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Abstract Oxidative stress leads to chronic liver damage.
Silybin has been conjugated with vitamin E and phospho-
lipids to improve its antioxidant activity. Eighty-five patients
were divided into 2 groups: those affected by nonalcoholic
fatty liver disease (group A) and those with HCV-related
chronic hepatitis associated with nonalcoholic fatty liver
disease (group B), nonresponders to treatment. The treat-
ment consisted of silybin/vitamin E/phospholipids. After
treatment, group A showed a significant reduction in ultra-
sonographic scores for liver steatosis. Liver enzyme levels,
hyperinsulinemia, and indexes of liver fibrosis showed an
improvement in treated individuals. A significant correlation
among indexes of fibrosis, body mass index, insulinemia,
plasma levels of transforming growth factor-β, tumor necro-
sis factor-α, degree of steatosis, and γ -glutamyl transpepti-
dase was observed. Our data suggest that silybin conjugated
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with vitamin E and phospholipids could be used as a comple-
mentary approach to the treatment of patients with chronic
liver damage.
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Introduction

The use of complementary drugs or alternative medicine for
the treatment of chronic liver damage is emerging in many
countries. It has recently been suggested that in the future a
therapeutic approach to chronic liver disease will consist of
a number of “complementary” therapeutic approaches con-
sidering the multitude of the pathogenic mechanisms [1, 2].
The spectrum of liver damage ranges from simple steato-
sis to cirrhosis or hepatocellular carcinoma (HCC). Fatty
liver is a condition that is generally a consequence of ethanol
abuse. However, nonalcoholic fatty liver disease (NAFLD) in
recent years has become a pathological condition of increas-
ing importance, affecting about 20% of the adult population
in industrialized countries [3, 4]. This type of chronic liver
damage may occur as a “primary” condition that is gener-
ally associated with obesity and metabolic disorders, such
as insulin resistance or diabetes mellitus, dyslipidemia, arte-
rial hypertension, or visceral obesity. However, it may also
be a complication of other causes, such as chronic hepati-
tis C virus (HCV) infection [5, 6]. The contemporaneous
presence of NAFLD in this later group of patients may neg-
atively affect the progression of fibrosis and the response
to antiviral treatment [7]. NAFLD may eventually evolve
into cirrhosis or HCC. The pathogenic mechanisms of liver
damage progression are extremely complicated and involve
a series of consecutive “hits” from fatty infiltration, oxida-
tive stress, lipid peroxidation, apoptosis, necroinflammation,
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and activation of stellate cells that leads to cirrhosis. Treat-
ment of NAFLD is based on the management of associ-
ated conditions such as obesity, diabetes, and hyperlipemia.
However, many drugs have also been suggested for inter-
vention of the disease at various points along the progres-
sion. Weight reducing (phentermine, sibutramine, orlistat),
antidiabetic (metformin, rosiglitazone, pioglitazone), cyto-
protective, antioxidant (ursodeoxycholic acid, vitamin E,
n-acetylcysteine), and other drugs have been tested for the
treatment of NAFLD, but no generally accepted conclusions
have been reached [8–11].

There have been a substantial number of reports published
that describe the in vitro antioxidant and protective effect
from liver damage of silymarin in animals and humans [12].
Silymarin protects against alcohol-induced liver diseases in
humans [13–15]. Silymarin has been largely used in patients
with HCV-related liver damage, even though a recent review
identified only 14 properly conducted trials [16]. Investiga-
tors from the Mayo Clinic Foundation designed an open-
label pilot study using silymarin in patients with nonlcoholic
steatohepatitis (NASH) [17]. Silybin is the component in
silymarin that acts as a free radical scavenger, suppresses the
proliferation of hepatic stellate cells, and suppresses colla-
gen deposition in vitro in humans [18–20]. Silybin is rapidly
absorbed in humans when conjugated with a phytosome and
vitamin E. It has a hematic peak of 2 hr and is widely dis-
tributed in plasma and tissues, which include liver, lung,
stomach, skin, and prostate [21]. In this new complex sily-
bin reduces collagen accumulation and lipid peroxidation in
rats with induced fibrosis and ameliorates liver damage in
patients with chronic hepatitis [22, 23]. In this open pilot
preliminary study we evaluate the effects of this new phar-
maceutical complex of silybin-vitamin E-phospholipids in
patients with NAFLD who had or did not have contempora-
neous HCV-related chronic hepatitis.

