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Abstract: Nutraceuticals are natural and commonly found in bioactive foods or whole plants to keep energy balance
in the body and promise substantial therapeutic value in cardioprotection. Major cardioprotective bioactive foods and
nutraceuticals are now part of nutrition supplements at nonprescription counters and their self-prescription is increased at
large scale. The literature suggests the growing use of new bioactive foods and nutraceuticals in cardioprotection and
management. The biochemical mechanisms of nutraceutical action in cardioprotection are poorly reported. The literature
indicates the success of fish oils, nutaceuticals in vegetable fat-free diets and restricted life style to enhance cardioprotec-
tion. The present paper highlights the need and benefits of newly introduced bioactive foods and revisits the cardioprotec-
tive mechanisms of bioactive foods and nutraceuticals. Broadly cardioprotective nutraceuticals are polyunsaturated fatty
acids, antioxidants, omega-3 fatty acids, vitamins, minerals and dietary fibers. Most of the nutraceuticals act as biochemi-
cal metabolites by direct intervention in intermediary lipid metabolism or regulating proteins of vascular system responsi-

ble of ‘cardiovascular incapability’.
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INTRODUCTION

The term “bioactive foods” was first defined as “foods,
food ingredients or dietary supplements that demonstrate
specific health or medical benefits including the prevention
and treatment of disease beyond basic nutritional functions”.
Now bioactive foods and nutraceuticals have emerged as
potential supplements in cardiovascular and cancer preven-
tive natural sources from food [1].

Why new bioactive foods are important? Bioactive foods
are fortified with nutrients to make them more usable within
daily recommended allowences (RDA). These nutrients are
rich in vitamins, minerals and nutraceuticals or any food or
part of a food that provides health or disease prevention
benefits with higher nutrition values. Bioactive foods are
served as cuisine line of frozen foods on shelf such as Cam-
den(balanced meal program) for hypertension, high choles-
terol, or adult-onset diabetes; Trogicana Products, orange
juice; Procter & Gamble's FruitCal™ -calcium citrate malate
etc. Growth in the bioactive food market has also rocked
new combinatorial chemistry and profoundly accelerated the
pace of discovery of new bioactive foods such as new high-
oleic soybean with no trans fatty acids that reduces heart
diseases.

Both food industries and pharmaceutical industries have
roped up to use bioactive food, pharmaceutical and nutrition
products - from drinkable yogurt to mainstream designer
bone, heart, and digestive health foods to calcium chews,
from sports nutrition bar makers to soy burger manufacturers
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— bioactive foods are poised to undergo very rapid growth in
the coming years. Bioactive foods are designed basically
meeting four consumer demands: taste, convenience, simple
proposition and price. A successful bioactive food product's
bioactive role needs its perceptible health benefit. If a health
benefit is clearly understandable, or if the health benefit is
clearly perceptible - such as weight loss or stress reduction,
or can be easily measured - such as a product that reduces
cholesterol, then the product is much more likely to succeed.
Now interest is growing for use of bioactive foods in cardio-
vascular prevention. Recently JIVA™ a bioactive food made
of resveratrol combined with garlic has been advocated
as potential cardiovascular prevention formula [2]. Similar
bioactive foods are in market by Kellogg Co.-cholesterol-
reducing foods; Ensemble products - psyllium high fiber
reducing cholesterol; Johnson & Johnson -cholesterol-
lowering margarine, Benecol®; Balance Bar Company,
Nestlé, VVevey, Switzerland — PowerBar. These bioactive
foods work on principle that cancer and heart disease are
concerns of fatigue/energy and stress. Tropicana Ultimate
Smoothie combined with Galaxy's soy, rice and oats VVeggie
Milk® base with Tropicana's fruit juices. It was estimated
that major benefactors were subjects with heart disease
(75%), cancer (81%) including breast cancer (48%), colon
cancer (37%) and prostate cancer (25%) using bioactive
foods [3]. The bioactive foods as part of daily diet and life-
style guidelines for prevention of coronary artery disease
(CAD) have been evidenced as a major interest during the
last few decades.

The concept of bioactive foods was initially considered
as natural foods to provide energy as recommended daily
requirement in the body to maintain health and lipid lower-
ing till year 1990. Later the importance of nutraceuticals was
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realized as beneficial in different cardiovascular disorders
with growing use of the nutraceuticals as self prescription in
cardiovascular and developmental conditions in the last dec-
ade. In new era of 21% century showed enormous growing
awareness of nutraceuticals as emerging potent therapeutic
supplements with accepted concept of nutraceutical medicine
as new branch of ‘complementary and alternative medi-
cine’(CAM). In last three decades, national and federal bod-
ies accepted nutraceuticals as possible neutraceutical therapy
in main stream of medical education and health. The
healthcare industry demonstrated the shift of growing popu-
lation from medical treatment of dreaded cardiac arrest to-
wards non-prescription nutraceuticals as self-medication in
acute coronary syndrome and coronary heart disease man-
agement and prevention of stroke. The best examples to
mention are Atkin’s diet for lipid lowering and CoQ10 for
reducing thrombosis. The growing awareness of nutraceuti-
cal benefits and shift of healthcare economics in favor of
nutraceuticals brought neutraceutical medicine in spotlight of
government health policy on systematic use of nutraceuticals
in cardiac protection and control of various coronary heart
and cardiovascular diseases. In last sixteen years, National
Heart Lung Institute (NHLI) and other global efforts have
documented the fact sheets and several health documents on
nutraceuticals in cardiovascular disease control. The major
efforts were devoted in investigation of cardioprotective ef-
fect of active nutraceutical component(s) on reduced athero-
sclerosis plaque development, reduced coronary occlusion,
cholesterol desaturation to result the reduced risk of cardiac
arrest, heart failure and reduced risk of atherosclerosis and
hypertension in initial stages. In last two decades the use of
nutraceuticals in prevention and disease control has been
extended further as protective nutrition supplementation pol-
icy of center of disease control (CDC) under its independent
supervision. However, mechanisms still remain unproven
and unvalidated but practice of newly discovered nutraceuti-
cals as food supplements in cardioprevention is acceptable.

