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Summary

Silymarin and silybin are widely used for their hepatoprotective
properties. Our previous studies confirm positive effect of
silymarin on lipoprotein profile and lipid homeostasis. Advanced
drug forms may improve the bioavailability of these compounds.
In this study, we investigate the effects of silybin in different
drug forms (standardized silybin, micronized silybin, and silybin in
form of phytosomes) on dyslipidemia and glucose metabolism in
hereditary hypertriglyceridemic (HHTg) rats. Male HHTg rats
were divided into four groups of seven animals and were fed by
experimental diets. Silybin significantly decreased serum level of
triglycerides in groups of rats fed by standardized silybin and
silybin in form of phytosomes compared to control group. Results
show that silybin did not affect the total cholesterol level, but
significantly increased the levels of HDL cholesterol in all groups
of animals. Silybin in a standardized form had the highest
hypotriglyceridemic effect. On the other hand, the micronized
form has caused the highest increase of protective HDL and most
significantly decreased glucose and insulin levels. Our results
suggest that silybin is probably responsible for some positive
properties of silymarin. Subsequent dose-dependent studies of
silybin action may reveal the intensity of its positive effects on
lipid and glucose parameters.
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Introduction

Metabolic syndrome (MS) is a cluster of
co-occurred metabolic risk factors associated with
cardiovascular morbidity, mortality, and development of
type 2 diabetes (Galassi ef al. 2006, Mottillo et al. 2010).
Diagnostic criteria for MS described by International
Diabetes Federation (IDF) include elevated levels of
triglycerides and fasting glucose, reduced levels of high-
density lipoproteins, elevated blood pressure as well as
increased waist circumference (Alberti et al. 2009).
Although triglycerides, cholesterol and glucose play
arole in many physiological functions and are necessary
for the organism, their elevated levels are pathological.
Hyperlipidemia, hyperglycemia, and process of
inflammation are the most common risk factors for the
development of civilization cardiovascular diseases —
atherosclerosis, heart attack, stroke, or peripheral arterial
disease (Brown et al. 2010, Weber and Noels 2011).

There are several terms that are important for
understanding of this issue. One of the enzymes,
participating in the endogenous synthesis of cholesterol,
is 3-hydroxy-3-methylglutaryl-coenzym A reductase,
which is a target in the treatment of hyperchole-
sterolemia. Thereafter, the cholesterol is transported in
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the organism. Low density lipoprotein cholesterol
(LDL-Ch) represents transport of cholesterol from the
liver to the peripheral tissues; on the other hand, high
density lipoprotein cholesterol (HDL-Ch) is responsible
for the reverse transport of cholesterol. Moreover, HDL-
Ch exhibits anti-atherogenic properties and has protective
effects in patients suffering from the atherosclerosis
(Navab et al. 2011, Barter et al. 2007). Insulin, as a
hormone released from the pancreatic islets, is also
important to mention. People suffering from metabolic
syndrome often have an impaired metabolism of glucose
— the cells do not respond to elevated levels of insulin.
These patients have then a high risk of type 2 diabetes
development.

There is currently no drug that could affect all of
these components relating to metabolic syndrome. For
example, the hypertriglyceridemia is usually treated by
fibrates that stimulate receptors activating enzymes
involved in the catabolism of triglycerides. In the case of
hypercholesterolemia, the first choice of drug is a statin.
Statins are a group of drugs which are known to inhibit
de novo cholesterol synthesis in the liver. Patients
suffering from type 2 diabetes are usually dependent on
the treatment with drugs that stimulates insulin secretion
(sulfonylurea derivatives), insulin sensitizers (metformin)
or application of exogenous insulin or its analogues.

Herbal remedies available for the supportive
therapy or the treatment of these states are extracts of
plants rich in polyphenols. One of the medicinal plant
rich in polyphenol compounds is milk thistle, Silybum
marianum (Asteraceae). Silymarin (extract from seeds of
milk thistle) is a mixture of flavonoids traditionally used
for the digestive and liver disorders (Valenzuela and
Garrido 1994), and also for its hypocholesterolemic
effects (Skottova and Krecman 1998). Major component
of silymarin is silybin — compound responsible for many
positive properties of silymarin. Silybin is traditionally
used for the treatment of Amanita phalloides poisoning
and even recently is used for the prevention of
complication associated with liver transplantation
(Enjalbert et al. 2002, Ferenci and Beinhardt 2013). All
properties of standardized silymarin resp. silybin are well
established,
(approximately 2 % of administered dose) and rapid

unfortunately poor bioavailability
elimination limits its therapeutic potential (Calani et al.
2012). Micronized silymarin resp. silybin provides
approximately 85 % increase in bioavailability than in the
case of standardized form. Silymarin and silybin in form

of phytosomes show a very good bioavailability in rats

reaching 6-10 times improvement compared to a standard
form (Morazzoni et al. 1992, 1993, Kidd and Head 2005).

