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ABSTRACT

Aim: This study was aimed to investigate the levels of antioxidant markers (paraoxonase, superoxide dismutase, glutathione
peroxidase, and thiol) and oxidative stress markers (advanced oxidation protein products, xanthin oxidase, nitric oxide,
malondialdehyde, and 8-hydroxydeoxyguanosine) in pregnant women with chronic hepatitis B and C.

Material and Method: Sixty pregnant women in the last trimester, 20 of whom had chronic hepatitis B, another 20 of whom
had chronic hepatitis C, and the remaining 20 of whom were healthy controls, were enrolled in this study. Demographic,
clinical and laboratory data were recorded for all patients.

Results: When compared to the healthy controls, the pregnant women with chronic hepatitis B and C displayed significantly
lower levels of paraoxonase, glutathione peroxidase, and thiol (p<0.001). Superoxide dismutase levels were also lower in the
chronic hepatitis B and C patients, in comparison to the healthy controls, yet this difference was statistically insignificant
(p=0.76). Compared to the healthy controls, the chronic hepatitis B and C patients had significantly higher levels of advanced
oxidation protein and xanthine oxidase (p<0.001). The nitric oxide levels of the chronic hepatitis B and C patients were
significantly lower than those of the control group (p<0.05). No statistically significant difference was observed between the
chronic hepatitis B and C patients and the controls for malondialdehyde and 8-hydroxydeoxyguanosine levels (p>0.05).

Conclusion: Oxidative stress had significantly increased in pregnant women chronically infected with the hepatitis B and C
viruses, when compared to healthy pregnant women. Thus, we suggest that pregnant women chronically infected with the
hepatitis B and C viruses should be closely monitored throughout pregnancy for diseases induced by oxidant-antioxidant
imbalance, such as preeclampsia, gestational diabetes and gestational hypertension..
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INTRODUCTION

Hepatitis B and C infections are a major health concern
across the globe, and are described as the two primary
causes of chronic hepatitis, hepatic cirrhosis and
hepatocellular carcinoma (1,2). According to data
published by the World Health Organisation (WHO),
it is estimated that, worldwide, 257 million people are
chronically infected with hepatitis B virus and 71 million
people are chronically infected with hepatitis C virus (3).

Reactive oxygen species (ROS) have an important role in
the occurrence of cell and tissue damage (4). ROS can
be generated under normal physiological conditions
in organs with high metabolic activity. However, when
ROS -due to various reasons- are generated at a level that
exceeds the capacity of the antioxidant defence system,
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then the organism is exposed to oxidative stress (5).
Superoxide (O,") radicals react with hydrogen ions on the
cell surface, and form the perhydroxyl radical (HO, ). The
HO, 'radical is a stronger oxidant than the O, radical. It
induces toxicity by binding to the hydrophobic terminal
of lipids and proteins. This mechanism is referred to as
peroxidation (6).

In the bloodstream, high-density lipoprotein serves
as the carrier of paraoxonase (PON). PON has an
antioxidant potential and may provide protection against
both macrovascular and microvascular diseases (7). By
means of the dismutase reaction, the enzyme superoxide
dismutase (SOD) converts O, into hydrogen peroxide
(H,0), and thereby, protects cells from the toxic effects of
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O, (8). SOD plays an important role in the intracellular
defence mechanism of aerobic cells against the ROS (9).
The liver contains high levels of catalase and glutathione
peroxidase (GSH-Px), both of which are enzymes that
break down peroxides in the presence of glutathione
(GSH). Lipid hydroperoxides are broken down by GSH-
Px (10). When found at low levels, H,O, breakdown
occurs via GSH-Px activity, whilst when present at high
levels, H,O, is metabolised via catalase activity (11). It
is well known that the thiol groups of albumins not only
constitute the bulk of the antioxidant capacity of the
human plasma, but also show effect on oxidative stress
(12).

