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Abstract
Background: Oxidative stress can be defined as an increase in oxidants and/or a decrease in
antioxidant capacity. There is limited information about the oxidative status in subjects with
hepatitis B virus infection. We aimed to evaluate the oxidative status in patients with various clinical
forms of chronic hepatitis B infection.

Methods: Seventy-six patients with hepatitis B virus infection, in whom 33 with chronic hepatitis,
31 inactive carriers and 12 with cirrhosis, and 16 healthy subjects were enrolled. Total antioxidant
response and total peroxide level measurement, and calculation of oxidative stress index were
performed in all participants.

Results: Total antioxidant response was significantly lower in cirrhotics than inactive HbsAg
carriers and controls (p = 0.008 and p = 0.008, respectively). Total peroxide level and oxidative
stress index was significantly higher in cirrhotic (p < 0.001, both) and chronic hepatitis B subjects
(p < 0.001, both) than inactive HbsAg carriers and controls. Total antioxidant response was
comparable in chronic hepatitis B subjects, inactive HbsAg carriers and controls (both, p > 0.05/6).
Total peroxide level and oxidative stress index were also comparable in inactive HBsAg carriers
and controls (both, p > 0.05/6). Serum alanine amino transferase level was positively correlated
with total peroxide level and oxidative stress index only in chronic hepatitis B subjects (p = 0.002,
r = 0.519 and p = 0.008, r = 0.453, respectively).

Conclusion: Oxidative stress occurs secondarily to increased total lipid peroxidation and
inadequate total antioxidant response and is related to severity of the disease and replication status
of virus in hepatitis B infection.

Background
Reactive oxygen species (ROS) are oxygen-containing

molecules that produced during normal metabolism [1].
The organism has enzymatic and non-enzymatic
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antioxidant systems neutralizing the harmful effects of the
endogenous ROS products [2]. Under certain conditions,
the oxidative or anti-oxidative balance shifts towards the
oxidative status as a result of increase in ROS and/or
impairment in antioxidant mechanism [3,4].

It has been suggested that reactive oxygen species and
lipid peroxidation products likely contribute to both
onset and progression of hepatic fibrosis [5]. In addition,
oxidative stress is one of the reasons of DNA damage,
which might be associated with the development of hepa-
tocellular carcinoma (HCC) in chronic viral hepatitis [6].

In several studies [7-10], increased oxidative stress has
been suggested to be responsible from the hepatocellular
damage caused by chronic hepatitis B infection (CHB).
However, most of them have evaluated oxidative status
using individual antioxidants measurement and the infor-
mation about the total antioxidant response (TAR) of sub-
jects with CHB and cirrhosis due to hepatitis B virus
(HBV) infection is limited [11]. To our knowledge, there
is no information in the literature about the oxidants in
subjects with cirrhosis due to HBV infection, and neither
oxidants nor antioxidants in inactive hepatitis B carriers.

In the present study, we aimed to measure the TAR in
CHB, cirrhosis due to HBV infection and inactive HbsAg
carrier subjects to evaluate their antioxidant status using a
novel automated method [12]. As a reciprocal measure,
the total peroxide levels of the same plasma samples were
also measured. The percent ratio of the total plasma per-
oxide level to the plasma TAR value was regarded as oxi-
dative stress index [13].

Methods
Enrollment of patients
CHB subjects (n = 33, 20 male/13 female; mean age; 39 ±
12.8 years), inactive HBsAg carrier subjects (n = 31, 19
male/12 female; mean age; 38 ± 8.3 years), subjects with
cirrhosis due to HBV infection (n = 12, 7 male/5 female;
mean age 40.9 ± 11.6 years) and healthy controls (n = 16,
9 male/7 female; mean age 31.6 ± 6 years) were enrolled
in the present study. Patient selection has been started at
March 2003 and finished at December 2004, when the
numbers of study subjects have reached to provide a
power for statistical analysis. Sample size was calculated
with an expected parameter estimate based on a pilot
study performed in our department. An assuming a mean
of 1.71 TAR in control group and a mean of 1.40 TAR in
Cirrhosis-HBV Group with a 0.25 standard deviation, the
minimum sample size thus required to be approximately
13 in each study groups within a 95% confidence and
80% power.

