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Abstract: Cardiovascular diseases are the leading cause of morbidity and mortality
around the globe. The key risk factor of cardiovascular diseases, hypercholesterolemia
is expected to increase in the future. Phytochemicals, are natural compounds found in
plants, having antioxidant properties. These antioxidant properties can be utilized to
reduce the occurrence of chronic diseases and provide many health benefits in humans.
Phytochemicals such as Indoles, plant sterols, flavonoids and lignans have been
extracted and studied widely. It is because of their antioxidant properties they can be
used in preventing hypercholesterolemia. This review illustrates and summarizes
various phytochemicals and their mechanisms in lowering LDL cholesterol levels. The
progress and the results achieved in studies relevant to the hypocholesterolemic
effects of these phytochemicals are also illustrated. It was interpreted that on the
availability of sufficient and confirmatory data about the efficacy of phytochemicals in
lowering LDL cholesterol levels, plant-based diets or drugs containing extracts of
phytochemicals can then be deployed in the treatment of hypercholesterolemia.

INTRODUCTION

C

hronic

diseases

like

cancers,

diabetes

and

cardiovascular diseases (CVD) are health problems, which
cause mortality and morbidity to millions of people around
the world. Cardiovascular diseases are the leading cause of
deaths around the globe. Cardiovascular diseases are
related to heart and/or blood vessels of the human body.
There are various risk factors associated with
cardiovascular disease (CVD). Hypercholesterolemia has
been investigated as a major risk factor for
cardiovascular diseases [1]. Hypercholesterolemia refers
to a medical condition characterized by high levels of
cholesterol in the blood. High levels of cholesterol increase
the risks of heart disease and stroke. Worldwide, one third
of ischemic heart disease is caused by high cholesterol
level. Overall, raised cholesterol is estimated to cause 2.6
million deaths (4.5% of total) [2]. WHO has stated CVD as
the primary reason of deaths throughout the world (CVD
contributes more than 30% of all deaths). An important
step in reducing coronary morbidity and mortality is the
prevention of cardiovascular diseases (CVD) by the
treatment of hypercholesterolemia [3].
Lipoproteins are a combination of lipid and
protein and are classified into two types - LDL (LowDensity
Lipoproteins)
and
HDL
(High-Density

Lipoproteins). LDL is called as "bad" cholesterol because a
high LDL level causes a build-up of cholesterol in the
arteries. A high LDL level indicates too much LDL
cholesterol in the blood and this extra LDL, along with
other substances, forms plaque. The plaque builds up in
the arteries leading to a condition called atherosclerosis.
Both genetic and environmental factors affect plasma
concentrations of LDL and other risk factors of CVD. Since,
it is difficult to modify genetic factors; environmental
factors like dietary patterns could be aimed to lower the
risk factors. International guidelines issued by the WHO
state that dietary saturated fat and cholesterol intakes
when reduced can be measures to prevent
hypercholesterolemia. In various studies, diets involving
fruit and vegetable showed decrease in LDL concentration
in subjects with hypercholesterolemia [4]. This preventive
role can be attributed to the phytochemicals present in
them. Phytochemicals can be defined as chemical
compounds synthesized by plants through several
chemical pathways [5]. Phytochemicals are a rich source of
antioxidants in plants. Their antioxidant activity is of
significance, because the increased production of oxidants
in the human body takes part in the pathogenesis of
various chronic diseases [6].
In this review paper, we have briefly discussed
phytochemical compounds by analyzing their sources,
mode of actions, and the available evidences in support of
their effects on cholesterol levels in the blood.
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INDOLES
Indoles are present in cruciferous vegetables, such as,
cauliflower, broccoli, Brussels sprouts, cabbage, turnips,
etc. Indole-3-carbinol (I3C) is found to be a major
derivative of Glucobrassicin. Glucobrassicin is found
commonly in the vegetables of the class Cruciferae [7].
Glucobrassicin converts to Indole-3-carbinol by autolysis
during maceration (breakdown of ingested food into
chime). After ingestion, it yields various oligomeric
derivatives, due to the presence of stomach acid (Fig. 1)
[8].

