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Quercetin, the major flavonol found in several fruits and vegetables, is a natural antioxidant with
potential anticancer and antiaging activities. In this paper, the effect of quercetin in Sacharomyces
cerevisiae cells submitted to oxidative stress was studied. Hydrogen peroxide resistance increased
in cells pretreated with quercetin. Cellular protection was correlated with a decrease in oxidative
stress markers, namely, levels of reactive oxygen species, glutathione oxidation, protein carbonylation,
and lipid peroxidation. The acquisition of H2O2 resistance was not associated with the induction of
antioxidant defenses or with iron chelation. Oxidative stress is a limiting factor for longevity. In
agreement, quercetin also increased 60% chronological life span. These results support the utilization
of yeast as a useful model to screen in vivo for natural antioxidants with putative health beneficial
effects.
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INTRODUCTION

Reactive oxygen species (ROS), including superoxide radicals
and hydrogen peroxide (H2O2), are produced as normal byprod-
ucts of cellular metabolism. In the presence of reduced metal
ions (Fe2+ or Cu+), H2O2 originates hydroxyl radicals via the
Fenton reaction. These ROS are able to oxidize nucleic acids,
proteins, lipids and carbohydrates, affecting membrane integrity
and cellular functions important for viability. Under physiologi-
cal conditions, oxidative damage is prevented by antioxidant
defenses, such as superoxide dismutase (SOD), catalase, per-
oxidases, and glutathione. When the levels of ROS exceed the
antioxidant capacity, cells undergo an oxidative stress. This
unbalanced situation has been associated with aging and
numerous diseases, including cancer, cardiovascular disease, and
neurodegenerative disorders (1).

In recent years there has been a growing interest in antioxidant
molecules that could prevent oxidative damages by ROS.
Flavonoids are a group of natural antioxidants found in fruits
and vegetables as well as in foods and beverages of plant origin,

such as olive oil, tea, and red wine. The health beneficial effects
of these compounds have been associated with antitumor,
antimutagenic, and antiaging activities (2). Flavonoids are
probably located at the aqueous/membrane interface, where they
trap aqueous free radicals to form more stable phenoxy radicals
and therefore prevent the initiation of lipid peroxidation (3).
The structure of these compounds is a key determinant of their
antioxidant activity, which has also been associated with
chelation of metal ions (4), inhibition of oxidative enzymes (5),
and activation of antioxidant defenses (6-9). Recent data
indicates that flavonoids may also function independently of
their antioxidant properties, through cell cycle regulation,
interaction with type II oestrogen binding sites, activation of
the SIRT1 deacetylase that negatively regulates the p53 tumor
suppressor, and inhibition of a number of protein kinase and
lipid kinase signaling cascades (10-13).

Flavonols constitute a major group within the flavonoids
present in several foodstuffs, such as apples, cherries, citrus
fruits, black and green tea, onions, broccoli, and other green
vegetables. Quercetin (3,3′,4′,5,7-pentahydroxyflavone) is the
most common flavonol in the diet (14). The structural features
of quercetin that have been associated with its antioxidant
properties include a B-ring catechol group, a 2,3-unsaturated
bond conjugated with a 4-oxo group in the C-ring, and functional
hydroxyl groups (15). Despite the extensive studies to character-
ize the in vitro properties of quercetin, the molecular mecha-
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nisms of how it functions in vivo remains unclear. Yeast has
been used as a eukaryotic model organism to study the molecular
mechanisms associated with oxidative stress resistance and cell
aging. In this work we studied the protective effect of quercetin
in Saccharomyces cereVisiae cells and its correlation with
oxidative stress markers. In addition, we investigated whether
the biological effects of quercetin were associated with the
induction of endogenous antioxidant defenses or mediated by
iron deprivation.

MATERIALS AND METHODS

Reagents.All reagents and chemicals were of analytical grade.
Sodium or potassium phosphates, riboflavin, and H2O2 were purchased
from Merck (Darmstadt, Germany); dimethyl sulfoxide (DMSO),
quercetin,o-nitrophenylâ-D-galactopyranoside (ONPG), and nitro blue
tetrazolium (NBT) were purchased from Sigma-Aldrich (Madrid,
Spain). Solutions were prepared in ultrapure water (Milli-Q).

