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The effect of bioactive complex of quercetin, selenium,
catechins and curcumin on cardiovascular risk markers in
healthy population after a two month consumption
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Abstract: Background: Nutrition is an important factor in prevention of degenerative age-related diseases. Health
benefits of the functional food — cereal selenized onion biscuits with bioactive complex such as selenium in or-
ganic form, quercetin (onion), curcumin (curcuma) and catechins (green tea) were evaluated.

Methods: In a group of randomly selected 50 apparently healthy men, aged 30-50 years, the levels of total
cholesterol, HDL-cholesterol, C-reactive protein (hs-CRP), homocysteine (HCy) and its nutritional determinants
(methionine, vitamin B12, folic acid, cysteine, vitamin B6) and asymmetric dimethylarginine (ADMA) were mea-
sured and the LDL cholesterol and atherogenic index was calculated before and after a 2-month consumption
period and after a 2-month wash-out period.

Results: The significant reduction of total cholesterol, LDL-cholesterol, atherogenic index, HCy and ADMA was
found after onion biscuit consumption. Alternative pathway for HCy degradation using betaine as methyl donor
is probably a sole argument for reduced HCy value at the significantly reduced concentrations of the methionine,
folic acid, cysteine and vitamin B6. Value of hs-CRP was non-significantly reduced after biscuit consumption.
Conclusion: The results of improved lipid profile, significantly reduced values of HCy and ADMA document a
beneficial effect of cereal biscuit with selenized onion, curcuma and green tea in prevention of cardiovascular
disease (Tab. 2, Ref. 19). Full Text in PDF www.elis.sk.
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One possibility for the prevention of chronic degenerative dis-
eases is an increased intake of bioactive compounds with enhanced
antisclerotic, antioxidative and antiinflammatory properties. De-
velopment and production of functional foods on base of bioactive
compounds in plant sources can be a correct way. Functional foods
is defined as food or food ingredients, which have the health ben-
eficial effects related to prevention of civilization diseases. Plant
kingdom is rich in natural sources of bioactive compounds such
as polyphenols (mainly flavonoids such as flavonols, catechins
and phytoestrogens), vitamins, mineral compounds, fibers with
favourable effects on genetic, cellular, biochemical and physi-
ological functions of the organism (1).

The functional food — cereal selenized onion biscuits with
bioactive complex such as selenium in organic form, quercetin,
curcumin, catechins and others presented in selected natural plant
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sources — selenized onion, curcuma and green tea was developed,
produced and evaluated for health benefits.

Subjects and methods

The randomly selected group of 50 apparently healthy men
ranged 30-50 years from Bratislava and surroundings was in-
cluded in this intervention study of evaluation of health effects of
cereal selenized onion biscuits consumption. The average BMI
of 26.5+0.5 kg/m?, WHR 0.887+0.008, % of body fat 23.1+0.8,
blood pressure 138+2/83+1 mm Hg (mean+SEM) were measured
or calculated. The volunteers consumed 100 g of biscuits daily
during 2 month. They were informed that their usual nutritional
habits during biscuits consumption should not be changed. The
Regional Ethic Committee approved the study, and all participants
gave their written informed consent.

Composition of biscuits is described in the Table 1. Onion
was selenium fortified by watering of onion fields with selenized
water in the form of sodium selenan. Dried onion together with
green tea and curcuma as the main natural sources of bioactive
compounds were used for the production of biscuits, which was
done by a common bakery technology in Pastry Factory, Lip-
tovsky Hradok, Slovakia. Oat, rye and wheat whole-grain flour
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Tab. 1. Natural sources of bioactive compounds, energy value, mac-
ronutrients, micronutrients and fibre in 100 g of biscuit.

Nutritional compounds and nutrients Amount
Dried selenized onion (g) 6.0
Green tea (g) 2.0
Curcuma (g) 1.3
Selenium ([1g) 115.0
Energy (kcal/kJ) 474/1983
Proteins (g) 11.2
Saccharides (g) 52.4
Fibre (g) 19.7
Lipids (g) 244
Saturated fatty acids (g) 14.6
Monounsaturated fatty acids (g) 7.1
Oleic acid (g) 6.73
Polyunsaturated fatty acids (g) 2.70
Linoleic acid (g) 2.46
alpha-linolenic acid (g) 0.19

was used as rich sources of fiber. Fat part of biscuits contained
plant fat with low trans fatty acids and linen seed. Biscuits sample
met the sensory requirements. Biscuits taste was finely salty, with
characteristic onion aroma and more expressed seasoned taste and
aroma. Biscuits fragility was adequate. The biscuits were analyzed
on selected nutrients in the State Veterinary and Food Institute, at
the accredited laboratory in Dolny Kubin, Slovakia.

