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Abstract

SIMANEK V., SKOTTOVA N., BARTEK J., PSOTOVA J., KOSINA P., BALEJOVA L., ULRICHOVA J. (2001): Extract from
Silybum marianum as a nutraceutical: a double-blind placebo-controlled study in healthy young men. Czech J. Food Sci.,
19: 106-110.

In arandomized, double-blind, placebo-controlled study, the effect of an extract from Silybum marianum seeds (ESM, milk thistle
extract) on lipid and liver parameters and the antioxidant capacity of serum wasinvestigated in 29 healthy men aged 18-32 years.
They received either 858 mg of ESM (531 mg silymarin complex calculated on pure silibinin), or placebo, daily for the period of
60 days. No side effects were found. A routine biochemical analysis of the serum was performed as a measure of lipid and liver
metabolism. Positive trend towards decreased serum cholesterol level and HDL-cholesterol increase was observed in the ESM
group as compared to the placebo group. The serum antioxidant capacity was significantly higher in the ESM group. The results
suggest the use of ESM as a dietary supplement for hyperchol esterolemia.

Keywords: Slybum marianum; silymarin complex; double-blind; randomised placebo-controlled study; cholesterol; HDL ; anti-

oxidant status; nutraceutical

Epidemiological studies suggest that an increased in-
take of some phytochemicals, e.g. flavonoids, phenolic
acids, carotenoids, phytosterols, etc., reduces the risk of
coronary heart disease (HERTOG et al. 1993), stomach
carcinoma (DORANT et al. 1996) and hypercholester-
olemia(MIETTINEN et al. 1995). Saint Mary’sMilk this-
tle (Slybum marianum Gaertn. or Carduus marianusL.,
Compositae), known as a medicinal herb for almost two
millennia, exhibits a physiological benefit to liver func-
tions and provides protection against some liver diseases
(SCHUPPAN et al. 1999). Standardized extracts from
S marianumseeds (ESM, milk thistle extract, Cardui mar-
iae fructus extractum siccum) are mixtures of chemically
defined flavonolignans and flavonoids (the silymarin com-
plex, approx. 70-80%) and achemically undefined poly-
meric fraction (polymeric and oxidised polyphenolic
compounds, 30-20%) (SIMANEK et al. 2000). The mixture
of flavonolignans was named silymarin (WAGNER et al.

1968), its constituents being silibinin, isosilibinin, silidia-
nin and silicristin. Silibinin, the main component of the
silymarin complex, isamixture of two diastereomers hav-
ing different pharmacokinetic profiles (KREN et al. 1997)
in approximate proportion of 1:1 (MORAZZONI & BOM-
BARDELLI 1995). The principal active component of ESM
is silibinin. Its antioxidant activity prevented lipid per-
oxidation and preserved the lipid profile of hepatocyte
membranes in rats treated with an iron-enriched diet (P1-
ETRANGELO et al. 1995). Silibinin has been showntoin-
hibit the proinflammatory leukotriene B, in rat Kupffer
cells(DEHMLOW et al. 1996) and the oxidation of human
low-density lipoproteins (SKOTTOVA et al. 1999). Silibi-
nin and silicristin showed remarkabl e stimulatory effects
on African green monkey kidney cells (SONNENBICHLER
et al. 1999). Silymarin retarded collagen accumulationin
chronic bile duct-ligated rats (BIOGK et al. 1997). Inhibi-
tion of dietary induced hypercholesterolemia was ob-

This study was supported by grants from the General Health Insurance Company of the Czech Republic, the Ministry of Education,
Youth and Sports (Grant No. MSM 151100003) and IGA of the Ministry of Health of the Czech Republic (Grant No. NL-5267-3/

1999).

105



Vol. 19, No. 3: 106-110

Czech J. Food <ci.

served in rats fed a high cholesterol diet supplemented
with ESM; however, silibinin was not effective (KREC-
MAN et al. 1998). The polymericfraction of ESM was prob-
ably responsiblefor thiseffect. Onthe other hand, currant
oil induced oxidisability of rat LDL was suppressed by
silibinin-phosphatidylcholine complex (SKOTTOVA et al.
2000). Clinical trialsdemonstrated that the pharmacol ogi-
cal efficacy of ESM waseither controversial, or exhibited
suboptimal pharmacological effects (FLORA et al. 1998).