What are Cardioprotective Nutraceuticals in Bioactive
Foods?

Nutraceuticals are natural bioactive chemical compounds
common in bioactive foods as products supplied from nutri-
tion industries. Nutraceuticals have value in health promot-
ing, disease preventing or semi-medicinal properties. Nu-
traceuticals are found as natural products from (a) the food
industry, (b) the herbal and dietary supplement, (c) pharma-
ceutical industry, and (d) the newly emerged bioengineered
microorganisms, agroproducts or active biomolecules. It may
range from isolated nutrients, herbal products, dietary sup-
plements and diets to genetically engineered “custom” foods
and processed products such as cereals, soups and beverages.
Chemically the nutraceuticals may be classified as
isoprenoid derivatives (terpenoids, carotenoids, saponins,
tocotrienols, tocopherols, terpenes), phenolic compounds
(couramines, tannins, ligrins, anthrocynins, isoflavones, fla-
vonones, flavanoids), carbohydrate derivatives (ascorbic
acid, oligosaccharides, non-starch PS), fatty acid and struc-
tural lipids (n-3 PUFA, CLA, MUFA, sphingolipids,
lecithins), amino acid derivatives (amino acids, allyl-S
compounds, capsaicnoids, isothiocyanates, indols, folate,
choline), microbes (probiotics, prebiotics) and minerals
( Ca, Zn, Cu, K, Se) [4]. However, the nutraceuticals were
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reported as active natural compounds. Majority of cardiovas-
cular prevention evidence comes from clinical trials and
animal studies [5, 6]. Self-described testimonies of nutraceu-
tical medicine and its success accrued over years in favor of
cardiovascular protection by lycopene, glucans(for cardio-
vascular disease), noni Morinda citrifolia (for relief in blood
pressure, muscle pain) [7, 8]. Recently, the antiarrythmic
effect of quercetin, lipid lowering effect of fish oils and
beneficial effect of magnesium were reported including them
as cardioprotective food supplements [9-11].

Dilemma of Nutraceuticals in Cardioprotection

Nutraceuticals may act as essential nutrient, as drug like,
as regulatory biochemical metabolite and as phytohormone
in the body as shown in Table 1. Most of the side effects of
nutraceuticals remain undocumented and unnoticed. Re-
cently, some prominent evidences are reported in favor of
cardiovascular disease inhibitory metabolic activity of nu-
traceuticals in the human body:

1. Nutraceuticals may act as essential amino acid drug like
essential nutrients. For example, tryptophan is needed for
protein synthesis at low dose in humans [12].

2. The nutraceutical preparations containing phytosterols
are effective in lowering LDL cholesterol [13].

3. Bovine milk fat globule act as anticardiovascular disease,
anticholesterolemic, coronary heart disease [14].

4. The phytonutrients prevent myocardial cell proliferation
and play significant role in the prevention of chronic de-
generative diseases. Notable examples are ginseng, spi-
rulina, gingko biloba, amino acids, glucosamine, chon-
droitin and Aegle marmelos. Herbal and medicinal plants
have shown significant inhibition of cell inflammation
[15]. Phytoesterogens play role in reducing myocardial
Necrosis.

5. Vitamin C, vitamin E, B-Carotene, lycopene (caro-
tenoids), lipoic Acid, glutathione(thiols) play role in car-
diovascular disease prevention and inhibition of necrosis;
Co-Enzyme Q-10, super oxide dismastase (enzyme), se-
lenium, copper, manganese, zinc (minerals) act as anti-
cardiovascular disease in cardiac cells [16].

7. Polyunsaturated fatty acids (PUFA) such as safflower oil,
corn oil, soybean oil, mustard oil, evening primrose oil,
flax oil, hemp seeds, borage seeds showed protective ef-
fects in heart disease and stroke, inflammatory arthritis,
inflammatory bowel disease, asthma, cardiovascular dis-
ease [17].

8. Dietary fibers such as oats, dried beans, legumes, chicory
as water soluble fibers, apple, orange, apricot, plum, pine
apple contain 18-30% fiber contents. The fish oils and
the vegetable sources such as cabbage, carrot, lettuce, on-
ion, tomato containing 9 to 12 % fiber contents showed
antioxidant and myocardial cell proliferation inhibitory
properties [18].

9. Wild foods are other major source of nutraceuticals and
phytoesterogens. Most of the wild plants, wild mush-
rooms, wild fungi, wild vegetables, wild nuts, wild fruits
and wild flowers as whole are considered as potential
natural therapy alternatives rich in long chain omega 3
fatty acids [19, 20].
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Tablel. Examples of Nutraceuticals are Shown with Their Benefits in Different Cardiovascular Diseases and Mechanism of
Cardioprotective Action in the Body. The Structure of Active Nutraceuticals are Shown with Mechanism and Their
Structure with Formula in Chemical Nomenclature

Nutraceuticals Effectiveness Mechanism Structure
Ajoene (garlic) + antithrombogenic Trithiadodeca-1, 6, 11-triene-9-oxide
Allicin + free radical scavenger HO
Citrus + delayed apoptosis limonoids
CLA + ? conjugated linoleic acid
Capsaicin + VRlreceptor/ion channel HO
N
~o X
(o}
Carnosol + O'H scanenger diterpenes
Curcumin ?? NKX 3.1gene, cytokines o} OH
H,CO. OCH
| O h e O |
HO Curcumin 1 OH
Dallyl sulphide (garlic) - Cyt Oxidase, LDH, Glu reductase S
H, C&\/ \/\CH2
Daidzein ++ antioxidation upregulation HO i O
%‘
OH
Enterolactone + antioxidative o (0)
HO j Z OH
Epigallocatechin-3- + DNA metTrans, LDH inhibitor OH
gallate OH
HO (0] R
f OH
“ron
OH
Ellagic acid + antioxidant protection 3,4, 5-hydroxybenzoic acid
Equol ?2? HO (0]
OH
Fenugreek + cytokines, redox reactions ??
Gingerol ++ VRI1 receptor methoxy phenyl decanone
Green tea o reduced MMP 2,9 OH
free radical scavenger
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Table 1. Contd....

