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1. INTRODUCTION 

Hepatitis C virus (HCV) infection represents one of the 

greatest public health problems worldwide, including 

Brazil, because of its high prevalence, its increase in 

incidence, the high frequency of evolution to chronic 

forms of the disease, and its economic impact, in 

addition to the lack of specific vaccination.
[1,2,3]

 

 

HCV treatment consists of the combination of two drugs: 

pegylated interferon alpha and ribavirin. However, even 

with treatment, patients still develop some degree of 

chronic liver damage, sometimes with progression to 

cirrhosis and HCC, and demonstrate the presence of 

significant inflammatory activity that is directly 

correlated with these serious consequences.
[4]

 The 

treatment period ranges from 24 to 48 weeks depending 

on the genotype, achieving clearance of around 80% for 

viral genotypes 2 and 3 and about 40% for genotype 1. 

Throughout the treatment, the carrier performs 

hematological and biochemical analysis of viral load for 

the follow-up of treatment, in addition to the monitoring 

of liver lesions.
[5,6]

 

 

Recent studies showed that chronic HCV infection may 

be associated with an imbalance of inflammatory 

cytokines that play an important role in the efficacy of 

treatment. Therefore, analysis of inflammatory cytokine 

expression during HCV infection may assist the 

elucidation of host-HCV interactions and identify 

predictors of ribavirin and pegylated interferon alpha.
[3,7]

 

 

Additionally, recent studies suggested the involvement of 

oxidative stress in the pathogenesis of HCV and HCC. 

Oxidative stress during chronic HCV infection was 

detected as early as the mid-1990s.
[8]

 The causes of 

oxidative stress in HCV infection include several factors, 

SJIF Impact Factor 4.918 Research Article ejbps, 2019, Volume 6, Issue 8, 26-35. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 
 
 

ISSN 2349-8870 

Volume: 6 

Issue: 8 

26-35 

Year: 2019 

*Corresponding Author: Prof. Dr. Vanusa Manfredini 

Programa de Pós-Graduação em Bioquímica - Universidade Federal do Pampa (UNIPAMPA), Campus Uruguaiana, RS, Brasil.  

ABSTRACT 

Background: Chronic hepatitis C (CHC) is asymptomatic in the vast majority of cases. Studies indicate that 

oxidative stress may be involved in CHC progression. Treatment of carriers includes combined antiviral therapy. 

However, research indicates that patients with CHC in combination treatment develop several systemic adverse 

side effects. Objective: The objective of this study was to determine inflammatory, biochemical, and oxidative 

stress markers in patients with CHC undergoing combined treatment. Design & Methods: In total, 143 patients 

were recruited at the referral service of the municipality of Uruguaiana, and whole blood samples were collected. 

Biochemical, inflammatory, and oxidative stress parameters were determined by classical methodologies. Results: 

We found an increase in the hepatic function markers and a decrease in the levels of albumin and adiponectin at 

the time of HCV diagnosis compared with those in the control group. An improvement in the levels of these 

biochemical markers was observed during the combined treatment. In addition, we found an increase in the acute 

phase proteins and inflammatory cytokines in the HCV group compared to the control group; however, there was a 

statistically significant reduction in the levels of these proteins during therapy. Moreover, antioxidant defenses 

decreased in the HCV group, and combined antiviral therapy sometimes reversed these parameters. Oxidative 

parameters were already high at baseline in HCV group; however, combined treatment improved these markers. 

Conclusion: We can conclude that at the end of combined therapy, there was an improvement of the inflammatory 

process of the liver as well as oxidative stress parameters. 
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such as mitochondrial damage, iron accumulation in the 

liver, inflammatory responses via immunoreactions, and 

the direct action of viral proteins. The exact mechanism 

by which this occurs is not fully understood; however, 

reactive oxygen species (ROS) are possible mediators of 

HCV pathogenesis. During chronic hepatitis, immune 

responses induce the production of ROS and nitric oxide. 

Oxidative stress induced by ROS has a close association 

with the inflammatory process in HCV infection.
[9,10]

 

Healthy individuals have protective mechanisms against 

oxidative stress, such as antioxidant compounds, 

including glutathione, vitamin C, and vitamin E, and 

antioxidant enzymes, such as superoxide dismutase, 

catalase, and glutathione peroxidase. However, in 

chronic HCV-infected patients, these protective 

mechanisms seem to be impaired because of the long-

term exposure to oxidative stress, and this can lead to 

HCC.
[11,12]

 

 

To date, there are no studies showing the involvement of 

oxidative stress during combined treatment. Thus, the 

objective of this study was to evaluate the expression of 

inflammatory cytokines and oxidative stress parameters 

in patients with HCV infection under combination 

treatment. 

