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Abstract: In a prospective, randomized and single-blinded clinical trial, we compared patients with Chronic hepatitis C
(CHC) orally treated with sucrose diluted with water (1:2) twice a day for 56 days (control group), with patients orally treated
with four antioxidant dietary supplements rich in vitamin B5, B9, C, D, citric, pyruvic, and tartaric acids and carbohydrates
(CCEP: Citexivir, Citozym, Ergozym Plus and Propulzym). The efficacy of treatment was evaluated once a week for 8 weeks,
by monitoring changes in the activities of circulating Alanine aminotransferase (ALT), Aspartate aminotransferase (AST) and
Gamma-glutamyl transferase (GGT) as markers of liver damage. After a treatment of 84 days the viral title was evaluated
through the HCV-RNA compared with the levels of anti-C100-3. The security and tolerability of the treatment were evaluated
on the basis of clinical adverse events and results of laboratory tests. The experimental data obtained showed that the oral
treatment of patients suffering from HCV infection of genotype 1, with CCEP, markedly influenced the values of the three
enzymatic markers of hepatic disease. The data presented also showed the reduction of viral replication evidenced by the rate
of HCV-RNA levels. As reported by others, we confirmed the low reliability of the research of anti-C100-3. This research is
not meant to suggest the treatment reported as a therapy for the treatment of HCV infection, but data obtained may tend
towards the possibility of administration of a dietary supplement such as CCEP in support of the official drug therapy of CHC
in the nutritional care of HCV patients.
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development of hepatic and extrahepatic complications of
HCV infection. The principal mechanism causing oxidative
stress in HCV-positive subjects is derived by the direct
activity of HCV proteins in increasing mitochondrial ROS
production, as key events [4]. Cells are protected against
oxidative insults by natural antioxidant products, notably
glutathione, and by diverse antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSHPx) [5]. Oxidative stress develops when the
disturbance in balance between the reactive oxygen forms
produced in excess, and the factors preventing their harmful
effect occurs.

Antioxidants and other strategies that decrease reactive
oxygen (ROS) and nitrogen species (RNS), have been
evaluated in the treatment of CHC. Vitamin C, E, D, silybin—

1. Introduction

Hepatitis C virus (HCV) infection is considered an
important public health problem [1] and is the leading cause
of liver transplantation in the Western world. Chronic HCV
infection increases the risk for hepatic steatosis, insulin
resistance, glucose intolerance and type 2 diabetes[2].

The molecular mechanism of HCV pathogenesis and the
cause of progression of liver disease to severe liver injury are
still poorly understood. Oxidative stress has emerged as a key
player in the development and pathogenesis of chronic HCV
[3]. Indeed, several experimental evidences suggest that
oxidative stress contributes to steatohepatitis and that the
increased generation of reactive oxygen and nitrogen species,
together with the decreased antioxidant defense, promotes the
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phospholipids/vitamin E complex, and mitoquinone could
each help alleviate the plasma or serum ALT, albeit to
varying degrees in patients, at least before the cessation of
therapy [6-8]. a-Tocopherol could also prevent hepatic
stellate cell activation in hepatitis C patients [9]. Certain
antioxidant cocktails used in the absence of concurrent
Interferon o (IFN) therapy likewise produced favorable
effects on ALT in patients [10].

Considering these factors, appropriate nutrition becomes
an essential tool to minimize HCV’s comorbidities such as
fatty liver, inflammation and insulin resistance. Recently,
functional foods have been considered essential for
promoting and maintaining health [11]. The aim of this study
was to evaluate the influence of some food supplements with
an enhanced antioxidative capability on ALT, AST and GGT
levels in non-diabetic CHC.

Our objective was extended to the evaluation of the viral
replication by detection of the "viral load" under this
antioxidative treatment performed by four dietary
supplements with reported antioxidant properties [12].

2. Materials and Methods
2.1. Patients

Non-diabetic patients with CHC, aged between 35 and 60
years were recruited from a reference ambulatory unit of the
University. The diagnosis of HCV infection was made by the
presence of serum anti-HCV, which was confirmed by
qualitative determination of HCV-RNA. Inclusion criteria
were the following: patients aged over 18 years, with or
without liver cirrhosis; patients with ethanol consumption
below 20 g/d; patients with normal liver function and patients
who were under antiviral therapy with IFN and Ribavirin or
Telaprevir. Patients co-infected with HIV and/or HBV with
renal failure as well as those with heart disease,
decompensated cirrhosis, pregnancy, any malignancy,
diabetes mellitus or obesity were excluded. The subjects gave
written informed consent before participating in the study.
The Ethics Committee of the University approved the study.

2.2. Experimental Protocol

The study was a prospective, randomized and single-
blinded clinical trial. Subjects who met the inclusion criteria
of the study were randomly allocated into one of two study
groups. The study was single-blinded and the estimated
sample size was 36 patients.