In this study, we focused on the influence of the
application of silybin in different forms on the serum
levels of triglycerides, cholesterol, HDL-Ch, glucose, and
insulin in the animal model of metabolic syndrome —
hereditary hypertriglyceridemic rats (HHTg). These rats
were bred from Wistar rats on the basis of a high sucrose
diet-induced increase in plasma triglycerides. These rats
are a suitable model for phenotyping and genotyping such
complex diseases as hypertension, hypertriglyceridemia,
insulin resistance, liver steatosis and others, which
represent components of the metabolic syndrome.
(Klimes et al. 1995, Stolba et al. 1992, Vrana and
Kazdova 1990, Zicha et al. 2006).

Materials and Methods

Animals and design of experiment

The experiments were carried on male 4 months
old hereditary hypertriglyceridemic (HHTg) rats from the
Institute for the Clinical and Experimental Medicine,

Prague, Czech Republic. Standardized silybin and
micronized silybin for preparation of diets were
purchased from Favea, s.r.o., Koprivnice, Czech

Republic. Silybin in the form of phytosomes was
obtained from Indena S.p.A., Milan, Italy.

HHTg rats were housed in an air-conditioned
animal facility and allowed free access to food and water.
Animals were divided into four groups (seven rats in each
group) and were fed for 4 weeks by standard laboratory
diet (STD, control group), or the same diet supplemented
with 0.5 % (w/w) of standardized silybin (SSD), or 0.5 %
(w/w) of micronized silybin (MSD), or 0.5 % (w/w) of
silybin in form of phytosome (PSD). This period was
selected according to previously published results
(Skottova et al. 2003, Orolin et al. 2007, Vecera et al.
2011). The amount of consumed feed was checked
3 times a week.

After 4 weeks, rats were sacrificed in the
postprandial state without anesthesia, since both the
metabolic syndrome and cardiovascular events are related
to non-fasting triglycerides and other postprandial
metabolic variation (Nordestgaard et al. 2007).

All experiments were performed in accordance
with the Animal Protection Law of the Czech Republic
311/1997 which is in compliance with the European
Community Council recommendations for the use of
laboratory animals (86/609/ECC) and were approved by



2015

Silybin and Metabolic Syndrome S509

the Ethical Committee of the Ministry of Education,
Czech Republic.

Lipid parameters assay

Serum triglycerides and cholesterol content was
determined by enzymatic assay (Erba-Lachema, Brno,
Czech Republic).

Glucose and insulin analysis

Blood glucose levels were measured by the
glucose oxidase assay (Erba-Lachema, Brno, Czech
Republic) with the use of tail vein blood and 5 %
trichloroacetic acid. Serum insulin concentrations were
determined using the Mercodia Rat Insulin ELISA kit
(Mercodia AB, Uppsala, Sweden).

Statistical analysis

All data are expressed as mean = SD (n=7).
ANOVA analysis of variance and post-hoc Fisher LSD
test were used. Data in all groups had Gaussian
distribution and were analyzed at the significance level
of 0.05. Statistical analysis was performed using software
Statistica Cz 12 (StatSoft CR, Prague, Czech Republic).

Results

Supplementation with all forms of silybin
extracts did not differ among group. No significant
differences in body weight between groups
observed (STD: 368+7g; SSD: 352+4g;
366+11 g; PSD: 361£7 g).

were
MSD:

Effects of silybin on serum level of cholesterol and

triglycerides

As shown in Figure 1A, four weeks silybin
treatment significantly decreased serum level of
triglycerides by 37 % (p<0.001) in rats fed by

standardized silybin and by 31 % (p<0.01) in rats treated
by silybin in form of phytosomes in comparison with
control animals. On the other hand, a non-significant
decrease of serum level of triglycerides was observed in
animals treated by micronized silybin compared to
control group.

As regards the serum level of total cholesterol,
no differences between all groups were found (Fig. 1B).

The Figure 1C summarizes the effects of silybin
HDL-cholesterol  level. The
administration of silybin (in all used forms) significantly

treatment on the

increased serum level of HDL-Ch in experimental rats

compared to control rats. The increase of serum level of
HDL-Ch was by 87 % (p<0.001) for rats fed by
standardized silybin, by 61 % (p<0.01) for rats fed by
micronized silybin, and by 97 % (p<0.0001) for animals
fed by silybin in form of phytosomes.
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Fig. 1. Effects of standardized silybin (SSD), micronized silybin
(MSD) and silybin in form of phytosome (PSD) on triglycerides
serum level (A), serum cholesterol level (B) and HDL cholesterol
level (C). Data are expressed as mean with + SD, n=7.
** p<0.01 vs. Control; *** p<0.001 vs. Control; **** p<0.0001
vs. Control (standard laboratory diet).