All cirrhotic subjects had compensated and Child A cir-
rhosis according to the Child-Pugh classification. All par-
ticipants were age and sex matched. The study protocol
was carried out in accordance with the Helsinki Declara-
tion as revised in 1989. All subjects were informed about
the study protocol and the written consent was obtained
from each one.

Exclusion criteria
Exclusion criteria included the use of supplemental vita-
mins, serum total bilirubin level higher than 2 mg/dL, his-
tory of diabetes mellitus, coronary artery disease,
rheumatoid arthritis, cancer, systemic or local infection,
the existence of alcohol intake, poor nutritional status,
pregnancy, decompensated and Child B or C cirrhosis,
concomitant chronic hepatitis C (CHC) or hepatitis D or
other well known liver diseases such as metabolic or
autoimmune disorders and various infectious states of the
liver, non-alcoholic steatohepatitis and HBV-DNA nega-
tivity in patients with CHB and cirrhosis.

HCC was detected using ultrasonographic examination of
the liver and measurement of serum alpha fetoprotein
level. The ultrasound and AFP determinations were per-
formed before the enrolment and especially before draw-
ing the blood samples in all subjects.

Initial evaluation
Diagnosis of chronic hepatitis B was based on 6 months
history of HBsAg and HBV-DNA positivity with at least 2
times higher alanine amino transferase (ALT) than upper
limit of normal level. Findings of chronic hepatitis B were
supported by the histopathological evaluation based on
the modified Knodell score [14]. Inactive HBsAg carrier
state for HBV infection was diagnosed on the basis of at
least 1 year of HBsAg positivity with normal ALT levels
and negative HBV-DNA.

Cirrhosis due to HBV was diagnosed on the basis of the
clinical, laboratory, virological, radiological, and/or his-
topathological findings.

Control group consisted of healthy individuals with nor-
mal medical history, physical examination, blood bio-
chemistry and negative hepatitis C virus (HCV) antibody
and HBV serum markers.

A wide panel of biochemical and haematological parame-
ters were evaluated by standard automated techniques.

Virological studies
Anti-HCV, HBsAg, anti-HBs, HBeAg, anti-Hbe were
assayed by micro particle enzyme immunoassay (MEIA)
(Abbott axsym system, IL USA). The presence of hepatitis
D infection was detected by enzyme immunoassay for
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detection of antibodies against hepatitis delta [(Abbott
Murex, Dartford UK) (organon Teknika)]. HBV-DNA was
investigated using real time polymerase chain reaction
(PCR) method [HBV QNP 2.0 HBV-DNA quantitative
kits, Iontek, Istanbul, Turkey) (BioRad ÝCycler)]. Upper
and lower limit of HBV-DNA level with real time PCR
were 2 × 102 and 2 × 107 copy/ml, respectively.

Blood collection
Blood samples were obtained following an overnight fast-
ing state. Smoker subjects were not permit to smoke dur-
ing those fasting period. Samples were withdrawn from a
cubital vein into heparinised tubes and immediately
stored on ice at 4°C. The plasma was then separated from
the cells by centrifugation at 3000 rpm for 10 min.
Because we aimed to analyze all plasma samples simulta-
neously for the measurement of TAR and total peroxide
level, and the collection of the samples were thought to be
longer than 1 month of period, plasma samples were
stored at -80°C until analysis as described elsewhere
[15,16].

