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Direct HPLC Analysis of cis- and {rans-Resveratrol and Piceid
Isomers in Spanish Red Vitis vinifera Wines
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INTRODUCTION

The phytoalexin trans-3,5,4’-trihydoxystilbene (res-
veratrol) was first reported in the skins of grapes
(Creasy and Coffee, 1988; Jeandet et al., 1991) and later
in wines (Siemann and Creasy, 1992; Lamuela-Raventés
and Waterhouse, 1993; Mattivi, 1993; Jeandet et al.,
1993; Roggero and Archie, 1994; McMurtrey et al., 1994;
Pezet et al., 1994; Goldberg et al., 1995). There has been
a great interest in the presence of trans-resveratrol in
wine for its protective effect against heart diseases since
it inhibits platelet aggregation (Kimura et al., 1985), it
inhibits the oxidation of low-density lipoproteins oxida-
tion (Frankel et al., 1993), it reduces the levels of
triacylglycerol, and it protects the liver from lipid
peroxidation (Shan et al., 1990). The levels described
in red U.S. wines are below 1 mg/L. (Siemann and
Creasy, 1992; Lamuela-Ravent6s and Waterhouse, 1993)
and much higher in Italian and French wines (Jeandet
et al., 1993; Mattivi, 1993; Roggero and Archie, 1994).
Recent surveys report similar levels that are not quite
so different (McMurtrey et al., 1994; Goldberg et al.,
1995).

The physiological effects attributable to this com-
pound in wines could be affected by the levels of other
resveratrol derivatives. The 3-8-glycoside of ¢rans-
resveratrol, piceid, was noted in the skin of grapes
(Waterhouse and Lamuela-Raventés, 1994). Roggero
and Archie (1994) reported the presence of an undefined
resveratrol glycoside in wines based on its UV spectral
properties, which were similar to those of resveratrol.
Piceid is the major polyphenol found in the root of
Polygonum cuspidatum. The powder of this root is used
in China and Japan as a treatment for atherosclerosis
and for other therapeutic purposes (Kimura et al., 1983,
1985; Shan et al., 1990). Here the evidence for piceid
in red wines is established by the use of a piceid
standard extracted from P. cuspidatum.

HPLC using UV detection (Siemann and Creasy,
1992; Lamuela-Raventés and Waterhouse, 1993; Mat-
tivi, 1993) and GC/MS (Jeandet et al., 1993; Goldberg
et al., 1994) have been the methods most employed to
measure trans-resveratrol of wines. These methods
required prior sample treatment, before the injection.
Direct HPLC anlysis of wines for ¢rans-resveratrol was
accomplished by McMurtrey et al. (1994) with an
electrochemical detector and by Pezet et al. (1994) with
a fluorometric detector. These methods were very
sensitive to this compound and decreased the time
needed for analysis.

The trans isomers are transformed to the cis forms
under UV light (Siemann and Creasy, 1992). Except
in the case of kinase inhibition, a factor related to
anticancer activity (Jayatilake et al., 1993), the physi-
ological activity of the cis forms has not been studied
previously, so it is important to distinguish it from the
trans isomer and to quantify each separately. Also, in
the studies of P. cuspidatum listed above, the activity
of the resveratrol glycoside is observed to be quite
different from that of the aglycon, but the human
digestive tract is known to have glycosidase activity

(Hackett, 1986), so it is possible that the glucoside of
resveratrol could release the aglycon on ingestion.

To carry out an initial survey of resveratrol derivative
concentrations in Spanish wines, we developed a new
simple procedure that separates and quantitates the
four compounds, trans- and cis-resveratrol and trans-
and cis-piceid, in red wines.

MATERIALS AND METHODS

Standards. trans-Resveratrol was purchased from Sigma;
piceid extract was obtained from P. cuspidatum as previously
described (Waterhouse and Lamuela-Raventés, 1994). The cis
forms of the aglycon and the glycoside were obtained by
sunlight exposure of the trans isomers.

Samples. Eighteen monovarietal red wines from different
Spanish appellations were analyzed. As described in Table
1, the varieties tested were Cabernet Sauvignon, Merlot, Pinot
noir, Tempranillo, and Grenache. Some were samples pur-
chased from local Barcelona markets, and some samples were
obtained from national wineries.

