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Abstract: Metabolic syndrome represents a clustering of risk factors related to an elevated danger of cardiovas-
cular diseases and type 2. diabetes. The high incidence of obesity, the key risk factor in metabolic syndrome, 
and the lack of safe pharmaceutical agents have fuelled an increase in research related to anti-metabolic 
syndrome drugs. Phytochemicals have biological properties such as antioxidant, modulation of detoxifi cation 
enzymes, stimulation of the immune system, reduction of platelet aggregation and modulation of hormone 
metabolism. These compounds include vitamins, comprising of vitamin C, D and E, fl avonoids, phenolic 
acids, omega-3 and omega-6 fatty acids. Furthermore, the latest discoveries and studies on the molecular 
mechanism of these phytochemicals suggested their potential positive effect in the prevention and treatment 
of obesity and other risk factors associated with the metabolic syndrome. They should be incorporated in 
food ingredients, dietary supplements, or drug preparations. The main focus of this article is to review the 
available information on various aspects of phytochemicals, with special reference to their effectiveness in risk 
reduction of the metabolic syndrome and obesity-related diseases.
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Introduction

Nowadays, the metabolic syndrome (MS) represents 
one of the most serious problems in the developed 
and also developing countries of the world. This 
disease constitutes a group of metabolic symptoms 
and abnormalities, that result and are closely 
related to today’s lifestyle, lack of physical activity, 
unsuitable nutrition and total regimen. An impor-
tant fact is that accumulation of risk factors of MS 
contributes to type 2. diabetes as well as to very high 
cardiovascular morbidity and mortality (Balkau et 
al. 2007, Akitunde and Akinwusi 2011). Therefore, 
prevention and treatment of each component of 
MS, become primary task for healthcare organisa-
tions in all developed countries.
Abdominal obesity is one of the basic features of 
MS. In the most European countries, including 
Slovakia, almost one fi fth of the adult population 
is obese and more than half overweight (Krahulec 
2008). We can say that obesity is at the beginning 
of the complicated cascade of the pathophysiology 
process of MS.
“The exact etiology of MS remains unclear, but it 
is complex interactions between genetic, metabolic 
and environmental factors. Among environmental 
factors, dietary habits play important role in the 
prevention and treatment of this condition. Gen-

eral recommendations include decreasing obesity 
rate, increasing physical activity and consume an 
anti-atherogenic diet focused on low fat intake, 
food rich on vegetables, fruits and whole grains” 
(Feldeisen and Trucker 2007).
The medicinal product, which would specifi cally treat 
all components of the MS, has not been developed 
yet. At present, many natural substances are widely 
used as a preventive therapy. The most numerous 
group of these substances consists of fl avonoids, 
glucosinolates (isothiocyanates and indoles), phe-
nolic acids, phytates, phytoestrogens (isofl avones and 
lignans), fats and oils contained in vegetables, fruits, 
cereals, legumes and other plant sources. Many of 
these substances are characterized by antimutagenic, 
anticarcinogenic, antioxidant, antiinfl ammatory, an-
tiobese, cholesterol lowering and antidiabetic effects 
(Surh 2002, Surh et al. 2001).
The aim of this review was to summarize the current 
research of the pathophysiology of MS and phyto-
chemicals as preventive and therapeutic substances 
in fi ght against this disease.

Defi nition of metabolic syndrome
The term of MS represents a combination of diseas-
es or metabolic abnormalities. They occur together 
and increase the risk of cardiovascular diseases 
(CVD) and type 2. diabetes. MS includes abdominal 
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obesity, insulin resistance (IR), high blood pressure 
and dyslipidaemia (Klimeš 1998, Balkau et al. 2007, 
Akitunde and Akinwusi 2011).
A summary of the causes of IR and its metabolic 
consequences are shown in Fig. 1 (Klimeš 1998, 
Reaven 1993).
These four units are also called deadly quartet, they 
include (Galajda and Mokáň 2006, Galajda and 
Mokáň 2004):
— obesity
— disorders in carbohydrate metabolism associated 

with IR such as borderline fasting blood glucose 
and impaired glucose tolerance

— dyslipidemia characterized by an increased 
in triglycerides (TAG) content, reduced DHL 
cholesterol (high density lipoprotein), increased 
amount of small dense LDL particles (low den-
sity lipoprotein), which leads to acceleration of 
atherosclerosis

— arterial hypertension (HT)
Several terms are used for this set of metabolic 
abnormalities described above. The most com-

mon is metabolic syndrome, insulin resistance 
syndrome, syndrome X, dysmetabolic syndrome, 
pluri-metabolic syndrome or Reaven´s syndrome 
(Balkau at al. 2007).
There are a number of diagnostic criteria for a 
defi nition of MS. These criteria were proposed by 
the World Health Organization (WHO), Interna-
tional Diabetes Federation (IDF), National Choles-
terol Education Program-NCEP, Adult Treatment 
Panel-ATP III and European Group for the Study 
of Insulin Resistance-EGIR (Bray 2007, Balkau at 
al. 2007). The diagnostic criteria of MS are sum-
marized in Table 1.
Some authors attribute to the insulin resistance 
syndrome also pathological status called ovarian 
hyperandrogenism and hirsutism in women, occur-
ring simultaneously with IR and hyperinsulinemia 
(Klimeš 1998).

