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Abstract

Purpose Red yeast rice (RYR), sugar cane-derived poli-
cosanols (SCdP) and artichoke leaf extracts (ALEs) are
currently incorporated alone or in combination into dietary
supplements for their potential low-density-lipoprotein
cholesterol (LDL-cholesterol)-lowering effects. Yet, there
is no information supporting the efficacy of this association
on the reduction in LDL-cholesterol. The main objective of
this study was to investigate the effects of a new dietary
supplement (DS) with RYR, SCdP and ALEs on LDL-
cholesterol.

Methods In a double-blind, randomized, parallel con-
trolled study, 39 subjects from 21 to 55 years with mod-
erate hypercholesterolemia without drug treatment were
assigned to 2 groups and then consumed either a DS
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containing RYR, SCdP and ALEs or a placebo over a
16-week period. Plasma concentrations of lipids [LDL-
cholesterol, total cholesterol (TC), high-density-lipoprotein
cholesterol (HDL-cholesterol), triacylglycerols (TG)] and
plasma levels of vitamins C and E, total polyphenols and
malondialdehyde were determined at baseline and after 4,
8, 12 and 16 weeks.

Results LDL-cholesterol and TC were reduced by,
respectively, 214 % (95 % CI, —13.3 to —24.9 %,
p <0.001) and 14.1 % (95 % CI, —10.1 to —18.0 %,
p < 0.001) at week 16 in the DS group compared with
baseline. Similar results were obtained at weeks 4, 8 and
12. TG decreased by 12.2 % after 16 weeks in the DS
group (95 % CI: —24.4 to —0.1 %, p < 0.05). For the
vitamin E/TC ratio, a difference was observed between
groups at week 16 (p < 0.05). Other parameters were not
modified.

Conclusions Daily consumption of this new DS
decreased LDL-cholesterol and TC and is therefore an
interesting, convenient aid in managing mild to moderate
hypercholesterolemia.

Keywords Dietary supplement - Low-density-lipoprotein
cholesterol - Lipid-lowering plant extracts - Red yeast rice -
Policosanols - Hypercholesterolemia

Introduction

Epidemiological data have clearly shown that elevated
plasma levels of low-density-lipoprotein cholesterol (LDL-C)
increase the risk of cardiovascular diseases. Lowering LDL-C
plasma levels (by dietary modification or drugs) would gen-
erally reduce the risk of cardiovascular events in both primary
and secondary prevention [1]. In recent meta-analyses, it was

@ Springer


http://www.clinicaltrials.gov

548

Eur J Nutr (2013) 52:547-557

calculated that the cardiovascular risk was reduced by 20 %
for each 1 mmol L™ of LDL-C reduction, regardless of the
therapy [2, 3].

Data obtained from various countries have shown that
the primary aim of studies has been to match the intensity
of LDL-C-lowering therapy with absolute risk of cardio-
vascular diseases (CVD). Firstly, anyone with an elevated
LDL-C was advised lifestyle changes, which, when fol-
lowed, generally proved effective in lowering LDL-C
levels. People at relatively high risk of CVD were also
candidates for drug treatment, which proved very effective
[4] but engendered significant additional expenses. Thera-
peutic lifestyle changes include dietary changes, particu-
larly a reduction in saturated fat and cholesterol
consumption, increased intake of fruits and vegetables, and
moderate physical activity. The use of food additives such
as phytosterols/stanols and dietary supplements is also
suggested, and in fact, their use is becoming increasingly
popular [5]. Nevertheless, if different guidelines advise
consumption of phystosterols/stanols as a further option for
decreasing LDL-C [6], the use of dietary supplements is
controversial and only a few have withstood the rigors of
randomized controlled trials [7].

Several plant extracts have also been tested for their
potential LDL-C-lowering effect including red yeast rice
(RYR), sugar cane-derived policosanols (SCdP) or arti-
choke leaf extracts (ALEs).

Numerous clinical studies performed in hyperlipidemic
subjects have shown a beneficial effect of RYR extract
supplements [8] resulting in a decrease in plasma total cho-
lesterol (TC), LDL-C and triacylglycerols (TG) [3,9-11]. In
some cases, an increase of high-density-lipoprotein choles-
terol (HDL-C) was also demonstrated [12]. RYR is a
medicinal agent used by the Chinese and made from Mon-
ascus purpureus with rice. Depending on the Monascus
strains use and the conditions of fermentation, they may
contain polyketides called monacolins [13]. Monacolin K is
pharmaceutically known as Lovastatin®, commonly pre-
scribed as a lipid-lowering drug.

