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Abstract:

The blood pressure lowering effect of a fruit and vegetable-rich diet is a necessary dietary lifestyle measure now included the guide-

lines for the management of arterial hypertension. Furthermore, flavonoids represent a major class of plant polyphenolics. The pres-

ent review addresses the antihypertensive effect of quercetin, one of the most abundant flavonoids present in fruits and vegetables,

and probably the best studied flavonoid because of its high biological activity. Quercetin has been shown to induce a progressive,

dose-dependent and sustained reduction in blood pressure when given chronically in several rat models of hypertension, including

spontaneously hypertensive rats, L-NAME-treated rats, DOCA-salt hypertensive rats, two-kidney one-clip Goldblatt rats, rats with

aortic constriction and Dahl salt-sensitive hypertensive rats. Quercetin was also effective in reducing blood pressure in rat models of

metabolic syndrome, including the obese Zucker rats as well as rats treated with a high-sucrose, high-fat diet. Quercetin also pre-

vented morphological and functional changes in the heart, vessels and kidney, while increasing production of reactive oxygen spe-

cies associated with hypertension. A high dose of quercetin also reduced blood pressure in stage 1 hypertensive patients in

a randomized, double-blind, placebo-controlled, crossover study. Since raised blood pressure is the major cause of stroke as well as

an important risk factor for ischemic heart disease, we propose that the blood pressure-lowering effect of quercetin could be an im-

portant mechanism contributing to the reduced risk of myocardial infarction and stroke observed with fruit and vegetables-rich diets,

and possibly with flavonoid-rich diets.
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Introduction

High blood pressure is one of the major risk factors

for developing cardiovascular diseases, including

coronary disease, stroke, peripheral artery disease, re-

nal disease and heart failure [8, 25]. Efforts to reduce

the prevalence of hypertension have focused on non-

pharmacologic approaches that lower blood pressure.

Lifestyle measures are recommended for all patients,

including those with high-normal blood pressure and

those who have a higher risk and require drug treat-

ment. The lifestyle measures that are widely agreed to

lower blood pressure or cardiovascular risk associated

with hypertension, include smoking cessation, weight

reduction, physical exercise, reduction of excessive

alcohol intake (particularly for binge drinking), and
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dietary measures such as a reduction in sodium, an in-

crease in potassium and a decrease in saturated and total

fat intake [33]. An increase in fruit and vegetable intake

has also been included in the guidelines for the manage-

ment of arterial hypertension in recent years [33].

Earlier epidemiological studies suggested that

vegetarians tend to have lower blood pressures than

non-vegetarians. The blood pressure lowering effects

of vegetables and a fruit-rich diet were later con-

firmed in randomized intervention studies [3, 34]. The

reduction in blood pressure begins within two weeks,

is maintained during the following weeks and is re-

versible [3, 34]. Interestingly, subjects with hyperten-

sion had greater reductions in blood pressure than

normotensive subjects [34]. Because high blood pres-

sure is the major cause of stroke, the blood pressure-

lowering effect could be one of the major mechanisms

contributing to a reduced risk of stroke with increased

fruit and vegetable intake [20].

The specific components present in fruits and vege-

tables that reduce blood pressure are not fully charac-

terized. It was originally suggested that an increase in

the ratio of polyunsaturated to saturated fats, fibre, cal-

cium and magnesium intake, and a decrease in the in-

take of protein and vitamin B12 might be responsible.

However, the reduction in blood pressure produced by

these substances in trials of dietary supplements has

typically been small and inconsistent. The presence of

multiple antioxidants in these foodstuffs has also been

suggested to be involved [3, 38]. Among these plant

antioxidants, polyphenolics have received considerable

attention in recent years as compounds with potential

beneficial effects for cardiovascular health.

