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Evaluation of serum proinflammatory cytokines, oxidative 
stress, and other biochemical markers in chronic viral hepatitis 
B and C infections

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections 
are a global health problem that is endemic in Turkey. 

These viruses attack the liver and can cause both acute and 

chronic hepatitis infection [1, 2]. Chronic hepatitis infection 
presents a major risk for the development of hepatocellular car-
cinoma [2, 3. 4]. These viruses directly induce oxidative stress 
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aldehyde (MDA) level was measured in plasma using a fluorescence spectrophotometric method. The serum Zn and Cu 
concentration was measured with a flame atomic absorption spectrophotometer.
Results: Serum cytokine (TNF-α, IL-2R, IL-6, and IL-8) levels were significantly higher in both the HBV- and HCV-positive 
patient groups when compared with the control group (p<0.05). No statistically significant difference was found in IL-
1β values between chronic HBV patients and inactive HBV carriers (p>0.05). Erythrocyte SOD, GSH-Px, and CAT activity, 
and the serum Zn level were low in both HBV and HCV patients (p<0.05), whereas the plasma MDA and serum Cu levels 
were found to be significantly elevated (p<0.05).
Conclusion: An impaired oxidative stress reaction and increased proinflammatory cytokines were observed in patients 
infected with chronic HBV or HCV. Chronic viral hepatitis infection was also observed to affect the homeostasis of Zn 
and Cu, leading to an increase in the serum Cu level and a decrease in Zn as a result of metabolic interactions. The lipid 
peroxidation marker MDA may be a useful tool for observing and following up pathogenic mechanisms and the course 
of chronic HBV and HCV.
Keywords: Chronic hepatitis, Cu, HBV, HCV, MDA, oxidative stress, pro-inflammatory cytokines, Zn

 Nihayet Bayraktar1,  Mehmet Bayraktar2

1Department of Medical Biochemistry, Harran University, Sanliurfa, Turkey
2Department of Medical Microbiology, Harran University, Sanliurfa, Turkey

Abstract

https://orcid.org/0000-0002-5745-9678
https://orcid.org/0000-0003-2306-6531


102 Int J Med Biochem

and liver injury, often resulting in chronic infection, which can 
be followed by cirrhosis and hepatocellular carcinoma [5, 6]. 
The induction and subsequent production of reactive oxygen 
species cause DNA damage and affect the repair mechanism in 
HCV infections [7]. It has been determined that superoxide dis-
mutase (SOD), glutathione peroxidase (GSH-Px), and catalase 
(CAT) antioxidants have key roles as cytoprotective enzymes 
with antioxidant and anti-inflammatory activity that prevents 
liver damage [8]. Lipid peroxidation occurs as result of liver cy-
totoxicity and oxidative stress in viral hepatitis. MDA is a maker 
of lipid peroxidation and indirectly of oxidative stress [9]. 

Cytokines are important in the course viral hepatitis infec-
tions. Cytokines can be synthesized by various immune cells 
and have the ability to remove the virus by creating an im-
mune response [10, 11]. Some proinflammatory cytokines 
may serve as biomarkers in pathogenesis of chronic HBV and 
HCV infections [12]. Acute HCV infection is followed by a type 
1 helper T cell (Th1) response that produces cytokines (IL-2, in-
terferon gamma, IL-6, and TNF-α) and promotes inflammation 
as well as cell-mediated immunity in an attempt to control in-
fection [13]. A Th2 response follows, which regulates humoral 
immunity and the proinflammatory Th1 response. An imbal-
ance between Th1 and Th2 responses has been seen to result 
in progression and persistence of HCV infection [14]. Th1 cy-
tokines have been associated with progressive liver injury [14, 
15]. Some studies of immune response to HCV infection have 
been conducted in vitro and in animal models [16]. 

