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Antioxidant and immunomodulatory effects of Viusid in
patients with chronic hepatitis C
Eduardo Vilar Gomez, Yadina Martinez Perez, Hector Vega Sanchez, Gretel Riveron Forment, Enrique Arus Soler,
Luis Calzadilla Bertot, Ali Yasells Garcia, Maria del Rosario Abreu Vazquez, Licet Gonzalez Fabian
who were non-responders to standard antiviral treatment were randomly assigned to receive Viusid (3 sachets daily, n = 30) or placebo (n = 30) for 24 wk. The
primary outcome was the change in serum malondialdehyde and 4-hydroxyalkenals (lipid peroxidation products). Secondary outcomes were changes in serum
tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ)
and interleukin-10 (IL-10).
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RESULTS: Statistically significant reductions in serum
4-hydroxyalkenals and malondialdehyde levels were observed in both groups in comparison with pretreatment
values, but the patients who received Viusid showed a
more marked reduction as compared with the control
group (P = 0.001). TNF-α levels significantly increased
from 6.9 to 16.2 pg/mL (P < 0.01) in the patients who
received placebo in comparison with almost unchanged
levels, from 6.6 to 7.1 pg/mL (P = 0.26), in the patients
treated with Viusid (P = 0.001). In addition, IL-10 levels
were markedly increased in the patients treated with Viusid (from 2.6 to 8.3 pg/mL, P = 0.04) in contrast to the
patients assigned to placebo (from 2.8 to 4.1 pg/mL,
P = 0.09) (P = 0.01). Likewise, the administration of
Viusid markedly increased mean IFN-γ levels from 1.92
to 2.89 pg/mL (P < 0.001) in comparison with a reduction in mean levels from 1.80 to 1.68 pg/mL (P = 0.70)
in the placebo group (P < 0.0001). Viusid administration
was well tolerated.
CONCLUSION: Our results indicate that treatment
with Viusid leads to a notable improvement of oxidative stress and immunological parameters in patients
with chronic hepatitis C.

Abstract

© 2010 Baishideng. All rights reserved.

AIM: To investigate the efficacy of Viusid, a nutritional
supplement, as an antioxidant and an immunomodulator in patients with chronic hepatitis C.

Key words: Antioxidant therapy; Chronic hepatitis C; Cytokines; Immunomodulatory therapy; Nutritional supplement; Oxidative stress

METHODS: Sixty patients with chronic hepatitis C
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dependable end points, and poor understanding of the
role of different antioxidants in CHC[18-23].
There is an obvious need for the continuous development of new treatment strategies for CHC. Thus, the
administration of compounds with antioxidant and immunomodulatory properties could be a plausible strategy
to halt the natural course of the disease, particularly in
patients with poor response to antiviral therapy. Viusid,
a nutritional supplement, contains different molecules
(ascorbic acid, zinc, and glycyrrhizic acid) with recognized
antioxidant properties (Table 1)[24-26]. Its different chemical
compounds are activated through a molecular activation
principle that strongly increases their biological activity
without modifying their physical structure. Recently, Vilar
Gomez et al[27] reported that the addition of Viusid to the
conventional interferon/ribavirin therapy was associated
with significant histologic and biochemical improvements, especially in patients without sustained virological
response. They suggested that the Viusid-related effect on
histologic features, especially fibrosis, appears to be associated with antioxidant and/or immunomodulatory properties. All of these effects could modulate the histologic
pattern of CHC, especially inflammation and fibrosis, in
an attempt to halt disease progression. Therefore, we conducted a randomized double-blind and placebo-controlled
study to evaluate whether Viusid may have a beneficial
effect on oxidative stress and cytokine parameters in patients with chronic hepatitis C.

Section (111D), VA Medical Center, 2002 Holcombe Blvd.,
Houston, TX 77030, United States; Dr. Yoshiaki Iwasaki, Department of Gastroenterology and Hepatology, Okayama University
Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, 2-5-1, Shikata-cho, Okayama 700-8558, Japan
Gomez EV, Perez YM, Sanchez HV, Forment GR, Soler EA,
Bertot LC, Garcia AY, del Rosario Abreu Vazquez M, Fabian
LG. Antioxidant and immunomodulatory effects of Viusid in
patients with chronic hepatitis C. World J Gastroenterol 2010;
16(21): 2638-2647 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v16/i21/2638.htm DOI: http://dx.doi.
org/10.3748/wjg.v16.i21.2638