The 36 patients were equally divided into two groups (n =
18), and each group was composed of males with chronic
hepatitis histologically confirmed, by infection with HCV
genotype | (frequency ca. 60%), and persistently elevated
ALT, AST and GGT. The control group (A) was
supplemented with sucrose diluted in water at 50% (w/v) and
the intervention group (B) was supplemented with the four
dietary antioxidant supplements according to the reported
protocol. In the absence of contraindications to the four
supplements, group B patients were administered in

increasing doses during the planned 56 days of treatment.
Therefore, for the first 5 days of treatment, 10 mL of
Citexivir before breakfast and after dinner. For the next 10
days, 10 mL of Citexivir before breakfast and 6.5 g of
Ergozym Plus during breakfast. At night 20 mL of Citexivir
dissolved in water. From day 16th until day 23rd, 6.5 g. of
Ergozym Plus during breakfast and 60 mL of Citexivir
dissolved in 500 mL of water to drink during the day. Finally,
from day 24 until the end of treatment (day 56th), 6.5 g of
Ergozym Plus for breakfast and 60 mL of Citexivir dissolved
in 500 mL of water to drink during the day. After dinner 25
mL of Citozym along with 6.5 g of Propulzym dissolved in
water. An accurate observation of possible adverse effects on
the patient was performed. Citexivir, Citozym, Ergozym Plus
and Propulzym, were obtained from CITOZEATEC, S.r.l
(Peschiera Borromeo, Milano, Italy).

Patients were instructed to dissolve the supplement in
water, juice, soup, porridge or to consume it with fruits.
Additionally, considering their nutritional status and dietary
habits, patients received dietary guidelines to promote
healthy eating and weight control. Diet counseling, aimed to
promote the ingestion of a normocaloric, normoglycidic and
normoproteic diet by both groups was performed .

2.3. Observation and Evaluation of Clinical Signs

Clinical survey data such as clinical diagnosis, viral
genotype, necroinflammatory activity index and fibrosis
(METAVIR classification) were either collected from
medical records or from patient examinations. Patients
underwent ultrasonography of the upper abdomen with a
team of three examiners using a single piece of equipment at
the University Hospital’s radiology service. Hepatic steatosis
was graded as mild, moderate or severe according to the
classification of Saverymuttu et al [13] .

Measurement of waist circumference was performed
according to the World Health  Organization
recommendations using an inelastic tape measure (TBW
Import Ltd.) that was 0.5 cm wide and 200 cm in length.
Waist circumference was measured at a level midway
between the superior aspect of the iliac crests and the lower
lateral margins of the ribs. The cutoff points adopted for
classifying central obesity and increased risk of metabolic
complications were above 80 cm for women and 94 cm for
men [14]. Socio-demographic and lifestyle information were
also collected using a structured questionnaire during the first
appointment of follow-up.

Patients underwent follow-up visits once a week, with
registered dietitians to elucidate the adherence to the diet
prescription and antioxidant dietary supplements protocol.
Ultrasound was also performed in patients with a diagnosis
of hepatic steatosis at baseline.

2.4. Bioassays

After a 12-h fast, a blood sample was collected weekly for
the determination of AST, ALT and GGT. Analyses were
performed on a Beckman Coulter LX-20 PRO and CX-9
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equipment. A qualitative and quantitative Hepatitis C RNA
tests were used. The quantitative test performed by PCR,
measures the number of copies of HCV RNA in the blood,
also known as the "viral load." Quantitative measurement of
“viral load” was carried out using the HCV Ampliprep
TagMan, Roche Molecular System, at the same time as ALT
determination [15-16].

2.5. Statistical Analysis

Descriptive analysis was performed to characterize the
population. Mann-Whitney U and Wilcoxon’s rank sum tests
were used to compare the biochemical values in the
intervention and control groups and to evaluate the
differences obtained at baseline and after intervention.
Logistic regression analysis was used to evaluate risk
predictor factors for hepatic steatosis, insulin resistance
(HOMA-IR > 3.0) and changes in ALT levels (1.5 above the
upper limit of normal). Confounding and interaction analyses
were performed to select the final models. Multiple
regression analysis was performed after the intervention
considering the groups had similar demographic, clinical and
laboratory features before CCEP supplementation.

The sample size was calculated using an estimated 20%
loss to follow-up, a confidence level of 95% and 80% power.
A statistical significance was inferred at p<0.05. In some
biochemical analyses, the Bonferroni method was applied to
adjust the multiple comparisons p-value between the groups
at the significance level of 0.007. Statistical analysis was
performed with the statistical package R version 2.12.

3. Results

After 56 days of CCEP supplementation (Table I), a
significant reduction was observed in the transaminase levels
of the group B vs the group A (AST: 50%, p <0.05; ALT:
38%, p<0.05). A remarkable reduction in the levels of GGT
was also observed in the group B compared to the group A
(71%, p< 0.05).

Table 1. values of the enzymatic activities obtained during 8 weeks of
treatment with CCEP of patients with CHC. In parentheses the values of the
control group not treated. Data represent the mean of 18 determinations with
a S.D. lower than 15%.

