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ABSTRACT

Foods and nutrients play a vital role in normal functioning of the body. They
are helpful in maintaining the health of the individual and in reducing the risk
of various diseases. Worldwide acceptance of this fact formed a recognition
link between "nutrition" and "health" and the concept of "nutraceuticals"
has evolved. More than any other disease, the etiology of cardiovascular
disease reveals many risk factors that are amenable to nutraceutical
intervention. The scientific literature shows that there are several bioactive
ingredients that are present in small amounts in plants that can affect
mammalian biological processes relevant to cardiovascular disease and other
common human diseases. The ability of bioactive ingredients to positively
influence cardiovascular risk factors should be recognized as an enormous
opportunity in the treatment of a highly prevalent disease. Nutraceuticals
hold promise in clinical therapy as they have the potential to significantly
reduce the risk of side effects associated with drugs and pills along with
reducing the global health care cost. Common ingredients that have been
studied include soluble fiber (from oats and psyllium); long-chain omega-3
fatty acids; plant sterols or phytosterols; polyphenols (from dark chocolate,
red wine, green tea, or extravirgin olive oil); isoflavones from soy; Chinese
red-yeast rice; and probiotics from dairy products. Amongst this vast array of
bioactives, there is emerging evidence indicating role of phytosterols in
mitigating risk of cardiovascular disease and promoting general health and
well-being. Phytosterols are cholesterol-like molecules found in all plant
foods. They are absorbed only in trace amounts but inhibit the absorption of
intestinal cholesterol including recirculating endogenous biliary cholesterol, a
key step in cholesterol elimination. In this review, an attempt has been made
to summarize some of the recent research findings on phytosterols that have
beneficial effects on the heart, in order to update the practicing clinician on
the benefit of using phytosterols for the management of cardiovascular
diseases.

INTRODUCTION: Worldwide, the burdens of chronic and 46% of the global burden of disease

diseases like cardiovascular diseases, cancers, diabetes ~ Cardiovascular diseases (CVD) is the name for the
and obesity is rapidly increasing. In 2001, 8roup of disorders of the heart and blood vessels and
cardiovascular diseases contributed approximately 59%  include hypertension (high blood pressure), coronary
of the 56.5 million total reported deaths in the world  heart disease (heart attack), cerebrovascular disease

Available online on www.ijpsr.com 590



Jyotika Dhankhar, 1JPSR, 2013; Vol. 4(2): 590-596

(stroke), heart failure, peripheral vascular disease, etc.
These CVDs include hypertension, stroke, and coronary
heart disease, including angina pectoris and myocardial
infarction. Normalization of abnormal lipids and
lipoproteins, hypertension, inhibition of platelet
aggregation, and an increase in antioxidant status are
believed to improve cardiovascular disease.

Majority of the CVD are preventable and controllable
through dietary manipulation. Many research studies
have identified a protective role of nutraceuticals
against CVD 2. The phytosterols are arguably the most
intensively studied of nutraceutical substances with
regard to prevention of CVD and as a result,
conclusions about them can be drawn with good
scientific support. Phytosterols are plant-derived
sterols that are structurally similar and functionally
analogous to cholesterol in vertebrate animals. In
many foods sitosterol is the most abundant form,
followed by campesterol and stigmasterol.

The plant sterols are esterified in intestinal cells by
creating an ester bond between a fatty acid and the
sterol or stanol.Esterification makes plant sterols and
stanols more fat-soluble so they are easily
incorporated into fat-containing micelles in body.The
various research work has shown that phytosterol
feeding resulted in changes in serum cholesterol levels
and dietary cholesterol absorption was noticed to be
inhibited and the response to a high-cholesterol diet
was attenuated .

Structure: The chemical structure of common
phytosterols is shown in Figures 1 and 2.The term
“sterol” is traditionally applied by chemists to a
substance with the fused cyclopentanophenanthrine
ring structure of cholesterol plus an alcohol moiety
and, in this sense, all the compounds in Figures 1 and 2
are sterols.