Methods

The study protocol followed the ethical guidelines of the
1975 Declaration of Helsinki and was approved by our
departmental Ethics Committee. Eighty-five patients were
consecutively enrolled in the study on the basis of bright
liver being present on ultrasonography (US) and divided
into two groups. The first group was represented by 59 pa-
tients (males/females = 39/20; median age and range, 44
and 22–76 years) affected by NAFLD and negative for other
known causes of chronic liver damage (group A). Twenty-six
patients (males/females = 19/7; median age and range, 51
and 20–75 years) represented the second group and were
diagnosed with HCV-related chronic hepatitis associated
with NAFLD (group B). Patients in group B were all HCV
genotype 1b and nonresponders to previous treatments with

interferon and ribavirin; this treatment had been terminated
almost 1 year prior to the initiation of the study. The pres-
ence of bright liver in the enrolled patients suggested the
presence of liver steatosis, graded from 0 to 3 according to
Joseph et al. [24]. However, we were unable to conclusively
determine the extent of liver involvement or the possible oc-
currence of NASH. Confirmation of HCV infection on the
basis of viral genotype excluded the possibility of a fatty
liver disease caused by HCV genotype 3 [25]. None of these
patients were drug users or exposed to environmental toxins,
such as pesticides or other xenobiotics. All enrolled patients
reported a daily alcohol intake of less than 20 g throughout
their lifetimes, although this was not considered an exclu-
sion criterion as previously proposed [26]. Other associated
diseases, including autoimmune, genetic, or other possible
causes of chronic liver damage, were used for exclusion and
based on global screening results of all patients prior to en-
rolment in the study.

Outpatients referred to our department for their liver dis-
ease were selected over 6 consecutive months and divided
into two groups using a systematic random sampling proce-
dure. We treated 53 (39 with only NAFLD and 14 HCV-
positive) patients after evaluating them based on the in-
clusion/exclusion criteria and obtaining written informed
consent. Thirty-two patients were included in the untreated
control. The main findings from the treated and untreated
groups are summarized in Table 1. Cirrhosis was excluded
on the basis of clinical, biochemical, and instrumental (US
and upper gastrointestinal endoscopy) parameters. Diabetes
was diagnosed using oral glucose load according to WHO
criteria [27]. An increase in plasma cholesterol was found
in 35% of the treated and untreated NAFLD patients and in
33% of the HCV-positive patients. Hypertriglyceridemia was
present in approximately 35% of all groups. Patients with
NAFLD and HCV had a greater increase in plasma levels
of ferritin compared to patients with NAFLD only, however,
this difference was not statistically significant. The treatment
consisted of silybin + vitamin E + phospholipids (RealSIL,
IBI; Lorenzini Pharmaceutical, Italy, RA) at a dose of four
pills per day, which is double the dose used in clinical prac-
tice, for 6 months. This was followed by another 6 months
of follow-up without treatment. The composition of one pill
was 94 mg silybin, 194 mg phophatidilcholine, and 90 mg
vitamin E.

Design of the study

The study was aimed to evaluate (a) the effect on liver
damage; (b) the effects on selected pathogenic mechanisms
[28, 29], including an assessment of metabolic processes and
plasma levels of pro-inflammatory and anti-inflammatory cy-
tokines; and (c) the effect on liver fibrosis markers. We tested
some markers for liver fibrosis that have not been validated
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Table 1 Findings for treated and untreated patients (mean ± SD)

Treated (n = 53) Untreated (n = 32)
NAFLD (n = 39) HCV positive (n = 14) NAFLD (n = 20) HCV positive (n = 12)