Two types of products containing ESM are available on
themarket: (i) phytopreparations (MARTINDALE 1995) and
(i1) established nutraceuticals (http://www.doctors-
nutrition.com/milkthistle.htm). Most preparations contain-
ing ESM and registered as hepatoprotective drugstill pose
aproblem because of the imprecise documentation of in-
dividual components of the silymarin complex (SIMANEK
et al. 2000). The typical dose for phytopreparations or
nutraceuticalsis300 to 900 mg of ESM (i.e. 210to 630 mg
silymarin complex), taken daily in three portionsfor eight
weeks. There were no known side effects or contraindi-
cations, and this extract was safe for use during pregnan-
cy and lactation.

Although the pharmacological effects of ESM were
demonstrated in both in vitro and in vivo studies, as
mentioned above, no clinical study with S. marianum
extract taken asadietary supplement wasavailable. The
aim of this study was to investigate whether the high
daily dose 858 mg of ESM (531 mg of silymarin complex)
could improve liver function in healthy young men, es-
pecially lipid metabolism and the antioxidant capacity of
blood.

MATERIAL AND METHODS

Volunteers and Study Schedule: Twenty-nine healthy
men aged 18—-32 yearswere randomised to the active-treat-
ment group (17 men, aged 20.65 + 0.88 years, BMI [body
mass index] 22.61 + 0.91, W/H ratio [waist-to-hip ratio]
0.81 + 0.01) and the placebo group (12 men, aged 20.75 +
0.69years, BMI 21.69+ 0.78, W/H ratio 0.79 £ 0.01). No
significant differencesin age and BMI (at 99% of LSD,
p <0.01) werefound between thetwo groups. At the 95%
level LSD asignificance at p < 0.05 was found in W/H
ratio between the treatment and placebo group. The vol-
unteerswere non-smokers, non-drinkers and did not take
any medication. The extract of Slybummarianumor pla-
cebo was administered in a single dose of 286 mg three
times aday with mealsfor a period of 60 days.

Ethical Approval: Volunteerswere informed about the
potential effects of ESM and of its safety aspects, and
each consented to participating in the study. During the
study the volunteers were under the control of the Univer-
sity Hospital Lipid Centrewith therecommendationfor diet.
The Medical Ethica Committee of the Faculty Hospital,
Olomouc (Czech Republic), approved the protocol .
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Characteristics of ESM and PlaceboTablets: The tab-
let contained 286 mg of Cardui mariae fructus extractum
siccum (177 mg silymarin complex of thefollowing com-
position: silibinin 44.5%, isosilibinin 5%, silidianin 1.4%,
silicristin 10.9% and taxifolin 2.5%; lot 211194, Galena
Pharmaceutical Company, Opava, Czech Republic), mi-
crocrystallic cellulose (74 mg), polyvidone 25 (5 mg),
Crosspovidine XL (5 mg), silicium dioxide (5 mg), mag-
nesium stearate (5 mg). The placebo tablet consisted of
lactose (300 mg), hydrogenated soy oil (95 mg), and mag-
nesium stearate (5 mg). The ESM and placebo tabletswere
coated with the same suspension contai ning hydroxypro-
pylmethylcellulose, polyethylene glycol (PEG 6000), ti-
tanium dioxide and magnesium stearate.

Blood Samples: The venous blood was collected at the
beginning of the study to provide baseline followed by
the first EMS or placebo treatment. Further collections
were made after the first and second month of study be-
tween 7.30 am. and 9.00 a.m. after overnight fasting. Se-
rumwas separated by centrifugation at 2000 g for IO min at
+4°C. The routine biochemical analyseswere performed
on the day of serum separation. Serum samples for spe-
cial analyses (lipid peroxidation, total thiol groups and
total antioxidant capacity) were stored at —80°C in sepa-
rated aliquots, usually for lessthan | month.

Serum Determinations: Cholesterol, triacylglycerols
(TAG), LDL and HDL -cholesterol, apolipoproteins A-1 and
B, glucose, uric acid, bilirubin, liver enzymes (ALT, AST,
GMT, ALP and cholinesterase) were measured on an
automated analyser HITACHI 917 (Boehringer Mannheim,
Germany). Chemicalswere purchased from Sigma—Aldrich
(Prague), kitsfrom Roche (Switzerland). Precinorm L and
Precipath L (Certificate QCS 1998, Roche) were used for
quality control.