However, recent convention among nutritionists has
divided phytosterols into the two categories of
“sterols”or “A’-sterols,” indicating a double bond at
position 5, and “stanols,” indicating 5a-reduction of
that double bond . These classes are reflected in the
common names of the compounds. The sitosterol is
structurally identical to sitostanol except for the
double bond at position 5, and campesterol bears the
same relationship to campestanol.
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Reduction of the double bond to give a B-hydrogen at
position 5 (facing upward from the ring system) is a
common intestinal bacterial degradation product of
cholesterol and plant sterols but is not generally found
in foods > ®. Sterol biosynthesis and metabolism are
quite different in plants and animals 7. Cholesterol is
synthesized from acetate through the straight-chain
compound squalene and then cyclized to form many
intermediate precursor sterols, but the final product is
most often nearly pure cholesterol, and only trace
amounts of related precursors are found in humans 8,
In plant cells phytosterols are also synthesized from
acetate subunits through squalene, but the first
cyclized product after squalene is the unique plant
sterol cycloarterol (Figure 2).

Some foods, such as rice, contain cycloartenol or
related compounds in significant amounts °. Plants
produce a variety of final sterol products, and each
species has a characteristic distribution of sterols that
has sometimes been used as a chemical fingerprint for
identification of food product sources. Although
modifications to the sterol nucleus occur, the most
common plant sterols have a nucleus that is identical
to cholesterol, with changes occurring in the side
chain. In foods three compounds account for most of
the phytosterol mass: sitosterol (24-ethylcholesterol),
campesterol (24-methylcholesterol), and stigma sterol
(122-24-ethylcholesterol).

The structural similarity to cholesterol is striking, and it
is difficult to separate cholesterol from phytosterols or
different phytosterols from each other by physical
methods unless powerful techniques such as high
pressure liquid chromatography or gas chromato-
graphy involving thousands of theoretical plates are
employed.

The complexity of phytosterols is increased further by
steric asymmetry. Addition of alkyl groups in the side
chain results in the substituted carbon becoming
asymmetric 10 Generally the a-configuration is more
common in higher plants, whereas the B-configuration
predominates in algae ’. Stereochemistry has not
generally been considered in human and animal
studies of phytosterols. In animals most of the total
body cholesterol is free, with a relatively small
aggregate amount present as long-chain fatty acyl
esters in plasma lipoproteins and specialized cells.
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Plants have a more diverse variety of derivatives at the
3-position.Long-chain fatty acyl esters are present in
most plants and constitute over 50% of the total sterol
in foods such as corn oil **. Ferrulate esters are found
in appreciable quantity in many foods 12, Glycosylation
occurs more actively in plants than in animals, and
glycosylated phytosterols are a minor component of
most foods. However, the amount is sometimes
appreciable, and glycosides constitute 82% of potato
phytosterols 3 1t should be emphasized that glycosidic
linkages are not cleaved by the alkaline conditions used
to hydrolyze sterol esters but rather require acidic
hydrolysis. Phytosterol glycosides are therefore not
measured by common procedures for phytosterol
guantitation, and future techniques need to include
both alkaline and acidic hydrolysis conditions.

Chelesterol

Sitosterol

HO

Campesterel

Sliemasteral

HE

FIGURE 1: CHOLESTEROL AND COMMON A®-PHYTOSTEROLS
Source: Berger et al., 2004
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FIGURE 2: PHYTOSTANOLS WITH 5A CONFIGURATION
Source: Berger et al., 2004

Sources & Foods Enriched with Plant Sterols and Plant
Stanols: Phytosterols are found in all plant foods, but
the highest concentrations are found in unrefined
plant oils, including vegetable, nut, and olive oils **.
Nuts, seeds, whole grains, and legumes are also good
dietary sources of phytosterols . The majority of
clinical trials that demonstrated a cholesterol-lowering
effect used plant sterol or stanol esters solubilized in
fat-containing foods, such as margarine or mayonnaise
® More recent studies indicate that low-fat or even
nonfat foods can effectively deliver plant sterols or
stanols if they are adequately solubilized >’ 2.