INTRODUCTION
Hepatitis C virus (HCV) infection is one of the most
important causes of chronic liver disease leading to cirrhosis and hepatocellular carcinoma (HCC)[1]. Peginterferon plus ribavirin is the only therapeutic alternative
with proven efficacy in patients with chronic hepatitis C
(CHC)[2]. Unfortunately, sustained virological response
is achieved in only approximately 50% of the patients.
HCV protease and polymerase inhibitors have been evaluated recently, but the increased rate of adverse events
and discontinuations reported during the trials may possibly preclude their use in clinical practice[3,4].
The exact pathogenesis of liver injury and fibrosis
has not been fully elucidated. Previous studies have
found increased oxidative damage in patients chronically
infected with HCV[5,6]. These findings have been supported by increased levels of lipid peroxidation (LPO)
products (such as malondialdehyde and hydroxynonenal), an overabundance of reactive oxygen species, elevated superoxide dismutase (SOD) activity and reduced
levels of glutathione (GSH) in serum or erythrocytes of
patients with CHC compared with healthy controls[5-9].
Similarly, cytokine dysregulation is thought to play a
crucial role in the persistence of viral infection and as
a key mediator in the inflammatory and fibrogenic processes of patients with HCV infection[10].
Studies have shown that increased production of
interferon-γ (IFN-γ) is strongly associated with spontaneous resolution of HCV infection compared with scant
production in patients with persistent infection[11,12]. Likewise, it has been reported that patients with chronic HCV
infection show enhanced serum interleukin (IL)-10 concentration[13,14]; however, long-term IL-10 therapy to treat
chronically HCV-infected patients leads to a significant
improvement of inflammation and fibrosis[15].
Several studies have suggested a positive association between increased serum tumor necrosis factor-α
(TNF-α), IL-1 and -6 levels, and the degree of hepatic
inflammation and fibrosis in patients with CHC[16,17].
This provides a rationale for studies using antioxidant and immunomodulatory agents; however, trials
involving these agents have not clearly demonstrated
their potential benefits, in part due to the limitations of
non-randomized studies with small sample size, lack of
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MATERIALS AND METHODS
Patients
We recruited 60 patients with chronic hepatitis C diagnosis at a tertiary care center (National Institute of Gastroenterology, Havana, Cuba).
Inclusion criteria included male and female patients
of 18 to 65 years of age who had a positive test for antiHCV antibody, HCV RNA detectable in serum by polymerase chain reaction (PCR), persistently elevated ALT
at least on two occasions, liver biopsy consistent with
chronic hepatitis, non-responders to previous treatment
with peginterferon plus ribavirin, and absence of significant alcohol ingestion (weekly ethanol consumption of
more than 40 g).
Exclusion criteria included presence of any other
form of liver disease, positive screening for viral hepatitis A and B and human immunodeficiency virus (HIV),
pregnancy or lactation, decompensated cirrhosis, concomitant disease with reduced life expectancy, severe
psychiatric conditions, drug dependence, evidence of
liver cancer at entry into the study on the basis of ultrasonography and α-fetoprotein levels less than 50 ng/L,
and refusal to participate in the study.
Ethics
The study was conducted in compliance with the Declaration of Helsinki and approved by the ethics committee
and the institutional review board of the National Institute of Gastroenterology. All patients provided written
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-70℃ until assayed. In general, all samples were analyzed
in duplicate.

Table 1 Ingredients of Viusid
Malic acid
Glycyrrhizic acid
Glucosamine
Arginine
Glycine
Calcium pantothenate

0.666 g
0.033 g
0.666 g
0.666 g
0.333 g
0.002 g

Ascorbic acid
Folic acid
Cyanocobalamine
Zinc sulfate
Pyridoxal

0.020 g
66 mcg
0.3 mcg
0.005 g
0.6 mg

Oxidative stress determination: Blood for oxidative
stress determination was drawn at baseline and every two
months up to study conclusion.
The blood oxidative stress status was evaluated by assaying nine parameters: plasma lipid peroxidation products
(malondialdehyde and 4-hydroxyalkenals), advanced oxidation protein products, and antioxidant defense systems
(glutathione peroxidase, Cu/Zn superoxide dismutase,
catalase, glutathione reductase, glutathione, and myeloperoxidase).
Erythrocyte catalase, glutathione reductase, and
glutathione peroxidase activities were determined with
BIOXYTECH® CAT-520™, BIOXYTECH® GR-340™
and BIOXYTECH® GPx-340™ (OXIS Research, Portland, USA), respectively. Their values were expressed as
units per milligram of hemoglobin.
SOD in erythrocytes was measured by the Fulbert
method[28], based on the capacity of SOD to inhibit the
reduction of ferricytochrome C by the xanthine/xanthine
oxidase system. A standard curve was prepared using commercially available SOD (Sigma-Aldrich). Reaction development was monitored spectrophotometrically at 405 nm.
One SOD unit is defined as the amount of enzyme that
inhibits cytochrome C reduction by 50% under the respective conditions; activity is expressed per hemoglobin.
LPO measurement was performed using the BIOXYTECH® LPO-586™ kit (OXIS Research, Portland, USA)
and was based on the reaction of a chromogenic reagent
(N-methyl-2-phenylindole) with malondialdehyde (MDA)
and 4-hydroxyalkenals at 45℃.
Determination of advanced oxidation protein products (AOPP) was based on spectrophotometric detection
according to the method described by Witko-Sarsat[29].
Briefly, 200 µL of plasma [diluted 1:5 with phosphate
buffered saline (PBS)], 200 µ L of chloramine-T (0100 µmol/L) for calibration, and 200 µL of PBS as blank
were applied on a microtiter plate. 10 µL of 1.16 mol/L
potassium iodide and 20 µL of acetic acid were added to
each well, and absorbance at 340 nm was measured immediately. Concentration of AOPP was expressed in chloramine units (µmol/L).
GSH concentration was measured by the method of
Sedlak and Lindsay, in which 5,5'-dithiobis-(2-nitrobenzoic acid) reacting with sulfhydryl groups yields 2-nitro5-mercaptobenzoic acid with maximal absorbance at
412 nm[30]. Glutathione (Sigma-Aldrich) was used to generate the standard curves.
Serum myeloperoxidase (MPO) concentration was measured using a high-sensitivity, quantitative sandwich enzyme
immunoassay (OXIS Research, Portland, USA). In this assay, the lowest detection limit of MPO is 1.02 ng/mL.

