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Abstract
Resveratrol has been shown to exhibit cancer-preventive activities in preclinical studies. We conducted a clinical study to determine the effect of pharmacologic doses of resveratrol on drug- and
carcinogen-metabolizing enzymes. Forty-two healthy volunteers underwent baseline assessment of
cytochrome P450 (CYP) and phase II detoxification enzymes. CYP1A2, CYP2D6, CYP2C9, and CYP3A4
enzyme activities were measured by the metabolism of caffeine, dextromethorphan, losartan, and buspirone, respectively. Blood lymphocyte glutathione S-transferase (GST) activity and GST-π level and
serum total and direct bilirubin, a surrogate for UDP-glucuronosyl transferase (UGT) 1A1 activity, were
measured to assess phase II enzymes. After the baseline evaluation, study participants took 1 g of
resveratrol once daily for 4 weeks. Enzyme assessment was repeated upon intervention completion.
Resveratrol intervention was found to inhibit the phenotypic indices of CYP3A4, CYP2D6, and CYP2C9
and to induce the phenotypic index of 1A2. Overall, GST and UGT1A1 activities were minimally affected by the intervention, although an induction of GST-π level and UGT1A1 activity was observed in
individuals with low baseline enzyme level/activity. We conclude that resveratrol can modulate enzyme
systems involved in carcinogen activation and detoxification, which may be one mechanism by which
resveratrol inhibits carcinogenesis. However, pharmacologic doses of resveratrol could potentially lead
to increased adverse drug reactions or altered drug efficacy due to inhibition or induction of certain CYPs.
Further clinical development of resveratrol for cancer prevention should consider evaluation of lower doses
of resveratrol to minimize adverse metabolic drug interactions. Cancer Prev Res; 3(9); 1168–75. ©2010 AACR.

Introduction
Resveratrol, or 3,4′,5-trihydroxystilbene, is produced by
a restricted number of plant species. It belongs to a class of
defense molecules, called phytoalexins, which are produced in response to stress such as infection or UV irradiation. Resveratrol was identified in the dried roots of
Polygonum cuspidatum (1), called Ko-jo-kon in Japanese,
which is used in traditional Asian medicine for the treatment of fungal infection, inflammation, hypertension,
dermatitis, and hyperlipidemia. Resveratrol is also found
in several edible natural products such as grapes, peanuts,
and berries. Since its presence was first reported in red
wine, scientists have speculated that the cardioprotective
effects of red wine (the so-called “French paradox”) may
be attributed to resveratrol (2).
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Resveratrol has been shown to inhibit carcinogenesis
by affecting various molecular events in the initiation,
promotion, and progression stages. Some of these
studies are summarized in recent reviews (3–7). The
anti-initiation activity of resveratrol has been linked to
the suppression of the metabolic activation and/or
induction of detoxification of carcinogens through
modulation of enzymes involved in either phase I reactions [i.e., cytochrome P450 enzymes (CYP)] or phase II
conjugation reactions. A number of in vitro studies have
shown that resveratrol inhibits CYP1A1 and CYP1A2
enzyme activities (8, 9). Administration of resveratrol
in mice resulted in suppressed expression of CYP1A1
and inhibited benzo[a]pyrene-induced DNA adduct
formation (10). Resveratrol has also been shown to inhibit
the activities of CYP1B1 (11, 12), CYP3A4 (13, 14),
and CYP2E1 (13) in in vitro systems. Resveratrol has
been shown to induce phase II detoxification enzymes
including UDP-glucuronosyltransferase (UGT), glutathione S-transferase (GST), and quinone reductase activities
in in vitro and in vivo systems (15–18). It is postulated that
resveratrol activates phase II enzyme gene expression
through modulation of the mitogen-activated protein
kinase pathway.
Modulation of enzyme systems involved in carcinogen activation and detoxification could be one of the