The plasma levels of advanced oxidation protein products
(AOPP), which are described as protein loxidation
products, are considered to be reliable markers of
oxidative damage to oxidised proteins, in particular
albumin (13). The generation of the O, radical during
the oxidation of xanthine by xanthine oxidase (XO)
brings about a mechanism that produces oxidative stress
(14,15). The functions of nitric oxide (NO) include
vasodilatation, thrombocyte aggregation, and the
inhibition of the proliferation of vascular smooth muscle
cells. On the other hand, due to the unpaired electron
in its outer orbit, NO also acts a free radical. Therefore,
pathological conditions result from both decreased
and increased levels of NO. Furthermore, physiological
NO levels are required for normal endothelial function
(16,17). Malondialdehyde (MDA) is known to lead to
the polymerisation and cross bonding of membrane
components. Thus, as one of the end-products of lipid
peroxidation, MDA is considered to be a reliable
indicator of cell damage (18). 8-hydroxydeoxyguanosine
(8-OHAQG), generated by the hydroxyl radical (OH), has
premutagenic effect and causes damage to the DNA.
Therefore, it is considered to be a reliable marker of
oxidative stress-induced DNA damage (19,20).

To date, the exact underlying mechanism of hepatocyte
damage associated with hepatitis B and C infections has
not been elucidated. However, it is known that increased
peroxidation and decreased antioxidant activity in
chronically infected cells both contribute to the damage
(9). Previous studies not only suggest that ROS and
lipid peroxides contribute to the onset and advance of
hepatic fibrosis, but also describe oxidative damage as a
component of fibrogenesis (18,21).

Blood lipid peroxide levels are generally higher in
pregnant women, than in nonpregnant women. The
placenta has been identified as the main source of
increased levels of lipid peroxidation products. (22,23).
Placental oxidant-antioxidant imbalance, apart from
endothelial cell damage, may also cause the passage of
lipid peroxidation products into the bloodstream. This
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is reported to may be involved in the pathogenesis of
preeclampsia, gestational diabetes (GD), and gestational
hypertension (GH) (24,25).

This study was aimed to investigate the levels of
antioxidant markers (PON, SOD, GSH-Px, and thiol)
and oxidative stress markers (AOPP, XO, NO, MDA, and
8-OHdQG) in pregnant women with chronic hepatitis B
and C.

MATERIAL AND METHOD

This study was performed pursuant to the approval of the
Ethics Board of Erciyes University, Faculty of Medicine
(Decision Number 09/56 of the Ethics Board). All
procedures were performed adhered to the ethical rules
and the Helsinki Declaration of Principles.

In total, 60 women in the third trimester of pregnancy,
who were admitted to the Gevher Nesibe Hospital of
Erciyes University, Faculty of Medicine and the Kayseri
Maternity Hospital between November 2008-November
2009, 20 of whom had chronic hepatitis B (CHB),
another 20 of whom had chronic hepatitis C (CHC), and
the remaining 20 of whom were healthy, were assigned
to 3 study groups. Patients were enrolled in the study
based on the following inclusion criteria: being in the
last trimester of pregnancy with confirmed hepatitis
B infection ongoing for more than 6 months (Group
CHB), being in the last trimester of pregnancy with
confirmed hepatitis C infection ongoing for more than 6
months (Group CHC), and being in the last trimester of
pregnancy with no associating health problem (Healthy
Control Group). The following criteria were applied
for exclusion from the study: having diabetes mellitus,
hypertension, cardiac failure, chronic respiratory failure,
acute/chronic renal failure, acute infection, fever,
malignant tumour, coronary artery disease, toxaemia of
pregnancy, diseases other than HBV and HCV infection
that cause chronic hepatitis, toxaemic or ischaemic
hepatitis, collagen tissue disease or any systemic
disease, as well as smoking, and drinking alcohol. The
patients enrolled in the study were informed about
the trial and their formal written consent was received
for participation in the study. Demographic, clinical
and laboratory data were recorded for each patient.
Venous blood samples were taken from each patient
for the measurement of oxidative stress and antioxidant
markers. The blood samples were centrifuged for the
extraction of serum and plasma, which were stored
under appropriate conditions until being tested. XO,
GSH-Px and PON activities and thiol, MDA and AOPP
levels were measured spectrophotometrically, whilst
SOD activity and 8-OHdG and NO levels were measured
with ELISA.
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Statistical Analysis