Yeast Strains, Plasmids, and Growth Conditions.The following
Saccharomyces cereVisiae strains were used in this study: By4741
(MatR his3∆1 leu2∆0 met15∆0 ura3∆0), By4741CTH2-LacZ ([By4741]
pCM64-CTH2-FeRE-CYC1-LacZ), and By4741CTH2-LacZ M3
([By4741] pCM64-CTH2-FeRE-CYC1-LacZ M3). By4741 cells (ob-
tained from Euroscarf) were transformed by electroporation withCTH2-
LacZ or CTH2-LacZ M3 plasmids that contain consensus or mutant
Aft1 binding sequences fromCTH2 promoter fused to theCYC1
minimal promoter-LacZ reporter (16). By4741 cells were grown in
YPD medium [1% (w/v) yeast extract, 2% (w/v) bactopeptone, and
2% (w/v) glucose] to early exponential phase (OD600 ) 0.6), in an
orbital shaker, at 26°C, and 120 rpm, with a ratio of flask volume/
medium volume of 5:1. Yeast cells expressingCTH2-LacZ orCTH2-
LacZ M3 were grown in minimal medium-GLU [0.67% (w/v) yeast
nitrogen base without amino acids, plus 2% (w/v) glucose] supple-
mented with appropriate amino acids (40 mg of histidine L-1, 80 mg
of leucine L-1, and 40 mg of methionine L-1).

Oxidative Stress Resistance and Chronological Life Span Assay.
Cells were grown to the exponential phase in YPD medium and
pretreated with 0.10 mg of quercetin mL-1 (from a stock solution at
20 mg mL-1 prepared in dimethyl sulfoxide (DMSO); 50µL/10 mL
of culture) or DMSO (vehicle; volume identical to quercetin) for 15
min. Oxidative stress resistance was determined in cells treated with
1.5 mM H2O2. Chronological life span was assayed as previously
described (17). Cells were centrifuged at 4000 rpm for 5 min,
resuspended in ultrapure water, and recentrifuged (repeated twice).
Washed cells were resuspended in water and incubated at 26°C for
the indicated times. Cell viability was determined by standard dilution
plate counts on YPD medium containing 1.5% agar. Colonies were
counted after growth at 26°C for 3 days. Viability was expressed as
the percentage of colony-forming units.

â-Galactosidase Assay.Yeast expressing consensus or mutant Aft1-
LacZ reporter were grown in minimal medium to exponential phase
and treated with 0.1 mg of quercetin mL-1 or 30 µM bathophenan-
tholinedisulfonic acid (BPS) for 4 h. Cells were harvested and
â-galactosidase activity was measured in permeabilized cells as
previously described (18).

Oxidative Stress Markers. Protein oxidation was determined by
immunodetection of protein carbonyls, as previously described (19).
Protein content of cellular extracts was estimated by the method of
Lowry (20), with bovine serum albumin as a standard. Protein
carbonylation assays were performed by slot blot analysis with rabbit
IgG anti-dinitrophenyl (DNP) (Dako, Glostrup, Denmark) at a 1:5000
dilution as the primary antibody and goat anti-rabbit IgG-peroxidase
(Sigma, St. Louis, MO) at a 1:5000 dilution as the secondary antibody.
Immunodetection was performed by chemiluminescence, with a kit from
Amersham (RPN 2109). Quantification of carbonyls was performed
by densitometry.

For lipid peroxidation analysis, yeast extracts were prepared in 20
mM sodium phosphate buffer (pH 7.2), by vigorous shaking of the
cell suspension, in the presence of glass beads, for 3 min. Short pulses
of 1 min were used, with 1 min intervals on ice. Trichloroacetic acid

(10% w/v) was added and two more pulses of 1 min were performed.
Protein content was estimated as described above. Lipid peroxidation
was assayed in 600µL of 1% (w/v) thiobarbituric acid, 0.05 M NaOH,
0.025% (w/v) butylated hydroxytoluene, 100µL of 0.1 M EDTA, and
50 µg of total cytoplasmic proteins. Malondialdehyde (MDA) concen-
tration was determined spectrophotometrically at 532 nm, and expressed
as nanomoles of MDA (milligram of protein)-1 (21).

The oxidant-sensitive probe dihydrorhodamine 123 (DHR) was used
to measure intracellular oxidation. Cells were pretreated with DMSO
or quercetin for 15 min and then incubated with dihydrorhodamine
123 (0.025µg µL-1) for 1 h in thedark, spun down, and resuspended
in PBS. Treatment with 1.5 mM H2O2 was made simultaneous with
DHR incubation. A negative control was prepared with cells untreated
with DHR. Fluorescence was measured on the FL-1 channel of a
Becton-Dickinson FACSort flow cytometer (excitation and emission
490 and 530 nm, respectively).