According to the in-vitro and in-vivo experiments
performed by Okulicz et al. 2009, I3C demonstrated
inhibition of basal lipogenesis at three different
concentrations while I3C was unable to modify
phospholipids, total and esterified cholesterol in the
serum and liver cholesterol [14]. In a nutshell, it can be
observed that beneficial effects of plant indoles on lipid
metabolism may have a potential in cardiovascular
protection. Indole-3-carbinol supplements are already
available in the market and are used as a preventive
measure for various types of cancer and other illnesses.
But further research studies are still required in humans
to demonstrate confirmatory hypocholesterolemic activity
of plant indoles.

Fig. 1: Breakdown of Glucobrassicin to oligomeric
derivatives [8]
When cholesterol is absorbed by the intestinal epithelial
cells, it is subjected to esterification with long chain fatty
acids in the presence of the enzyme Acyl-CoA: cholesterol
acyltransferase (ACAT) [9]. A cholesteryl ester is formed
and is legible to be transported to the liver with the help of
chylomicrons [10]. In the liver, this cholesteryl ester is deesterified by the enzyme called Cholesterol ester
hydrolase. The elimination of this free cholesterol from our
body can occur by conversion to bile acids or by affiliation
with bile acid/phosphatidylcholine micelles [11]. Also, reesterification of the free cholesterol can occur by hepatic
ACAT. Thus, by inhibiting ACAT, the cholesterol levels in
the blood can be reduced, because by inhibiting ACAT, the
uptake of cholesterol can be hindered and the free
cholesterol can be made available for elimination (Fig. 2)
[12].
Results from the study of Dunn et al. 1993 indicate
likelihood of lowering of LDL/VLDL cholesterol in blood
on consumption of glucobrassicin-rich vegetables.
Further, derivative products of I3C after acid condensation
showed to inhibit ACAT activity at micromolar
concentration [8]. Those results indicate a possible
hypocholesterolemic action of I3C. In the experiments of
Geoffrey et al. 2007, I3C was found to reduce the secretion
of apoB, which is the major structural component of LDL.
In the presence of I3C, production of triglycerides and
cholesterol esters was observed to be reduced. Moreover,
ACAT activity decreased in the cells subjected to I3C [13].

Fig. 2: Cholesterol absorption and the effect of ACAT
inhibitors [9-12]
PLANT STEROLS AND STANOLS
Plant sterols and stanols, collectively called Phytosterols
are naturally occurring compounds present in cell
membranes of plants. Whole grains, dried peas, beans,
peanuts, almonds, oranges, apples, cauliflower, broccoli,
etc. are some of the rich sources of phytosterols.
Phytosterols are similar in structure to our cholesterol.
Phytosterols can be believed to lower cholesterol levels by
inhibiting cholesterol absorption [15]. It is believed that
inhibition of absorption of cholesterol occurs due to the
high affinity of plant sterols for micelles than cholesterol,
reducing the pool of absorbable cholesterol, thereby
resulting in lowering of serum cholesterol levels (Fig. 3)
[16].
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Fig. 3: Lowering of serum cholesterol levels due to the effect of phytosterol on intestinal cholesterol absorption [17]

As reported by Plat et al. 2005, when products enriched
with plant sterols/stanols are taken between 2 to 2.5
g/day, LDL cholesterol levels in the plasma decreased by
10% to 14%, with no side effects observed [18]. In another
study by Mensink et al. 2010, serum LDL cholesterol levels
decreased linearly up to 17.4% when plant stanols up to
9g were utilized on a daily basis [19]. In a study by
Rouyanne et al. 2014, it was found that the plant sterols
decreased LDL cholesterol concentrations in a dosedependent manner. Moreover, increased intake of plant
sterols upto 3g per day led to lowering of LDL cholesterol
levels by 12% [20]. There are limited evidences indicating
that effectiveness in lowering cholesterol levels are not
affected by use of different sources of plant sterols. A study
involving comparison of LDL cholesterol lowering effect
between soybean oil, tall oil or a mix of tall and rapeseed
oil as the sources of plant sterols was done by Clifton et al.
It was concluded that after three weeks of 1.6g per day
intake followed by three weeks of 3g per day intake led to
7-11 % decrease in cholesterol levels, commensurable
amongst the three sources [21]. Recently, the development
of PCSK9 (proprotein convertase subtilisin/kexin type 9)
inhibitors is of important consideration. The role of PCSK9
gene in hypercholesterolemia was first discovered by
Abifadel et al. He studied that missense mutations in the
PCSK9
was
responsible
for
autosomal
hypercholesterolemia, which is characterized by increase
in the LDL-cholesterol levels [22]. At this point, due to the
lack of definitive data, it can be suggested that phytosterol
supplements efficiently decrease plasma LDL cholesterol
levels along with influencing PCSK9 expression (Fig. 4) to