Measurement of the total antioxidant status of plasma
The total antioxidant status of the plasma was measured
using a novel automated colorimetric measurement
method for TAR developed by Erel [12]. In this method
the hydroxyl radical, the most potent biological radical, is
produced by the Fenton reaction, and reacts with the col-
ourless substrate O-dianisidine to produce the dianisyl
radical, which is bright yellowish-brown in colour. Upon
the addition of a plasma sample, the oxidative reactions
initiated by the hydroxyl radicals present in the reaction
mix are suppressed by the antioxidant components of the
plasma, preventing the colour change and thereby provid-
ing an effective measure of the total antioxidant capacity
of the plasma. The assay results are expressed as mmol
Trolox eq./L, and the precision of this assay is excellent,
being lower than 3% [17].

Measurement of total plasma peroxide concentration
The total plasma peroxide concentrations were deter-
mined using the FOX2 method [18] with minor modifica-
tions [13]. The FOX2 test systemis based on the oxidation
of ferrous iron to ferric iron by the various types of perox-
ides contained in the plasma samples, in the presence of
xylenol orange which produces a coloured ferric-xylenol
orange complex whose absorbance can bemeasured.
TheFOX2 reagent was prepared by dissolving ammonium
ferrous sulphate (9.8 mg) in 250 mM H2SO4 (10 ml) to
give a final concentration of 250 mM ferrous iron in acid.
This solution was then added to 90 ml HPLC-grade meth-
anol containing 79.2 mg butylated hydroxytoluene
(BHT). Finally, 7.6 mg xylenol orange was added, with
stirring, to make the working reagent (250 mM ammo-
nium ferrous sulphate, 100 mMxylenol orange, 25 mM

H2SO4, and 4 nM BHT, in 90% (v/v) methanol in a final
volume of 100 ml). The blank reagent contained all the
components of the solution except ferrous sulphate.

Aliquots (200 mL) of plasma were mixed with 1.8 ml
FOX2 reagent. After incubation at room temparature for
30 min, the vials were centrifuged at 12,000 g for 10 min.
The absorbance of the supernatant was then determined
at 560 nm. The total peroxide content of the plasma sam-
ples was determined as a function of the difference in
absorbance between the test and blank samples using a
solution of H2O2 as standard. The coefficient of variation
for individual plasma samples was less than 5%.

Oxidative stress index
The percent ratio of the total peroxide to the total anti-oxi-
dant potential gave the oxidative stress index, an indicator
of the degree of oxidative stress [13].

Statistical analysis
Continuous variables were compared by Kruskal-Wallis
one-way analysis of variance for non-parametric data with
a post hoc analysis using a Mann-Whitney U test. Para-
metric variables were compared using One-way analysis
of variance with post hoc analysis using Tukey test.
Fisher's exact test was used to test the sex differences
between groups. Spearman's correlation analysis was used
to find out the relationship of alanine aminotransferase
with TAR, total peroxide level or OSI. Data were presented
as median and range for nonparametric variables and
mean ± SD for parametric variables. Differences were
regarded as significant at 0.05/6 in Kruskal-Wallis one-
way analysis and p < 0.05 in other analysis.

Results
Mean age, gender distribution were equal in each group.
Serum ALT levels were higher in both CHB and cirrhotic
subjects than controls (p = 0.001, p = 0.032, respectively).
While CHB subjects had higher serum ALT levels than
inactive HBsAg carriers (p = 0.001), both cirrhotics and
control groups did not show any significant difference in
term of serum ALT levels with inactive HBsAg carriers.
There was no statistically significant difference in respect
to percent of smokers, numbers of cigarettes smoking in a
day and smoking duration of the groups (all p > 0.05). All
subjects who smoked were smoking filtered cigarettes.

Smoking habit details and other clinical and demographic
data are shown in Table 1.