The samples were analyzed by direct HPLC injection, after
filtration through Whatman inorganic Anopore membrane
filters (Anodise, 0.2 um); two replicates were performed for
each sample. The wines were protected from light to avoid
light-induced isomerization during sample handling.

HPLC Analysis. The HPLC system used for the analysis
was a Hewlett-Packard (HP) 1050 gradient liquid chromato-
graph with a diode array UV-—visible detector HP 1040M
coupled to a Chem Station HP 79995A. A Nucleosil (Tracer)
reversed-phase column, Ci5 120 (25 x 0.4 cm), 5 um particle
size, with a precolumn of the same material, was used for the
stationary phase, at 40 °C. Injection was by means of a
Rheodyne injection valve (Model 7125) with a 100 uL fixed
loop.

Two solvents were used for the separation: solvent A, glacial
acetic acid in water, pH 2.40; solvent B, 20% phase A with
80% acetonitrile, with a flow rate of 1.5 mL/min.

The elution profile was as follows: 0 min, 82% A, 18% B;
10 min, 82% A, 18% B; 17 min, 77% A, 23% B; 21 min, 75.5%
A, 24.5% B; 27 min, 68.5% A, 31.5% B; 30 min, 0% A, 100% B.

The eluate was monitored at two different wavelengths, 285
and 306 nm, where cis and trans isomers have absorbance
maxima, respectively. After each analysis, the column was
re-equilibrated with phase A for 5 min. Results of the analyses
are expressed in milligrams per liter of trans-resveratrol
equivalents based on absorbance of the trans and cis isomers
at 306 and 285 nm, respectively, assuming equal absorptivities
at those wavelengths.

RESULTS AND DISCUSSION

Method. Since HPLC analysis requires sample
filtration, a number of filters were compared, including
ones made of nylon, PVDF, and polysulfone. However,
these retained more than 60% of trans-resveratrol. The
filter selected, Anodisc 0.2 um, did not retain any of this
compound.

The HPLC conditions described are critical for the
separation of the four stilbenes analyzed (see Figure 1).
The pH of solvent A and the elution program were very
important, since a pH higher than 2.40 did not allow
the separation of cis-resveratrol from the next peak at
21.9 min. The separation of the ¢trans forms of resvera-
trol and piceid from the adjacent peaks depended on the
percentage of solvent B. Both parameters were opti-
mized and yielded a complete resolution of the four
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Table 1. Concentration of Resveratrol and Piceid Isomers in Spanish Red Wines

t-piceid® c-piceid® piceid t/c ¢-resveratrol c-resveratrol® resveratrol t/c total z/c  total
1%

wine variety vintage apellation (mg/L) (mg/L) ratio (mg/L) (mg/L) ratio ratio {(mg/L)
Pinot noir 1990 Penedés 0.97 0.57 1.70 8.00 2.13 3.76 3.32 1187
Pinot noir 1990 Costers del Segre  3.96 0.79 5.01 2.26 0.11 20.55 6.91 7.12
Merlot 1989 Costers del Segre  4.01 0.68 5.90 4.64 0.67 6.93 6.41  10.00
Merlot 1992 Navarra 1.54 0.81 1.90 0.98 0.36 2.72 2.15 3.69
Merlot 1992 Penedes 2.36 1.20 1.97 7.74 2.48 3.12 2.74  13.78
Merlot 1993 Penedes 4.01 1.98 2.03 2.59 0.68 3.81 2.48 9.26
Carernet Sauvignon 1991 Penedeés 0.96 0.40 2.40 0.95 0.20 4.75 3.18 2.51
Cabernet Sauvignon 1992 Navarra 1.00 0.52 1.92 1.32 0.38 3.47 2.58 3.22
Cabernet Sauvignon 1993 Penedés 1.11 0.35 3.17 1.55 0.20 7.756 4.84 3.21
Cabernet Sauvignon 1993 Penedeés 1.23 0.55 2.24 1.86 0.40 4,65 3.25 4.04
Tempranillo 1990 Penedés 1.26 0.54 2.33 1.87 0.35 5.34 3.52 4.02
Tempranillo 1992 Ribera de Duero 1.06 0.95 1.12 2.04 0.46 4.43 2.20 4.51
Tempranillo 1992 Navarra 0.74 0.54 1.37 0.60 0.15 4.00 1.94 2.03
Tempranillo 1993 Penedeés 1.19 0.61 1.95 1.28 0.19 6.74 3.09 3.27
Tempranillo 1993 Penedés 1.51 0.87 1.74 1.13 0.26 4.35 2.34 3.77
Tempranillo 1993 Penedés 1.05 0.62 1.69 1.05 0.25 4.20 2.41 2.97
Grenache 1992 Priorat 2.66 0.82 3.24 2.83 0.41 6.90 4.46 6.72
Grenache 1993  Priorat 2.60 0.95 2.74 2.04 0.46 4.43 3.29 6.05
Pinot noir av 2.46 0.68 1.54 5.13 1.12 4.58 4.21 9.39
Merlot av 2.98 1.17 2.55 3.99 1.05 3.80 3.14 9.19
Cabernet Sauvignon av 1.07 0.45 2.38 1.42 0.29 4.90 3.36 3.23
Tempranillo av 1.13 0.69 1.64 1.33 0.28 4.75 2.54 3.43
Grenache av 2.63 0.88 2.99 2.43 0.43 5.65 3.86 6.37
total av 1.85 0.76 2.43 2.48 0.56 4.43 3.28 5.65

