the outcome
of the therapy. Zhang ef a/.?? indicated that selenium-
dependent glutathione peroxidase (GPX) modules are
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encoded in the RNA viruses. The presence of zinc ion also
decreases the HIV-1 reverse transcriptase activity®. It is
conceivable that the micronutrient status may affect the
HCYV load and viral replication, leading to significant changes
in reported SVR rates. However, there is limited information
about the distribution of micronutrients and their effects
on viral production.

Our present study aimed to examine the levels of
micronutrients (zinc, coppet, iron, selenium), and malondi-
aldehyde (MDA) which is an indirect marker for oxidative
stress in blood. Moreover, superoxide dismutase (SOD),
glutathione reductase (GR) and GPX activities were assessed.
In addition, the relationships among these parameters and
HCV-RNA levels in patients with chronic hepatitis C were
investigated.

MATERIALS AND METHODS

Subjects

This study contained 33 patients with chronic hepatitis C
including 20 men and 13 women (from 2002 to 2003). The
mean age of the patients was 49.522.4 years. All patients
underwent serological and biochemical analyses. Diagnosis
of chronic hepatitis C was based on elevated serum alanine
aminotransferase levels for at least 6 mo, and consistent
detection of serum HCV-RNA. All patients were negative
for hepatitis B surface antigen and HIV, and none had liver
cirrhosis or renal disease.

A control group of 31 healthy volunteers (17 men and 14
women) was recruited from blood donors aged 43.211.7 years.
They underwent a routine medical examination prior to the
blood collection.

Biochemical determinations and HCV-RNA analysis

Venous blood samples were collected from patients prior
to treatment. Erythrocytes were pelleted by centrifugation
and washed thrice with cold isotonic saline. The plasma and
erythrocyte zinc (Zn), copper (Cu), and iron (Fe) levels were
determined by flame atomic absorption spectrophotometry
(932 plus, GBC, Australia) as previously described?. The
accessory hydride formation system (HG3000), also from
GBC, was used for determining selenium (Se) concentrations.
All samples were analyzed in triplicate. Serum “second-
generation” reference materials (Seronorm™
Elements Serum) were purchased from Nycomed, Oslo,
Norway.

Thiobarbituric acid substances reacted with products of
lipid peroxidation, mainly MDA, producing a pink color
compound that could be measured at 535 nm. Following
the protocol in Richard e /!, thiobarbituric acid levels
were determined in plasma and erythrocytes of patients
and controls. Results were expressed as nanomoles of MDA
per milliliter in plasma and as nanomoles of MDA per gram
protein in erythrocytes. Protein concentration was determined
using the Coomassie protein assay (Pierce, Rockford, IL,
USA) with bovine serum albumin as the standard.

Erythrocyte SOD and GPX activities in plasma were
determined with RANSOD kits (Randox, San Diego) and
Cayman GPx assay kits (Cayman Chemical, USA) respectively.
All values were expressed as units per gram hemoglobin or

Trace

units per milliliter. One unit of SOD was defined as the
amount of enzyme necessary to produce 50% inhibition in
the p-iodonitrotetrazolium reduction rate. The activity of
GR in erythrocytes was also measured at 340 nm using the
commercial kits (GR340, OxisResearch). One GR activity
unit was defined as the amount of enzyme catalyzing the
reduction of 1 mmoL of GSSG.

Additionally, viral RNA was detected and quantitative
HCV-RNA was determined by Amplicor (Roche Molecular
Diagnostics) and expressed as the log of copies of RNA
per milliliter. RNA was extracted from serum samples
following the manufacturer’s instructions (QIAamp viral
RNA kit from Qiagen Inc.). This assay had a lower limit of
100 copies/mlL.

Statistical analysis

Data were expressed as meantSE. Significant differences
in variables between two groups were tested by Student’s
#-test. P<0.05 was considered statistically significant. Linear
regressions were used to analyze the correlation among
variables.

RESULTS

Blood micronutrient levels

Table 1 shows the values of specific micronutrients in
plasma of chronic hepatitis C patients and healthy subjects.
There was a significant decrease in Zn and Se and a statistical
increase in Cu concentrations of the patients (P<0.05).
However, plasma Fe levels revealed no significant difference
(P>0.05).

The erythrocyte concentration of Cu in the patients was
significantly higher than that in the healthy controls, and
the Fe concentrations were not significantly different between
two groups. Furthermore, Se and Zn levels were significantly
lower in erythrocytes of the patients (Table 2).

Table 1 Plasma concentrations of Zn, Cu, Fe, and Se in patients
with chronic hepatitis C and healthy controls (mean+SE)

Plasma
Groups
Zn (mg/L) Cu (mg/L) Fe (mg/L) Se (ug/L)
Patients 0.13+0.01* 1.68+0.08° 0.56+0.04 159.12+5.30%
Healthy controls 0.55+0.06 0.53+0.03 0.57+0.03 216.69+7.44

3P<0.05 vs healthy controls.