Plant sterols or stanols added to low-fat yogurt ™ %%,

low-fat milk 23'25, low-fat cheese 26, dark chocolate 27,
and orange juice 28,29 have been reported to lower LDL
cholesterol in controlled clinical trials.
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A variety of foods containing added plant sterols or
stanols, including margarines, mayonnaises, vegetable
oils, salad dressings, yogurt, milk, soy milk, orange
juice, snack bars, and meats, are available in the U.S,,
Europe, Asia, Australia, and New Zealand Y A recent
meta-analysis found that plant sterols/stanols added to
fat spreads, mayonnaise, salad dressings, milk, or
yogurt were more effective in reducing LDL cholesterol
levels compared to when plant sterols/stanols were
incorporated into other products, such as chocolate,
orange juice, cheese, meats, and cereal bars 30

Available research indicates that the maximum
effective dose for lowering LDL cholesterol is about 2
g/d ' and the minimum effective dose is 0.8-1.0 g/d *’.
In the majority of clinical trials that demonstrated a
cholesterol-lowering effect, the daily dose of plant
sterols or stanols was divided among two or three
meals, which may be more effective in lowering LDL
cholesterol *°. However, consumption of the daily dose
of plant sterols or stanols with a single meal has been

found to lower LDL cholesterol in a few clinical trials **
21,22,31,32

TABLE 1: PHYTOSTEROL CONTENTS FROM NATURAL SOURCES

Food Phytosterols (mg)
Wheat germ 197
Rice bran oil 162

Sesame oil 118
Corn oil 102
Canola oil 92
Peanuts 62
Wheat bran 58
Brussels sprouts 34
Rye bread 33
Macadamia nuts 33
Olive oil 22
Sunflower oil 725
Safflower oil 444
Soybean oil 221
Almonds 143
Beans 76
Corn 70
Wheat 69
Palm oil 49
Lettuce 38
Banana 16
Apple 12

SOURCE: Weirauch & Gardner 1978
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Absorption and Metabolism of Dietary Phytosterols:
This mechanism of cholesterol reduction by
phytoesterol has withstood the test of time and
scientific scrutiny, but much remains to be learned
about its details. Although varied diets typically contain
similar amounts of phytosterols and cholesterol, serum
phytosterol concentrations are usually several hundred
times lower than serum cholesterol concentrations in
humans 3. The effect of phytosterols on cholesterol
absorption is incomplete. In contrast to the drug
ezetimibe, which can reduce cholesterol absorption by
more than 90% in animals ** **, cholesterol absorption
is reduced by about 30-50%

at maximum doses of phytosterols 36,3712 Cholesterol

absorption is a very important physiological
mechanism that is not limited to dietary cholesterol
intake. Both dietary cholesterol (»300 mg/day) and
recirculating biliary cholesterol (»1000 mg/day) mix in
the intestine and are partially absorbed *. Failure to
reabsorb intestinal cholesterol is the principal means of
cholesterol elimination from the body. Because
phytosterols are not systemically absorbed, research
has focused on actions that occur within the intestinal
lumen. In vitro and in vivo studies of animals showed
that phytosterols compete with and displace
cholesterol from bile salt/phospholipid micelles, the
form from which cholesterol absorption occurs 40-42.

Like cholesterol, phytosterols must be incorporated
into mixed micelles before they are taken up by
enterocytes. Once inside the enterocyte, systemic
absorption of phytosterols is inhibited by the activity of
efflux transporters, consisting of a pair of ATP-binding
cassette (ABC) proteins known as ABCG5 and ABCG8 .,
ABCG5 and ABCG8 each form one half of a transporter
that secretes phytosterols and unesterified cholesterol
from the enterocyte into the intestinal lumen.

Phytosterols are secreted back into the intestine by
ABCG5/G8 transporters at a much greater rate than
cholesterol, resulting in much lower intestinal
absorption of dietary phytosterols than cholesterol.
Within the enterocyte, phytosterols are not as readily
esterified as cholesterol, so they are incorporated into
chylomicrons at much lower concentrations. Those
phytosterols that are incorporated into chylomicrons
enter the circulation and are taken up by the liver.
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Once inside the liver, phytosterols are rapidly secreted
into bile by hepatic ABCG5/G8 transporters. Although
cholesterol may also be secreted into bile, the rate of
phytosterol secretion into bile is much greater than
cholesterol secretion . Thus, the low serum
concentrations of phytosterols relative to cholesterol
can be explained by decreased intestinal absorption
and increased excretion of phytosterols into bile.A
careful analysis of the physical chemistry involved
showed that sitosterol has increased affinity for biliary
micelles compared with cholesterol, so sitosterol
uptake by micelles is energetically favored -,

