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ABSTRACT
Hypertension is a term used to describe high blood pressure which affects one billion or one

in three adults worldwide, and attributes to about 40% of cardiovascular related deaths.
Hypertension is reported to be the fourth contributor to premature death in developed
countries and the seventh in developing countries. Although there are various preventive
measures, that dietary factors play an important role in the modulation of BP in hypertensive
or normotensive individuals. Fruit and vegetable consumption has an especially powerful
association with lower levels of BP and a lower risk of hypertension. Intakes of potassium,
calcium, magnesium, fiber, and nitrites derived from plants have also been shown to lower
levels of BP. The current review addresses the potentiality of various fruits and vegetables
to maintain a normal blood pressure and the bioactive compounds that are present in them
how they mitigate vascular mechanism and thereby bring down blood pressure.
Keywords: Hypertension, Fruits and Vegetables, Nitrates, Nitrites, Nitric Oxide,
Minerals, Polyphenols, Bioactive Compounds
INTRODUCTION
Hypertension that defined as a systolic

mortality [1]. Hypertension affects one

blood pressure greater than 140 mmHg and
or a diastolic blood pressure greater than 90
mmHg is one of the major risk factors for
morbidities

cardiovascular including

coronary artery disease, myocardial

infarction and kidney disease, as well as for

billion or one in three adults worldwide, and
attributes to about 40% of cardiovascular
related deaths; unfortunately more than 50%
of hypertensive individuals are unaware of
their condition [2]. High BP is also known

as the silent killer’” as there are no warning
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signs or symptoms [3]. People often do not
realize they have it until they suffer from a
related condition. Seventy-seven percent of
first-time stroke victims, 69% of first-time
heart attack victims, and 74% of first time
congestive heart failure victims have blood
pressure above 140/90 mmHg [4].

Recent reports indicate that nearly 1 billion
adults (more than a quarter of the world’s
population) had hypertension in 2000, and
this is predicted to increase to 1.56 billion
by 2025 [5]. Hypertension is reported to be
the fourth contributor to premature death in
developed countries and the seventh in
developing countries [6]. A number of
factors that increase BP, includes 1) obesity,
2) insulin resistance, 3) high alcohol intake,
4) high salt
patients), 5) aging and perhaps 6) sedentary

intake (in salt-sensitive
lifestyle, 7) stress, 8) low potassium intake,
and 9) low calcium intake [7, 8]. Numerous
studies have reported that certain lifestyle
choices, such as maintaining a normal body
weight, engaging in routine physical
activity, and reducing sodium and alcohol
intake, can lead to undeniable reductions in
BP levels and the prevalence of
hypertension [9]. Among these preventive
factors, it is well known that dietary factors
play an important role in the modulation of
BP in hypertensive or
individuals [9-19].

consumption has an especially powerful

normotensive

Fruit and vegetable

association with lower levels of BP and a
lower risk of hypertension [11, 18, 19].
Intakes of potassium, calcium, magnesium,
fiber, and protein derived from plants have
also been shown to be associated with lower
levels of BP [11, 12, 19-21].

When a question arises how fruits and
vegetables attenuate blood pressure it leads
to the paradigm of nitric oxide (NO)
pathway. The discovery of the nitric oxide
in the 1980s

evolutionary advancement in knowing the

represented a critically

determinants that cause cardiovascular
diseases and presently a number of human
diseases have been characterized by NO
insufficiency. Provisionally, reason bio
medical researchers have documented that
nitric oxide can be modulated by the diet
irrespective of its enzymatic synthesis L-
arginine eg; the ingestion of nitrite- and
nitrate- rich food such as fruits, leafy

vegetables along with anti- oxidant.
Acceptable intake of nitrate- containing
foods such as green leafy vegetables may
ensure and make certain that blood and
tissue levels of nitrite, nitric oxide pools are
sufficient to

maintained at a level

compensate for any abnormalities in
endogenous nitric oxide synthesis [22].
Growing Burden of Hypertension In
India

In India, hypertension is the leading non

communicable disease risk and estimated to
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be attributable for nearly 10 per cent of all
deaths [23]. From the studies of Gupta,
2004 and Reddy, 2005 it is evident that
adult hypertension prevalence has risen
dramatically over the past three decades
from 5 per cent to 20-40 per cent in urban
areas and 12-17 per cent in rural areas [24,
25]. Also, Reddy (2005) reported that the
number of hypertensive individuals is
anticipated to nearly double from 118
million in 2000 to 213 million by 2025 [25].
From the study of Mohan et al, 2011, it is
understood that 16 per cent of ischemic
heart disease, 21 per cent of peripheral
vascular disease, 24 per cent of acute
myocardial infarctions and 29 per cent of
strokes are attributable to hypertension,
emphasizing the huge impact of effective
hypertension prevention and control in order
to reduce the accelerating encumberance of
cardiovascular disease (CVD) [26].

