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Abstract: Piceatannol and its parent compound, trans-resveratrol, decreased the in vitro catalytic activity of rat CYP1A1 

and CYP1A2 by mixed inhibition. trans-Resveratrol was not a mechanism-based inactivator of rat CYP1A in vitro and 

the administration of this compound (50 mg/kg) to rats did not affect hepatic microsomal CYP1A-mediated enzyme acti-

vity.  
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INTRODUCTION 

 Root extracts of the weed Polygonum cuspidatum has 
been used in traditional Chinese medicine to treat a variety 
of diseases [1]. One of the chemical constituents present in 
this plant is trans-resveratrol [2], also known as 3,5,4 -tri-
hydroxy-trans-stilbene (Fig. 1). This polyphenolic com-
pound is also found in other plant genera, including Vitaceae
[3] and Arachis [4]. Other natural sources of trans-resveratrol 
include wine, especially red wine, grapes, and berries [5].  

 trans-Resveratrol is metabolized mainly by conjugation 
reactions catalyzed by specific human UDP-glucuronosyl-
transferases, such as UGT1A1 and UGT1A9 [6,7], and hu-
man sulfotransferases, such as SULT1A1 and SULT1E1 [8]. 
It also undergoes hydroxylation catalyzed by specific human 
cytochrome P450 (CYP) enzymes, such as CYP1A1, 
CYP1A2, and CYP1B1, to form piceatannol (Fig. 1) [9,10], 
which is also referred to as 3,4,3 ,5 ,-tetrahydroxy-trans-stil-
bene or 3-hydroxyresveratrol. 

 trans-Resveratrol decreases the incidence of mammary 
tumors in rodents administered with 7,12-dimethylbenz[a]
anthracene (DMBA) [11-13], but the detailed molecular and 
cellular mechanisms by which this polyphenolic compound 
inhibits DMBA-induced tumorigenesis is not well-understood. 
trans-Resveratrol may act as a blocking agent at the initia-
tion step of carcinogenesis by inhibiting procarcinogen-
bioactivating enzymes because in vitro studies have shown 
that this compound directly inhibits the catalytic activity of 
DMBA-bioactivating human CYP1A1 [14-17], CYP1A2 [14, 
18], and CYP1B1 [19]. trans-Resveratrol is also a mecha-
nism-based inactivator of human CYP1A2, but not CYP1A1 
[14]. However, it is not known whether trans-resveratrol 
decreases rat CYP1A1 and CYP1A2 catalytic activity by 
direct inhibition and/or mechanism-based inactivation. It is 
also not known whether piceatannol, which is an oxidative 
metabolite of trans-resveratrol, differentially inhibits these 
CYP1A enzymes. Therefore, in the present study, we inves-
tigated the in vitro effect of trans-resveratrol and piceatannol  
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Fig. (1). Chemical structures of trans-resveratrol and piceatannol.

on the catalytic activity of rat CYP1A1 and CYP1A2 and 
determined the effect of in vivo administration of trans-
resveratrol on rat hepatic microsomal CYP1A-mediated en-
zyme activities.  

MATERIALS AND METHODS 

Chemicals, Reagents, and cDNA-expressed Enzymes

 trans-Resveratrol (99.4% pure, lot no. RES-0301-01) was 
a gift from Royalmount Pharma (Montreal, Quebec, Can-
ada). Piceatannol, 7-ethoxyresorufin, 7-methoxyresorufin, -
naphthoflavone (BNF), NADPH, and hydroxypropyl -cyclo-
dextrin were bought from Sigma Chemical Co. (St. Louis, 
MO, U.S.A.). Authentic resorufin metabolite standard was 
obtained from Molecular Probes, Inc. (Eugene, OR, U.S.A.). 
cDNA-expressed rat CYP1A1 and cDNA-expressed rat 
CYP1A2 were purchased from BD GENTEST (Woburn, 
MA, U.S.A.).  

