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Resveratrol (1) is a polyphenolic natural product, which functions as both a mechanism-based inactivator
and a co-reductant of the COX-1 peroxidase. These functions are mediated through different moieties on
the molecule, namely, the m-hydroquinone moiety (mechanism-based inactivator) and the phenol moiety
(co-reductant). Implicit in this bifunctionality is the notion that resveratrol is oxidized at the peroxidase
active site of COX-1, resulting in the formation of two hypothetical radical species. Oxidation of the
m-hydroquinone moiety can generate a hypothetical m-semiquinone radical, which is unstabilized and
leads to irreversible enzyme inactivation. Oxidation of the phenol moiety can generate a hypothetical
phenoxy radical, which is stabilized and leads to co-reduction during peroxidase catalysis. These two
radicals have been trapped as the resveratrol dimers, cis-ε-viniferin (4, trapped m-semiquinone radical)
and trans-δ-viniferin (5, trapped phenoxy radical), and identified by liquid chromatography (LC),
absorbance spectroscopy, and LC/tandem mass spectrometry (MSn) methods. Methoxy-resveratrol
analogues, in which either the m-hydroquinone or the phenol moiety were protected as methyl ethers,
were used to confirm the proposed mechanism of viniferin production by COX-1.

Prostaglandin (PG) H2 synthases (COX-1 and COX-2) are
Fe-protoporphyrin-IX (FePPIX, heme)-dependent enzymes
that function as both a bis-dioxygenase (cyclooxygenase
reaction) and a peroxidase to sequentially transform
arachidonic acid (AA) to PGH2.1-3 This represents the first
committed step in the biosynthesis of all PGs, which are
important in maintaining vascular homeostasis (primarily
COX-1) and mediating symptoms of inflammation (prima-
rily COX-2).3-8 The catalytic mechanism requires the
peroxidase activity to initiate the cyclooxygenase reaction
by generating a tyrosyl radical (Figure 1A). After initiation,
the cyclooxygenase activity becomes autocatalytic. In con-
trast, the peroxidase activity requires a co-reductant to
return the heme Fe from the higher oxidation states
generated during peroxidase catalysis [compound I (Fe5+)
and compound II (Fe4+)] to its resting state (Fe3+), before
peroxide bond cleavage can occur again.9-11 Both enzyme
isoforms self-inactivate over time due to protein radical
intermediates generated when there is insufficient co-
reductant.12,13 The discrete mechanism of enzyme self-
inactivation and the identity of the terminal enzyme
complex are currently unknown.

Resveratrol (1) (3,5,4′-trihydroxy-trans-stilbene; Figure
2) is a common natural product found in grape skins and
many other plants that has cardiovascular-protective,
cancer-chemopreventive, and antiinflammatory proper-
ties.14 This polyphenolic compound targets the COX-1
peroxidase.14,15 With respect to this active site, resveratrol
acts as a selective mechanism-based inactivator, thereby
eliminating all PG biosynthesis by this isoform.16 Selective
inactivation of COX-1 and not COX-2 may contribute to
the cardioprotective properties of resveratrol.17-19

Resveratrol (1) contains two functional moieties, namely,
a m-hydroquinone moiety and a phenol moiety, on opposite
rings (Figure 2). Mechanism-based inactivation of COX-1
by resveratrol has an obligatory requirement for a peroxide
cosubstrate and the m-hydroquinone moiety and is not
accompanied by the incorporation of [3H]-resveratrol into
COX-1 even though resveratrol undergoes enzymatic oxi-
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Figure 1. Proposed radicals formed upon resveratrol oxidation by
COX-1, where PPIX stands for protoporphyrin-IX (heme).
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dation. It has been proposed that resveratrol inactivates
COX-1 by a “hit-and-run” mechanism in which a hypotheti-
cal m-semiquinone radical is formed at the peroxidase
active site upon oxidation of the m-hydroquinone moiety.16

This radical cannot be stabilized through the ring structure
of the m-hydroquinone (Figure 1B).20 It is likely that this
unstabilized radical can facilitate the generation of a
protein radical leading to inactivated enzyme. In this
manner, mechanism-based inactivation of COX-1 by res-
veratrol may be similar to the natural phenomenon of
enzyme self-inactivation. Evidence for the hypothetical
m-semiquinone radical is lacking. Although COX-2 is a
more robust catalyst for m-hydroquinone oxidation, this
isoform is not susceptible to inactivation by resveratrol. It
was proposed that this selectivity arises from differences
in peroxidase active site structure between the two iso-
forms.16