Glutathione Determination. Yeast extracts were prepared by
combining equal volumes of 2 M perchloric acid and a cell suspension
in 100 mM potassium phosphate buffer (pH 7.0) with 2 mM EDTA.
The mixture was vigorously shaken, in the presence of glass beads,
for 5 min. Short pulses of 1 min were used, with 1 min intervals on
ice. Cell debris was removed by centrifugation at 5000 rpm for 5 min.
The supernatant was neutralized to pH 7.0 with 2 M KOH and 0.3 M
4-morpholinepropanesulfonic acid. Protein content was estimated as
described above. For glutathione disulfide determination, the samples
were treated with 2% (v/v) 2-vinylpyridine and incubated for 1 h at 4
°C with agitation. Glutathione was assayed by the method of Tietze
(22). The rate of color development was monitored at 405 nm. The
concentration was determined by reference to a GSSG standard added
to the assay cuvette (internal standard) and expressed as nanomoles of
glutathione (microgram of protein)-1.

Enzymatic Activity Measurement. Yeast extracts were prepared
in 50 mM potassium phosphate buffer (pH 7.0) and protease inhibitors,
by vigorous shaking of the cell suspension, in the presence of glass
beads, for 5 min. Short pulses of 1 min were used, with 1 min intervals
on ice. Protein content was estimated as described above. Catalase
activity was determined spectrophotometrically at 240 nm, following
H2O2 decomposition (23). Superoxide dismutase activity was analyzed
in the presence of riboflavin and NBT, after native polyacrylamide gel
electrophoresis (60µg of protein), as described (24). Bands were
quantified by densitometry. Glucose-6-phosphate dehydrogenase activity
was assayed spectrophotometrically at 340 nm by incubating 25µg of
protein with 0.5 mmol/L NADP+ 0.7 mmol/L glucose 6-phosphate,
and 100 mM phosphate buffer (pH 7.4) (glucose-6-phosphate dehy-
drogenase kit, 345-B, Sigma).

Statistical Analysis.Data are expressed as mean values( SD of at
least three independent experiments. Values were compared by
Student’st-test. The 0.05 probability level was chosen as the point of
statistical significance throughout.

RESULTS

Quercetin Increases Oxidative Stress Resistance inS.
cereWisiae. In the present work, the protective effect of quercetin
in S. cereVisiaeBy4741 cells exposed to oxidative stress
conditions was analyzed. Yeast cells grown to the logarithmic
phase and preincubated with DMSO (vehicle) or 0.10 mg of
quercetin mL-1 for 15 min were exposed to 1.5 mM H2O2 for
1 h. The analysis of stress resistance shows that quercetin
increased cellular viability from 13% (DMSO) to 40% (quer-
cetin) (Figure 1a). To investigate if the higher resistance of
yeast cells pretreated with quercetin was correlated with
decreased levels of reactive oxygen species, intracellular oxida-
tion was monitored by use of the molecular probe dihydror-
hodamine (DHR) 123. The results obtained by flow cytometry
show that H2O2-induced DHR fluorescence decreased 5-6-fold
in cells preincubated with quercetin (Figure 1b,c).

The nonenzymatic defense glutathione contains a redox-active
sulfhydryl group that reacts with oxidants. To investigate the
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effect of quercetin on redox homeostasis, glutathione levels were
determined in cells exposed to H2O2. In DMSO-treated cells
(control), glutathione levels decreased 40% and the ratio GSSG/
(GSH + GSSG) increased 5.5-fold after exposure to H2O2

(Figure 2). In cells pretreated with quercetin, H2O2-induced
glutathione depletion was similar but glutathione oxidation (2.5-
fold) was significantly lower (Figure 2). These results are in
agreement with the reduction of intracellular oxidation and
suggest a correlation between the protective effect of quercetin
and maintenance of a redox homeostasis.

Cellular death induced by oxidative stress is associated with
DNA damage, accumulation of oxidized proteins, and lipid
peroxidation (1). To investigate whether quercetin reduces
oxidative damages, protein carbonylation and lipid peroxida-
tion levels were analyzed. As previously shown (19,21),
exposure of DMSO-treated cells (control) to H2O2 increased
both protein carbonyl content and lipid peroxidation (Figure
3). In contrast, oxidative damages induced by H2O2 were not
observed in cells pretreated with quercetin. Notably, quercetin
decreased the constitutive levels of oxidized proteins and lipids
(Figure 3). These results indicate that quercetin protects cells
against oxidation induced not only by H2O2 but also by reactive
oxygen species generated as byproducts of normal respiratory
metabolism.