TAR was significantly lower in cirrhotic subjects than the
inactive HBsAg carrier and controls (p = 0.008 and p =
0.008, respectively). The difference between subjects with
CHB and cirrhotic subjects in respect to TAR was not
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statistically significant (p > 0.05/6). There was no signifi-
cant difference in TAR between chronic hepatitis B and
inactive HBsAg carrier or controls (all p > 0.05/6). (Table
2)

Total plasma peroxide level of CHB or cirrhotic subjects
was significantly higher than inactive HBsAg carrier and
controls (p < 0.001, p = 0.001 and p < 0.001, p = 0.001,
respectively). The total plasma peroxide level and OSI, an
indicator of the degree of oxidative stress, were not signif-
icantly higher in cirrhotic than chronic hepatitis B subjects
(all p > 0.05/6). (Table 2)

OSI was significantly higher in CHB and cirrhotic subjects
than inactive HBsAg carriers and controls (p < 0.001, p <
0.001 and p < 0.001, p < 0.001 respectively) (Table 2).

Inactive HbsAg carriers and controls had comparable
results in term of TAR, total peroxide level and OSI (all p
> 0.05/6).

TAR of chronic hepatitis B subjects was not significantly
correlated with serum ALT level (p > 0.05). Serum ALT
level were positively correlated with total peroxide level
and OSI in subjects with chronic hepatitis B (p = 0.002, r
= 0.519 and p = 0.008, r = 0.453, respectively) (Fig. 1 and
2).

There was no statistically significant correlation with ALT
level, and TAR, total peroxide level and OSI in cirrhotic
subjects or inactive HbsAg carriers or controls (all p >
0.05).

Discussion
Normal cell functions and integrity of cell structures may
be broken via considerable reactivity of ROS. The organ-
ism has enzymatic (e.g. superoxide dismutase, catalase,
glutathione peroxidase) and non-enzymatic (e.g. vitamin
C, vitamin E) antioxidant mechanisms that work as scav-
enger for this harmful ROS. Radical-scavenging antioxi-
dants are consumed by the increased free radical activity

Table 1: The clinical and demographic data of the study groups

CHB Group Inactive HBsAg Carrier 
Group

Cirrhosis-HBV Group Control Group

n 33 31 12 16
Age (years) 39 ± 12.8 38 ± 8.3 40.9 ± 11.6 31.6 ± 6
Gender (M/F) 20/13 19/12 7/5 9/7
ALT IU/L 100 ± 32* 24.8 ± 9.3 40.6 ± 18.5** 17.5 ± 8.4
Smoking Habit

Percent 45.45 41.93 41.66 43.75
Cigarettes/day 8.8 ± 4.1 7.8 ± 3.1 9.2 ± 3.8 9.8 ± 3.1
Duration(years) 15.5 ± 9.4 16.6 ± 7.0 14.4 ± 8.9 12 ± 5.9

Data were presented as mean ± SD.
* p < 0.001 CHB group vs. inactive HBsAg carriers and control.
** p < 0.05 HBV related cirrhosis group vs. control.
Qualitative variables were assessed by Fisher's exact tests. Differences in continuous variables were evaluated by One-way analysis of variance with 
post hoc analysis using Tukey test. A p value of < 0.05 was considered statistically significant.
CHB, chronic hepatitis B; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase.

Table 2: Oxidative and antioxidative parameters in each group.

CHB Group Inactive HBsAg 
Carrier Group

Cirrhosis-HBV 
Group

Control Group

TAR (mmol Trolox eq./L) 1.58 (1.16–2.23) 1.62 (1.3–1.98) 1.36 (1.2–1.9)‡ 1.7 (1.46–1.96)
Total peroxide (µmol H2O2/L) 32.2(18.9–66)* 25.9(6.6–32) 38.5(22.5–59)** 24.8(18.5–31)

OSI (AU) 1.9 (1–3.9)* 1.6 (0.4–2.4) 2.66(1.1–4.9)** 1.4 (1–1.8)

