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Phytochemicals and Prevention of Cardiovascular Disease:

Potential Roles for Tropical and Subtropical Fruits
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Abstract

Phytochemical-rich fruits of tropical and subtropical region have the potential ability to limit
the development cardiovascular diseases. The fruits contain a variety of phytochemicals that could
contribute to these protective effects, mainly flavonoids such as catechin, quercetin, rutin, etc.
These constituents of fruits are likely to act by antioxidant, antithrombotic, and vasoprotective

effects. The evidence suggests a potential role for dietary fruits from tropical and subtropical
region in the prevention of cardiovascular diseases. The presence of a large number of minor dietary
factors that protect against disease reinforces the recommendation to increase the intake of plant

foods rather than any specific supplement.
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Introduction

Coronary Heart Disease (CHD) 1s a multi-
factorial disease which involves a number of 1n-
terrelated nisk factors (Table 1); however, a major
environmental influence 1s diet (1). Dietary factors
that contribute to disease prevention nclude the
reduction in the intake of saturated fat and iIn-
crease in the consumption of plant-based diet con-
taining fruits, vegetables and grains. These obser-
vations have been translated into guidelines and
appear consistently in the dietary goals of many
countries and organizations that promote cardiac
health, such as the American Heart Association (2).
The inverse assoclation between fruit and
vegetable intake and CHD 1s consistent.

Table 1 Risk Factors for Coronary Heart Disease

Irreversible

Gender
Age

Genetics

[t has been suggested that the lower rate of CHD
1s attributed to such factors as the displacement of
food that are high n salt, calornc density and
saturated fat by fruits and vegetables; the increase
in intake of dietary fiber, minerals and vitamins,
all of which exhibit antioxidant action; and an
increase 1n intake of plant-denved constituents
known as phytochemicals.

The main focus of this brief review 1s to
the
phytochemicals in the prevention of CHD; in par-

summarize involvement of selected

ticular, examples will be sourced the data on fruits
especially from tropical region such as South East
Asia.

Potentially reversible

Cigarette smoking
Lack of exercise
Dyslipidemia
Obesity. diabetes
Hypertension
Thrombotic risk

Oxiadizability of LDL

I. Bioactive phytochemicals

Phytochemicals are a broad array of com-
pounds that coexist with nutrients in plant foods:
some are considered to play a role in the preven-
tion of chronic diseases by acting either indepen-
dently, synergistically with other phytochemicals
or with nutrients that coexist in the plant. Ralph
and Proven (3) have conveniently grouped phyto-
chemicals into three categories that include:

I. Product of phenylpropanoid pathway
These compounds, commonly referred to as

polyphenols, are derived from cinnamic acid and
include the xanthones and flavonoids. The basic

structural unit of the flavonoid family (Fig. 1) com-
prises two benzene rings linked through a hetero-
cyclic pyran or pyrone ring (C ring); variations in
the C ring and the extent of hydroxylation define

the major classes (4).
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Fig. 1 Structures of the major classes of foods flavonoids. Positions of hydroxyl groups on A and B
rings are listed for select examples within each class.

2. Products of isoprenoid pathway

These include the carotenoids, steroids,
terpenes, and phytosterols (5). Phytosterols are
present in a broad range of plant foods, are not
absorbed effectively from intestine, but can bind
cholesterol and prevent it from being absorbed.

3. Organosulfur compounds

These include glucoinolates and allicins, the
latter found in Allium vegetables such as onions,
chives, and garlic. Although the published literature
mainly reveals their roles in cancer prevention,
compounds derived from allicin (including sulfides
and disulfides) are reported to inhibit endogenous

cholesterol synthesis.

I1. Phytochemicals, CHD and epidemiological
studies

Studies of phytochemical intake and 1ts
relationship to CHD in humans have been
limited by the lack of availability within food
composition databases of reliable mnformation on
the content of phytochemicals and, in particular,
of flavonoids. A second and equally important
problem has been the inability of dietary
questionnaires to detect differences in the balance
of evidence supports the view that flavonoids have
protect effect on CHD (Table 2) in populations
where the underlying risk of disease 1s not excessively
high (6-9). The exceptions are described i
reports from Wales and Finland, where the intake

of saturated fat is known to be predominant risk

factor for CHD.
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Table 2 Risk of cardiovascular disease for high versus low flavonoid intake"

Gender Men Men Men/women Men

Age (y) 65-84 50-69 30-69 40-75

Outcome CHD mortality Stroke CHD mortality CHD mortality
MI 1ncidence Incidence MI incidence

Follow-up (y) 5 15 20-25 6

N in cohort 8035 552 5,133 34,789

RR 0.32" 0.27" 0.67 (men) 0.63
0.52 (.73 (women) .09

Ref. 6 7 8 9

RR: Relative Risk; CHD: Coronary Heart Disease; MI: Myocardial Infarction.

d

Statistically significant.

