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Abstract

Epidemiological studies report that quercetin, an antioxidant flavonol found in apples, berries, and onions, is associated
with reduced risk of coronary heart disease and stroke. Quercetin supplementation also reduces blood pressure in
hypertensive rodents. The efficacy of quercetin supplementation to lower blood pressure in hypertensive humans has
never been evaluated. We tested the hypothesis that quercetin supplementation reduces blood pressure in hypertensive
patients. We then determined whether the antihypertensive effect of quercetin is associated with reductions in systemic
oxidant stress. Men and women with prehypertension (n = 19) and stage 1 hypertension (n = 22) were enrolled in a
randomized, double-blind, placebo-controlled, crossover study to test the efficacy of 730 mg quercetin/d for 28 d
vs. placebo. Blood pressure (mm Hg, systolic/diastolic) at enrollment was 137 = 2/86 = 1 in prehypertensives and 148 +
2/96 * 1 in stage 1 hypertensive subjects. Blood pressure was not altered in prehypertensive patients after quercetin
supplementation. In contrast, reductions in (P < 0.01) systolic (=7 = 2 mm Hg), diastolic (=5 = 2 mm Hg), and mean arterial
pressures (=5 = 2 mm Hg) were observed in stage 1 hypertensive patients after quercetin treatment. However, indices of
oxidant stress measured in the plasma and urine were not affected by quercetin. These data are the first to our knowledge to
show that quercetin supplementation reduces blood pressure in hypertensive subjects. Contrary to animal-based studies,

there was no quercetin-evoked reduction in systemic markers of oxidative stress. J. Nutr. 137: 2405-2411, 2007.

Introduction

Quercetin is a flavonol that belongs to a group of polyphenolic
compounds known as flavonoids (1). Widespread epidemiolog-
ical evidence indicates that quercetin contained in onions, apples,
berries, and red wine aids in preventing cardiovascular disease
and stroke (2-8). Along with these promising data, recent
laboratory studies have demonstrated that quercetin has impor-
tant vasorelaxant properties on isolated arteries and lowers blood
pressure in the spontaneously hypertensive rat (9,10). In addition,
we have shown that quercetin administered to rats prevents the
development of hypertension and cardiac hypertrophy in re-
sponse to pressure overload created by abdominal aortic
constriction (11). The beneficial effects of quercetin concerning
vasorelaxation and blood pressure in rodents have been attrib-
uted at least in part to the ability of this flavonoid to decrease
indices of oxidative stress (9,11,12).

Despite existing epidemiological and animal-based research
concerning quercetin and cardiovascular disease, no studies have
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evaluated whether quercetin supplementation lowers blood
pressure in hypertensive humans. Therefore, we performed a
randomized, placebo-controlled crossover trial to test the
hypothesis that quercetin reduces blood pressure in prehyper-
tensive and stage 1 hypertensive subjects. Systemic markers of
oxidant load also were examined as secondary outcomes to
determine whether reductions in blood pressure were associated
with lower indices of oxidative stress.

Materials and Methods

Participants and recruitment criteria

This study was approved by the University of Utah Human Use Review
Committee, University of Utah Institutional Review Board, and written
informed consent was obtained from each participant. Recruitment
efforts in the greater Salt Lake City area targeted males and females with
prehypertension (120-139 mm Hg systolic/80-89 mm Hg diastolic) and
stage 1 hypertension (140-159 mm Hg systolic/90-99 mm Hg diastolic)
as defined by the 7th Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (13). Figure 1 summarizes the number of subjects screened,
recruited, and enrolled in this study. Initial screening consisted of asking
volunteers if they had a history of high blood pressure, followed by a
single blood pressure measurement using an Omron random zero blood
pressure analyzer. If blood pressure criteria were met during the initial
screening, subjects were referred to the Nutrition Clinic for further
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~ 1000 volunteers screened for hypertension

[

204 prehypertensive & Stage 1 hypertensive individuals
screened for eligibility criteria

160 Excluded:
133 Not qualified
18 Refused
5 Medical
4 Nonmedical

44 Consented & Randomize!

prehypertensives and stage 1

2 isit 1 -
hypertensive Visit 1, Week 0: Enroliment &

Confirmation of hypertension

24 Assigned to 20 Assigned to
Placebo After Quercetin After Visit 2: Week 2:
14 day Run-in 14 day Run-in Baseline measurements
3 Withdrew:
Nonmedical
reasons
41 Completed Phase 1 Visit 3: Week 6:
Endpoint measurements
2 week washout and cross over
18 Assigned to 23 Assigned to Visit 4: Week 8:
Placebo After 14 Quercetin After 14 Baseline measurements
day Washout day Washout
Visit 5: Week 12:
| 41 Completed Phase 2 | Endpoint measurements
FIGURE 1 Summary of subject recruitment and experimental
design.

evaluation of blood pressure and confirmation of eligibility criteria.
Subjects who met blood pressure guidelines and eligibility criteria after
the clinical evaluation were enrolled in the study. We recruited
participants from October 2004 to June 2005. Forty-four patients who
met study criteria consented and were enrolled, 21 prehypertensive and
23 stage 1 hypertensive. Forty-one subjects completed the entire protocol
and 3 withdrew (1 male and 1 female from the prehypertensive group
and 1 male from the stage 1 hypertensive group).