informed consent for participation. The trial had been
registered at ClinicalTrials.gov (NCT00778843).
Study design
After initial evaluation, all patients who met the eligibility criteria were consecutively enrolled in the study. They
were randomly assigned to receive: Viusid (3 sachets daily, n = 30) or placebo (3 sachets daily, n = 30) for 24 wk.
Viusid was provided by Catalysis, S.L. (Madrid, Spain).
Randomization was conducted by allocation into
blocks of 4 (block randomization). It was performed by
a health worker experienced in randomization techniques
who was not involved in the evaluation or treatment of
the participants. The physicians, study coordinators, and
patients did not have access to the randomization scheme.
The patients, investigators, and study coordinators
were blinded as to the treatment administered. Catalysis,
Spain provided Viusid and placebo sachets. There was no
difference in appearance, smell or flavor between Viusid
and placebo.
All patients were evaluated at baseline and at monthly
intervals by an experienced hepatologist who strongly
encouraged the subjects to accomplish the treatment.
Clinical assessment, including body weight, liver tests,
glucose, creatinine, and hemoglobin determinations,
along with compliance with the study medication (verified
through sachet count) and adverse events, was determined
at baseline and/or at monthly intervals during the 24 wk
of the study.
The HCV-RNA level was quantified by PCR assay
(Amplicor Monitor HCV v. 2.0; Roche Molecular Systems;
lower limit of detection, 600 IU/mL). HCV genotyping was performed by reverse hybridization (Inno-LiPA
HCV; Innogenetics, Ghent, Belgium). Liver biopsy was
performed at least 6 mo before the inclusion in the study
and histological results were classified by a single local
pathologist according to Ishak score. Liver biopsies were
also performed after conclusion of the antiviral treatment.
Laboratory method
Venous blood samples were collected after an overnight
fast; 7 mL of blood was drawn into tubes containing
EDTA. Plasma was obtained by centrifugation (4000 g
for 15 min at 4℃) and frozen at -70℃ until assayed. After separation of the plasma, the buffy coat was removed
and the packed cells washed three times with cold isotonic saline. Then, a known volume of erythrocytes was
lysed with cold distilled water (1:4) and stored in a refrigerator at 4℃ for 15 min, and the cell debris was removed
by centrifugation. The erythrocyte lysates were stored at
WJG|www.wjgnet.com

Serum cytokine determinations: Blood for cytokine
measurement was drawn at baseline and every two months
up to study conclusion.
Serum cytokine levels (IL-1α, IL-1β, IL-2, IL-6, IL-10,
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Assessed for eligibility (n = 70)
Excluded (n = 10)
Not meeting inclusion criteria (n = 7)
Refused to participate (n = 3)
Other reasons (n = 0)

Enrollment
Randomized (n = 60)

Allocated to Viusid (n = 30)
Received allocated intervention (n = 30)
Did not receive allocated intervention (n = 0)

Allocation

Allocated to placebo (n = 30)
Received allocated intervention (n = 30)
Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 1)
Reasons: Myocardial infarction

Follow-up

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)
Reasons: (n = 0)

Analyzed (n = 30)

Analysis

Analyzed (n = 30)

Figure 1 Flow of participants through the study.

IL-12; TNF-α, TNF-β, IFN-γ, cathepsin L, and GM-CSF)
were measured using commercial sandwich-type ELISA
kits following the procedure recommended by the manufacturers (Bender MedSystem, Vienna, Austria). Detection
limits were as follows: 1.1 pg/mL for IL-1α, 0.3 pg/mL
for IL-1β, 9.9 pg/mL for IL-2, 0.92 pg/mL for IL-6,
1.0 pg/mL for IL-10, 2.1 pg/mL for IL-12; 2.3 pg/mL
for TNF-α, 4.6 pg/mL for TNF-β, 0.99 pg/mL for
IFN-γ, 1.71 ng/mL for cathepsin L, and 2.9 pg/mL for
GM-CSF.

80% to detect an absolute difference of 28% in the changes
of serum MDA and 4-hydroxyalkenals (28% in the group
with Viusid versus 0% in the placebo group). Considering a
type Ⅰ error of 0.05 and a type Ⅱ error of 0.20, 30 patients
per arm were needed to reach statistical significance.
All confidence intervals, significance tests, and resulting P values were two-sided, with an alpha level of 0.05.
Statistical analyses were performed using SPSS Inc.
for Windows, release 15, Chicago, IL.

Outcomes
The primary outcome was the change in serum MDA and
4-hydroxyalkenals (lipid peroxidation products). Secondary outcomes were changes in serum TNF-α, IL-10 and
IFN-γ. Change was the difference between measurements
obtained at baseline and at the end of treatment (24 wk).

RESULTS
A total of 60 patients were recruited at a tertiary center
(National Institute of Gastroenterology, Havana, Cuba)
between October 2008 and May 2009. The flow of participants through the trial is presented in Figure 1. All
randomized patients received at least one dose of the
study medication; 1 subject assigned to Viusid did not
complete the study and the reason for discontinuation
was a myocardial infarction in week 16 of the study. No
patient was lost during the follow-up period and no patient received co-interventions during the trial that could
have affected the outcomes.
All patients who underwent random allocation were
analyzed for outcomes according to original group assignment (intention-to-treat analysis).
Baseline characteristics were comparable across the
two groups (Table 2). The majority of the patients in the
Viusid group were female; however, there was no statistical difference in comparison with the placebo group.
All patients were non-responders to previous antiviral
therapy with peginterferon plus ribavirin and infected
with genotype 1, and more than half of the patients had
a viral load of over 600 000 IU/mL (75%).