Sugar cane-derived policosanols have shown beneficial
effects in patients with hyperlipidemia. A data review and a
meta-analysis also revealed a more favorable action of
policosanols on serum lipids compared with phytosterols
and stanols, and an equivalent effect to statins [14, 15].
However, most of these clinical studies were conducted in
Cuba by the same group of researchers.

Some clinical trials on ALEs have shown a beneficial
effect on cholesterol levels, but the evidence is not yet
convincing [16].

One consequence of high LDL-C levels results from its
oxidation. Oxidized LDL-cholesterol [17, 18] and lipid
peroxidation products [19, 20] are found in elevated
concentrations in atherosclerotic plaques and are thought
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to play an important role in the development and pro-
gression of atherosclerosis. Intake of antioxidants such as
vitamin E and pro-anthocyanidin oligomers appears to be
interesting in limiting plasma cholesterol oxidation. It has
been shown that men and women supplemented with
daily doses exceeding 100 IU of vitamin E for over
2 years showed a significant reduction in heart attacks
[21-23].

Based on this evidence, we decided to test a new dietary
supplement containing RYR, SCdP, ALEs, oligomers
procyanidins and vitamin E on blood lipid profiles and
systemic oxidative stress in untreated subjects with mod-
erate hypercholesterolemia.

The primary objective of this randomized, placebo-
controlled trial was to evaluate whether this dietary sup-
plement can lower LDL-C after a 16-week treatment.
Secondary aims include measurements of several parame-
ters: LDL-C after 4, 8 and 12 weeks supplementation, TC,
HDL-C, TG, fasting plasma glucose, blood pressure, vita-
mins E and C, total polyphenols, malondialdehyde and
safety parameters (aspartame aminotransferase, alanine
aminotransferase, alkaline phosphatase, and conjugated
bilirubin).

Subjects and methods
Trial design

This was a mono-centric, double-blind, placebo-controlled,
parallel-group study conducted in France. It was conducted
by the CIC (Centre d’Investigation Clinique, Hopital de la
Conception, Marseille, France) and performed according to
Good Clinical Practice. This clinical trial was approved by
the South I Mediterranean Committee for Human Research
and the French Health Products Safety Agency (2008-
A01169-46). Procedures followed were in accord with the
ethical standards of the Helsinki Declaration of 1975 as
revised in 1983. The study protocol was also registered at
clinicaltrials.gov under the number NCT01354327.

Subjects

Thirty-nine healthy male and female volunteers with
moderate untreated hypercholesterolemia were recruited
from the Marseille area (France) between December 2008
and December 2009 via newspaper advertisements or were
selected from the study center’s (Centre d’Investigation
Clinique, Hopital de la Conception, Marseille, France)
volunteer database. Inclusion criteria were as follows: male
or female aged 18-55 years with a body mass index >18.5
and <27.5 kg m~2, non or light smoker (<10 cigarettes/
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day); subjects with stable weight, eating patterns and
physical activity during the 3 months preceding the start of
the protocol, and agreeing to maintain these habits during
the study; a plasma TC concentration >5.68 mmol L~ for
premenopausal women: non-estrogen contraceptive taken
for at least 2 cycles preceding the start of the study,
agreeing not to change during the protocol; postmeno-
pausal women with no estrogen replacement therapy. Other
requirements for inclusion were the express desire to par-
ticipate during the entire duration of the trial and the
subject’s written informed consent. Exclusion criteria
included the following: previous or current use of lipid-
lowering therapies; diabetes treated or detected at the
inclusion visit; severe chronic diseases; severe medical
conditions that could interfere with the study, such as
digestive tract surgery; uncontrolled hypertension (systolic
blood pressure >160 mmHg and diastolic blood pressure
>90 mmHg; a fasting glycemia level >1.2 g L™"; an
aspartate aminotransferase (AST) level >40 Ul L% an
ALanine aminoTransferase (ALT) level >45 Ul L% a
gamma-glutamyl transpeptidase (yGT) level >5 pmol L™";
a conjugated bilirubin level >5 pmol L™'; an alkaline
phosphatase level >100 UI L™'; a hemoglobin Alc level
>6 %; pregnant or lactating women and those trying to get
pregnant; dietary supplements or functional food con-
sumption (e.g., sterols, stanols and n-3 fatty acids prod-
ucts); any medical treatment that, according to the
investigators, might interfere with the outcome measures;
vegetarian or vegan subjects; subjects with extreme eating
habits and/or with a significant history of anorexia nervosa,
bulimia and other eating disorders; known or suspected
food allergies, related to the compounds of the food sup-
plement; subjects consuming more than 2 alcoholic bev-
erages per day (every day). All subjects were advised of the
potential side effects of the study medication. Participants
gave their written informed consent before the beginning of
the trial.