Assessment of Serum Total Antioxidant Capacity: The
serum antioxidant capacity was measured using a Poten-
tiostat Galvanostat Model 273, EG& G (Princeton Applied
Research, USA) cyclic voltammetry apparatus. A three-
electrode system was used throughout the study. Thework-
ing electrode: glassy carbon disk (Laboratory Instruments,
Czech Republic) 2 mm in diameter; the auxiliary elec-
trode: platinum wire, and calomel saturated electrode as
thereference electrode were used. The glassy carbon elec-
trode was polished before each measurement. Serum mea-
surements (0.3 ml) were carried out in phosphate buffered
saline, pH 7.4 (1.5 ml) at ascan rate of 200 mV/s. All cy-
clic voltammograms were performed in the range (—4)
—0.8) V. Each sample was analysed twice.

Lipid peroxidation: Lipid peroxidation products in
serum were assessed by the reaction with thiobarbituric
acid as thiobarbituric acid reactive substances (TBARS)
and expressed as the concentration of malondialdehyde
(BUEGE & AUST 1978).

Protein Thiol Groupsand Glutathione: Determination
of thetotal thiol level (T-SH) in the serum was estimated
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according to HU (1994) using 2,2-dithiobisnitrobenzoic
acid (DTNB).

Determination of Silibinin Diastereomers A and B in
Plasma: To assess bioavailability of our ESM prepara-
tion, one volunteer of the ESM group was randomly se-
lected on day 30. The volunteer refrained from taking
xanthine containing beverages and foods such as coffee,
teaand chocolate 24 h before plasma collection and fast-
ed from the evening before blood sampling. The experi-
ment was started at 7.00 am. immediately after oral
administration of the EM Stablet (286 mg ESM). Theblood
was collected at 0.5, 1 and 2 h. Total silibinin concen-
tration reached 184 + 12 ng/ml at 2.0 h (approx. propor-
tion of diastereomers 1:1) and free silibinin concentration
reached 83 + 8 ng/ml (approx. proportion of free diaste-
reomers 3:1). The plasma levels of total silibinin (both
diastereomers of free and conjugated silibinin after enzy-
matic cleavage by mixture of B-glucuronidase/arylsul-
phatase from Helix pomatia) and free silibinin (both
diastereomers) were determined by HPLC method with
C,; SPE preseparation (KOSINA & BARTEK 2000). Silibi-
nin, 98% HPL C purity, mixture of diastereomers A and B
(1:1), GalenaPharmaceuticalsCo., Ltd., (Opava, Czech Re-
public) was used as a standard. Concentrations of analy-
sed components were expressed in ng/ml of plasma.
Values are expressed asthe mean + SD of three analyses.
Plasma concentrations of total and free diastereomers of
silibinin areshowninFig. 1.

Statistical Analysis: Age, BMI and W/H ratiowereeval-
uated using Statgraphics 6.0 ANOVA. Biochemical pa-
rameters were evaluated using the statistical program
SPSS 8.0. Data are expressed as the mean + SD. For the
statistical evaluation of voltammetry, the least square
method was used by approximation of discrete datausing
algebraic polynomial. Cal cul ationswere performed using
theMATLAB 5.2 software.

RESULTS AND DISCUSSION

In this study, we measured the efficacy of high dosage
of ESM versus placebo by biochemical parametersin se-
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rum of healthy young men (Table 1). Twenty-nine study
participants were randomly divided into two groups of 17
and 12, and were administered 858 mg/day of ESM (531
mg silymarin complex), or placebo, respectively for aperi-
od of 60 days. Therewere no withdrawals, and no partic-
ipant fell ill or was taking any other medication for the
duration of the experiment. There were no reports of side
effects. Three blood samples were collected from each
participant, in the morning of the 1%, 30" and 60" day.
The biochemical parameters are summarized in Table 1
as the means and standard deviations of the difference
(%) of individual values obtained from the 1¥and 3 blood
sample of ESM and placebo groups.