decrease cholesterol absorption by intestine [24]. PCSK9
inhibitors prove to be a compelling agent to reduce LDLCholesterol and have led to a new generation of cholesterol
lowering therapies. As far as the current evidences from
various clinical studies, it was summarized that on
consuming around 2g of phytosterols per day can reduce
the LDL-cholesterol levels significantly.

Fig. 4: Role of PCSK9 inhibitors in reducing LDL
cholesterol levels [23]
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The National Cholesterol Education Program which is
managed by the National Heart, Lung and Blood Institute,
a division of the National Institutes of Health with a goal to
reduce increased cardiovascular disease rates due to
hypercholesterolemia in the United States of America,
recommends phytosterol supplementation of 2g per day.
The clinical and safety testing of phytosterols is of
importance, although sufficient evidence is present to
enhance usage of phytosterols in patients with high LDL
cholesterol, with a variety of plant sterol supplements
already being marketed for use to reduce LDL cholesterol
levels.
FLAVONOIDS
Flavonoids belong to the phytochemical group of
Polyphenols. Flavonoids are natural substances having
phenolic structures and are abundantly found in foods and
beverages of plant origin, such as fruits, vegetables, tea,
cocoa and wine [25]. Flavonoids are classified into
flavonols, flavones, flavanols, flavanones, anthocyanidins,
and isoflavonoids [26]. According to epidemiological
studies, risk of heart diseases can be decreased when
flavonoid-rich diets are consumed [27]. Flavonoids are
proposed to lower serum LDL cholesterol owing to their
antioxidant capacity with respect to Copper-triggered LDL
oxidation [28]. Copper is a free radical and is involved in
the formation of reactive oxygen species that oxidizes LDL
[29]. The oxidized low-density lipoprotein (LDL) is a
potentially harmful as it moves rapidly into arterial walls
and swells them with cholesterol [30]. Flavonoids are
antioxidants that may affect the initial steps in the
pathogenesis of atherosclerosis as they chelate the copper
ions and prevent them from oxidizing LDL (Fig. 5)
[29,31,32].

synthesis and increasing expression of LDL receptors [35].
Various meta-analyses of clinical trials and cross-sectional
studies have indicated that a variety of flavonoids- in food
sources or supplements are effective in improving LDL
cholesterol levels. For example, a meta-analysis on effects
of cocoa products or dark chocolates on serum lipids was
conducted by Tokede et al. Cocoa products, which contain
plant phytochemicals, are rich in flavonoids. The study
proposed that the significant reduction in LDL cholesterol
and total cholesterol levels after intervention of cocoa
products/dark chocolates may be linked to the flavonoids
present in them [36]. Another meta-analysis done by Zhuo
et al., concluded that on consumption of soy protein,
having
a
high
isoflavone
content,
lead
to
hypocholesterolemic effects, the intensity of which was
stronger than in the same diet with a low isoflavone
concentration [37]. Similar results were obtained by Zhan
et al. wherein 23 randomized control trials were metaanalysed and Soy protein with isoflavones was observed to
decrease plasma total cholesterol, LDL cholesterol,
triglycerides and a concomitant increase in HDL
cholesterol, though the effects were linked to the duration
of intake, sex and the initial serum lipid levels of the
subjects [38].
Conversely, few interventions demonstrated less
or no improvement in cholesterol levels on intake of
selected flavonoids. A meta-analysis done by Hooper et al.
shows that the epidemiological results on the effects of
flavonoids on cardiovascular system are somehow mixed
[39]. As far as the interpretation for the
hypocholesterolemic effects of flavonoids go, only cocoa
products and soy have remained the mainstream focus of
attention. Although studies indicate a possible relation
between flavonoid intake and blood cholesterol levels, but
the availability of data on effectiveness of the sub-classes
is less. Further studies and clinical trials are required to
assess the effectiveness of other subclasses of flavonoids
in decreasing blood cholesterol levels.