Trial protocol

The participants were screened for eligibility first through
a phone call. All potential candidates underwent a pre-
screening visit during which the inclusion/exclusion
criteria were detailed, the study explained and the pro-
cedures to be followed laid out. The study coordinator
answered any questions posed by the subjects, and their
written informed consent was obtained. Thereafter, a
medical examination, a general health questionnaire and
blood samples were performed to confirm eligibility.
Eligible subjects were randomly assigned to take either
the placebo (PLA) or dietary supplement (DS). The block
randomization schedule was performed using SAS® pro-
gramming (SAS®9.1.). The study coordinator assigned the

participants to the supplement specified by the schedule in
the chronological order they joined. Assignments into
each study group remained concealed until all enrolments
were completed.

Study assessments took place 1 week before starting the
medication, at baseline and at weeks 4, 8, 12 and 16. The
study participants were asked to maintain their usual dietary
habits and not to change their food selections or exercise in
order not to modify their lipid concentrations. To check diet
stability, the subjects were instructed to record their food
intake for 3 successive days just after baseline and 3 days
before weeks 4, 8, 12 and 16. To help them do this, they
were given an instruction booklet with an example day
menu. Moreover, the participants were helped to complete
their intake diary at baseline with a dietician. Food diary
records were analyzed using Nutrilog® 2.10 software. Data
analyses were as follows: total energy (kcal day™"), total
protein (g day™'), total carbohydrate (g day™"), total fat
(g day™"), saturated fatty acids (g day "), monounsaturated
fatty acids (g day "), polyunsaturated fatty acids (g day "),
cholesterol (g day™'), percentage energy from fats, carbo-
hydrates and proteins, soluble and insoluble fibers
(g day™"), vitamin E (mg day "), vitamin C (mg day '),
total polyphenols (mg day ') and carotenoids (mg day ™).

The subjects were asked not to consume any food
supplements or functional foods during the study, as well
as not to modify their medical treatment or start any new
one unless necessary. All their control visits included a
clinical examination, and blood samples were taken after
a 12-h overnight fast. Compliance with the products was
established by calculation, considering packages distrib-
uted at baseline, week 4, week 8 and week 12 and those
returned at weeks 4, 8, 12 and 16. The volunteers reported
adverse events and eventual concomitant treatments by
filling in a questionnaire during each visit. TC, LDL-C,
HDL-C, TG, fasting glycemia and blood pressure were
determined at all visits. Vitamins C and E, total poly-
phenols and MalonDiAldehyde (MDA) were measured at
baseline, week 8 and week 16. AST, ALT, yGT, conju-
gated bilirubin and alkaline phosphatase were measured at
baseline and week 16.

Endpoints

The primary outcome was the change in the concentration
of plasma LDL-C between baseline and week 16 in the DS
group. Secondary endpoints were as follows: LDL-C at
weeks 4, 8 and 12; TC, HDL-C, TG, fasting glycemia and
blood pressure at all visits; vitamins C and E, total poly-
phenols and MDA at baseline, week 8 and week 16; AST,
ALT, yGT, conjugated bilirubin and alkaline phosphatase
at baseline and week 16.
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Products

The participants were asked to take 3 tablets of PLA or DS
daily (1 tablet 3 times a day during meals). The dietary
supplement (Limicol®, Laboratoire Lescuyer, Aytré,
France) was composed of the following compounds (per
tablet): red yeast rice 166.67 mg (0.4 % monacolin K),
sugar cane extract 3.70 mg (90 % policosanols—octacosa-
nol 60 %), artichoke leaf dry extract 200 mg (5-6 %
chlorogenic acid), garlic dry extract 10 mg (0.8 % allicin,
1.8 % alliin), pine bark extract 6.67 mg (90 % oligomeric
proanthocyanidins), vitamins E 12.86 mg, B, 1.60 mg, B3
(inositol hexanicotinate) 2.92 mg, dicalcium phosphate
199 mg, microcrystalline cellulose 87.36 mg, calcium cit-
rate 63.22 mg, tricalcium phosphate 34 mg and magnesium
stearate 22 mg. The PLA composition was as follows (per
tablet): dicalcium phosphate 250 mg, microcrystalline
cellulose 242.50 mg, maltodextrin 105 mg, calcium citrate
65 mg, tricalcium phosphate 58 mg, beet powder 47.50 mg
and magnesium stearate 22 mg. The dietary supplement
and the PLA were produced by an ISO 22000-certified
laboratory. Moreover, as part of the quality control process,
an independent laboratory (NOVEAL Laboratoire Ser-
vices, Valanjou, France) was commissioned to verify the
composition of the DS.