Resveratrol Effects on Carcinogen-Metabolizing Enzymes

biochemical mechanisms responsible for the cancerpreventive effect of resveratrol. However, such changes
may also affect drug efficacy and toxicity because these
enzymes are also responsible for drug metabolism. Unlike pharmaceutical drugs, information on metabolic
drug interactions is often lacking when bioactive food
components are developed for clinical indications. Such
information is critically important in the early-phase
clinical development of bioactive food components for
cancer prevention, especially when studied at pharmacologic doses. Here, we report a clinical study conducted in
healthy volunteers to determine the effect of 1 g once
daily (QD) dosing of resveratrol on the activity of drugand carcinogen-metabolizing enzymes. This dose of
resveratrol is much higher than that from dietary exposure because a 5-oz glass of red wine contains 0.29 to
1.89 mg of resveratrol and a cup of red grapes contains
0.24 to 1.25 mg of resveratrol. Nevertheless, this dose
was chosen because it is currently being investigated
clinically for cancer prevention.

Materials and Methods
Study drugs
Resveratrol drug product was supplied by Pharmascience,
Inc., through the Chemoprevention Agent Development
Research Group, Division of Cancer Prevention, National
Cancer Institute. Resveratrol caplets were manufactured by
Pharmascience using synthetic resveratrol. Resveratrol purity was assessed by high-performance liquid chromatography (HPLC) with UV detection. Each study caplet
contains 500 mg resveratrol plus inert pharmaceutical
excipients. The study caplets were stored at room temperature and protected from environmental extremes.
Study participants
Male and female participants were recruited from the
Tucson metropolitan area. Participants were eligible if
they were ≥18 years of age who were nonsmokers or
had stopped smoking for more than 1 year. Participants
had normal liver and renal functions. Participants were
excluded if they were pregnant or breast-feeding, had invasive cancers within the past 5 years, had uncontrolled
severe metabolic disorders or other serious acute or
chronic diseases, consumed more than 3 drinks of alcohol per week on average, had known hypersensitivity to
resveratrol or CYP metabolic probe drugs (caffeine, dextromethorphan, losartan, or buspirone), were taking
medications/supplements that are known CYP enzyme
inducers or inhibitors, or had participated in other clinical research studies within the past 3 months. The study
was approved by the University of Arizona Human Subjects Protection Program. Written informed consent was
obtained from all participants.
Study design
During the initial visit, study participants completed a
medical history form and underwent a brief physical exam.
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A fasting blood sample was collected for complete blood
count and blood chemistry. Eligible subjects underwent a
minimum of 2 weeks of washout, during which they were
required to limit resveratrol-containing foods and products, refrain from herbal/botanical supplements, and
minimize the consumption of cruciferous vegetables. After
the washout period, study subjects underwent baseline
evaluation of CYP and phase II enzyme activities. Subjects
were required to abstain from caffeine-containing products
and food items that have been reported to affect drugmetabolizing enzymes (e.g., grapefruit juice, cruciferous
vegetables, and food cooked over charcoal) and overthe-counter medications beginning 72 hours before and
until 8 hours after the CYP probe drug administration.
Study subjects were instructed to fast overnight for 8 hours
before and until 4 hours after the administration of the
probes. For CYP enzyme activity determination, low doses
of four CYP metabolic probe drugs were coadministered
orally [caffeine (100 mg), dextromethorphan (30 mg),
losartan (25 mg), and buspirone (10 mg)] to assess the activities of CYP1A2, CYP2D6, CYP2C9, and CYP3A4, respectively. A standardized lunch was provided to the
subjects at 4 hours after probe drug administration. Blood
samples were collected before and at 0.5, 1, 2, 4, 6, and
8 hours after dosing. Lymphocytes were isolated from the
predose sample for assessment of baseline GST activity and
GST-π level. Serum was isolated from the predose sample
for assessment of total and direct bilirubin levels. Plasma
was isolated from each collection for measurement of
CYP probe drug and metabolite levels. Total voided urine
was collected up to 8 hours after probe drug administration
for measurement of CYP probe drug and metabolite levels.
Following the completion of baseline enzyme activity
determination, study participants took the first resveratrol
dose (1 g) on an empty stomach after an overnight fast to