Data were presented as median and range.
‡ p < 0.008 HBV related cirrhosis vs. inactive HBsAg carriers and control.
* p < 0.001 CHB vs. inactive HBsAg carriers and control.
** p < 0.001 HBV related cirrhosis vs. inactive HBsAg carriers and control.
Differences were regarded as significant at 0.05/4 in Kruskal-Wallis one-way analysis.
CHB, chronic hepatitis B; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; TAR, total antioxidant response; OSI, oxidative stress index.
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associated with several conditions, and the total antioxi-
dant response has been used to indirectly assess of free
radical activity. The effects of various antioxidants in
plasma are additive and the cooperation of antioxidants
in human serum provides protection of the organism
against attacks by free radicals [3,19]. Therefore, the meas-

urement of TAR may reflect accurately the antioxidant sta-
tus of the organism [3,12,15,20].

Oxidative stress can be defined as an increase in oxidants
and/or a decrease in antioxidant capacity. Although deter-
mination of either oxidants or antioxidant components
alone may give information about the oxidative stress,
determination of oxidants along with antioxidants is
more useful in this context. Therefore, oxidants and anti-
oxidant capacity should be measured simultaneously to
assess oxidative stress more exactly. In addition, the ratio
of the total plasma peroxide level o TAR, regarded as OSI
and an indicator of oxidative stress, reflects the redox bal-
ance between oxidation and anti-oxidation. Recently, it
has been reported that OSI may reflect the oxidative status
more accurately than TAR or total peroxide level alone
[13,21].

Various methods have been developed for the measure-
ment of total antioxidant status. However, there is not yet
an accepted "gold standard" reference method [18,22-24],
and decisions concerning standardization, and the terms
and units used for the measurement of TAR have not yet
been made [15]. This implies that this topic needs to be
studied further [12]. The most widely used methods for
TAR measurement are colorimetric, or involve either fluo-
rescence or chemiluminescence [22,23,25]. However, the
fluorescence and chemiluminescence methods need
sophisticated techniques, are not appropriate for routine
usage and not present in most routine clinical biochemis-
try laboratories.

In the present study, antioxidant capacity of subjects was
determined using TAR, and oxidants and antioxidant
capacity were determined simultaneously to determine
oxidative stress. The novel method that used in the
present study provides several major advantages in com-
parison with other currently available methods. It is sim-
ple and cheap, and can easily be fully automated. It is also
reliable and sensitive, and does not interact with com-
monly occurring serum components such as bilirubin,
serum lipids, and anticoagulants. Accurate measurements
of TAR can be obtained as little as 10 minutes, making this
assay eminently suitable for the clinical biochemistry lab-
oratory [12].

The evidence of oxidative damage in human chronic viral
hepatitis is accompanied by a significant rise of the
plasma level of the fibrogenic cytokines TNFa and TGFb.
In particular, the latter cytokine was shown increased
already in plasma of patients with mild tissue inflamma-
tion in direct relation with the degree of tissue damage
and fibrosis [5]. In addition, excess amounts of reactive
species generated in inflamed tissues can cause injury to
host cells and also induce DNA damage and mutations

Serum ALT values were positively correlated with total per-oxide levels in subjects with chronic hepatitis B (p = 0.002, r = 0.519)Figure 1
Serum ALT values were positively correlated with total per-
oxide levels in subjects with chronic hepatitis B (p = 0.002, r 
= 0.519). ALT, alanine amino transferase.

Serum ALT values were positively correlated with oxidative stress index in subjects with chronic hepatitis B (p = 0.008, r = 0.453)Figure 2
Serum ALT values were positively correlated with oxidative 
stress index in subjects with chronic hepatitis B (p = 0.008, r 
= 0.453). OSI, oxidative stress index; AU, arbitrary unit; ALT, 
alanine amino transferase.
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[26] and oxidative DNA damage has been suggested to
play an important role in the development of HCC [6].