 

2 MATERIALS AND METHODS 

2.1 Patient selection 

2.1.1 Inclusion criteria 

The study was carried out with patients with viral 

hepatitis C enrolled in the Viral Hepatitis Sector of the 

Municipal Department of Uruguaiana, which is linked to 

the Screening and Follow-up Center and Specialized 

Service in sexually transmitted diseases and Viral 

Hepatitis Epidemiological Surveillance. Control subjects 

were randomly enrolled with the registry of the 

Municipal Health Department of the city of Uruguaiana 

(RS). All study participants signed an informed consent 

form. 

 

2.1.2 Exclusion criteria 

Patients with other associated systemic pathological 

conditions, such as infections or neoplasms and 

autoimmune disorders, were excluded from this study; 

patients with clinical or biological data indicating 

chronic kidney disease and those individuals who did not 

meet the criteria set forth in the subsection above were 

also excluded. 

 

2.2 Characterization of the sample 
The total sample in this study was composed of 193 

participants: 50 healthy individuals to be included in the 

control group and 143 patients with HCV. All subjects in 

the control group were negative for HCV, HBV, HIV, 

HBsAg, total anti-HBc, and anti-HCV and had normal 

serum transaminase concentrations. The HCV group was 

divided into four groups: diagnosis (free of combined 

pharmacological treatment), time 1 (onset of combined 

treatment), time 2 (half of the combined treatment), and 

time 3 (final of the combined treatment). Treatment time 

was established according to the degree of hepatic 

impairment and the number of pegylated interferon alpha 

applications performed in the week of 08/31/17 to 

09/04/17. 

 

Pharmacotherapeutic follow-up was carried out at the 

Center for the Application and Monitoring of Injectable 

Drugs (CAMMI), a partnership between the state and 

municipality, which operates according to 

Administrative Rule 554/2005 and is the Reference 

Center for the Region of the Western Border (RS), 

serving patients with Hepatitis C according to the 

Clinical Protocol and Therapeutic Guidelines for Viral 

Hepatitis C and Co-infections (Ordinance 221/2011) 

through the reception and integral follow-up of patients 

during treatment. 

 

The data to establish the sociodemographic profile of 

patients with viral hepatitis C from the study were 

obtained from patients' charts at the CAMMI. 

 

For the accomplishment of this study, 5 groups were 

established as described below: 

Control group (n = 50): healthy individuals 

Diagnosis of HCV (n = 30): HCV carriers 

Time 1 (n = 35): 1/3 of the combinated treatment 

Time 2 (n = 40): 2/3 of the combinated treatment 

Time 3 (n = 38): 3/3 of combinated treatment 

 

2.3 Biochemical parameters 

Hepatic function alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), GGT and alkaline 

phosphatase (ALP) markers and plasmatic fibrinogen 

were measured using automated analyzers (ChemWell
®

-

T, Palm City, FL, USA) using specific reagents 

(Bioclin
®
, Belo Horizonte, MG, Brazil). All assays were 

performed in triplicate. 

 

2.4 Analysis of inflammatory markers 

The levels of the cytokines IL-1β, IL-6, IL-8 and TNF-α 

were measured in serum using ELISA immunoassay kits 

according to the manufacturer’s instructions (Neogen do 

Brasil, Indaiatuba, SP, Brazil). The serum levels of 

adiponectin and C-reactive protein (CRP) were measured 

using, respectively, Elisa AdipoQ Kit (Abnova
®
, Walnut, 

CA, USA) and CRP kit (Bioclin
®
, Belo Horizonte, MG, 

Brazil). And the serum amyloid A protein (SAA) levels 

were measured using ELISA immunoassay kits 

according to the manufacturer’s instructions (Science 

PRO
®
, São Caetano do Sul, SP, Brazil). All assays were 

performed in triplicate. 