Determination of plasma lipids

Blood samples were collected in vacutainer tubes. Plasma
TC, HDL-C and TG concentrations were measured using a
DxC Beckman Coulter by enzymatic methods using
a cholesterol oxidase method (synchron CHOL) for TC, a
direct homogeneous method (synchron HDLd) for HDL-C
and a lipase/glycerol kinase method (synchron TG GPO)
for TG. The LDL subfraction was indirectly quantified
using the Friedewald equation [24].

Determination of safety parameters and fasting
glycemia

ASpartate aminoTransferase and ALanine aminoTransfer-
ase concentrations were evaluated using an automated
Synchron DxC Beckman Coulter according to the Inter-
national Federation of Clinical Chemistry (IFCC) proce-
dure with the addition of pyridoxal phosphate at 37 °C
(Beckman Coulter Inc., Fullerton, CA, USA). Alkaline
phosphatase concentrations were measured using auto-
mated Synchron DxC Beckman Coulter with p-nitrophe-
nylphosphate (p-NPP) buffer and AMP (Beckman Coulter
Inc., Fullerton, CA, USA). Direct bilirubin concentrations
were evaluated using automated Synchron DxC Beckman
Coulter and the diazotized sulfanilic acid procedure
(Beckman Coulter Inc., Fullerton, CA, USA).
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Plasma glucose concentrations were determined by a
hexokinase method using a Synchron DxC Beckman
Coulter. Finally; HbAlc concentrations were evaluated on
a HPLC Variant II analyzer equipped with the new kit
270-2101 NU (Bio-Rad Laboratories, Hercules, CA, USA).

Determination of plasma vitamins C and E,
total polyphenols and MDA

Vitamin C and total polyphenols were extracted together
from the plasma samples. To 1,100 pL. of the plasma
sample, 250 pL of 25 % TCA and 250 pL of acetone were
added. After a 10-min centrifugation at 13,000 rpm (4 °C),
250 pL of H,O was added to the supernatants.

Folin—Ciocalteu’s reagent was used for the colorimetric
measurements of polyphenolic antioxidants. The color
produced is proportional to the amount of polyphenols
present in the sample (maximum absorption at 760 nm).
Briefly, 250 pL of H,O and 2.5 mL of Folin reagent
(diluted 1/10) were added to 250 pL of the polyphenolic
sample extract. After vortex and a 2-min incubation at
room temperature, 2 mL of sodium carbonate (75 g L™")
was added. After an additional 5 min of incubation at
50 °C, optical density of the samples was determined at
760 nm. The amounts of polyphenols present were
expressed as gallic acid equivalents (GAE). Ascorbic acid
was oxidized to dehydroascorbic acid (DHA). This method
is based on the rapid, specific reaction of DHA with
o-phenylendiamine (OPDA) to form a fluorescent quinox-
ine derivative (FQD) that is quantified by HPLC. Briefly,
140 pL of sodium acetate (pH 6.2) and a spatula of
ascorbate oxidase were added to 1 mL of the extraction of
samples containing ascorbic acid. After incubation for
8 min at 37 °C, the ascorbate oxidase was removed and
170 puL of OPDA were added. After incubation for 30 min
at 37 °C and filtration (0.45 pm), FQD was quantified by
HPLC coupled to a fluorimeter (Exc: 350 nm-Em:
430 nm).

Plasma vitamin E was determined using HPLC coupled
to a UV-visible spectrometer. To 500 pL of sample, 3 mL
of a mix of hexane, acetone, ethanol and BHT, 20 pL of
8'-apocarotenal (internal standard) and 1 mL of H,O were
added. This was vortexed for 5 min and centrifuged at
13,000 rpm for 50 min at 4 °C. The supernatant was col-
lected and evaporated under nitrogen before being taken up
in 300 pL of methanol/MTBE.

