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Introduction

Resveratrol (3,5,4’-trihydroxy stilbene, 1 in Fig.
1) and biosynthetically related compounds, gener-
ally called viniferins (Langcake and Pryce, 1977),
are a well-known class of stress metabolites found
at different concentrations in all parts of various
Vitis plants (Langcake and Pryce, 1976, 1977; Pryce
and Langcake, 1977; Langcake et al., 1979; Hart,
1981). The viniferins are dimers and oligomers of
resveratrol deriving from an oxidative dehydrogen-
ation condensation process. All these compounds
are fungitoxic.

Resveratrol and viniferin production in the
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leaves and berries of the cultivated grapevine (Vi-
tis vinifera) has been investigated mainly in rela-
tion to resistance to the pathogens Botrytis cine-
rea (grey mould) and Plasmopara viticola (downy
mildew) (Langcake and McCarthy, 1979; Langcake,
1981; Jeandet et al., 1991). No work has yet been
published examining whether these compounds are
produced in vivo in response to infection leading
to esca.

In the trunk of grapevines the first reaction of
the woody tissues to invasion by fungi associated
with esca (Phaeoacremonium aleophilum, P.
chlamydosporum and Fomitiporia punctata) is the
formation of black streaks and brown-red wood
(Mugnai et al., 1996, 1999). It is thus possible that
in infected tissue, and in particular in brown-red
wood, the presence of antifungal compounds, in-
cluding resveratrol, may interfere with the activi-
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ty of the above-mentioned fungi and therefore with
the disease process. In this paper we present pre-
liminary information on the accumulation of stress
metabolites, acting as phytoalexins, in the brown-
red wood of esca-diseased vines.

Materials and methods
General experimental procedures

The UV-visible and IR spectra were recorded,
respectively, in a methanol solution on an UV-vis-
ible Lambda 3B, and by thin layer method with
KBr window on an FT-IR 1720X, both Perkin Elm-
er (Norwalk, CT, USA) instruments. The 1H and
13C NMR spectra were recorded at 400 and 500
MHz and at 100 and 125 MHz respectively on Bruk-
er (Karlsruhe, Germany) instruments in CD3OD
used as internal standard. Carbon multiplicities
were determined by DEPT [Distortion Enhance-
ment by Polarisation Transfer] experiments. Mass
spectra EI-MS and ES-MS were taken at 70 eV on
a Fisons Trio-2000 (Rodano, Italy) and a Perkin
Elmer API 100 LC-MS respectively. FAB-MS spec-
tra were recorded on a ZAB 2SE VG, (Manchester,
UK) in a glycerol/tioglycerol matrix. Analytical and
preparative thin-layer chromatography (TLC) was
performed on silica gel Kieselgel 60 F254, 0.25 and
0.5 mm from Merck (Darmstadt, Germany), and a
reverse-phase Stratocrom, KC-18, 0.20 mm, from
Whatman (Clifton, NJ, USA) plates. The TLC spots
were detected by UV light and developing colours
by spraying plates with 10% H2SO4 and then with
5% phosphomolybdic acid methanol solutions, fol-
lowed by heating for 10 min at 110°C, and, specifi-
cally for phenols, by spraying with a 1% ferric
chloride aqueous solution and then heating at 110°C.
All organic solvents were of analytical grade and
supplied by Carlo Erba (Milan, Italy); the water used
was purified with a Milli-Q system (Millipore, Bed-
ford, MA, USA). Analytical quantitative data are
the means of triplicate procedures.

Wood sample collection and polyphenols extraction

Wood from two esca-diseased grapevine plants,
A and B, grown in Tuscany (Italy), was used. The
trunk was sectioned longitudinally and small piec-
es of brown-red wood were carefully excised with
the aid of a scalpel. From the same plants portions
of healthy wood were also taken. The wood sam-
ples were lyophilised and then milled under nitro-

Fig. 1. Structural formulae of trans-resveratrol (1) and
e-viniferin (2).
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gen to obtain about 2 g fine powders of both brown-
red (BRW) and healthy (HW) wood. A check for the
best solvent mixture to extract polyphenols was car-
ried out using methanol-water and ethanol-water
mixtures in different ratios on small portions of the
wood powders. Polyphenols were extracted twice
(the first time for 3 h and the second time overnight
in the dark) in a ratio of 70 ml solvent mixture to 5
g wood. Phenol contents were colorimetrically de-
termined using the Folin-Ciocalteau reagent with
resveratrol as standard. On the basis of these tests,
equal amounts of HW and BRW (1.50 g from plant
A and 1.75 g from plant B) were extracted with the
ethanol-water mixture in an 8:2 ratio. The extracts
were filtered and evaporated under a rotating vac-
uum apparatus at 45°C. The residues were then re-
dissolved in water and lyophilised to obtain the
amount of extract shown in Table 1.