The presence of a phenol moiety in the structure of
resveratrol (1) imparts a second property to this compound
with respect to peroxidase catalysis in COX-1. This moiety
is an excellent source of electrons, which are necessary for
maintaining the normal peroxidase cycle.21 By donating
electrons to the heme cofactor, the phenol moiety of
resveratrol acts as a co-reductant (e.g., phenol). It is likely
that the phenol moiety of resveratrol is oxidized to a
phenoxy radical during co-reduction.22 This radical can be
stabilized through the extended conjugation present in the
trans-stilbene structure of resveratrol (Figure 1C). Due to
the inherent stability of the hypothetical phenoxy radical,
oxidation of the phenol moiety of resveratrol cannot lead
to enzyme inactivation. Although these explanations ac-
count for all of the observed experimental data, evidence
that resveratrol can form both a m-semiquinone radical and
a phenoxy radical is lacking.

In this study we provide evidence for the formation of
both the unstabilized m-semiquinone radical implicated in
mechanism-based inactivation of COX-1 and the stabilized
phenoxy radical implicated in co-reduction. Our results
show that oxidation of resveratrol (1) by the COX-1
peroxidase leads to the formation of two major products,
namely, the resveratrol dimers, cis-ε-viniferin (4) and trans-
δ-viniferin (5; Figure 2). Identity of these viniferins was
established by liquid chromatography (LC), ultraviolet/
visible (UV/vis) absorbance spectroscopy, and LC/UV/mass
spectrometry (MS). These products represent the trapped
m-semiquinone (4) and phenoxy (5) radicals proposed.
Furthermore, the discrete mechanism of viniferin produc-
tion by COX-1 was confirmed by product profile studies
with methoxy(OMe)-resveratrol analogues which showed
that dimer formation occurred via oxidation of the unpro-
tected hydroxyl groups. On the basis of our results, we
provide evidence for the formation of two resveratrol
radicals implicated in COX-1 inactivation and co-reduction
and discuss the implications of viniferin production by
COX-1.

Results and Discussion

RP-HPLC Analysis of [3H]-Resveratrol Products
Isolated from Inactivated COX-1. Previous studies
showed that inactivation of COX-1 by resveratrol (1) in the
presence of H2O2 occurred via a “hit-and-run” mechanism
without covalent incorporation of resveratrol into the
enzyme.16 To isolate the products resulting from this
reaction, C4 RP-HPLC analysis was performed on [3H]-
resveratrol inactivated COX-1 that was isolated by Sepha-
dex G-25 chromatography. This analysis yielded one re-
tained peak of radioactivity (21.7 min; Figure 3A), which
did not correspond to the absorbance peak for COX-1 (26.9
min; Figure 3B). This confirmed our previous finding that
mechanism-based inactivation of COX-1 by [3H]-resveratrol
resulted in the formation of [3H]-product that comigrated
with the enzyme on Sephadex G-25, but was dissociated
by RP-HPLC, indicating a noncovalent interaction.16

Subsequent C18 RP-HPLC analysis on this sample
yielded two retained peaks of radioactivity (Figure 3C). In
this system, the previously observed retained peak (Figure
3A) was resolved as two distinct species with retention
times of 12.5 min (4) and 20.8 min (5) in the radio-
chromatogram and 12.1 min (4) and 20.5 min (5) when the
absorbance was monitored at 220 nm (Figure 3D). Neither
peak corresponded to resveratrol (1), which eluted with a
retention time of 14.5 min in this system (Figure 4A). The
UV/vis spectrum for 4 was indicative of the presence of a
cis-resveratrol moiety, which has λmax of 286 nm (E286 nm )
13 100 M-1 cm-1), whereas the UV/vis spectrum for 5 was
indicative of the presence of a trans-resveratrol (1) moiety,
which has λmax of 306 nm (E306 nm ) 31 800 M-1 cm-1;
Figure 3E and 3F).23 Samples that were prepared without
the preceding Sephadex G-25 chromotography step also
yielded 4 and 5 as oxidation products (Figure 4B). Fur-
thermore, 4 and 5 are enzyme generated, since they were
not produced in reactions lacking COX-1 (Figure 4C).
Instead, in the presence of excess FePPIX, resveratrol (1)
is oxidized to a product that is not retained (Figure 4C).
All additional analysis of 4 and 5 was performed on
samples that had not been purified by Sephadex G-25
chromatography.