Global

Vegetables

Consumption of Fruits and

Globally, majority of people consistently are
consuming less than the daily recommended
fruits and vegetables requirement. Even in
developed nations e.g., Australia, Canada,
Europe, UK and USA, researchers have
concluded that there is a large gap between
actual and recommended consumption of
both fruits and vegetables despite decades of
concern and publicity while resultant

outcomes were short-lived. In a study from

52 low and middle-income countries 77.6%
of men and 78.4% of women consumed less
than the minimum recommended servings
of fruits and vegetables. In the same study,
it has been reported that Indian adults
Consume74% less fruits and vegetables than
the recommended [27].

Consumption of Fruits And Vegetables In
India
Traditionally, Indian life style has a
preference for fresh fruits and vegetables or
those processed at home. On the contrary,
surveys indicate a consistently low
consumption of fruits and vegetables.
Annual consumption (kg/person/annum) of
fruits was 9.6 (rural), 15.6 (urban) and 11.8
(India) while it was 74.3 (rural), 79.1
(urban), 76.1 (India) for vegetables [28].
According to latest National Sample Survey
Office (NSSO) survey revealed that out of
1000
consumption was reported by 983 (rural)
and 932 (urban) whereas fruits by 608

(rural) and 777 (urban) residents [29]. Other

household in India, vegetable

recent studies on avg. consumption of fruits
and vegetables amongst urban residents of
Chennai and Jaipur reported as 265 gm/day
and less than 3 servings by 72.6%
respondent’s respectively [30, 31].
Recommended Intake of Fruits And
Vegetables

The general recommendation for intake of

fruits and vegetables is atleast 400 grams
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per person per day (five serving of 80 g
each day) or about 146 kg per person per
year [32, 33]. Similarly, national nutrition
guidelines  recommends  avg.  daily
consumption of 300 g for vegetables
(portion size = 100 gm X no. of portions =
3) and 100 g of fruits (portion size = 100 gm
x no. of portions = 1). The vegetables
include (green leafy vegetables = 50 gm,
other vegetables = 200 gm, roots and tubers
= 50 gm) [34]. A glass of fruit juice
(excluding sweetened beverages) counts
towards a portion of fruit each day although
whole fruit is encouraged for its fiber
content in-conjunction with active life-style
[35].

Experiences with “Dash Diet”

The DASH diet is a diet rich in fruits and
vegetables (4-5 servings/day) and low-fat
dairy products (2- 3 servings/day) and
includes whole grains, poultry, fish, and
This diet is rich

nuts. in potassium,

magnesium, calcium, dietary fiber, and
protein and has reduced fat (total and
saturated) and cholesterol (<25%), red meat,
sweets, and sugar-containing beverages. The
DASH trial [36] enrolled 459

untreated participants with prehypertension

initial

and stage | hypertension and randomly
assigned them to one of 3 groups (1) a
control group which consumed a typical US
diet which was low in fruits, vegetables, and

dairy products and had a high fat content,

(2) adiet rich in fruits and vegetables, or (3)
the DASH diet sodium intake and body
weight were held constant during the study
period of eight weeks. Compared with the
control group, systolic and diastolic blood
pressure decreased by 5.5/3.0mmHg and
2.8/1.1mmHg in the DASH diet and fruits-
and-vegetables diet, respectively. This
reduction was higher among the subset of
hypertensives at 11.4/5.5mmHg compared
with  0.5/2.1mmHg for

hypertension consuming the DASH diet. In

those without

addition, the reduction in blood pressure
began within two weeks and was sustained
for the next six weeks. Recent studies also
demonstrated that vegans do have lower
SBP and DBP and less likely to use
antihypertensive medications. In a study, for
vegans, the odds ratio of hypertension
compared with omnivores was 0.37 (95%
Cl, 0.19 to 0.74) [37]. Vegetarian diet with
increased intake of fruit and vegetables,
polyunsaturated vegetable margarines, and
oils, fiber, calcium, and magnesium and
decreased intake of protein in mild untreated
hypertensive patients resulted in a fall of
5mmHg in SBP. This diet improved blood
pressure without a change in urinary sodium
or potassium excretion or body weight [38].
Similarly, Rouse and colleagues (1983)
included 59 healthy normotensive patients
in a randomized controlled study in which