Subjects were excluded based on their current use of antihypertensive
medication. Major exclusion criteria for hypertensive subjects included
current smoking, history of a prior cardiovascular event, diabetes, renal
insufficiency, hyperlipidemia (total cholesterol >240 mg/dL), pregnancy,
lactation, any chronic disease that might interfere with study participa-
tion, BMI above 35 kg/m?, consumption of >12 alcoholic drinks weekly,
or unwillingness to stop current supplement intake or use of calcium/
magnesium antacids. All subjects who met exclusion criteria agreed to
maintain their typical diet and exercise habits.

Objectives, interventions, and outcomes

The primary hypothesis to be tested was that 365 mg quercetin aglycone
taken twice per day reduces blood pressure in prehypertensive and stage
1 hypertensive subjects. The secondary hypothesis was that quercetin-
induced reductions in blood pressure would be associated with lower
indices of systemic oxidant stress. Participants chosen from the initial
screening process were scheduled for a familiarization visit to the clinic
at the University of Utah Nutrition Laboratory. During that visit
participant responsibilities were explained, consent was obtained, and
blood pressure status was verified. Subjects were then instructed to
discontinue any existing supplement use and complete a 14-d run-in
period (Fig. 1). After the run-in period, they were enrolled in a double
blind, placebo-controlled, crossover trial consisting of a 4-wk quercetin
supplementation phase and a 4-wk placebo phase. A 14-d washout
period separated the 2 phases. To validate that a 2-wk washout period
was sufficient to reduce plasma quercetin to baseline, 5 subjects con-
sumed quercetin supplements for 1 wk, followed by a 1-wk washout
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period. We then measured plasma quercetin concentrations to determine
whether quercetin levels were similar to those who had not taken
quercetin.

Subjects were randomly assigned to begin either the quercetin or the
placebo phase first. Four-week treatment phases were chosen because
this duration has been shown to be efficacious concerning dietary
interventions (14). Clinic visits were conducted on overnight-fasted
subjects in the morning hours at the beginning and end of the placebo
and quercetin supplementation phases. Subjects were instructed not to
exercise prior to their appointments. Compliance was confirmed by a
tablet count at the completion of each phase of the study and by
quantifying plasma quercetin concentrations.

Because no human studies have examined whether quercetin reduces
blood pressure in hypertensive humans, the dose of quercetin used in this
trial was based on efficacious results we and others have obtained using
animal models of hypertension (9,12,15). Tablets containing placebo or
quercetin were manufactured by USANA Health Sciences (Table 1).

Blood pressure measurement

Blood pressure was a primary outcome variable and was obtained at
each clinic visit by a trained observer using an Omron random zero
automatic blood pressure analyzer as previously described (16). Each
participant sat quietly for 5-10 min, after which their arm was placed at
heart level and blood pressure and pulse rate were measured at least 3
times in 3- to S5-min intervals. If blood pressure varied in these
determinations by >10 mm Hg, 3 additional trials were performed to
measure systolic and diastolic blood pressure. The accumulated mea-
surements then were averaged to determine overall systolic and diastolic
pressure and pulse rate for each subject.

Venous blood collection

Blood samples were collected after blood pressure was measured. We
collected blood by antecubital venipuncture from fasting subjects into
sodium heparin tubes (Becton Dickinson). Collected blood was imme-
diately stored on ice and centrifuged within 10 min at 2500 X g; 15 min
at 4°C as previously described (17). Plasma was separated and stored at
—80°C until it was analyzed for quercetin concentration, plasma anti-
oxidant reserve (PAR), and ferric reducing antioxidant power (FRAP).

Blood lipid, glucose, and urine collection

During each patient visit, whole blood (~50 wL) was obtained from a
digit puncture to determine blood lipid concentrations (triglycerides;
LDL, VLDL, HDL, and total lipoprotein concentrations) and glucose
using a clinical Cholestech LDX blood analyzer (18). These outcomes
were quantified because earlier studies have reported beneficial changes
in the blood lipid profile of quercetin-supplemented rats that consumed a
cholesterol-rich diet (19). Prior to each patient visit, first morning urine
was collected, brought to the laboratory, and stored at —80°C for later
analysis of isoprostane concentrations.

Quercetin analysis

Plasma quercetin was analyzed as previously described (20) with slight
modifications; 250 uL samples were hydrolyzed with 100 wL and 500
uL of 6 mol/L HCI. Supernatants then were extracted with ethyl acetate
and injected into an HPLC Discovery C18 column. The mobile phase
was 1% acetic acid (solvent A) and 95% acetonitrile in 1% phosphoric

TABLE 1 Composition of quercetin and placebo tablets
Placebo Quercetin
mg/tablet

Quercetin with corn starch 0 364
Microcrystalline cellulose 564 192
Dicalcium phosphate 312 312
Colloidal silicon dioxide 6 6
Ascorbyl palmitate 6 14
Croscarmellose sodium 12 12
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acid (solvent B). The gradient elution used was solvent B from 10 to 85%
over 20 min, and then held for 5 min before returning back to 10% for
conditioning. A visible detector with 365 nm was used and quercetin was
quantified by peak height ratio method.