¢ Amount expressed as trans-resveratrol.
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Figure 1. Chromatogram of a red wine at 306 nm.

compounds, each isomeric pair of which had nearly
identical UV spectra at all points.

The validation of the analytical method was estab-
lished according to The United States Pharmacopeia
(USP XXID).

To evaluate precision, the same sample was injected
on six different days. The precision or the degree of
reproducibility is expressed as the coefficient of varia-
tion (CV). The four compounds studied, cis and ¢trans
isomers of resveratrol and piceid, had very low CV:
0.94% for cis-resveratrol, 1.56% for trans-resveratrol,
0.74% for cis-piceid, and 0.37% for trans-piceid.

The limit of detection (LD) and limit of quantitation
(LQ) were calculated by measuring the magnitude of
analytical background response by running six blanks,
using the maximum sensitivity allowed by the system
and calculating the standard deviation of this response.
LD was estimated by multiplying the standard deviation
(SD) by a factor of 3; the LQ was defined as 10 times
the SD. At 306 nm the LD for ¢{rans-resveratrol was
0.003 mg/L and the LQ was 0.01 mg/L. The LQ was
subsequently validated by the analysis of six standards
prepared at a concentration at 0.01 mg/L.

Wines. Eighteen varietal Spanish red wines from
different appellations and vintages were analyzed to
identify the presence of the four stilbenes (Table 1).

These results corroborate other studies which show
that, compared to the other varieties, wines made from
Pinot noir grapes have a high level of trans-resveratrol,
averaging 5.13 mg/L compared to 3.99 mg/L for Merlot,
1.42 mg/LL for Cabernet Sauvignon, 1.33 mg/L for
Tempranillo, and 2.43 mg/L for Grenache. Analyses of
California wines show higher levels of trans-resveratrol
in Pinot noir (Lamuela-Raventos and Waterhouse, 1993;
McMurtrey et al., 1994). The same pattern was ob-
served in a comparison of French commercial wines
(Roggero and Archie, 1994) as well as by a global survey
(Goldberg et al., 1995). It would appear that either the
production of the trans isomer is apparently genetically
controlled in some way or Pinot noir is consistently
cultivated under conditions that enhance the production
of resveratrol. However, the total amounts of resvera-
trol derivatives were very similar in Merlot (9.19 mg/
L) and Pinot noir (9.39 mg/L) wines.

The levels of trans-resveratrol found in these wines
were higher than those described for U.S. wines (Sie-
mann and Creasy, 1992; Lamuela-Raventés and Wa-
terhouse, 1993) but closer to the values obtained in
Italian wines (Mattivi, 1993), where the high levels
observed were attributed to the different environmental
and cultural conditions. ¢rans-Resveratrol is produced
by grape berries in response to fungal infection and UV
irradiation (Creasy and Coffee, 1988; Jeandet et al.,
1991). Thus, it is is possible that sun exposure of grapes
may be a factor in increased resveratrol levels. How-
ever, it should be noted that each of the above reports
was carried out using different procedures: Goldberg
et al. (1995) using gas chromatography analysis and
McMurtrey et al. (1994) applying direct HPLC analysis
found smaller differences between European and Ameri-
can wines.