Table 2 Erythrocyte levels of Zn, Cu, Fe, and Se in patients with chronic
hepatitis C and healthy controls (mean=SE)

Erythrocytes
Groups
Zn (mg/L) Cu (mg/L) Fe (mg/L) Se (ng/L)
Patients 0.79+0.05% 0.52+0.05*  1369.8#88.6  55.09+3.79°
Healthy controls ~ 1.40+0.10 0.09+0.01 1075.9+96.7 139.08+5.76

3P<0.05 vs healthy controls.

Evidence of oxidative stress
Table 3 summarizes the values of parameters related to
oxidative stress. Erythrocyte and plasma MDA increased
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Table 3 MDA levels, SOD, GR, and GPX activities in patients with chronic hepatitis C and healthy controls (mean+SE)
Parameters!
Group
MDA SOD (U/g Hb) GR (mU/g Hb) GPX
[nmol/(min-mL)]
Plasma (nmol/mL) RBC (nmol/g protein)

Patients 0.41+0.022 0.33+0.02¢ 17.95+0.51° 40.10+2.48° 38.95+1.99°
Healthy controls 0.15+0.01 0.19+0.02 15.24+0.45 30.15+2.69 51.26+2.66

3P<0.05 vs healthy controls. *MDA: malondialdehyde; SOD: superoxide dismutase; GR: glutathione reductase; GPX: glutathione peroxidase.

significantly in patients. Also, the erythrocyte Cu, Zn-SOD,
and GR activities increased significantly in the patients
compared to the controls. In contrast, the plasma Se-dependent
GPX activity in hepatitis C patients was markedly lower.

Correlation of micronutrient concentrations with HCV-RNA
levels

Figures 1A-C shows that there was a significant negative
relationship between Zn contents in erythrocytes/whole
blood and HCV-RINA levels (by log) in patients. In plasma,
however, no significant correlation was observed. A positive
correlation was noted between plasma Cu and HCV-RNA
levels in patients, and an even stronger correlation between
the Cu in erythrocytes/whole blood and HCV-RNA levels
(Figures 1D-F).
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The Se levels in plasma/erythrocytes/whole blood had
a statistically significant negative correlation with HCV-RINA
levels, whereas a better correlation was found in plasma or
whole blood (Figures 1G-1, » = -0.730, -0.742, P<0.0001).

Relationship between oxidative stress and HCV-RNA levels
No significant correlation was found between MDA in
plasma and HCV-RNA levels (P>0.05, data not presented).
However, erythrocyte MDA production was positively
correlated with HCV-RNA concentration (Figure 1],
r = 0.629, P<0.0001). Additionally, HCV-RNA levels
correlated with both erythrocyte GR (Figure 1K, = 0.441,
P =0.01) and plasma GPX (Figure 1L, » = -0.675, P<0.0001)
activities. The activities of SOD did not correlate with the
HCV-RNA levels (P>0.05, data not shown).
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Figure 1 Correlations between viral levels and plasma zinc (A), erythrocytes
zinc (B), or whole blood zinc (C), plasma copper (D), erythrocyte copper (E),
whole blood copper (F), plasma selenium (G), erythrocyte selenium (H), whole

DISCUSSION

The purpose of our study was to find the levels of blood
micronutrient and oxidative stress in patients with chronic
hepatitis C, and to search for linkages between the HCV-RNA
levels and micronutrient status, as well as between oxidative
stress and the presence of antioxidant enzymes.

The essential micronutrients (Zn, Cu, Fe, and Se) might
exacerbate liver disease in case of deficiency, imbalance, or
toxicityP*". They are also linked to the process of oxidation
during chronic liver damage!®”"!. In the present investigation,
the levels of Zn and Se in plasma and erythrocytes of
HCV-infected patients decreased significantly compared to
healthy subjects. On the contrary, the Cu levels in patients
were significantly higher than those in the control group.
Nevertheless, alterations of these micronutrients in plasma
and erythrocytes varied in different magnitudes.

Decreasing levels of Zn, Se, ot incteasing Cu levels were
also noted in sera of hepatitis cases” . HCV- and HIV-co-
infected patients showed markedly lower blood Se levels
compared to HIV-infected patients without concomitant
HCV infection®. However, no significant difference in blood
Zn and Se concentrations was observed between chronic
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blood selenium (1), erythrocyte MDA (J), GR (K), and plasma GPX activities (L)
in chronic hepatitis C patients.

hepatitis C patients and controls™ . One possible explanation
for this discrepancy is that, the subjects in the above two
studies could not be distinguished by the type of hepatitis,
and patients with hepatitis A-D may have different blood
concentrations of Zn and Se. The present study did not
find significantly higher values of erythrocyte Fe in the
patients to coincide with the results in Loguercio ef alP,
whereas some data in the literature show an obvious increase
of Fe contents both in the liver and in the serum of these
patients”’. Thus, the pretreatment levels of blood Fe might
not be a proper marker for the iron status in patients with
chronic hepatitis C infection.