A trend of increase in the HDL-cholesterol (+3.4),
ApoA1l (+5.1), and decrease of the total cholesterol (—3.5)
and LDL -cholesterol (—4.4) wasfound inthe ESM group
when compared with the placebo group. Even though none
of these trends reached statistical significance, the effect
of ESM on the equilibrium of lipid metabolisminthevol-
unteer group may be considered as a positive effect. Al-
though changes in parameters monitoring liver damage
were statistically insignificant in both groups (Table 1),
they support theinclusion of EM S asanutraceutical with
aprophylactic effect on liver functions.

The blood antioxidant status of study participants was
monitored by evaluating the lipoperoxidation parameters
— total thiols and thiobarbituric acid reactive substances
and by the cyclic voltammetry (CV). The CV was conve-
niently used and validated for the quantification of low
molecular weight antioxidants (LMWA) (KOHEN et al.
2000). LMWA play amajor role in protecting biological
systems against reactive oxygen-derived species and re-
flect the antioxidant capacity of the system. The values of
thebiological oxidation potential E_ (V), whichrelatesto
the nature of LMWA, and the intensity of the anodic cur-
rent wave | (A.10°®), which relates to the concentration
of LMWA in serum, are given in Table 1. Differencesin
lipoperoxidation damage parameters between the ESM
group and the placebo group were statistically insignifi-
cant. On the other hand, the CV parameter |_showed that
along term administration of ESM led to a statistically
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1. Concentrations of total (a) and free (b) diastereomers of silibinin in the plasma of a single volunteer after oral administration of
286 mg ESM (177 mg silymarin complex) at 0.5, 1.0, and 2.0 hrs
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1. Statistical evaluation of the effects of S. marianum extract (ESM) on lipid and liver metabolism and serum antioxidant capacity

in healthy volunteers

Metabolic Treatment Mean + S.D. Statistical parameters of difference (15-3™)

parameter 1 31 mean+S.D.  mean (%)  trends (%)

Total cholesterol (mM)  ESM 438+0.58 4.43 +0.76 +0.07 £ 0.46 +1.4 -35
Placebo 4.39 +0.86 4.61+0.79 +0.23+£0.55 +4.9

TAG (mM) ESM 1.17 £0.65 1.18 £0.59 +0.05 £0.37 +4.6 -0.1
Placebo 1.06 £ 0.60 1.11 £ 0.44 +0.05+0.50 +4.7

LDL-cholesterol (mM) ESM 2.56 £ 0.45 2.61 +0.59 +0.06 +0.43 +23 —4.4
Placebo 2.58+0.74 2.76 £ 0.69 +0.19+0.35 +6.7

HDL-cholesterol (mM) ESM 1.63 £0.22 1.50 £ 0.26 -0.13£0.13 -8.2 +3.4
Placebo 1.67 +0.30 1.47 £0.34 -0.19+£0.21 -11.6

ApoAl (g/l) ESM 1.34 £0.10 1.34+£0.13 —0.01 £0.11 +0.7 +5.1
Placebo 1.35+0.15 1.29+£0.18 -0.06 £0.12 4.4

ApoB (/1) ESM 0.75 + 0.15 076+ 0.14 +0.01 % 0.09 +1.1 33
Placebo 0.75+0.17 0.79 +£0.18 +0.03 +£0.09 +4.4

Glucose (mM) ESM 5.10 +0.37 5.20 £ 0.38 +0.11 £0.36 +2.1 +2.0
Placebo 4.94 +0.41 4.95+0.60 +0.003 +0.62 +0.1

Uric acid (uM) ESM 384.70 + 96.20 357.20 + 64.30 -8.00 + 34.65 2.2 4.4
Placebo 364.70 £ 66.90 373.00 +45.10 +8.33 £51.58 +2.2

ALT (ukat/l) ESM 0.33+0.18 0.34+0.12 +0.01 +£0.11 +2.7 -7.1
Placebo 0.39+0.14 0.43 +0.24 +0.04+£0.14 +9.8

AST (ukat/l) ESM 0.42+0.24 0.37+0.12 ~0.04 +0.13 93 29
Placebo 0.39£0.18 0.37+0.12 —-0.03 £0.05 -6.4

GMT (ukat/l) ESM 0.26 +0.06 0.28 £0.07 +0.02 £0.05 +6.8 -5.9
Placebo 0.36 £0.17 0.41+0.17 +0.05+0.11 +12.7