Flavonoids represent the major class of polyphe-

nolics, which, in addition to their antioxidant effects,

show a wide range of pharmacological activities [32,

35]. These compounds have attracted both nutrition-

ists and pharmacologists for a number of reasons:

1) based on their abundance in fruits and vegetables,

flavonoids may account for some of the health-

promoting effects of these foodstuffs, 2) some foods

are particularly rich in flavonoids, such as tea, wine,

onions, apples or dark chocolate, whose beneficial

cardiovascular effects are well known, 3) some prod-

ucts derived from these flavonoid-rich foods, e.g. red

wine polyphenolic extracts, have been commercialized

as dietary supplements, 4) medicinal plants rich in fla-

vonoids or their extracts (e.g. the standardized extract

of Ginkgo biloba leaves) are used within alternative

as well as academic medicine, and 5) specific fla-

vonoids (e.g. quercetin) are also available in certain

countries as nutraceuticals. The present review ad-

dresses the antihypertensive effect of quercetin, one

of the most abundant flavonoids in food and probably

the best studied because of its high biological activity.

The term flavonoid describes several thousand

plant-derived compounds sharing a common skeleton

of phenylchromane [35]. This basic structure allows

a multitude of substitution patterns leading to several

flavonoid subclasses such as flavonols, flavones, fla-

vanones, catechins, anthocyanidins, isoflavones, di-

hydroflavonols and chalcones. These compounds are

widely distributed in the plant kingdom, and are pres-

ent in variable amounts in dietary fruits, vegetables,

nuts, seeds, herbs, spices, tea and red wine [46]. The

daily human intake of flavonoids was initially esti-

mated to be around one gram [27], which led to the

commercialization of the flavonoid quercetin as a die-

tary supplement in the US in doses of one gram per

day. Yet, more recent estimates are well below this

amount. The average daily intake of the most abun-

dant flavonoids, catechins, has been estimated to be

below 100 mg, while flavonols plus flavones are

around 20–25 mg [21]. However, there are large

variations within countries depending on their nutri-

tional habits, with flavonols plus flavones ranging

from 6 to 94 mg [22]. Quercetin, present in foods as

quercetin glycosides, represents 60–75% of the total

dietary flavonols plus flavones intake.

The interest in dietary flavonoids has grown in the

last 15 years after the publication of several epidemi-

ological studies showing an inverse correlation be-

tween dietary consumption of flavonols and flavones

and reduced incidence and mortality from cardiovas-

cular disease and cancer [21]. For instance, the meta-

analysis of seven prospective cohort studies con-

cluded that the individuals in the top third of dietary

flavonol intake are associated with a reduced risk of

mortality from coronary heart disease as compared

with those in the bottom third, after adjustment for

known risk factors and other dietary components [23].

Antihypertensive effect of quercetin

in animal models

The first report on the antihypertensive effects of

quercetin was from a study carried out in spontane-
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ously hypertensive rats (SHR) [11]. SHR is a genetic

model of multifactorial hypertension, which is con-

sidered to resemble human essential hypertension.

Quercetin at a single oral daily dose of 10 mg/kg for

five weeks given to 14 week-old SHR (i.e. with estab-

lished hypertension) induced a significant reduction

in systolic (–18%), diastolic (–23%) and mean

(–21%) arterial blood pressure and heart rate (–12%)

in SHRs, but had no effect in normotensive Wistar

Kyoto rats (WKY). A similar antihypertensive effect

was later reported in SHRs treated with 10 mg/kg

starting at a pre-hypertensive stage (6–7-week old)

[30]. The antihypertensive effect of quercetin lasts for

at least 13 weeks. In all of these studies, quercetin was

dissolved in methylcellulose administered orally via

gavage. In a more recent and puzzling report [6],

5 week-old SHRs were given a quercetin-supplemented

diet (1.5 g quercetin/kg diet, approx. 130 mg/kg) for

5 or 11 weeks. Despite the fact that plasma quercetin

levels were elevated, arterial blood pressure was simi-

lar in quercetin-treated SHRs compared to the un-

treated animals, while quercetin given by gastric

gavage was effective. However, in a previous report

by this group [24], the same quercetin-supplemented

diet was reported to be effective in lowering blood pres-

sure in rats with aortic constriction, questioning their

conclusion that the mode of delivery is a critical deter-

minant of the efficacy of quercetin. An enzymatically

modified isoquercitrin (EMIQ), i.e. a water-soluble gly-

coside of quercetin produced from rutin by enzymatic

treatment, at a dose of 3 and 26 mg/kg/day, has also

been shown to exert antihypertensive effects in SHR.