Effects of silybin on glucose and insulin content

The results in Figure 2 summarize the effects of
four weeks treatment with silybin on glucose level (A)
and insulin level (B). Serum level of glucose was
significantly decreased by 10 % (p<0.001) in rats fed by
standard laboratory diet containing standardized silybin
and by 22 % (p<0.0001) in animals fed by micronized
silybin compared to control group. Similarly, the level of
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insulin was significantly decreased by 33 % (p<0.01) in
animals treated by standardized silybin and by 47 %
(p<0.01) in rats with application of micronized silybin.
For both parameters, glucose and insulin levels were
non-significantly decreased in the rats fed by standard
laboratory diet containing silybin in form of phytosomes.
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Fig. 2. Effects of standardized silybin (SSD), micronized silybin
(MSD) and silybin in form of phytosome (PSD) on serum glucose
level (A) and serum insulin level (B). Data are expressed as
mean with £ SD, n=7. ** p<0.01 vs. Control; *** p<0.001 vs.
Control; **** p<0.0001 vs. Control (standard laboratory diet).

Discussion

Patients suffering from metabolic syndrome have
a high risk of cardiovascular morbidity and mortality that
are highly associated with hypertriglyceridemia,
hypercholesterolemia and impaired glucose metabolism
(Cullen 2000). The main target of pharmacotherapy is the
amelioration of this metabolic disorders. In this study, we
found the positive effects of silybin, polyphenol isolated
from the extract silymarin, on lipoprotein profile and
glucose metabolism in hereditary hypertriglyceridemic
(HHTg) rats — an accepted animal model of metabolic
syndrome (Vrana and Kazdova 1990, Zicha et al. 2006).
This non-obese strain, selected from Wistar rats, exhibited
dyslipidemia, hyperinsulinemia, resistance of peripheral
tissues to insulin action and impaired glucose tolerance
(Vrana et al. 1993).

In the current study, we observed that the
administration of silybin significantly increased levels of
protective HDL-Ch after feeding of all experimental
diets. On the other hand, the silybin diets did not
significantly change the serum level of total cholesterol in
HHTg rats in comparison with control HHTg rats. These
results are consistent with our previous findings based on
the observation of positive effect of silymarin in rats fed
by high-cholesterol diet. The administration of silymarin
and polyphenolic fraction positively increased the
HDL-Ch content without effect on plasma level of total
cholesterol (Skottova et al. 2003). In our other previous
study, silymarin administered to HHTg rats significantly
increased the content of HDL-Ch and significantly
decreased the total cholesterol and triglyceride levels in
comparison with control HHTg rats (Poruba et al. 2015).
The silymarin administered to normotriglyceridemic rats
significantly decreased cholesterol content in the plasma
and significantly increased HDL-Ch level (Sobolova et
al. 2006). Concurrently, we observed that silymarin in
developed drug form provides more increased efficacy
than silymarin in standardized form (Poruba et al. 2015).
There are also clinical data about the hypolipidemic
action of silymarin. In 2006, the clinical study showed
that silymarin significantly decreased the level of
triglycerides total cholesterol and improved glucose
tolerance in patients suffering from type2 diabetes
(Huseini ef al. 2006). The hypolipidemic action of silybin
and silymarin is still not well understood. In our previous
study, we tried to evaluate the possible mechanism of
action of silymarin. We found that silymarin upregulates
the CYP7ALI protein content and probably increases the
bile acids secretion — one of the most important
elimination pathways of cholesterol from the body
(Poruba et al. 2015). In comparison with silymarin that is
used as a positive control in some studies for the efficacy
evaluation, the literature data for silybin are still lacking
(Zhang et al. 2013).

Silymarin and related compounds seem to be
also important supplements for the type2 diabetes
2006, Hussain 2007,
Suksomboon ef al. 2011). As regards silybin, we are the

treatment (Huseini et al.
first who found it had a beneficial effect on glucose
tolerance. Our results also indicate that silybin seems to
be responsible for the beneficial effect of silymarin on
glucose metabolism. In our study, silybin significantly
decreased the blood glucose level and insulin level. All
these markers are related with the risk of type 2 diabetes
and metabolic syndrome development (Grundy 1999).
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Low silybin bioavailability highly limits its
therapeutic use. For this reason, drug forms with
increased absorption were developed. One of the possible
ways to increase the bioavailability is the micronization
or developing drug forms in complex of phytosomes. The
literature shows about 85 % increase of bioavailability for
the micronized form of silybin and more than 6 times
improvement of bioavailability for phytosomes forms
compared to standard form of silybin (Morazzoni et al.
1992, 1993, Kidd and Head 2005). Effects of silybin at
a dosage used were so pronounced, that only small
differences in the efficiency of individual forms were
observed. Subject to further studies should be test lower
doses of each form of silybin on other disturbance of lipid
and carbohydrate metabolism associated with metabolic
syndrome or type 2 diabetes.

In conclusion, our results suggest that silybin
itself seems to be beneficial for the hypertriglyceridemia
and hyperglycemia supportive therapy. Despite our
expectation, silybin administration did not influence the
total cholesterol level, but significantly increased the
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