Indices of oxidative stress

PAR. Ex vivo amplification of isoprostanes was accomplished by
introducing a source of free radicals (3-morpholinosydnonimine) into
the blood plasma to induce oxidation of lipoproteins (21). Uric acid, a
major water soluble antioxidant present in plasma, was removed using
uricase prior to introduction of 3-morpholinosydnonimine so that any
protection provided by other antioxidants could be measured. Therefore,
PAR measures the non-urate antioxidant capacity, or antioxidant power,
of blood. It has been previously demonstrated that supplementing anti-
oxidants can increase the antioxidant capacity of the blood as deter-
mined by PAR (21).

FRAP. FRAP measures the ability of an antioxidant to reduce Fe** to
Fe?" (22) and is an index of plasma antioxidant potential in hypertensive
patients (23-26). This assay was done as previously described (21).
Briefly, plasma samples were diluted 1:2 with PBS, followed by addition
of a reagent solution containing 0.8 mmol/L 2,4,6-tri-(2-pyridyl)-s-
tirazine and 1.7 mmol/L FeCl3-6-H,O. Samples were then incubated at
37°C for 15 min and the absorbance at 593 nm was recorded in a plate
reader (Molecular Devices, Spectramax 340 pc).

Urinary isoprostane measurement. Urine 8-isoprostane F2a is a
measure of lipid peroxidation and can be used to estimate oxidative
stress in hypertensive humans (27-29). Quantification of 8-isoprostane
F2a (also known as 8-epi-PGF2a or 8-iso-PGF2a) in urine samples was
performed using a competitive enzyme-linked immunoassay kit (Cay-
man Chemical) according to the manufacturer’s instructions.

Dietary analysis

Three-day dietary records were obtained from each subject during the
last 14 d of both placebo and quercetin treatment. All records were
analyzed using the Food Processor dietary analysis program (ESHA
Research) (30).

Statistical analyses

All data are reported as means = SEM. All variables were analyzed using
paired ¢ tests to detect differences within the placebo and quercetin
treatment phases (i.e. baseline vs. endpoint) (SPSS v.11.0.3). Dietary
intake data and plasma quercetin concentrations were examined using

paired # tests comparing placebo vs. quercetin phases. Regression
analyses using age, gender, BMI, PAR, FRAP, and urinary isoprostane
F2a concentration as independent variables and systolic blood pressure
as the dependent variable were performed. Systolic pressure was selected
as the dependent variable, because it has been identified as a better
predictor of cardiovascular disease than diastolic pressure (13). Differ-
ences were considered significant at P < 0.05.

Results

Patient characteristics. Nearly 1000 patients were interviewed
and screened for eligibility. The majority (i.e. ~800) were not
considered further for participation because they met 1 or more
of the exclusion criteria or did not have blood pressure within
study limits. From this initial screening, 204 individuals were
evaluated in more detail at a subsequent clinic visit to determine
whether all inclusion/exclusion criteria were met and if blood
pressure was within the study limits (Fig. 1). Forty-four subjects
were initially enrolled and 41 completed the entire 12-wk study.
The age of prehypertensive (7 = 19, n = 13 males) and stage
1 hypertensive (7 = 22, n = 13 males) subjects was 47.8 = 3.5
and 49.2 * 2.9 y old, respectively. No adverse effects of
quercetin or placebo treatment were reported during the course
of the study. Weight and BMI did not change between treatments
in either group (Table 2). Heart rate was unchanged throughout
the study (data not shown).

Plasma quercetin was 695 = 103 nmol/L after placebo
treatment and increased to 1419 * 189 nmol/L after quercetin
treatment. Our preliminary experiments indicated that a 1-wk
washout period was sufficient to bring plasma quercetin concen-
trations to 562 * 27 nmol/L. These values are similar to those
obtained from subjects who consumed placebo but had not yet
been exposed to quercetin. There was also no effect of treatment
order on the observed changes in blood pressure (r = 0.194; P =
0.388), indicating that the antihypertensive effect of quercetin did
not persist in those who received quercetin supplements before
placebo.