This compound was more effective than quercetin itself,

possibly due to a higher bioavailability [14].

The effects of quercetin were also analyzed in a rat

model of hypertension induced by inhibition of NO syn-

thase with N-nitro-L-arginine methyl ester (L-NAME).

L-NAME is a non-selective inhibitor of NO synthase,

i.e. it inhibits the endothelial, the inducible and the

neuronal NO synthase isoforms (eNOS or NOS-3,

iNOS or NOS-2 and nNOS or NOS-1) and induces

a progressive increase in arterial blood pressure.

The L-NAME-induced hypertension was prevented

by a single oral daily administration of quercetin [10].

When given simultaneously with L-NAME, 10 mg/kg

quercetin fully prevented an increase in blood pres-

sure. At 5 mg/kg, it was also highly effective, though

the effect developed more slowly and was only sig-

nificant after four weeks of treatment. Once hyperten-

sion was established (i.e. after 6 weeks of treatment),

quercetin was also able to reduce blood pressure (Du-

arte, unpublished observations).

In deoxycorticosterone acetate (DOCA)-salt hyper-

tensive rats, the effects of quercetin were compared to

those of the Ca2+ channel blocker verapamil [17, 18].

The DOCA-salt is a model of volume-dependent hy-

pertension, which is triggered by administration of

NaCl and characterized by a suppressed plasma renin

level due to sodium retention. In this animal model,

some classes of antihypertensive drugs such as angio-

tensin converting enzyme (ACE) inhibitors or angio-

tensin receptor antagonists show low efficacy. How-

ever, quercetin (10 mg/kg) inhibited the development

of DOCA-salt-induced hypertension and this effect

was similar to that of verapamil (20 mg/kg). The Dahl

salt-sensitive rat is another salt-dependent model of

hypertension. In this case, Dahl rats are genetically

predisposed to develop hypertension when they re-

ceive NaCl. Two studies have reported that quercetin

diminishes elevated systolic blood pressure in these

rats [2, 31].

The effects of quercetin were also analyzed in

two-kidney, one-clip (2K1C) Goldblatt hypertensive

rats [19], which is a model of renovascular hyperten-

sion with reduced blood flow to one kidney. The

ischemic kidney secretes renin, which leads to in-

creased angiotensin II formation and hence elevation

of blood pressure. Sodium excretion by the intact con-

tralateral kidney increases (pressure natriuresis);

therefore, there is no sodium retention. Oral quercetin

treatment (10 mg/kg) also reduced systolic blood

pressure in this animal model. The clipping of the

aorta at the suprarenal level is a common procedure

used as a model of cardiac hypertrophy induced by

pressure overload. In these animals, the elevated ca-

rotid arterial blood pressure was reduced by chronic

treatment with 1.5 g quercetin/kg diet [24].

The effects of quercetin were also studied on the

elevated blood pressure observed in metabolic syn-

drome, i.e. a common clinical condition associated

with obesity and type 2 diabetes in which patients ex-

hibit abdominal obesity, insulin resistance, dyslipide-

mia and hypertension. Obese Zucker rats are a genetic

model of metabolic syndrome, demonstrating obesity,

hypertriglyceridemia, hypercholesterolemia, hyper-

glycemia and elevated blood pressure. In this model,

a daily dose of quercetin (2 or 10 mg/kg) for 10 weeks

induced a progressive reduction in blood pressure

without an effect on the control lean Zucker rats [42].

Another model of metabolic syndrome can be gener-
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ated by administration of a high-fat and high-sucrose

diet. The elevation in blood pressure induced by this

diet was reduced in a dose-dependent manner by includ-

ing 0.02–0.5% of quercetin (approx. 5–300 mg/kg/day)

in the diet [47].