Statistical analysis
The baseline characteristics were summarized as percentages for categorical variables and as mean ± SE
for continuous variables. The χ 2 test was applied to
categorical variables. The two-sample t-test was used to
compare means, and the Mann-Whitney U-test if they
were not normally distributed. Outcome measurements
included all patients who were randomized and received
at least one dose of study medication (intention-to-treat
analysis). The Wilcoxon signed-rank tests were used to
compare changes between the baseline and post-treatment measurements, and the Wilcoxon rank-sum tests
were used for treatment group comparisons. The safety
analysis included all treated patients who had at least one
safety evaluation after baseline.
The study was designed to have a statistical power of
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A
Viusid
(n = 30)

Age (yr)
49.3 ± 2.1
Sex, n (%)
Male
10 (33)
Female
20 (67)
Body mass index (kg/m2)
25.3 ± 0.7
24 (80)
HCV RNA > 600 000 IU/mL, n (%)
Genotype 1, n (%)
30 (100)
Ishak inflammation score
5.98 ± 3
Ishak fibrosis score
1.88 ± 0.91
ALT (IU/L)
66.9 ± 7.6
AST (IU/L)
55.9 ± 7
Fasting plasma glucose (mmol/L)
5.1 ± 0.14
Alkaline phosphatase (mmol/L) 217.8 ± 12.8
Creatinine (mmol/L)
80.4 ± 2.8
Hemoglobin (g/L)
126.4 ± 1.4
72.7 ± 13.5
γ-glutamyltransferase (IU/L)
Bilirubin (mmol/L)
11.4 ± 1.4
Albumin (g/L)
47.8 ± 0.5
Uric acid (mmol/L)
257 ± 16.8
IL-1α (pg/mL)
3.26 ± 0.7
IL-1β (pg/mL)
3.7 ± 0.1
IL-2 (pg/mL)
17.9 ± 2.3
IL-6 (pg/mL)
2.5 ± 0.2
IL-10 (pg/mL)
2.6 ± 0.6
IL-12 (pg/mL)
7.5 ± 1.4
IFN-γ (pg/mL)
1.92 ± 0.2
TNF-α (pg/mL)
6.6 ± 0.2
TNF-β (pg/mL)
8.5 ± 0.4
Cathepsin L (ng/mL)
1.7 ± 0.1
GM-CSF (pg/mL)
4.4 ± 0.1
MDA (µmol/L)
0.97 ± 0.05
4-hydroxyalkenals (µmol/L)
1.75 ± 0.09
Cu/Zn SOD (U/mg Hb)
17.6 ± 1.1
CAT (U/mg Hb)
235 ± 23.7
GR (mU/mg Hb)
6.1 ± 0.7
GPx (mU/mg Hb)
169 ± 11.6
GSH (µmol/L)
26.3 ± 2.3
MPO (ng/mL)
221 ± 6.6
AOPP (µmol/L)
36.1 ± 5.4

Placebo
(n = 30)

P

value

49.7 ± 2.2

0.90

16 (53)
14 (47)
26.4 ± 0.7
21 (70)
30 (100)
5.88 ± 3
2.06 ± 1.8
75.4 ± 8.4
65.8 ± 7.6
5.8 ± 0.4
221.1 ± 13.7
82.8 ± 3.6
131.3 ± 2.7
84.1 ± 13.8
14.1 ± 1.3
47.6 ± 0.9
276 ± 13.4
3.09 ± 0.5
4 ± 0.1
19.9 ± 4.7
2.1 ± 0.3
2.8 ± 4.1
7.6 ± 1.2
1.80 ± 0.1
6.9 ± 0.5
9.1 ± 0.6
1.7 ± 0.1
4.3 ± 0.1
1.12 ± 0.09
1.92 ± 0.14
18.7 ± 0.9
289 ± 21.8
6.9 ± 1.1
176 ± 11.2
31.8 ± 3.2
221 ± 6.7
26.2 ± 5.5

0.19

1

0.28
0.36
1.00
0.55
0.68
0.45
0.34
0.09
0.86
0.59
0.11
0.55
0.16
0.80
0.37
0.89
0.29
0.93
0.35
0.67
0.92
0.63
0.45
0.58
0.99
0.97
0.17
0.30
0.46
0.09
0.73
0.66
0.16
0.91
0.20

P = 0.001

0.20
0.00
-0.20

Placebo
-0.40
-0.60
Viusid
0

8

  16

24

t /wk

B

1.00

P = 0.001
0.00
Placebo
-1.00
Viusid
-2.00

0

  8

16

24

t /wk

Figure 2 Change in mean serum malondialdehyde (MDA) (A) and serum
4-hydroxyalkenals (B) levels during the treatment period. Error bars
indicate SE. P value for the comparison of the Viusid and the control group at
24 wk. A comparative analysis was performed using Wilcoxon rank-sum test.

0.53 µmol/L), with a mean difference of 1.22 (95% CI:
0.97-1.45), as compared with the patients treated with placebo (1.92 to 1.39 µmol/L), with a mean difference of 0.53
(95% CI: 0.43-1.17) (Figure 2B).
Antioxidant defense system markers: Surprisingly,
significant reductions in erythrocyte Cu/Zn SOD, CAT,
GR, and serum GSH and MPO were observed in both
groups of treatment in comparison with pretreatment
values; however, no significant difference was observed
between groups (Table 3).

1

P values are for the comparison between Viusid and placebo; Plusminus values are mean ± SE of mean; For all laboratory measures
and for continuous demographics: P value Mann-Whitney U-test;
Proportions: Percentage, P value χ2. HCV: Hepatitis C virus; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; IL: Interleukin; IFN:
Interferon; TNF: Tumor necrosis factor; GM-CSF: Granulocyte-macrophage
colony-stimulating factor; MDA: Malondialdehyde; Cu/Zn SOD: Copper/
Zinc superoxide dismutase; CAT: Catalase; GR: Glutathione reductase; GPx:
Glutathione peroxidase; GSH: Glutathione; MPO: Myeloperoxidase; AOPP:
Advanced oxidation protein products.