Pathophysiology of metabolic syndrome
Exact mechanisms of MS pathophysiology are not 
fully known. Known factors that contribute to its de-

Fig. 1. A summary of IR causes and their metabolic consequences (Klimeš 1998).
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Tab. 1. Diagnostic criteria of MS according to WHO, NCEP-ATP III, EGIR and IDF (Akitunde and Akin-
wusi 2011, Ritchie and Conell 2007, Strazzulo at al.2008).

WHO1 NCEP-ATP-III2 EGIR3 IDF4

Defi nition

Diabetes or elevated 
fasting blood glucose 
or insulin resistance 
in combination with 
2 or more of follow-
ing criteria:

3 or more from 
following criteria:

The present of 
insulin resistance 
and 2 or more from 
following criteria:

The abdominal obesity 
(the criteria below are for 
European population)

Obesity
woman
man

WHR
(waist-hip ratio)
> 0.85
> 0.90
BMI > 30 kg/m2

Waist circumference
> 88 cm
> 102 cm

Waist circumference
> 80 cm
> 94 cm

Waist circumference
> 80 cm
> 90 cm

Fasting glucose 6.1 mmol/L ≥ 6.1 mmol/L ≥ 5.6 mmol/L

Micro albuminuria
≥ 20mg/min or ratio 
albumin/creatinine
30 mg/g

Triglycerides ≥ 2.5 mmol/L ≥ 2.5 mmol/L ≥ 2 mmol/L ≥ 2.5 mmol/L 

HDL-cholesterol
women
men

< 1.3 mmol/L
< 1.0 mmol/L

< 1.3 mmol/L
< 1.0 mmol/L

< 1.01 mmol/L < 1.3 mmol/L
< 1.0 mmol/L

Blood pressure ≥ 140/90 mmHg ≥ 135/85 mmHg ≥ 140/90 mmHg ≥ 135/85 mmHg or
treatment of hypertension

1WHO — World Health Organisation.
2NCEP-ATP-III — National Cholesterol Education Program — NCEP, Adult Treatment Panel — ATP III.
3EGIR — European Group for the Study of Insulin Resistance.
4IDF — International Diabetes Federation.

Fig. 2. A comprehensive framework for the etiology of MS (Fan 2007).

velopment are aging, race (Procopiou and Philippe 
2005), menopause, sex hormone imbalance-as poly-
cystic ovarian syndrome and hyperandrogenism in 
post-menopausal women (Korhonen at al. 2003), 
increased intake of carbohydrates, lipids, meat, low 
fi bre intake, family anamnesis, lifestyle (smoking, 
alcohol drinking, mental inactivity), snoring, ob-
structive sleep apnoea syndrome, psychosocial and 
personality factors-belonging to lower social class 
and having problems to handle stressful situations 
(Caroll et al. 2000). Long-term interaction (Fig. 2) 

of these risk factors may lead to the development 
of metabolic disorder such as IR, dyslipidaemia, 
HT, protrombic and proinfl ammatory state and 
other conditions that will ultimately determine 
environmental and genetic bases for development 
and progression of MS (Fan 2007).
The synergistic effect of these factors leads to the 
excessive formation of adipose tissue and conse-
quently to the development of obesity. The visceral 
adipose tissue secretes infl ammatory cytokines and 
adipokines (leptin, resistin, interleukin-6 — IL-6, 
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plasminogen-activator inhibitor-1 — PAI-1 and 
tumor-necrosis factor-α — TNF-α) as well as nones-
terifi ed fatty acids (Fig. 3). These factors contribute 
to IR development at the level of skeletal muscle 
and liver with consequent hyperinsulinemia. IR 
contributes to endothelial dysfunction, dyslipidae-
mia and atherogenesis. The fatty acids also alter 
hepatic lipid production toward a pro-atherogenic 
profi le (low levels of high-density lipoproteins, 
elevated amounts of low-density lipoproteins and 
TAG). Taken together, the increased amount of vis-
ceral adipose tissue is in the centre of the metabolic 
derangements that make up the MS (Bays 2009, 
Potenza and Mechanick 2009).

Components of the metabolic syndrome
Based on the information in the previous part of 
the review, for better understanding of MS it is im-
portant to describe its substance more deeply. This 
part of the article summarizes the latest available 
knowledge about obesity, type 2. diabetes, athero-
genic dyslipidaemia, HT and infl ammatory status, 
and their interconnection.