Fig. 5: - Role of flavonoids in preventing atherosclerosis
[29,31-33]
Even though there exists evidence of flavonoids in
improving cholesterol in various animal models, the
mechanism through which lipid profile is improved in
humans in unclear [34]. It is also demonstrated that
Isoflavones, flavones, and flavanones decrease blood
cholesterol levels by two means, i.e., inhibiting cholesterol

Fig. 6: Lignan metabolism [44,45]
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LIGNANS
Lignans are a group of phytochemicals belonging to
Polyphenols and are widely distributed in plants. Lignans
are found in fruits and vegetables, legumes, whole grain
cereals and oil seeds [40]. The seed of flax plant is called
flaxseed. Flaxseed is particularly the richest known source
of lignans with secoisolariciresinol diglucoside (SDG)
being the principal lignan compound [41,42]. Lignans are
present in plants in two forms – (i) aglycones (without
sugars) and (ii) glycosides (with sugars) (Fig. 6) [43].
Similarly, the lignan glycoside present in flax, i.e.,
secoisolariciresinol diglucoside (SDG) is hydrolyzed by gut
microbes to lignan aglycones and then to enterolignans
(Fig. 7) [46].

Fig. 7: Bacterial metabolism of SDG in the gut [46]

The levels of enterolignans in the blood and urine are used
as biomarkers for plant lignan intakes, while the
biochemical properties of enterolignans in reduction of
blood LDL levels is still unclear [45, 47].

It is observed that many factors affect the efficiency of the
conversion steps, and differs from person to person [44].
Although lignan metabolism in the tissues is regulated by
genetic factors, these are not well understood [48]. Human
and animal studies have indicated that SDG’s cholesterol
lowering ability can be linked to decreased absorption of
circulating cholesterol and increased biliary excretion.
Further, SDG decrease oxidative stress due to their
advanced anti-oxidant defences [49].
A study done by Fukumitsu et al. demonstrated
that moderately hypercholesterolemic men showed a
significant decrease in LDL/HDL ratio with no adverse
effects being reported by the subjects on taking 100mg
SDG for a period of 12 weeks [50]. A clinical trial conducted
by Zhang et al. concluded that plasma cholesterol levels
were significantly lowered in hypercholesterolaemic
subjects on intake of dietary SDG-rich flaxseed extract.
However, the effect produced was in a dose-dependent
manner. Further, the subjects were entirely Chinese who
would be more genetically homogenous [42]. The available
evidences show promise of the ability of flaxseed in
decreasing LDL cholesterol levels; however, the effects are
dependent on sex, profile/type of subjects and dosedependent relationships. Further studies should be
undertaken to explore the efficiency of flaxseed in
lowering cholesterol levels in men and women and hence
in prevention of hypercholesterolemia.

Table 1: Sources, proposed mechanism and the inference drawn from studies relevant to lowering LDL cholesterol for the
four phytochemicals.
Phytochemical

Plant sources

Proposed mechanism
to reduce LDL levels

Inference from the
studies

Indoles

Broccoli,
cabbage,
Brussels
sprouts, cauliflower, turnips.

Inhibitors
activity

of

ACAT

Further
confirmatory
studies required.

Phytosterols

Legumes (cereals, and seeds),
broccoli, almonds, cauliflower,
carrots, avocado, oranges, apples,
and oils.
Beverages (green tea, cocoa,
coffee, red wine), fruits (berries,
apple, citrus), and vegetables
(onions, hot peppers, broccoli,
snap beans, kale, and lettuce)

Inhibiting
absorption
intestine

cholesterol
in
the

Sufficient evidence is
present to enhance usage
of phytosterols to lower
LDL levels.
Less data about the
effectiveness
of
sub
classes is available.

Oilseeds (flax, soy, rapeseed, and
sesame), whole-grain cereals
(wheat, oats, rye, and barley),
legumes, various vegetables and
fruits
(particularly
berries),
beverages (coffee, tea, and wine).

Reducing the absorption
of circulating cholesterol
and increasing biliary
excretion.