M/F 24/15 11/3 15/5 8/4
Median age, yr (range) 45 (22–71) 50 (28–75) 44 (30–76) 52 (20–71)
Presence of cirrhosisa 1 2 1 1
Presence of diabetesa 1 0 1 0
Total bilirubin (mg/dl) 0.87 ± 0.24 0.96 ± 0.18 1.04 ± 0.25 0.94 ± 0.25
Alkaline phosphatase (U/L)b 98 ± 25 85 ± 41 105 ± 32 95 ± 29
Albumin (g/dl) 3.5 ± 0.4 3.9 ± 0.7 3.6 ± 0.4 3.7 ± 0.5
Prothrombin activity (%) 92 ± 18 89 ± 21 95 ± 20 88 ± 8
Total cholesterol (mg/dl) 196 ± 64 188 ± 72 208 ± 61 201 ± 49
HDL cholesterol 45 ± 18 46 ± 9 49 ± 10 54 ± 14
Triglycerides (mg/dl) 159 ± 68 184 ± 49 142 ± 81 159 ± 76
Uric acid (mg/dl) 5.1 ± 1.4 5.6 ± 2.4 5.8 ± 1.8 5.3 ± 1.4
Ferritin (ng/ml; normal,
<250)

225 ± 51 248 ± 61 245 ± 67 284 ± 64

Dietary kcal/day 2290 ± 451 2381 ± 324 2280 ± 364 2200 ± 651
Total proteins (g/day intake) 96 ± 18 105 ± 24 112 ± 32 96 ± 28
Total lipids (g/day intake) 75 ± 21 84 ± 18 76 ± 21 84 ± 19
Carbohydrates (g/day intake) 320 ± 28 286 ± 54 317 ± 47 269 ± 39

aAbsolute number.
bNormal, < 220 U/L.

because recent evidence suggests that the contemporaneous
determination of more than one may correlate with liver
histology [30].

The design of the study was as follows. All patients were
asked to follow a balanced diet based on the body weight
of each patient during the entire 12-month course of the
study. We also evaluated the dietary intake of each patient
under the basal condition and at the end of the study using
a computerized program [31]. The basal data provided the
basis for determining a personalized diet for each patient.
Physical activity was recommended. Compliance with the
treatment (diet and drug) and adverse events were recorded
at 0, 2, 4, and 6 months. At 0, 6, and 12 months we evaluated
the following.

(1) The body mass index (BMI; weight in kilograms/height2

in meters) was determined.
(2) Liver US and plasma levels of aspartate aminotrans-

ferase (AST), alanine aminotransferase (ALT), γ -
glutamyl transpeptidase (γ -GT), blood glucose, and in-
sulin were determined using commercial kits. Insulin
resistance was calculated by the HOMA test [32].

(3) The coordinating group evaluated the plasma levels of
tumor necrosis factor (TNF)-α) and interleukin (IL)-10
(Milenia Biotech, Germany) by ELISA (ELISA human
quantikine; R&D Systems, Minneapolis, MN) after col-
lecting frozen plasma samples from all the centers at the
end of enrollment. We determined plasma levels of trans-
forming growth factor (TGF)-β, hyaluronic acid (HA),
and metalloproteinase 2 (MMP-2) by ELISA (ELISA

human quantikine), which were used as markers of liver
fibrosis.

Adverse events were evaluated from the questionnaire,
which reported signs and symptoms graded from mild to
severe, possible association of symptoms with the treatment,
the method used for resolution, and the necessity to stop the
treatment.

Statistical analysis

The results, number (percentage) of patients with a condition,
are expressed as the mean and standard deviation or the
median and range. The SPSS v11.0 software was used for
statistical analyses. The analysis of variance (ANOVA) and
Wilcoxon test were used to evaluate the differences between
data and groups. Differences in frequency were calculated by
chi-square. Correlations between the results were evaluated
by the Pearson bivariate correlation test. A P value ≤ 0.05
was considered significant [33].