 

2.5 Oxidative stress parameters 

2.5.1 Antioxidant defenses 

Catalase activity (CAT) was determined according to the 

method described by Aebi.
[13]

 The antioxidant enzymes 

superoxide dismutase (SOD) and glutathione peroxidase 

(GPx) were determined using RANSOD
®
 and RANSEL

®
 

commercial kits, respectively (Randox Laboratories, 

UK). The quantification of GSH was determined by the 
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method described by Akerboom and Sies.
[14]

 Total 

antioxidant status (TAS) was obtained using the 

RANDOX
®
 kit. 

 

2.5.2. Oxidative damage 

Oxidative damage to plasma proteins was determined by 

quantification of carbonyl groups according to Levine.
[15]

 

Lipid peroxidation was quantified in plasma by 

measurement of thiobarbituric acid reactive species 

(TBARS) according to the methodology described by 

Ohkawa.
[16]

 Micronucleus frequency was determined in 

peripheral blood leukocytes according to the 

methodology described by Schmid.
[17]

 All assays were 

performed in triplicate. 

 

2.6 Statistical analysis 

Results were expressed as mean ± standard deviation. 

Two-way ANOVA analysis was used followed by 

Bonferroni test, with a significance level of α = 0.05. The 

statistical software GraphPad Prism 5.0 Free was used, 

available at <http://www.graphpad.com/demos/>. 

 

2.7 Ethical aspects 

The study was approved by the Research Ethics 

Committee of Unipampa (protocol number 001/2012) 

and authorized by the secretary of health of the 

municipality of Uruguaiana, RS. The researchers 

followed the recommendations of resolution 466/12 of 

the National Health Council of the Ministry of Health. 

 

3 RESULTS 

The socio-demographic profile of patients with viral 

hepatitis C study participants is presented in Table 1. Of 

the 143 patients with viral hepatitis C recruited for the 

study, 74 were male and 69 were female. Most of the 

patients were over 40 years of age and none of the 

participants were institutionalized.  

 

Combined treatment causes many side effects, such as 

chronic non-communicable diseases. Of the 143 

participants, 79 reported depressive symptomatology and 

only 7 did not present any other type of illness.  

 

The HCV genotypes 1, 1a, 1b, 2, and 3 were found 

among the 143 samples. The general frequencies were 

116 patients for genotype 1b, 18 for genotype 3, 6 for 

genotype 1a, and 2 for genotype 1. Genotype 2 was 

found in only one participant. In this study, 135 

participants had a high viral load (>200.000 copies/mL) 

and 8 had a low viral load (<200.000 copies/mL). 

 

Table 1: Socio-demographic profile of viral hepatitis C patients in the study. 

Variable Classification Nº 

Age 
< 40 years 

> 40 years 

47 

96 

Gender 
Male 

Female 

74 

69 

Institutionalized 
Yes 

No 

0 

143 

Non-transmisible diseases 

Arterial hypertension 

Pulmonary disease 

Dyslipidemia 

Ulcer 

Depression 

Anaemia 

Neither 

18 

9 

13 

7 

79 

10 

7 

Genotype 

1 

1a 

1b 

2 

3 

2 

6 

116 

1 

18 

Viral blood load 
Below (< 200.000 IU/L) 

Above (> 200.000 IU/L) 

8 

135 

In the table 2 shows the hepatic function markers and adiponectin levels in the groups.  

 

Table 2: Hepatic function markers and adiponectin levels in all participants of the study. 

Biochemical 

Parameter 
Controls 

HCV 

Diagnostic 

Treatment 

Time 1 

Treatment 

Time 2 

Treatment 

Time 3 

AST (U/L) 45.41±12.52 109.72±13.50* 76.18±14.52 72.83±12.3 59.41±13.71
#
 

ALT(U/L) 33.22±11.51 88.74±10.70* 74.82±9.82 69.63±8.63 45.32±10.21
#
 

GGT (U/L) 55.60±9.64 91.14±6.21* 85.21±5.62 83.12±4.84 81.02±5.62 

ALP (U/L) 75.20 ± 12.32 126.61 ± 93.12* 105.01 ± 84.43 71.422 ± 32.44 76.73± 15.64 

Albumin (g/dL) 4.81 ± 1.01 2.93 ± 0.42* 3.52 ± 1.24 3.52 ± 0.45 3.84 ± 0.63 

Adiponectin (mg/L) 12.42 ± 0.31 6.53±0.73* 6.81±0.64 8.82±0.83 11.94±1.03
#
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Values were expressed as mean ± SD. Two-way 

ANOVA analysis was used followed by Bonferroni test, 

with a significance level of p < 0.05. *p <0.05 HCV 

diagnosis in relation to the control group; # p <0.05 

treatment time 3 in relation to treatment time 1. 