Nutraceuticals Mechanism Structure
Genestein +F antiesterogenic, antiangiogenic
Grape seed extract ++ antioxidant
Glycyrthizin ?? 2?
Isoflavones ++ HMG CoA-LDH inhibitor
Cholesterol 7oc hydroylase inhibitor
Kambocha tea + free radical scavenger ??
Lactobacillus acidophilus i o, p dehydroxylase membrane phospholipids
Liquorice + estrogen receptor agonist methyl Glabridins
Limonene + farnesyltransferase inhibitor 1- met-4-propenyl-cyclohexene
Lutein + antiooxidant iazanthin
Lycopene antioxidant, superoxide scavenger
Meditarranian diet ++ antioxidant hemocyanins, low fat ??
Pectin + leminin, fibronectin conjugation galectins 2, 3 in apoptosis
Phosphatidylcholine + choline transport, phosphorylation (IJHZ— OOCR'
R"COO— (I3H ﬁ
+
CH;—-0 —II’— O—CH,CH;N(CH,);
o-
Phytoesterogen (soy) ++ antioxidant (lunasin, o
coumestan lignan)
o
OH
Silbinin 22 apoptosis, reduced cell growth OH
o
12
HO o} 13 OMe
> (0]
3
OH OH

—+ Glutathione Oxidase selenoproteins, S-Se-S, S-Se

Selenium and vitamin E
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Nutraceuticals Mechanism Structure
Sphingolipid . myocardial arrest, apoptosis, HO R
and differentiation /\/\/\/\/\/\/NHZ- OH
N
Soy, PC-SPES + G2M cell cycle kinase, cytokines chalcones
CK-MB inhibition
aTocopherol =+ antioxidant, antiproliferation tocopherol

cyclooxygenase inhibition, apoptosis

¢ tocopherol

Vitamins and minerals: oxidative phosphorylation

active vitamin forms

A + proton pumps retinal
B 55 phosphorylation, redox reactions pyrophosphates
D + 1,25 dihydroxycholecalciferol calciferol
Folic acid + 5-methyltetrahydrofolate folate bound form
Calcium + calmodulin, Ca™ channels hydroxyapatite
Copper + catalase inhibitor, angiogenesis ceruloplasmin
Potassium =k Na/K channels K+ or bound protein
Zinc + Zn-endopepti dases(MMP) inhibition cofactor in enzymes
a-linolenic acid + antioxidant (20:3,n-3) or ALA
Eicosapentanoic acid ++ antioxidant (20:5; n-3) or EPA
Docosahexanoic acid ~ ++ antioxidant (20:6; n-3) or DHA

10.Soy isoflavones, genistien, lycopene have emerged as
established cardioprotective nutraceuticals. The eicosap-
entaenoic and docosahexaenoic acids reduce the oxidi-
zability and thrombogenicity [21].

What Remains Still to Solve the Cardioprotection by
Nutraceuticals?

The major issues that remain unsolved are the nutraceuti-
cal side effects, dosage and mechanism, follow up conse-
quences and mandatory guide lines of usage. The diet and
lifestyle guidelines for prevention of coronary artery disease
(CAD) have been evidenced as a major interest during the
last few decades. Recommendations of the American heart
Association (AHA 2007) have been reformed for better un-
derstanding, based on new scientific evidences after publica-
tion of guidelines in 2007 [22]. However, none of these
guidelines emphasize the role of diet in patients with acute
myocardial infarction (AMI) and stroke. Patients presenting
with AMI are highly motivated to follow the advice of cardi-
ologist due to serious AMI condition. AMI is associated with
hyperglycemia, hyperinsulinemia, hypertriglyceridemia, free
radical stress, rise in free fatty acid and pro-inflammatory
cytokines, leading to endothelial dysfunction. There happens
an acute generation of proinflammatory milieu among AMI
patients which is known to cause disruption of atheroma
plaque, resulting into re-infarction and death [24-29]. The
synergy of these mechanisms in chronic disease is not clear
in order to decide the intervention by nutraceuticals such as
walnuts, ginko, vegetables [23-29]. Most American experts
very deligently advise dietary patterns; including grains,
vegetables, fruits, nuts, seeds and legumes, fat and oils based
on research studies. Most of the times, the side effects of
newly introduced products in market are not documented
such as no recommendation for refined starches in the

prevention of endothelial dysfunction [24, 30]. However,
there is no guideline about the type of oil and type of nuts
depending upon the omega-3 fat and monounsaturated fatty
acid (MUFA) content of these foods. While foods and bever-
ages with added sugars and refined starches as well as excess
of w-6, total and saturated fat and trans fatty acids, may be
proinflammatory, increased intake of w-3 fatty acid and
MUFA may be protective against surge of TNF-alpha,IL-
6,IL-18 and adhesion molecules like VCAM-1(vascular cell
adhsion molecule-1)and IVAM-1 caused by high glycemic,
rapidly absorbed proinflammatory foods [27-32]. These
foods are known to initiate a proinflammatory milieu in
the body which is similar to that of AMI, causing further
increase in complications among these patients.

