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Abstract

Hypercholesterolemia, a risk factor for cardiovascular and cerebrovascular diseases, is
a silent health problem. It occurs due to buildup of large amount of cholesterol in blood
vessels resulting in narrowed blood vessels or blockage of the flow of blood and causes
cellular dysfunction. The predisposing factors for hypercholesterolemia are carbohy‐
drates‐enriched diet, unhealthy fats, and red meat. Moreover, family history, obesity,
hypokinetic lifestyle, aging, and oxidative stress are associated with hypercholestero‐
lemia.  Therapeutic  interventions  of  hypercholesterolemia  involve  cessation  of  bad
habits,  regular  exercise,  consumption  of  cholesterol  buster  diets,  and  cholesterol‐
lowering drugs.  However,  cholesterol‐lowering drugs have low efficacy,  and some
patients cannot tolerate the adverse effects of hypocholesterolemic drugs. In light of this,
there has been great interest to address natural cholesterol busters as first choice as
cholesterol‐lowering option.  Healthy diet,  regular  exercise and natural  cholesterol‐
lowering agents are documented to decrease blood cholesterol level. Natural cholesterol
busters include dietary fibers, plant sterols, healthy fats, smart proteins, antinutrients,
antioxidants, and L‐arginine. These busters not only decrease cholesterol oxidation and
absorption but  also increase cholesterol  catabolism and elimination.  Most  of  these
busters are found in cereals, oatmeal, fruits, vegetables, legumes, and fermented foods.
The natural cholesterol busters are recommended strategies for treatment of hypercho‐
lesterolemia alone or in combination with cholesterol‐lowering drugs.

Keywords: hypercholesterolemia, health diet, antioxidants, antinutrients, cardiovas‐
cular diseases, L‐arginine
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1. Introduction

Cholesterol is an important component in cell membrane that maintains the structure and
function of the cells. Moreover, cholesterol is a precursor of sex hormones, corticosteroid, and
vitamin D.  This  vitamin is  involved in bone formation,  modulates immune system, and
regulates gene expression [1].  Cholesterol can be catabolized into bile acids that play an
important role in digestion and absorption of fat diets and fat‐soluble vitamins. The cells get
its cholesterol through two pathways, endogenous source by means of biosynthesis in liver
(80 %) and exogenous source from the diet (20%) [2]. Cholesterol is transported throughout
the bloodstream by joining to specific proteins and lipids forming lipoproteins. There are four
main types of lipoprotein acting as cholesterol carriers in circulation: chylomicrons, very low‐
density lipoproteins (VLDL),  low‐density lipoprotein (LDL) “bad cholesterol”,  and high‐
density lipoprotein (HDL) “good cholesterol” [1].

HDL elicits cardioprotective function by reverse cholesterol transport to the liver to be
catabolized, moreover, HDL has antioxidant and anti‐inflammatory effects as well as involved
in nitric oxide (NO) homeostasis [3]. Under hypercholesterolemic conditions, HDL can be
turned into a foe for vascular endothelium through production of free radicals that induced
vascular cells and erythrocytes damage [3]. Moreover, cholesterol enrichment decreases
membrane fluidity, disrupts cell signaling, induces toxic oxysterols, modulates gene expres‐
sion, and induces apoptosis [4]. This results in disruption of redox balance and NO homeo‐
stasis, particularly in vascular cells and erythrocytes. Cholesterol‐enriched erythrocyte
membrane causes a reduction in the deformability of cells and impairment of the hemorheo‐
logical behavior that can initiate cardiovascular disease [5]. Oxidative stress is one of the
proposed mechanisms responsible for the changes in erythrocytes under hypercholesterolemic
conditions; hence, erythrocytes lose their antioxidant power and become oxidized erythro‐
cytes, which triggers foam cell formation by a mechanism similar to oxidized lipoproteins [5].
Therefore, oxidized erythrocytes are addressed as a new culprit in vascular diseases. Figure 1
displays the double face of cholesterol.

Figure 1. Beneficial and detrimental effects of cholesterol. Asterisk indicates hypercholesterolemic conditions.
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Cholesterol‐lowering drug therapies particularly with cholesterol biosynthesis inhibitors are
associated with adverse effects such as myopathies, neuropathies, liver dysfunction, weakness,
and depression [6]. However, intake of natural cholesterol busters reduces blood cholesterol
level with minimal side effects [7–9]. Natural cholesterol busters include healthy diet—
drinking excess cold water and avoidance of stress with regular exercise. Moreover, many
nutraceuticals have cholesterol‐lowering action; they include dietary fibers, plant sterols,
healthy fats, smart proteins, antinutrients, antioxidants, and L‐arginine [10]. These busters act
by modulation biochemical pathways such as appetite suppression, inhibition of digestion,
and absorption of dietary fats. In addition, they not only increase the metabolic rate and
lipolysis but also decrease lipogenesis and inhibit adipocyte differentiation. Figure 2 shows
the possible mechanisms by which natural cholesterol‐lowering agents decrease plasma
cholesterol levels.

Figure 2. Beneficial effects of natural cholesterol busters.

On this basis, the selection of natural cholesterol‐lowering agents with dual action such as lipid
lowering and antioxidant activities with minimal side effects is very essential. Natural
cholesterol busters can reduce blood cholesterol levels and risk of vascular diseases without
adverse effects. This chapter highlights natural cholesterol busters as first line of cholesterol‐
lowering strategy.