reduce variability in gastrointestinal absorption. Blood
samples were collected before and 1 hour after resveratrol
administration for measurement of plasma resveratrol and
resveratrol metabolite concentrations. Subsequently, participants underwent 4 weeks of daily resveratrol intervention
at a dose of 1 g once a day. Participants were instructed to
take the daily dose with food.
Study participants returned to the clinic the day after
completing the resveratrol intervention for postintervention assessment of CYP and phase II enzyme activities.
A fasting blood sample was collected for lymphocyte
GST activity/level and serum bilirubin levels. Study participants underwent postintervention CYP assessment as
described for baseline activity assessment. In addition, a
fasting blood sample was collected for blood count and
blood chemistry. After the postintervention assessment,
study participants were followed for 2 weeks for any adverse reactions.
Analytic methods for metabolic probe drugs
For each assay, baseline and posttreatment samples of
the same individual were paired in the analysis (i.e., analyzed in the same batch). Caffeine and paraxanthine in
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4-hour postdose plasma samples were determined using
reverse-phase HPLC with UV detection (19). Dextromethorphan and dextrorphan in urine were analyzed using reverse-phase HPLC with fluorescence detection (20,
21). Losartan and its metabolite, E3174 (5-carboxylic
acid of losartan; ref. 22), in urine were analyzed using
reverse-phase HPLC with fluorescence detection (22).
Plasma buspirone levels were determined using an
HPLC-tandem mass spectrometry method (23).
Measurements of GST activities and GST-π levels
Cell lysates were prepared by sonicating the lymphocyte
pellets twice at 15-second intervals. The lysed cells were
centrifuged at 10,000 × g at 4°C for 30 minutes. The supernatant was collected and stored at −80°C before the
analysis. Total GST activity in lymphocyte lysates was determined using a GST assay kit (Cayman Chemical) by
measuring the conjugation of 1-chloro-2,4-dinitrobenzene
with reduced glutathione. This GST-mediated conjugation
reaction was accompanied by an increase in absorbance at
340 nm. GST activity was expressed as nanomoles per
minute per milligram of protein, with protein concentrations assayed with the Bio-Rad protein assay kit (Bio-Rad
Lab). GST-π concentrations in lymphocyte lysates were
measured using an ELISA kit (Human pi GST EIA assay,
Argutus Medical). The assay procedure was based on sequential addition of diluted samples or standards, anti–
GST-π IgG conjugated with horseradish peroxidase, and
substrate to microassay wells coated with anti–GST-π
IgG. The assay range was 3.12 to 100 ng/mL. Standards
of known concentrations were included in every run,
and the enzyme levels were calculated from a standard
curve. GST-π concentrations were normalized to protein
concentrations and expressed as picograms per milligram
of protein.
Measurements of bilirubin levels
Total and direct serum bilirubin levels were determined
in a certified commercial laboratory (Sonora Quest).
Resveratrol assay
Plasma resveratrol and metabolite concentrations were
determined using a published HPLC method with UV detection (24). Plasma concentrations of resveratrol metabolites were estimated based on the calibration curve
established with resveratrol standard because authentic
standards of resveratrol metabolites were not commercially available. The identity of resveratrol and its metabolites
was confirmed by HPLC-tandem mass spectrometry by
monitoring the parent/product ion transitions of resveratrol and metabolites (24).
Data analysis
CYP1A2 phenotypic index was assessed by the caffeine/paraxanthine concentration ratio in plasma samples
collected 4 hours after probe cocktail dosing (19).
CYP3A4 phenotypic index was determined by the area
under the plasma buspirone concentration-time profile
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(AUC) obtained after probe drug administration (25)
with the AUC estimated using the WINNONLIN program
(version 5.0). CYP2D6 phenotypic index was assessed by
the urinary recovery of dextromethorphan/dextrorphan
molar ratio in urine collected up to 8 hours after probe
drug administration (26). CYP2C9 phenotypic index was
determined by the urinary recovery of losartan/E3174 ratio in urine collected up to 8 hours after probe drug administration (19). The distribution of these phenotypic
indices was normalized by logarithmic transformation
before tests of significance. The log-transformed indices
determined after resveratrol intervention administration
were compared with those determined at baseline using
the paired t test. GST activity, GST-π, total bilirubin, and
direct bilirubin were analyzed similar to those described
for the CYP indices.