Blood pressure. Placebo treatment did not alter blood pressure
in either group of hypertensive subjects. Blood pressure was

TABLE 2 Body mass and biomarkers of oxidative stress in prehypertensive and stage 1 hypertensive
subjects before and after supplementation with quercetin and placebo’

Weight BMI Urinary isoprostane Plasma FRAP Plasma PAR

Prehypertensive—placebo kg kg/m? nmol/mol creatine wmol/L ng/L

n 19 19 8 8 8

Baseline 916 £53 298 £ 13 153 =021 1180 = 59 346 * 32

Endpoint 916 £ 54 297 £13 1.69 = 0.26 1028 + 62 321 = 58
Prehypertensive—quercetin

n 19 19 8 8 8

Baseline 916 £53 296 £ 13 1.46 = 0.16 1089 =+ 56 308 + 55

Endpoint 916 £52 297 £12 147 =021 1072 *+ 68 280 + 37
Stage 1 hypertensive—placebo

n 22 22 8 8 8

Baseline 887 £ 44 295+ 14 1.67 = 042 1096 = 70 285 = 60

Endpoint 88.0 = 44 294 £ 14 257 = 1.00 1086 =+ 66 238 + 52
Stage 1 hypertensive—quercetin

n 22 22 8 8 8

Baseline 88.7 £ 55 293 +13 232 £ 070 1056 *+ 59 258 + 55

Endpoint 882 £ 55 295 14 1.55 = 0.17 1152 = 69 281 = 74

" Values are means += SEM. There were no changes in either group during either phase of the study.
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similar in prehypertensive subjects compared with placebo after
quercetin treatment. In contrast, quercetin supplementation
reduced systolic, diastolic, and mean arterial pressure in stage
1 hypertensive subjects (Fig. 2A,B; Table 3). The antihyperten-
sive effect of quercetin was independent of gender (r = 0.343;
P =0.118), age (r = 0.202; P = 0.381), and BMI (r = 0.061; P =
0.788) in stage 1 hypertensive subjects.

Indices of oxidative stress and antioxidant capacity.
Measurements of antioxidant capacity (fasting plasma FRAP
and PAR) and oxidative stress (fasting urinary 8-isoprostane F2«
concentration) within either placebo or quercetin supplementa-
tion phases were not altered (Table 2). The antihypertensive
effect of quercetin was independent of PAR (r = 0.367; P =
0.093), FRAP (r = 0.02; P = 0.930), and urinary 8-isoprostane
F2a (r = 0.353; P = 0.437) in stage 1 hypertensives.

Dietary analyses. Three-day diet record analysis indicated that
there was lower vitamin K intake during the quercetin phase vs.
placebo in prehypertensive patients (Table 4). Stage 1 hyperten-
sive subjects had reductions in potassium intake during the
quercetin supplementation vs. placebo phase (Table 4). All other
nutrients evaluated were similar in placebo vs. quercetin phases
in both groups of hypertensive subjects.

Fasting plasma lipids and glucose. Concentrations of plasma
triglycerides and total, LDL, VLDL, and HDL cholesterol, and
fasting blood glucose concentrations did not change after quercetin
supplementation or after placebo treatment in prehypertensive or
stage 1 hypertensive patients (Table 5). The total cholesterol:HDL
cholesterol ratio was also unchanged (data not shown).

Discussion

Results from this investigation support our primary hypothesis
and are the first to our knowledge to demonstrate that daily
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supplementation with 730 mg quercetin for 28 d reduces
systolic, diastolic, and mean arterial pressure in subjects with
stage 1 hypertension. These findings are an important extension
of previous studies showing that quercetin lowers blood pressure
in hypertensive animals (9,11,12,31,32) and prevents the onset
of hypertension in response to mechanical overload in rodents
(11). The antihypertensive effect of quercetin in our subjects
may also explain at least in part why previous epidemiological
reports show an inverse relationship between dietary flavonoid
intake and heart disease risk (1-8,33-37). In contrast to results
obtained from in vitro experiments and animal models
(9,11,12,31,32,38), we did not observe a quercetin-evoked
reduction in oxidative stress as determined by plasma PAR,
FRAP, and urinary isoprostanes.

To our knowledge, only 1 other study has examined the effect
of quercetin supplementation in humans (39). In that investiga-
tion, Conquer et al. (39) reported no changes in blood pressure
when normotensive individuals (i.e. <120 mm Hg systolic/< 80
mm Hg diastolic) were supplemented with 1000 mg/d of
quercetin for 8 wk, despite similar plasma quercetin concentra-
tions (1262 = 263 nmol/L) compared with our study (1419 =
189 nmol/L). These data indicate a certain degree of hyperten-
sion might be required for quercetin to exert a blood pressure-
lowering effect. This possibility is supported by data from the
present study wherein quercetin reduced systolic, diastolic, and
mean arterial pressure in stage 1 hypertensive subjects but not in
those with prehypertension. Likewise, animal-based studies
have demonstrated that quercetin is efficacious in lowering
blood pressure in hypertensive but not normotensive rats (9,11).

Three-day diet records were used to evaluate whether
changes in nutrient intake influenced blood pressure during the
quercetin treatment phase. Though stage 1 hypertensive subjects
had decreased intake of potassium and prehypertensives con-
sumed less vitamin K during the quercetin phase, it is unlikely
that these changes led to reduced blood pressure. With regard to
dietary intake of polyphenolic compounds, it is not possible to
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FIGURE 2 Mean arterial blood pressure at baseline and after quercetin and placebo treatments in prehypertensive (A, n = 19) and stage
1 hypertensive (B, n = 22) subjects. Upper graphs illustrate individual subject responses during each supplementation phase; the lower graphs
show means = SEM. *Different from baseline, P < 0.05. MAP, Mean arterial pressure.
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TABLE 3 Blood pressure in prehypertensive and stage
1 hypertensive subjects before and after

supplementation with quercetin and placebo’