Important trace minerals, such as zinc (Zn) and copper (Cu), 
act as antioxidants and play a vital role in the immune system. 
A Zn deficiency leads to reduced activation of natural killer 
cells and T8 cells [17, 18]. Mineral disorders tend to lead to pro-
tection of the cell's own metabolism and may cause oxidative 
stress and inflammatory reactions, thereby increasing HCV 
inflammatory processes, increasing liver fibrosis, and decreas-
ing the effectiveness of anti-viral drugs in patients infected 
with chronic HCV [19, 20]. Liver diseases may be improved by 
the preservation of Zn and Cu metabolism. Zn treatment has 
been found to prevent the increase of liver enzymes, reduce 
liver fibrosis and the synthesis of fatty acids, and to improve 
the treatment and prognosis in HCV [20]. The maintenance of 
plasma concentrations of essential minerals, particularly Zn 
and Cu, is an important therapeutic target that can prevent 
deterioration in HCV [20].

The aim of this study was to measure IL-1β, IL-2R, IL-6, IL-8, and 
TNF-α levels in patients with a chronic HBV or HCV infection. 
In addition, changes in antioxidants, lipid peroxidation, and 
trace elements (Zn and Cu) concentrations were investigated.

Materials and Methods
Patients
This study was approved by the ethics committee of the Har-
ran University Faculty of Medicine (date: 16.12.2019, no: 07). 
Informed consent was obtained from all of the patients in-

cluded in this study and the research was conducted accord-
ing to the ethical principles of the Declaration of Helsinki.
A total of 78 patients were included in this study: 40 chronic 
HBV-positive patients, 30 inactive carriers, and 8 HCV-positive 
patients. All of the patients included had positive hepatitis B 
surface antigen or anti-HCV results for at least 6 months. Pa-
tients with HIV infection and those with chronic inflammatory 
diseases, heart disease, or diabetes were excluded. There was 
no history of disease in a healthy control group of 30 healthy 
individuals used for comparison. 

Laboratory method
A venous blood sample was collected from all of the patients 
and the healthy group after 12 hours of fasting. After centrifu-
gation, the serum was separated and stored at -80°C until the 
time of analysis.

Cytokine measurement
The analyses were performed using a chemiluminescent en-
zyme immunometric test (Immulite; Diagnostic Products 
Corp., Los Angeles, CA, USA). For each cytokine (TNF-α, IL-1β, 
IL-2R, IL-6, IL-8) calibration, the calibration curve was plotted 
according to the standards of the National Institute for Bio-
logical Standards and Control (NIBSC) of the UK and the test 
manufacturer's information. The control reference prepara-
tion was also standardized by the NIBSC. Intra- and inter-assay 
coefficients of variance were also determined. 

Analysis of antioxidant enzymes
After fasting overnight, blood samples were drawn into 
hemogram tubes containing ethylenediaminetetraacetic 
acid and centrifuged for 10 minutes at 4000 g and 4°C. After 
plasma separation, the buffy coat was removed and the ery-
throcytes were washed 3 times with 2 volumes of isotonic 
solution. Some erythrocytes were then fractionated with cold 
distilled water (1/4), refrigerated at 4°C for about 20 minutes, 
and then centrifuged at 4°C for 10 minutes at 2000g to sep-
arate the supernatant. The erythrocytes were stored at -70°C 
until the time of analysis.
HBV and HCV were determined serologically with the respec-
tive enzyme-linked immunosorbent assay kit (Microelisa; 
Biokit SA, Barcelona, Spain). SOD activity was measured as 
described by Sun et al. [21]. This method uses the inhibition 
of nitroblue tetrazolium with xanthine-xanthine oxidase as a 
superoxide generator. The reduction of nitroblue tetrazolium 
by the superoxide anion to blue formazone was measured 
spectrophotometrically at the 560 nm wavelength. Unit SOD 
activity was defined as the amount of protein causing a 50% 
inhibition of nitroblue tetrazolium reduction with the super-
oxide. The activity of GSH-PX in erythrocytes was analyzed 
using a spectrophotometric method. The reduced form of 
nicotinamide adenine dinucleotide phosphate (NADPH) oxi-
dation was seen at the 340 nm wavelength. The amount of 
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enzyme that oxidized 1 micromole NADPH per minute was 
shown as 1 unit of GSH-PX [22]. The activity of erythrocyte 
CAT was determined spectrophotometrically. Solubility of the 
hydrogen peroxide (H2O2) substrate was observed at the 240 
nm wavelength as the enzyme reaction decreased. One unit 
of CAT activity was defined as 1 micromole of H2O2 utilized per 
minute [23]. The MDA concentration was assessed using a flu-
orescence spectrophotometric method [24].