Results
Forty-two eligible participants initiated the study intervention. There were 11 men and 31 women. The average
age was 40 years (range, 19-64 years) and the average body
mass index was 25.4 kg/m2 (range, 20.0-42.3 kg/m3). Safety data were analyzed for all 42 participants. CYP and
phase II enzyme activities were assessed in 40 participants
because one participant withdrew participation after taking
the first resveratrol dose and one participant was unavailable for the postdosing enzyme activity assessment.
Table 1 summarizes the CYP phenotypic indices determined before and after 4 weeks of resveratrol administration. For CYP1A2 activity, assessed by the metabolic ratio
of caffeine and paraxanthine, data from four participants
were not included in the analysis because of the presence
of high caffeine and paraxanthine levels in the predosing
samples. Similar to those reported previously (19), there
were large between-subject variations in CYP1A2 activity.
The geometric mean baseline caffeine/paraxanthine ratio
was 3.95 with values ranging from 1.31 to 21.4. After 4
weeks of daily resveratrol administration, the caffeine/
paraxanthine ratio decreased significantly (P = 0.0005),
suggesting an induction of CYP1A2 activity. The geometric
mean ratio of post- over pre-intervention CYP1A2 index
was 0.84 [90% confidence interval (90% CI), 0.78-0.91],
representing a geometric mean change of 16%.
For CYP3A4 activity, assessed by the AUC of buspirone,
data from one participant were not obtained because the
plasma buspirone concentrations of this individual were
highly variable, not allowing for the AUC calculation.
Large between-subject variations were also observed for
CYP3A4 enzyme activity. The geometric mean baseline
buspirone AUC was 73.2 [(ng/mL)·min] with values ranging from 7.9 to 1,322 [(ng/mL)·min]. Four weeks of
resveratrol administration resulted in a statistically significant increase in buspirone AUC (P = 0.01), suggesting
an inhibition of CYP3A4 activity. The geometric mean
ratio of post- over pre-intervention buspirone AUC was
1.33 (90% CI, 1.11-1.59), representing a geometric mean
change of 33%.
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Table 1. CYP phenotypic indices before and after 4 wk of daily resveratrol administration (1 g QD)
CYP isozyme

Index values*

Post- to pre-intervention ratio

Pre
1A2
3A4
2D6
2C9

3.95
73.2
0.07
1.02

±
±
±
±

0.38‡ (n = 36)
12.8 (n = 39)
0.02 (n = 38)
0.11 (n = 39)

P†

Post
3.33
97.1
0.12
2.78

±
±
±
±

0.29
16.7
0.04
0.36

(n
(n
(n
(n

=
=
=
=

36)
39)
35)
39)

0.84
1.33
1.70
2.71

(0.78-0.91)§
(1.11-1.59)
(1.23-2.19)
(2.22-3.31)

0.0005
0.01
0.01
<0.0001

*Caffeine/paraxanthine ratio in 4-h postdose plasma as CYP1A2 index; buspirone AUC [(ng/mL)·min] as CYP3A4 index; dextromethorphan/dextrorphan molar ratio in 0-8 h postdose urine as CYP2D6 index; losartan/E3174 ratio in 0-8 h postdose urine as
CYP2C9 index.
†
Paired t test on log-transformed indices.
‡
Geometric mean ± SE; SE was derived from a delta method.
§
Geometric mean ratio (90% CI).