2. Natural cholesterol busters

The first choice to decrease the blood cholesterol levels is lifestyle change including healthy
diet—drinking excess of water, avoidance of stress and regular exercise. Moreover, there are
a group of nutraceuticals that can be considered as cholesterol busters. Some of these nutra‐
ceuticals are plant sterols, healthy fats, dietary fibers, antinutrients, antioxidants, and L‐
arginine.
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2.1. Healthy lifestyle as natural cholesterol busters

2.1.1. Health diet and exercise

Diet and lifestyle are major causes of dyslipidemia, diabetes, and cardiovascular diseases.
Particularly, protein‐enriched diet produces satiating effect and helps stave off hunger [10].
Consumption of plant‐based foods lowers the rate of many chronic diseases; this is attributable
to diets which contain smart proteins, trace elements, foliate, antioxidants, and antinutrients
[10]. Additionally, low carbohydrate consumption modulates hormones release, increases
lipolysis, and enhances fatty acids oxidation [10]. On the other hand, aerobic exercise decreases
lipogenesis and activates lipoprotein lipase that increases lipolysis, resulted in enhancement
of fat clearance and burning [11].

In these situations, depot fats and free fatty acids were utilized as fuel sources for muscle work
[12]. Therefore, health diet with regular exercise (3h/week) at least for 5 days per week
decreases subcutaneous fats, visceral fats as well as improve blood lipid levels [12]. Generally,
the reduction of body fats is associated with a decrease of total cholesterol, triacylglycerol,
LDL, while HDL levels were increased [10]. Furthermore, health diet and lifestyle modifica‐
tions improve the availability of nitric oxide [10]. Therefore, healthy diets enriched with plant
protein, low in carbohydrate and fat, devoid of trans fats (margarine, snack food, packaged
baked food, and fried fast food), with regular exercise could be considered the best choice to
treat hypercholesterolemia. Besides the aforementioned effects, caloric restrictions with
exercise preserve antioxidant capacity as well as reduce reactive oxygen species formation and
reduce apoptosis.

2.1.2. Cessation of bad habits

Cigarette smoking and alcohol drinking are most common bad habits worldwide. Combined
use of both smoking and alcohol is more damaging to health than use of either alone. The most
serious medical consequences of smoking and alcohol are vascular diseases and cancer [13].
This attribute of cigarette smoking enhances catecholamine release and inhibits lipoprotein
lipase activity; this results in an increase in levels of chylomicrons, VLDL, and LDL with a
decrease in HDL levels [14]. These resulted in alteration of lipid profile associated with decline
of antioxidant power with an increase of lipid peroxidation, thrombosis, and vascular dys‐
function [13]. Smoking cessation averts these deleterious effects on lipid abnormality, partic‐
ularly HDL levels [14].

The liver plays a central role in the regulation of cholesterol homeostasis. Alcohol drinking
causes fatty liver, besides this alcohol is metabolized into acetaldehyde and reactive oxygen
radicals [15]. Acetaldehyde and reactive oxygen radicals can interact with proteins, lipids, and
other biomolecules in the cell, resulting in adduct formation which is harmful to the liver.
Moreover, acetaldehyde‐protein adducts upregulate lipogenetic genes in the liver [15]. Several
studies confirmed that chronic alcoholism induced abnormality in lipid metabolism with
elevation of triacylglycerol and cholesterol‐enriched lipoproteins in the blood [16].

Cholesterol Lowering Therapies and Drugs4



2.2. Nutraceutical as natural cholesterol busters

2.2.1. Healthy fats

Dietary fatty acids are considered one of the main important dietary supplements that strongly
determine the development of cardiovascular diseases. The dietary fatty acids include
saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty acids (PUFAs)
[17]. Saturated fatty acid–rich diets are implicated in the promotion of cardiovascular diseases,
while monounsaturated fatty acids and PUFAs have cardioprotective effects [17]. In particular,
PUFAs are essential dietary elements for human body because human body lacks desaturating
enzymes that are required for PUFAs’ biosynthesis [18].

PUFAs are classified according to the position of first double bond from the methyl end (omega
carbon) into omega‐3 (ω3) PUFAs and omega‐6 (ω6) PUFAs. Dietary intake of ω3‐PUFAs with
reduction in ω6‐PUFAs consumption is beneficial for cardiac health [19], while higher
consumption of ω6‐PUFAs with lower ω3‐PUFAs dietary contents is a risk for many diseases,
particularly cardiovascular diseases. Inside the human body α‐linolenic acid can be converted
to eicosapentaenoic acid and docosahexaenoic acid by desaturase and elongase enzymes in a
series of biochemical reactions [20]. The process of endogenous desaturation and elongation
of α‐linolenic acid into eicosapentaenoic acid and docosahexaenoic acid is usually inefficient.
Therefore, intake of α‐linolenic acid is essential for production of eicosapentaenoic and
docosahexaenoic acids [21–24].

Omega‐3 fatty acids are the precursors of biologically active mediators with health benefits
with regard to their anti‐inflammatory, antithrombotic, hypolipidemic, and cardioprotective
effects [20]. However, ω6‐PUFA produces pro‐inflammatory, pro‐thrombotic, and pro‐
atherogenic mediators [21–24]. Therefore, balanced ratio between ω3‐PUFAs/ω6‐PUFAs
dietary intake is recommended for the decrease of cardiovascular risk. The reversal of this ratio
has been considered responsible for the high prevalence of cardiovascular disease [21–24].