To summarize, quercetin has demonstrated antihy-

pertensive effects when given chronically in the most

common rodent models of hypertension. The dose

most frequently used is 10 mg/kg per day, as used in

the seminal report [11], but the effective doses used

range from 2 to 300 mg/kg per day. When different

doses were analyzed, the antihypertensive effect was

dose-dependent [11, 42, 47]. Except in one report [6],

the effect was independent of the mode of administra-

tion, i.e. given as a single daily oral administration by

gavage or by including it in the diet. The time course

of the antihypertensive effect has been followed by

measuring systolic blood pressure by tail-cuff ple-

thysmography. This effect does not appear immedi-

ately, usually starting during the second week of treat-

ment, though it is sustained during the treatment pe-

riod. Blood pressure was measured directly via

arterial canulation at the end of the treatment period in

most studies and quercetin reduced the systolic, the

diastolic and the mean blood pressure. Interestingly,

the reduction in blood pressure is long lasting, re-

maining after 48 h of discontinuation of treatment. To

our knowledge, the reversibility of the antihyperten-

sive effect of quercetin upon longer treatment discon-

tinuation has not been analyzed. A modest reduction

in heart rate was also observed in some studies. Re-

markably, quercetin was effective in all models of hy-

pertension analyzed, independently of the origin of

the hypertension, the status of renin-angiotensin sys-

tem, oxidative stress, nitric oxide, and other factors.

However, it is also clear that quercetin does not exert

hypotensive effects, because it did not modify blood

pressure in control normotensive animals in any of the

published studies.

End-organ damage associated with

hypertension

Sustained high blood pressure is one of the most pow-

erful determinants of the development of cardiac, vas-

cular and renal diseases [8, 16, 25]. Current therapeu-

tic options for hypertensive patients must consider not

only the reduction of blood pressure, but also its long

term effects, i.e. the preventive effects on end-organ

damage. It should also be noted that most of the bene-

fits of antihypertensive treatment are a result of low-

ered blood pressure per se and is largely independent

of the drugs or class of drugs employed [33].

Left ventricular hypertrophy

Left ventricular hypertrophy is found in most animal

models of hypertension. In SHR, the left ventricular

weight relative to body weight is significantly greater

than in control WKY and this parameter was signifi-

cantly reduced in quercetin-treated SHR in parallel

with the reduction in systolic blood pressure [11].

A modest left ventricular hypertrophy can also be

found in the L-NAME model of hypertension, which

was significantly attenuated by quercetin [10]. Simi-

larly, quercetin reduced cardiac hypertrophy in the

2K1C Goldblatt rats [19] and in the DOCA-salt model

[17]. The effects of quercetin on cardiac hypertrophy

were specifically assessed in rats with aortic constric-

tion, a widely used model of cardiac hypertrophy [6].

In this paper, cardiac hypertrophy was attenuated by

quercetin and this was accompanied by changes in the

expression and localization of several proteins in the

heart. Thus, the cardiac protein kinase C betaII trans-

location and the expression of cardiac beta-myosin

heavy-chain mRNA were strongly reduced by quer-

cetin. The antihypertrophic effect of quercetin may be

at least partly due to a reduction in systolic load,

which is a very potent stimulus for cardiac growth.

However, because quercetin can interfere with many

signaling pathways involved in cell growth and apop-

tosis, it cannot be ruled out that quercetin might limit

hypertensive cardiac hypertrophy via other mecha-

nisms. In fact, quercetin inhibited angiotensin 2-in-

duced hypertrophy in vitro in cultured neonatal rat

cardiomyocytes [40].