In keeping these facts in mind, it is necessary to identify
the concrete evidences of cardioprotective mechanism in
both animals and clinical trials under controlled conditions
with through investigations, careful nutrition formula design
and success rate vs fallacies of earlier clinical experiences in
favor of nutraceuticals in public use.

Animal Studies

A large volume of literature is available on nutraceutical
inhibitory effect on cardiovascular disease cell growth based
on observations of cultured cardiovascular disease cell pro-
liferation, enhanced apoptosis, antioxidant action etc. Still
attempts are in the direction of morphological, cytomorphic,
histopathology evidences of nutraceutical induced lipid inhi-
bition and thrombosis by using 3D localized molecular imag-
ing techniques. Previous studies on micro-MRI and immu-
nostaining suggested the reduced apoptosis in experimental
rat, mice, rabbit, porcine, dogs experimental models [33].
Major evidence was the reduced oxidative stress, slowed
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down apoptosis, reduced proliferation, less plaque size, less
necrosis and poor atherosclerosis growth in treated groups
[34]. The mechanism of these nutraceuticals are still not
established and it remains to investigate more scientifically
diet controlled experimental methods [35-37]. Moreover the
beneficial effects of nutraceuticals in experimental animals
were reviewed and two third literature reports on
nutraceuticals are documented on experimental animal
cardiovascular disease studies as either reviews or animal
bench experiments on cardiovascular disease prevention.
The clinical evidence of nutraceutical cardiovascular disease
prevention success is still based on biochemical mechanisms
of nutrients in diets reported over several decades. Some
mechanisms of nutraceutical action are reported as immune
modulatory, induced apoptosis, removal of free radicals,
inhibited cell proliferation, inhibited necrosis. New ayurved
(Indian traditional medicine) concepts are also emerging as
powerful nutraceuticals in cardiovascular disease prevention
[38]. The growing literature on mechanism of nutraceutical
action in the cardiovascular disease is supporting the
extended benefits of nutraceuticals but it further needs more
investigations as described in following separate section of
new literature evidences [39-41].

Clinical Trials

Singh and coworkers used 400g/day of fruits, vegetables
and legumes in conjunction with mustard oils to decrease the
risk of hypertension, diabetes and CAD in 1990s similar with
DART, DART Il, GISSI [42]. This diet was re-examined by
DASH investigators and subsequently by other group to ob-
serve the reduced risk of hypertension in USA [43, 44]. In
further randomized, controlled intervention trials, Singh et
al. 2002, 2008 administered 400 g/day of fruits, vegetables
and nuts(almonds and walnuts) and another 400g/day of
whole grains including legumes in conjunction with 25-
50g/day of mustard oils (ALA 2.9 g/day) in patients with
high risk of vascular disease, which showed significant bene-
fit [23, 45-47]. Other workers also found a beneficial effect
of fruit, vegetables, nuts and w-3 fatty acids (EPA+DHA 1.8
g/day) rich foods to patients on risk of coronary artery dis-
ease [46, 47]. A randomized, double blind placebo controlled
trial on 300 patients after MI supplemented with EPA+DHA
3.4-3.5 g/day or corn oil showed no change. Increased intake
of monounsaturated fatty acid and w-3 fatty acids have been
suggested to be protective against diabetes and metabolic
syndrome whereas increased consumption of trans fatty ac-
ids, saturated fat and refined starches can predispose CVD.
India has a rapid economic development causing increased
consumption of salt, tobacco, fat, sugar, and energy in the
last four decades. There is increase in per capita income,
gross domestic product, food production and automobile
production in the last four decades.

This period from 1970 to 2008 has witnessed marked
changes in nutraceutical rich diet and lifestyle, particularly in
the urban populations among Indians. New bioactive factors
have came in light of cardiovascular mechanisms likely af-
fected by nutrients such as: 1. iodine induced T3 and nitric
oxide decreases SVR by dilation of the arterioles protein
kinase akt pathway via smooth muscle relaxation through
nuclear transcription mechanisms [48]; 2. fish consumption
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>300 gm/week reduced non-fatal coronary syndrome
(CARDI02000 study) [49]; 3. transcription of the positively
regulated genes (alpha-myosin heavy chain (MHC) and cal-
cium ATPase, SERCA2) both downregulate the expression
of negatively regulated genes (beta-MHC and phospholam-
ban) to increase cardiac contractile performance. There is
possibility of nutraceutical protection to repair cardiac con-
tractility and improved ejection time (LVET) [49, 50]; 4.
improved cardiac output, reduced cardiac preload (low renin
state and decreased erythropoietin secretion), increased vas-
cular resistance, bradycardia, slightly depressed myocardial
contractility and some increase in LV mass [51]; 5. IF chan-
nel, L-type and T-type calcium channel, potassium channel
and the ryanodine channel contribute to pacemaker functions
and heart rate [52]; 6. dyslipidemia due to total cholesterol
and low density lipoproteins (LDL) cholesterol, triglyc-
erides, very low density lipoproteins (VLDL), intermediate-
density lipoproteins, apoprotein A-1 and apoprotein B are
observed as well [53, 54]; 7. cholesteryl ester transfer protein
and hepatic lipase, increased levels of high-density lipopro-
teins(HDL); 8. endothelial dysfunction, increased arterial
stiffness, increased vascular resistance, and hypercoagulabil-
ity with coronary artery disease [55].