The ω3‐PUFAs are involved in the formation of phospholipids that are involved in reverse
cholesterol transport to the liver for catabolism [24]. Additionally, intake of ω3‐PUFAs can
reduce triacylglycerol levels through inhibition of hepatic lipogenesis and very low‐density
lipoproteins production by the liver and output into circulation. The ω3‐PUFAs have been
shown to increase plasma LDL with large particle size, which is much less atherogenic than
LDL that cannot infiltrate blood vessels of vascular endothelium to start development of
atherosclerosis [24]. Moreover, ω3‐PUFAs downregulate sterol regulatory element‐binding
protein, resulting in suppression of gene expression of 3‐hydroxy‐3‐methyl‐glutaryl CoA
reductase, a rate‐limiting enzyme in cholesterol synthesis [25]. ω3‐PUFAs also activate liver X
receptors that upregulate expression of 7‐α‐hydroxylase, the main enzyme in conversion of
cholesterol into bile acids [26].

Diet enriched with ω3‐PUFAs is abundant in plant and marine sources, such as flaxseed,
canola, salmon, mackerel, herring, and tuna. The fish oil is composed of higher percent of ω3‐
PUFAs; therefore, they are the best source of biologically active ω3‐PUFAs mediators. The ω3‐
PUFAs have susceptibility to oxidative damage; therefore, antioxidants supplementation is
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recommended during ω3‐PUFAs consumption. The ω3‐PUFAs are promising therapeutic
options for the prevention and treatment of hypercholesterolemia. The risk of antioxidants
deficiency and mercury contamination during intake of fish oils must be considered.

2.2.2. Phytosterols

Phytosterols are plant source sterols; they are similar to animal sterol in the presence of steroid
nucleus, whereas they differ in their side chain. Phytosterols have been incorporated in many
dietary regimens to reduce plasma cholesterol levels and provide a cardioprotective action
[27–28]. Phytosterols are classified according to their saturation into sterols and stanols;
saturation of sterols produces stanols. The main physterols are sitosterol and campesterol, with
their respective stanols, sitostanol and campestanol [27–28]. Phytosterols are relatively less
absorbed than cholesterol, particularly stanols. Addition of phytosterols to the diet of hyper‐
cholesterolemic patients can effectively reduce blood cholesterol levels [29–30]. Phytostanols
are preferred than sterols because the effect of sterols diminishes over time, while stanols’
effect persists for a long time. Maximal reduction in cholesterol was reported with daily intake
of 2.0 g of plant stanols. The effect of phytosterols is food dependent because the maximal bile
secretion is with or directly after meals where stanols can target micelle formation to reduce
the absorption of cholesterol and lipids [31–35]. Phytostanols esters showed greater effective‐
ness if taken on daily basis in sufficient amounts (0.8–2.0 g) with meals [31–35]. The beneficial
effect of stanols over LDL reduction appears after 1–2 weeks of (2.0 g) daily consumption. Most
importantly, this reduction in LDL persists as long as stanols being consumed [31–35].

Several mechanisms including interference with intestinal cholesterol solubility, inhibition of
digestive enzymes, and decreasing cellular uptake of cholesterol have been proposed to
explain the cholesterol‐lowering effects of phytosterols [31–35]. Therefore, phytosterols reduce
the absorption of both dietary and biliary cholesterol from the intestinal tract. Moreover,
phytosterols induce the expression of ATP‐binding cassette transporters, thus increasing the
efflux of cholesterol from the intestinal cells [31–35]. In addition, phytosterols suppress the
activity of acyl‐cholesterol acyl transferase required for sterols absorption, consequently
reducing intestinal cholesterol uptake. Phytosterols are partially inhibiting dietary and biliary
cholesterol absorption by 30–50% through inhibition of cholesterol emulsification through
disruption of the lipid micelles, reducing its solubility and availability for intestinal absorp‐
tion [31–35]. Phytosterols are present naturally in many plants, such as corn, soybeans, and
sunflower seeds. The risk of beta‐sitosterolemia must be considered during intake of phytos‐
terols as cholesterol‐lowering therapy.

2.2.3. Dietary fibers

Dietary fibers including cellulose and its derivatives as well as lignin are considered as non‐
digestible parts of food. Diet rich in fiber has been reported to have an inverse relationship to
cardiovascular risk. Therefore, fiber‐enriched diets are recommended by many leading
organizations to improve human health [36–37]. The chemical composition of dietary fibers is
carbohydrate in nature; they are present in edible plants. Dietary fibers resist alimentary
digestive enzymes, are non‐absorbable and susceptible for partial fermentation by normal
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flora gastrointestinal tract [36–37]. Generally, dietary fibers are classified according to their
solubility into soluble and insoluble fibers. Inulin, oligofructosides, pectin, mucilage, psyllium,
gum, polysaccharides, and β‐glucans are examples for soluble fibers, whereas lignin, cellulose,
hemicellulose, and resistant starch are examples for insoluble fibers [38–41]. Chitosan can
reduce the risk of cardiovascular diseases because it can lower triacylglycerol and cholesterol
levels by increasing bile acid excretion [42].