Results and discussion

There were no severe or mild adverse events or dropouts
in either group and study compliance was absolute. Two
patients in both groups were diagnosed with diabetes after
glucose load. The BMI increased (>25 kg/m2) in approxi-
mately 70% of the cases. There was an obvious preponder-
ance of obese females, however, this gender effect was not
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Table 2 BMIs (kg/m2;
mean ± SD) and percentage of
patients with altered BMIs in
groups A and B at the basal,
6-month, and 12-month periods

Treated Not treated
Basal 6 months 12 months Basal 6 months 12 months

Group A
BMI 26.9 ± 2.4 25.5 ± 2.2 27 ± 1.2 26.7 ± 2.3 26.9 ± 2 27 ± 1.1
%↑ 83.3 75 78 85 83 80

Group B
BMI 26.9 ± 2.1 25.5 ± 1.5 26.7 ± 2.0 26.5 ± 2 27 ± 1.8 27.2 ± 1.6
%↑ 66.6 44∗ 49∗ 64 60 62∗P < 0.01 vs. basal values.

statistically significant. None of the patients started a new
physical activity and all reported good adherence to the diet.
However, there was a reduction of dietary intake by the pa-
tients in both groups, but this result did not reach statistical
significance (data not showed). BMI did not vary signif-
icantly between groups, with the exception of the HCV-
positive treated patients. In fact, despite the dietary simi-
larities with the other groups, only the HCV-positive treated
patients showed a significant and persistent reduction of BMI
values (see Table 2).

The NAFLD group (group A) showed a significant and
persistent reduction in US score of liver steatosis that ranged
from 2–3 at the initial time point to 1–2 at the 6- and
12-month evaluations (P < 0.01). This effect was not appar-
ent in the other group (data not show). The plasma levels of
liver enzymes were reduced in the treated patients and not in
the control group, but this persisted in NAFLD patients only
(Table 3). Sixty-five percent of the NAFLD and 46 percent
of the HCV-positive patients had hyperinsulinemia at the
basal time point. This percentage was significantly reduced
in the treated NAFLD subjects (47% at 6 months and 51%
at 12 months; P < 0.05). Insulinemia was significantly and
persistently improved by RA treatment in both the NAFLD
and the HCV groups. Similar trends were observed for the
HOMA values and are summarized in Table 4. Figure 1 sum-
marizes the percentage variation of ALT, γ -GT, insulinemia,
and HOMA values with respect to the basal values in the
treated patients in groups A and B. No significant variations
were observed in the control group (not treated). The plasma
levels of the other biochemical parameters evaluated under
the basal conditions (see Table 1), even if partially improved,
did not differ significantly at the end of the study.

The BMI can affect liver steatosis, plasma insulin lev-
els, and liver enzymes. Patients were divided on the basis
of BMI improvement and differences, in terms of the per-
centage of patients with improved steatosis, insulin levels,
and liver enzymes, were noted between the treated and the
untreated groups. These data indicated that treatment with
RA affected insulinemia, ALT, and/or γ -GT independently
by modification of the BMI (Table 5).

We investigated two cytokines, TNF-α, a pro-inflamm-
atory cytokine, and IL-10, an anti-inflammatory cytokine.
We found that under the basal condition the sporadic in-
crease in TNF-α was not statistically different from the nor-
mal values reported. Both during and at the end of the study,
no significant variations were observed for TNF-α values in
either group. IL-10 values were reduced, but then signifi-
cantly increased at the end of treatment in group A. How-
ever, IL-10 values returned to the basal level at the 12-month
follow-up (basal, 42 ± 23 pg/ml; 6 months, 63 ± 33 pg/ml
[P < 0.05 vs. basal]; and 12 months, 36 ± 11.7 pg/
ml).

Plasma indexes of liver fibrosis differed between the
NAFLD and the HCV groups. The HCV patients (group
B) showed a high level of the liver fibrosis marker HA at the
basal time point compared to group A. Overall, the RA treat-
ment significantly reduced plasma levels of HA and the other
fibrosis markers. However, this reduction in the markers for
liver fibrosis only persisted to the 12-month follow-up for
group B. Table 6 summarizes the mean values of the plasma
markers of fibrosis for all groups. A significant correlation
among the indexes of fibrosis, BMI, insulinemia, plasma
levels of TGF-β and TNF-α, degree of steatosis, and γ -GT
(P < 0.01) was found; TGF-β levels also correlated with

Table 3 Plasma values of ALT
and γ -GT (U/L; mean ± SD)
in groups A and B at the basal,
6-month, and 12-month time
points