In several studies [7-9,11], increase in oxidative compo-
nents or decrease in antioxidants or both have been
reported in subjects with either acute or chronic HBV
infection. Total antioxidant capacity in either acute or
chronic HBV infection was measured in only in study of
Irhsad et al [11]. The remaining was used individual anti-
oxidants measurement to assess antioxidant response of
the organism. At the same way, simultaneously measure-
ment of the oxidants and antioxidant components of the
plasma in CHB infection was performed in only at study
of Demirdag et al [9].

The information in the literature about the antioxidant
components in subjects with cirrhosis due to HBV infec-
tion is limited. Irhad et al [11] found that total antioxi-
dant capacity of subjects either with cirrhosis due to HBV
infection or other liver disease due to viral etiology is
either comparable to or higher than control. To our
knowledge, there is no information in the literature about
the oxidants in subjects with cirrhosis due to HBV
infection, and neither oxidants nor antioxidants in inac-
tive HbsAg carrier subjects.

In order to reflect the true state of oxidative stress in the
liver, measurement of lipid peroxidation markers and
antioxidant components in hepatic tissue is more ideal
than plasma. Nevertheless, ethical and practical consider-
ations make this very difficult for research purposes. Liver
biopsy caries a significant morbidity and even mortality
risk and it is impossible to perform multiple tests with
current techniques on very limited amounts of biopsy
specimen that obtained in needle biopsy. Thus, in the
present study, we have chosen to perform the measure-
ment of oxidative stress markers in plasma samples.
Indeed, in various disorders of the liver, increase in oxi-
dants and/or decrease in antioxidants have been shown in
both plasma and liver tissue samples [27,28].

It is well known that serum bilirubin has an antioxidant
property [15]. Additionally, poor nutritional status caused
modifications to the enzymatic antioxidant systems, with
a lower ability to reduce oxidative compounds and a state
of lipid peroxidation [29]. These two factors are fre-
quently found in subjects with advanced stages of cirrho-
sis. Thus, in the present study, we included only the
subjects with compensated Child A cirrhosis to evaluate
the effects of cirrhosis due to HBV on oxidative status
more accurately, and to exclude the effects of other addi-
tional factors.

In the present study, we found that TAR of CHB subjects
was equivalent to inactive HBsAg carrier and controls.

However, total peroxide level, a parameter of oxidative
stress, and OSI was significantly higher in CHB subjects
than inactive HBsAg carrier and controls. At the same way,
there was a strict positive correlation between ALT level,
and total peroxide level and OSI in CHB subjects, while
no correlation between ALT level and TAR. Additionally,
there was an inverse correlation between total peroxide
level and OSI with TAR in cirrhotic subjects vs. inactive
HBV carriers and controls.

Inactive HBsAg carrier and control subjects had compara-
ble results in term of TAR, total lipid peroxide level and
OSI. The lack of increase in TAR in the presence of
increased oxidative components, and the strict correlation
of ALT levels with total peroxide level and OSI are sugges-
tive for the role of oxidative stress in the pathogenesis of
CHB infection.

In the lightening of these findings, we concluded that oxi-
dative stress may have a critical role in hepatic injury and
is associated with the severity of disease and the replica-
tion status of virus in hepatitis B infection. The novel
automated calorimetric assay is a useful, reliable, simple
and easily applicable method in the assesment of the total
plasma antioxidant response in various forms of hepatitis
B virus infection.

Abbreviations
ROS, reactive oxygen species; CHB, chronic hepatitis B
infection; HCC, hepatocellular carcinoma; TAR, total anti-
oxidant response; HBV, hepatitis B virus; HbsAg, hepatitis
B surfage antigen; OSI, oxidative stress index; CHC,
chronic hepatitis C; ALT, alanine amino transferase; HCV,
hepatitis C virus; MEÝA, micro particle enzyme immu-
noassay; PCR, polymerase chain reaction.

Competing interests
The author(s) declare that they have no competing
interests.