Dietary fibers have hypolipidemic effect over both triacylglycerol and cholesterol‐enriched
lipoproteins [41]. The biochemical mechanisms underlying the hypolipidemic effect of dietary
fibers may be due to different hypotheses. Dietary fibers form complexes with dietary fats,
cholesterol, and bile acids. Therefore, fat digestion by pancreatic lipases is inhibited, while
hepatic bile synthesis and cholesterol excretion are enhanced [41, 43]. In addition, dietary fibers
can entrap water and water‐soluble foodstuff, such as glucose, resulting in reduction in glucose
absorption. Therefore, post‐prandial plasma insulin declines with suppression of its stimulat‐
ing action for 3‐hydroxy‐3‐methylglutaryl‐CoA reductase in cholesterol synthesis. This
resulted in decrease of cholesterol biosynthesis with decrease in blood cholesterol levels [41,
43]. Fermentation of fibers by intestinal flora produces short chain fatty acids such as propionic
and butyric acids. These acids can suppress hepatic cholesterol synthesis via competitive
inhibition of 3‐hydroxy‐3‐methyl‐glutaryl CoA reductase and downregulate most of lipogenic
enzymes [41, 43–45].

Dietary fibers promote growth of intestinal microflora such as Lactobacillus acidophilus [37].
Therefore, dietary fibers that selectively stimulate the growth and activity of beneficial
microflora are known as “prebiotics”; “probiotics” in the gastrointestinal tract improve the
intestinal microbial balance, thus improving human health. When probiotics and prebiotics
are used in combination, they are known as “synbiotics” [46]. The use of synbiotics is to
improve gut health and exert other health‐promoting effects, such as modulation of the
immune system, antihypertensive effects, prevention of cancer, antioxidant effects, reduction
of dermatitis symptoms, facilitation of mineral absorption, and improvement of candidiasis
[46]. Additionally, synbiotics has cholesterol‐lowering properties through deconjugation of
bile acids by bile‐salt hydrolase, thus leading to coprecipitation of cholesterol with deconju‐
gated bile [46]. Other explanations for cholesterol‐lowering effects of probiotics include
utilization of cholesterol in the cell membranes during growth of probiotics, conversion of
cholesterol into coprostanol and production of short‐chain fatty acids upon prebiotics fermen‐
tation by probiotics [46].

Dietary fibers are present in nuts, beans, lentil, lupin, blueberries, cucumber, green leafy
vegetables, green beans, carrot, celery, yoghurt, and fermented foods.

2.2.4. Antioxidants

Antioxidants can minimize cellular damage by inactivating free radicals, which could attack
other cellular molecules. Enzymatic antioxidants that could provide a protection against free
radicals are superoxide dismutase, catalase, and glutathione peroxidases [47]. Non‐enzymatic
antioxidants with similar function are present widely in the biological system and able to
quench many types of free radicals. They include glutathione, vitamin E, vitamin C, β‐carotene,
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retinols, selenium, copper, zinc, manganese, and others [47]. Hypercholesterolemia upregu‐
lates the activity of free radical–generating enzymes; however, it downregulates the activity
of antioxidant enzymes that trigger the production of reactive oxygen metabolites [48]. These
reactive metabolites provoke lipoproteins oxidation, protein glycation, and glucose auto‐
oxidation. Therefore, hypercholesterolemia has been implicated as pathogenesis of pancrea‐
titis, hepatitis, renal injury, stroke, atherosclerosis, and metabolic syndrome by oxidative
damage‐dependent mechanism [49].

There are scientific evidences of the protective effects of naturally occurring antioxidants in
biological systems. Consequently, the identification of natural antioxidants with cholesterol‐
lowering effect in diet consumed by human is very important. Antioxidants are attractive
alternative therapy to treat hypercholesterolemic patients [50]. The antioxidants with choles‐
terol‐lowering capability include antioxidant vitamins, coenzymeQ‐10, resveratrol, grape
seed, cherry seed, and spices. Moreover, flavonoids, such as silymarin, rutin, quercetin,
naringin, and hesperidin, were used for the same purpose [7–9]. Chrysin is a natural flavonoid
that is able to decrease plasma lipid concentration and has an antioxidant property [51].
Moreover, rice bran oil is involved in lipid metabolism and oxidation; therefore, it has
significant health benefits by the modulation of lipid profiles and preservation of normal redox
balance in hypercholesterolemic conditions [52]. Antioxidants are exerting their beneficial
effects as free radical scavengers and as chelators of pro‐oxidant metals. Furthermore,
administration of antioxidants augments endogenous antioxidant power as well as inhibits
free radicals generating enzymes [54]. Antioxidants inhibit the oxidation of lipoproteins,
protect the oxidative damage of erythrocytes and preserve the availability of nitric oxide in the
body [53]. Consequently, antioxidants prevent hypercholesterolemia‐induced vascular cells
damage. Vegetables and fruits are good source of antioxidants; they include reddish, lettuce,
carrot, tomato, cucumber, red cabbage, and low caloric fruits such as apple, grape fruits and
orange.