Flavonoids

Lignans

Antioxidant activity with
respect to oxidation of
LDL by Copper ions

Although,
there
is
promising evidence of
their ability to decrease
LDL cholesterol levels,
further
studies
are
required to assess their
efficiency without any
dependency
on
the
profile of the subject.
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CONCLUSION
Hypercholesterolemia is a major factor in cardiovascular
diseases. Various literature works illustrate that diets
having high content of plant-based foods prove to be
protective against various cardiovascular diseases.
Through the employment of phytochemicals, which are
found in plants, the cholesterol levels in blood can be
lowered. The paper provided brief aspects of 4 types of
phytochemicals namely, indoles, plant sterols, flavonoids
and lignans (Table 1). The available non-clinical and
clinical data was presented that illustrate the beneficial
aspects of these phytochemicals. These phytochemicals
utilize their anti-oxidant properties in treating various
chronic diseases, of which cardiovascular diseases form a
major part. It is recommended to eat more fruits and
vegetables, since they contain various essential
antioxidant phytochemicals. As outlined in this paper,
these phytochemicals show promise in lowering blood
cholesterol levels, even though there exists some
contradictory and inefficient results. Further research
studies are required to fully illustrate the effectiveness of
these phytochemicals. Various mixtures of phytochemical
extracts can then be employed as interventions in reducing
blood cholesterol levels.
ETHICAL STATEMENT
No ethical issue to be declared

7.

8.

9.

10.

11.
12.

13.

COMPETING INTERESTS
No conflicts of interest
14.
REFERENCES
1.

2.

3.

4.

5.

6.

Lee M, Saver JL, Towfighi A, Chow J, Ovbiagele B.
Efficacy of fibrates for cardiovascular risk reduction
in persons with atherogenic dyslipidemia: a metaanalysis. Atherosclerosis. 2011 Aug 1;217(2):492-8.
World Health Organization. Global health
observatory data–raised cholesterol. [Accessed on
12/08/2020].
https://www.who.int/gho/ncd/risk_factors/cholest
erol_text/en/
Rifkind BM. The lipid research clinics coronary
primary prevention trial results. I. Reduction in
incidence of coronary heart disease. J Am Med Assoc.
1984;251:351-64.
Suido H, Tanaka T, Tabei T, Takeuchi A, Okita M,
Kishimoto T, Kasayama S, Higashino K. A mixed green
vegetable and fruit beverage decreased the serum
level of low-density lipoprotein cholesterol in
hypercholesterolemic patients. Journal of agricultural
and food chemistry. 2002 May 22;50(11):3346-50.
Yoo S, Kim K, Nam H, Lee D. Discovering health
benefits of phytochemicals with integrated analysis
of the molecular network, chemical properties and
ethnopharmacological evidence. Nutrients. 2018
Aug;10(8):1042.
Zhang YJ, Gan RY, Li S, Zhou Y, Li AN, Xu DP, Li HB.
Antioxidant phytochemicals for the prevention and
treatment of chronic diseases. Molecules. 2015
Dec;20(12):21138-56.

15.

16.

17.

18.

19.

20.