Study data was statistically analysed using the SPSS
15.0 software (Statistical Packages for Social Sciences;
SPSS Inc., Chicago, Illinois, USA). While measurable
parametric data were presented as arithmetic
meanststandard  deviation  (x+ss),  measurable
nonparametric data were presented as mean values (25-
75%). The normality of data distribution was assessed
with the Kolmogorov-Smirnov test. Differences
between the study groups were assessed using one-
way analysis of variance (ANOVA) (Tukey’s test).
Nonparametric data were analysed with the Kruskal-
Wallis test. Correlations were established with Pearson’s
correlation analysis. Statistical significance was set at a
level of p<0.05.

RESULTS

The demographic, clinical and laboratory data of the
infected patients and healthy controls are presented
in Table 1. The groups did not show any difference for
age, week of pregnancy and aspartate aminotransferase,
alanine aminotransferase, and gamma glutamyl
transferase. Of the antioxidant markers investigated
in the present study, PON, GSH-Px, and thiol levels
were significantly lower in the pregnant women with
CHB and CHC, compared to the healthy controls
(p<0.001). SOD activity was also lower in the CHB and

CHC patients, in comparison to the controls, yet this
difference was statistically insignificant (p=0.76). When
compared to the controls, in the CHB and CHC patients,
the oxidative stress markers AOPP and XO were found
at significantly higher levels (p<0.001), and NO was
determined at significantly lower levels (p<0.05). No
significant difference was determined between the CHB
and CHC patients and the healthy controls for MDA and
8-OHdG levels (p>0.05). Of the oxidative stress markers
investigated, XO, MDA, 8-OHdG, and NO were higher
and AOPP levels were lower in Group CHB, compared
to Group CHC, but these differences were statistically
insignificant (p>0.05). Of the antioxidant markers
investigated, thiol was determined at significantly lower
levels (p<0.001), and PON and GSH-Px activities were
ascertained at insignificantly lower levels (p>0.05)
in the CHB patients, compared to the CHC patients.
Another antioxidant marker, SOD activity was slightly
higher in Group CHB compared to Group CHC, yet
this difference was of no statistical significance (p=0.73)
(Table 2).

Furthermore, MDA and GSH-Px were found to be
negatively correlated with each other at a moderate
level (r: -0.314). While a strong negative correlation
was detected between XO activity and thiol levels (r:
-0.626), a moderate negative correlation was found to
exist between AOPP and NO levels (r: -0.314).

Table 1. Demographic, clinical, and laboratory data of the patients

Variables Chronic hepatitis B, n: 20 Chronic hepatitis C, n: 20 Control, n: 20 p

Age (year) (x+ss) 25.6+5.7 27.5+6.1 28.1+4.8 0.33
Pregnancy week’ (25-75%) 28.5 (26.5-31.5) 30.5 (28.0-33.5) 27 (26-31) 0.10
AST" (25-75%) (U/L) 18 (16.0-22.5) 15.5 (13.5-19.0) 16.5 (15.0-19.5) 0.23
ALT"(25-75%) (U/L) 14.5 (11-19) 13 (11-16) 12.5 (10.0-18.5) 0.59
GGT" (25-75%) (U/L) 10 (9-14) 11.5 (8.5-14.0) 13 (10.5-15.0) 0.22

*: The median value was given because the distribution was nonparametric, AST: aspartate aminotransferase, ALT: alanine aminotransferase, GGT: gamma glutamyl transferase.