they were randomized to a control group
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(omnivorous diet) and one of 2 experimental

groups (omnivorous and/or lacto-ovo-
vegetarian diet). Mean SBP dropped by 5 to
6mmHg and DBP dropped by 2 to 3mmHg
in the group on vegetarian diet after
adjustment for age, obesity, heart rate,
weight change, and blood pressure before
dietary change. Blood pressure rose
substantially in subjects who reverted to the
omnivorous diet [39].

Another analysis of the Nurses’ Health
Study (NHS) | and Il and the Health
Professionals Follow-up Study (HPFS) after
14 years of follow-up with flavonoid intake
calculated by an updated nutrient database
from 2010 showed a risk reduction in
hypertension with increasing intake of
anthocyanins [40]. In line with this, anyone
can understand that fruits and to some
extent vegetables are the best sources of
flavanols.

Especially there are some vegetable sources
which exhibit such tremendous favourable
effect on hypertension. The plant raddish
has been found to have antihypertensive
activity. Isolated tissue preparations were
suspended in tissue baths containing Krebs
solution, while acute toxicity study was
performed in mice for 24 hours. The extract
caused a dose-dependent (0.1-3 mg/kg) fall
in BP and HR of rats that was mediated
through an atropine-sensitive pathway. In

isolated guinea-pig atria, it showed dose-

dependent (0.03-3.0 mg/ml) inhibition of

force and rate of contractions. In the
atropine-treated tissues, the inhibitory effect
was abolished and a cardiac stimulant effect
was unmasked, which was resistant to
adrenergic  and

serotonergic  receptor

blockade. In the endothelium-intact rat
aorta, it inhibited phenylephrine-induced
contractions, which was blocked by

atropine. The extract was safe in mice up to
the dose of 10 g/kg. The study showed that
the cardiovascular inhibitory effects of the
plant are mediated through activation of
muscarinic  receptors,  thus

justifying its use in HTN [41].

possibly

Consumption of Pomegranate juice which is
rich in tannins, possess anti-atherosclerotic
properties which could be related to its
potent anti-oxidative characteristics. Aviram
(2001) studied the effect of pomegranate
juice consumption (50 ml, 1.5mmol of total
polyphenols per day, for 2 weeks) by
their  blood

angiotensin

hypertensive patients on

pressure and on serum
converting enzyme (ACE) activity. And his
study result revealed that a 36% decrement
in serum ACE activity and a 5% reduction
in systolic blood pressure [42].

extract  contains

Similarly,  Tomato

carotenoids, such as lycopene, beta
carotene, and vitamin E, which are known
as effective antioxidants, to inactivate free

radicals and to slow the progress of
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atherosclerosis. A study showed that extract
of tomato (Lyc-O-Mato) modestly reduces
BP in patients with mild, untreated HTN.
Engelhard gave a tomato extract to
31lhypertensive subjects over 12 weeks
demonstrating a significant correlation was
between systolic BP and lycopene levels
[43]. Paran et al.2001evaluated 30 subjects
with grade 1 hypertension, age 40- 65 years,
and taking no anti hypertensive or anti- lipid
medications treated with a tomato lycopene
extract for 8 weeks and his results revealed
that systolic blood pressure was reduced
from 144 to 135 mmHg

reduction; p<0.001] and diastolic blood

[9-mmHg

pressure fell from 91 to84 mmHg [7- mmHg
reduction; p<0.001] [44] The same author in
2009 reported that the tomato extract when
added to patients treated with low doses of
ACE inhibition, calcium channel blockers,
or their combination with low-dose diuretics
had a clinically significant effect-reduction
of BP by more than 10 mmHg systolic and
more than 5 mmHg diastolic pressures [45].
In anesthetized rats, the crude extract of the
leaves of M. oleifera (Moringa), a green
leafy vegetable caused a fall in systolic,
diastolic, and mean BP in a dose-dependent
manner. The antihypertensive effect was
brief,

minutes. HR was not affected significantly,

returning to normal within two

except at high doses (3 and 10 mg/kg),

which produced a small degree of

bradycardia. It was also established that
thiocarbamate and isothiocyanate fractions
of the crude extract were responsible for the
antihypertensive activity [46].