Quercetin Does Not Induce Glucose-6-phosphate Dehy-
drogenase, SOD, or Catalase and Does Not Function through

Iron Chelation. Glucose-6-phosphate dehydrogenase, the rate-
limiting enzyme of the pentose phosphate pathway, produces
NADPH that is required to reduce glutathione. As glutathione
oxidation decreased in cells pretreated with quercetin, we raised
the hypothesis that this flavonol might induce glucose-6-
phosphate dehydrogenase. However, the results show that
quercetin did not increase glucose-6-phosphate dehydrogenase
activity (Figure 4a). Aiming at testing whether the induction
of other enzymatic defenses contributes to the protective effect
of quercetin, the activity of superoxide dismutase (SOD) and
catalase was quantified. In DMSO-treated cells (control), SOD
specific activity was 1.0( 0.1 unit (mg of protein)-1. Quercetin
is a scavenger of superoxide radicals and, therefore, samples
from cells treated with quercetin show a 2.5-fold higher SOD
activity when analyzed by a spectrophotometric assay (data not
shown). Thus, to estimate endogenous SOD without quercetin
interference, enzyme activity was determined in situ, after gel
electrophoresis under nondenaturing conditions. The results
obtained show that quercetin did not significantly affect SOD
activity (Figure 4a). Catalase activity was not detected in
DMSO-treated cells (control). This is consistent with the fact
that catalase genes are expressed only in the postdiauxic growth
phase or in cells exposed to stress conditions (25). Exposure to
quercetin did not affect catalase activity (data not shown). These
results suggest that quercetin improves oxidative stress resistance
by a mechanism independent of these endogenous antioxidant
defenses.

Hydrogen peroxide toxicity is associated with the production
of the highly reactive hydroxyl radicals catalyzed by transition
metals, such as iron and copper (Fenton reaction). The antioxi-
dant capacity of flavonoids, including quercetin, has also been
attributed to their capacity to bind these metals (26). Thus, we
raised the hypothesis that the protective effect afforded by
quercetin could result from iron chelation. It was previously

Figure 1. Effect of quercetin in H2O2-induced cell death and intracellular
oxidation. Exponential-phase S. cerevisiae By4741 cells were pretreated
with 0.10 mg of quercetin mL-1 or with DMSO (vehicle) for 15 min and
exposed to 1.5 mM H2O2 for 1 h. (a) Cellular viability was determined by
standard dilution plate counts and expressed as the percentage of the
colony-forming units of nonstressed cells. (b) Intracellular oxidation: cells
were labeled with 0.025 µg of dihydrorhodamine 123 µL-1 simultaneously
with H2O2 treatment and analyzed by flow cytometry: (s) autofluores-
cence; (‚‚‚) H2O2. (c) Fluorescence intensity of rhodamine-labeled cells.
Data are mean ± SD of at least three independent experiments. **p <
0.01; *p < 0.05.

Figure 2. Effect of quercetin on glutathione levels. Exponential-phase S.
cerevisiae By4741 cells were pretreated with 0.10 mg of quercetin mL-1

or with DMSO (vehicle) for 15 min and treated with 1.5 mM H2O2 for 1
h. Total glutathione (GSHT) levels (a) and GSSG/(GSHT) ratio (b) were
determined as described under Materials and Methods. Data are mean
± SD of three independent experiments. **p < 0.01.

2448 J. Agric. Food Chem., Vol. 55, No. 6, 2007 Belinha et al.



shown that iron deprivation activates the Aft1p transcription
factor that increases the expression of genes associated with
iron uptake (27). To test whether quercetin activates Aft1p,
â-galactosidase activity was measured in cells expressing the
consensus (CTH2-LacZ) or mutant (CTH2-LacZ M3) Aft1
binding sequences fromCTH2promoter fused to a LacZ reporter
(16). The iron chelator bathophenantholinedisulfonic acid (BPS),
which also increases H2O2 resistance, was used as control.
Cellular viability in controls and BPS-pretreated cells was 26%
( 4% and 71%( 7%, respectively. The results show that
quercetin, in contrast to BPS, did not increaseâ-galactosidase
activity in S. cereVisiaeCTH2-LacZ (Figure 4b). As expected,
both quercetin and BPS did not induceCTH2-LacZ M3 (data
not shown). These results indicate that cellular protection by
quercetin is not due to iron chelation.