Further support for the cardioprotective
effect of flavonoids has been obtained from a
reexamination of food records from 16 cohorts
within seven countries (10). During a 25-year
follow-up period, an inverse association was ob-
serve between CHD mortality and flavonoid in-
take; this explained a small but significant portion
(8%) of the variance in CHD deaths, inde-
pendently of alcohol and antioxidant vitamins. CHD
mortality was observed to be lowest in Japan
with an estimated average flavonoid intake of 61
mg/day, mainly derived from green tea.

[II. Contribution of tropical and subtropical
fruits to phytochemical intake and CHD
prevention

Generally, there are insufficient data on
the phytochemical content of foods, but a

2 Quercetin, kaempferol, myricetin, luteolin, apigenin.

selection of phytochemicals to be found in tropical
and sub tropical fruit is shown in Table 3. Despite
the Iimitations of the data, it is established that
these fruits contain active compounds and are
capable of impacting favorably on heart disease
prevention.

The phytochemical composition of avocado
(Table 3), combined with its main fatty acid, oleic
acid (18:1), represents a potential for lowering
plasma cholesterol (10) and increasing antioxidant
status. An added benefit may result from content
of phytosterols. Moreover, the presence of
chlorogenic and caffeic acids in avocado increases
the antioxidant capacity of plasma. In the same
way, Jackfruit (Artocarpus heterophyllus) contains
antioxidants and phytosterols (Table 3) and its
flavonoids, particularly the flavonones, have
antioxidant activity (4).
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Table 3 Examples of phytochemicals found in tropical and subtropical fruits

Common and sciencetific names

Phytochemical ingredients

Avocado (Persea americana)
cycloartenol, dopamine, phytosterols
Durian (Durio zibethinus)

Guava (Psidium guajava)

Jackftruit (Artocarpus heterophyllus)

Lime (Citrus aurantiifolia)

Litchi (Litchi chinensis)

Longan (Dimocarpus longan)
Mango (Mangifera indica)

phytin, xanthophyll

Mangosteen (Garcinia mangostana)

Papaya (Carica papaya)

Passionfruit (Passiflora edulis)

Pineapple (Ananas comosus)

Rambutan (Nephelium lappaceum)
Starfruit (Averrhoa carambola)

Caffeic acid, chlorogenic acid, coumaric acid,

Dimethyl trithiolane, methylbutanoate
Ascorbigen, bisabolene, cadinene, cinnamyl-
acetate, ellagic acid, humulene, leucocyanidin,
[imonene

Dihydromorin, cycloartenone, heterophylol,
tlavonones

Borneol, bergamotene, bisabolene, camphene,
cineole, citronellal, coumarin, limonene.
methoxypsoralen, naringin

Cyamdin, damascenone, guaiacol, malvidin,
quercetin

Acetonylgeraniin

Mangiferic acid, mangiferine, neoxanthophyll,

Catechins, deoxygartanin, gartanin, mangostin,
phytin

Germacrene, isocaryophyllene, kryptoflavin,
myrcene, ocimene, phellandrene, terpinene
Alkaloids, flavonoids, Harman, xanthophyll
Ananasic acid, chaviol, ellagic acid,
phytosterols, serotonin, vanilin

Damascenone

Cryptochrome, damacenone, phytofluene

Citrus fruits provide a diverse range of
flavonoids (11). Naringenin, a flavonone, has been
shown to posses chloresterol-lowering and
anticancer properties (12). The naringin content of
lime juice has been estimated to be ~lUU/f oo (13),
and the lime 1s also a source of limonene, a
biologically active terpene. Other bioactive
substances 1n lime (Table 3) include coumarins

that possess anticoagulatory and anti-inflamatory

properties.

Caroteniods are the dominant products of
the 1soprenoid pathway in mango. Phytochemicals
in mango have been implicated n protection from
cancer (14). Mango impacts favorably on a number
ol metabolic tunctions such as the production of a
low plasma glucose concentration relative to other
tropical and subtropical fruits commonly consumed

in Thatland (15), and also to an increase in plasma
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vitamin C (16). Althoueh few data are available
on the phytochemical composition ol rambutan.
the cholesterol-lowerine ctfect (17) of this fruit

may associated with its phvtosterol content.

IV. Molecular targets

The mode of action of phvtochemicals in
prevention of CHD 1s multifaccted and is
dependent on the chemical natures of individual
phytochemicals in question and on the consequences
of their complex interactions. The most extensively

studies group 1s undoubtedly the flavonoids.