The residues were re-dissolved in water (5 mg/3
ml) and extracted three times with equal volumes
of ethyl acetate. The organic extracts were mixed
and dried with anhydrous sodium sulphate and then
filtered. Water residues were partially evaporated
in a rotating vacuum apparatus at 45°C and then
lyophilised. All absolute yields are shown in Table 1.

Isolation and purification of polyphenols

Both water and organic extracts of HW and
BRW were analysed by silica gel and reverse phase
TLC using different elution mixtures. The organ-

ic extract was definitively eluted by chloroform-
methanol 8:2 (eluent A) and water residue by bu-
tanol-acetic acid-water 6:1.5:2.5 (eluent B), on sil-
ica gel TLC. On the basis of such analyses and for
the reasons discussed below, two chromatograph-
ic bands of organic extract were purified on pre-
parative silica gel TLC at Rfs 0.58 and 0.37 by
elution once or twice with eluent A. The pure con-
stituent corresponding to the band at Rf 0.58 was
identified as resveratrol (1 in Fig. 1) obtained in
the amounts shown in Table 1. The mixture cor-
responding to the band at Rf 0.37 was purified by
reverse phase-TLC using elution with water-
methanol in a 4:6 ratio (eluent C). It consisted of
two different compounds for HW (Rfs 0.35 and
0.40) and three compounds for BRW (Rfs 0.35, 0.40
and 0.47) of which the compound at Rf 0.35 was
identified as e-viniferin (2 in Fig. 1); identifica-
tion of the other two, at Rfs 0.40 and 0.47, named
a and b, is in progress. All the absolute yields of
these compounds are shown in Table 1.

Resveratrol identification

Resveratrol (1 in Fig. 1) was isolated as small
white crystals. Its UV lmax nm (log e): 306 (4.33) and
318 (4.32). IR nmax cm-1: 3250, 1587, 1513, 1324, 1266,
1154, 964, 833. EI-MS m/z: 228 [M]+, 147 [M - 2xC2H2

- CO - H]+ and 107 [M - C2H2 - C5H3O2]+. FAB-MS m/
z 229 [MH]+, 201 [MH - CO]+ and 197 [MH - CO -
4xH]+. 1H and 13C NMR data are given in Table 2.

Table 1. Absolute amounts (mg) of extracts, residues and purified compounds from healthy wood (HW) and brown-
red wood (BRW).

Plant A Plant B
Extracts and

purified compounds HW (1.50 g)a BRW (1.50 g)a HW (1.75 g)a BRW (1.75 g)a

EtOH-H2O extract (mg) 71.2 86.5 88.9 94.1
EtOAc extract 17.3 70.3 21.3 70.4
H2O residue 42.4 20.1 64.9 22.7
Resveratrol 0.2 8.5 0.3 8.2

e -viniferin 4.0 7.1
 0.7b 0.7b

a  5.1  0.8

b Not detected 0.2 Not detected 1.2

a Weight of sample.
b Represents the total amounts of e -viniferin plus a.
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Identification of e-viniferin

e-viniferin (2 in Fig. 1) was isolated as a homo-
geneous amorphous brown solid. UV lmax nm (log
e): 224 (4.02), sh 286 (3.65), sh 310 (3.78) and 325
(3.82). IR nmax cm-1: 3332, 2930, 1605, 1513, 1448,
1243, 1171, 1003 and 834. FAB-MS m/z: 455 [MH]+,
429 [MH - C2H2]+, 399 [MH - 2xCO]+ and 307 [MH
- C7H6O2 - C2H2]+. ES-MS m/z: 455 [MH]+ and 327
[MH - H2O - C6H6O2]+. 1H and 13C NMR data are
given in Table 3.