Treated Not treated
Basal 6 months 12 months Basal 6 months 12 months

Group A
ALT 79 ± 51 40 ± 15∗ 59 ± 5∗ 54.2 ± 20 55.2 ± 24 45.2 ± 34
γ -GT 75 ± 112 59 ± 100∗ 60 ± 33∗ 64 ± 20 72 ± 24 64 ± 35

Group B
ALT 69 ± 28 45 ± 18∗ 62 ± 16 47.8 ± 30 50.3 ± 32 60.3 ± 33
γ -GT 118 + 70 56 ± 20∗ 83 + 24 115 ± 60 100 ± 53 150 ± 13

Note. Normal values: ALT, <40
U/L; γ -GT, <50 U/L.
∗P < 0.01 vs. basal values.
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Table 4 Plasma insulin and
HOMA values (µU/ml;
mean ± SD) in groups A and B
at the basal, 6-month, and
12-month time points

Treated Not treated
Basal 6 months 12 months Basal 6 months 12 months

Group A
Insulinemia 41.5 ± 34 29.6 ± 26.4∗∗ 30.6 ± 15.4∗∗ 48.3 ± 17 45.2 ± 12 40.2 ± 11
HOMA 12.3 ± 6.4 6.2 ± 3.9∗ 6.4 ± 3.2∗ 13 ± 6 11 ± 4 11 ± 5

Group B
Insulinemia 36.2 ± 1.5 27.4 ± 1.5∗∗ 28.9 ± 6.5∗∗ 35.4 ± 3 34.2 ± 5.7 38.2 ± 4.7
HOMA 8.4 ± 7.3 6 ± 4.8∗∗ 6.2 ± 5.1∗∗ 9.8 ± 5.6 8.4 ± 5.1 8.2 ± 4.8

∗P < 0.01 vs. basal values.
∗∗P < 0.05 vs. basal values.

TNF-α and IL-10 (P < 0.01). A significant direct correlation
was also observed among some indexes of fibrosis (Table 7).

There are two main drawbacks to this study: (1) it was
an open study without the use of placebo, and (2) tt was
not possible to define a “therapeutic” efficacy for the new
compound silybin + vitamin E + phospholipids for liver
damage because there was no histological evaluation for liver

damage before and after treatment. However, each patient
was individually compared to the basal time point and an
untreated control group was included. In addition, it was
reasonable to consider that 6 months of treatment may have
been unable to modify liver histology. Despite the study’s
shortcomings, our data suggest that this new compound may
be useful in clinical practice. The important results were
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Table 5 Percentage of patients who had improved ultrasonographic
steatosis, ALT, γ -GT, and insulin plasma levels in relation to BMI

Treated Not treated
BMI
improved
(30.9%)

BMI not
improved
(69.1%)

BMI
improved
(6%)

BMI not
improved
(94%)

US steatosis score 71 14 20 15
ALT (U/L) 86 43 22 20
γ -GT (U/L) 85 100 75 23
Insulinemia

(mU/L)
71 67 17 24

Note. Normal values: ALT, <40 U/L; γ -GT, <50 U/L; insulinemia,
≤25 mU/L.

the significant improvement of insulin resistance and plasma
levels of liver fibrosis markers in patients, with an absence
of any adverse effects.

The occurrence of liver steatosis and its progression to
fibrosis and cirrhosis are a long process that includes mul-
tiple consecutive steps. This metabolic syndrome is asso-
ciated with metabolic changes such as weight fluctuations,
insulin resistance, diabetes, and hyperlipidemia. Changes in
molecular mediators, such as various peptides, hormones,
and cytokines, as well as cellular messengers, such as free
radicals that are capable of inducing lipid peroxidation, are
all factors involved in this intricate puzzle [34, 35]. An ideal
treatment for NAFLD would reduce the extent of liver dam-
age and/or its progression directly or via modulation of the
pathophysiological events. Therefore, drugs for the treatment
of NAFLD should reduce body weight, improve insulin resis-
tance and the levels of other metabolic alterations, reduce the
linkage between adipose tissue and liver function by acting
as anti-inflammatory and/or immunomodulatory agents, and
modulate the progression of liver steatosis to inflammation
and fibrosis by blocking oxidative stress.