In some wines, for example, the Pinot noir from
Costers del Segre, the amount of piceid is greater than
resveratrol, and this is reflected in the trans and cis
forms. In the study of piceid in grapes, there were some
instances where piceid predominated and some where
resveratrol predominated (Waterhouse and Lamuela-
Raventoés, 1994).
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The cis isomer of resveratrol has not been previously
reported as a natural product in other studies of Vitis
vinifera grapevines (Langcake and Pryce, 1976; Jeandet
et al., 1991). Tt is possible that the cis isomer was
present but was not detected, since other natural
products contain both cis and trans isomers (Ingham,
1976). In wines, the cis isomers of both stilbenes could
arise from light exposure of must or wine during the
wine-making process or possibly from light exposure of
wine bottles during storage.

The ratios of trans to cis of both piceid and resveratrol
were always greater than 1, and sometimes as high as
20. This corroborates but does not confirm the supposi-
tion that V. vinifera produces only the trans isomer.

The presence of these four constituents in red wines
means wine consumers ingest considerably more res-
veratrol than previously thought. Moderate consumers
(200 mL/day) of Spanish red wines would ingest be-
tween 0.676 and 2.75 mg/day of trans-resveratrol and
its derivatives. However, as Waterhouse and Frankel
(1993) noted, the importance of this material will
depend on its absorption and metabolism, as well as the
level necessary to elicit an effect in vivo..

Conclusions. This rapid- direct injection HPLC
method for quantitation of both the cis and trans
isomers of resveratrol and piceid in red wine facilitates
analysis of the large number of samples needed for
statistical comparison of treatments or varieties. The
production level of stilbenes appears to depend on the
grape variety, so their biosynthesis may be under some
genetic control. The relatively high levels of trans-
resveratrol in this sample of Spanish wines indicate that
environmental factors can also affect resveratrol pro-
duction. The generally high ratio of trans to cis isomers
supports the supposition that resveratrol is produced
as a trans isomer and the cis isomer is a contaminant
derived by isomerization of the trans isomer. The data
on the levels of all the available resveratrol derivatives
in wine suggest that the amount available for its
physiological effects may be greater than previously
thought.

ACKNOWLEDGMENT

We thank Alsina Sarda, El Coto de Rioja S.A., Cavas
Gramona S.A., Cavas Hill S.A,, Bodegas Irache S.L.,
Josep Masachs S.A., and Bodegas La Rioja Alta S.A.
wineries for their collaboration.

LITERATURE CITED

Creasy, L. L.; Coffee, M. Phytoalexin production potential of
grape berries. J. Am. Soc. Hortic. Sci. 1988, 113, 230—234.

Frankel, E. N.; Waterhouse, A. L.; Kinsella, J. E. Inhibition
of human LDL oxidation by resveratrol. Lancet 1993, 341,
1103—1104.

Goldberg, D. M,; Yan, J.; Ng, E.; Diamandis, E. P.; Karuman-
chiri, A.; Soleas, G.; Waterhouse, A. L. Direct injection gas
chromatography mass spectrometric assay for trans-res-
veratrol. Anal. Chem. 1994, 66, 3959—3963.

Goldberg, D. M.; Yan, J.; Ng, E.; Diamandis, E. P.; Karuman-
chiri, A.; Soleas, G.; Waterhouse, A. L. A global survey of
trans-resveratrol concentrations in commercial wines. Am.
J. Enol. Vitic. 1995, in press.

Hackett, A. M. The metabolism of flavonoid compounds in
mammals. In Plant Flavonoids in Biology and Medicine;
Cody, V., Middleton, E., Jr., Harborne, J. B., Eds.; Liss: New
York, 1986; pp 177—194.

Ingham, J. L. 3,5,4’-Trihydoxystilbene as a phytoalexin from
groundnuts (Arachis hypogea). Phytochemistry 1976, 15,
1971-1973.