 

The results found in liver function markers (AST, ALT, 

GGT and ALP) were statistically increased (p <0.05) at 

the time of HCV diagnosis in relation to the control 

group. Albumin and adiponectin levels were significantly 

decreased (p <0.05) in the group diagnosed with HCV in 

relation to the control group. During the course of 

treatment, hepatic function (AST and ALT) and 

adiponectin improved in HCV patients at the end of the 

combined treatment (time 3) compared to the start of 

treatment (time 1) (p <0.05). An improvement in the 

levels of all biochemical markers was observed 

throughout the combined treatment. 

 

The results of the acute phase proteins are shown in 

figure 1. It can be observed that C-reactive protein (CRP) 

levels (figure 1A) are statistically high (p <0.05) at the 

time of HCV diagnosis in relation to the control group. 

However, during the combined treatment, a statistically 

significant reduction in CRP levels (p <0.05) occurred at 

all treatment times in relation to the untreated group. At 

the end of the combined treatment (time 3) the levels of 

CRP are similar to the control group. 

 

Serum amyloid A protein (SAA) levels are shown in 

Figure 1B. The results show that there was a statistically 

significant increase (p <0.05) in SAA levels in the group 

diagnosed with HCV in relation to the control group. In 

groups with HCV diagnosis and treatment time 1 there 

was no statistical difference. At times 2 and 3 of the 

combined treatment, a statistically significant reduction 

(p <0.05) occurred in the serum levels of the SAA in 

relation to treatment time 1, reaching values similar to 

that of the control group. 

 

The levels of plasmatic fibrinogen found in the study are 

shown in Figure 1C. HCV patients had statistically 

increased plasma levels of fibrinogen (p <0.05) in 

relation to the control group. Throughout the combined 

treatment there is a gradual and statistically significant 

reduction (p <0.05) in plasma fibrinogen at treatment 

times 1, 2 and 3 in relation to the group diagnosed with 

HCV. 

 

 
Figure 1: Acute phase proteins levels. 1A: C-reactive protein (CRP); 1B: Serum amyloid A protein (SAA); 1C: 

Fibrinogen. 
a
 Significantly different of the control group (p <0.05); 

b
 Significantly different of the HCV diagnostic (p< 

0.05); 
c
 Significantly different of the treatment 1 (p< 0.05); 

d
 Significantly different of the treatment 2 (p<0.05) 

e
 

Significantly different of the treatment 3. 
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Figure 2 shows the proinflammatory markers evaluated 

in this study. The levels of TNF-α (figure 2A) were 

statistically increased (p <0.05) in the groups with 

diagnosis of HCV, time 1 and time 2 of combined 

treatment in relation to the control group. At the end of 

the combined treatment (time 3) a statistically significant 

reduction (p <0.05) in the TNF-α level was observed, 

values similar to the control group were found. 

 

IL-1-β levels are shown in Figure 2B. The results 

showed a statistically significant increase (p <0.05) in 

IL-1-β levels in the group diagnosed with HCV 

compared to the control group. At the beginning of the 

combined treatment (time 1) there was also a statistically 

significant (p <0.05) increase in IL-1-β levels compared 

to the untreated group and serum levels of this 

interleukin reduced statistically (p <0.05) in the Half 

(time 2) and final (time 3) of the combined 

pharmacological therapy in relation to group 1. 

In Figure 2C are shown the IL-6 levels. A statistically 

significant (p <0.05) increase in IL-6 levels was observed 

in the group diagnosed with HCV compared to the 

control group. Combined treatment of pegylated 

interferon alfa and ribavirin reduced the levels of IL-6 

statistically (p <0.05) between the treated groups, and at 

the end of the combined pharmacological treatment (time 

3) levels were similar to those in the group control. 

 

Serum IL-8 levels are shown in Figure 2D. The results 

indicate a statistically significant increase (p <0.05) in 

IL-8 levels in the group diagnosed with HCV in relation 

to the control group. No significant difference was 

observed at times 1 and 2 of combined treatment, 

however, IL-8 levels significantly reduced (p <0.05) at 

the end of treatment (time 3) in relation to the other times 

and to the HCV diagnosis group. 