The effect occurred in micelles containing the
trihydroxy bile salt taurocholate and not with the
dihydroxy bile salt glycodeoxycholate, suggesting that
the distribution of bile salts present in the intestine
may be important in determining the effectiveness of
phytosterols in reducing cholesterol absorption. The
lack of complete solubilization of cholesterol in bile
salt/phospholipid  micelles limits absorption s
supported by studies. Further evidence of the
importance of micellar solubility is the finding that the
absorbability of different sterols is directly related to
their equilibrium micellar concentration *°.

Even though evidence for intraluminal phytosterol
action is compelling; it is also hypothesized that
phytosterols may also work within the enterocyte. It is
established that phytosterols are retained in the
intestinal epithelium after oral ingestion 84 1tis likely
that phytosterols are incorporated into the plasma
membrane of the enterocyte and possibly internalized
as well. The latter is suggested by the finding in
phytosterolemia that systemic absorption of
phytosterols is associated with deficiency of the ABCG5
and ABCGS8 proteins that appear to remove sterols
from cells *.

In studies in which the transport of cholesterol and
sitosterol directly to intact intestinal mucosa or
mucosal cells has been measured, the transfer of
sitosterol has been significant, but with a rate that is
1/3 to 1/5 that of cholesterol ** ¥, Competition of
sitosterol with cholesterol for uptake into intestinal
epithelium can be demonstrated at high sterol
concentrations ** . More work is needed to determine
the extent of interaction of phytosterols with
cholesterol within the enterocyte.
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Inhibition of cholesterol absorption by the above
mechanisms produces a state of relative cholesterol
deficiency that is followed by upregulation of
cholesterol biosynthesis and LDL receptor activity >0,
After chronic phytosterol feeding whole body
cholesterol biosynthesis measured by incorporation of
deuterated water increased by 38-53% ! and
cholesterol precursor sterol concentration in the serum,
an indicator of cholesterol biosynthetic rate, rose 10—
46% 2. LDL receptor expression measured at the RNA
and protein level increased 25-43% and changes in LDL
levels correlated with LDL receptor expression in
peripheral cells 22,

At the level of the liver the LDL production rate was
reduced by 20% and the plasma concentration of
dense LDL was reduced by 22% with light LDL
remaining unchanged **. So, scientific studies have
suggested that phytosterols when consumed in the
diet decrease the absorption and plasma levels of
cholesterol. Increasing the aggregate amount of
phytosterols consumed in a variety of foods may be an
important way of reducing population cholesterol
levels and preventing coronary heart disease.

CONCLUSION: In the recent years, a trend has been
seen in that phytosterol incorporation in practical
commercial products which lower LDL cholesterol with
minimal risk. Although more work needs to be done on
the safety of phytosterols, it is likely the population risk
of heart disease can be reduced appreciably over time
by the use of more phytosterols in foods and
supplements. Up to this time attention has been
focused principally on the addition of phytosterol
esters to fatty foods. This needs to be complemented
by development of biologically active phytosterol
preparations that contain minimal fat and are capable
of being added to a variety of foods including nonfat
foods.

However, perhaps the most important future work
needs to be focused on the potential role of the lower
levels of phytosterols in the natural diet and standard
foods. Food databases need to include phytosterol
levels to allow dietary consumption to be calculated.
Clinical trials need to be done to evaluate the role of
phytosterols in vegetable oils and other foods with
respect to cholesterol lowering in which both the
phytosterol content and the fatty acid composition of
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the diet are measured and controlled. Finally, industrial
manufacturing processes need to emphasize the

retention of phytosterols

in foods. Refining of

vegetable oils can reduce the phytosterol content
substantially, taking out most of the phytosterols and
carotenoids from steam-refined palm oil* and making

substantial

reductions in other oils'**®  With

cooperation between the food industry and academia
phytosterols may prove to be a useful tool to reduce
cholesterol levels in large numbers of people with
minimum expense and risk.