Prehypertensive, n = 19 Stage 1 Hypertensive, n = 22

Systolic Diastolic Systolic Diastolic
mm Hg
Blood pressure 137 =2 86 = 1 148 + 2 9% =1
at enrollment
Placebo
Baseline 135 £ 3 84 1 141 £ 2 94 + 2
Endpoint 131 =3 87 =1 138 = 2 932
Quercetin
Baseline 132 =1 85 =1 145 = 2 97 =1
Endpoint 128 = 3 84 = 2 138 = 2* 92 = 2*

" Values are means * SEM. *Different from quercetin baseline, P < 0.01 (paired
t test).

determine intake of items such as quercetin, because there are no
suitable databases available for such an analysis. The lack of
databases likely can be attributed to the variation in chemical
composition of fruits and vegetables, coupled with the lack of
sufficiently accurate analytical tools (33). Despite these limita-
tions, it has been estimated that average dietary intake of
quercetin from Western diets is 28—-42 mg/d (33,35,36). Intake
of polyphenolic compounds in individual diets is likely depen-
dent on fruit, vegetable, and whole grain consumption and
variations in these foods would be reflected in the vitamin,
mineral, and fiber content reported. Because these dietary
variables were generally similar in subjects during the placebo
and quercetin phases of the study, we believe that intake of

TABLE 4 Analysis of 3-d dietary records from prehypertensive
and stage 1 hypertensive subjects after

supplementation with quercetin and placebo’

Prehypertensive,
n=18

Stage 1 hypertensive,
n=21?

Placebo Quercetin ~ Placebo Quercetin

Energy, kJ/d 9043 + 553 9663 + 829 8776 = 645 8156 + 620

Protein, g/d 91 £5 89 £ 8 87 £5 83 £ 6
Fat, g/d 74 =7 84 +9 80+ 6 72+6
Saturated fat, g/d 24 +3 27 =3 24 =2 22+ 2
Polyunsaturated fat, g/d 9=*1 9=*1 12+2 10+2
Monounsaturated fat, g/d 20 = 2 18 =2 19+2 18+ 2
Fiber, g/d 211 24 2 22 +3 2 +4
Carbohydrate, g/d 292 =19 309 +27 25227 244 =23
Cholesterol, mg/d 267 =34 26535 23228 221 =28
Vitamin C, mg/d 172 =28 146 =18 164 £56 103+ 16
Vitamin E, mg/d 13+2 17 +3 15+ 4 14 +3
Vitamin K, ug/d 55+ 13 11432 64x22 43+ 8
Calcium, mg/d 1075 = 101 1015 =136 1039 =95 966 = 128
Magnesium, mg/d 288 =39 271 = 41 276 =24 261 =29
Sodium, mg/d 2942 + 303 3482 * 464 2794 = 253 3153 *+ 238

3035 = 185 2580 + 200 2465 * 239 2195 * 234*
79+8 659 86 = 12 7912
10 =1 91 91 81

Potassium, mg/d
Selenium, wg/d
Zinc, mg/d

" Values are means + SEM. *Different from placebo, P < 0.05 (paired t test).
2 Diet records from 1 patient in the prehypertensive group and from 1 in the stage 1 hy-
pertensive group were not collected.

polyphenolic compounds did not differ in participants in our
investigation.

Recent AHA statistics estimate that over 50 million Amer-
icans suffer from hypertension (38). There is a linear relationship
between blood pressure and mortality from stroke and ischemic
heart disease that emphasizes the importance of blood pressure
control (40). Based on risk assessment summarized in the 7th
Report of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure, the risk
of death from ischemic heart disease and stroke in prehyperten-
sive patients used in the present study is double that of
individuals with blood pressure of 115/75 mm Hg and nearly
4 times greater in stage 1 hypertensive patients (13). The
quercetin-induced lowering of systolic blood pressure observed
in stage 1 hypertensive subjects (—7.2 mm Hg) is clinically
relevant because reductions of this magnitude are associated
with a decrease in mortality of ~14% from stroke and ~9%
from coronary heart disease (40). These findings are noteworthy
in light of the emergence of systolic blood pressure as a more
important risk factor than diastolic pressure with regard to
mortality from cardiovascular disease, particularly in individ-
uals aged >50 y (13).

Lifestyle modification has been emphasized in prehyperten-
sive and hypertensive individuals as an initial intervention to
control blood pressure (13). Interestingly, the reduction of blood
pressure we observed in stage 1 hypertensive subjects after
quercetin supplementation is similar to those experienced
following sodium reduction, weight reduction, increased phys-
ical activity, or alcohol reduction (41). Other proven lifestyle
modifications such as the Dietary Approaches to Stop Hyper-
tension diet result in similar or slightly greater blood pressure
reduction (41). Thus, it appears that the effects of quercetin
supplementation are consistent with current recommended
lifestyle modifications used to reduce blood pressure.