Obesity
Obesity is chronic disease characterized by an excess 
of body fat stores, which are caused by an imbalance 
between energy intake and energy expenditure 
(Vijver et al., 2009). Central obesity, associated with 
metabolic and cardiovascular diseases, is called 
visceral or android obesity according to recent IDF 

criteria (Krahulec at al. 2009). The degree of obes-
ity can be measured using several parameters. One 
of them is Body mass index (BMI) calculated as ratio 
of weight in kg divided by the height in m2 (Svačina 
and Bretšnajdrová 2008). A more accurate indica-
tor of the risk assessment is determining of body 
fat percentage (% BF). The gold standard for % 
BF measurement is considered dual energy X-ray 
absorptiometry (Gutin et al., 1996, Salamone et al. 
2000), easier and non-invasive method is bioelectric 
impedance. This method is based on determining of 
the resistance of the body by which electric current 
of low intensity and high frequency passes (Heiner 
at al. 1997). The other reliable methods are the 
measurement of waist circumference and waist hip 
ratio (WHR) (Eaton-Evans 2005, Rytting 2005).
Fat cells, called adipocytes, actively secrete a va-
riety of products that create a link among obesity 
and other components of MS. These biologically 
important substances called adipocytokines (leptin, 
resistin, adiponectin, free fatty acids, TNF-α, IL-6, 
PAI-1, angiotensinogen, resistin, vistafi n and glu-
cocortikoids) (Formiguera and Canton 2004, Mon-
teiro and Azevedo 2010). Elevated serum levels of 
proinfl ammatory adipocytokines IL-6 and TNF-α 
have been observed in obese patients (Diamant et 
al. 2005). According to Rask-Madsen et al. (2003), 
TNF-α induces IR by reducing insulin receptor 
kinase activity. TNF-α also inhibits endothelial 
vasodilation and consequently induces endothelial 
dysfunction. Elevated levels of IL-6 correlated with 

Fig. 3. Pathophysiology of MS (Potenza and Mechanick 2009). HTN — hypertension, TNF-α — tumor 
necrosis factor α, IL-6 — interleukin 6, PAI-1 — plasminogen activator inhibitor.
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insulin resistance markers (Bastard et al.2002). It is 
confi rmed the impact of resistin on the development 
of IR and glucose intolerance in rodents. Despite of 
those facts the knowledge of the resistin effects on 
insulin and glucose tolerance in humans confi rmed 
yet (Lam et al. 2000). The link of adiponectin with 
obesity and MS is more pronounced than in the pre-
vious hormones. Adiponectin is involved in increas-
ing insulin sensitivity, reducing atherosclerosis, 
promoting of fatty acids oxidation, decreasing of 
fatty acids synthesis and stimulating in endothelial 
nitric oxide production through phosphorylation-
nitric oxide synthase gene (Ritchie and Conel 2007, 
Rabe et al. 2008). Hypoadiponectinemia occurs 
in people with obesity, diabetes, HT, hypertriglyc-
eridemia, low HDL-cholesterol levels and predicts 
cardiovascular events (Ryo et al., 2004).

Insulin resistance and type 2. diabetes
The free fatty acids (FFAs) play an important role 
in the development of IR. Circulating FFAs are 
primarily derived from the cleavage of TAG of fat 
deposits by enzymes, notably fatty triacylglycerol 
lipase and hormone sensitive lipase (Petersen and 
Shulman 2006). FFAs released from intra-abdom-
inal adipose tissue enter into circulation and these 
are involved in various organs (liver, muscles, etc.) 
of developing symptoms of IR. The excess of FFAs 
in the liver leads to stimulation of gluconeogenesis 
and hepatic glucose output, which contribute to the 
development of increased fasting plasma glucose, 
and the type 2. diabetes. In liver develops steatosis 
which leads to increased TAG and VLDL produc-
tion and secretion with the subsequent development 
of atherogenic dyslipidemia (Grundy et al. 2005, 
Donohoe et al. 2011).
The high amount of FFAs inhibits the function of 
glucose transporter GLUT4 in the skeletal muscles. 
The skeletal muscle is the most important tissue of 
the total glucose utilization in the body, up to 75 % 
of glucose is utilized here (Kelley et al. 1992). The 
inhibition of glucose transporter GLUT4 causes 
reduction in glucose uptake in muscle what is mani-
fested in a postprandial hyperglycemia. Similarly to 
liver, it leads to the development of intramyocelular 
fat accumulation and impairment of mitochondrial 
function. There is an assumption that the increased 
infl ux of FFAs into pancreatic β-cell through lipo-
toxicity mechanism contributes to the loss of their 
secretory capacity and defi nite manifestation of 
type 2. diabetes (Tkáč 2006).
IR and impaired insulin secretion play a major 
role in the pathogenesis of development of type 
2. diabetes. Further abnormalities associated with 
diabetes mellitus of this type are: increased hepatic 
glucose production, impaired insulin secretion in 

pancreatic β-cells (Fig. 4.) (Abate 2000, Pérez and 
Gómez 2011).

Fig. 4. The pathogenesis of type 2. diabetes
associated with obesity (Abate 2000).

The presence of fasting hyperinsulinemia is char-
acteristic in patients with mild form of type 2. dia-
betes. The insulin controls the stimulated secretion 
and it is passed during the food intake and is crucial 
in the regulation of postprandial glycaemia (Hideki 
et al. 1982, Donora et al. 2008).
Permanent tendency to fasting hyperglycaemia 
increases basal insulin secretion, with consequent 
depletion of the insulin in β-cells, which absent 
postprandially. Secretory capacity of β-cells de-
creases as a result of long-acting toxic effect of 
hyperglycaemia (glucotoxicity) and dyslipidemia 
(lipotoxicity) (Klimeš 1998).