Renal injury

Several of the studies with quercetin in animal models

of hypertension have also analyzed its effect on the

kidney. In the study carried out in the L-NAME model,

an in depth analysis of the histological changes in-

duced by quercetin was performed [10]. Chronic inhi-

bition of NO synthesis is consistently associated with

renal injury presenting with an elevated kidney

weight index, glomerulosclerosis with a prominent in-
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crease in mesangial matrix in scattered glomeruli,

many hyaline casts, tubular necrosis, and mild and

scattered tubular atrophy [48]. The main and most in-

tense vascular lesion found in L-NAME rats is hya-

line arteriopathy and thickening of the vascular wall

(proliferative arteriopathy) with a moderate decrease

in the lumen, which was almost always observed in

medium-sized vessels. These histological findings

were associated with proteinuria, indicating func-

tional impairment of the glomerular wall barrier.

Quercetin prevented renal hypertrophy and reduced

the renal parenchyma and vascular lesions and prote-

inuria, indicating that quercetin protects, at least par-

tially, from L-NAME-induced renal injury. In the

2K1C Goldblatt model, quercetin treatment also re-

duced proteinuria [19] and prevented renal hypertro-

phy in the DOCA-salt model [17]. In contrast, in the

SHR model, a weak increase in kidney weight index

was not significantly modified by quercetin [11]. In

the Dahl model, quercetin also downregulated the ex-

pression of the epithelial Na+ channel (ENaC) in the

kidney [2].

Vascular structure and function

Resistance vessels from hypertensive patients and

animals show structural changes mostly characterized

by an inward eutrophic remodelling, i.e. increased

media-to-lumen ratio with little or no change in the

amount of material [36]. In SHRs, quercetin also

tended to reduce remodelling following the trend of

blood pressure reduction, but this effect was not sta-

tistically significant. Endothelial dysfunction, charac-

terized by an altered balance between vasodilators

and vasoconstrictors and an inflammatory and pro-

thrombotic state, is consistently found in animal mod-

els of hypertension and in essential hypertensives, as

well as people suffering from other cardiovascular

diseases [4, 15]. We have recently reviewed the effects

of quercetin on endothelial function [38]. Briefly, the

chronic administration of quercetin restored the im-

paired endothelial vasodilator function as measured

by the relaxant response to acetylcholine in SHR, in

DOCA-salt and in 2K1C Goldblatt rats [11, 17, 19].

The improved endothelial function is attributed to

a reduction in oxidative stress and particularly to di-

minished superoxide-driven NO inactivation. Moreover,

in SHRs, quercetin has been shown to downregulate

aortic p47phox, a regulatory subunit of NADPH oxi-

dase, which is the main source of vascular superoxide

[44]. Enhanced eNOS activity may also play a role in

the improvement of endothelial function and the anti-

hypertensive effects of chronic quercetin [44]. Addi-

tionally, chronic quercetin markedly inhibited endo-

thelium-dependent vasoconstriction in the L-NAME

and Goldblatt models [10, 19]. Furthermore, restora-

tion of endothelial dysfunction by quercetin has also

been observed in diabetic rats [29].

Reactive oxygen species

Excessive production of reactive oxygen species is

a hallmark of cardiovascular diseases, including hy-

pertension. In fact, it has been suggested that oxida-

tive stress (an increase in the production of reactive

oxygen species) is a pathogenetic factor in the devel-

opment of essential hypertension [26]. Therefore, the

studies carried out with quercetin in animal models of

hypertension have analyzed multiple markers of oxi-

dative stress in vascular tissues, liver, plasma or urine.