Our secondary hypothesis was that the antihypertensive
effect of quercetin would be associated with a reduction of
systemic oxidant stress. Rationale for this hypothesis was based
on studies showing that quercetin lowers indices of oxidative
stress in a dose-dependent manner in spontaneously hyperten-
sive rats (e.g. lower urinary isoprostanes and plasma malon-
dialdehyde) (9) and nitric oxide-deficient rats (e.g. reduced
plasma malondialdehyde and glutathione peroxidase activity)
(12). Instead, we observed that plasma antioxidant potential
(FRAP and PAR analyses) and urinary 8-isoprostane F2a were
similar in prehypertensive and stage 1 hypertensive subjects
regardless of quercetin or placebo treatment. We do not think
that the lack of an antioxidant effect by quercetin treatment was
due to the dose we used, because it was similar (730 mg/d, ~8.5
mg/kg) to the concentration used in previous animal studies (10
mg/kg) wherein antioxidant effects were demonstrated
(9,12,15). Nevertheless, species-dependent differences in me-
tabolism of quercetin (human vs. rat) may exist. Because local
increased vascular and renal oxidative stress have been reported
in hypertensive animals (42,43), it is possible that humans in our
studies also had elevated oxidative stress in these compartments
despite our observation that urinary isoprostanes were un-
changed. Vascular and renal oxidative stress are difficult to
assess in humans and, as such, we cannot rule out the possibility
that quercetin might have produced local effects that were not
detected using our global measures of oxidative stress (i.e.
urinary isoprostanes).

An important consideration for the present study is the
severity of oxidant stress in our hypertensive subjects. In this
regard, plasma FRAP was similar between both groups of
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TABLE 5 Plasma lipid and fasting blood glucose concentrations in prehypertensive and stage
1 hypertensive subjects before and after supplementation with quercetin and placebo’

Total cholesterol LDL HDL VLDL Triglycerides Glucose
Prehypertensive, n = 19 mmol/L
Placebo
Baseline 512 = 0.24 3.03 = 0.17 1.24 =012 0.83 = 0.11 182 =024 5.68 = 0.18
Endpoint 538 = 0.22 317 £ 017 1.31 £ 012 0.87 = 0.10 193 =021 589 = 0.20
Quercetin
Baseline 513 = 0.23 3.00 = 0.20 1.24 =013 091 =013 200 = 0.24 599 = 0.25
Endpoint 515 + 0.24 3.04 = 0.17 1.25 £ 0.1 0.80 = 0.06 176 = 012 589 = 0.14
Stage 1 hypertensive, n = 22
Placebo
Baseline 532 = 0.21 298 = 0.21 1.27 = 0.08 1.08 = 0.15 237 =034 6.37 = 0.28
Endpoint 533 £0.18 309 + 0.17 1.31 +0.09 1.00 =013 220 +0.29 6.11 £ 0.18
Quercetin
Baseline 534 +0.22 323 +024 1.23 = 0.09 1.05 = 0.18 232 039 6.00 = 0.20
Endpoint 522 + 024 309 + 0.26 125 + 0.1 1.10 = 0.15 243 + 034 6.12 = 0.24

" Values are means + SEM. There were no changes in either group during either phase of the study.

hypertensive subjects (1065-1130 wmol/L) from our present
trial and normotensive subjects (973-1064 wmol/L) that were
evaluated in a previous study using identical methods (21).
These data indicate that the cohort evaluated in the present
investigation did not have elevated oxidant stress, at least in
terms of FRAP. As such, the ability of quercetin to further reduce
markers of oxidative stress may be limited. Evidence does exist,
however, for a mechanism involving angiotensin converting
enzyme. For example, 30 mg/kg quercetin (p.o.) in rats signif-
icantly blunted the hypertensive response to i.v. administration
of angiotensin I (44). Although it is possible that higher systemic
concentrations of quercetin, as observed in our study, could limit
angiotensin II production and lower blood pressure, further
investigation would be required to confirm this speculation.

Our study is, to our knowledge, the first to show that
quercetin reduces blood pressure in stage I hypertensive indi-
viduals. Though we used a powerful experimental design
(double blinded, placebo-controlled, crossover) and found
quercetin supplementation to be efficacious in reducing blood
pressure, extrapolation of our results to the general population
should be done with caution given the homogeneous cohort
(middle-aged, Caucasian men and women) and modest sample
size. Nevertheless, our data indicate that potential exists for this
polyphenolic compound to be used as adjunct therapy in diet/
lifestyle interventions to help control blood pressure in hyper-
tensive individuals.

Acknowledgments

The authors thank Dr. Tim Wood of USANA Health Sciences
for the kind gift of placebo and quercetin containing tablets in
the specifications required for this study and Dr. Daniel
Williams for assistance in statistical analysis.

Literature Cited

1. Hertog MG, Hollman PC. Potential health effects of the dietary flavonol
quercetin. Eur J Clin Nutr. 1996;50:63-71.

2. Knekt P, Kumpulainen J, Jarvinen R, Rissanen H, Heliovaara M,
Reunanen A, Hakulinen T, Aromaa A. Flavonoid intake and risk of
chronic diseases. Am J Clin Nutr. 2002;76:560-8.