Results and discussion

The yields of EtOH-H2O-soluble components
from HW and BRW (Table 1), 5% as mean value
(8% standard deviation), were very similar and
reproducible for both plants, suggesting that the
esca fungi did not modify by their activity the
EtOH-H2O-soluble components in the examined
samples of wood. However, the lipophylic compo-
nent of the EtOH-H2O-soluble fraction increased
significantly in BRW. Yields of EtOAc extracts
from BRW (4.6% and 4.0% BRW from plants A and
B) were almost four times as high as those from
HW (1.2% HW from both plants) (Table 1).

In addition, silica gel TLC analysis of the water
residues of HW performed with eluent B, which
has a high eluent power, showed four clearly dis-
tinguishable spots at Rfs no higher than 0.6, whilst
the same TLC analysis of BRW showed only a dif-
fuse spot at Rf 0.9. This suggested a substantial
difference in the components of water extracts be-
tween HW and BRW, the former consisting of more
polar components than the latter. However, all

water residues did not give a positive response to
the phenol ferric chloride reagent so that such frac-
tions were not further investigated.

The EtOAc extracts from both HW and BRW
were well eluted on silica gel TLC by eluent A giv-
ing several spots, most of which were positive to
the phenol assay with ferric chloride. Among these
only two, at Rfs 0.58 and 0.37, were common to
both extracts, but those from HW were markedly
less intense than those from BRW, suggesting that
the increase of the compounds corresponding to
such Rfs in BRW was a consequence of infection
and the suspect they were phytoalexin-like com-
pounds of phenolic nature, as many phytoalexins
are. As a result our investigations were focused on
such compounds. The compounds corresponding to
other spots of organic extract from HW are possi-
bly other typical phenol compounds, such as flavo-
noids, antocianes, lignans etc. (Di Stefano and
Maggiorotto, 1995). It is noteworthy that such com-
pounds were not present in the organic extract from
BRW, for which other spots were recorded. This
could be attributed to modification and/or partial
or total inhibition of the biosynthesis of the com-
pounds present in HW as well as to other activat-

Table 2. 13C and 1H NMR data of resveratrol.

C dC (ppm) m dH (ppm) m J (Hz)

1 139.9 s
2,6 104.5 d 6.48 d 2.1
3,5 158.2 s
4 101.3 d 6.20 t 2.1
7 128.1 d 6.98 d 16.3
8 125.7 d 6.82 d 16.3
1’ 128.9 s

2’,6’ 127.4 d 7.38 d 8.5
3’,5’ 115.1 d 6.80 d 8.5
4’ 156.9 s

Table 3. 13C and 1H NMR data of e-viniferin.

C dC (ppm) m dH (ppm) m J (Hz)

1a 133.9 s
2,6a 128.2 d 7.02 d 8.5
3,5a 116.3 d 6.64 d 8.5
4a 158.6 s
7a 94.8 d 5.24 d 6.6
8a 58.3 d 4.22 d 6.6
9a 147.4 s

10,14a 107.5 d 6.04 d 2.2
11,13a 160.1 s

12a 102.2 d 6.06 t 2.2
1b 130.1 s

2,6b 128.8 d 6.92 d 8.7
3,5b 116.4 d 6.53 d 8.7
4b 158.4 s
7b 130.6 d 6.70 d 16.3
8b 123.7 d 6.30 d 16.3
9b 136.9 s

10b 120.1 s
11b 162.8 s
12b 96.8 d 6.13 d 2.0
13b 159.9 s
14b 104.3 d 6.45 d 2.0
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ed biosynthetic pathways, all as a consequence of
the activity of fungi involved in esca. Furthermore,
an effect as contribution of compounds released in
the brown-red wood area by the fungi themselves
cannot be excluded