However the effect of bioactive foods is not known if
bioactive food affects cardiovascular morbidity or mortality.
It might be beneficial to use bioactive food or nutraceuticals
as supplements simultaneously with cardioprotective drug
therapy. Recently reported noninvasive imaging methods
such as Doppler echocardiography, carotid intima-media
thickness, pulsed tissue Doppler imaging, cardiac MRI and
radionuclide  ventriculography to evaulate preejec-
tion/ejection ratio systolic dysfunction may be more useful to
establish the beneficial effect of nutraceuticals. Overall, tri-
als evaluating cardiovascular mortality and mortality have
yielded conflicting results [56].

Biochemical Basis of Nutraceuticals in Cardiac

Prevention

Natural vegetables, herbs, plants, wild foods are complex
in structural composition. The biochemical basis of individ-
ual source of these foods is not explored due to their com-
plex nature. Some of the evidences are in favor of the active
food principles as nutraceuticals to show cardioprotective or
preventive supplements. Some of nutraceuticals are in the
phase of clinical trial or already available as food supple-
ment. Complementary and Alternative Medicine is emerging
in prevention of chronic coronary and heart diseases as safe
practice because of the high risk of mortality and long-term
morbidity associated with surgical procedures of coronary
artery disease and high side effects of chemotherapy. Herbal
medicines have shown reduced myocyte cell necrosis in cul-
tured cells. The vitamins, minerals, dietary fat play a role in
relation to cardioprevention and control. The mechanisms of
nutraceutical action can be discussed broadly in following
categories based on active metabolites present in nutraceuti-
cals.

1. Niacin-bound chromium is reported to enhance myocar-
dial protection from ischemia-reperfusion injury [57].

2. Mechanism of the antithrombotic effect was invented by
dietary diacylglycerol in atherogenic mice [58].



Bioactive Foods and Nutraceutical Supplementation

3. Protective effect of potassium against the hypertensive
cardiac dysfunction was associated with reactive oxygen
species reduction [59].

4. The atherogenic process is reduced by regulation of co-
enzyme Q10 biosynthesis and breakdown.

5. The n-3 fatty acids reduce the risk of cardiovascular dis-
ease. The evidence was explained and mechanisms was
explored.

6. Mediterranean diet and optimal diets play role for pre-
vention of coronary heart disease.

7. Alpha-tocopherol therapy was evidenced to reduce
oxidative stress and atherosclerosis.

8. Genetic deficiency of inducible nitric oxide synthase re-
duces atherosclerosis and lowers plasma lipid peroxides
in apolipoprotein E-knockout mice.

9. Glutathione is the liver's most abundant protective con-
stituent of antioxidant glutathione reductase enzyme.
Glutathione functions as a substrate for the two key de-
toxification processes in the liver: 1. transforming toxins
into water soluble forms, 2. neutralizing and "conjugat-
ing" with toxins for elimination through the gut or the
kidneys. If either of these processes is impaired for any
reason, toxins will accumulate in the body and lead to
disease. The best nutrition with liver cardiovascular dis-
ease focuses on improving the body's glutathione re-
serves [60].

10. The Soy isoflavone Haelan951 (genistein and genistin)
and garlic allicin were reported to have some role as a
cardioprotective in humans [61]. Beta-glycoside conju-
gate, genistin is abundant in fermented soybeans, soy-
bean products such as soymilk and tofu. Beta-glycosyl
bond of genistin is cleaved to produce genistein by mi-
crobes during fermentation to yield miso and natto. Soy
sauce has high isoflavone but low miso and natto con-
tents. How much soy isoflavones needed? 1.5-4.1
mg/person miso isoflavone and 6.3-8.3 mg/person natto
respectively [62].

11. Green tea has always been considered by the Chinese and
Japanese peoples as a potent medicine for the mainte-
nance of health, endowed with the power to prolong life
[63].

12.The cardiovascular disease has been reported associated
with vascular endothelial growth factor [64].

13. Some herbal plants act as cardioprotective medicine. The
herbal extracts are known to reduce the circulating mark-
ers of inflammation, including C-reactive protein (CRP),
interleukine-6 (IL-6), tumor necrosis factor-o (TNF-a),
serum amyloid A (SAA).

14.Combination of garlic, ginko biloba, herbs with rever-
astrol inhibited a full 92 percent of age-related gene
changes in the heart [2, 64].

Lipid Metabolism and Fatty Acid Modifiers as Basis of
CVD and role of Nutraceuticals

Lipid metabolism is established a major factor in cardio-
vascular protection by supplementing omega fatty acids as
described with recent developments for interested readers.
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The possible reversal of increased total cholesterol, increased
LDL cholesterol, apolipoprotein B and decreased HDL con-
centrations in cardiovascular patients on bioactive foods and
nutraceuticals is controversial [65]. In several trials, total
cholesterol levels, HDL, LDL-cholesterol, triglycerides,
apolipoprotein A and B and lipoprotein A were not signifi-
cantly improved with nutraceutical or vitamin-mineral treat-
ment [65]. A trend was noted in favor of nutraceutical ther-
apy with reduced total cholesterol TC level >240 mg/dL,
LDL > 155 mg/dL TC levels (significant only for >240
mg/dL), and Body Mass Index > 25 kg/m? was associated
with better improvements [66].

Control of lipid metabolism and cholesterol desaturation
in the blood has been cited as major factor in cardiovascular
disease. The nutraceuticals have been reported as inhibitors
of cholesterol synthesis and enhancing HDL lipoproteins in
the body. To explain the effect of nutraceuticals, two major
mechanisms play significant role in cholesterol saturation
and lipoprotein synthesis. First, HMG CoA synthase enzyme
controls the mevalonate to HMG CoA formation that subse-
quently used in cholesterol formation while cholesterol oxi-
dase enzyme oxidizes cholesterol to desaturate it. Second,
cholesterol esterification by LCAT and ACAT enzymes and
subsequently apoprotein binding controls the lipoprotein
formation [67]. Mainly high density lipoprotein (HDL) plays
significant role in scavenging cholesterol from blood as
shown in Fig. (1). Low density lipoproteins (LDL) transport
is controlled by LDL receptors in the cells. LDL lipoproteins
get metabolized by lipo-oxygenase pathway as shown by
Fig. (2).