Identification of Resveratrol Oxidation Products.
LC, UV/vis absorbance spectroscopy, and LC/UV/MS analy-
sis were used to identify the two enzyme-generated res-
veratrol (1) oxidation products (Table 1). The LC/UV/MS

Figure 2. Structures of resveratrol, its methoxy analogues, and its
COX-1 oxidation products.
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total ion current (TIC) chromatogram (m/z 100-500)
showed the presence of two ionized species (4 and 5), [M -
H]-, with m/z 453 (Figure 5A). This mass is consistent with
the formation of resveratrol dimers, which have a mass of
454 and are more commonly known as viniferins (e.g., 4,
5; Figure 2).24 The selective ion chromatogram (m/z 453)
shows only two peaks and is indicative of the purity of the
dimer products (Figure 5B). These two peaks were sub-
jected to collision-induced dissociation (CID)/MSn analysis
(Figure 5C and 5D). MS2 analysis of 5 yielded a fragmenta-
tion pattern that was identical to the pattern published
for this com-pound.24 Daughter ions from the MS2 analysis
of 5 included m/z 435 for [M - H - H2O]- and m/z 359 for
the loss of one phenol moiety [M - H - phenol]- (Figure

5D). In addition, the UV/vis spectrum of 5 was identical to
the published spectrum for this compound.24

Positive identification of 4 was simplified by the fact that
it eluted prior to 5 in LC analysis and therefore had to be
an ε-viniferin on the basis of the published retention times
for viniferins in this gradient (Table 1).24 With respect to
the ε-viniferins, the UV/vis absorbance spectrum of 4 was
identical to the published spectrum for this compound, and
MSn analysis of 4 yielded a fragmentation pattern that was
not similar to trans-ε-viniferin.24 Therefore, 4 could be
positively identified by retention time, absorbance spec-
trum, and molecular ion as cis-ε-viniferin (Table 1).24

Daughter ions obtained for MS4 analysis of 4 were consis-
tent with this assignment since the loss of m/z 94 was
observed twice, indicating the loss of two phenol moieties
(m/z 359 for [M - H - phenol]- and m/z 265 for [M - H -
2 phenols]-; Figure 5C).

Implications of Viniferin Production on the Mech-
anism of Resveratrol Action on COX-1. Resveratrol (1)
is a mechanism-based inactivator of the COX-1 peroxidase,
and it has been proposed that this occurs when its m-
hydroquinone is oxidized to yield an unstabilized m-
semiquinone radical. The resulting radical facilitates oxi-
dation of an enzyme residue, which leads to enzyme
inactivation by a “hit-and-run” mechanism (Figure 1B).16

Evidence for the formation of this m-semiquinone radical
and hence this mechanism is provided by the detection of
cis-ε-viniferin (4) during the enzymatic oxidation of res-
veratrol (1). This product forms when the unstabilized
m-semiquinone radical attacks a second molecule of res-
veratrol, instead of COX-1, and the trapped radical forms
ε-viniferin rather than inactivated enzyme (Figure 6A). In
this manner, the inactivating species is quenched. This
mechanism does not account for the isomerization of trans-
ε-viniferin to yield cis-ε-viniferin (4) (Figure 6A); however,
a second oxidation of the phenol moiety on the stilbene
scaffold of trans-ε-viniferin may yield a quinine methide
where free rotation would permit formation of the cis-olefin.

Resveratrol is also a co-reductant during the peroxidase
cycle of COX-1, which requires that oxidation of its phenol
moiety occurs to yield a stabilized phenoxy radical.22 This
oxidation occurs during the concomitant reduction of higher
oxidation states of the heme-Fe so that the peroxidase cycle
is regenerated. This phenoxy radical can be stabilized as
a quinone methide through the extended conjugation of the
stilbene scaffold. Due to this stability, COX-1 is not
damaged, and the peroxidase cycle remains intact (Figure
1C).21 Evidence for the formation of this phenoxy radical
is now provided by the detection of trans-δ-viniferin (5)
during the enzymatic oxidation of resveratrol (1). This
product forms when the phenoxy radical attacks a second
molecule of resveratrol and is effectively trapped as a trans-
δ-viniferin (Figure 6B).