REFERENCES:

10

11

12

13

14

15

WHO: Expert Report on Diet, Nutrition and the Prevention of
Chronic Disease. Technical Report Series 2003; 916, WHO/FAO.
Genkinger J M, Platz E A, Hoffman S C, Comstock G W,
Helzlsouer K: Fruit, vegetable, and antioxidant intake and all-
cause cancer. And cardiovascular disease mortality in a
community-dwelling  population  inWashington  County.
Maryland. Am J Epid 2004; 160 (12): 1223-1233.

Peterson DW: Effect of soybean sterols in the diet on plasma
and liver cholesterol in chicks. Proc Soc Exp Biol Med
1951,;78:143-47.

Katan MB, Grundy SM, Jones P, Law M, Miettinen T, Paoletti R:
Efficacy and safety of plant stanols and sterols in the control of
blood cholesterol levels. Arch Int Med Submitted 2002.
Miettinen TA: Gas-liquid chromatographic determination of
fecal neutral sterols using a capillary column. Clin Chim Acta
1982; 124:245-48.

Miettinen TA, Ahrens EH Jr, Grundy SM: Quantitative isolation
and gas-liquid chromatographic analysis of total dietary and
fecal neutral steroids. J Lipid Res 1982; 6:411-24.

Goodwin TW: Biosynthesis of plant sterols. In Sterols and Bile
Acids, ed. H Danielsson, J Sjovall, pp Elsevier 1985; 175-98.
Miettinen TA, Tilvis RS, Kesaniemi YA: Serum plant sterols and
cholesterol precursors reflect cholesterol absorption and
synthesis in volunteers of a randomly selected male population.
Am J Epidemiol 1990; 131:20-31.

Rogers EJ, Rice SM, Nicolosi RJ, Carpenter DR, McClelland CA,
Romanczyk L) :ldentification and quantitation of gamma-
oryzanol components and simultaneous assessment of tocols in
rice bran oil. J Am Qil Chem. Soc 1993;70:301-7.

Nes WR, Krevitz K, Behzadan S : Configuration at C-24 of 24-
methyl and 24- ethylcholesterol in tracheophytes. Lipids 1976;
11:118-26.

Kochhar SP: Influence of processing on sterols of edible
vegetable oils. Prog Lipid Res 1983; 22:161-88

Ostlund RE Jr, Racette SB, Okeke A, Stenson WF: Phytosterols
naturally present in commercial corn oil significantly reduce
cholesterol absorption in humans. Am J Clin Nutr. In press 2002.
Jonker D, van der Hoek GD, Glatz JFC, Homan C, Posthumus MA,
Katan MB: Combined determination of free, esterified and
glycosilated plant sterols in foods. Nutr Rep Int 1985; 32:943—
51.

Ostlund RE: Phytosterols in human nutrition. Annu Rev Nutr
2002; 22:533-549.

de Jong A, Plat J, Mensink RP: Metabolic effects of plant sterols
and stanols (Review). J Nutr Biochem 2003; 14(7):362-369.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

ISSN: 0975-8232

Katan MB, Grundy SM, Jones P, Law M, Miettinen T, Paoletti R:
Efficacy and safety of plant stanols and sterols in the
management of blood cholesterol levels. Mayo Clin Proc 2003;
78(8):965-978.

Berger A, Jones PJ, Abumweis SS: Plant sterols: factors affecting
their efficacy and safety as functional food ingredients. Lipids
Health Dis 2004; 3(1):5.

Ostlund RE: Phytosterols and cholesterol metabolism. Curr Opin
Lipidol 2004; 15(1):37-41.

Volpe R, Niittynen L, Korpela R, et al: Effects of yoghurt enriched
with plant sterols on serum lipids in patients with moderate
hypercholesterolaemia. Br J Nutr 2001; 86(2):233-239.

Mensink RP, Ebbing S, Lindhout M, Plat J, van Heugten MM:
Effects of plant stanol esters supplied in low-fat yoghurt on
serum lipids and lipoproteins, non-cholesterol sterols and fat
soluble antioxidant concentrations. Atherosclerosis 2002;
160(1):205-213.