For instance, the 24 h urinary isoprostane F2�
excre-

tion and the plasma malonyldialdehyde (MDA) levels

in SHRs were increased compared to the levels in

WKY rats. However, in quercetin-treated SHRs, both

parameters were similar to those in vehicle-treated

WKY [11]. In the livers from SHRs, decreased gluta-

thione peroxidase activity, increased total glutathione

levels and increased MDA concentrations were ob-

served compared to those in WKY rats [9]. Treatment

with quercetin increased glutathione peroxidase activ-

ity and reduced malondialdehyde levels. As men-

tioned above, in SHRs, quercetin reduced the vascular

production of superoxide radicals, an effect associated

with the downregulation of NADPH oxidase subunits

[44]. However, none of these effects were observed

in Wistar Kyoto rats. The L-NAME model of hyper-

tension has also been associated with increased oxida-

tive stress. As found above for SHRs, hepatic glu-

tathione peroxidase activity was decreased, while the

plasma and liver contents of MDA were increased in

L-NAME-treated animals [10]. Quercetin increased

glutathione peroxidase activity in livers from L-NAME-

treated animals. However, this is not a direct effect of

quercetin, as quercetin had no effect on hepatic glu-

tathione peroxidase activity in vitro. In addition, quer-

cetin restored the plasma and hepatic content of MDA

as enhanced by L-NAME. Increased plasma and heart

thiobarbituric acid reactive substances (TBARS) and

total glutathione levels in the liver and heart, de-

creased liver glutathione peroxidase and liver and kid-
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ney glutathione transferase activities were observed in

DOCA-salt-treated rats compared to the control ani-

mals [18]. The antihypertensive effect of quercetin in

this model was accompanied by normalization of

plasma TBARS values, improvement of the antioxi-

dant defence system in the heart and liver, restoring

total glutathione levels in both organs, altered liver

glutathione transferase and glutathione peroxidase ac-

tivities, and improved kidney glutathione transferase

activity [17, 18]. Increased TBARS and decreased

liver total glutathione levels and glutathione peroxi-

dase activity were also observed in 2K1C Goldblatt

hypertensive rats compared to the control animals.

Quercetin treatment normalized plasma TBARS con-

centrations and improved the antioxidant defence sys-

tem in the liver [19]. Quercetin also reduced TBARS

in the high-sucrose high-fat fed rats [47]. All of these

results indicate that quercetin reduced oxidative stress

in the hypertensive animals. Furthermore, it had no

effect on the markers of oxidative stress in normoten-

sive animals.

Mechanisms of antihypertensive action

Flavonoids, and especially quercetin, chemically in-

teract with reactive oxygen species and exert inhibi-

tory activity against a diverse variety of enzymes,

ion channels and transcription factors [35] (Fig. 1).

Therefore, quercetin interferes with many signal

transduction pathways and produces multiple changes

in gene expression and cell function. When any given

cellular function is modified by quercetin, it is rela-

tively easy to identify a potential mechanism impli-

cated, but difficult to ascertain whether this proposed

target is the true and only biochemical mechanism in-

volved. It should also be emphasized that free plasma

quercetin concentrations are low; most of it circulates

as glucuronidated and sulfated metabolites. Thus, it

has been suggested that the in vivo effects of quercetin

are due to the activity of the conjugated metabolites.

However, the information available on the biological

properties of these metabolites is still limited. On the

other hand, these metabolites can be at least partly de-

glucuronidated in target tissues. In a recent report,

a variable amount of deconjugated quercetin (in the

range of 30–100% of total flavonols) was found in all

tissues except in blood plasma [5]. Therefore, at pres-

ent, it is unclear whether the in vivo effects are attrib-

utable to quercetin itself, or to its metabolites.

Quercetin and its methylated metabolite isorham-

netin exhibit endothelium-independent vasodilator ef-

fects in vitro [12, 39]. Therefore, a potential mecha-

nism that might contribute to the in vivo antihyperten-

sive effects of quercetin observed in the present study

is a direct vasodilator action. In contrast, the glucu-

ronidated and sulfated metabolites have no direct

vasodilator effect in the rat aorta [28]. In any case,

quercetin had no effect on angiotensin converting en-

zyme (ACE) activity [1], ruling out this potential tar-

get in the antihypertensive effect.

According to the hypothesis that reactive oxygen

species play a pathophysiological role in the develop-

ment of essential hypertension, a reduction in the

markers of oxidative stress induced by quercetin in

animal models could be a mechanism involved in the

antihypertensive effect. The most plausible explana-

tion would be that via either a direct superoxide anion

scavenger effect or by inhibition of superoxide gener-

ating enzymes quercetin might increase the bioavaila-

bility and the biological activity of nitric oxide [38].