Samples were analyzed by reverse-phase HPLC using a
HP 1100 system equipped with a quaternary pump, an
autosampler and a fluorimeter. Separation was achieved
using an Atlantis dC 18 150 x 4.6 mm column (Waters,
Saint-Quentin-en-Yvelines, France). The mobile phase
consisted of methanol, and acetonitrile and was run at
a flow rate of 1 mL min~'. Initial composition was
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methanol/acetonitrile (65/35; v/v), and methanol was
decreased to 23 % over a 30-min period. Alpha-tocopherol
was detected at 4.3 min and quantified by fluorimetry
(lambda excitation = 295 nm, lambda emission =330 nm).
The measurement of plasma MDA was performed by
the method of thiobarbituric acid reactive substances
(TBARS). One millilitre of water containing 15 % tri-
chloroacetic acid (TCA) and 0.375 % thiobarbituric acid
(TBA) was added to 500 pL of plasma. After 50 min of
incubation at 100 °C and cooling in iced water, the samples
were centrifuged for 10 min at 1,200g at 4 °C. The
absorbance was then read in a spectrophotometer at
535 nm. Calibration was performed with an external cali-
bration of TEP (1,1,3,3-tetramethoxypropane) for the range
0.005-2.5 ug mL~" following the same protocol.

Statistical methods

The results are presented as mean values + standard
deviation (SD). No sample size calculation was performed
prior to the study. Statistical distribution of all variables of
interest was approximately Gaussian. Between-treatment
comparisons were done to verify that randomization had

produced sufficiently homogenous groups. The average
difference in LDL-C and other variables in the 2 treatment
arms (PLA and DS) before and after 4, 8, 12 and 16 weeks
of supplementation were assessed with a Student’s 7 test.
The within-group change in LDL-C and other variables
from baseline to study completion were assessed with
paired ¢ tests. For plasma antioxidants and MDA levels,
analyses were based on the per-protocol principle. Other
analyses were based on the intention-to-treat principles.
SAS® software version 9.1 was used for the statistical
analysis. A level of significance was set at 0.05 for all
cases.

Results
Subject participation throughout the study

Thirty-nine healthy (20 PLA and 19 DS) moderately
hypercholesterolemic subjects of the 88 potential subjects
met the entry requirements and were enrolled in the study.
Thirty-five (18 PLA and 17 DS) of the participants com-
pleted the study, with 2 dropouts in the PLA group and 2 in
the DS group (Fig. 1).

Fig. 1 Flow diagram of
subjects included in the study

Patients assessed for

eligibility
(n=88)

Patients excluded for failure to meet
» inclusion criteria (n=49)

Y

Patients consented and
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(n=39)
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l
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Placebo arm Dietary supplement arm
(n=20) (n=19)

A
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analysis
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A 4
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analysis
n=19)
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Intention-To-Treat
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@ Springer



552

Eur J Nutr (2013) 52:547-557

Safety and tolerance

The study found that the dietary supplement was as well
tolerated as the PLA with no adverse events occurring in
either group during the study. No significant changes in our
safety measurements were noted either before or after
treatment (data not shown).

Compliance

Compliance with the study treatments was 91.3 % in the
PLA and 92.5 % in the DS groups.

Baseline characteristics

Basal anthropometric and clinical characteristics are shown
in Table 1. Most of our participants were women and
coincidentally were evenly allocated to the two groups
(PLA group: 5 men and 15 women; DS group: 6 men and
13 women). No significant differences in the anthropo-
metric, lipid variables or body mass index values were
observed between the groups. Only systolic blood pressure
was significantly different in the DS group (117.1 & 9.5
vs. 110.0 £ 9.1 mmHg, p = 0.023) compared with PLA.
Neither was any significant difference in antioxidant status
or lipid peroxidation, as measured by MDA levels,
observed at baseline between the groups.

Analysis of food records showed no significant differ-
ence in food intake between the two groups at baseline
(Table 2). Moreover, statistical analysis of the monthly
food surveys showed no difference in food habits in either
group between the beginning and the end of the study (data
not shown). Inspection of the subjects’ diaries did not
indicate any deviations from the protocol that may have
affected the results.

Plasma lipid profile

The mean plasma lipid concentrations at baseline and after
4, 8, 12 and 16 weeks’ supplementation with the PLA or
DS are shown in Table 3. The ITT analysis showed that
subjects who took three DS tablets daily showed signifi-
cantly decreased LDL-C by 21.4 + 9.8 % (p < 0.001)
after 4 weeks, with this then stabilizing over the remaining
study period to reach —19.1 £ 12.0 % (p < 0.001) at the
end of the study. No significant change was observed in the
PLA group (—2.2 + 181 at week 4, p =0.59, and
+2.8 £ 13.7 % at week 16, p = 0.37, compared with
baseline).