WEEKS AST (IU/L) ALT (IU/L) GGT (IU/L)
1 8545 (90) 139412 (140) 10610 (132)
2 60+7 (95) 140£15 (140) 9246 (115)

3 7547 (70) 160£16 (160) 1209 (146)
4 6546 (75) 125£13 (150) 9548 (157)

5 8044 (30) 110£10 (125) 5046 (123)

6 4542 (60) 905 (130) 332 (137)

7 5042 (70) 7544 (130) 4843 (143)

8 3542 (70) 7447 (120) 3644 (123)

The values presented in Figure 1, were obtained from the
average of the 18 values of activity of each group analyzed
for each week. The variations from the average never
exceeded 15%. Group B showed the reduction of the enzyme
values for ALT and GGT starting from the 4th week of

treatment. AST activity starts to decrease from the 6th week
of treatment. The enzyme values related to AST normally
did not undergo large changes during HCV infection.
Obviously, the data can vary in individuals. The values
related to the enzymatic activity of GGT, normally underwent
large variations during infection by HCV and the
pharmacological treatment for HCV infection, failed to
reduce such enzyme levels in a short time.
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Figure 1. reduction of enzyme levels in patients with CHC treated with

CCEP for 8 weeks Data represent the mean of 18 determinations with a S.D.
lower than 15%. *normal values.

After 84 days of CCEP supplementation, treated patients
(n=18 units) and untreated (n=18 units) were assayed for the
HCV-RNA, AST, ALT and GGT. The RNA of the Hepatitis C
virus, comprises genes encoding for structural proteins and
not. The HCV-RNA expression of virus replication, appears
in serum few days before signs of liver damage, a few weeks
or months before the onset of the anti-C 100-3. HCV-RNA is
detected by means of the PCR technique. The test is
extremely sensitive and therefore has high false positives.
For its constant false positivity, the test must be repeated
frequently to have a real evaluation of the course of disease.
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20 patients had initial values of HCV-RNA exceeding 1x10°
L.U. / mL. 16 patients were in a range of HCV-RNA between
8x10° 1.U. / mL and 1x10° L.U. / mL. Results in Table II are
expressed as percentage of reduction compared to controls
places to 100. It shows a reduction of viral titer of 35% in
group B when compared with group A. The percentage of
reduction of the three activities examined appeared stabilized
after 84 days of treatments at 46% for ALT, 80% for GGT
and 59% for AST. A positive assay anti-C100-3 was obtained
in 40% of cases observed and judged not significant in
relation to the treatment carried out (data not shown).

Table II. Changes in percentage of enzyme values and the viral titer
expressed as HCV-RNA in patients treated with CCEP for 84 days. The
variability of the data did not exceed 15%.

data group A group B
ALT 100 46%
GGT 100 80%
AST 100 59%
HCV-RNA 100 35%

4. Discussion

HCV infection is associated with severe alterations in the
host redox status. [3]. Hepatic, blood, and lymphocytic
glutathione is significantly depleted [17]. Decreases in
plasma antioxidant potential and in the levels of vitamins A,
B, and E, zinc, and selenium and significant increases in lipid
peroxidation, oxidative DNA damage, and nitrotyrosine have
also been found [18]. Several sources of reactive species that
contribute to oxidative/nitrosative stress during HCV
infection have been identified [3]. The oxidative DNA
damage induced by HCV could be alleviated by strategies
designed to prevent production of nitric oxide, suggesting
potential roles of hydroxyl radical and peroxynitrite/nitration
in the damage [19]. Liver is a net exporter of GSH. Therefore,
it is conceivable that HCV will decrease the plasma and
lymphocytic GSH indirectly through primary liver injury,
decreasing the total GSH output [20]. In addition, HCV has
been suggested to impair the host antioxidant defense
specifically. Antioxidants and other strategies that decrease
ROS/RNS have been evaluated in the treatment of CHC [8,9].
Iron depletion, with or without IFN therapy, vitamin E, C and
D could each help alleviate the plasma or serum ALT. Certain
antioxidant cocktails used in the absence of concurrent IFN
therapy likewise produced favorable effects on ALT in CHC
patients [21].

The experimental data presented in our work, undertaken
in order to restore the antioxidant properties of the HCV host,
show that oral treatment with CCEP, a combination of four
dietary antioxidant supplements [12, 22], of patients
suffering from infection with HCV genotype 1, markedly
influences the values of three enzymatic activities markers of
hepatic disease (GGT,ALT and AST). This antioxidant
treatment has also highlighted the reduction of viral
replication assessed by the rate of HCV-RNA. Our research

evidenced the low reliability of the values of anti-C100-3, as
reported by several authors [23]. This research does not
intend to suggest the treatment reported as a therapy for the
treatment of HCV infection, but data obtained suggest the
possibility of the use of CCEP as a dietary supplement to
support the official therapy. In conclusion, CCEP
supplementation decreased transaminases levels and thus
may improve liver inflammation in CHC patients; it also
reduced hepatic GGT in the treated group of patients but
change marginally the virus title. The overall results of the
experiment suggest that the blend of antioxidants used should
be considered in the nutritional care of HCV patients.
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