McDanell R, McLean AE, Hanley AB, Heaney RK,
Fenwick GR. Chemical and biological properties of
indole glucosinolates (glucobrassicins): a review.
Food and Chemical Toxicology. 1988 Jan 1;26(1):5970.
Dunn SE, LeBlanc GA. Hypocholesterolemic
properties of plant indoles: Inhibition of acyl-CoA:
cholesterol acyltransferase activity and reduction of
serum LDL/VLDL cholesterol levels by glucobrassicin
derivatives. Biochemical pharmacology. 1994 Jan
20;47(2):359-64.
Hofmann AF, Borgström B. The intraluminal phase of
fat digestion in man: the lipid content of the micellar
and oil phases of intestinal content obtained during
fat digestion and absorption. The Journal of Clinical
Investigation. 1964 Feb 1;43(2):247-57.
Van Dijk MC, Ziere GJ, Boers W, Linthorst C,
Bijsterbosch MK, Van Berkel TJ. Recognition of
chylomicron remnants and β-migrating very-lowdensity lipoproteins by the remnant receptor of
parenchymal liver cells is distinct from the liver α2macroglobulin-recognition site. Biochemical Journal.
1991 Nov 1;279(3):863-70.
Suckling KE, Stange EF. Role of acyl-CoA: cholesterol
acyltransferase in cellular cholesterol metabolism.
Journal of Lipid Research. 1985 Jun 1;26(6):647-71.
Sliskovic DR, White AD. Therapeutic potential of
ACAT inhibitors as lipid lowering and antiatherosclerotic agents. Trends in pharmacological
sciences. 1991 Jan 1;12:194-9.
Maiyoh GK, Kuh JE, Casaschi A, Theriault AG.
Cruciferous indole-3-carbinol inhibits apolipoprotein
B secretion in HepG2 cells. The Journal of nutrition.
2007 Oct;137(10):2185-9.
Okulicz M, Hertig I, Chichlowska J. Effects of indole-3carbinol on metabolic parameters and on lipogenesis
and lipolysis in adipocytes. Czech J. Anim. Sci. 2009
Apr 1;54(4):182.
Escurriol V, Cofán M, Serra M, Bulló M, Basora J, SalasSalvadó J, Corella D, Zazpe I, Martínez-González MA,
Ruiz-Gutiérrez V, Estruch R. Serum sterol responses
to increasing plant sterol intake from natural foods in
the Mediterranean diet. European journal of
nutrition. 2009 Sep 1;48(6):373-82.
Armstrong MJ, Carey MC. Thermodynamic and
molecular determinants of sterol solubilities in bile
salt micelles. Journal of Lipid Research. 1987 Oct
1;28(10):1144-55.
Marinangeli CP, Varady KA, Jones PJ. Plant sterols
combined with exercise for the treatment of
hypercholesterolemia: overview of independent and
synergistic mechanisms of action. The Journal of
nutritional biochemistry. 2006 Apr 1;17(4):217-24.
Plat J, Mensink RP. Plant stanol and sterol esters in the
control of blood cholesterol levels: mechanism and
safety aspects. The American journal of cardiology.
2005 Jul 4;96(1):15-22.
Mensink RP, de Jong A, Lütjohann D, Haenen GR, Plat
J. Plant stanols dose-dependently decrease LDLcholesterol concentrations, but not cholesterolstandardized fat-soluble antioxidant concentrations,
at intakes up to 9 g/d. The American journal of clinical
nutrition. 2010 Jul 1;92(1):24-33.
Ras RT, Geleijnse JM, Trautwein EA. LDL-cholesterollowering effect of plant sterols and stanols across

Maheshwari V, Phytochemicals effective in lowering Low-Density Lipoproteins. J Biol Engg Res & Rev, Vol. 7, Issue 1, 2020

21

21.

22.

23.

24.
25.
26.
27.

28.

29.
30.
31.
32.

33.

34.

35.