NAFLD patients are generally overweight or obese. A
hypocaloric diet is the first component of any weight-loss
regimen. Lifestyle modifications, such as a low-fat diet and
physical exercise, and/or administration of weight reducing
agents are associated with an improvement in liver enzymes,
cholesterol, IL-6, IL-8, TNF-α, and plasma HA levels in
about 40% of overweight patients with NAFLD [36–39]. Our
results are in agreement with those studies. Diet affects in-
sulin resistance and lipid peroxidation and, thus, affects liver
steatosis and fibrosis [37, 40–42]. We found a significant di-
rect correlation among BMI, steatosis score, and markers of
liver fibrosis. However, diet is only one factor involved in the
modulation of fatty liver, and not all patients are overweight.
In our study, BMI was improved in a small percentage of
the cases as consequence of diet. However, there was no
difference between treated and untreated groups. The im-
provement of BMI was more marked in the treated patients
and persisted in those who were HCV positive. These results
suggest that RA interferes with body weight gain, and the
persistent ameliorative effect on BMI in the HCV patients
is due to a different pathophysiological effect on the liver in
these patients, more than to better compliance to the diet. We
are unable to conclusively explain these results at this time.

Liver steatosis is a consequence of an altered balance be-
tween fat accumulation and oxidation, both of which are
regulated by insulin. Fatty liver is frequently associated with
insulin resistance, and type 2 diabetes is associated with a
two- to fivefold increased risk to develop NAFLD [43, 44].
Other authors have evaluated the effect of insulin-sensitizing
agents on patients with NAFLD by examining a variety of
clinical and histological parameters. Chronic treatment with
metformin showed a beneficial effect on the histology, in-
sulin resistance, and biochemical parameters of liver dam-
age [45–48]. Pioglitazone prevented the activation of hepatic
stellate cells in vitro and in rats with liver cirrhosis induced by

Table 6 Plasma levels of liver fibrosis markers (mean ± SD) in groups A and B at the basal, 6-month, and 12-month
time points

Treated Not treated
Basal 6 months 12 months Basal 6 months 12 months

Group A
Hyaluronic
acid

383 ± 627 176 ± 184∗ 331.1 ± 293.2 422 ± 504 517 ± 283 498 ± 145

MMP-2 151 ± 132 141 ± 84∗ 158.2 ± 165.5 160 ± 183 173 ± 102 183 ± 97
TGF-β 45.3 + 17.3 32.9 + 24.3∗ 42.9 ± 22 41.2 ± 22 43.3 ± 27.3 44.7 ± 31

Group B
Hyaluronic
acid

1295 ± 259 625 ± 122∗ 586.7 ± 496.2∗ 1180 ± 703 1372 ± 806 1332 ± 452

MMP-2 292 ± 201 137 ± 53∗ 196.6 + 94.2∗ 280 + 300 311 + 278 299 + 123
TGF-β 54.1 ± 21.7 27 ± 12.2∗ 21.2 ± 17.4∗ 53.3 ± 18.3 45.2 ± 28.5 49.6 ± 30

Note. Normal values: hyaluronic acid, <120 ng/ml; MMP-2, 117–410 ng/ml; TGF-β, 34.7–63.9 ng/ml.
∗P < 0.05 vs. basal values.
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Table 7 Correlations among data