Table 2. Comparison of antioxidant-oxidant markers between the groups

Antioxidant-oxidant markers  Chronic hepatitis B* n: 20 Chronic hepatitis C’, n: 20  Control, n: 20 p

PON (U/L) (xzss) 66.8+41.3 90.1+34.3 138.4+44.0 a-c: <0.001 b-c: <0.001
SOD (U/mL) (xss) 0.91+0.4 0.86+0.38 0.95+0.4 a-c: 0.76 b-c: 0.76
GSH-Px (U/mL) (xss) 175.3£26.0 189.24+25.0 223.9+£29.6 a-c: <0.001 b-c: <0.001
Thiol (umol/L) (x+ss) 198.24+98.6 336.3+£116.2 556.4+258.5 a-c: <0.001 b-c: <0.001
AOPP (umol/L) (x+ss) 211.6+31 249.6+50.7 122.7£30 a-c: <0.001 b-c: <0.001
XO" (%25-75) (U/mL) 5.4 (3.9-7.7) 4.0 (3.7-4.5) 3.2 (3.0-3.5) a-c: <0.001 b-c: <0.001
NO (umol/L) (xss) 4.7£2.5 3.9+2.2 6.412.0 a-c: 0.02 b-c: 0.01
MDA (umol/L) (xss) 0.80+0.04 0.78+0.09 0.80+0.07 a-c: 0.42 b-c: 0.42
8-OHdG (ng/mL) (xss) 0.88+0.09 0.88+0.08 0.90+0.04 a-c: 0.81 b-c: 0.81

*: The median value was given because the distribution was nonparametric, PON: paraoxanase, SOD: superoxide dismutase, GSH-Px: glutathione peroxidase, AOPP: advanced
oxidation protein products, XO: xanthine oxidase, NO: nitric oxide, MDA: malondialdehyde, 8-OHdG: 8-Hydroxideoxyguanosine.
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DISCUSSION

Multiple studies have shown decreased serum
paraoxonase and arylesterase activity in patients
with chronic hepatitis (26-29). Furthermore, cases of
pregnancy toxaemia have been associated with decreased
serum PON and arylesterase activities (30). The results
we detected for the PON levels are in agreement with the
results of the majority of available literature reports.

Studies are available, which indicate that, when compared
to healthy controls, SOD activity is weaker in patients with
chronic hepatitis (31-36). On the other hand, another
report indicates that the SOD activity of untreated
CHC patients (n:20) was higher than that of the control
subjects (p<0.05) (37). In the present study, SOD activity
was higher in the control group, compared to the chronic
hepatitis groups, but this difference was statistically
insignificant (p: 0.76). The difference observed between
the infected groups and the healthy control group for SOD
activity being statistically insignificant was attributed to
the groups being comprised of small numbers of patients.

While the majority of previous research have
demonstrated significantly lower GSH-Px activity in
patients with chronic hepatitis, compared to healthy
controls (31,32,36,38,39), one study has pointed out to no
difference in the activity of this enzyme between infected
and healthy individuals (37), and yet another study has
reported a higher activity of this enzyme in hepatitis
patients (34). In the current study, while the chronic
hepatitis groups had GSH-Px activities lower than that
of the controls (p<0.001). These results are in agreement
with several literature reports. In a study conducted by
Romero et al. (40), it was determined that high levels of
MDA, an end product of LP, inhibited GSH-Px activity
in patients infected with HCV. In agreement with this
particular report, we demonstrated a negative correlation
between GSH-Px activity and MDA levels (r: -0.314).

This study revealed that, thiol levels of the chronic
hepatitis groups were found to be significantly lower
than those of the control group (p<0.001). Furthermore,
the thiol levels of the CHB group were significantly
lower than those measured in the CHC group (p<0.001).
The thiol levels measured in the diseased groups being
lower than those measured in the control group was
attributed to the failure of the antioxidant mechanism of
proteins, which would eventually result in the oxidation
of human serum albumins, in association with increased
AOPP levels. Low thiol levels could also be related to the
negative correlation determined between XO activity and
thiol levels (r: -0.626), and/or the associating antioxidant
property of thiol.