Jayatilake, G. S.; Jayasuriya, H.; Lee, E. S.; Koonchanok, N.
M.; Geahlen, R. L.; Ashendel, C. L.; McLaughlin, J. L.;

J. Agric. Food Chem., Vol. 43, No. 2, 1995 283

Chang, C. J. Kinase inhibitors from Polygonum cuspidatum.
J. Nat. Prod. 1993, 56, 1805—1810.

Jeandet, P.; Bessis, R.; Gautheron, B. The production of
resveratrol (3,5,4’-trihydroxystilbene) by grape berries in
different developmental stages. Am. J. Enol. Vitic. 1991, 42,
41-46.

Jeandet, P.; Bessis, R.; Maume, B. F.; Sbaghi, M. Analysis of
resveratrol in burgundy wines. J. Wine Res. 1993, 4, 79—
85.

Kimura, Y.; Ohminiani, H.; Okuda, H.; Baba, K.; Kozawa, M.;
Arachi, S. Effects of stilbene components of roots of Polygon-
um ssp. on liver injury in peroxidized oil fed rats. Planta
Med. 1983, 49, 51—54.

Kimura, Y.; Okuda, H.; Arachi, S. Effects of stilbene on
arachidonate metabolism in leukocytes. Biochim. Biophys.
Acta 1985, 834, 275—-278.

Lamuela-Raventés, R. M.; Waterhouse, A. L. Occurrence of
resveratrol in selected California wines by a new HPLC
method. J. Agric. Food Chem. 1993, 41, 521-523.

Langcake, P.; Pryce, R. J. The production of resveratrol by Vitis
vinifera and other members of the Vitaceae as a response
to infection or injury. Physiol. Plant Pathol. 1976, 9, 77—
86.

Mattivi, F. Solid phase extraction of ¢trans-resveratrol from
wines for HPLC analysis. Z. Lebensm. Unters. Forsch. 1993,
196, 522—525.

McMurtrey, K. D.; Minn, J.; Pobanz, K.; Schultz, T. P. Analyis
of wines for resveratrol using direct injection high-pressure
liquid chromatography with electrochemical detection. oJ.
Agric. Food Chem. 1994, 42, 2077-2080.

Pezet, R.; Pont, V.; Cuenat, P. Method to determine resveratrol
and pterostilbene in grape berries and wines using high-
performance liquid chromatography with highly sensitive
fluorometric detection. /. Chromatogr. A 1994, 663, 191—
197; 673, 303.

Roggero, J. P.; Archie, P. Quantitative determination of
resveratrol and of one of its glycosides in wines. Seci.
Aliments 1994, 14, 99—-107.

Shan, C.; Yang, S.; He, H.; Shao, S.; Zhang, P, Influence of
3,4,5-trihydroxystilbene-3-D-monoglucoside on rabbit plate-
let aggregation and thromboxane B; products on in vitro.
Zhongguo Yaoli Xuebao 1990, 11, 524.

Siemann, E. H.; Creasy, L. L. Concentration of the phytoalexin
resveratrol in wine. Am. J. Enol. Vitic. 1992, 43, 49—52.
Validation of compendial methods. The United States Phar-

macopoeia (USP XXII) 1989, 1225, 1710—-1711.

Waterhouse, A. L.; Frankel, E. N. Wine antioxidants may
reduce heart disease and cancer. Report; International
Office of Vine and Wine, 73rd General Assembly, San
Francisco, 1993.

Waterhouse, A. L.; Lamuela-Raventés, R. M. The occurrence
of piceid, a stilbene glucoside, in grape berries. Phytochem-
istry 1994, 37, 571—-573.

Received for review November 8, 1994, Revised manuscript
received January 6, 1995. Accepted January 10, 1995. We
thank FIVIN (Fundacién para la Investigacién del Vino) for
generous financial support.

Rosa M. Lamuela-Raventés,*
Ana I. Romero-Pérez,’
Andrew L. Waterhouse,* and
M. Carmen de la Torre-Boronat'
Nutricio i Bromatologia, Facultat de Farmacia,
Universitat de Barcelona, Avenida Joan XXIII s/n,
08028 Barcelona, Spain, and Department of
Viticulture and Enology, University of California,
Davis, California 95616

JF940631A

* Author to whom correspondence should be ad-
dressed (fax 34-3-4021896; internet lamuela@far.ub.es).

* Universitat de Barcelona.

1 University of California.