Atherogenic dyslipidemia
Atherogenic dyslipidemia occurs commonly in 
obese individuals. This condition is characterized 
by increased concentration of TAG in the blood 
(also an increased number of VLDL particles), lev-
els of LDL and apolipoprotein B (apoB) particles 
and low HDL cholesterol (Tan 2007, Kumar and 
Singh 2010).
LDL particles are closely associated with MS and 
are low-density lipoproteins. Small LDL particles 
are more atherogenic than larger LDL (Krauss, 
1995) because they have the ability to easily pass 
through the vessel wall, where LDL is more sus-
ceptible to atherogenic changes. A higher amount 
of small LDL particles is associated with increased 
atherogenic potential (Blake at al. 2002).
A simple way to calculate the total number of athero-
genic particles (atherogenic index) is determination 
LDL plus VLDL cholesterol or total apoB (NCEP 
2002). LDL plus VLDL cholesterol and total apoB 
is usually increased in the subjects with MS and 
atherogenic dyslipidemia. The relevant determina-
tion should be used more widely in assessing the 
risk of MS (Grundy 2002, Fábryová 2007).
Another characteristic of atherogenic dyslipidemia 
is lower HDL value (NCEP 2002). HDL is antia-
therogenic particle, increasing reverse cholesterol 

Holubková A. et al., Photochemicals with potential effects in metabolic syndrome…



191

transport, has anti-infl ammatory properties and the 
ability to protect against the modifi cations of LDL 
(Scott 2004). Low levels of HDL strongly predict 
the development of atherosclerotic CVD (NCEP 
2002).

Arterial hypertension
HT, as a part of MS, is one of the most important 
risk factors for atherosclerosis. Pathogenesis of HT 
in obesity is not fully elucidated yet. Hormones, 
secreted by the adipose tissue (ghrelin, resistin, 
leptin, angiotensinogen), might contribute to the 
development of HT. The increased activity of the 
sympathetic and renin-angiotensin system also 
plays an important role. Leptin raises the sympa-
thetic activity and the angiotensinogen, produced 
by hormonally active fat tissue, what is involved in 
the pathogenesis of HT in obesity. Further adipose 
tissue hormones (TNF-α, resistin) are included in 
IR and they may indirectly increase blood pressure 
through endothelial dysfunction and impaired 
vasodilation (Majerčák 2006, Benmohammed et al. 
2011).
IR contributes to HT by increased sensitivity to 
sodium intake, increased sodium and water reten-
tion in the kidneys, increased activity of Na+/H+ 
pump and decreased activity of Na+/K+ pump, 
increased accumulation of intracellular Ca2+, sym-
pathetic stimulation and decrease the synthesis of 
vasodilatory prostaglandins. Attention is drawn 
particularly to the increased sympathetic activ-
ity, which affects the circulation (increased heart 
rate, increased minute output and peripheral 
vasoconstriction) of the kidney and the endocrine-
metabolic consequences (Majerčák 2006). The 
elevated systolic blood pressure in patients with 
MS is considered values 130—139 and or diastolic 
blood pressure more than 85—89 mmHg (Sninčák 
2006).

Phytochemicals
Phytochemicals are bioactive compounds contained 
in the plants that have no energy value. These 
compounds are usually produced in the plants to 
protect them against pests, diseases, to control the 
growth, or as pigments, essences and aromas (Perez-
Vizcaino et al. 2006). Currently, it is known a huge 
amount of phytochemicals which mainly consists 
of fl avonoids, glucosinolates (isothiocyanates and 
indoles), phenolic acids, phytates, phytoestrogens 
(isofl avones and lignans), fats and oils contained 
in vegetables, fruits, cereals, legumes and other 
plant sources (Surh 2002). They are characterized 
by various biological effects including antiobesity, 
cholesterol — lowering and antidiabetic properties 
(Surh et al. 2001).

Polyphenolic compounds
Polyphenols of plant origin are compounds that 
occur mostly as monomers carrying carbohydrate 
moieties (as simple sugars, disaccharides or oli-
gosaccharides). Polyphenols in plants usually occur 
glycosylated mainly with glucose or rhamnose, but 
they can also be linked with galactose, arabinose, 
xylose and glucuronic acid (Lacueva et al. 2011). 
Phenolic compounds are often present in the form 
of phenolic acids and fl avonoids (Liu 2007). In the 
next section, attention will be given to three main 
groups of phytochemicals (polyphenolic com-
pounds, vitamins and omega fatty acids) that are 
important in terms of MS prevention.
They are mainly found in cereals, legumes, the 
fruit (strawberries, apples, and grapefruit), red 
wine and chocolate. They generally inhibit in 
vitro oxidation of low density lipoprotein particles 
and thus protect the body against atherogenesis, 
main factor of CVD (Moure and Cruz 2001; Basu 
2010). This process is basically infl ammatory and 
is induced by infl ammatory cytokines TNF-α and 
IL-6. The chronic phase of CVD (formation of 
atherogenic plaques) may result in acute phase, 
thus thrombotic activity (formation of blood 
clots) in places of vascular damage. CVD is an 
example of unwanted infl ammation in the body. 
Polyphenolic compounds are effective in regulat-
ing undesirable infl ammatory aspects of CVD. 
Some low molecular proantocyanidins have the 
ability to inhibit the activity of specifi c enzymes as 
angiotensin-converting enzyme. According to Ste-
venson and Hurst (2007), the increased quercetin 
supplementation in animal experiments caused a 
reduction in blood pressure, normalization of the 
concentration of glutathione, glutathione peroxi-
dase and nitric oxide (Stevenson and Hurst 2007). 
They also have a positive impact on the integrity 
of cell membranes of erythrocytes, thus normal 
blood fl uidity and reduce the risk of stroke (Awika 
and Rooney 2004).