3. Knekt P, Jarvinen R, Reunanen A, Maatela J. Flavonoid intake and
coronary mortality in Finland: a cohort study. BM]J. 1996;312:478-81.

2410 Edwards et al.

10.

11.

12.

13.

14.

15.

16.

17.

Constant J. Alcohol, ischemic heart disease, and the French paradox.
Coron Artery Dis. 1997;8:645-9.

Keli SO, Hertog MG, Feskens EJ, Kromhout D. Dietary flavonoids,
antioxidant vitamins, and incidence of stroke: the Zutphen study. Arch
Intern Med. 1996;156:637-42.

Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D. Dietary
antioxidant flavonoids and risk of coronary heart disease: the Zutphen
Elderly Study. Lancet. 1993;342:1007-11.

Huxley RR, Neil HA. The relation between dietary flavonol intake and
coronary heart disease mortality: a meta-analysis of prospective cohort
studies. Eur J Clin Nutr. 2003;57:904-8.

Mennen LI, Sapinho D, de Bree A, Arnault N, Bertrais S, Galan P,
Hercberg S. Consumption of foods rich in flavonoids is related to a
decreased cardiovascular risk in apparently healthy French women.
J Nutr. 2004;134:923-6.

Duarte ], Perez-Palencia R, Vargas F Ocete MA, Perez-Vizcaino F,
Zarzuelo A, Tamargo J. Antihypertensive effects of the flavonoid quer-
cetin in spontaneously hypertensive rats. Br J Pharmacol. 2001;133:
117-24.

Duarte ], Perez-Vizcaino F, Zarzuelo A, Jimenez J, Tamargo J. Vaso-
dilator effects of quercetin in isolated rat vascular smooth muscle. Eur J
Pharmacol. 1993;239:1-7.

Jalili T, Carlstrom J, Kim S, Freeman D, Jin H, Wu TC, Litwin SE,
Symons JD. Quercetin-supplemented diets lower blood pressure and
attenuate cardiac hypertrophy in rats with aortic constriction.
J Cardiovasc Pharmacol. 2006;47:531-41.

Duarte J, Jimenez R, O’Valle FE, Galisteo M, Perez-Palencia R, Vargas F,
Perez-Vizcaino F, Zarzuelo A, Tamargo ]. Protective effects of the
flavonoid quercetin in chronic nitric oxide deficient rats. ] Hypertens.
2002;20:1843-54.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL,
Jones DW, Materson BJ, Oparil S, et al. Seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure. Hypertension. 2003;42:1206-52.

Appel L], Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks
FM, Bray GA, Vogt TM, Cutler JA, et al. A clinical trial of the effects of
dietary patterns on blood pressure. DASH Collaborative Research
Group. N Engl ] Med. 1997;336:1117-24.

Carlstrom J, Symons JD, Wu TC, Bruno RS, Litwin SE, Jalili T. A
quercetin supplemented diet does not prevent cardiovascular complica-
tions in spontaneously hypertensive rats. ] Nutr. 2007;137:628-33.
Redon J, Oliva MR, Tormos C, Giner V, Chaves ], Iradi A, Saez GT.
Antioxidant activities and oxidative stress byproducts in human
hypertension. Hypertension. 2003;41:1096-101.

Vassalle C, Botto N, Andreassi MG, Berti S, Biagini A. Evidence for
enhanced 8-isoprostane plasma levels, as index of oxidative stress in
vivo, in patients with coronary artery disease. Coron Artery Dis. 2003;

14:213-8.

120z AInp 80 uo 3senb Aq £€206.1/S0v2/ 1 L/LE L/A10IMe/ul/wod dno-olwapede//:sdjy woly papeojumod



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bard RL, Kaminsky LA, Whaley MH, Zajakowski S. Evaluation of lipid
profile measurements obtained from the Cholestech L.D.X analyzer.
] Cardiopulm Rehabil. 1997;17:413-8.

Igarashi K, Ohmuma M. Effects of isorhamnetin, rhamnetin, and
quercetin on the concentrations of cholesterol and lipoperoxide in the
serum and liver and on the blood and liver antioxidative enzyme
activities of rats. Biosci Biotechnol Biochem. 1995;59:595-601.
Maiani G, Serafini M, Salucci M, Azzini E, Ferro-Luzzi A. Application
of a new high-performance liquid chromatographic method for mea-
suring selected polyphenols in human plasma. ] Chromatogr B Biomed
Sci Appl. 1997;692:311-7.

Rabovsky A, Cuomo J, Eich N. Measurement of plasma antioxidant
reserve after supplementation with various antioxidants in healthy
subjects. Clin Chim Acta. 2006;371:55-60.

Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a
measure of “antioxidant power”: the FRAP assay. Anal Biochem. 1996;
239:70-6.

Kashyap MK, Yadav V, Sherawat BS, Jain S, Kumari S, Khullar M,
Sharma PC, Nath R. Different antioxidants status, total antioxidant
power and free radicals in essential hypertension. Mol Cell Biochem.
2005;277:89-99.