2.2.5. Antinutrients

Antinutrients are plant secondary metabolites such as saponins, flavonoids, alkaloids, tannins,
oxalates, phytates, protease inhibitors, amylase inhibitors, lipase inhibitors, and lectins. They
are secreted by the plant as a part of the defense mechanism [54, 55]. Human beings use these
agents for many beneficial purposes. Some of the antinutrients are used in modulation of
gastrointestinal function. Lectins have high binding capacity to the intestinal brush border
membrane. This stimulates the release of anorectic neuropeptides that produce satiety and
decrease food intake [55]. However, lectins can cause severe intestinal damage with disrupting
digestion provoking food allergies and other immune responses [55]. Saponins are amphi‐
pathic antinutrients which can reduce cholesterol absorption by disruption of cholesterol
micelle formation and downregulate the activity of lipogenic enzymes [54, 55]. Furthermore,
saponins also reduce the uptake of glucose from the gut through intraluminal physicochemical
interaction [54, 55].

Tannins are present in most cereals and are able to inhibit the activities of protease, amylase
and lipase [54–56]. Chlorogenic acid is a member of antinutrients present in green coffee.
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Soybeans, fenugreek, bean, and ginseng are good sources of antinutrients. Antinutrients have
immune‐potentiating action, anticancer effect, and antioxidant power, which could prevent
cardiovascular diseases. However, the risk of hemolysis, pancreatic hypertrophy, minerals
deficiency, vitamins deficiency, and other malabsorption syndrome must be considered during
intake of antinutrients for treatment of hypercholesterolemia [54–56]. Table 1 annotated the
common dietary sources, the main mechanisms of action, and the probable side effects of
natural cholesterol lowering agents.

Cholesterol

buster 

Dietary source  Main mechanism

of action 

Probable

side effects

Healthy fats Salmon, flaxseed,

and canola

oils

Decrease cholesterol

synthesis and

increase its catabolism

Depletion of

antioxidant

Phytosterols Corn, soybeans,

and sunflower

seeds

Induce expression of

ATP‐binding

cassette transporters

Beta‐Sitosterolemia

Dietary fibers Legumes, beans,

and vegetables

Form complexes with

dietary cholesterol

and bile acids

Abdominal discomfort

Antinutrients Beans, fenugreek,

and ginseng

Produce satiety

and decrease

cholesterol micelles

formation

Hemolysis and

malabsorption

syndrome

Antioxidants Fruits, vegetables,

and rice

bran oil

Decrease free radicals

formation

and lipoprotein

oxidation

‐

L‐arginine Poultry,

seafood,

and lupine

Antioxidants and

restores

nitric oxide

bioavailability

Hypotension

Table 1. The common dietary sources, the main mechanisms of action, and the probable side effects of natural
cholesterol busters.

2.2.6. L‐Arginine

Nitric oxide is an important vasodilator and has many biological functions. Several cells
including endothelial cells and erythrocytes can produce nitric oxide which uses L‐arginine
as a substrate and tetrahydrobiopterin and flavoproteins as cofactors [57, 58]. Hypercholes‐
terolemia is associated with the increased oxidative stress that reduces the nitric oxide
bioavailability through disruption of L‐arginine transport into cells, inactivation of nitric oxide
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synthase, and activation of arginase [9, 58, 59]. Furthermore, high blood cholesterol levels
increase endogenous L‐arginine analogues that are able to inhibit nitric oxide synthesis. In
particular, asymmetric dimethylarginine competes with L‐arginine at the catalytic site of nitric
oxide synthase, and symmetric dimethylarginine blocks the transport of L‐arginine into the
cells via the transporter for cationic amino acids [9, 58, 59]. In hypercholesterolemia, erythro‐
cytes and endothelial cells float in cholesterol‐enriched media. This results in a decrease of
nitric oxide production and endothelial dysfunction [9, 58, 59]. On the contrary, L‐arginine
supplementation restores nitric oxide levels and reduces vascular oxidative damage in
hypercholesterolemic conditions [57]. It has been reported that L‐arginine–enriched foods
lower LDL levels; this indicates positive health benefits associated with L‐arginine on cardio‐
vascular system [60]. Moreover, dietary supplementation with L‐arginine stimulates nitric
oxide biosynthetic pathway. In addition, polyphenolic compound mediates L‐arginine
transport into cells and enhances nitric oxide production [60, 61]. L‐arginine–enriched foods
include dairy products, poultry, seafood, wheat germ, lupine, granola, oatmeal, peanuts, nuts,
pumpkin seed, and chickpeas. The risk of hypotension must be considered during intake of
L‐arginine as a cholesterol‐lowering agent. Figure 3 shows role of cholesterol busters in
prevention hypercholesterolemia induced endothelial dysfunction.

Figure 3. Mechanisms of action of cholesterol busters in prevention hypercholesterolemia induced endothelial dys‐
function. Green color indicates the site of action of therapeutic agent.
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3. Suggestion and recommendations

Based on the current data in this chapter, the following recommendations aid in maintaining
a healthy life.

• Eat three to five healthy diet daily containing different foods. Healthy diets contain fruits,
vegetables, and legumes with less fat and carbohydrate.

• Reduce the intake of salt, flour, and sugar; use more fibers and reduce the amount of food
in your plate.

• Consume cold water and sugar‐free gum during a feeling of false or emotional hunger.

• Motivate regularly such as walking, riding a bike, and other activities (30–45 min), at least
5 days weekly to burn off the excess calories.

• Prohibit bad habits such smoking and alcohol drinking as conceivable.

• Avoid overcrowding, noise, and contaminant exposure as possible.

• Check your body weight weekly.

• Examine your blood sugar level and plasma lipids profile for every 6 months.