Animals 

 Adult male Sprague-Dawley rats (250-275 g) were pur-
chased from Charles River Co. (Montreal, Quebec, Canada) 
and acclimatized in our animal care facility for at least 7 
days prior to the initiation of treatment. They were housed 
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on corn cob bedding in a temperature (22
o
C) and light (7 

a.m. on and 7 p.m. off) controlled room, provided with food 
(Rodent Laboratory Diet #5002, PMI Feeds, Inc., Richmond, 
IN) and tap water ad libitum, and cared for in accordance 
with the principles and guidelines of the Canadian Council 
on Animal Care.  

Treatment of Animals and Preparation of Microsomes 

 In one experiment, rats were treated either orally or i.p. 
with trans-resveratrol (50 mg/kg) or the vehicle (20% hy-
droxypropyl -cyclodextrin / 2% Tween 80 in a ratio of 10:7, 
v/v) and terminated at 10-60 min after dosing. In other ex-
periments, rats were pretreated i.p. once daily for three con-
secutive days with BNF (suspended in corn oil) at a dosage 
of 40 mg/kg. trans-Resveratrol (50 mg/kg) or the vehicle 
(20% hydroxypropyl -cyclodextrin / 2% Tween 80 in a ratio 
of 10:7, v/v) was administered either by oral gavage or i.p. 
one day after the last dose of BNF. Rats were terminated 
between 6-90 min after the dose of trans-resveratrol. The 
range of termination times were selected based on the elimi-
nation half-life of the compound [20,21]. Livers were ex-
cised, rinsed in ice-cold buffer containing 50 mM Tris (pH 
7.4) and 1.15% KCl, and used immediately to prepare micro-
somes [22]. Microsomal protein concentration was deter-

mined using the Bio-Rad Protein Assay Kit. 

7-Alkoxyresorufin O-Dealkylation Assays 

 7-Ethoxyresorufin O-dealkylation (EROD) and 7-metho-
xyresorufin O-dealkyation (MROD) activities were deter-
mined by a continuous spectrofluorometric method as de-
scribed previously [14]. Briefly, each standard 2 ml incuba-
tion mixture contained 100 mM potassium phosphate (pH 
7.4), 1.5 mM EDTA, 0.25 M 7-ethoxyresorufin or 7-
methoxyresorufin, 0.25 mM NADPH, and rat hepatic micro-
somes (10 g microsomal protein for the EROD assay and 
30 g microsomal protein for the MROD assay) or cDNA-
expressed rat enzymes (2.5 pmol CYP1A1 or 5 pmol 
CYP1A2). Calibration curves were constructed with authen-
tic resorufin. Preliminary experiments indicated that the as-

say was linear with respect to microsomal protein concentra-
tion and incubation time.  

Enzyme Inhibition and Inactivation Experiments 

 The in vitro enzyme inhibition experiments were per-
formed with varying concentrations of 7-ethoxyresorufin 
(0.05, 0.1, 0.2, and 0.4 M), 7-methoxyresorufin (0.1, 0.2, 
0.4, and 0.8 M), piceatannol (0, 0.5, 1, and 2 M), and 
trans-resveratrol (0, 0.25, 0.5, and 1 M). The mode of en-
zyme inhibition and the apparent Ki values were determined 
by non-linear regression analysis (Enzyme Kinetics Module 
software program, version 1.1, SPSS Science, Chicago, IL, 
U.S.A.) as detailed earlier [23]. Enzyme inactivation experi-
ments were performed as described previously [14], except 
that rat hepatic microsomes (12.5 g microsomal protein) or 
cDNA-expressed rat enzymes (6.25 pmol CYP) were in the 
preincubation mixture.  

Statistical Analysis

 The difference between the means of two groups was 
assessed by the two-tailed, independent t-test. The difference 
between the means of more than two groups was assessed by 
one-way analysis of variance and, if applicable, was fol-
lowed by the Student Newman-Keuls multiple comparison 
test (SigmaStat  statistical software program, SPSS Science, 
Chicago, IL, U.S.A.). The level of significance was set a
priori at p < 0.05. 