different dose ranges: a meta-analysis of randomised
controlled studies. British Journal of Nutrition. 2014
Jul;112(2):214-9.
Clifton PM, Mano M, Duchateau GS, Van der Knaap HC,
Trautwein EA. Dose-response effects of different
plant sterol sources in fat spreads on serum lipids and
C-reactive protein and on the kinetic behavior of
serum plant sterols. European Journal of Clinical
Nutrition. 2008 Aug;62(8):968-77.
Abifadel M, Varret M, Rabès JP, Allard D, Ouguerram
K, Devillers M, Cruaud C, Benjannet S, Wickham L,
Erlich D, Derré A. Mutations in PCSK9 cause
autosomal dominant hypercholesterolemia. Nature
genetics. 2003 Jun;34(2):154-6.
Sabatine MS, Giugliano RP, Wiviott SD, Raal FJ, Blom
DJ, Robinson J, Ballantyne CM, Somaratne R, Legg J,
Wasserman SM, Scott R. Efficacy and safety of
evolocumab in reducing lipids and cardiovascular
events. New England Journal of Medicine. 2015 Apr
16;372(16):1500-9.
Momtazi AA, Banach M, Pirro M, Katsiki N, Sahebkar
A. Regulation of PCSK9 by nutraceuticals.
Pharmacological Research. 2017 Jun 1;120:157-69.
Panche AN, Diwan AD, Chandra SR. Flavonoids: an
overview. Journal of nutritional science. 2016;5.
Yang J. Brazil nuts and associated health benefits: A
review. LWT-Food Science and Technology. 2009 Dec
1;42(10):1573-80.
Hertog MG, Kromhout D, Aravanis C, Blackburn H,
Buzina R, Fidanza F, Giampaoli S, Jansen A, Menotti A,
Nedeljkovic S, Pekkarinen M. Flavonoid intake and
long-term risk of coronary heart disease and cancer
in the seven countries study. Archives of internal
medicine. 1995 Feb 27;155(4):381-6.
Heinonen IM, Meyer AS, Frankel EN. Antioxidant
activity of berry phenolics on human low-density
lipoprotein and liposome oxidation. Journal of
Agricultural and Food Chemistry. 1998 Oct
19;46(10):4107-12.
Pietta PG. Flavonoids as antioxidants. Journal of
natural products. 2000 Jul 28;63(7):1035-42.
Leiva E, Wehinger S, Guzmán L, Orrego R. Role of
oxidized
LDL
in
atherosclerosis.
Hypercholesterolemia. 2015 Sep 17:55-78.
Gross M. Flavonoids and cardiovascular disease.
Pharmaceutical biology. 2004 Jan 1;42(sup1):21-35.
Říha M, Karlíčková J, Filipský T, Macáková K, Rocha L,
Bovicelli P, Silvestri IP, Saso L, Jahodář L, Hrdina R,
Mladěnka P. In vitro evaluation of copper-chelating
properties
of
flavonoids.
RSC
advances.
2014;4(62):32628-38.
Wagner P, Heinecke JW. Copper ions promote
peroxidation of low density lipoprotein lipid by
binding to histidine residues of apolipoprotein B100,
but they are reduced at other sites on LDL.
Arteriosclerosis, thrombosis, and vascular biology.
1997 Nov;17(11):3338-46.
Huffman FG, Vaccaro JA, Zarini GG, Dixon Z. Dietary
intake of flavonoids and HDL-and LDL-cholesterol in
two black ethnicities with and without type 2
diabetes.
Borradaile NM, DREU LE, Wilcox LJ, Edwards JY, Huff
MW. Soya phytoestrogens, genistein and daidzein,
decrease apolipoprotein B secretion from HepG2 cells
through multiple mechanisms. Biochemical Journal.

2002 Sep 1;366(2):531-9.
36. Tokede OA, Gaziano JM, Djousse L. Effects of cocoa
products/dark chocolate on serum lipids: a metaanalysis. European journal of clinical nutrition. 2011
Aug;65(8):879-86.
37. Zhuo XG, Melby MK, Watanabe S. Soy isoflavone
intake lowers serum LDL cholesterol: a meta-analysis
of 8 randomized controlled trials in humans. The
Journal of nutrition. 2004 Sep 1;134(9):2395-400.
38. Zhan S, Ho SC. Meta-analysis of the effects of soy
protein containing isoflavones on the lipid profile.
The American journal of clinical nutrition. 2005 Feb
1;81(2):397-408.
39. Hooper L, Kroon PA, Rimm EB, Cohn JS, Harvey I, Le
Cornu KA, Ryder JJ, Hall WL, Cassidy A. Flavonoids,
flavonoid-rich foods, and cardiovascular risk: a metaanalysis of randomized controlled trials. The
American journal of clinical nutrition. 2008 Jul
1;88(1):38-50.
40. Durazzo A, Zaccaria M, Polito A, Maiani G, Carcea M.
Lignan content in cereals, buckwheat and derived
foods. Foods. 2013 Mar;2(1):53-63.
41. Herchi W, Arráez-Román D, Trabelsi H, Bouali I,
Boukhchina S, Kallel H, Segura-Carretero A,
Fernández-Gutierrez A. Phenolic compounds in
flaxseed: a review of their properties and analytical
methods. An overview of the last decade. Journal of
Oleo Science. 2014;63(1):7-14.
42. Zhang W, Wang X, Liu Y, Tian H, Flickinger B, Empie
MW, Sun SZ. Dietary flaxseed lignan extract lowers
plasma cholesterol and glucose concentrations in
hypercholesterolaemic subjects. British journal of
nutrition. 2008 Jun;99(6):1301-9.
43. Smeds AI, Eklund PC, Sjöholm RE, Willför SM, Nishibe
S, Deyama T, Holmbom BR. Quantification of a broad
spectrum of lignans in cereals, oilseeds, and nuts.
Journal of agricultural and food chemistry. 2007 Feb
21;55(4):1337-46.
44. Clavel T, Doré J, Blaut M. Bioavailability of lignans in
human subjects. Nutrition research reviews. 2006
Dec;19(2):187-96.
45. Peterson J, Dwyer J, Adlercreutz H, Scalbert A, Jacques
P, McCullough ML. Dietary lignans: physiology and
potential for cardiovascular disease risk reduction.
Nutrition reviews. 2010 Oct 1;68(10):571-603.
46. Jan KC, Hwang LS, Ho CT. Biotransformation of
sesaminol triglucoside to mammalian lignans by
intestinal microbiota. Journal of agricultural and food
chemistry. 2009 Jul 22;57(14):6101-6.
47. Adlercreutz H. Lignans and human health. Critical
reviews in clinical laboratory sciences. 2007 Jan
1;44(5-6):483-525.
48. Low YL, Dunning AM, Dowsett M, Folkerd E, Doody D,
Taylor J, Bhaniani A, Luben R, Khaw KT, Wareham NJ,
Bingham SA. Phytoestrogen exposure is associated
with
circulating
sex
hormone
levels
in
postmenopausal women and interact with ESR1 and
NR1I2 gene variants. Cancer Epidemiology and
Prevention Biomarkers. 2007 May 1;16(5):1009-16.
49. Zanwar AA, Hegde MV, Rojatkar SR, Sonawane KB,
Rajamohanan PR, Bodhankar SL. Isolation,
characterization and antihyperlipidemic activity of
secoisolariciresinol diglucoside in poloxamer-407induced
experimental
hyperlipidemia.
Pharmaceutical Biology. 2014 Sep 1;52(9):1094-103.