Blood samples were taken after an overnight fasting using
a standard procedure. EDTA was used as an anticoagulant. Se-
rum concentrations of total and HDL-cholesterol were measured
by standard laboratory methods. Value of LDL-cholesterol was
calculated according to the Friedewald formula: LDL-cholesterol
= total cholesterol — triacylglycerols/2.2 — HDL-cholesterol. The
atherogenic index = LDL-cholesterol/HDL-cholesterol. The levels
of total homocysteine (HCy), methionine and cysteine in plasma
were measured by HPLC method with coulometric detection (2).
Folic acid and vitamin B12 concentrations in serum were detected
by electrochemiluminiscence immuno assay using the Roche test
ECLIA. Serum levels of vitamin B6 were determined by HPLC
with Chromsystems test. Asymmetric dimethylarginine (ADMA)
levels in plasma were measured by the ELISA test from Imuno-
diagnostika company.

The intakes of vitamins, mineral and trace elements only in
natural form were allowed (including biscuit consumption). The
consumption of nutritional or pharmaceutical additives was ex-
cluded. The study was conducted in the late autumn and winter.
The pair t-test was used to compare the results before consump-
tion of biscuits and after the 2 month consumption or 2 month
washout periods, and the results after consumption and at the 2
month washout period.

Results and discussion

A sufficient intake of food rich in dietary fibre is associated
with a lower risk of cardiovascular diseases; the soluble and in-
soluble fibres reduce plasma total and LDL-cholesterol. Analysis
of 10 prospective studies (using more than 336 000 subjects) in
USA and Europe has shown that an increase of fibre consump-
tion by each 10 g/day was associated with 14 % reduction (rela-
tive risk RR=0.86) of all coronary events and with 27 % decrease
(RR=0.73) of risk of coronary death (3). In addition to unsatu-
rated fat and fibre, there are components of plant food that have
the ability to reduce cardiovascular risk (antioxidant nutrients,
selenium, polyphenols — mainly flavonoids such as flavonols/
quercetin/ and catechins).

Flavonoids exhibit their biological activities, including anti-
allergic, antiinflammatory, antiviral, antitumor and vasodilating
actions. A sufficient intake of introduced bioactive compounds or
their presence in functional foods can contribute to active protec-
tion against chronic degenerative diseases. Tea is one of the richest
sources of flavonoids — catechins. The most important catechins
are the following: epicatechin, epicatechin-3-gallate, epigallocat-
echin and epigallocatechin-3-gallate. The last named indicates the
highest biological effects, such as antioxidative, antimutagenic,
anticarcinogenic.

Flavonols, and specially quercetin exert endothelium-indepen-
dent vasodilator effects, platelet antiagregant effects, inhibition of
LDL oxidation, reduction of adhesion molecules and other inflam-
matory markers and prevention of neuronal oxidative and inflam-
matory damage (4). Quercetin produces undisputed antihyperten-
sive and antiatherogenic effects, prevents endothelial dysfunction

Tab. 2. Total, HDL-, LDL-cholesterol, atherogenic index, homocysteine, its nutritional determinants, asymmetric dimethylarginine.

2-month after consumption After 2-month wash-out

Parameters Before consumption (1) (2) (3)
Total cholesterol (mmol/l) 5.17+0.14
HDL cholesterol (mmol/l) 1.25+0.04
LDL-cholesterol (mmol/l) 3.18+0.12
Atherogenic index LDL/HDL 2.64+0.13
C-reactive protein (mg/1) 1.91£0.22
Homocysteine (umol/l) 14.2+0.8
Methionine (pmol/l) 29.3x1.1
Folic acid (nmol/l) 22.1+1.0
Vitamin B12 (pmol/l) 249+13
Vitamin B6 (ng/1) 9.50+0.5
Cysteine (umol/l) 126+2
Asymmetric dimethyl-arginine (nmol/ml) 1.00+0.03

4.96+0.13" 5.14+0.13"
1.26+0.04 1.11+0.03" "
2.90+0.11" 3.18+0.12™
2.38+0.12" 3.18+0.12" ™
1.71+0.21 1.99+0.25
11.4£0.6™ 10.4£0.5""
22.9+0.7" 22.5+0.8""
13.6+£0.5""" 12.5+0.5""
204+12" 307+13™
6.35+0.8" 8.83+0.7"
116£3™ 11942
0.46+0.03"" 0.87+0.02" "

The results are expressed as the mean+SEM
*(2), (3) vs. (1) * p<0.05 ** p<0.01 *** p<0.001
A (3) vs. (2) » p<0.05 M p<0.001
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and protects the myocardium from ischemic damage. It has no clear
effects on serum lipid profile and on insulin resistance. The meta-
analysis of epidemiological studies showed an inverse association
between flavonol intake and coronary heart disease and stroke.