Among the root vegetables, carrot has been
used as a traditional medicine to treat HTN,
may be owing to their fiber content and
antioxidants, particularly carotenes.
Activity-directed fractionation of aerial
parts of D. carota resulted in the isolation of
two coumarin glycosides coded as DC-2 and
DC-3. Intravenous administration of these
compounds caused a dose-dependent (1-10
mg/kg) fall in arterial BP in neuromuscular
transmission NMT anesthetized rats. In
the in vitro studies, both compounds caused
a dose-dependent (10-200 pg/ml) inhibitory
effect on spontaneously beating guinea pig
atria as well as on the K"-induced
contractions of rabbit aorta at similar
concentrations. These results indicate that
DC-2 and DC-3 may be acting through
blockade of calcium channels, and this
effect may be responsible for the BP-
lowering effect of the compounds observed
in the in vivo studies [47].

Ladeji et al. investigated the effect of oral
administration of the black plum extract on
BP of rats. The extract was found to exert
hypotensive effect. Both the systolic and
diastolic BPs were significantly reduced

within 45 min after oral administration of
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the extract. The BP began to return to
normal after 2 hours [48].

Bananas are one of the best sources of
potassium, an essential mineral for
maintaining normal blood pressure and
heart function. A medium-sized banana
provides 350 mg of potassium. The
effectiveness of potassium-rich foods in
blood

demonstrated by a number of studies. The

lowering pressure  has been
US Food and Drug Administration have
allowed the banana industry to make official
claims for the fruit's ability to reduce the
risk of blood pressure and stroke. According
to the FDA, “Diets containing foods that are
good sources of potassium and low in
sodium may reduce the risk of high blood
pressure and stroke.” Plus, potassium helps
fluid and

electrolyte balances in the cells. Scientists

body to maintain normal
report that natural compounds in bananas
act in a manner similar to antihypertensive
drugs. The team studied six popular banana
had ACE

inhibiting properties, though the ripened

varieties and found that all

bananas had a stronger action than unripe
ones. Researchers have reported that blood
pressure fell by 10% in people who ate two
bananas daily for a week [49].
Ferulic acid (FA;

methoxycinnamic acid)

4-hydroxy-3-
is a ubiquitous
phenolic compound found in plant tissues

and thus is a bio- active ingredient in many

foods. Some of the rich sources of FA are
rice bran, whole grain food, citrus fruits,
banana, beetroot,
broccoli [50]. Seok et al., 2012, conducted a
study by inducing hypertension in 2KIC rats

cabbage, spinach and

by clipping the left renal artery and age-
matched rats that received a sham treatment
served as a control. The effects of ferrulic
acid on vasodilatotry responses were
evaluated based on contractile responses
induced by phenylephrine in the aortic rings
obtained from both 2KIC and sham rats.
Basal nitric oxide (NO) bioavailability in
the aorta was determined by the contractile
response induced by NO synthase inhibitor
NG- nitro- L-
NAME). The results of the study suggested

arginemethyleaster(L-

that ferrulic acid restores endothelial
function by altering the bioavailability of
NO in 2K1C hypertensive rats [51].

Moline et al., 2000, reported that there are
over 400 naturally occurring flavanoids
(flavanols, flavones and isoflavones) which
are found in diverse substances such as
fruits, vegetables, red wine, tea, soy and
licorice. He also stated that flavanoids are
potent free radical scavengers that inhibit
lipid peroxidation prevent atherosclerosis
promote vascular relaxation and have anti-
hypertensive properties [52].

Resveratrol is a potent antioxidant
antihypertensive found in the skin of red

grapes and red wine. Karatzi et al., 2005, in
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his study endorsed that “Red wine acutely

induces favourable effects on wave
reflection and central pressure in coronary
artery patients” in addition, he found that
the Resveratrol administration to human
index,

reduces augumentation improves

arterial compliance and lower central
arterial pressure [53].