Quercetin Increases Chronological Life Span.Aging has
been associated with an increased production of reactive oxygen
species associated with a decrease in antioxidant defenses. This
oxidative damage theory of aging is supported by data showing
that increased scavenging of reactive oxygen species by
overexpression of antioxidant defenses delays aging (17,28).
The protection against oxidative stress conferred by quercetin
led us to analyze the effect of this compound on yeast
chronological life span. The results show that quercetin increased
the mean life span by 60% (Figure 5). After 7 days of aging,

the viability of cells pretreated with quercetin or DMSO (control)
was similar, possibly due to oxidation of quercetin in the
medium.

DISCUSSION

Oxidative stress is a hallmark of many acute and chronic
diseases as well as of aging. Much interest has therefore emerged
in the use of natural antioxidants, including flavonoids, as
potential therapeutic agents in diseases associated with oxidative
stress. The health beneficial effects of these phenolic compounds
have been attributed to their free radical scavenging and metal
chelating properties as well as to modulation of cell signaling
pathways (10-13).

Quercetin is the most common flavonol in the diet and its
properties has been extensively studied in vitro. In this work,
we used yeast cells as an eukaryotic model organism to
investigate the antioxidant effects of quercetin at the cellular
level. The results obtained show that quercetin significantly

Figure 3. Effect of quercetin on oxidative damages. Exponential-phase
S. cerevisiae By4741 cells were pretreated with 0.10 mg of quercetin
mL-1 or with DMSO (vehicle) for 15 min and treated with 1.5 mM H2O2

for 1 h. Controls were prepared from cells treated only with DMSO or
quercetin for 75 min. (a) Protein oxidation: proteins were isolated,
derivatized with DNPH, and slot-blotted into a PVDF membrane.
Immunodetection was performed with anti-DNP antibodies, as described
under Materials and Methods. (b) Quantitative analysis of carbonyls was
performed by densitometry, with data taken from the same membrane.
(c) Lipid peroxidation: MDA content was quantified by spectrophotometry
at 523 nm, as described under Materials and Methods. Data are mean ±
SD of at least four independent experiments. *p < 0.05; **p < 0.01.

Figure 4. Quercetin does not induce antioxidant enzymes or function as
iron chelator. (a) Exponential-phase S. cerevisiae By4741 cells were treated
with 0.10 mg of quercetin mL-1 or with DMSO (vehicle) for 75 min. Cu−
Zn superoxide dismutase (SOD) and glucose-6-phosphate dehydrogenase
(G6PDH) activities were determined as described under Materials and
Methods. The G6PDH-specific activity in control (DMSO) cells was 0.046
unit (mg of protein)-1. (b) S. cerevisiae By4741 CTH2-LacZ cells were
grown on minimal medium to exponential phase. â-Galactosidase activity
was measured in cells untreated (C) or treated with 0.10 mg of quercetin
mL-1, with DMSO (vehicle), or with 20 µM BPS for 4 h. Values are means
± SD of three independent experiments. **p < 0.01.

Figure 5. Effect of quercetin on yeast life span. Cells were preincubated
with 0.10 mg of quercetin mL-1 (2) or with DMSO (9) for 15 min, washed
with H2O, and kept in H2O. The viability was determined by standard
dilution plate counts and expressed as the percentage of the colony-
forming units at t0. Data are mean ± SD of three independent experiments.
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increased H2O2 resistance inS. cereVisiaecells. This protective
effect was correlated with a reduction in the levels of ROS and
a lower degree of glutathione oxidation. Glutathione (GSH) is
a low molecular weight thiol that is important for the reduction
of H2O2 and lipid hydroperoxides catalyzed by glutathione
peroxidases and forms protein mixed disulfides (protein-S-
thiolation), preventing the irreversible oxidation of protein-
cysteine residues (28). Oxidized glutathione is reduced at the
expense of NADPH that is produced in the pentose phosphate
pathway. However, glucose-6-phosphate dehydrogenase activity
was not affected by quercetin. These results suggest that
quercetin prevents a redox imbalance by a mechanism inde-
pendent of the upregulation of the pentose phosphate pathway.