Authors' contributions
CB, FFB, OE, MA: Conception and design; CB, MH, HC:
Analysis and interpretation of the data; CB, FFB, MH:
Drafting of the article; CB, FFB, OE, MH, MA, HC: Critical
revision of the article for important intellectual content;
CB, FFB, OE, MH, MA, HC: final approval of the article;
provision of study materials or patients; CB, FFB, MA; CB,
MH: Statistical expertise; OE, MA, HC: Collection and
assembly of data.

References
1. Chance B, Sies H, Boveris A: Hydroperoxide metabolism in

mammalian organs.  Physiol Rev 1979, 59:527-605.
2. Halliwell B: Free radicals, antioxidants, and human disease:

curiosity, cause, or consequence?  Lancet 1994, 344:721-724.
3. Halliwell B, Gutteridge JMC: Free Radicals in Biology and

Medicine.  3rd edition. Oxford; Oxford Science Publications; 1999. 
Page 6 of 7
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7915779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7915779


BMC Infectious Diseases 2005, 5:95 http://www.biomedcentral.com/1471-2334/5/95
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

4. Aruoma OI: Characterization of drugs as antioxidant
prophylactics.  Free Radic Biol Med 1996, 20:675-705.

5. Poli G: Pathogenesis of liver fibrosis: role of oxidative stress.
Mol Aspects Med 2000, 21:49-98.

6. Hagen TM, Huang S, Curnutte J, Fowler P, Martinez V, Wehr CM,
Ames BN, Chisari FV: Extensive oxidative DNA damage in
hepatocytes of transgenic mice with chronic active hepatitis
destined to develop hepatocellular carcinoma.  Proc Natl Acad
Sci U S A 1994, 91:12808-12812.

7. Swietek K, Juszczyk J: Reduced glutathione concentration in
erythrocytes of patients with acute and chronic viral
hepatitis.  J Viral Hepat 1997, 4:139-141.

8. Chrobot AM, Szaflarska-Szczepanik A, Drewa G: Antioxidant
defense in children with chronic viral hepatitis B and C.  Med
Sci Monit 2000, 6:713-718.

9. Demirdag K, Yilmaz S, Ozdarendeli A, Ozden M, Kalkan A, Kilic SS:
Levels of plasma malondialdehyde and erythrocyte antioxi-
dant enzyme activities in patients with chronic hepatitis B.
Hepatogastroenterology 2003, 50:766-770.

10. Tanyalcin T, Taskiran D, Topalak O, Batur Y, Kutay F: The effects of
chronic hepatitis C and B virus infections on liver reduced
and oxidized glutathione concentrations.  Hepatol Res 2000,
18:104-109.

11. Irshad M, Chaudhuri PS, Joshi YK: Superoxide dismutase and
total anti-oxidant levels in various forms of liver diseases.
Hepatol Res 2002, 23:178-184.

12. Erel O: A novel automated method to measure total antioxi-
dant response against potent free radical reactions.  Clin
Biochem 2004, 37:112-119.

13. Harma M, Harma M, Erel O: Increased oxidative stress in
patients with hydatidiform mole.  Swiss Med Wkly 2003,
133:563-566.

14. Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, Denk
H, Desmet V, Korb G, MacSween RN, Phillips MJ, Portmann BG,
Poulsen H, Scheuer PJ, Schmid M, Thaler H: Histological grading
and staging of chronic hepatitis.  J Hepatol 1995, 22:696-699.

15. Erel O: A novel automated direct measurement method for
total antioxidant capacity using a new generation, more sta-
ble ABTS radical cation.  Clin Biochem 2004, 37:277-285.

16. Erel O: A new automated colorimetric method for measuring
total oxidant status.  Clin Biochem 2005, xx:xxx-xxx. (Article in
press-DOI information: 10.1016/j.clinbiochem.2005.08.008)

17. Cao G, Prior RL: Comparison of different analytical methods
for assessing total antioxidant capacity of human serum.  Clin
Chem 1998, 44:1309-1315.