4. Summary

Healthy diet and exercise can successfully manage blood cholesterol levels, besides supple‐
mentation of natural cholesterol busters. Natural cholesterol busters not only decrease
cholesterol absorption, but also increase cholesterol metabolism and elimination. The inter‐
vention of natural cholesterol busters is the safest strategy in the prevention and treatment of
hypercholesterolemia. The hypocholesterolemic properties of natural cholesterol busters have
been proved; however, further studies are required to address general recommendations
considering human variability in response to dietary regimen. The natural cholesterol busters
are found in cereals, oatmeal, fruits, vegetables, and legumes. In case of failure of natural
cholesterol busters as first choice cholesterol‐lowering option, the cholesterol‐lowering drugs
are recommended with natural cholesterol busters. Take care that high intake of antinutrients
may be associated with serious health problems due to the presence of phytate, oxalate,
cyanogenic glycoside, and other toxic antinutrients.

Acknowledgements

The authors extend their appreciation to Kayyali Chair for Pharmaceutical Industry, Depart‐
ment of Pharmaceutics, College of Pharmacy, King Saud University for funding this work
through the research project Number (G‐2016‐1).

Natural Cholesterol Busters
http://dx.doi.org/10.5772/64077

11



Author details

Gamaleldin I. Harisa1,3*, Sabry M. Attia2 and Gamil M. Abd Allah3

*Address all correspondence to: harisa@ksu.edu.sa

1 Kayyali Chair for Pharmaceutical Industry, College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia

2 Department of Pharmacology and Toxicology, College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia

3 Department of Biochemistry, College of Pharmacy, Al‐Azhar University (Boys), Nasr City,
Cairo, Egypt

References

[1] Widmaier E, Raff H, Strang K. Vander's human physiology: the mechanisms of body
function. 13th ed. New York, NY: McGraw‐Hill Science/Engineering/Math; 2013.

[2] Ikonen E. Cellular cholesterol trafficking and compartmentalization. Nat Rev Mol Cell
Biol. 2008; 9(2):125–38.

[3] Xu S, Liu Z, Liu P. HDL cholesterol in cardiovascular diseases: the good, the bad, and
the ugly? Int J Cardiol. 2013; 168(4):3157–9.

[4] Tabas I. Consequences of cellular cholesterol accumulation: basic concepts and
physiological implications. J Clin Invest. 2002; 110(7):905–11.

[5] Harisa GI, Badran M, Alanazi F, Attia S, Shazly G. Influence of pravastatin chitosan
nanoparticles on erythrocytes cholesterol and redox homeostasis: an in vitro study.
Arab J Chem. 2015; http://dx.doi.org/10.1016/j.arabjc.2015.10.016. In press.

[6] Petyaev IM. Improvement of hepatic bioavailability as a new step for the future of statin.
Arch Med Sci. 2015; 11(2):406–10.

[7] Franiak‐Pietryga I, Koter‐Michalak M, Broncel M, Duchnowicz P, Chojnowska‐
Jezierska J. Anti‐inflammatory and hypolipemic effects in vitro of simvastatin compar‐
ing to epicatechin in patients with type‐2 hypercholesterolemia. Food Chem Toxicol.
2009; 47(2):393–7.

[8] Duchnowicz P, Bors M, Podsędek A, Koter‐Michalak M, Broncel M. Effect of polyphe‐
nols extracts from Brassica vegetables on erythrocyte membranes (in vitro study).
Environ Toxicol Pharmacol. 2012; 34(3):783–90.

Cholesterol Lowering Therapies and Drugs12



[9] Csonka  C,  Sárközy  M,  Pipicz  M,  Dux  L,  Csont  T.  Modulation  of  hypercho‐
lesterolemia‐induced  oxidative/nitrative  stress  in  the  heart.  Oxid  Med  Cell
Longev.  2016;3863726.

[10] Harisa  GI,  Alanazi  FK.  The  beneficial  roles  of  Lupineus  luteus  and  lifestyle
changes  in  management  of  metabolic  syndrome:  a  case  study.  Saudi  Pharm  J.
2015;  23(6):712–5.

[11] Plaisance EP, Fisher G. Exercise and dietary‐mediated reductions in postprandial
lipemia. J Nutr Metab. 2014;902065.

[12] Togashi K, Masuda H, Iguchi K. Effect of diet and exercise treatment for obese Japanese
children on abdominal fat distribution. Res Sports Med. 2010; 18(1):62–70.

[13] McCullough ML, Patel AV, Kushi LH, Patel R, Willett WC, Doyle C, Thun MJ, Gapstur
SM. Following cancer prevention guidelines reduces risk of cancer, cardiovascular
disease, and all‐cause mortality. Cancer Epidemiol. Biomarkers Prev. 2011; 20(6):1089–
97.

[14] Chelland Campbell S, Moffatt RJ, Stamford BA. Smoking and smoking cessation the
relationship between cardiovascular disease and lipoprotein metabolism: a review.
Atherosclerosis. 2008; 201(2):225–35.

[15] Oliva J, French SW, Li J, Bardag‐Gorce F. Proteasome inhibitor treatment reduced fatty
acid, triacylglycerol and cholesterol synthesis. Exp Mol Pathol. 2012; 93(1):26–34.