Mechanism of Viniferin Production by the COX-1
Peroxidase. Viniferins can be formed at the peroxidase
active site of COX-1 by single electron oxidative dimeriza-
tion (Figure 6). To confirm the radical pathway for viniferin
production by COX-1, product profiling was conducted with
OMe-resveratrol analogues (2 and 3). Protecting the 4′-
hydroxyl group of resveratrol as the methyl ether (2)
resulted in the formation of oxidation products with m/z
481 for [M - H]-, whereas protecting the 3- and 5-hydroxyl
groups as the dimethyl ether (3) resulted in the formation
of oxidation products with m/z of 509 for [M - H]- (Figures
S1 and S2 in Supporting Information). These masses are
consistent with those predicted for OMe-resveratrol dimers
(predicted 482 for 4′-OMe-resveratrol dimer and 510 for

Figure 3. RP-HPLC analysis of COX-1 inactivated by [3H]-resveratrol.
Protein fractions corresponding to resveratrol-inactivated COX-1 were
isolated by Sephadex G-25 chromatography. Aliquots of peak protein
fractions (100 µL containing 10-20 µg of COX-1) were first injected
onto a Vydac C4 column (5 µm; 2.1 × 150 mm) and analyzed by RP-
HPLC with in-line diode array and radiometric detection in system 1
to determine if tritium remained associated with COX-1. (A) Radio-
chromatogram (delay from diode array to radiometric detector was 1
min in this system). (B) Absorbance (220 nm) chromatogram (used to
detect COX-1). Tritium was dissociated from COX-1 under these
conditions. The same sample was then injected onto a Phenomenex
Spherisorb C18 column (5 µm; 4.6 × 250 mm) and analyzed in system
2 to determine the identity of the dissociated [3H]-compound. (C) Radio-
chromatogram (delay from diode array to radiometric detector was 0.3
min in this system). (D) Absorbance (220 nm) chromatogram (used to
detect aromatic ligands). (E and F) Absorbance spectra for 4 and 5
obtained from in-line photodiode array detection. The retention time
of resveratrol is indicated.
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3,5-di-OMe-resveratrol dimer). Low production of the 4′-
OMe-resveratrol dimer was consistent with the parent
compound (2) being a potent inactivator of COX-1, whereas
higher production of the 3,5-di-OMe-resveratrol dimer was
consistent with the parent compound (3) being a co-
reductant for COX-1. The presence of OMe-resveratrol
dimers indicates that dimerization occurs through oxida-

tion of the unprotected hydroxyl groups. The resultant
m-semiquinone radical or phenoxy radical attacks the
trans-alkene of a second molecule of analogue (2 or 3) to
generate either an ε- or δ-viniferin, respectively.

Previous schemes for the enzymatic formation of vin-
iferin analogues via peroxidase chemistry have employed
a UV-initiated isomerization step to convert some of the
trans-stilbene to cis-stilbene prior to initiation of the
chemistry.25 In this manner, the cis-stilbene double bond
would be more accessible to radical attack. However, this
mechanism cannot account for the observed stereochem-
istry of the dimerization or the formation of viniferins in
the absence of UV light. In our mechanism, dimerization
occurs between two molecules of trans-resveratrol (1),
eliminating the necessity of a UV-initiated isomerization
step. Stereochemistry of the linkage results from radical
attack from either above or below the plane of the double
bond (Figure 6), resulting in the formation of ε- or δ-vin-
iferins, respectively (Figure 6). The stereospecificity of the
radical attack is most likely dictated by the three-
dimensional structure of the COX-1 peroxidase active site
and the relative configuration of the induced radical to a

Figure 4. RP-HPLC analysis of [3H]-resveratrol oxidation products shows that they are COX dependent. [3H]-Resveratrol (500 µM) was oxidized
in the presence and absence of 10 µM COX-1 in 100 mM Tris-HCl (pH 8.0) supplemented with 20 µM FePPIX. The 150 µL reactions were initiated
with 1 mM H2O2 and incubated for 10 min at 25 °C. Aliquots (30 µL containing 21.6 µg of COX-1 and 15 nmol of resveratrol) were immediately
injected onto a Phenomenex Spherisorb C18 column (5 µm; 4.6 × 250 mm) and analyzed in system 2 with in-line radiometric detection. (A) [3H]-
Resveratrol standard (5 nmol at 25 000 CPM/nmol). (B) Oxidation product profile in the presence of COX-1. (C) Oxidation product profile in the
absence of COX-1.