Plana N, Nicolle C, Ferre R, et al: Plant sterol-enriched
fermented milk enhances the attainment of LDL-cholesterol
goal in hypercholesterolemic subjects. Eur J Nutr. 2008;
47(1):32-39.

Doornbos AM, Meynen EM, Duchateau GS, van der Knaap HC,
Trautwein EA: Intake occasion affects the serum cholesterol
lowering of a plant sterol-enriched single-dose yoghurt drink in
mildly hypercholesterolaemic subjects. Eur J Clin Nutr 2006;
60(3):325-333.

Noakes M, Clifton PM, Doornbos AME, Trautwein EA: Plant
sterol ester-enriched milk and yoghurt effectively reduce serum
cholesterol in modestly hypercholesterolemic subjects. Eur J
Clin Nutr 2005 ;44(4):214-222.

Thomsen AB, Hansen HB, Christiansen C, Green H, Berger A:
Effect of free plant sterols in low-fat milk on serum lipid profile
in hypercholesterolemic subjects. Eur J Clin Nutr 2004;
58(6):860-870.

Seppo L, Jauhiainen T, Nevala R, Poussa T, Korpela R: Plant
stanol esters in low-fat milk products lower serum total and LDL
cholesterol. Eur J Nutr 2007; 46(2):111-117.

Jauhiainen T, Salo P, Niittynen L, Poussa T, Korpela R: Effects of
low-fat hard cheese enriched with plant stanol esters on serum
lipids and apolipoprotein B in mildly hypercholesterolaemic
subjects. Eur J Clin Nutr. 2006; 60(11):1253-1257.

Allen RR, Carson L, Kwik-Uribe C, Evans EM, Erdman JW, Jr: Daily
consumption of a dark chocolate containing flavanols and
added sterol esters affects cardiovascular risk factors in a
normotensive population with elevated cholesterol. J Nutr
2008; 138(4):725-731.

Devaraj S, Jialal I, Vega-Lopez S: Plant sterol-fortified orange
juice effectively lowers cholesterol levels in mildly
hypercholesterolemic healthy individuals. Arterioscler Thromb
Vasc Biol 2004; 24(3):e25-28.

Devaraj S, Autret BC, Jialal I: Reduced-calorie orange juice
beverage with plant sterols lowers C-reactive protein
concentrations and improves the lipid profile in human
volunteers. Am J Clin Nutr. 2006; 84(4):756-761.

AbuMweis SS, Barake R, Jones P: Plant sterols/stanols as
cholesterol lowering agents: A meta-analysis of randomized
controlled trials. Food & Nutrition Research 2008; DOI:
10.3402/fnr.v52i0.1811.

Matvienko OA, Lewis DS, Swanson M, et al: A single daily dose
of soybean phytosterols in ground beef decreases serum total
cholesterol and LDL cholesterol in young, mildly
hypercholesterolemic men. Am J Clin Nutr 2002; 76(1):57-64.
Plat J, van Onselen EN, van Heugten MM, Mensink RP: Effects
on serum lipids, lipoproteins and fat soluble antioxidant

Available online on www.ijpsr.com 595


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15070410&query_hl=23&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11755939&query_hl=136&itool=pubmed_docsum

Jyotika Dhankhar, 1JPSR, 2013; Vol. 4(2): 590-596

33

34

35

36

37

38

39

40

41

42

43

concentrations of consumption frequency of margarines and
shortenings enriched with plant stanol esters. Eur J Clin Nutr
2000; 54(9):671-677.

Von Bergmann K, Sudhop T, Lutjohann D: Cholesterol and Plant
Sterol Absorption: Recent Insights. Am J Cardiol 2005;
96(1S):10-14.

Catapano AL: Ezetimibe: a selective inhibitor of cholesterol
absorption. Eur Heart J Suppl 2001; 3:E6-10.

van Heek M, Farley C, Compton DS, Hoos L, Davis HR: Ezetimibe
selectively inhibits intestinal cholesterol absorption in rodents
in the presence and absence of exocrine pancreatic function. Br
J Pharmacol 2001; 134:409-17.

Lees AM, Mok HYI, Lees RS, McCluskey MA, Grundy SM: Plant
sterols as cholesterol-lowering agents: clinical trials in patients
with hypercholesterolemia and studies of sterol balance.
Atherosclerosis 1977; 28:325-38.