A significant decrease in TC was observed in the DS
group (—15.3 &+ 9.3 % after 4 weeks, p < 0.001, and sta-
bilized at —14.1 £ 8.1 % at the end, p < 0.001, as com-
pared with baseline). No significant changes appeared in
the PLA group (+1.3 £ 8.8 % at week 16 compared with
baseline, p = 0.53). In contrast, HDL-C levels remained
the same in both groups (week 16 compared at baseline:
PLA, +2.0+ 18.1 %, p =0.62; DS, —0.3 £ 114 %,
p =0.90). Finally, TG concentrations significantly
decreased at week 16 compared with baseline in the DS
group (—12.2 £+ 25.4 %, p < 0.05) although there was a
general increase in these values in the PLA group.

Antioxidant profile

Table 4 shows the antioxidant vitamins E and C, and
polyphenols concentrations at baseline and after 8 and
16 weeks of supplementation, as well as the plasma MDA
concentrations. No changes in vitamins C and E plasma
levels were observed in the course of the current study.
However, when we calculated the vitamin E/TC ratio, a
significant difference was observed between groups at

Table 1 Anthropometric

characteristics of subjects and Placebo (n = 20) Dietary supplement (n = 19) p

biological status at baseline Mean SD Mean SD
Age (years) 45.7 9.2 50.3 4.8 NS
BMI (kg m™?) 23.7 1.9 23.6 2.0 NS
Systolic blood pressure (mmHg) 117.1 9.5 110.0 9.1 0.02
Diastolic blood pressure (mmHg) 71.3 8.2 66.5 9.0 NS
Total cholesterol (g L_l) 2.5 0.3 2.5 0.3 NS
LDL-C (gL™h 1.7 0.3 1.7 0.2 NS
HDL-C (g L™" 0.7 0.2 0.6 0.2 NS
TG (g L™h 0.8 0.2 0.9 0.5 NS
Glycemia (g L™ 0.8 0.1 0.8 0.1 NS
Vitamin E (ug mL™") 32.1 7.5 33.7 8.8 NS
Vitamin C (ug mL™") 2.3 1.8 1.4 0.8 NS
Polyphenols (ug mL™") 0.07 0.02 0.06 0.01 NS
MDA (ug mL™") 0.42 0.07 0.44 0.06 NS

BMI body mass index
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eT::il:rl:;é dl?gizsafl)gclle:‘?;zul:;il;e Placebo (n = 20) Dietary supplement (n = 19) P
questionnaire Mean SD Mean SD
Energy (kcal day™") 1,757.7 563.1 1,832.5 461.9 NS
Carbohydrate (g day™") 188.3 64.4 186.2 52.9 NS
Proteins (g day™") 78.8 272 81.6 17.9 NS
Lipids (g day™") 69.4 28.2 74.8 26.1 NS
SFA (g day™) 26.5 113 25.9 10.1 NS
MUFA (g day™") 233 11.3 27.3 10.7 NS
PUFA (g day ") 8.5 33 10.6 5.6 NS
Cholesterol (mg day ) 304.2 140.1 339.1 261.9 NS
Fibers (g day ") 15.3 6.9 17.6 6.5 NS
Solubles (g day™") 3.1 1.6 35 2.0 NS
Insolubles (g day™") 13.1 53 13.0 4.4 NS
Calcium (mg day™") 860.1 418.0 710.9 288.5 NS
Magnesium (mg day ") 330.0 92.9 341.9 100.3 NS
Tron (mg day ") 10.7 29 12.2 5.0 NS
Zinc (mg day ™) 0.22 0.28 0.19 0.24 NS
Selenium (mg day ") 0.8 2.0 0.7 1.4 NS
Vitamin A (ug ER day™") 0.6 2.6 33 8.1 NS
Vitamin E (mg day™") 7.5 4.0 10.8 7.9 NS
Vitamin C (mg day ™) 114.5 74.7 105.7 56.7 NS
Vitamin B9 (ug day™") 269.0 91.9 282.2 131.3 NS
Polyphenols (mg day~") 170.3 126.3 269.9 277.8 NS
Carotenoids
Beta-carotene (pg day_l) 859.0 1,166.2 902.9 1,451.7 NS
Alpha-carotene (g day ') 17.5 29.9 13.7 12.1 NS
SFA saturated fatty acids, Lycopene (ug day™") 1,035.5 3,017.0 1,740.8 2,847.8 NS
MUFA monounsaturated fatty Lutein/zeaxanthin (ug day™") 771.98 1,419.04 563.61 1,902.06 NS
acids, PUFA polyunsaturated Beta-cryptoxanthin (ug day ") 139.18 252.52 82.05 133.21 NS

fatty acids

week 16 (PLA, 12.7 + 3.0 vs. DS, 15.3 £ 4.1, p = 0.038).
A significant increase in plasma concentrations of poly-
phenols was observed in both groups (PLA, +20.7 % and
DS, +12.6 %, p < 0.05) at the end of study compared with
baseline. Finally, the oxidation of lipids, determined by the
extent of MDA, showed no differences either within or
between groups.