[16] Wang  Z,  Yao  T,  Song  Z.  Chronic  alcohol  consumption  disrupted  cholesterol
homeostasis  in  rats:  down‐regulation  of  low‐density  lipoprotein  receptor  and
enhancement  of  cholesterol  biosynthesis  pathway  in  the  liver.  Alcohol  Clin  Exp
Res.  2010;  34(3):471–8.

[17] Gillingham LG, Harris‐Janz S, Jones PJ. Dietary monounsaturated fatty acids are
protective against metabolic syndrome and cardiovascular disease risk factors. Lipids.
2011; 46:209–28.

[18] Engler MM, Engler MB. Omega‐3 fatty acids: role in cardiovascular health and disease.
J Cardiovasc Nurs. 2006; 21:17–24; quiz 25–6.

[19] Grenon SM, Hughes‐Fulford M, Rapp J, Conte MS. Polyunsaturated fatty acids and
peripheral artery disease. Vasc Med. 2012; 17:51–63.

[20] Seo T, Blaner WS, Deckelbaum RJ. Omega‐3 fatty acids: molecular approaches to
optimal biological outcomes. Curr Opin Lipidol. 2005; 16:11–8.

[21] Brenna JT. Efficiency of conversion of alpha‐linolenic acid to long chain n−3 fatty acids
in man. Curr Opin Clin Nutr Metab Care. 2002; 5:127–32.

[22] Adkins Y, Kelley DS. Mechanisms underlying the cardioprotective effects of omega‐3
polyunsaturated fatty acids. J NutrBiochem. 2010; 21:781–92.

Natural Cholesterol Busters
http://dx.doi.org/10.5772/64077

13



[23] Gomez Candela C, Bermejo Lopez LM, Loria Kohen V. Importance of a balanced omega
6/omega 3 ratio for the maintenance of health: nutritional recommendations. Nutr
Hosp. 2011; 26:323–9.

[24] Balogun K, & Cheema S. Cardioprotective role of omega‐3 polyunsaturated fatty acids
through the regulation of lipid metabolism. Ch. 27 in: Jagadeesh J, et al. (editors).
Pathophysiology and pharmacotherapy cardiovascular disease. 1st ed. 2015. Aids (an
imprint of Springer), Germany.

[25] Le Jossic‐Corcos C, Gonthier C, Zaghini I, Logette E, Shechter I, Bournot P. Hepatic
farnesyl diphosphate synthase expression is suppressed by polyunsaturated fatty
acids. Biochem J. 2005; 385:787–94.

[26] Davidson MH. Mechanisms for the hypotriglyceridemic effect of marine omega‐3 fatty
acids. Am J Cardiol. 2006; 98:27i–33.

[27] Genser B, Silbernagel G, De Backer G, Bruckert E, Carmena R, Chapman MJ et al. Plant
sterols and cardiovascular disease: a systematic review and meta‐analysis. Eur Heart
J. 2012; 33(4):444–51.

[28] Thompson GR, Grundy SM. History and development of plant sterol and stanol esters
for cholesterol‐lowering purposes. Am J Cardiol. 2005; 96(Suppl):3D–9D.

[29] O'Neill FH, Sanders TA, Thompson GR. Comparison of efficacy of plant stanol ester
and sterol ester: short‐term and longer‐term studies. Am J Cardiol. 2005; 96(1A):29D–
36D.

[30] Miettinen TA, Gylling H. Effect of statins on noncholesterol sterol levels: implications
for use of plant stanols and sterols. Am J Cardiol. 2005; 96(1A):40D–6D.

[31] Cater  NB,  Garcia‐Garcia  AB,  Vega  GL,  Grundy  SM.  Responsiveness  of  plasma
lipids  and  lipoproteins  to  plant  stanol  esters.  Am  J  Cardiol  2005;  96(Suppl):
23D–8D.

[32] Assmann G, Seedorf U. Phytosterols, plasma lipids and CVD risk. Ch. 29 in: Mancini
M, et al. (editors). Nutritional and metabolic bases of cardiovascular disease. 1st ed.
2011. Blackwell Publishing Limited, USA.

[33] Rosin S, Ojansivu I, Kopu A, Keto‐Tokoi M, Gylling H. Optimal use of plant stanol ester
in the management of hypercholesterolemia. Cholesterol. 2015; 2015:706970.

[34] King ED. Dietary fiber, inflammation, and cardiovascular disease. Mol Nutr Food Res.
2005; 49(6):594–600.

[35] Mudagil D, Barak S. Composition, properties and health benefits of indigestible
carbohydrate polymers as dietary fiber: a review. Int J Biol Macromol. 2013; 61:1–6.

[36] Papathanasopoulos A, Camilleri M. Dietary fiber supplements: effects in obesity and
metabolic syndrome and relationship to gastrointestinal functions. Gastroenterology.
2010; 138:65–72.

Cholesterol Lowering Therapies and Drugs14



[37] Slavin JL. Carbohydrates, dietary fiber, and resistant starch in white vegetables: links
to health outcomes. Adv Nutr. 2013; 4:351S–15S.

[38] Cani PD, Possemiers S, Van de Wiele T, et al. Changes in gut microbiota control
inflammation in obese mice through a mechanism involving GLP‐2‐driven improve‐
ment of gut permeability. Gut. 2009; 58(8):1091–103.

[39] Urías‐Silvas JE, Cani PD, Delmée E, Neyrinck A, López MG, Delzenne NM. Physio‐
logical effects of dietary fructans extracted from Agave tequilanaGto and Dasylirion
spp. Br J Nutr. 2008; 99(2):254–61.