 

 
Figure 2: Expression of Proinflammatory Interleukins. 2A: TNF-α. 2B: IL1-β. 2C: IL-6. D: IL-8. 

a 
Significantly 

different of the control group (p <0.05); 
b
 Significantly different of the HCV diagnostic (p< 0.05); 

c
 Significantly 

different of the treatment 1 (p< 0.05); 
d
 Significantly different of the treatment 2 (p<0.05); 

e
 Significantly different of 

the treatment 3.  

 

In table 3 shows oxidative stress parameters in the 

groups.  

 

The activity of the antioxidant CAT enzyme showed a 

statistically significant decrease (p < 0.05) in the HCV 

group (free of combined treatment) relative to that of the 
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control group. Throughout the combined treatment 

(PEG-INF and RBV), there was a statistically significant 

increase (p < 0.05) in CAT activity relative to that in the 

HCV group, and CAT activity remained elevated during 

the whole combined treatment. SOD showed a 

statistically significant decrease (p <0.05) in the HCV 

group (free of combined treatment) compared with the 

control group. Throughout the combined treatment, SOD 

activity increased significantly (p <0.05), showing higher 

enzymatic activity than the control group at the end of 

the treatment (time 3). The activity of GPx presented a 

statistically significant decrease (p < 0.05) in the group 

diagnosed with HCV relative to that in the control group. 

The activity of this enzyme did not change at treatment 

times 1 and 2. However, there was a statistically 

significant increase (p < 0.05) at treatment time 3 relative 

to that in patients diagnosed with HCV. 

 

GSH and TAS levels presented a statistically significant 

decrease (p < 0.05) in the HCV group relative to those in 

the control group. There was no change in this parameter 

at treatment times 1 and 2. However, at the end of the 

combined treatment (time 3) GSH concentrations were 

significantly increased relative to those in the control 

group. 

 

Levels of carbonylated proteins and plasma 

concentrations of TBARS showed a statistically 

significant increase (p < 0.05) in the group diagnosed 

with HCV relative to those in the control group. 

Throughout the combined treatment, a statistically 

significant decrease (p < 0.05) in the carbonylation levels 

and TBARS were observed. A statistically significant (p 

< 0.05) increase in the frequency of micronucleous in the 

HCV group and in combination treatment (times 1, 2, 

and 3) was observed relative to that in the control group. 

These results suggest that combined treatment with PEG-

INF and RBV does not have mutagenic activity. 

 

Table 3: Oxidative stress parameters in participants of the study. 

Parameter Controls 
HCV 

Diagnostic 

Treatment 

Time 1 

Treatment 

Time 2 

Treatment 

Time 3 

CAT (U/L) 26.63 ± 12.86 15.83± 17.53* 20.71 ± 9.48 21.00 ± 6.47 26.80 ± 6.51
#
 

SOD (U/L) 0.21 ± 0.03 0.09 ± 0.01* 0.16 ± 0.01 0.24 ± 0.04 0.44 ± 0.03
#
 

GPx (U/L) 1724 ± 80.09 1385 ± 14.06* 1457 ± 24.49 1469 ± 28.98 1739 ± 45.81
#
 

GSH (µmol/mg prot) 11.77 ± 1.71 5.98 ± 0.16* 7.91 ± 0.14 8.01 ± 0.17 12.05 ± 1.10
#
 

TAS (mmol/L) 1.55 ± 0.16 1.18 ± 0.03* 1.26 ± 0.04 1.28 ± 0.04 1.55 ± 0.11
#
 

Carbonil (nmol/ mg prot) 1.18 ± 0.16 1.74 ± 0.04* 1.47 ± 0.01 1.07 ± 0.01 0.925 ± 0.03
#
 

TBARS (nmol MDA/mL) 23.11± 0.62 87.98 ± 2.18* 70.83 ± 1.28 30.27 ± 0.42 27.31± 0.23
#
 

Micronuleous Frequency (%) 1.02 ± 0.21 2..17 ± 0.91* 2.12 ± 0.63 2.15 ± 0.99 2.19 ± 0.60 

 

Values were expressed as mean ± SD. Two-way 

ANOVA analysis was used followed by Bonferroni test, 

with a significance level of p < 0.05. *p <0.05 HCV 

diagnosis in relation to the control group; # p <0.05 

treatment time 3 in relation to treatment time 1. 