Advanced oxidation protein products: Serum AOPP
concentrations remained unchanged for the patients
who received Viusid or placebo as compared with baseline values (Table 3).

Oxidative stress markers
Lipid peroxidation products (primary end point):
There were significant mean reductions from baseline to
6 mo in MDA and 4-hydroxyalkenals in each group of
treatment (Table 3). However, the administration of Viusid markedly reduced the mean MDA level from 0.97 to
0.29 µmol/L with a mean improvement of 0.68 (95% CI:
0.50-0.84) vs 1.12 to 0.76 µmol/L with a mean improvement of 0.36 (95% CI: 0.11-0.62) for placebo (P = 0.001)
in comparison with baseline values (Figure 2A). Similarly,
significant changes in the mean of serum 4-hydroxyalkenals occurred in the patients assigned to Viusid (1.76 to

WJG|www.wjgnet.com

0.40

-0.80

Mean 4-hydroxyalkenals
changes from baseline (mmol/L)

Variable

Mean MDA changes from
baseline (mmol/L)

Table 2 Baseline characteristics

Serum cytokines
Serum cytokine results are summarized in Table 4.
TNF- α levels (secondary outcome) significantly
increased from 6.9 to 16.2 pg/mL (P < 0.01) in the patients treated with placebo in comparison with almost
unchanged levels (6.6 to 7.1 pg/mL, P = 0.26) in the
patients treated with Viusid (P = 0.001) (Figure 3A).
Similarly, the administration of Viusid markedly increased the mean IFN-γ level (secondary outcome) from
1.92 to 2.89 pg/mL (P < 0.001) in comparison with re-
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Table 3 Patients’ baseline oxidative stress parameters and outcome at 6 mo
Viusid (n = 30)

Variable

MDA (µmol/L)
4-hydroxyalkenals (µmol/L)
Cu/Zn SOD (U/mg Hb)
CAT (U/mg Hb)
GR (mU/mg Hb)
GPx (mU/mg Hb)
GSH (µmol/L)
MPO (ng/mL)
AOPP (µmol/L)

P value1

Placebo (n = 30)

Before
treatment

After
treatment

Change

P value

Before
treatment

After
treatment

Change

P value

0.97 ± 0.05
1.75 ± 0.09
17.6 ± 1.1
235 ± 23.7
6.1 ± 0.7
169 ± 11.6
26.3 ± 2.3
221 ± 6.6
36.1 ± 5.4

0.29 ± 0.05
0.53 ± 0.06
3.26 ± 0.4
17.6 ± 2.3
11 ± 1.1
147 ± 12
16.4 ± 1.9
123 ± 12.9
48.4 ± 13.7

-0.68 ± 0.08
-1.22 ± 0.1
-14.3 ± 1.2
-217.4 ± 24
4.9 ± 1.3
-22 ± 17
-9.9 ± 3
-98 ± 14.2
12.3 ± 11.2

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.20
0.002
< 0.001
0.39

1.12 ± 0.09
1.92 ± 0.14
18.7 ± 0.9
289 ± 21.8
6.9 ± 1.1
176 ± 11.2
31.8 ± 3.2
221 ± 6.7
26.2 ± 5.5

0.76 ± 0.08
1.39 ± 0.13
3.44 ± 0.39
21 ± 2.7
12 ± 1.2
136 ± 16
19.8 ± 2.5
115 ± 22
35.9 ± 7.6

-0.36 ± 0.12
-0.53 ± 0.2
-15.3 ± 1.04
-268 ± 22
5.1 ± 1.6
-40 ± 19
-12 ± 4.1
-106 ± 23.2
9.7 ± 9.3

0.002
0.01
< 0.001
< 0.001
0.001
0.05
0.005
< 0.001
0.30

0.001
0.001
0.71
0.13
0.97
0.87
0.69
0.61
0.57

1

P values are for the comparison between groups (change from baseline). Plus-minus values are mean ± SE of mean; Continuous parameters were analyzed
using the Wilcoxon signed-ranks test and the Wilcoxon rank-sum tests were used for treatment group comparisons.

Table 4 Patients’ baseline cytokine values and outcome at 6 mo
Viusid (n = 30)

Variable

IL-1α (pg/mL)
IL-1β (pg/mL)
IL-2 (pg/mL)
IL-6 (pg/mL)
IL-10 (pg/mL)
IL-12 (pg/mL)
IFN-γ (pg/mL)
TNF-α (pg/mL)
TNF-β (pg/mL)
Cathepsin L (ng/mL)
GM-CSF (pg/mL)

Before
treatment

After
treatment

3.26 ± 0.7
3.7 ± 0.1
17.9 ± 2.3
2.5 ± 0.2
2.6 ± 0.6
7.5 ± 1.4
1.92 ± 0.2
6.6 ± 0.2
8.5 ± 0.4
1.7 ± 0.1
4.4 ± 0.1

2.61 ± 0.3
2.9 ± 0.1
11.3 ± 0.2
2.1 ± 0.2
8.3 ± 4.1
5.1 ± 0.9
2.89 ± 0.4
7.1 ± 0.4
5.4 ± 0.1
2.9 ± 0.2
4.6 ± 0.1

P value1

Placebo (n = 30)

Change

P value

Before
treatment

After
treatment

-0.60 ± 0.8
-0.8 ± 0.1
-6.5 ± 2.2
-0.4 ± 0.3
5.7 ± 4
-2.4 ± 1.1
0.97 ± 0.5
0.45 ± 0.4
-3.1 ± 0.5
1.2 ± 0.2
0.2 ± 0.2