18. Miyazawa T: Determination of phospholipid hydroperoxides in
human blood plasma by a chemiluminescence-HPLC assay.
Free Radic Biol Med 1989, 7:209-217.

19. Wayner DD, Burton GW, Ingold KU, Barclay LR, Locke SJ: The rel-
ative contributions of vitamin E, urate, ascorbate and pro-
teins to the total peroxyl radical-trapping antioxidant
activity of human blood plasma.  Biochim Biophys Acta 1987,
924:408-419.

20. Miller NJ, Rice-Evans C, Davies MJ, Gopinathan V, Milner A: A novel
method for measuring antioxidant capacity and its applica-
tion to monitoring the antioxidant status in premature
neonates.  Clin Sci (Lond) 1993, 84:407-412.

21. Harma M, Harma M, Erel O: Oxidative stress in women with
preeclampsia.  Am J Obstet Gynecol 2005, 192:656-657.

22. Janaszewska A, Bartosz G: Assay of total antioxidant capacity:
comparison of four methods as applied to human blood
plasma.  Scand J Clin Lab Invest 2002, 62:231-236.

23. Prior Rl, Cao G: In vivo total antioxidant capacity: comparison
of different analytical methods.  Free Radic Biol Med 1999,
27:1173-1181.

24. Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V:
Method for the measurement of antioxidant activity in
human fluids.  J Clin Pathol 2001, 54:356-361.

25. Schlesier K, Harwat M, Bohm V, Bitsch R: Assessment of antioxi-
dant activity by using different in vitro methods.  Free Radic Res
2002, 36:177-187.

26. Ohshima H, Tatemichi M, Sawa T: Chemical basis of inflamma-
tion-induced carcinogenesis.  Arch Biochem Biophys 2003,
417:3-11.

27. Videla LA, Rodrigo R, Orellana M, Fernandez V, Tapia G, Quinones L,
Varela N, Contreras J, Lazarte R, Csendes A, Rojas J, Maluenda F,

Burdilas P, Diaz JC, Smok G, Thielemann L, Poniachik J: Oxidative
stress-related parameters in the liver of non-alcoholic fatty
liver disease patients.  Cli Sci 2004, 106:261-268.

28. Farinati F, Cardin R, Degan P, De Maria N, Floyd RA, Van Thiel DH,
Naccarato R: Oxidative DNA damage in circulating leuko-
cytes occurs as an early event in chronic HCV infection.  Free
Radic Biol Med 1999, 27:1284-1291.

29. Grattagliano I, Vendemiale G, Caraceni P, Domenicali M, Nardo B,
Cavallari A, Trevisani F, Bernardi M, Altomare E: Starvation
impairs antioxidant defense in fatty livers of rats fed a
choline-deficient diet.  J Nutr 2000, 130:2131-2136.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2334/5/95/prepub
Page 7 of 7
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8721614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8721614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10978499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7809125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7809125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7809125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9097271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9097271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9097271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11208397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11208397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12828081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12828081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10936561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10936561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10936561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12076713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12076713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14725941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14725941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14691728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14691728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7560864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7560864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15003729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15003729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15003729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9625058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9625058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2806945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2806945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3593759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3593759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3593759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15696019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15696019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12088342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12088342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12088342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10641708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10641708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11328833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11328833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11328833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11999386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11999386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12921773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12921773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10641722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10641722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10958803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10958803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10958803
http://www.biomedcentral.com/1471-2334/5/95/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Enrollment of patients
	Exclusion criteria
	Initial evaluation
	Virological studies
	Blood collection
	Measurement of the total antioxidant status of plasma
	Measurement of total plasma peroxide concentration
	Oxidative stress index
	Statistical analysis

	Results
	Table 1
	Table 2

	Discussion
	Abbreviations
	Competing interests
	Authors' contributions
	References
	Pre-publication history