 

4. DISCUSSION 

This is the first study evaluating the levels of acute phase 

proteins, expression of inflammatory cytokines, and 

oxidative stress parameters during combined treatment in 

patients with HCV infection. We identified a higher 

prevalence of HCV in male patients and in patients older 

than 40 years. Similarly, Alves et al.
[18]

 showed that there 

was a higher prevalence of HCV in males than females, 

and 71.7% of patients were over 40 years of age. These 

findings are also in agreement with data from the 

Epidemiological Bulletin of Viral Hepatitis of confirmed 

and notified cases in Brazil, since 1999, accounting for 

more than 152,000 cases of HCV infections; Of these 

patients, 89.858 (58.8%) are men and 62.796 (41.2%) 

women.
[19]

 

 

A study by Banjac et al.
[20]

 showed that therapy with 

pegylated interferon alpha and ribavirin causes 

psychiatric side effects, with depressive symptoms being 

the most prevalent. Here, we found that among the 

noncommunicable diseases, depression was one of the 

most cited among HCV-infected patients undergoing 

combined therapy. The study by Wang et al.
[21]

 involving 

HCV patients also under combination antiviral therapy 

showed that cases of depression increased significantly 

in both groups over time. Another study by Medeiros et 

al.
[22]

 also showed that pegylated interferon alpha is 

associated with a high incidence of depressive 

symptoms. 

 

We found that HCV type 1 was the most prevalent, in 

agreement with the study of Campiotto et al.
[23]

, where 

they showed that the genotype type 1 predominates in all 

states in Brazil. Another study analyzing the genotype 

distribution in 98 countries showed that genotype 1 was 

the most common (46%), followed by genotype 3 (22%), 

genotype 2 (13%), and genotype 4 (13%).
[6]

 

 

During combined treatment, laboratory tests are 

necessary for the clinical monitoring of the patient.
[24]

 In 

the present study, significant alterations in liver function 

parameters (AST, ALT, GGT, and ALP) and albumin 

were found in HCV-infected patients compared with 

those in the control group. These results are in 

accordance with the work of Saray et al.
[25]

 who 

evaluated patients with chronic HCV infection before 

and after combined treatment and found a significant 

increase in liver enzymes in HCV-infected patients 
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before treatment and a decrease after treatment. This 

suggests that antiviral therapy reduced the replication of 

HCV in hepatocytes and consequently, it decreased liver 

injury.
[26]

 However, albumin levels did not change 

significantly.
[25] 

 

Adiponectin is an adipokine secreted by the adipose 

tissue with important metabolic functions, including 

catabolism of glucose and fatty acids.
[27]

 Here, we found 

that adiponectin levels were significantly reduced in 

HCV-infected patients compared with those in controls. 

However, its levels returned to baseline at the end of 

therapy. The success of combination therapy is therefore 

observed because it is suggested that the anti-

inflammatory effects of adiponectin protect the liver 

from inflammatory process development and cell 

injury.
[28]

 In the study by Saad et al.
[29]

, who evaluated 

predictive factors in response to treatment of HCV, it 

was found that serum adiponectin levels are positive 

predictors for a sustained virological response. Similar 

results were also observed by Khedr et al.
[30]

, who 

evaluated the levels of adiponectin in children infected 

with HCV. 

 

CRP is an acute protein produced by the liver. Its serum 

levels rise after the acute onset of inflammation; 

therefore, it seems to directly influence the regulation of 

the inflammatory response, presenting pro- and anti-

inflammatory activity and contributing to the resolution 

of this process.
[7]

 In the present study, significantly 

higher levels of CRP were found in HCV-infected 

patients. During combined treatment, there was a time-

dependent decrease in serum levels, reaching 

concentrations similar to that of the control group. 

 

Serum amyloid A protein (SAA) belongs to a family of 

proteins encoded by genes with high homology. It is 

produced by the liver in response to different 

inflammatory and metabolic conditions, such as 

infectious diseases, trauma, and neoplasms.
[31]

 At the 

time of diagnosis, we found significantly elevated levels 

of SAA in HCV patients compared with controls; 

however, its levels normalized during combined 

treatment (time 2 and 3). A pilot study by Piotti et al.
[32]

 

showed that SAA levels are significantly elevated during 

the initial phase of combined therapy with pegylated 

interferon alpha and ribavirin. Another study by 

Gschwantler
[33]

 suggested that SAA plays an important 

role and is considered a biomarker of HCV progression 

and therapeutic response. 