0.04
< 0.001
< 0.01
0.14
0.04
0.04
< 0.001
0.26
< 0.001
< 0.001
0.24

3.09 ± 0.5
4 ± 0.1
19.9 ± 4.7
2.1 ± 0.3
2.8 ± 4.1
7.6 ± 1.2
1.80 ± 0.1
6.9 ± 0.5
9.1 ± 0.6
1.7 ± 0.1
4.3 ± 0.1

6.62 ± 2.3
3 ± 0.1
12.1 ± 0.8
2 ± 0.2
4.1 ± 0.1
6.2 ± 1.5
1.68 ± 0.1
16.2 ± 3.4
6.3 ± 1.2
3.1 ± 0.2
4.6 ± 0.1

Change

P value

3.53 ± 2.4
-1 ± 0.2
-7.8 ± 3.9
-0.1 ± 0.3
1.3 ± 0.2
-1.4 ± 1.4
-0.11 ± 0.2
9.3 ± 3.1
-2.8 ± 1.2
1.4 ± 0.2
0.3 ± 0.2

0.04
< 0.001
0.04
0.71
0.09
0.34
0.70
< 0.01
0.03
< 0.001
0.11

0.04
0.24
0.39
0.24
0.01
0.29
< 0.0001
0.001
0.21
0.16
0.60

1

P values are for the comparison between groups (change from baseline). Plus-minus values are mean ± SE of mean; Continuous parameters were analyzed
using the Wilcoxon signed-ranks test and the Wilcoxon rank-sum tests were used for treatment group comparisons.

44% (from 72.7 to 40.8 IU/L, P = 0.001) in patients
receiving Viusid, as compared with 12% (from 84.1 to
74.4 IU/L, P = 0.56) in the patients assigned to placebo (P
= 0.002). Uric acid levels slightly decreased by 23% (from
257 to 198 mmol/L, P = 0.01) in patients receiving Viusid, as compared with 3% (from 276 to 267 mmol/L, P =
0.66) in subjects assigned to placebo.
In both groups, aminotransferase levels were unaffected in comparison with pretreatment values (Table 5).

duced mean levels from 1.80 to 1.68 pg/mL (P = 0.70)
in the placebo group (P < 0.0001) (Figure 3B).
Likewise, IL-1α levels slightly decreased from 3.26
to 2.61 pg/mL (P = 0.04) in the patients who received
Viusid, as compared with a significant increase from 3.09
to 6.62 pg/mL (P = 0.04) in subjects assigned to placebo
(Figure 3C). In addition, IL-10 levels were markedly increased in the patients treated with Viusid (from 2.6 to
8.3 pg/mL, P = 0.04) in contrast to the patients assigned
to placebo (from 2.8 to 4.1 pg/mL, P = 0.09) (P = 0.01)
(Figure 3D).
Unexpectedly, significant reductions in the mean serum level of IL-1β, IL-2, TNF-β, and cathepsin L were
recorded in all patients at 24 wk of treatment in comparison with baseline; however, no significant difference
was observed between the groups.
Serum IL-6, IL-12, and GM-CSF concentrations remained unchanged in the patients who received Viusid
or placebo as compared with baseline values.

Safety analysis
Headache and diarrhea were reported in one subject who
received Viusid. No laboratory adverse event was reported
with the use of Viusid. There was no incidence of discontinuation or dose modification of Viusid secondary to
adverse events.

DISCUSSION
Encouraging effects of Viusid on liver histology have
been reported in patients with chronic hepatitis C and
nonalcoholic fatty liver disease [27,31]; however, pathophysiologic mechanisms for explaining these effects
remain unknown. There is a potential hepatoprotective

Biochemical results
At 24 wk of treatment, γ-glutamyltransferase (GGT)
levels were considerably reduced in comparison with
baseline values (Table 5). GGT levels were reduced by

WJG|www.wjgnet.com
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Table 5 Patients’ baseline characteristics and outcome at 6 mo
Viusid (n = 30)

Variable
Body mass index (kg/m2)
Hemoglobin (g/L)
Alkaline phosphatase (mmol/L)
ALT (IU/L)
AST (IU/L)
Fasting plasma glucose (mmol/L)
Creatinine (mmol/L)
γ-glutamyltransferase (IU/L)
Albumin (g/L)
Bilirubin (mmol/L)
Uric acid (mmol/L)

Before treatment

After treatment

25.6 ± 0.7
125.8 ± 1.4
217.2 ± 12
67.6 ± 7.6
56 ± 7
5 ± 0.1
79.4 ± 2.8
72.7 ± 13
47.4 ± 0.5
12.1 ± 0.08
257 ± 16.8

25.7 ± 0.7
125.2 ± 2.1
206.1 ± 15
65.1 ± 9.9
57.7 ± 9.1
4.8 ± 0.2
75.7 ± 2.4
40.8 ± 6.1
46.6 ± 0.8
11.9 ± 0.07
198 ± 13.8

P value1

Placebo (n = 30)

P value
0.92
0.74
0.49
0.68
0.81
0.17
0.06
0.001
0.43
0.91
0.01

Before treatment

After treatment

P value

26 ± 0.7
132.2 ± 2.7
217.1 ± 13
67.7 ± 8.4
62.7 ± 7.6
5.6 ± 0.4
83.3 ± 3.6
84.1 ± 14
46.5 ± 0.9
13.8 ± 0.07
276 ± 13.4

27.2 ± 0.6
135.6 ± 3.1
211.4 ± 13
63.5 ± 6
53.9 ± 6.5
5.4 ± 0.5
77.7 ± 3
74.4 ± 10
46.1 ± 1
14.3 ± 0.08
267 ± 18

0.08
0.09
0.69
0.38
0.11
0.69
0.17
0.56
0.72
0.79
0.66

0.12
0.13
0.80
0.82
0.24
0.91
0.67
0.002
0.79
0.67
0.04

1

P values are for the comparison between groups (change from baseline). Values are expressed as mean ± SE of mean; Continuous parameters were
analyzed using the Wilcoxon signed-ranks test and the Wilcoxon rank-sum tests were used for treatment group comparisons.