Flavonoids
The fl avonoid basic structure consists of diphenyl-
propan (C6-C3-C6). Different number and position 
of substituents divide the fl avonoids into classes 
(fl avonols, fl avones, fl avans, or fl avanols, catechins, 
isofl avones, fl avanonols and anthocyanidins) (Pras-
ain at al. 2010).
These phytochemicals exhibit many signifi cant 
biological effects described in the polyphenolic 
section. Many clinical studies suggested the positive 
effects of fl avonoids in preventing, treating and 
alleviating diseases including MS and its tripartite 
major contributors, i.e. diabetes, obesity and HT. 
They have a preventive effect against atherosclero-
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Tab. 2. Overview of major fl avonoids possibly active in the prevention and treatment of MS (Teasun and 
Yunjung 2011).

Flavonoid Possitive effect Flavonoid Possitive effect

Quercetin Blood pressure↓
Visceral fat↓
Lipid peroxidation↓
Body fat accumulation↓

Apoptosis of adipocytes↑

Naringenin Blood lipids↓
Fat accumulation↓
Secretion of lipids↓

Genistein BMI↓
Blood HDL↑
Body fat mass↓
Lipogenesis↓
Blood glucose↓

Glucose tolerance↑

Kaempferol Blood lipids↓
Body weight↓
TAG↓

Daidzein Blood glucose↓
Blood insulin↑
Blood lipids↓

Lipolysis↑

Myricetin Blood glucose↓
Insulin resistance↓
TAG↓

Hesperidin Blood lipids↓
Blood glucose↓
Fat accumulation↓

Hesperetin Blood lipids↓
Atherogenic index↓
Fatty liver improved

Rutin Blood lipids↓
Body weight↓
Fatty liver↓
Visceral fat↓

Glycitein Blood lipids

(cholesterol)↓

sis, cancer, arthritis and may slow the aging process 
(Prasain at al. 2010).
Many epidemiological studies highlight the po-
tential effects of catechins in preventing of MS. 
(Thielecke and Boschmann 2009). Data from 
in vitro and in vivo studies suggest that catechins 

increases fat oxidation. It leads to the reduction of 
body fat, weight loss, reduction serum TAG in hy-
perlipidemia, free fatty acids and total cholesterol. 
According to Thielecke and Boschmann (2009), 
catechins promote cardiovascular health. Other 
effects include for example, improving endothelial 
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function, increasing antioxidant activity and better 
control of blood pressure.
Theafl avins (theafl avinn, teafl avin-3-gallate) are 
natural dyes occurring mainly in black tea. They 
have antioxidant and anticarcinogenic effects and 
counteract CVD, HT and obesity (Subramanian et 
al. 1999). Authors Ikeda et al. (2003) mentioned in 
their article that theafl avins are involved in reducing 
LDL cholesterol, thus decreasing the absorption of 
cholesterol from the intestine by inhibition of pan-
creatic lipase activity. These substances also showed 
a strong hypoglycemic effect by inactivation of alpha-
glukocosidase. They have ability to reduce concentra-
tions of plasma lipids, increase energy expenditure 
in living organisms, thus a reduction of body weight 
and prevents obesity (Matsui et al. 2007).
Cyanidins are the most prevalent anthocyanin com-
pounds in the plant kingdom. In addition to the 
antioxidant properties they have also neuroprotec-
tive, antidiabetic, gastroprotective and antiobesity 
properties (Galvano at al. 2007). Cyanidin-3-gluco-
side, called curomanin, is the most effective in the 
prevention of diabetes and obesity. It occurs mainly 
in the maize. Tsuda et al. (2006) revealed that these 
substances signifi cantly suppress weight gain, adi-
pose tissue, hyperglycemia and hyperinsulinemia 
by inhibition of enzymes involved in the synthesis 
of fatty acids and TAG.
Isofl avones (genistein, diadzein, glycitein) are found 
mainly in soybeans and soya products. The chemical 
structure of isofl avones is very similar to the human 
estrogen. Due to this similarity isofl avones can in-
fl uence the activity of human estrogen. Therefore, 
increased consumption of soy products may be asso-
ciated with protective effects against breast, prostate 
cancer, heart disease and osteoporosis. Isofl avones 
have a positive impact on glucose homeostasis, 
insulin secretion and lipid metabolism. They lower 
blood cholesterol and TAG levels (Cederoth 2009, 
Teasun and Yunjung 2011).
Quercetin has a wide range of biological effects. One 
of the most important is the potency to reduce blood 
pressure. Quercetin has also potential antiobesity ef-
fects through inhibition of preadipocytes differentia-
tion and induction of apoptosis of mature adipocytes 
(Teasun and Yunjung 2011, Bischhof 2008).