Blood pressure reducing properties of garlic
have been linked to its hydrogen sulphide
production and allicin content — liberated
from alliin and the enzyme allinase which
has angiotensin Il inhibiting and
vasodilating effects, as shown in animal and
human cell studies [54]. Rashid and Khan,
1985, suggested that the mechanism of
antihypertensive activity of garlic is due to
its  prostaglandin-like  effects, which
decrease peripheral vascular resistance [55].
Similarly, Ried et al., 2013 found out from
his study a dosage of 240- 960 mg of aged
garlic extract containing 0.6- 2.4 of S-
allylcysteine significantly lowered blood
pressure by about 12 mmHg over 12 weeks
[56].

In in vivo animal experiments, intravenous
administration of garlic extracts produced
slight reductions in both systolic and
diastolic pressures [57] and oral ingestion of
garlic extract in hypertensive animals
brought the blood pressure back to the

normal level [58]

There is a emerging paradigm that certain
foods promote nitric oxide (NO) production
from the stepwise reduction of nitrate and
nitrite  to nitric oxide, providing an
endothelium independent source of bio-
active nitrate rich beetroot along with
Hawthorn berry shown to have a robust
nitrite reductive activity would improve NO
status in humans and modify cardiovascular
risk factor [59].

Dietary nitrate, from beetroot has been
reported to lower blood pressure (BP) by the
sequential reduction of nitrate to nitrite and
to nitric oxide (NO) in the

circulation. Hobbs et al., 2013, showed that

further

bread enriched with beetroot may be a
suitable vehicle to obtain endothelium
independent vasodilatation and reduced
diastolic blood pressure as well as assured
beetroot may be a cardio protective
vegetable and may further provide novel
therapeutic perspective in the management
of hypertension [60].

In a systemic review and meta analysis of
randomized control clinical trial using
beetroot supplementation and examining the
effects of inorganic nitrate on blood
pressure by Siervo et al understood that
meta regression was showing an association
between daily dose of inorganic nitrate and
changes in systolic blood pressure(p< 0.05)
[61]. In another study Coles and Clifton

(2012) categorically demonstrated that
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beetroot juice will lower blood pressure in
men when consumed as part of a normal
diet free living healthy adults [62]. Lamsley
and colleagues demonstrated that dietary
NOs" administred in the form of beetroot
juice (500ml/ day for 6 days), decreases
resting systolic pressure(SBP) and O,
consumption during walking and running
[63].
Flavanoids and nitrates can augment nitric
oxide status via distinct pathway, which
may improve endothelial function and lower
blood pressure. Bondonno et al., 2012,
investigated the independent and additive
effects of Flavonoid- rich apples and nitrate-
rich spinach on nitric oxide status,
endothelial function, and blood pressure. In
his  randomized, controlled study he
demonstrated that Flavonoid- rich apples
and nitrate- rich spinach can independently
enhance
blood

pressure acutely, outcomes that may benefit

augment nitric oxide status,

endothelial function, and lower
cardiovascular health [64].
CONCLUSION

The renewed interest in the search for new
drugs from natural sources, especially from
plant sources, has gained global attention
during the last two decades. Considering the
magnitude of the health and financial
consequences of HTN, scientific search for
more effective and at the same time more

affordable means of tackling HTN has

become more than a necessity. Various
dietary bioactive compounds have attracted
an increasing research interest over the last
decade due to their acclaimed health
benefits. Among these compounds, nitrates
as well as nitrites in particular and calcium,
magnesium,  potassium  along  with
antioxidants have been positively associated
with hypertension. Accumulating evidence
has documented a positive link between
consumption of fruits and vegetables
containing these bioactive compounds, also
described as functional foods, and their
effect on reducing the Dblood pressure.
However, it is the need of the hour to
ponder upon how to reach the public and
disseminate the efficacy of these functional
fruits and

vegetables in controlling

hypertension. First of all the young
generation have to be inculcated about the
usage of fruits and vegetables and thereby
many non communicable diseases including
the devastating hypertension may be
prevented. Perhaps, People in India also
have poor compliance towards consumption
of recommended levels of fruits and
vegetables, mainly owing to their exorbitant
price. At this juncture, one must always
agree that when People indulge in regular
consumption of large quantities of fruits and
vegetables, obviously the demand would
increase and the production of the same

would also be directionally proportional to
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it. Thus, the price of these veggie items
would also simultaneously and drastically
drop down as the demand will more. Hence,
in this line educational institutions and
societal organisations should come forward
to implement this rather than blaming the
policy makers. At least through publications
of such articles let us make sure to spread
the message and be determined in
controlling the dreadful silent killer
hypertension.
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