A

B

P = 0.001

Mean IFN-γ changes from
baseline (pg/mL)

Mean TNF-α changes from
baseline (pg/mL)

15.00
Placebo

10.00

5.00
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P < 0.0001

1.5
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0.0
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16
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6.00

Mean IL-10 changes from
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Mean IL-1α changes from
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Figure 3 Change in mean serum levels of TNF-α (A), IFN-γ (B), IL-1α (C) and serum IL-10 (D) during the treatment period. Error bars indicate SE. P values for
the comparison of the Viusid and the control group at 24 wk. A comparative analysis was performed using Wilcoxon rank-sum test. TNF-α: Tumor necrosis factor-α;
IFN-γ: Interferon-γ; IL-1α: Interleukin-1α; IL-10: Interleukin-10.

mechanism in the chemical composition of Viusid that
could be explained by the anti-inflammatory and antioxidant properties of its different molecules, such as zinc,
glycyrrhizin acid, and ascorbic acid[24-26]. Thus, the aim
of this study was to investigate the role of Viusid as an
antioxidant and an immunomodulator in patients with
CHC who have failed previous antiviral treatment.
Several studies have demonstrated increased production of MDA in CHC, which is an indirect marker for
oxidative stress (lipid peroxidation), and its levels have

WJG|www.wjgnet.com

been associated with moderate-to-severe inflammation
and fibrosis compared with those patients who had
milder disease, suggesting higher oxidative stress with
advanced stage of the disease[32,33].
We found that MDA and 4-hydroxyalkenal levels
were significantly reduced in the serum of the patients
treated with Viusid as compared with placebo, indicating an important effect on lipid peroxidation products.
Recent evidence shows that increased lipid peroxidation
products, such as 4-hydroxynonenal, play a decisive role
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in stellate cell activation and fibrosis progression[34]. Increased 4-hydroxynonenal levels upregulate procollagen
and tissue inhibitor of metalloproteinase-1 gene expression. Matrix metalloproteinase-1 plays an important role
in degrading collagen; therefore, the inhibition of this
enzyme could increase fibrosis. Thus, this provides a putative mechanism to explain in part the effect of Viusid
on fibrosis reduction in patients with CHC[27]. Therefore,
these results support the rationale for further studies in
other forms of liver disease such as alcoholic liver disease and nonalcoholic fatty liver disease.
Encouraging antioxidant effects of ascorbic acid and
zinc have been reported recently. Ascorbic acid and zinc
supplementation have been associated with a significant
reduction of LPO products[35,36].
Surprisingly, a marked reduction of serum antioxidant
defense system markers was seen in the whole group during treatment, maybe reflecting the “regression towards
the mean” phenomenon, a placebo-induced effect, or
poor maintenance of the redox homeostasis status.
Imbalanced Th1- and Th2-type response has been
postulated to play an important role in influencing both
the persistence of HCV infection and the extent of liver
damage[10,37,38]. In this context, IFN-γ and IL-12 are Th1type cytokines, which are critical in the development of
T-cell-mediated immunity, paramount for viral clearance.
Thus, an increased production of serum IFN-γ has been
strongly linked to self-limited HCV infection[11,12]. Our
data suggest an increased production of IFN-γ in the
patients treated with Viusid when compared with baseline, maybe suggesting a reestablishment of the T-cellmediated immunity via Th1-type response; however, the
underlying mechanisms by which Viusid is able to induce
IFN-γ are still poorly understood. On the other hand,
IL-10 is a Th2-type response cytokine with a suppressive
effect on the generation of Th1-type response cytokines
(IFN-γ and IL-12), which have recognized anti-inflammatory and slight proviral effects[13-15]. Our data show
that serum IL-10 levels were markedly increased with the
administration of Viusid in spite of simultaneously increasing serum IFN-γ levels. IL-10 is known to suppress
the secretion of pro-inflammatory cytokines, such as
TNF-α, IFN-γ, and IL-12[15,39,40]. In contrast, administration of neutralizing monoclonal antibodies to anti-IL-10
enhances in vitro IFN-γ production in HCV patients[41],
suggesting that IL-10 levels differ widely between individuals, possibly due to polymorphisms in the promoter
region of the IL-10 gene[42].
Recent data support the hypothesis that long-term
IL-10 therapy to treat chronically HCV-infected patients
leads to significant histological improvement of inflammation and fibrosis[15].
Our data suggest that increased serum IL-10 levels
could be a significant finding to explain the effect of Viusid on histological features (inflammation and fibrosis) in
patients with CHC and non-alcoholic fatty liver disease
(NAFLD)[27,31].
Recent studies have indicated that glycyrrhizin, an
aqueous extract of licorice root and the main ingredient
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of Viusid, can induce a significant production of IL-10 by
liver dendritic cells in concanavalin A-induced hepatitis in
mice[43].
Our findings also show that a short course of Viusid
slightly reduces IL-1α and stabilizes TNF-α concentrations
in patients with CHC. These are markers of inflammation
and fibrosis that are elevated in HCV-infected subjects
compared with healthy controls[16,17,38]; therefore, their reduction or stabilization could be associated with histological
improvement, in particular inflammation and fibrosis.
Viusid has chemical ingredients with recognized immune regulatory properties that would explain in part
the effect on cytokine secretion. Zinc supplementation
has demonstrated that it can significantly increase IFN-γ
and IL-10 secretion and reduce IL-1 and TNF-α secretion in patients with chronic inflammatory diseases[44].
GGT has been regarded as a biomarker of hepatobiliary disease and alcohol consumption/abuse[45]. In addition to liver disease, GGT has been associated with high
all-cause mortality, cardiovascular disease incidence and
death, and cancer incidence and death[46,47]. Accumulating experimental evidence suggests that GGT is a key
mediator in the mechanisms of oxidative stress. GGTmediated oxidative stress has been reported capable of
inducing lipid oxidation, oxidation of protein thiols,
alterations of the normal protein phosphorylation patterns, and biological effects such as the activation of
transcription factors[48].
In the current study, we found that serum GGT levels
were significantly reduced in the patients treated with Viusid in comparison with unchanged levels in the patients
assigned to placebo. The mechanism that explains the
contribution of Viusid to GGT reduction has not been
fully elucidated and further studies are needed to evaluate
the clinical impact of long-term Viusid administration in
patients with other forms of chronic liver disease, cardiovascular disease, metabolic syndrome, and cancer.
On the other hand, the administration of Viusid did
not improve aminotransferase levels during the 24 wk of
treatment. In contrast to what has been suggested in two
recently published papers[33,37], Viusid without supportive
therapy such as antiviral therapy or lifestyle modification
for CHC and NAFLD, respectively, is unable to induce
improvement in aminotransferase levels, regardless of its
proven and significant antioxidant and immunomodulatory capability. Further studies must evaluate higher doses
and long-term administration of Viusid to determine its
effect on aminotransferase levels in patients with chronic
liver diseases.
The main strength of this study is the presence of a
concurrent placebo control group allowing adequate comparison between control and experimental groups for outcome measures. A possible weakness of our study is that
patients were treated for 24 wk only, and it remains unclear
whether some parameters related to oxidative stress and immunological status can be improved beyond 24 wk.
In conclusion, our data suggest that Viusid improves
oxidative stress through reduction of lipid peroxidation products and that it has an immunomodulatory
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effect on cytokine secretion via increased production of
IFN-γ and IL-10, decreased production of IL-1α, and
stabilized TNF-α secretion in patients with CHC who
have failed previous antiviral treatment. Our findings
also highlight the limitations in our understanding of the
complex mechanism of the host immune response and
its interaction with pro-oxidant/antioxidant status.
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COMMENTS
COMMENTS
Background