Table 1. Summary of Parameters Used to Identify Viniferins

publisheda this study

property 4 t-ε-vb 5 c-δ-vc 4 5

retention time (min) 15.8 16.0 17.5 18.2 12.1 20.5
λmax (nm) 285.5 327.3 311.4 285.5 286.3 311.2
molecular ion [M - H]- 453 453 453 453 453 453

MSn fragments (m/z)
[M - H - H2O]- 435 435 435 435

411 411 359 411
395 395 265 395
359 369 237 369
347 359 221 359
333 347 197 347

333 333

a See ref 24. b t-ε-v ) trans-ε-viniferin. c c-δ-v ) cis-δ-viniferin.
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second molecule of resveratrol (trapping agent) in or near
the peroxidase active site.

More recently, a synthetic procedure has been reported
for the regioselective oxidative coupling of resveratrol (1)
to generate δ-viniferins.26 In this mechanism, it was
proposed that dimerization occurs through the coupling of
two radicals, both of which can only be formed upon
oxidation of the phenol moiety (4′-hydroxyl group). This
synthetic mechanism is inconsistent with our findings,
which shows that resveratrol dimerization occurs via
radical attack on a second molecule of resveratrol. Evidence
for this is provided by the formation of OMe-resveratrol
dimers from 4′-OMe-resveratrol, an analogue in which the
phenol moiety is protected (Figure S1). In this manner,
dimerization of resveratrol by the COX-1 peroxidase can
occur via a single oxidation event.

Pharmacological Implications of Viniferin Produc-
tion. In vivo conversion of resveratrol (1) to viniferins may
in part be responsible for the cardioprotective effects
associated with red wine consumption.27 These dimers are
more potent antioxidants than the resveratrol monomer.
For example, the ε-viniferins were 15- to 40-fold more
potent at inhibiting 2-deoxyribose degradation and 3- to
6-fold more potent at inhibiting lipid peroxidation by
hydroxyl radicals.28 It is well known that red wine con-
sumption is accompanied by an increase in blood antioxi-
dant activity, and this property can diminish the formation

of oxidized low-density lipoprotein (LDL), which has been
implicated as an initiator of atherogenic lesions.29-31 In
addition, viniferin production is most likely not restricted
to the COX-1 peroxidase. We have shown that COX-2 is a
more robust catalyst for resveratrol oxidation,16 and others
have shown that lipoxygenase also rapidly oxidizes res-
veratrol.32,33 It is likely that further investigations will
demonstrate that resveratrol can be oxidized by a wide
variety of mammalian peroxidases to yield viniferins (e.g.,
lactoperoxidase, thyroid peroxidase, and myeloperoxidase).
In addition to increased antioxidant activity, trans-ε-
viniferin was recently shown to be more potent than
resveratrol in inducing apoptosis in human leukemia HL-
60 cells.34 Our findings suggest that in addition to having
direct actions on cellular targets, resveratrol may also act
as a pro-drug since its peroxidative metabolites (viniferins)
also have biological activities (e.g., antioxidant and cancer
chemotherapeutic).

Conclusions. The data presented herein provide evi-
dence for the hypothetical m-semiquinone radical impli-
cated in the “hit-and-run” mechanism-based inactivation
of COX-1 by resveratrol (1) and the hypothetical phenoxy
radical implicated in enzyme co-reduction by resveratrol.
These radicals are formed upon oxidation of the m-
hydroquinone and phenol moieties of the molecule, respec-
tively, and have been trapped as resveratrol dimers
(viniferins). Identification of these trapped-radicals pro-
vides substantial evidence for the radical events associated
with the mechanism of action of resveratrol on COX-1.
Furthermore, the oxidation of resveratrol by peroxidases
to yield viniferins may result in additional antioxidant and
anticancer activity in vivo.