 

Fibrinogen, a precursor of fibrin clot, is synthesized by 

hepatocytes and has a fundamental function in the body’s 

hemostasis.
[34]

 In this study, HCV patients had 

statistically increased plasma levels of fibrinogen 

compared with the controls, but during combined 

treatment, a gradual and statistically significant reduction 

in fibrinogen was observed at all treatment times, in 

agreement with the findings of Saray et al.
[25]

, although 

their observations did not reach statistical significance. 

Changes in the expression of proinflammatory cytokines 

are considered to be good marker for evaluating the 

progression of various inflammatory diseases, including 

viral hepatitis.
[7]

 In this study, the levels of TNF-α, IL-

1β, IL-6, and IL-8 were statistically high in the HCV-

infected group compared with the control group. During 

combined treatment, a decrease of the expression of 

these proinflammatory interleukins was observed. In 

particular, at treatment time 3, their levels were the same 

or similar to those of the control group. A study by Lu et 

al.
[3]

 classified HCV patients into two groups: one with 

sustained virologic response and another one with no 

sustained virological response. They observed levels 

similar of TNF- α and IL-1β to the ones found in this 

study; however the levels of IL-6 and IL-8 were at odds 

with our findings. 

 

Previous studies suggested the involvement of oxidative 

stress in the pathogenesis of HCV.
[10,26]

 In this study, we 

found a significant decrease in the enzymatic activity of 

CAT in the HCV group compared with the control 

group. This is in agreement with another study that 

showed that the mean CAT activity of children with 

HBV and HCV was statistically lower than those in the 

control group.
[35]

 A decrease in SOD and GPx activity in 

HCV patients was also observed relative to those in 

control group, as previously shown.
[36]

 The reduction in 

SOD and GPx activities reflects a decrease in the 

antioxidant defense of HCV carriers. It can be suggested 

that the increase in lipid peroxidation (TBARS levels) 

observed in this study is caused by virus-induced 

inflammation, and the low levels of antioxidant defense 

may be an early marker of oxidative stress. The lipid 

peroxides can be chemotactic for neutrophils, causing an 

increase of the inflammatory process, which further 

boosts liver-oxidant-mediated injury.
[37]

 

 

Glutathione (GSH) is an abundant antioxidant tripeptide 

within the cell and plays an important role in the defense 

against cell damage induced by oxidative stress. In cells, 

GSH is present mainly in its reduced form.
[36]

 In the 

present study, we showed that GSH levels are decreased 

in erythrocytes of patients with chronic HCV. These 

results are in agreement with the findings of Farias
[38]

, 

who showed a significant decrease in the concentration 

of GSH in HCV patients - with and without treatment 

before supplementation with antioxidants. 

 

We also found a significant increase in the levels of 

carbonylated proteins and plasma concentrations of 

MDA in HCV-infected patients relative to those in 

controls. These findings corroborate the studies of 

LEVENT et al.
[26]

, who showed that serum MDA was 

significantly increased in HCV patients before treatment 

compared with that in healthy subjects. Therefore, the 

present results confirm the involvement of oxidative 

stress as a part of the pathophysiology of HCV. 

 

The pathogenic mechanisms by which HCV causes 

cellular damage remain unclear, although it has been 
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suggested that oxidative stress plays a role in this 

process. CHC patients exhibit an increased production of 

TNF-α, a cytokine that can induce oxidative stress by 

stimulating the generation of ROS.
[39]

 Although 

interferon and ribavirin are not antioxidants, their 

antiviral ability may reduce the viral load and 

inflammation and perhaps, through this mechanism, may 

reduce oxidative stress. 

 

We found a significant increase in the number of 

micronuclei in HCV-infected patients, in agreement with 

a previous study
[40]

, in which lymphocytes from patients 

chronically infected with HBV or HCV presented greater 

chromosomal instability, characterized by an increase in 

the number of micronuclei. We found no significant 

differences during combined treatment, suggesting that 

PEG-INF and RBV did not present mutagenic activity. 

 

5. CONCLUSION 

Based on the results of this study, it can be suggested 

that hepatic function markers, acute phase proteins, the 

expression of proinflammatory interleukins, and 

oxidative stress parameters are increased in HCV 

carriers. However, during combined treatment with 

pegylated interferon alpha and ribavirin, there was a 

decrease in their blood levels reaching concentrations 

similar to those of the control group. Therefore, it can be 

concluded that combination therapy was able to improve 

the hepatic inflammatory processes of the patients as 

well as improvement in their quality of life. 
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