5

The pathogenesis of chronic hepatitis C (CHC) is associated with severe
oxidative stress and non-selective immunological disturbance that lead
to necroinflammation and the progression of fibrosis. Several trials have
suggested that antioxidant and immunostimulant therapies may have a
beneficial effect. Two previous clinical studies have reported that the Viusidrelated effect on histologic features, especially fibrosis, appears to be
associated with antioxidant and/or immunomodulatory properties. However, the
putative mechanism of action of Viusid is unknown.

6

7

Research frontiers

Peginterferon plus ribavirin is the only therapeutic alternative with proven
efficacy in patients with CHC. Unfortunately, sustained virological response
is achieved in only approximately 50% of patients. Viusid is a nutritional
supplement with documented effects on histological parameters (steatosis,
inflammation and fibrosis) in patients with CHC and nonalcoholic fatty liver
diseases. It contains different molecules (ascorbic acid, zinc, and glycyrrhizic
acid) with recognized antioxidant and immunomodulatory properties. However,
is necessary to confirm whether Viusid may have a beneficial effect on oxidative
stress and cytokine parameters in patients with CHC.

8

9

Innovations and breakthroughs

10

Recent studies have suggested that the Viusid-related effect on histologic
features, especially fibrosis, appears to be associated with antioxidant and/or
immunomodulatory properties. All of these effects could modulate the histologic
pattern of CHC, especially inflammation and fibrosis, in an attempt to halt
disease progression. The identification of the molecular mechanisms of action
of Viusid as an immunomodulatory and/or antioxidant product in patients with
CHC could support a new strategy of treatment in patients who have failed
previous antiviral treatment.

11

Applications

In current clinical practice, there are no available strategies of treatment for
patients with CHC who have failed previous antiviral treatment. Therefore,
there is an obvious need for the continuous development of new treatment
strategies for CHC. Thus, the administration of compounds with antioxidant and
immunomodulatory properties such as Viusid could be a plausible strategy to
halt the natural course of the disease, particularly in patients with poor response
to antiviral therapy. Further studies are needed to evaluate the clinical impact of
the administration of Viusid in patients with end-stage liver disease secondary to
CHC.

12
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14

Terminology

Viusid is a nutritional supplement. It contains different molecules (ascorbic acid,
zinc, and glycyrrhizic acid) with recognized antioxidant and immunomodulatory
properties. The different compounds in the supplement are activated through a
molecular activation principle which strongly increases their biological activity
without modifying their structure. With this method the molecules are treated
under a determined electric field during a time span calculated beforehand and
under certain specific conditions for each kind of molecule.
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Peer review

In this report, the authors reported the results of a randomized double-blind and
placebo-controlled study to evaluate the effect of Viusid on oxidative stress and
cytokine parameters in patients with chronic hepatitis C who had been nonresponders to previous antiviral therapy with peginterferon plus ribavirin and
infected with genotype 1.
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