Lopes HE, Martin KL, Nashar K, Morrow JD, Goodfriend TL, Egan
BM. DASH diet lowers blood pressure and lipid-induced oxidative
stress in obesity. Hypertension. 2003;41:422-30.

Skalska A, Gasowski ], Stepniewski M, Grodzicki T. Antioxidative
protection in hypertensive patients treated with diuretics. Am
J Hypertens. 2005;18:1130-2.

Vassalle C, Masini S, Carpeggiani C, I Abbate A, Boni C, Zucchelli GC.
In vivo total antioxidant capacity: comparison of two different analytical
methods. Clin Chem Lab Med. 2004;42:84-9.

Cracowski JL, Baguet JP, Ormezzano O, Bessard ], Stanke-Labesque F,
Bessard G, Mallion JM. Lipid peroxidation is not increased in patients with
untreated mild-to-moderate hypertension. Hypertension. 2003;41:286-8.
Ward NC, Hodgson JM, Croft KD, Burke V, Beilin L], Puddey IB. The
combination of vitamin C and grape-seed polyphenols increases blood
pressure: a randomized, double-blind, placebo-controlled trial. J Hyper-
tens. 2005;23:427-34.

Ward NC, Hodgson JM, Puddey IB, Mori TA, Beilin L], Croft KD.
Oxidative stress in human hypertension: association with antihyperten-
sive treatment, gender, nutrition, and lifestyle. Free Radic Biol Med.
2004;36:226-32.

McCullough ML, Karanja NM, Lin PH, Obarzanek E, Phillips KM,
Laws RL, Vollmer WM, O’Connor EA, Champagne CM, et al. Com-
parison of 4 nutrient databases with chemical composition data from the
Dietary Approaches to Stop Hypertension trial. DASH Collaborative
Research Group. ] Am Diet Assoc. 1999;99:545-53.

32.

33.

34.

35.

36.

38.

39.

40.

41.

42.

43.

44,

. Garcia-Saura MF, Galisteo M, Villar IC, Bermejo A, Zarzuelo A,

Vargas F, Duarte J. Effects of chronic quercetin treatment in ex-
perimental renovascular hypertension. Mol Cell Biochem. 2005;270:
147-5S.

Payne JA, Reckelhoff JF, Khalil RA. Role of oxidative stress in
age-related reduction of NO-cGMP-mediated vascular relaxation
in SHR. Am ] Physiol Regul Integr Comp Physiol. 2003;285:
R542-51.

Scalbert A, Williamson G. Dietary intake and bioavailability of
polyphenols. J Nutr. 2000;130:52073-85.

Manach C, Williamson G, Morand C, Scalbert A, Remesy C. Bioavail-
ability and bioefficacy of polyphenols in humans. I. Review of 97
bioavailability studies. Am J Clin Nutr. 2005;81:5230-42.

de Vries JH, Janssen PL, Hollman PC, van Staveren WA, Katan MB.
Consumption of quercetin and kaempferol in free-living subjects eating
a variety of diets. Cancer Lett. 1997;114:141-4.

Formica JV, Regelson W. Review of the biology of quercetin and related
bioflavonoids. Food Chem Toxicol. 1995;33:1061-80.

. Mennen LI, Witteman JC, Geleijnse JM, Stolk RP, Visser MC, Grobbee

DE. Risk factors for cardiovascular diseases in the elderly; the ERGO
study (Erasmus Rotterdam Health and the Elderly). Ned Tijdschr
Geneeskd. 1995;139:1983-8.

American Heart Association. Heart disease and stroke statistics: 2004
update. Dallas: AHA; 2003.

Conquer JA, Maiani G, Azzini E, Raguzzini A, Holub BJ. Supplemen-
tation with quercetin markedly increases plasma quercetin concentra-
tion without effect on selected risk factors for heart disease in healthy
subjects. ] Nutr. 1998;128:593-7.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific
relevance of usual blood pressure to vascular mortality: a meta-analysis
of individual data for one million adults in 61 prospective studies.
Lancet. 2002;360:1903-13.

Whelton PK, He J, Appel L], Cutler JA, Havas S, Kotchen TA, Roccella
EJ, Stout R, Vallbona C, et al. Primary prevention of hypertension:
clinical and public health advisory from The National High Blood
Pressure Education Program. JAMA. 2002;288:1882-8.

Biswas SK, de Faria JB. Which comes first: renal inflammation or oxi-
dative stress in spontaneously hypertensive rats? Free Radic Res. 2007;
41:216-24.

Touyz RM. Reactive oxygen species, vascular oxidative stress, and
redox signaling in hypertension: what is the clinical significance?
Hypertension. 2004;44:248-52.

Hackl LP, Cuttle G, Dovichi SS, Lima-Landman MT, Nicolau M.
Inhibition of angiotesin-converting enzyme by quercetin alters the vas-
cular response to brandykinin and angiotensin I. Pharmacology. 2002;
65:182-6.

Quercetin reduces blood pressure 2411

120z AInp 80 uo 3senb Aq £€206.1/S0v2/ 1 L/LE L/A10IMe/ul/wod dno-olwapede//:sdjy woly papeojumod