Although the precise causes remain to be elucidated,
there is evidence that cytokines might alter the levels of
serum trace elements in viral hepatitisP?. It was reported
that inflammatory cytokines are higher in HCV-infected
individuals than in normal individuals?**’. Increased Cu
levels might result from inflammatory responses??.
Therefore, the present results suggest that changes of Zn,
Cu, and Se levels in plasma and erythrocytes of patients
with chronic hepatitis C are directly related to the pathology
developed in the liver.
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ROS plays a crucial role in the induction and progression
of liver disease, and are involved in the transcription and
activation of a large series of cytokines that could induce
production of ROS. Some studies indicate that treatment
of high serum Se and Zn levels leads to reduction of
inflammatory reaction in hepatitis patients**?. In addition
to the anti-inflammatory reaction, Se or Zn has antioxidant
and immuno-modulatory effects™*. Copper is also associated
with the inflammatory response and oxidative stress***"l. In
the present study, decreased activity of Se-dependent GPX
and increased Cu, Zn-SOD, and GR activities either in
plasma or in erythrocytes suggest that anti-oxidative capability
is limited during circulation. The presence of significant
increase in MDA levels also indicates a possible oxidative
insult in these patients. Liver cirrhosis induces a significant
decrease in Se and Zn levels, another indication of presence
of oxidative stressP’l. The levels of MDA have been
correlated with the severity of chronic hepatitis™!. There is
evidence that the production of free radicals increases while
anti-oxidant defense decreases significantly in all types of
liver damage®”. Therefore, suppottive nutrients, Zn, Cu,
and Se, and oxidative stress might be sensitive indicators
for the degree of liver injuries and the sustained response
to therapy in chronic hepatitis C patients.

The outcome of HCV infection is also thought to depend
on the balance between the rate of viral replication, rapidity,
and specificity and the effectiveness of the host immune
response. Few studies have focused on the relationship
between circulating pool of these immune-regulated
micronutrients and HCV-RNA contents. Our present results
suggest that there is a markedly negative relationship
between HCV-RNA titer (in log) and either erythrocyte or
whole blood Zn concentrations. Similarly, the inverse
correlations between HCV-RNA and blood Se levels
observed in this study suggest that significant higher viral
loads are correlated with lower blood Zn and Se levels in
HCV-infected patients.

In addition, higher levels of blood Cu are markedly
correlated with higher HCV-RNA concentrations. Little is
known about the possible regulatory mechanism of
micronutrients in the pathogenesis of HCV infection.
However, these nutrients are known to assist in immune-
mediated response and involve in the alteration of virus
genomesP? ¥ Tt is suggested that the disttibution of Zn,
Se, and Cu might affect sustained response to therapy in
patients with chronic hepatitis C. Therefore, these
micronutrients may be involved in multiple points in the
immune pathogenesis of HCV infection that is essential
for viral clearance.

The oxidative stress is high in hepatitis patients, and
there are significant correlations among HCV-RNA and
erythrocyte MDA, erythrocyte GR and plasma GPX
activities. Zhang et a/?, reported that Se-dependent GPX
modules are encoded in a number of RNA viruses, including
HIV-1, HCV, Coxsackie’s virus B3, and HIV-2 virus. A
HCV-encoded GPX gene might demonstrate that oxidant
stress is associated with HCV disease progression. In
HIV-infected patients, the decline in Se levels is greater
than that in those with HCV co-infection®". Se deficiency
increases the virulence of CVB3 infection, which is encoded

by the GPX gene within Keshan disease’s cofactor®®*). It
has been proposed that Se-dependent GPX participates
directly in immune cytotoxicity, enabling neutrophils and
macrophages to complete intracellular lysis of phagocytosed
cells. In previous investigations, an inverse relationship
between Se level and HBV infection incidence was found®.
Zn has also been studied for its antiviral effect against
HIV, rhinovirus, and herpes virus®l. Moreover, Zn
supplementation enhances the response to interferon therapy
in chronic hepatitis C patients™!. Zn is necessary for the
dimerization of interferon, which activates the interferon
receptotP!l. It is appatent that erythrocyte and plasma Zn,
Se, and Cu levels and oxidative stress are associated with
HCV-RNA levels.

In conclusion, the distribution of Zn, Cu, Se levels and
MDA product, GPX and GR activities in blood may be an
additional host-specific parameter (outside of predictive viral
factors) with a predictive value for the responsiveness of
patients to interferon/tibavirin therapy. Furthermore, these
results may be affected by immunocytokines as a host-defense
system during HCV infection.
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