The anti-inflammatory effects and antithrombogenic ef-
fects of -3 fatty acids are eicosanoid—dependent process.
More intake of EPA and DHA fatty acids increases these
fatty acids in tissue, cellular and circulating lipids, along
with a simultaneous reduction in w-6 fatty acids. EPA acts as
a substrate for both cyclooxygenase (COX) and 5-
lipoxygenase (5-LOX) enzymes to make derivatives from
arachidonic acid (AA) such as leucotriene Bs (LTBs) is only
about 10% as potent as LTB, as a chemotactic agent and in
promoting lysosomal enzyme release). The -3 fatty acids
also result with reduced formation of thomboxane-2
(TxAz)and prostacyclin 1, (PGly), as AA is a TxA; and PGl,
precursor and inhibiting platelet aggregation (a less throm-
bogenic state) as shown in Fig. 2).

The fatty acids display major beneficial effects:
Llipid lowering in blood; 2.antiarrhythmic effect in CHD;
3. antithrombotic effects; 4. anti-atherosclerotic and anti-
inflammatory effects; 5. improved endothelial function; and
6. lowering blood pressure.

From biochemistry standpoint, the beneficial effect of -
3 fatty acids on blood lipids is by the stimulation of the gene
expression of lipoprotein lipase (LPL) enzyme in human
adipose tissue with increase in the LPL mRNA. It results
with post-heparin LPL activity, in conjunction with the low-
ering effect of these fatty acids on the triglyceride levels,
postprandial lipaemia and the levels of the highly athero-
genic, small and dense LDL particles [24]. These fatty acids
increase the expression of genes encoding enzymes critical
to hepatic and skeletal muscle fatty acid p-oxidation while
repressing genes encoding glycolytic, lipogenic and choles-
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Fig. (1). Proposed role of LDL oxidation in the thrombogenesis and endothelial dysfunction. LDL crosses the endothelium in a concentra-
tion-dependent manner and can become trapped in the extracellular matrix (1). The subendothelium is an oxidizing environment, and if the
LDL remains trapped for a sufficiently long period of time, it undergoes oxidative changes (2). Mildly oxidized forms of LDL contain bio-
logically active phospholipid oxidation products that affect the pattern of gene expression in endothelial cells (ECs), leading to, among other
things, changes in the expression of monocyte binding molecules (designated X-CAM), monocyte chemoattractant protein (MCP-1), and
macrophage colony stimulating factors (CSFs) (3). These factors in turn promote the recruitment of monocytes (4) and drive their phenotypic
differentiation to macrophages (5). Further oxidation leads to alterations in apolipoprotein B such that LDL particles are recognized and in-
ternalized by macrophages (6), progenitors of the lipid-laden foam cells. Marked increases in lipid and cholesterol oxidation products render
the LDL particles cytotoxic, leading to further endothelial injury (7) and favoring further entry of LDL and circulating monocytes and thus a

continuation of the disease process.
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Fig. (2). The omega 3 and omega 6 fatty acids synthesize ecosanoids in the myocardial cells.

terolgenic enzymes. This twofold action results in the de-
crease in lipid synthesis and a subsequent increase in lipid
oxidation favorable for nutraceutical intervention. Despite
the fact that the exact mode of action of ©-3 fatty acids is not
fully understood, it is speculated that -3 fatty acids interact
with three nuclear receptors—hepatic nuclear factor (HNF)-
40, liver X receptors (LXR) a and B and peroxisome prolif-

erators- activated receptors (PPARS) a, B and y — and by
regulating the transcription factor sterol regulatory element
binding proteins (SREBPs) 1 and 2[25]. Q-3 fatty acids also
decrease excitability and cytosolic calcium fluctuations of
ventricular myocytes via inhibition of Na* and L-type Ca*
channels. The mechanisms of action of ®-3 fatty acids have
not been fully elucidated.
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TREATMENT RECOMMENDATIONS FOR
NEUTRACEUTICALS IN CARDIOVASCULAR
PREVENTION

Who Need the Alternative Approaches of Nutraceuticals
in CVD

Children below 18 years probably do not need nutraceu-
ticals. Adults over 20-40 years need nutraceuticals and moni-
toring CVD. Persons over sixty years in age, need CVD/
CHD watch and nutraceuticals as mandatory daily dietary
supplements in practice. These senior persons may show
the following major symptoms as causes of cardiovascular
disorders and CVD development [68].

* Poor cytokines, inflammatory proteins gradually lead to
apoptosis, loss of immunity

e Arteries and veins (and other tissues) become less elastic,
as evidenced by our skin. Blood pressure may rise, as
arteries lose their elasticity. (The amino acid taurine,
found in fish, softens arteries and veins, as well as other
connective tissue.)

e Inflammation and cholesterol-filled growths (plaques) in
our blood vessels reduce their rates of flow. The loss of
elasticity causes the heart to pump with less power and
force.

e Insulin levels begin to rise as old cells become less re-
sponsive to insulin, and the pancreas increases its output
to compensate. This eventually leads to Type Il diabetes
and pancreatic cardiovascular disease in which old cells
no longer respond to insulin and end up with heavy
cardiovascular damage and cardiovascular disease.

* Kidneys lose reserve capacity, gradually fail to do normal
function and develop cardiovascular disease.

* Reduced cell mediated immunity and humoral immunity
leads to immune deficiency and cardiovascular disorders.