[40] Retelny VS, Neuendorf A, Roth JL. Nutrition protocols for the prevention of cardio‐
vascular disease. Nutr Clin Pract. 2008; 23(5):468–76.

[41] Theuwissen E, Mensink RP. Water‐soluble dietary fibers and cardiovascular disease.
Physiol Behav. 2008; 94(2):285–92.

[42] Xia, W. Liu P, Zhang J, Chen J. Biological activities of chitosan and chitooligosacchar‐
ides. Food Hydrocoll. 2011; 25:170–9.

[43] Giovane A, Napoli C. Protective effects of food on cardiovascular disease. Ch. 24 in:
Sauer H, et al. (editors). Studies on cardiovascular disorders. 2010. Humana Press (an
imprint of Springer), USA.

[44] Artiss JD, Brogan K, Brucal M, Moghaddam M, Jen KL. The effects of a new soluble
dietary fiber on weight gain and selected blood parameters in rats. Metabolism. 2006;
55(2):195–202.

[45] Delzenne NM, Williams CM. Prebiotics and lipid metabolism. Curr Opin Lipidol. 2002;
13(1):61–67.

[46] Ooi LG, Liong MT. Cholesterol‐lowering effects of probiotics and prebiotics: a review
of in vivo and in vitro findings. Int J Mol Sci. 2010; 11(6):2499–522.

[47] Chitra KP, KS Pillai. Antioxidants in health. Ind J Physiol Pharmacol. 2002; 46(1):1–5.

[48] Costa LG1, Giordano G, Furlong CE. Pharmacological and dietary modulators of
paraoxonase 1 (PON1) activity and expression: the hunt goes on. Biochem Pharmacol.
2011; 81(3):337–44.

[49] Olorunnisola OS, Bradley G, Afolayan AJ. Protective effect of T. violacea rhizome
extract against hypercholesterolemia‐induced oxidative stress in Wistar rats. Mole‐
cules. 2012; 17(5):6033–45.

[50] Deng R. Food and food supplements with hypocholesterolemic effects. Recent Pat Food
Nutr Agric. 2009; 1(1):15–24.

[51] Zarzecki, MS, Araujo SM, Bortolotto VC, de Paula MT. Hypolipidemic action of chrysin
on Triton WR‐1339‐induced hyperlipidemia in female C57BL/6 mice. Toxicol Rep. 2014;
1:200–8.

Natural Cholesterol Busters
http://dx.doi.org/10.5772/64077

15



[52] Minhajuddin M1, Beg ZH, Iqbal J. Hypolipidemic and antioxidant properties of
tocotrienol rich fraction isolated from rice bran oil in experimentally induced hyperli‐
pidemic rats. Food Chem Toxicol. 2005; 43(5):747–53.

[53] Vogiatzi G, Tousoulis D, Stefanadis C. The role of oxidative stress in atherosclerosis.
Hell J Cardiol. 2009; 50(5):402–9.

[54] Soetan KO. Pharmacological and other beneficial effects of antinutritional factors in
plants: a review. Afr J Biotechnol 2008; 7(25):4713–21.

[55] Ramírez‐Jiménez AK, Reynoso‐Camacho R, Elizabeth Tejero M, León‐Galván F, Loarca‐
Piña G. Potential role of bioactive compounds of Phaseolus vulgaris L. on lipid‐lowering
mechanisms. Food Res Int 2015; 7692–104.

[56] Meng S, Cao J, Feng Q, Peng J, Hu Y. Roles of chlorogenic acid on regulating glucose
and lipids metabolism: a review. Evid Based Complement Alternat Med. 2013;
2013:801457.

[57] Ramírez‐Zamora S, Méndez‐Rodríguez ML, Olguín‐Martínez M, Sánchez‐Sevilla L,
Quintana‐Quintana M, García‐García N, Hernández‐Muñoz R. Increased erythrocytes
by‐products of arginine catabolism are associated with hyperglycemia and could be
involved in the pathogenesis of type 2 diabetes mellitus. PLoS One. 2013; 8(6):e66823.

[58] Harisa GI. L‐Arginine ameliorates arylesterase/ paraoxonase activity of paraoxonase‐
1 in hypercholesterolemic rats. Asian J Biochem. 2011; 6(3):263–72.

[59] Eligini S, Porro B, Lualdi A, Squellerio I, Veglia F, Chiorino E, Crisci M, Garlaschè A,
Giovannardi M, Werba JP, Tremoli E, Cavalca V. Nitric oxide synthetic pathway in red
blood cells is impaired in coronary artery disease. PLoS One. 2013; 8(8):e66945.

[60] Palloshi A, Fragasso G, Piatti P, Monti LD, Setola E, Valsecchi G, Galuccio E, Chierchia
SL & Margonato A. Effect of oral L ‐arginine on blood pressure and endothelial function
in patients and symptoms with systemic hypertension, Positive exercise tests, and
normal coronary arteries. Am J Cardiol. 2004; 93:933–5.

[61] Harisa GI, Mariee AD, Abo‐Salem OM, Attia SM. Erythrocyte nitric oxide synthase as
a surrogate marker for mercury‐induced vascular damage: the modulatory effects of
naringin. Environ Toxicol. 2014; 29(11):1314–22.

Cholesterol Lowering Therapies and Drugs16