Maheshwari V, Phytochemicals effective in lowering Low-Density Lipoproteins. J Biol Engg Res & Rev, Vol. 7, Issue 1, 2020

22

50. Fukumitsu S, Aida K, Shimizu H, Toyoda K. Flaxseed
lignan lowers blood cholesterol and decreases liver
disease
risk
factors
in
moderately
hypercholesterolemic men. Nutrition Research. 2010
Jul 1;30(7):441-6.
51. Nguyen HH, Aronchik I, Brar GA, Nguyen DH,
Bjeldanes LF, Firestone GL. The dietary
phytochemical indole-3-carbinol is a natural elastase
enzymatic inhibitor that disrupts cyclin E protein
processing. Proceedings of the National Academy of
Sciences. 2008 Dec 16;105(50):19750-5.
52. Martins CM, Fonseca FA, Ballus CA, Figueiredo-Neto
AM, Meinhart AD, de Godoy HT, Izar MC. Common
sources and composition of phytosterols and their
estimated intake by the population in the city of São
Paulo, Brazil. Nutrition. 2013 Jun 1;29(6):865-71.
53. Bhagwat S, Haytowitz DB, Holden JM. USDA database
for the flavonoid content of selected foods, Release
3.1. US Department of Agriculture: Beltsville, MD,
USA. 2014 Dec.
54. Haytowitz DB, Eldridge AL, Bhagwat S, Gebhardt SE,
Holden JM, Beecher GR, Peterson J, Dwyer J. Flavonoid
content of vegetables. InInternational Research
Conference on Food, Nutrition and Cancer. 17–18 July

2003, Washington, DC 2003 Nov 1.
55. Durazzo A, Lucarini M, Camilli E, Marconi S, Gabrielli
P, Lisciani S, Gambelli L, Aguzzi A, Novellino E, Santini
A, Turrini A. Dietary lignans: definition, description
and research trends in databases development.
Molecules. 2018 Dec;23(12):3251.

Mr. Vansh Maheshwari is pursuing B.
Sc. Healthcare & Clinical Research from
School of Biosciences & Biomedical
Engineering, Galgotias University,
Greater Noida, Uttar Pradesh. From his
high school days, he has a keen interest
in science and research activities. His
curious nature always motivates him to
gather scientific facts and is responsible for his academic
interests. He dreams to excel in a career in the clinical
research industry and contribute to the field of medical
sciences.

Maheshwari V, Phytochemicals effective in lowering Low-Density Lipoproteins. J Biol Engg Res & Rev, Vol. 7, Issue 1, 2020

23