The apparent lack of changes in oxidative markers in

hypertensive patients treated with quercetin (see be-

low) [13]) seems to argue against this possibility in

humans. Direct renal effects might also play some

role in the antihypertensive effect of quercetin [2, 31].

For instance, the downregulation of ENaC in the kid-

ney may also contribute to the blood pressure lower-

ing effect in Dahl salt-sensitive hypertension [2].
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Concerning the mechanism by which quercetin

prevented end-organ damage associated with hyper-

tension, as occurs with current antihypertensive drugs,

the reduction of blood pressure induced by quercetin

is probably the main mechanism accounting for di-

minished cardiac hypertrophy, renal injury or vascular

remodelling. However, quercetin can interfere with

multiple signalling pathways, especially protein ki-

nases, matrix metalloproteinases and other inflamma-

tory molecules, which may interfere with cell growth

and apoptosis, affecting end organ damage independ-

ently of the changes in blood pressure [35, 37, 40, 43].

Clinical trials

Several clinical trials have demonstrated a reduction

in blood pressure and an improvement in endothelial

function after the administration of flavonoid-contain-

ing foods, such as tea, cocoa or fruit juices, in mild to

moderate hypertensive patients [41, 45].

A clinical trial analyzing the effects of pure quer-

cetin on cardiovascular risk factors was carried out in

healthy volunteers [7]. Quercetin intake (1 g/day) in

this study was 10- to 50-fold greater than the dietary

intake associated with lower coronary heart disease

mortality on the basis of epidemiologic studies. Sub-

jects consuming quercetin-containing capsules for

28 days had plasma quercetin concentrations approxi-

mately 23-fold higher than those of subjects consum-

ing the control capsules. However, despite the marked

increases in quercetin concentrations in plasma, no

significant modifications of selected risk factors for

heart disease were observed, including blood pres-

sure, resting heart rate, plasma cholesterol or triglyc-

eride levels, and thrombogenic risk factors like plate-

let aggregation and platelet thromboxane B2 produc-

tion [7]. Nonetheless, this lack of effect in healthy

humans may not be surprising given the lack of effect

of quercetin in healthy animals as described above.

To our knowledge, only one study has analyzed the

effects of quercetin in human essential hypertensives.

In this study [13], men and women with prehyperten-

sion and stage 1 hypertension were enrolled in a ran-

domized, double-blind, placebo-controlled, crossover

study to test the efficacy of 730 mg quercetin/day for

28 days vs. placebo. Blood pressure was not signifi-

cantly altered in prehypertensive patients after quer-

cetin supplementation. In contrast, reductions in

systolic, diastolic and mean arterial pressures were

observed in stage 1 hypertensive patients after quer-

cetin treatment. In contrast with the animal studies

discussed above, indices of oxidant stress measured in

the plasma and urine were not affected by quercetin. It

should be stressed that the amount of quercetin ad-

ministered to the patients is far greater than the regu-

lar quercetin intake of a normal diet.

Conclusions and perspectives

Quercetin has been shown to induce a progressive,

sustained and dose-dependent reduction in blood

pressure when given chronically in the most common

rodent models of hypertension, independently of the

status of the renin-angiotensin system, oxidative stress

or nitric oxide. However, it had no effect in control

normotensive animals in any of the published studies.

Quercetin also prevented morphological and func-

tional changes in the heart, vessels and kidney, and

the increased production of reactive oxygen species

associated with hypertension in rat models. Reduc-

tions in systolic, diastolic and mean arterial pressures

were observed in stage 1 hypertensive patients after

a high dose quercetin treatment in a randomized,

double-blind, placebo-controlled, crossover study.

Since elevated blood pressure is the major cause of

stroke, and since it is also an important risk factor for

ischemic heart disease, we propose that the blood

pressure-lowering effect of quercetin could be an im-

portant factor contributing to the reduced risk of myo-

cardial infarction and stroke observed with flavo-

noid-rich diets and possibly with fruit and vegeta-

ble-rich diets.
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