Present State of Art on Nutraceutical Medicine in
Cardiovascular Prevention

FDA requires appropriate scientific evidence regarding
safety of nutraceutical use as daily prescription. However,
new recommendations suggested that daily diet must contain
6.25 grams of soy protein per serving, micro-compound al-
licin (a small component of garlic) ad libitum amount, ecos-
apentanoic acid/docosahexanoic acid as polyunsaturated
fatty acids (PUFAs) from fish or fish oils. The complemen-
tary medicine and alternative medicine approach is emerging
as regulated tool to prescribe the norms of nutraceuticals as
daily supplements in cardiovascular disease and other
diseases [69].

Insurance and Prescription

National and federal agencies such as NCI and FDA need
evidences and established data in large trials to approve nu-
traceuticals in clinical practice. In lack of such evidences and
database, still nutraceutical practice remains at the door steps
as nonprescription self-prescription available on counter. As
a result, insurance companies still shy to accept nutraceuti-
cals as prescription.
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Government Policy: Criteria of Suggested Practice of
Nutraceuticals in Cardiovascular Prevention

The awareness of complementary and alternative medi-
cine (CAM) is increasing rapidly among common public in
developed countries [69]. Government agencies are actively
participating in safe delivery of bioactive foods and dog-
watch if any side effect. Several government reports have
showed positive role to introduce new functional foods &
nutraceuticals in CVD/CHD prevention in favor of guava,
dietary fibers, soy, phystoesterogens, herbs, cruciferous
vegetables [70]. Both bioactive food and nutraceuticals in
diets were suggested as preventive in cardiovascular disease.
Main causative factors of cardiovascular disease were free
radicals, vitamin C,D,E deficiency, selenium deficiency and
loss of cellular immunity in patients on daily diet [71].

Recently, National Heart and Lung Institute put forth the
efforts on alternative ways of cardiovascular disease preven-
tion as public awareness to main focus on life style, preven-
tion and control care measures, eating habits, hazardous con-
taminants with several successful attempts of antioxidants,
garlic, vitamins [72]. Under supervision and dogwatch, most
of the bioactive foods on counters and nutraceuticals are
marketed as some of them listed in Table 2.

Bioactive Foods and Nutraceuticals in CVD/CHD: A
Survey

In recent years during 2002-2008, the major focus was on
more evidence based wider use of omega 3 fatty acids com-
bined with multivitamin-multimineral and isolated bioactive
components from plants and functional foods in various car-
diovascular disease types. In last 4 years maximum efforts
were devoted on reviews and compilation of evidenced ex-
perimental results on vegetarianism in reducing cardiovascu-
lar disease progress and identification of associations of ac-
tive food components in diet with reduced lipids, myocardial
necrosis and apoptosis. However, NHLI views that sequen-
tial events during the nutraceutical treated cell growth or
arrest cardiovascular disease are controversial [73]. The use
of fish oils in elderly patients was revisited if any relation
with arrhythmia and contractility. The literature during years
2002-2008 suggested major information for following: 1.
direct link of vitamins, minerals in cardiovascular disease
prevention; 2. new bioactive food components with new
mechanism of lipid lowering; 3. more controlled trials and
regulated studies under federal support; 4. new awareness of
unpopular foods and common shelf food supplements in car-
diovascular disease prevention; 5. new federal and statuary
guidelines on nutraceutical recommended allowances and
marketing.

The following information is grouped based on literature
on nutraceuticals and nutraceuticals in cardiovascular disease
management with major focus on controlled randomized
trials in experimental cardiovascular diseases and clinical
cardiovascular disease subjects. The description is divided
into three sections.

I. Bioactive foods and nutraceuticals in cardiovascular
prevention during years 2000-2008: Nutraceuticals and local
foods were suggested as readily available and their use with
possibility of alternative pharmacotherapy to prevent cardio-
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Table 2.
Shelf in Super Markets

Sharma and Singh

The Table Represents the FDA Approved Nutraceuticals with Recommended Quantity and Sources of Nutraceuticals on

Nutraceuticals Quantity Needed

Common American Sources

Vitamin D

400 1U a day(2000 1U)

Walmart's "OneSource™ multivitamins

Multivitamin-minerals As 1 pill daily

Centrum Silver A-Z with minerals

Natural Vitamin E (4 tocopherols + 4 tocotrienols)

Two 400 1U capsules a week (800 mg)

GNC natural Vitamin E

Selenium 200 mcgs. a day

Walmart's "OneSource™ multivitamins

Aspirin or ibuprofen* Baby aspirin a day

nonprescription counter

Chocolate (best if fat-free) ?, 3 servings home made, Food emporium
Green tea ?, 3 servings home made, Food emporium
Lycopene Cooked tomato sauces Domino's Pizza

Fish (tuna, salmon, mackerel)** or EHA+DHA

Two servings a week

Fresh phytosterols at Publix

Soy "meat", cheese, milk Ad libitum

Publix, at the edge of the produce section.
mozzarrela, sausage, burgers

Broccoli, cabbage, cauliflower

Sulfhydrals ad libitum

Piccadilly's tastes pretty good.

Blueberries

A few tablespoons a day

Publix' frozen foods (N. side, S. aisle)

Strawberries 4 or 5 large a day

Publix' frozen foods (N. side, S. aisle)

Old-fashioned oatmeal One ounce?

Publix, all supermarkets

Legumes (beans)

Two servings a week

Publix, all supermarkets

Low-fat blueberry yogurt 2 or 3 times a week

Publix, all supermarkets

Yellow vegetables Ad libitum

Publix(Piccadilly's tastes pretty good).