Discussion

The role of nutrition in the prevention of CVD has been
extensively reviewed [25, 26]. There is strong evidence
showing that dietary factors may influence atherogenesis
directly or through effects on traditional risk factors such as
lipid levels, blood pressure or glucose levels [27]. Dietary
supplements and functional foods can be used either as
alternatives or in addition to lipid-lowering drugs [28].
The use of dietary supplements for the management of

dyslipidemias is mentioned in the European Society of
Cardiology/European Atherosclerosis Society guidelines in
the chapter of lifestyle modifications [27]. They concluded
that policosanols were not effective and that the efficacy of
RYR was less established by evidence/opinion.

In the present randomized controlled study, we evaluated
the beneficial effect of a new dietary supplement based on
plant extracts (containing, among other components, RYR,
SCdP, ALEs, oligomeric procyanidins and vitamin E) on
blood lipid profiles and systemic oxidative stress. The
effects of the dietary supplement on lipids were independent
of the diet as both groups showed no difference in caloric
and lipid intake during the protocol.

The principal component, RYR, has been studied for its
potential interest in cholesterol management. RYR extract
contains monacolin K (also known as lovastatin®), which
acts by inhibiting 3-Hydroxy-3-MethylGlutaryl Coenzyme
A (HMG-CoA) reductase [29]. Several trials have investi-
gated RYR efficacy in the treatment of hypercholesterolemic
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Table 3 Relative variations
from baseline at weeks 4, 8, 12
and 16 for LDL-C, TC, HDL-C
and TG in placebo and dietary
supplement groups

* p < 0.001 versus baseline;
** p = 0.05 versus baseline

 Intention-to-treat population

Table 4 Average plasma
antioxidants and MDA levels at
baseline, weeks 8 and 16 for the
placebo and dietary supplement
groups

p indicates a significant
difference between PLA and DS
groups; * indicates a significant
difference for that time period
compared to baseline in the
group

4 Per-protocol population

Parameters Placebo (n = 20%) Dietary supplement
n =19%
Mean SD Mean SD
TC (%, weeks)
4 -0.9 10.8 —15.3*% 9.3
8 —0.6 8.4 —13.0%* 10.7
12 —-19 8.8 —11.1%* 11.9
16 1.7 8.8 —14.1% 8.1
LDL-C (%, weeks)
4 -22 18.1 —21.4% 9.8
8 —4.4 15.5 —18.9* 11.3
12 —4.5 12.7 —14.8* 14.9
16 2.8 13.7 —19.1* 12.0
HDL-C (%, weeks)
4 1.2 12.3 —1.3 11.8
8 -0.5 10.6 -32 10.9
12 -0.7 12.1 0.1 12.1
16 2.0 18.1 —-0.3 114
TG (%, weeks)
4 35 37.7 —6.7 22.8
8 9.0 222 9.9 39.1
12 13.6 29.1 —-3.8 34.6
16 19.6 57.6 —12.2%%* 254
Placebo Dietary supplement p
Mean SD Mean SD
Polyphenols (ug mL™") n = 37*
Baseline 0.07 0.02 0.06 0.01 NS
Week 8 0.06 0.01 0.06 0.01 NS
Week 16 0.08* 0.01 0.07* 0.01 NS
Vitamin E (ug mL™") n = 36
Baseline 32.1 7.5 33.7 8.8 NS
Week 8 334 9.3 349 10.3 NS
Week 16 322 8.2 32.8 8.5 NS
Vitamin E/cholesterol n = 36"
Baseline 12.9 3.1 13.5 39 NS
Week 8 13.6 3.9 16.0 4.0 NS
Week 16 12.7 3.0 15.3 4.1 0.04
Vitamin C (ug mL™") n = 24°
Baseline 2.3 1.8 1.4 0.8 NS
Week 8 1.5 1.1 1.1 0.7 NS
Week 16 22 1.9 2.5 1.0 NS
MDA (ug mL™") n = 38°
Baseline 0.42 0.07 0.44 0.06 NS
Week 8 0.45 0.06 0.46 0.07 NS
Week 16 0.44 0.06 0.45 0.06 NS

patients, and a consistent LDL-C decrease (22-27 %) has
been demonstrated [8-10, 30, 31], in both adults and
hypercholesterolemic children [32]. Our results, although