For CYP2D6 activity, assessed by the metabolic ratio of
dextromethorphan and dextrorphan, data for one participant were not available due to a missed collection. In addition, dextromethorphan levels were not detectable in
one participant in the baseline sample and in four participants in the postintervention sample. These data were not
included in the analysis. The baseline geometric mean
dextromethorphan/dextrorphan molar ratio was found
to be 0.07 with values ranging from 0.002 to 7.96. Resveratrol intervention resulted in significantly increased postintervention dextromethorphan/dextrorphan molar ratio
(P = 0.01), suggesting an inhibition of CYP2D6 activity.
The geometric mean ratio of post- over pre-intervention
CYP2D6 index was 1.70 (90% CI, 1.23-2.19), representing
a geometric mean change of 70%.
For CYP2C9 activity, assessed by the metabolic ratio of
losartan and E3174, data were unavailable for one partic-

ipant due to a missed collection. The baseline geometric
mean losartan/E3174 ratio was 1.02 with values ranging
from 0.37 to 5.06. Four weeks of resveratrol intervention
resulted in a significant increase in CYP2C9 phenotypic
index (P < 0.0001). The geometric mean ratio of postover pre-intervention CYP2C9 index was 2.71 (90% CI,
2.22-3.31), representing a geometric mean change of
171%.
We examined the change in CYP indices stratified by
baseline level because univariate regression analysis
showed that the change in CYP indices was dependent
on baseline values. Figure 1 illustrates the geometric mean
percent change in CYP indices by tertile based on the baseline level. CYP1A2 is induced in individuals with enzyme
activity in the lowest and middle tertiles. Inhibition of
CYP3A4 and CYP2D6 indices was statistically significant
in individuals with enzyme activity in the highest tertile,

Fig. 1. Percent change in CYP phenotypic
indices by baseline activity tertile. a, P < 0.05;
b, P < 0.01; c, P < 0.005; d, P < 0.001.
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Table 2. Blood lymphocyte GST enzyme activity and GST-π levels before and after 4 wk of daily
resveratrol administration (1 g QD)
Pre

Post

Post- to pre-intervention ratio

P*

31.5 ± 2.5† (n = 38)
4,468 ± 310 (n = 36)

32.1 ± 2.5 (n = 38)
5,029 ± 218 (n = 36)

1.02 (0.92-1.12)‡
1.13 (1.00-1.27)

0.77
0.10

GST
Total activity (nmol/min/mg protein)
GST-π level (ng/mg protein)

*Paired t test on log-transformed measurements.
Geometric mean ± SE; SE was derived from a delta method.
‡
Geometric mean ratio (90% CI).
†

whereas inhibition of CYP2C9 index was significant in all
tertiles.
Table 2 summarizes the GST activity and GST-π level in
peripheral blood lymphocytes before and after 4 weeks of
daily resveratrol administration. Resveratrol intervention
had minimal effects on overall GST activity (P = 0.77)
and GST-π level (P = 0.10). Table 3 summarizes the total
and direct bilirubin levels determined before and after
4 weeks of daily resveratrol administration. Because bilirubin is primarily cleared from the body by the liver through
conjugation reactions mediated by UGT1A1, individuals
with high bilirubin levels tend to have low UGT1A1
activity and vice versa. Resveratrol intervention did not
affect the overall serum bilirubin level (P = 0.90 for total
bilirubin; P = 0.27 for direct bilirubin).
Similarly, we also examined the change in phase II enzyme measurements stratified by baseline level because
univariate regression analysis showed that the change in
phase II enzymes was dependent on baseline value. Figure
2 illustrates the change in phase II enzyme measurements
by tertile based on the baseline level. Individuals with low
baseline GST-π showed a statistically significant increase
with resveratrol intervention. Induction of UGT1A1 activity, assessed by serum total bilirubin level, was significant
in those with low baseline activity.
Table 4 summarizes the plasma resveratrol and metabolite concentrations 1 hour after a single oral dose of 1 g of
resveratrol. Previous studies have shown that plasma resveratrol concentrations reach maximum concentration
approximately 1 hour after a single oral dose (27). The