Rutin is an important component of beverages 
made   from plant material. It exhibits pharma-
cological activity including antioxidant, anticar-
cinogenic, neuroprotective, antithrombotic and 
cardioprotective effects. It can reduce the blood 
levels of insulin and leptin (Tesun and Yunyung 
2011). Some studies have demonstrated the 
ability of rutin to inhibit glycerol-3-phosphate 
dehydrogenase, an enzyme in the cytosol, which is 
important in converting glycerol to triacylglycerol 
in preadipocyte in adipose tissue and liver (Kuntic 
et al. 2007, Hsu et al. 2009).
The Table 2. summarizes positive effects of above 
mentioned and other fl avonoids in the prevention 
and treatment of MS.

Phenolic acids
Phenolic acids are aromatic secondary plant metabo-
lites. The most represented phenolic acids in plants 
are hydroxybenzoic and hydroxycinnamic acids. 
Phenolic acids exhibit anti-infl ammatory, antimuta-
genic and anticarcinogenic properties. Besides these 
properties, their antiobesity effects attributed to the 
gallic acid, capsaicin, curcumin and coumaric acid 
were shown (Stalikas 2007, Hsu 2008). The basic 
chemical structure and classifi cation of the phenolic 
acids is presented in the Table 3.

Tab. 3. Chemical structure and classifi cation of 
phenolic acids (Naczk and Shadiky 2004).

R1

Phenolic 

acids

R2

R3 R4

Protocatechic COOH OH OH H

Vanillic COOH OCH3 OH H

Syringic COOH OCH3 OH OCH3

Gallic COOH OH OH OH

P-Coumaric (CH)2CO2H H OH H

Caffeic (CH)2CO2H OH OH H

Ferulic (CH)2CO2H OCH3 OH H

Cinnamic (CH)2CO2H OCH3 OH OCH3

 A B

Fig. 5. The chemical structure of capsaicin (A) and curcumin (B).
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It was described the ability of gallic acid to reduce 
preadipocytes proliferation by induction of cell ap-
optosis. The gallic acid shows antiobesity, hypolipi-
demic properties and the ability to reduce oxidative 
stress in animal models (Hsu et al. 2006, Theasun 
and Yunjung 2011).
Capsaicin (Fig. 5) is the most pungent component 
of red pepper used as seasoning. Capsaicin can 
reduce the energy intake, weight gain and decrease 
serum TAG. It also induces apoptosis of adipocytes, 
thereby violating the mitochondrial membrane 
potential. Capsaicin has the ability to reduce the 
levels of infl ammatory cytokines TNF-α a and 
IL-6 (Macho et al. 2003, Hwang et al. 2005).
Curcumin is a yellow pigment, which is obtained 
from dried plant rhizomes Curcuma longa. It is a 
popular spice used in curry in Asia. Curcumin 
acts as an antioxidant, anticarcinogenic and anti-
infl ammatory agent. Lao et al. (2006) mentioned in 
their study antiobese, antidiabetic and cholesterol-
lowering effects of curcumin.
Coumaric acid is hydroxyl-derivate of the cinnamic 
acid. The most represented coumaric acid isomer 
in the nature is p-coumaric acid. It is known as an 
antioxidant and anti-infl ammatory agent. Coumaric 
acid can reduce weight, increasing in adipose tis-
sue, as well as serum cholesterol, TAG, insulin and 
leptin and the risk of liver steatosis in rats (Lucery 
et al. 2004, Hsu et al. 2009).

Vitamins
Patients affected by MS have insuffi cient endog-
enous and exogenous antioxidant defences and 
therefore they are under the infl uence of oxidative 
stress. Oxidative stress can be defi ned as an imbal-
ance between reactive oxygen species and antioxi-
dant protection. Oxidative stress plays an important 
role in the pathophysiology of CVD and diabetes. 
Oxidation of LDL particles may be a key step in 
atherogenesis (Horn et al. 2008).
Increased lipid peroxidation and serum levels of 
malondialdehyd, reduced activity of superoxid-
dismutase in erythrocytes and decreased plasma 
levels of glutathionperoxidase, vitamin C, D and 
E, nitric oxide and polyunsaturated fatty acids in 
membranes of erythrocytes, reduced glutathione 
and increased production of hydrogen peroxide in 
the plasma was observed in patients with MS (Wen 
et al. 1996, Russo et al. 1998).
It is described an indirect correlation among 
increased production of free radicals and insulin 
action in the scientifi c studies. Most of these studies 
point to an indirect association between IR, and 
concentration of antioxidants, and the improving 
the effectiveness of insulin by providing more anti-
oxidants (Ford et al. 2003).