Polyphenolic compounds are preferentially incorporated into
membrane lipid bilayers and act as hydrogen donors, trapping
free radicals, inhibiting the formation of lipid radicals, and
recycling other antioxidants, such asR-tocopherol (3,15). In
agreement, quercetin completely suppressed lipid peroxidation
and protein carbonylation induced by H2O2. The decrease in
lipid peroxidation by quercetin is in agreement with the fact
that dietary polyphenols have been associated with a decrease
of coronary heart diseases (29, 30), and show high antioxidant
activity in some lipid systems, in particular in low-density
lipoproteins (31,32). Importantly, quercetin also decreased
constitutive levels of oxidative damages, indicating that this
phenolic compound protects cells against oxidation induced not
only by H2O2 but also by reactive oxygen species generated as
byproducts of normal cell metabolism (aerobic respiration and
several metabolic reactions).

The effects of polyphenolic compounds may result from H2O2

production due to oxidation in cell culture medium (33).
Sublethal doses of H2O2 induce a stress response that increases
antioxidant defenses and other stress proteins, leading to cellular
resistance to a subsequent lethal stress (28). This adaptive
response could therefore mediate the acquisition of oxidative
stress resistance afforded by quercetin. However, a number of
lines of evidence shown in this study indicate that quercetin
does not promote the production of significant H2O2 levels when
added to YPD medium. Indeed, quercetin did not increase
protein carbonyl content (constitutive levels even decreased)
or upregulate antioxidant defenses.

The antioxidant protection of quercetin has also been associ-
ated with its capacity to chelate transition metals, such as iron
and copper, that catalyze the conversion of H2O2 into the highly
reactive hydroxyl radicals (Fenton reaction) (4, 26,34-36). In
the present study, iron chelation in vivo was monitored by
measuring the activation of a LacZ reporter driven by Aft1p
binding sites. The Aft1p transcription factor is activated by iron
deprivation and increases the expression of genes associated
with iron uptake and vacuolar iron utilization (37). Our results
show that quercetin, in contrast with the iron chelator batho-
phenantholinedisulfonic acid (BPS), did not activate Aft1p. BPS
also increased oxidative stress resistance, supporting the hy-
pothesis that the Fenton reaction contributes to H2O2 toxicity
in vivo. The overall results suggest that quercetin protects yeast
cells from H2O2 stress by a mechanism independent of its metal-
chelating properties and of the induction of glutathione, SOD,
and catalase. It has been suggested that polyphenolic compounds
may exert their effects through interactions with specific proteins
of cell signaling pathways (10-13). The identification of signal
transduction pathways modulated by quercetin will contribute
to the characterization of how this natural compound exerts its
protective effects.

An increased production of reactive oxygen species, mainly
due to mitochondrial dysfunction, and the consequent accumula-
tion of oxidative damages that lead to neuronal death are
associated with aging and age-related diseases, such as Alzhe-
imer and Parkinson diseases (38). In agreement, a diet replete
in flavonoid-rich foods (Mediterranean diet) increases longevity,
decreases the incidence of cardiovascular disease, and reduces
the risk of aging-related pathologies (39). Yeast cells have been
used as a model system to identify cell functions important for
two different aspects of life span: replicative life span, measured
as the number of buds generated by each mother cell, and
chronological life span, measured as the capacity of nondividing
(G0-arrested) cultures to maintain viability over time (40).
Howitz et al. (41) showed that resveratrol, a phenolic compound
found in red wine, extends replicative longevity ofS. cereVisiae,
through activation of sirtuins. Yeast cells overexpressing free-
radical scavenging enzymes display an increased chronological
life span (17,40). Results presented here show that quercetin
extends chronological life span of yeast cells. This increase is
more significative in the first 3 days, possibly due to posterior
oxidation of the compound in the medium.

In conclusion, this study reveals that the flavonol quercetin
increases oxidative stress resistance in yeast cells by scavenging
free radicals, maintaining the redox homeostasis, and preventing
protein carbonylation and lipid peroxidation. Quercetin also
enhances the life span of nondividing cells, which is known to
be limited by oxidative stress. These beneficial effects of
quercetin are due to its intrinsic antiradical properties and not
to iron chelation or the induction of endogenous antioxidant
defenses. These results support the use of yeast as a model
system to screen in vivo for natural antioxidants with putative
health beneficial effects.

ABBREVIATIONS

SOD, superoxide dismutase; ROS, reactive oxygen species;
DMSO, dimethyl sulfoxide; DNPH, 2,4-dinitrophenylhydrazine;
EDTA, ethylenediaminetetraacetic acid; MDA, malondialde-
hyde; DHR, dihydrorhodamine; PBS, phosphate-buffered saline.
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