mean 1-hour postdosing plasma resveratrol concentration
was 72.7 ng/mL with concentration values ranging from
8.3 to 404.4 ng/mL. The 1-hour postdose plasma concentrations of resveratrol metabolites were much higher than
those observed for the parent compound. The major resveratrol metabolites were identified by liquid chromatography-tandem mass spectrometry as described previously
(24, 27), with one metabolite conjugated with a glucuronide and a sulfate moiety (glucuronide-sulfate), two metabolites with a glucuronide moiety (monoglucuronide 1
and monoglucuronide 2), one metabolite with two sulfate
moieties (disulfate), and one metabolite with a sulfate
moiety at the 3-hydroxyl position (3-sulfate). The mean
plasma concentrations of glucuronide-sulfate, monoglucuronide 1, monoglucuronide 2, disulfate, and 3-sulfate
metabolite were 339.6, 619.5, 767.9, 359.3, and 2,376.6
ng/mL, respectively, significantly higher than that of the
parent compound.
Table 5 lists the reported adverse events deemed possibly or probably related to study agent because of temporal
proximity. Four weeks of daily administration of pharmacologic doses of resveratrol was well tolerated in healthy
participants. All reported adverse events were Common
Toxicity Criteria grade 1 or 2, and many were very mild
and transient. One participant withdrew from study participation after the first dose of resveratrol due to diarrhea.
One postmenopausal woman (body mass index, 36.9
kg/m2) experienced new onset, persistent perimenopausal
symptoms (hot flashes, insomnia), which required a 50%
dose reduction. Four weeks of resveratrol dosing did not

Table 3. Serum total and direct bilirubin levels before and after 4 wk of daily resveratrol administration
(1 g QD)
Pre

Post

Post- to pre-intervention ratio

P*

0.50 ± 0.04† (n = 40)
0.13 ± 0.01 (n = 40)

0.50 ± 0.04 (n = 40)
0.12 ± 0.01 (n = 40)

0.99 (0.91-1.08)‡
0.93 (0.83-1.04)

0.90
0.27

Serum bilirubin
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)

*Paired t test on log-transformed measurements.
Geometric mean ± SE; SE was derived from a delta method.
‡
Geometric mean ratio (90% CI).
†
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Fig. 2. Percent change in GST-π expression,
total GST activity, and UGT1A1 activity by
baseline expression/activity level. *, UGT1A1
activity was assessed by serum total bilirubin
levels. a, P < 0.005; b, P < 0.01.

result in any clinically significant changes in blood chemistry and hematology measurements (data not shown).

Discussion
This clinical study showed that intervention with 1 g of
resveratrol once daily for 4 weeks modulated the phenotypic indices of multiple human CYP isozymes. In this
study, we used probe drugs (or the associated metabolic
ratios) to assess the activity of selected CYP isozymes.
The selected probe drugs and the associated metabolic ratios have been previously validated for assessing the activity of each of the studied CYP isozymes (19, 25, 26).
However, it is worth noting that additional P450s may
also play a role in the metabolism of the probe drugs
(or the associated metabolic ratios).
We found that 4 weeks of daily resveratrol administration
resulted in a 16% decrease in the caffeine/paraxanthine
metabolic ratio, suggesting an induction of CYP1A2 activity. Many environmental carcinogens, such as polycyclic aromatic hydrocarbons, are generally thought to be
activated by the CYP1A and CYP1B subfamilies to form
genotoxic epoxide metabolites, which can bind to DNA,
forming adducts. Therefore, inhibition of these enzymes
is thought to be an important mechanism in the prevention of carcinogenesis. However, using Cyp1a1(−/−)
knockout mice, studies have shown that the inducible
CYP1A1 is far more important in detoxification than
in metabolic activation of benzo[a]pyrene (28, 29).
Therefore, the effect of CYP1A induction on carcinogen
activation or detoxification may depend on the particular
study context.
We showed that 4 weeks of resveratrol intervention resulted in 33%, 70%, and 171% increases in buspirone
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plasma AUC, metabolic ratio of dextromethorphan to dextrorphan, and metabolic ratio of losartan to E3174, respectively. These changes suggested the inhibition of the
activities of CYP3A4, CYP2D6, and CYP2C9, respectively.
Among the CYP enzymes, CYP3A4 metabolizes the vast
majority of drugs, including immunosuppressive drugs
for transplant patients, HIV protease inhibitors, cholesterol-lowering statin drugs, and chemotherapeutics. Inhibition of CYP3A4 would result in elevation of the systemic
blood levels of drugs metabolized by this isozyme, which
could lead to increased drug toxicity. Among the CYP enzymes, CYP2D6 shows the largest phenotypical variability.
CYP2D6 is responsible for converting tamoxifen to the