An increased selenium intake can decrease cardiovascular risk
by reduction of lipid peroxidation, inflammation inhibition or by
improvement of blood lipid spectrum (5).

Ahigh content of polyphenols was observed in curcuma. Alco-
holic curcuma extract has anti-inflammatory, immunomodulative,
anticarcinogenic and antisclerotic effects (6). Curcuma extract in
dose 0of 200 mg consumed in duration of 45 days significantly de-
creased lipid peroxide concentration in healthy men aged 27-67
years (7). In other study, a similar dose of curcuma caused the re-
duction of HDI- and LDL- peroxides by 25-50 % (8).

Literature data described above suppors the finding of an
improved lipid spectrum by biscuits consumption (Tab. 2). The
levels of total and LDL-cholesterol as well as values of the ath-
erogenic index were significantly reduced after a 2-month biscuits
consumption.

A high sensitivity C-reactive protein (hsCRP), a marker of
inflammation, confers additional prognostic value at all levels
of cholesterol, Framingham coronary risk score, severity of the
metabolic syndrome, blood pressure and in those with and without
subclinical atherosclerosis (9). The subjects with predominant con-
sumption of plant food have significantly reduced values of hsCRP
vs. general population (10, 11) as a consequence of sufficient and
regular consumption of fruit and vegetables, which are the rich
sources of salicylates and other anti-inflammatory compounds
(12). These compounds are contained in onion and curcuma also.
A non-significantly reduced hs-CRP concentration after biscuits
consumption was recorded (Tab. 2).

During the last decade, several observational studies about ho-
mocysteine (HCy) as a predictor for atherosclerosis risk showed
that the overall risk for vascular disease is small. In prospective
longitudinal studies, a weak association between HCy and ath-
erothrombotic vascular disease was reported, compared to retro-
spective case-control and cross-sectional studies with a stronger
association (13). In spite of this fact, for the disease prevention
is important that all atherogenic markers were in normal values.
The significant reduction of HCy was found in onion biscuits
consumption (Tab. 2). Remethylation pathway of HCy degrada-
tion dependent on nutritional determinants vitamin B12 and fo-
lic acid prevails at lower methionine concentration. Folic acid in
subject blood was significantly reduced during biscuits consump-
tion probably as a consequence of low consumption of folic acid
rich food in late autumn and winter. Transsulfuration pathway
of HCy degradation is non-dominant because the significantly
reduced cysteine and vitamin B6 concentrations were found. An
alternative pathway for methylation of HCy provided by betaine
- HCy methyltransferase using betaine as methyl donor is prob-
ably the sole argument for reduced HCy value (14). The biscuits
were produced from whole grain flour with a higher content of
betaine (15). After a two month exclusion of biscuit vs. the end
of consumption, the concentrations of HCy, methionine, cysteine
and folic acid were not changed. The similarly lower HCy con-
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centration after the washout period is perhaps a consequence of
short-term period after the end of consumption.

Anovel cardiovascular risk factor —asymmetric dimethylargi-
nine ADMA (16) is an endogenous inhibitor of nitric oxide (NO)
associated with an increased risk of cardiovascular disease. The
methyl groups in dimethylarginine molecules are derived from
S-adenosylmethionine, an intermediate in the Hcy-methionine
pathway (17). The major functional abnormality underlying hy-
perhomocysteinemia-induced endothelial dysfunction appears to
be related to decreased bioavailability of endothelium-derived NO.
NO is a potent vasodilator that is produced by endothelial nitric
oxide synthase. The mechanisms, by which hyperhomocysteinemia
decreases the bioavailability of endothelium-derived NO, are not
completely understood and may be multifactorial (18). One mecha-
nism for endothelial dysfunction during hyperhomocysteinemia
may be an oxidative inactivation of NO to form toxic peroxynitrite
(19). Evidence for oxidative stress during hyperhomocysteinemia
has been obtained in many animal models (18). Elevation of the
ADMA may be a key mediator of decreased NO bioavailability
during hyperhomocysteinemia. ADMA was significantly reduced
by biscuits consumption (Tab. 2). A decreased ADMA value at ac-
tually reduced HCy concentration after biscuits consumption may
be explained by introduced relationship between HCy and ADMA.

During the washout period, the values of total-cholesterol,
LDL-cholesterol, atherogenic index, vitamin B6, hs-CRP and
ADMA completely or non-completely returned to levels before
consumption.
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