Purple grape juice, or red wine A glass a day

Publix, for Welsh's grape juice

Turmeric roots Two capsules daily

GNC natural body products

Herbs Two pills daily

St John Warts natural source

Garlic, Soy products Ad libitum

Walmart's "OneSource" ampoules

*aspirin and ibuprofen primarily act as anti inflammation. (Other agents such as fish also have anti-inflammatory properties.); **Tuna and mackerel contain mercury, dioxin, and
PCB's,. The salmon fish is safe. Winn Dixie farm-raised salmon. canned salmon provides omega-3 fatty acids and , taurine which are vital to the nervous and cardiovascular systems

(modified from the Source[Sharma 2009]).

vascular diseases [73-75]. Less known bioactive foods con-
taining ephedra and caffeine were reported to improve elec-
trocardiograhic and hemodynamic effects [75]. Clear cardio-
protective role of vitamin E and antioxidant supplements was
reviewed in prevention of cardiovascular diseases [76-81].
Homocysteine, taurine, vitamins and omega 3-fatty acids
were reinvestigated and confirmed their value in cardiovas-
cular prevention [82-86].

Mechanism of cardiovascular prevention by nutraceuti-
cals: Mainly cholesterol rich dietary fats enhances the risk
of coronary heart disease while omega 3/omega 6 fatty
acids reduce the risk of cardiovascular diseases and play
cardioprotective role in primary, secondary and late- onset
diseases [87-89]. Interestingly, the excessive linoleic acid
is manifested as ‘linoleic acid syndrome’ in coronary heart
disease [89]. Conjugated lineleic acid was reported as pro-
tective against cardiac hypertrophy [90]. Omega 3 fatty acids
mainly lower the blood lipids.

1. The possible reasons of cardioprotection by ®-3 fatty
acids in bioactive foods were:

e Lipid lowering (reduction of fasting triglycerides,
attenuation of postprandial triglyceride response)

e Antiarrhythmic effects

e Antithrombotic and other effects on the haemostatic sys-
tems (i.e. reduced platelet reactivity, moderately longer
bleeding times, reduced plasma viscosity)

* Inhibition of atherosclerosis and inflammation via inhibi-
tion of smooth muscle cell proliferation, altered eicosa-
noid synthesis, reduced expression of cell adhesion
molecules and suppression of inflammatory cytokines
production (IL’s, TNF-a) and mitogens

e Improvement of the endothelial function [through en-
hancement of nitric oxide — dependent and nitric oxide
independent vasodilatation]
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e Improvement in blood pressure.

I11. CVD/CHD in the human body and nutraceutical pro-
tection: Supplementation of fish oils dominate the scenario
of lipid lowering in cardiovascular diseases [90]. New can-
didates such as cinnamon, ginko biloba, bioactive peptides
have been introduced in the list of nutraceuticals with
cardioprotective properties [85, 91, 92]. In recent detailed
report, authors validated that Guggul (Commiphora mukul)
herb rich in guggusterones lowers both cholesterol (30% in 3
months)and triglycerides. It maintains LDL level (35% low-
ering in 3 months) and improves HDL level (20% in 12
weeks) to keep higher HDL/LDL ratio. It keeps smooth
blood flow and maintains thin blood with continuous detoxi-
fication and reduced platelet aggregation. It relaxes the mus-
cles and keeps muscle strain low. Additionally, it has proper-
ties of rejuvenation and blood purification. Other unique
properties are immunomodulation and lipid lowering. Gug-
gul increases body’s metabolic rate, improved thyroid func-
tion and heat production due to the presence of guggulster-
ones [93, 94]. Broadly, today it is believed that bioactive
foods get digested by natural enzymes and their digested
metabolite products target many cardiovascular related intra-
cellular metabolic abnormalities of both focal (targeted cure)
and whole body in origin (whole individual or global cure)
while its counterpart artificial synthesized pharmaceutical
drug either inhibits or elevates only one biochemical reaction
with assumption of complete cure. In this single step cure
approach, several naturally active enzymes, cofactors and
assembly proteins loose their conformation and functioanlity
(bioactive behavior) leading to several side effects. These are
lesser by bioactive foods or nutraceuticals becuase of their
wider acceptance in the body but side effects are very fre-
quent caused by pharmaceutical drugs and still it remains a
challenge how to minimize these side effects. Several nega-
tive studies exist to advocate the further careful investiga-
tions [93, 94].

Challenges, Hypes, Hopes and Futuristic role of
Nutraceuticals in Cardioprotection

Most of the success of nutraceuticals is based on self-
prescription and own individual experiences. Still it is far to
realize the miraculous benefits of nutraceuticals unless con-
trolled clinical trials support the evidences and facts of nu-
traceutical preventive therapeutic efficacy. Major challenge
is early detection of cardiovascular disease and timely effec-
tive treatment. In spite of all tools available, cardiovascular
disease is major health hazard. The major available data on
nutraceutical benefits in cardiovascular disease comes from
epidemiological health and population statistics. The reduced
cardiovascular disease incidence due to nutraceuticals seems
hype but greater hopes are anticipated with advancements in
food science. However, still cardiovascular disease remains a
major threat because of high mortality compounded with
incomplete success of chemotherapy and surgery interven-
tion. In future, bioengineered nutraceuticals will play signifi-
cant role in CVD prevention as alternative therapeutics.

CONCLUSION

Bioactive foods with rich nutraceuticals still are growing
in number as healthy food products introduced by companies
and investigations suggest high hopes of nutraceuticals in
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cardiovascular disease prevention. The primary focus still
remains on dyslipidemia and lipid lowering by fish oils and
bioactive foods. The role of governments and globalization
will certainly support the health risks and clinical trials on
new bioactive foods and nutraceuticals. The nutraceuticals
are becoming popular as they are harmless and natural food
constituents. The nutraceuticals are still food supplements
and last 5 years demonstrated enormous change in the per-
ception of nutraceuticals as cardiovascular disease preven-
tive and therapeutic supplements in cardiovascular diseases
of different organs.
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