In connection with the foregoing, the vitamins-es-
pecially vitamin D, and antioxidative active vitamin 
C and E are substantially important in preventing 
of MS, which except of antioxidant properties 
have also other positive effects. Its low intake may 
adversely affect the cardiovascular system. Its low 
concentrations in serum are associated with the 
development of HT, obesity, IR and hence MS 
(Draznin et al. 1987).
Vitamin D acts as an endocrine regulator of the 
renin-angiotensin system (Shilpa et al. 2011). It also 
plays an important role in the metabolism of insu-
lin. Its serum levels are indirectly correlated with 
insulin sensitivity, fasting insulin levels and the 
activity of lipoproteinlipase in adipose tissue and 
skeletal muscle (Tai et al. 2009). It can reduce IR 
and increased insulin secretion in type 2. diabetes 
by creating a balance between the intracellular and 
extracellular calcium in β-cells. Scientifi c studies 
have shown a signifi cant relationship between levels 
of vitamin D3 and reducing the blood pressure 
in hypertensive patients. This vitamin also has 
indirect effect on Ca2+ transport and its metabolism 
and excretion. Just low concentrations of Ca2+ were 
observed in the serum of hypertensive patients with 
low renin levels (Dakshinamurti and Lal 1996, Mc-
Carron 1986, Houston 2005).
Vitamin C is a water soluble vitamin and a very 
effective antioxidant. It is the quencher of free 
radicals, thus acts as an important factor in pre-
venting of CVD. It is also active in LDL lowering 
and total cholesterol and TAG levels in the blood 
(Shilpa et al. 2011). Numerous clinical studies have 
shown that increased intake of vitamin C in the diet 
has benefi cial properties on endothelial dysfunc-
tion. Concentrations of vitamin C and ascorbate 
levels are in indirect correlation with systolic and 
diastolic blood pressure, and also HT. Increased 
intake of antioxidant-acting vitamin reduces the 
risk of CVD (Salonen et al. 1988, Ceriello et al. 
1991). It restores nitric oxide-mediated vasodilata-
tion. The effect of vitamin C leads to an increase 
in exhaled nitric oxide, which is associated with a 
reduction in blood pressure. Combining vitamin 
C with vitamin E, β-carotene and selenium also 
has signifi cant synergistic antihypertensive effect. 
Other antihypertensive mechanism of vitamin 
C include the ability to reduce the production of 
adrenaline steroids, cytosolic Ca2+ concentration, to 
recycle vitamin E, glutathione and uric acid, to re-
duce the neuroendocrine peptides and thrombosis, 
to improve elasticity of blood vessels and to activate 
sodium channels of smooth muscle of blood vessels 
(Houston 2005, Bates et al. 1998).
Vitamin E is a fat soluble vitamin and antioxidant. 
There are four forms, namely alpha-, beta-, gamma- 
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and delta-isomers. Its main role is to protect biologi-
cal membranes against the effects of free radicals 
(Shilpa et al. 2011). Vitamin E preventively acts 
against cardiovascular disease by preventing of LDL 
oxidation. Oxidative LDL is a potent chemokine that 
induces adhesion and infl ux of monocytes, which 
subsequently causes the release of cytokines. Proin-
fl ammatory cytokines such as TNF-α, IL-6 cause 
the retaining of monocytes to endothelium (Devaraj 
et al. 2008). α-Tocopherol is involved in reducing 
the secretion of thrombin in the endothelium, 
which contributes to the improvement of endothe-
lial dysfunction and reduction in blood pressure. 
γ-Tocopherol contributes to a signifi cant reduction of 
lipid peroxides in plasma and the walls of blood ves-
sels, increasing the activity of superoxide dismutase 
and total antioxidant status and reduction in blood 
pressure. The literature describes synergistic effect 
of combinations of α-tocopherol and tocotrienols 
(Newaz and Nawal, 1999, Koba et al. 1992).
Results from clinical studies demonstrate the 
positive effect of vitamin E on IR, lowering blood 
glucose and increasing concentrations of glutath-
ione levels. Vitamin E contributes to the reduction 
of endothelial dysfunction. The signifi cantly lower 
levels of vitamin E and C were reported in plasma 
and also in cells in hypertensive patients compared 
with healthy subjects (Houston 2005).

Omega-fatty acids

Omega-3-fatty acids
They are essential fatty acids. Important ω-3-fatty 
acids in dietary terms include α-linolenic acid 
(αALA), eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) (VanHorn et al. 2008, Hou-
ston 2005). Their chemical structure is summarized 
in the table 4.

Tab. 4. The chemical structure of ω-3-fatty acids 
(Blondeau and Schneider 2006).

Omega-3-fatty acid Chemical structure

α-linolenic acid

ALA
C18:3n-3

eicosapentaenoic acid

EPA
C20:5n-3

docosahexaenoic acid

DHA

C22:6n-3

They are characterized by several positive effects 
in treating MS. They can reduce blood pressure, 