Table 4. Plasma resveratrol and metabolite
concentrations 1 h after a single oral dose of
1 g of resveratrol
Plasma concentration (ng/mL)
1 h after a single dose
Resveratrol
Glucuronidesulfate
Monoglucuronide 1
Monoglucuronide 2
Disulfate
3-Sulfate

72.7 ± 11.7* (8.3-404.4)
339.6 ± 42.6† (50-1,113.2)
619.5
767.9
359.3
2,376.6

±
±
±
±

62.4† (160.4-2,237.2)
97.7† (69.3-3,352.3)
64.5† (14.2-2,197.9)
320.2† (479.1-10,993.1)

*Mean ± SE (concentration range).
Resveratrol metabolite concentrations were estimated
based on the resveratrol standard.
†
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Table 5. Summary of adverse events possibly
or probably related to resveratrol
Adverse event (AE) Number (%) of subjects reporting
the AE (total n = 42)
Diarrhea
Heartburn
Increased appetite
Mood alteration
Menstrual changes
Vivid dreams
Hot flashes
Insomnia
Decreased appetite
Flatulence
Nausea
Abdominal pain
Urine odor

4
3
2
2
2
1
1
1
1
1
1
1
1

(9.5)
(7.1)
(4.8)
(4.8)
(4.8)
(2.4)
(2.4)
(2.4)
(2.4)
(2.4)
(2.4)
(2.4)
(2.4)

potent antiestrogen endoxifen. Studies have shown that
individuals with decreased CYP2D6 metabolism due to
genetic variations or enzyme inhibition have reduced plasma endoxifen concentration and increased risk of breast
cancer relapse (30, 31). It is possible that resveratrol could
decrease the formation of endoxifen, thus affecting the
chemopreventive or anticancer activity of tamoxifen.
CYP2C9 is the second most abundant CYP in the liver
and small intestine. It is involved in the metabolic clearance of a wide variety of therapeutic drugs, including many
nonsteroidal anti-inflammatory drugs, cyclooxygenase-2
inhibitors, oral anticoagulants, and oral hypoglycemics.
This raises the question of whether resveratrol would
decrease the clearance of these drugs, possibly increasing
the toxicity of these compounds.
Phase II enzymes mediate conjugation reactions, which
generally lead to detoxification of electrophilic active carcinogens. Resveratrol has been shown to induce UGT,
GST, and quinone reductase activities in in vitro and in vivo
systems (15–18). It has been suggested that resveratrol activates phase II enzyme gene expression through modulation of the mitogen-activated protein kinase pathway. We
measured the clinical effects of resveratrol on GST expression in blood lymphocytes and serum bilirubin, a surrogate for hepatic UGT1A1 (32, 33), and found that

overall GST and UGT1A1 activities were minimally affected by the resveratrol intervention. However, individuals
with low baseline GST-π levels and UGT1A1 activity
showed a significant increase in enzyme activity following
resveratrol intervention. This seems to be consistent with
previous observations that induction of phase II enzymes
is more pronounced in individuals with low baseline enzyme activity (32, 34). Nevertheless, precautions are needed in interpreting these data because the observed changes
could be due to regression to the mean.
We conclude that 4 weeks of daily resveratrol dosing at
1 g QD was well tolerated in healthy individuals. Resveratrol intervention modulated the enzyme systems involved in carcinogen activation and detoxification, which
may be one mechanism by which resveratrol inhibits carcinogenesis. However, pharmacologic doses of resveratrol
could lead to increased adverse drug reactions or altered
drug efficacy due to suppression of drug metabolism mediated by CYP3A4, CYP2D6, and CYP2C9. Given that resveratrol is being studied in a variety of chemoprevention
settings and is available for use as a dietary supplement,
further studies are needed to determine resveratrol-drug
interactions to assess the effects of resveratrol on drug efficacy and safety. In addition, further clinical development
of resveratrol for cancer prevention should consider the
evaluation of lower doses of resveratrol to minimize adverse metabolic drug interactions.
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