RESULTS AND DISCUSSION 

 Piceatannol is a CYP1-catalyzed oxidative metabolite of 
trans-resveratrol [9,10] and has anti-proliferative activity in
vitro [24]. As shown in the present study with cDNA-
expressed enzymes, piceatannol and trans-resveratrol inhib-
ited the catalytic activity of rat CYP1A1 and CYP1A2 (Fig. 
2). Inhibition of rat hepatic microsomal CYP1A enzymes by 
these two compounds was confirmed by a concentration-
dependent decrease in MROD activity and EROD activity 
(data not shown). According to immuno-inhibition experi-
ments, rat hepatic microsomal MROD activity reflects pri-

Fig. (2). Dose-response curves for the effect of piceatannol and trans-resveratrol on the catalytic activity of rat CYP1A1 and CYP1A2. The 

EROD assay (0.25 M substrate) was conducted with cDNA-expressed CYP1A1 (2.5 pmol, panel A) or CYP1A2 (5 pmol, panel B) and 

varying concentrations (0.1-100 M) of piceatannol or trans-resveratrol. Control incubations contained 0.15% v/v methanol (vehicle). Data 

are expressed as mean ± SEM percentage of control activity (N = three independent experiments). 
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marily CYP1A2 rather than CYP1A1 activity, whereas rat 
hepatic microsomal EROD activity is an indicator of both 
CYP1A1 and CYP1A2 [25,26]. 

 Enzyme kinetic analysis indicated that the inhibition by 
piceatannol and trans-resveratrol was of mixed type (Table 
1). The apparent Ki values were similar for the inhibition of 
EROD activity by these compounds. In contrast, piceatannol 
inhibited MROD activity with a greater apparent Ki value, 
when compared to that by trans-resveratrol, suggesting that 
piceatannol was less potent than trans-resveratrol in the in-
hibition of hepatic microsomal MROD activity. By compari-

son, preincubation of microsomes with trans-resveratrol and 
NADPH did not affect EROD activity (data not shown), 
suggesting a lack of mechanism-based inactivation of rat 
CYP1A by the compound. 

 As shown in Table 2, oral administration of trans-
resveratrol (50 mg/kg) did not affect hepatic microsomal 
EROD or MROD activity at 10-60 min post-treatment in 
uninduced rats (i.e., no pretreatment) or 6-90 min in rats pre-
treated with BNF (as a means to enhance CYP1A-catalyzed 
biotransformation of trans-resveratrol to piceatannol) [10]. 
The levels of these enzyme activities were not significantly 

Table 1. Enzyme Kinetic Analysis of Rat Hepatic Microsomal CYP1A Inhibition by Piceatannol and trans-Resveratrol 

Enzyme Activity Inhibitor Apparent Ki

( M)

Mode of Inhibition 

EROD piceatannol 

trans-resveratrol 

0.4 ± 0.03 

0.4 ± 0.02 

mixed 

mixed 

MROD piceatannol 

trans-resveratrol 

 1.6 ± 0.14* 

0.7 ± 0.06 

mixed 

mixed 

The apparent Ki and mode of inhibition were determined by nonlinear regression analysis of the enzyme kinetic data as described under Materials and Methods. Results are ex-

pressed as mean ± SEM for four individual rats. *Significantly different from the trans-resveratrol group in the MROD assay, p < 0.05. 

Table 2. Effect of Oral Administration of trans-Resveratrol on Rat Hepatic Microsomal CYP1A-Mediated EROD and MROD 

Activities 

Time Post-Treatment 

(min) 

EROD Activity 

(nmol/min/mg protein) 

MROD Activity 

(nmol/min/mg protein) 