CHS (ukat/1) ESM 130.90 £ 22.10 132.60 +22.30 +0.36 £9.05 +0.3 +2.3
Placebo 143.20 £ 34.90 140.40 + 33.30 -2.80 + 6.96 -2.0

AP (pkat/l) ESM 1.52 +0.60 1.60 + 0.59 +0.08 £0.31 +53 -6.0
Placebo 1.20 £ 0.25 1.35+0.29 +0.15+0.23 +11.3

Bilirubin (uM) ESM 1691 +7.16 15.06 = 9.59 —-1.23 £ 8.38 -7.3 4.4
Placebo 18.00 + 7.55 17.48 £ 7.04 -0.52+£7.75 -2.9

Total thiols (mM) ESM 0.51+0.04 0.72+0.13 +0.22£0.15 +30.4 +1.8
Placebo 0.51 +0.05 0.72+0.13 +0.21+0.14 +28.6

TBARS (uM) ESM 4.62 +0.62 4.78 £ 0.65 +0.18 £0.65 +4.0 -2.9
Placebo 4.88 +0.50 5.22+0.59 +0.34+0.76 +6.9

E, (V) ESM 0.53 +0.04 0.56 £ 0.02 +0.03 +0.06 +5.5 -2.7
Placebo 0.54 £ 0.02 0.58 +£0.02 +0.05 +0.02 +8.3

L* (A.1078) ESM 14.34 = 1.60 15.51+3.40 +1.25+2.41 +8.1 +10.0*
Placebo 14.96 £ 2.71 14.67 +£2.031 -0.28 +£2.32 1.9

* significance (p < 0.05)

significant increase of LMWA in blood of the ESM group
when compared both between samples 1 and 2 (the abso-
lute effect of ESM) and between the ESM and the placebo
group. The computer-simulated voltammograminthe ESM
group at the beginning and at the end of the experiment
showed an increase in the intensity of the anodic current
wave (I ) andintheanodic wave area(Fig. 2).

In this study side effects as a response to ESM treat-
ment were not observed. The parameters monitored were
lipid and liver metabolism where no statistically signifi-
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cant changeswere noted. Although insignificant, theim-
provement in two parameters of lipid metabolism—levels
of cholesterol and HDL cholesterol —may be considered
beneficial. The statistically significant improvement inthe
antioxidant status of blood in the ESM group confirmed
that some of the S marianum active components might
contribute to the protection against oxidative damage. We
conclude that the ESM as nutraceutical might be promis-
ing for awide range of patients.
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Abbreviations

ESM extract from Silybum marianum seeds
SM silymarin

TAG triacylglycerols

HDL-cholesterol
LDL-cholesterol

high-density lipoprotein cholesterol

low-density lipoprotein cholesterol

ApoAl apolipoprotein Al

ApoB apolipoprotein B

ALT alanine aminotransferase

AST aspartate aminotransferase

GMT y-glutamyl transferase

CHS cholinesterase

AP alkaline phosphatase

TBARS thiobarbituric acid reactive substances

E, anodic potential (cyclic voltammetry)

1, intensity of anodic current wave
(cyclic voltammetry)

SD standard deviation

BMI body mass index

W/H ratio waist-to-hip ratio

2. Computer-simulated voltammo-
grams of LMWA in the ESM volun-
teers serum on the 1% (solid line) and
60™ day (dashed line)
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V randomizované, dvojité slepé, placebem kontrolované pilotni studii byly hodnoceny ulinky extraktu ze semen Silybum
marianum na lipidové, jaterni parametry a antioxidaéni kapacitu krve u 29 zdravych muzi ve véku 18-32 let. Dobrovolnici brali
denni davku 858 mg extraktu (531 mg silymarinového komplexu standardizovaného na silibinin) nebo placebo po dobu 60 dntl.
V praubéhu studie nebyly zaznamenany zadné vedlejsi ucinky. Parametry lipidového a jaterniho metabolismu byly hodnoceny
v séru rutinnimi biochemickymi metodami. U skupiny uzivajici rostlinny extrakt byly nalezeny pozitivni trendy ve snizeni sérového
cholesterolu, zvySeni hladiny HDL-cholesterolu sou¢asné se statisticky vyznamné zvySenou antioxida¢ni kapacitou krve. Vysledky
studie podporuji pouzivani extraktu ze S. marianum jako slozky potravniho doplitku v prevenci hypercholesterolemie.
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