Evaluation of Zn and Cu
A flame atomic absorption spectrophotometer was used to 
measure the essential elements of Zn and Cu.

Statistical analysis
The mean and SD were calculated for each biochemical param-
eter studied. Analysis of variance was performed to determine 
statistical significance for chronic HBV patients, inactive HBV 
carriers, and the healthy controls, while Student’s t-test was 
used to evaluate statistical significance between chronic HCV 
patients and healthy controls. The level of significance was de-
fined as p<0.05. SPSS for Windows software, Version 11.0 (SPSS 
Inc., Chicago, IL, USA) was used to perform the analyses.

Results
The cytokine levels in HBV patients were measured and it was 
observed that the serum level of TNF-α, IL-1β, IL-2R, IL-6, and 

IL-8 was significantly increased in chronic HBV patients and in-
active HBV carriers compared with the controls (p<0.05; Table 
1). There was no significant difference in the level of IL-1β be-
tween chronic HBV patients and inactive HBV carriers (p>0.05; 
Table 1).
The TNF-α, IL-1β, IL-2R, IL-6, and IL-8 values were found to be 
significantly increased in the chronic HCV patients (p<0.001; 
Table 1). Erythrocyte antioxidant enzyme (SOD, GSH-Px, CAT) 
activity in the chronic HBV patients and inactive HBV carriers 
was significantly decreased when compared with the controls. 
MDA was significantly increased when the chronic HBV pa-
tients and inactive HBV carriers were compared with the con-
trols (p<0.05; Table 2). Analysis of trace elements revealed that 
the serum Cu level in the chronic HBV patients, chronic HCV 
patients, and inactive HBV carriers was significantly increased 
when compared with the controls, but Zn values were signif-
icantly decreased when compared with the healthy group 
(p<0.05; Table 3).

Discussion
Both HBV and HCV can cause chronic liver disease followed 
by hepatocellular carcinoma, with the majority of deaths 
from liver cancer attributed to HBV [4]. There has been explo-
ration of the involvement of oxidative stress in inducing liver 
damage and hepatocarcinogenesis in HBV and HCV [4, 6]. Cy-
tokines have been reported to have a major role in regulating 

Table 1. The mean±SD serum level of TNF-α, IL-1β, IL-2R, IL-6, and IL-8 in chronic HBV patients, inactive HBV carriers, and chronic 
HCV patients, as well as healthy controls

Parameters Chronic HBV Inactive HBV HCV patients Control group p
 patients (n=40) carriers (n=30) (n=8) (n=30)

TNF-α (pg/mL) 12.93±1.64 8.43±1.08 12.94±2.13 4.11±0.78 <0.05*
IL-1β (pg/mL) 4.10±6.08 4.00±0.67 4.01±6.59 3.74±0.53 0.136**
     <0.05***
IL-2R (U/mL) 668.36±62.89 576.56±55.9 995.31±64.95 535.69±21.16 <0.05*
IL-6 (pg/mL) 17.64±2.51 13.58±2.04 18.88±1.92 4.50±1.17 <0.05*
IL-8 (pg/mL 11.26±1.34 8.28±0.71 12.05±1.22 4.83±0.62 <0.05*

*Statistically significant for both HBV and HCV patients. **Statistically not significant only for HBV patients. ***Statistically significant only for HCV patients. IL: Interleukin; 
HBV: Hepatitis B virus; TNF-α: Tumor necrosis factor alpha.