Experimental Section

Materials. FePPIX, H2O2 (30% v/v), Sephadex G-25, and
Tween-20 were purchased from Sigma. Resveratrol (1) was
purchased from Cayman Chemical, and [U-3H]-resveratrol (3.6
Ci/mmol) was purchased from Moravek Biochemicals and
Radiochemicals. 4′-OMe-resveratrol (2) and 3,5-di-OMe-res-
veratrol (3) were a gift from Dr. Luca Forti (Universitá di
Modena e Reggio Emilia) and Dr. Lucia A. Stivala (Universitá
di Pavia Piazza Botta) (Figure 2).35 Phenol and HPLC grade
solvents were purchased from Fisher Scientific.

Enzymes. COX-1 was purified to homogeneity from ram
seminal vesicles as described previously.36 The purified enzyme
was obtained predominantly in its apo form (>85%) and was
reconstituted with at least 1 equiv of cofactor (FePPIX) in the
assay system prior to reaction initiation. The specific activity
of the enzyme was 34 µmol/min/mg for the peroxidase reaction
and 27 µmol/min/mg for the cyclooxygenase reaction as
determined in our standard assay systems.16

Isolation of [3H]-Resveratrol-Inactivated COX-1 by
Sephadex G-25. COX-1 was extensively dialyzed into 100 mM
Tris-HCl (pH 8.0), 1 mM EDTA, 10% glycerol (v/v), and 0.2%
Tween-20 (v/v) to remove contaminating reducing cosubstrates.
[3H]-Resveratrol was prepared as a 10 mM solution in DMSO
with a specific radioactivity of 25 000 CPM/nmol and used to
inactivate COX-1. The 500 µL reaction contained 100 mM Tris-
HCl (pH 8.0), 20 µM FePPIX, 10 µM COX-1, and 500 µM [3H]-
resveratrol (5 × 106 CPM/assay) and was initiated with 1 mM
H2O2. The sample was incubated for 5 min at 25 °C and
immediately loaded onto a Sephadex G-25 gel-filtration column
(1 × 45 cm) equilibrated in 100 mM Tris-HCl (pH 8.0), 1 mM
EDTA, and 0.2% Tween-20 to separate COX-1 from unbound
[3H]-ligands. Excess FePPIX in the reactions did not partici-
pate in the inactivation of COX-1, since enzyme reconstituted
with substoichiometric amounts of cofactor (0.5 equiv) under-
went resveratrol-mediated inactivation to the same extent as
enzyme reconstituted with saturating amounts of cofactor (50
equiv). Peak protein fractions were stored at -80 °C until
further analysis.

Figure 5. LC/MSn analysis of resveratrol oxidation products. Exten-
sively dialyzed COX-1 (10 µM) was mixed with 20 µM FePPIX and
500 µM resveratrol (1) in 100 mM Tris-HCl (pH 8.0). The 500 µL
reactions were initiated with 1 mM H2O2 and incubated for 10 min at
25 °C. The samples were immediately frozen on dry ice and stored at
-80 °C prior to LC/MSn analysis. Aliquots (30 µL containing 21.6 µg
of COX-1 and 15 nmol of resveratrol) were thawed once and im-
mediately injected onto a Phenomenex Spherisorb C18 column (5 µm;
4.6 × 250 mm) and analyzed in system 3 with in-line MS analysis. (A)
Total ion current (TIC) chromatogram (m/z 100-500). (B) TIC for MS2

analysis of m/z 453. (C and D) LC/MSn analysis of 4 and 5.
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RP-HPLC Analysis of Isolated [3H]-Resveratrol-Inac-
tivated COX-1. Aliquots of peak protein fractions (100 µL
containing 10-20 µg of COX-1) were analyzed by RP-HPLC
using a C4 column. System 1 employed a Vydac C4 column (5
µm; 2.1 × 150 mm). Solvent A was 0.1% TFA in water, and
solvent B was 0.1% TFA in acetonitrile. The linear gradient
was as follows: 0% B at 0 min, 0% B at 2 min, 75% B at 32
min, 100% B at 35 min, and 100% B at 45 min with a flow
rate of 0.3 mL/min. The eluant was monitored from 200 to 400
nm and for radioactivity. COX-1 had a retention time of 26.9
min, and resveratrol (1) had a retention time of 16.1 min in
this system. This RP-HPLC method separated inactivated
COX-1 from [3H]-resveratrol and its oxidation products.