Zuwala-Jagiello et al. (41) determined that, among a total
of 34 patients with Child-Pugh stage A compensated
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hepatic cirrhosis (n:18) and Child-Pugh stage B and C
decompensated hepatic cirrhosis (n:16), serum AOPP
levels were significantly lower in the group of patients
with compensated cirrhosis, compared to the group of
patients with decompensated cirrhosis (p<0.05). Llurba
et al. (42) reported that AOPP levels did not differ
between preeclampsia patients and healthy controls. In
the present study, the AOPP levels of the chronic hepatitis
groups were significantly higher than those of the controls
(p<0.001). Furthermore, a moderate negative correlation
was determined to exist between AOPP and NO levels in
this study (r: -0.314). This correlation was attributed to
the negative impact induced by oxidative stress on NO
synthesis, and the increase in AOPP levels, which is a
marker of oxidative stress.

It has been reported that many diseases are associated
with increased XO activity linked to increased oxidative
stress (43-45). Battelli et al. (46) measured significantly
higher XO activity in the group with chronic hepatic
disease, when compared to the healthy control group
(p<0.05). Similarly, when compared to the controls, the
chronic hepatitis groups displayed significantly higher
XO activities in this study (p<0.001).

Assem et al. (47) detected no increase in levels of nitrate, a
metabolite of NO, in patients with chronic active hepatitis
and Child-Pugh stage A hepatic cirrhosis, compared
to the control group. However, they determined nitrate
levels to have significantly increased Child-Pugh stage B
and C hepatic cirrhosis groups, when compared to the
control group (p=0.01). In the current study, the NO
levels of the chronic hepatitis groups were significantly
lower than those of the control group (p<0.05). The NO
levels of the groups with chronic hepatitis having been
determined to be lower than those of the control group
was attributed to the presence of oxidative stress-induced
endothelial damage and the resulting negative impact on
NO synthesis.

While some literature reports have indicated higher
MDA levels in patients with viral hepatitis, compared
to controls (31,32,37,48), one report has indicated no
difference between chronic hepatitis groups and healthy
controls for this parameter (33). This study showed
that, no statistically significant difference was observed
between the control group and the chronic hepatitis
groups for MDA levels (p=0.42).

In a study, positive immunohistochemical staining
for 8-OHdAG was investigated in hepatocytes from
liver biopsy specimens. The researchers ascertained
that positive 8-OHdG staining of the hepatocytes
was stronger in CHC group, compared to CHB group
(p<0.001) (49). In another study by Kitada et al. (50),
both histological activity index (HAI) and positive
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immunohistochemical staining for 8-OHAG were
investigated in 12 patients with chronic hepatitis of
different etiology. These researchers determined that
the HAI and positive 8-OHdG immunohistochemical
staining were positively correlated with each other
(r: 0.68, p<0.05). In the present study, no significant
difference was determined between any of the groups
for 8-OHdG levels (p>0.05). The results of the present
study being in disagreement with the results previously
reported could be attributed to method differences
between the studies.

Limitations of the Study
« i-) Since the patients with chronic hepatitis B or C
infection were pregnant, liver biopsy could not be
performed. Therefore, the degree of liver disease in
these patients was not known exactly.

e ii-) In the current study, the number of patients in the
groups can be considered insufficient for statistical
evaluations.

CONCLUSION

It was determined that, compared to the healthy controls,
oxidative stress had significantly increased in pregnant
women chronically infected with the hepatitis B and C
viruses. Therefore, it is suggested that pregnant women
with the hepatitis B and C viruses should be closely
monitored throughout pregnancy for diseases such
as preeclampsia, gestational diabetes and gestational
hypertension, the pathogenesis of which involve oxidant-
antioxidant imbalance.
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