A. In vitro inhibition of LDL oxidation by
flavonoids

Flavonoids inhibit the formation of Lipid Per-
Oxides (LPO) at the initiation stage by acting as
scavengers of superoxide anions and hydroxyl radi-
cals. It has been proposed that flavonoids termi-
nate chain radical reaction by donating hydroven
atoms to the peroxyl radical. forming flavonoid
radicals that, in turn, react with free radicals.
thereby terminating the propagation chain. In ad-
dition to these antioxidative properties. some fla-
vonoids can act as metal-chelating-agents and in-
hibit the superoxide-driven Fenton reaction, an
important source of active oxygen radicals (18-
20). The structure-function activity of flavonoids
has been reported previously (4).

A number of aglycone flavonoids are potent
inhibitors of in vitro oxidative modification of
LDL. Phenolic compounds isolated from red winc
inhibit the copper-catalyzed oxidation of LDL in
vitro, significantly more than a-tocopherol, possibly
by regenerating o-tocopherol. Alternatively,
chelation of divalent metal ions by flavonoids may
reduce formation of free radicals induced by Fenton
reactions. Hydroxylation of flavone nucleus
appears to be advantage because flavone itself is
poor inhibitor of LDL oxidation. whercas
polyhydroxylated flavonoids such as quercetin.
morin, hypoleatin, fisetin, gossypetin, and galangin

are potent inhibitors of LDL oxidation.

The ability of the constituents of tea. par-
tcularly (+)-catechin, to inhibit LDL oxidation
has been investgated: as expected. LDL modified
by c¢clls or copper-induced oxidation was
endocvtosed and degraded by macrophages more
quickly than native LDL. However. in presence
ol (+)-catechin, the rates of endocviosis and
degradation were similar to those of native LDL.
[n addition to the inhibition of LDL oxidation.
HHavonoids such as catechin, rutin. and quercetin.
at levels of 10-20 mmol/L, minimize the cytotoxicity
of the oxidized LDL. Morcover. cells preincubated
with these flavonoids were obscrved to be resis-
tant to the cytotoxic effects of previously oxi-
dized LDL. The postulated mechanisms by which
Havonoids protect against the cytotoxicity of oxi-
dized LDL are consistent with their antioxidant
and free radical-scavenging properties (4).

Cotffee has been reported to inhibit LDL
oxidation in vitro. One class of phenolic sub-
stances, the hydroxycinnamic acids. is ubiquitous
In its occurrence. The most common member of
this class 1s chlorogenic acid., which has been
shown to inhibit the oxidative modification of
LDL in vitro. Coffee, along with apples and ber-
ries. 1s a major source of chlorogenic acid in the

human diet.

B. Antithrombotic and vasoprotective effects
of flavonoids

The antioxidant action of flavonoids appear
to be involved in their observed anti-thrombotic
action. The antithrombotic and vasoprotective
action of quercetin, rutin and other flavonoids have
been attributed to their ability to bind to platelet
membranes and scavenge free radical. In this
manner. tlavonoids restore the biosynthesis and
actions of endothelial prostacyclin and Endothe-
hal-Derved Relaxing Factor (EDRF). both of which
are known to be inhibited by free radicals. How-

ever, some tlavonoids may inhibit arachidonic acid
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metabolism and platelet function by flavonoid-
enzyme interactions rather than by antioxidant
effects. In addition to their antiaggregatory ef-
fects, flavonoids appear to increase vasodilation
by inducing vascular smooth muscle relaxation,
which may be mediated by inhibition of protein
kinase C, PDEs, or by decreased cellular uptake
of calcium (18-22).

Flavonoids inhibit platelet aggregation and
adhesion: it has been shown that flavonoids influ-
ence several pathways involved in platelet func-
tion, such as inhibition of cyclooxygenase and
lipooxygenase and antagonism of thromboxane
formation and thromboxane receptor function. One
of the most potent mechanisms by which fla-
vonoids appear to inhibit platelet aggregation 1s
by mediating increases in platelet cyche AMP
(cAMP) levels, either by stimulating adenylate
cyclase or by inhibiting cAMP Phosphodiesterase
(PDE) activity (23).

The consumption of red wine 1s hinked to
decreased platelet aggregation. It 18 postulated that
the antioxidant properties of phenolic compounds
in red wine reduce platelet aggregation and n-
hibit lipid peroxidation in vitro. If such mecha-
nisms are established in humans the protective
effects of red wine against platelet aggregation
may partly explain the long term advantages of
consuming moderate amounts of red wine over

other alcoholic beverages (21-23).

Conclusion

Epidemiological, clinical, and in vitro evi-
dence support the hypothesis that phytochemicals
benefit health. Tropical and subtropical fruits con-
tain a broad range of such compounds, some of
which are reported to protect against cardiovascu-
lar disease. The presence of a large number of
minor dietary factors that protect against disease
reinforces the recommendation to increase the
intake of plant foods rather than any specific
supplement.
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