Table 2. The mean±SD serum level of SOD, GSH-Px, CAT, and MDA in chronic HBV patients, inactive HBV carriers, chronic HCV 
patients, and healthy controls

Parameters Chronic HBV Inactive HBV HCV patients Controls p
 patients (n=40) carriers (n=30) (n=8) (n=30)

SOD U/g Hb 1085.17±86.45 1207.13±36.71 958.33±76.31 1521.15±349.06 <0.05*
GSH-Px U/g Hb 1.478±2.24 2.386±2.08 1.261±1.33 7.915±43.50 <0.05*
CATU/g Hb 13.79±1.50 21.74±1.96 12.85±0.86 32.07±7.17 <0.05*
MDA µmol/dL 4.46±0.78 2.31±0.46 5.04±0.65 1.88±0.94 <0.05*

*Statistically significant for both HBV and HCV patients. CAT: Catalase, GSH-Px: Glutathione peroxidase; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MDA: Malondialdehyde; 
SOD: Superoxide dismutase.
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inflammation, tissue repair, and even control and cure of viral 
hepatitis [14, 25, 26]. 

In this study, proinflammatory cytokines (IL-2R, IL-6, IL-8, 
TNF-α) were elevated in chronic HBV-positive patients and in-
active HBV carriers. These findings were associated with dis-
ease activity and severity. Our results indicated that while the 
IL-1β level was increased in chronic HBV patients, it was with-
out a statistically significant difference when HBV-positive pa-
tients and inactive HBV carriers were compared, while as has 
been previously reported [27], significant HCV activation of IL-
1β was seen (p>0.05; Table 1). Increased serum proinflamma-
tory cytokines has been reported in several series examining 
chronic HCV infection [28-30]. These cytokines have also been 
detected in hepatocytes, liver sinusoidal cells, and leukocytes 
in portal areas of chronic HCV patients [31].

HBV and HCV cause oxidative stress and lipid peroxidation. 
One of the multifunctional properties of antioxidant enzymes 
is to relieve oxidative stress [32]. Our data also showed that 
SOD, GSH-Px, and CAT were significantly decreased and that 
MDA was significantly increased in both chronic HBV and HCV 
infection as well as in inactive HBV carriers when compared 
with healthy subjects (p<0.05; Table 2). Our findings were 
consistent with other studies of HBV patients and support the 
presence of oxidative stress [5, 7, 33]. Our results confirm the 
contribution of oxidative stress as part of the pathophysiology 
of both HBV and HCV infections.

Cu and Zn are trace elements necessary for body metabolism. 
They are vital enzyme components in cell metabolism and 
antioxidant defense systems [20, 21, 34]. Cu and Zn are mem-
bers of a superoxide dismutase enzyme group (CuZnSOD), 
which catalyzes the superoxide anion dismutation into H2O2 
and oxygen. Therefore, they have a significant effect on the 
activity of these antioxidants [35]. Even a slight change in the 
level of these elements may result in the change of antioxi-
dant activity. Thus, alteration in the homeostasis of these trace 
elements affects the development of liver disease, especially 
in patients with chronic HBV and HCV infections [21, 35, 36]. 
Trace elements are necessary in the treatment of viral hepati-
tis [34, 37]. In our study, the serum Zn level was found to be 
decreased while the Cu level was increased. These results sup-
port previous studies [19, 21]. Antioxidants increase the im-
mune response by producing proinflammatory cytokines, and 
positively or negative regulate Cu and Zn levels. Some proin-
flammatory cytokines and trace elements, Zn in particular, can 

alleviate disease progression in patients with chronic HBV or 
HCV, since cytokines promote a T cell response and Zn accel-
erates the antiviral effects of some cysteine proteins, such as 
metallothioneins [26, 37].

Conclusion
Chronic HBV and HCV infections upregulate some cytokines 
as result of oxidative stress, liver injury, and lipid peroxidation. 
A significant increase in MDA and Cu levels and a significant 
decline in the free radical scavenging capacity and Zn level 
was observed in this study. Although the exact mechanism 
underlying the relationship between plasma minerals and 
antioxidant enzymes in patients with chronic HBV and HCV is 
unknown, it may be due to deterioration in the homeostasis of 
these minerals. Therefore, we strongly recommend the use of 
Zn and some cytokines to facilitate therapeutic mechanisms in 
the treatment of chronic HVB and HCV infections.
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