Mattson FH,Volpenhein RA, EricksonBA: Effect of plant sterol
esters on the absorption of dietary cholesterol. J Nutr 1977,
107:1139-46.

Grundy SM: Absorption and metabolism of dietary cholesterol.
Annu Rev Nutr 1983; 3:71-96.

lkeda I, Tanabe Y, Sugano M: Effects of sitosterol and sitostanol
on micellar solubility of cholesterol. J Nutr Sci Vitaminol 1989;
35:361-69.

lkeda I, Tanaka K, Sugano M,Vahouny G V, Gallo LL:
Discrimination between cholesterol and sitosterol for
absorption in rats. J Lipid Res 1988; 29:1583-91.

lkeda I, Tanaka K, Sugano M,VahounyGV, Gallo LL: Inhibition of
cholesterol absorption in rats by plant sterols. J Lipid Res 1988;
29:1573-82.

Sudhop T, Lutjohann D, von Bergmann K: Sterol transporters:
targets of natural sterols and new lipid lowering drugs.
Pharmacol Ther 2005; 105(3):333-341.

Sudhop T, Sahin Y, Lindenthal B, et al: Comparison of the
hepatic clearances of campesterol, sitosterol, and cholesterol in
healthy subjects suggests that efflux transporters controlling
intestinal sterol absorption also regulate biliary secretion. Gut
2002; 51(6):860-863.

44

45

46

47

48

49

50

51

52

53

54

55

ISSN: 0975-8232

Armstrong MJ, Carey MC: Thermodynamic and molecular
determinants of sterol solubilities in bile salt micelles. J Lipid
Res 1987; 28:1144-55.

Bhattacharyya AK: Uptake and esterification of plant sterols by
rat small intestine. Am. J. Physiol. Gastrointest. Liver Physiol
1981; 240:G50-G55.

lkeda I, Sugano M: Some aspects of mechanism of inhibition of
cholesterol absorption by ~-sitosterol. Biochim.Biophys Acta
1983; 732:651-58.

Berge KE, Tian H, Graf GA, Yu L, Grishin NV, et al: Accumulation
of dietary cholesterol in sitosterolemia caused by mutations in
adjacent ABC transporters. Science 2000; 290:1771-75

Child P, Kuksis A: Uptake of 7-dehydro derivatives of
cholesterol, campesterol, and ~-sitosterol by rat erythrocytes,
jejunal villus cells, and brush border membranes. J Lipid Res
1983; 24:552-65.

Ling WH, Jones PJH: Dietary phytosterols: a review of
metabolism, benefits and side effects. Life Sci 1995; 57:195—
206.

Jones PJ, Raeini-Sarjaz M, Ntanios FY Vanstone CA, Feng JY,
Parsons WE: Modulation of plasma lipid levels and cholesterol
kinetics by phytosterol versus phytostanol esters. J Lipid Res
2000; 41:697- 705.

Plat J, Mensink RP: Effects of plant stanol esters on LDL receptor
protein expression and on LDL receptor and HMG-CoA
reductase mRNA expression in mononuclear blood cells of
healthy men and women. FASEB J 2002; 16:258-60.

Gylling H, Puska P, Vartiainen E, Miettinen TA: Serum sterols
during stanol ester feeding in a mildly hypercholesterolemic
population. J Lipid Res 1999; 40:593- 600.

Gylling H, Miettinen TA: Effects of inhibiting cholesterol
absorption and synthesis on cholesterol and lipoprotein
metabolism in hypercholesterolemic noninsulin- dependent
diabetic men. J Lipid Res 1996; 37:1776-85.

Tan B: Palm carotenoids, tocopherols and tocotrienols. J Am Qil
Chem. Soc 1989; 66:770-76.

Weirauch JL, Gardner JM: Sterol content of foods of plant
origin. J Am Diet Assoc 1978; 73:39-47.

How to cite this article:
Dhankhar J: Cardioprotective effects of Phytosterols. Int J Pharm Sci Res. 2013; 4(2); 590-596.

Available online on www.ijpsr.com 596



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15737409&query_hl=9&itool=pubmed_docsum