Parameters R P

Insulinemia BMI 0.53
γ -GT 0.54 <0.01

Steatosis BMI 0.48
γ -GT 0.49 <0.01

BMI Insulinemia 0.53
Steatosis 0.48 <0.01
TGF-β 0.48
Hyaluronic acid 0.56

TNF-α TGF-β 0.44
IL-10 0.43 <0.01
γ -GT 0.41

TGF-β BMI 0.48
TNF-α 0.44 <0.01
IL-10 0.51
γ -GT 0.43
Hyaluronic acid 0.45

Hyaluronic acid MMP-2 0.80 <0.01

a choline-deficient diet by reducing the expression of type I
procollagen, MMP-2, and tissue inhibitor of metalloprotease
(TIMP)-1 and TIMP-2 [49]. Sanyal et al. [50] evaluated the
efficacy of an antioxidant (vitamin E) plus pioglitazone com-
pared to vitamin E alone. The combined therapy produced a
significant decrease in steatosis, cytologic ballooning, Mal-
lory’s hyaline accumulation, and pericellular fibrosis. There
are less conclusive results with rosiglitazone. In a recent
study [51], rosiglitazone improved insulin sensitivity, re-
duced liver fat content, and improved hepatic histology and
liver enzyme levels. However, patients contemporaneously
followed a specified diet and engaged in physical exercise.
Six months after treatment the liver enzyme levels returned
to the basal values. The long-term safety and the real benefits
of insulin-sensitizing agents require further well-controlled
studies [9].

Silybin affects intrahepatic glucose and lipid metabolism
by stabilizing the mitochondrial membrane and increasing
the ATP content, which reduces the gluconeogenesis from
lactate. It also reduces insulin resistance in humans, although
no data are available regarding these effects in NAFLD
patients [52–54].

Many investigators are currently focusing their attention
on the possibility of reversing liver fibrosis by reducing the
activation of hepatic stellate cells, inducing hepatic stellate
cell apoptosis, or inducing degradation of collagen deposits
[55, 56]. The main activators of hepatic stellate cells are
reactive oxygen species and the products of lipid peroxi-
dation. Therefore, antioxidants may be useful antifibrotic
agents [35]. Betaine, a naturally occurring metabolite of
choline, α-tocopherol, and vitamin C significantly improved
liver fibrosis, but not steatosis and inflammation, in humans
[57–60].

Silybin acts both as an antioxidant and as an antifibrotic
agent. These two effects are mostly independent. Silybin
acts as a radical scavenger by increasing the levels of super-
oxide dismutase and glutathione peroxidase and reducing
malonyldialdehyde and 4-hydroxynonenal [61, 62]. Silybin
also inhibits the production of TNF-α, IFN-γ , IL-2, and IL-4
and increases the expression of IL-10 and iNOS [63]. Silybin
increases the expression of matrix MMPs, reduces the ex-
pression of TIMP-1, up-regulates the mRNA expression of
TGF-β, and suppresses the proliferation of hepatic stellate
cells as an antifibrotic agent [64].

Silybin is rapidly absorbed in humans when conjugated
with a phytosome [21]. This new complex contains a large
quantity of phosphatidilcholine, which prevents the develop-
ment of liver fibrosis in rats [65]. The complex also contains
a lesser quantity of vitamin E. Silybin reduces collagen accu-
mulation and lipid peroxidation in rats with induced fibrosis
and ameliorates liver damage in patients with chronic hep-
atitis in this complexed form [22, 23]. In rats, the antifibrotic
action of RA is associated with a decrease in BMI [22]. The
mechanism of this effect is unknown. It could have been me-
diated by the action of silybin on insulin resistance. In fact, it
has recently been stressed that silybin inhibits the activation
of IKK-β, which is a crucial mediator of insulin signaling
induced by excessive exposure of tissue to free fatty acids
and by hypertrophy of adipocytes [54].

The ameliorative effect of silybin in treated diabetic and
cirrhosis patients may be due to its action on glucose and
lipid metabolism [53]. In the liver, a high dose of silybin
inhibits the activation of NF-κB and its related pathways
[66, 67]. It is known that a relationship exists between BMI,
insulin, and liver fibrosis and the activation and release of
some growth factors, such as TGF [68].

Data from this work show that the complex silybin + vi-
tamin E + phospholipids improves liver damage, particu-
larly insulin resistance and plasma markers of liver fibrosis.
Whether the results are related to a direct effect of this com-
plex on the activation of hepatic stellate cells or mediated
via its antioxidant or metabolic activity remains unknown at
the moment. Therefore, we suggest that further evaluation
of silybin conjugated with vitamin E and phospholipids in
controlled trials to assess its possible therapeutic use as a
complementary approach to the treatment of patients with
chronic liver damage, particularly when other drugs have
failed, is warranted.
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