Experiment 1 (no pretreatment)

control  0.27 ± 0.01 0.12 ± 0.01 

10  0.25 ± 0.01 0.11 ± 0.01 

15  0.23 ± 0.02 0.10 ± 0.02 

20  0.23 ± 0.02 0.11 ± 0.01 

30  0.24 ± 0.02 0.10 ± 0.01 

60  0.24 ± 0.02 0.10 ± 0.01 

Experiment 2 (BNF pretreatment) 

control 11.0 ± 0.6 1.2 ± 0.1 

6 10.8 ± 0.6 1.3 ± 0.1 

12  9.8 ± 0.8 1.1 ± 0.1 

18 11.0 ± 0.6 1.2 ± 0.1 

24  9.6 ± 1.0 1.1 ± 0.1 

Experiment 3 (BNF pretreatment)

control 14.1 ± 1.3 1.7 ± 0.2 

30 12.7 ± 1.0 1.5 ± 0.1 

60 13.9 ± 0.3 1.6 ± 0.2 

90 12.7 ± 1.4 1.6 ± 0.2 

Adult male rats were not pretreated or pretreated i.p. with BNF at a dosage of 40 mg/kg once daily for three consecutive days. One day after the last dose of BNF, the rats were 

administered by oral gavage with trans-resveratrol (50 mg/kg) or the vehicle (20% hydroxypropyl -cyclodextrin / 2% Tween 80 in a ratio of 10:7, v/v). Rats were terminated at 

various times after the administration of trans-resveratrol. Hepatic microsomal EROD and MROD assays were performed as described in the Materials and Methods. Data are ex-

pressed as mean ± SEM enzyme activity for four individual rats per treatment group. 



16    Drug Metabolism Letters, 2007, Vol. 1, No. 1 Chang et al. 

different between the rats treated with the vehicle or 0.9% 
NaCl (data not shown). A lack of an effect by trans-
resveratrol was also obtained when the compound was ad-
ministered i.p. (data not shown). Collectively, these findings 
are consistent with the in vitro results indicating that trans-
resveratrol is not a mechanism-based inactivator of rat 
CYP1A. The analysis of hepatic microsomal enzyme activity 
has been used in previous studies to investigate the effect of 
in vivo administration of mechanism-based inactivators; for 
example, chloramphenicol [27], cimetidine [28], orphena-
drine [29], and amiodarone [30]. 

 trans-Resveratrol is metabolized extensively to glucuron-
ide conjugates and, to a lesser extent, sulfate conjugates 
[20,31,32]. The systemic exposure to the trans-resveratrol 
aglycone is only 2.2% of the level of exposure to trans-
resveratrol glucuronides [20], as determined by a comparison 
of the area under the plasma concentration-time curve. In 
rats administered orally with trans-resveratrol, the parent 
compound has been detected in hepatic tissues, but at levels 
(picomole quantities) [21] less than the in vitro apparent Ki

values shown in the present study. Piceatannol has not been 
detected in plasma, urine, or tissues in rats administered 
trans-resveratrol. This reflects the extensive glucuronidation 
of trans-resveratrol [20] and the fact that piceatannol is also 
glucuronidated in rat liver [33]. Similarly, trans-resveratrol 
is biotransformed extensively and rapidly to glucuronide 
metabolites in human subjects [34]. Additional investiga-
tions will be required to determine whether the concentra-
tions of trans-resveratrol achieved in vivo are sufficient to 
impair the clearance of CYP1 substrates and, if so, whether 
direct inhibition of CYP1 enzymes contributes to the chemo-
protective action of trans-resveratrol reported in the previous 
rodent studies [11-13].  

In summary, piceatannol decreased the in vitro catalytic 
activity of rat CYP1A1 and CYP1A2 by mixed inhibition. In 
contrast to the mechanism-based inactivation of human 
CYP1A2 by trans-resveratrol [14], this compound did not 
inactivate rat CYP1A enzymes. The reported species differ-
ences in mechanism-based inactivation of CYP enzymes 
highlight the need for detailed inhibition studies to be con-
ducted with rodent and human enzymes at an early stage in 
drug development. 
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ABBREVIATIONS 

BNF = -naphthoflavone 

CYP = Cytochrome P450 

EROD = 7-ethoxyresorufin O-dealkylation 

MROD = 7-methoxyresorufin O-dealkylation 
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