All RP-HPLC analyses were performed using a Waters
model 2690/95 pump equipped with a model 996 photodiode
array detector (or a Hitachi L-4200 UV detector for LC/UV/
MS analysis). Tritium was detected with a â-RAM model 3
radio flow-through detector (IN/US Systems). All separations
were performed at ambient temperature.

RP-HPLC Analysis of [3H]-Ligands Dissociated from
COX-1. To resolve the peak of tritium that was not covalently
attached to COX-1, a C18 RP-HPLC method was employed.
Aliquots of peak protein fractions isolated from Sephadex G-25
chromatography (100 µL containing 10-20 µg of COX-1) were
analyzed in system 2, which employed a Phenomenex Spher-
isorb C18 column (5 µm; 4.6 × 250 mm). Solvent A was water,
and solvent B was acetonitrile. The linear gradient was as
follows: 20% B at 0 min, 20% B at 1 min, 75% B at 41 min,
100% B at 43 min, and 100% B at 46 min with a flow rate of
1.0 mL/min. The eluant was monitored from 200 to 400 nm
and for radioactivity. Resveratrol (1) had a retention time of
14.5 min in this system.

To ensure that the oxidation products observed were
enzymatic and did not result from excess FePPIX in the
system, resveratrol (1) oxidation reactions were performed in
the presence and absence of COX-1. The 150 µL reactions
contained 100 mM Tris-HCl (pH 8.0), 20 µM FePPIX, 10 µM
COX-1, and 500 µM [3H]-resveratrol (1.5 × 106 CPM/assay)
and were initiated with 1 mM H2O2. Aliquots (30 µL containing
21.6 µg of COX-1 and 15 nmol of resveratrol) were immediately

analyzed by RP-HPLC in system 2 without further purification
via Sephadex G-25 chromatography.

LC/UV/MS Analysis of COX-1-Generated Oxidation
Products. Samples for LC/UV/MS were prepared as follows:
Extensively dialyzed COX-1 (10 µM) was mixed with 20 µM
FePPIX and 500 µM 1, 2, or 3 in 100 mM Tris-HCl (pH 8.0).
The 500 µL reactions were initiated with 1 mM H2O2 and
incubated for 10 min at 25 °C. Immediately following the
incubation, the reaction mixture was dispensed into 50 µL
aliquots, frozen on dry ice, and stored at -80 °C for LC/UV/
MS analysis. Aliquots were thawed once and used without
further treatment for the analysis.

LC analysis on resveratrol (1) oxidation products in line with
UV/MS analysis was performed using system 3, which em-
ployed a Phenomenex Spherisorb C18 column (5 µm; 4.6 × 250
mm). Solvent A was water, and solvent B was acetonitrile. The
linear gradient was as follows: 20% B at 0 min, 20% B at 1
min, 50% B at 25 min, 100% B at 30 min, and 100% B at 35
min at a flow rate of 1.0 mL/min. Chromatography for LC/
UV/MS studies on OMe-resveratrol (2 and 3) oxidation prod-
ucts was performed using system 2. 4′-OMe-resveratrol (2) had
a retention time of 22.7 min, and 3,5-di-OMe-resveratrol (3)
had a retention time of 30.2 min in this system.

Mass spectrometry was conducted with a Thermo Finnigan
LCQ ion trap mass spectrometer equipped with an APCI
source. The mass spectrometer was operated in the negative
ion mode with a discharge current of 10 µA applied to the
corona needle. Nitrogen was used as the sheath (80 units) and
auxiliary (5 units) gas to assist with nebulization. The vapor-
izer and heated capillary temperature were set at 450 and 150
°C, respectively. Full scanning analyses were performed in the
range m/z 100-500 for resveratrol oxidation products and m/z
100-800 for OMe-resveratrol oxidation products. CID experi-
ments coupled with multiple tandem mass spectrometry (MSn)
employed helium as the collision gas. The relative collision
energy was set at 50% of maximum (1 V).
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