@ Springer

not radically different, were slightly below those obtained in
other studies. This may be explained by the daily amount of
monacolin K used. We administered a daily dose of 2 mg
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while these other studies used between 3 and 9 mg per day
[12]. This is also true for the decrease in TC concentrations.

Concerning sugar cane-derived policosanols, several
studies have shown beneficial effects after supplementation
in patients with hyperlipidemia. A daily intake of 10-40 mg
has shown a significant decrease in plasma TC concentra-
tions, LDL-C and TG with increases in the plasma con-
centrations of HDL-C [33-36]. The beneficial effects of
policosanols in the prevention of atherosclerosis and
thromboembolic disorders have been related to the inhibi-
tion of sterol biosynthesis possibly by regulating the
activity of HMGCoA reductase mediated by AMP-depen-
dent kinase AMPK [37]. However, we did not find any
significant difference in HDL-C between the supplemented
and PLA groups, either before or after supplementation.
The same result was observed by Guardamagna et al. using
a combination of RYR (200 mg) and policosanols (10 mg)
and by Marazzi et al. [38], using a combination of ber-
berine (500 mg), RYR (200 mg) and policosanols (10 mg)
in elderly hypercholesterolemic patients. More recent
studies have led to less conclusive results regarding the
effectiveness of policosanols [39-41]. The effects of poli-
cosanols also remain very controversial.

The potential anti-atheromatous effect of artichoke
seemed to be mainly due to two mechanisms: as an anti-
oxidant reducing oxidation of LDL-C and its action on the
synthesis of cholesterol. Indeed, one study has shown that
artichoke extract reduces cholesterol synthesis by indi-
rectly inhibiting the activity of HMG-CoA reductase [42].
Some clinical studies [43, 44] and a Cochrane review [16]
have shown a decrease in blood lipid levels after con-
sumption of an extract of artichoke.

Nevertheless, it is impossible in the present study to
distinguish the individual contribution of each of the
components (RYR, SCdP and ALE:).

Oxidative stress generated by an imbalance between
pro- and antioxidants can lead to the oxidization of mole-
cules such as ADN, proteins and lipids. Experimental
studies suggesting that LDL oxidation may be an important
process in the development of atherosclerosis have led to
the notion that decreasing oxidative stress may help in
preventing these diseases or slow their progression [45].
Fruit and vegetable consumption has been shown to protect
against CVD in many observational studies [46, 47]. Our
subjects did not modify their pattern of consumption during
the study period and had an adequate intake of vitamins E
and C, coherent with the INCA2 study [48]. Oxidative
stress values as measured via the MDA seem lower com-
pared with those usually found in hypercholesterolemics
[49] and did not differ between groups either at baseline or
after 16 weeks of supplementation. One hypothesis to
explain this is that our volunteers, while they were mod-
erately hypercholesterolemic, did not have excessive

oxidative stress at baseline, maybe due to sufficient intake
of antioxidants. Although the supplementation supplies
vitamin E (30 mg day™"), this does not modify plasma
oxidative status. This result is in line with Meagher et al.
[50] who showed that supplying different doses of vitamin
E (200-2,000 Ul/day) over an 8-week period did not
modulate oxidative stress markers in healthy adults.
Finally, even if vitamin E supplements had no impact on
plasma oxidative status, nevertheless they permitted the
significant increase in the vitamin E/cholesterol ratio in the
DS group that became significantly different to the PLA
group at week 16, supporting the notion that a higher
quantity of vitamin E/lipid particles should result in better
protection against lipoperoxidation.

A weakness of this study is represented by the small
number of subjects involved. This new dietary supplement
with a combination of plant extracts including red yeast
rice, sugar cane-derived policosanols and artichoke leaf
extracts seems to be satisfactory in terms of efficacy, tol-
erability and safety as this short-term trial has demon-
strated. Present results are interesting and pave the way for
future trials.

In conclusion, present results need to be confirmed by
more extensive studies to establish whether this combina-
tion could represent a good option for the management of
mild to moderate hypercholesterolemia in the context of
therapeutic lifestyle changes.
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