reduce plasma levels of TAG, and increase HDL-
cholesterol. ω-3-fatty acids are the reduction factor 
of proinfl ammatory state and have a positive effect 
on IR (Couet et al. 1997, Mori et al., 2004). There-
fore, just eating fi sh containing ω-3-fatty acids is an 
important part of diet in patients with MS. ω-3-fatty 
acids can slow down the synthesis of infl ammatory 
cytokines TNf-α and IL-1, inhibit the adhesion of 
molecules on endothelium and thus contribute sig-
nifi cantly to reducing of risk of CVD (Brown and 
Hu 2001). ω-3-fatty acids have positive cerebrovas-
cular events. They reduce levels of fi brinogen, ex-
hibit anti-infl ammatory, antiplatelet, lipid-lowering, 
anti-arrhythmic and vasodilator effects (increased 
levels of nitric oxide), affect the permeability of 
cell membranes (De Busk 2000). They decrease IR 
through several mechanisms. Increased infl amma-
tory process is one of the main factors leading to the 
development of IR. EPA can reduce the production 
of infl ammatory eicosanoids from arachidonic 
acid by entering the competition with enzymes like 
cyklooxygenase and lipooxygenase. EPA together 
with DHA reduces the release of arachidonic acid 
by inhibiting of phospholipase-2 (Fedor and Kelley 
2009). Many of adipocytokines (leptin, adiponectin, 
resistin and vistafi n), released from adipose tissue, 
contribute to the development of IR. Many studies 
showed that ω-3-fatty acids regulate the secretion 
of these hormones (Houston 2005). ω-3-fatty acids 
regulate the expression of many genes involved in 
lipid and carbohydrate metabolism by infl uencing 
the activity of transcription factors (Fedor and Kel-
ley 2009). These acids also positively infl uence to 
the metabolism of lipids and lipoproteins in patients 
with MS (Fig. 6). These effects are attributed to EPA 
and DHA and their combinations. EPA is involved 
in the reduction of serum TAG. Reduced produc-
tion of VLDL in the liver is the result of decreased 
availability of free fatty acids from adipose tissue, 
suppression of lipogenetic genes and induction of 
genes involved in fatty acid oxidation. They also 
reduce the production of apoB. Increased lipolytic 
activity of lipoproteinlipase in extrahepatic tissues 
completes hypolipidemic effect of ω-3-fatty acid. 
Although ω-3-acids tend to slightly increase the 
concentration of LDL, this potential cardiovascular 
factor is compensated by reduction the number 
of atherogenic small dense lipoprotein particles. 
Studies in obese individuals showed the impact of 
ω-3-fatty acids in reducing the plasma concentra-
tion of apoB and VLDL (Carpentier et al. 2006).

Omega-6-fatty acids
They include linoleic acid (LA), gamalinolenic acid 
(GLA), dihomo-gamma-linolenic acid (DGLA) and 
arachidonic acid (AA) (Table 5).
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Tab. 5. The chemical structure of ω-6-fatty acids 
(Blondeau and Schneider 2006).

Omega 3-fatty 
acid Chemical structure

linoleic acid

LA

C18:2n-6

arachidonic acid

AA
C20:4n-6

gamma-linolenic 

acid

GLA C18:3n-6

These acids do not always cause a signifi cant reduc-
tion in blood pressure, but can prevent the increase 
in blood pressure induced by saturated fats (Morris 
1994). The ideal ratio of ω-3 and ω-6 fatty acids is 
between 1:1 to 1:2 with a ratio of polyunsaturated to 
saturated fat 1:5 to 2:0 (Eaton and Konner 1997).
GLA and DGLA contribute to increasing the syn-
thesis of vasodilatatory prostaglandins PG1 and 
PG2. These prostaglandins act against increasing 
of blood pressure. GLA also blocks stress-induced 
HT by reducing plasma aldosterone levels, and by 
reducing the density and affi nity of adrenaline re-
ceptors. PG1 and PG2 regulate the transmission of 
nerve impulses, mental function, neurotransmitter 
release and functions which normalize the changes 

caused by stress in the hypothalamus and endocrine 
organs of hypertensive patients who consume in-
creasingly GLA (Houston 2005).

Conclusions

MS is a complex of symptoms related to obesity, 
type 2. diabetes and HT. A signifi cant increase has 
been observed in the incidence of these conditions 
over the last two decades, and both the scientifi c 
literature and the popular press now discuss the 
“epidemic” of both obesity and type 2. diabetes. MS 
is associated with increased risk of several chronic 
diseases including heart disease, stroke, and can-
cer.
There is strong evidence that diet, in conjunction 
with sedentary lifestyle and other risk factors, plays 
a role in the development of MS. Conversely, there 
is increasing epidemiological and laboratory evi-
dence that certain classes of dietary phytochemicals 
may have preventive or therapeutic effects against 
one or more symptoms of MS.
The scientifi c literature and epidemiological data 
tend to show a positive association between espe-
cially polyphenols, predominantly fl avonoids and 
phenolic acids, atioxidant vitamins such as vitamin 
C, D and E, ω-3 and ω-6-fatty acids and some min-
erals such as chromium and magnesium. These 
entire compounds may have positive effects on 
CVD, including improvements in endothelial func-
tion and lipoprotein profi les. The positive effect 
on the endothelial function could also be linked to 
the improvement observed in blood pressure and 

Fig. 6. Effect of ω-3-fatty acids on lipid and lipoprotein metabolism in patients with MS
(Carpentier et al. 2006). Apo — apolipoprotein, CHO — carbohydrate, FA — fatty acid,

FFA — free fatty acid, LPL — lipotrotein lipase, IDL — intermediate-density lipoprotein,
TG — triacylglycerol.
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reduced risk of HT. Epidemiological studies tend to 
show a positive effect of mentioned phytochemicals 
on the prevention of diabetes. This effect should be 
induced by a reduced IR and an improvement in 
insulin sensitivity. These compounds have also been 
shown to exert antioxidant and anti-infl ammatory 
actions; they interfere with signal transduction (di-
rect inhibition of proinfl ammatory enzymes).
It is clear that the biological functions of mentioned 
phytochemicals in humans could play a role for 
health protection. But there are still areas to explore 
to better understand the potential of phytochemicals 
and to fi nd other new compounds in preventing the 
lifestyle diseases.
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