The compounds corresponding to the above
mentioned two silica-gel TLC spots were purified,
yielding a pure component 1 and a mixture of
polyphenols. The pure compound 1 was identified
as trans-resveratrol (Fig. 1), since all the spectro-
scopic data collected agreed with those reported in
the literature (UV, EIMS and NMR) (Langcake and
Pryce, 1976), and other data (IR and FABMS) also
supported such an identification. For HW the yields
(Table 1) were 0.013-0.017% (plants A and B). Such
amounts were of the same order of magnitude of
those found (0.07% fresh weight) in the lignified
stem tissue of grapevine (prunings) of Vitis vinif-
era cv. Muller-Thurgau by Langcake and Pryce
(1976), who suggested that resveratrol might be
considered as an apparently normal constituent in
such tissues, but not in the leaves, where it was
not found even after cutting injury. In BRW res-
veratrol yields were 0.57-0.47% (plants A and B,
Table 1) confirming that it occurred in amounts
more than one order of magnitude greater in dis-
eased wood than in healthy wood. Although trans-
resveratrol has been shown to have generally weak
antifungal activity in in vitro tests carried out on
some fungi, in experiments on the leaves of Vitis
vinifera (Langcake, 1981) it was found to have a
tendency to increase in the area surrounding fun-
gal infection, and also initially in the immediate
infection area. Values in both areas increased by
two or three order of magnitude, although they
were calculated on fresh weight, and hence were
lower than those here recorded for BRW. After 4
days these values again decreased. It is notewor-
thy that, as with BRW due to esca, in experiments
conducted with Botrytis cinerea a browning of in-
fected grapevine tissues in vivo or of cultures in
vitro was also recorded. This has been attributed
to the oxidation of resveratrol by a laccase-like stil-
bene oxidase of B. cinerea (Adrian et al., 1998 and
literature cited therein). And indeed, with regard
to esca, F. punctata has shown to produce in cul-
ture a laccase-like oxidase while the production of
phenoloxidase and peroxidase has been detected
in some strains of P. aleophilum (Mugnai et al.,
1997).

The polyphenol mixture purified by reverse
phase-TLC gave three pure phenolic compounds
for BRW, 2, a and b. Compound 2 was identified as
e-viniferin (Fig. 1) since all spectroscopic data re-
corded agreed with those reported in the literature
(UV, EIMS and NMR) (Langcake and Pryce, 1977),
and with others (IR, FABMS and ESMS). By com-
parison with silica gel TLC Rf, the presence prin-
cipally of compound 2 (e-viniferin) was also record-
ed in HW, although it was there found together
with the compound a which showed as a light TLC
spot. Unfortunately e-viniferin and compound a
could not be purified because of their very small
quantity. However, assuming that the greatest part
of the total yields (ca. 0.04% HW both plants) con-
sisted of e-viniferin, this amount would be more or
less equal to the 0.05% fresh weight obtained from
lignified stem tissue of grapevine (prunings) of Vi-
tis vinifera cv. Muller-Thurgau by Langcake and
Pryce (1976). The yields of e-viniferin from BRW
were 0.27% and 0.41% for plants A and B respec-
tively (Table 1), indicating a marked increase in
concentration in deteriorated tissue. However, such
concentration was one order of magnitude lower
than that found in the rotted areas of Botrytis cine-
rea-infected grapevine leaves, and it did not ex-
ceed resveratrol concentration, as shown in some
experiments carried out after a relatively short
period of infection (3-4 days) but sufficient for de-
veloping lesions (Langcake and McCarthy, 1979;
Langcake, 1981). While trans-resveratrol has been
demonstrated to exercise weak fungitoxicity, e-vin-
iferin appears to be more active against pathogen-
ic fungi such as B. cinerea and P. viticola (Lang-
cake, 1981).

Compounds a and b were isolated in very low
amounts from BRW (Table 1) and their total char-
acterization or identification is still in progress.
Preliminary data suggest that they are other res-
veratrol-derived dimers. The collected spectroscop-
ic data of compound a closely resemble those of e-
viniferin, but a signal on 13C NMR at d 57 suggest-
ed a methoxilate dimer involving pterostilbene
(Langcake et al., 1979) rather than resveratrol. The
available data on compound b suggest a dimer form
of resveratrol lacking of any olefin bond.

Biological assays for antifungal activity of the
isolated polyphenols showed that these compounds
were toxic to Cladosporium cucumerinum, a fun-
gus normally used in such assays (Langcake, 1981).
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Assays for antifungal activity of the isolated
polyphenols against P. aleophilum, P. chlamydospo-
rum and F. punctata are in progress.

Conclusions

The two esca-diseased grapevine plants under
study accumulated at least resveratrol and e-vin-
iferin in the brown-red wood. Both these substances
are also present in healthy wood but at concentra-
tions much lower than in deteriorated wood. It is
thus possible that a defence response from grape-
vine cells is elicited and that resveratrol and re-
lated compounds play a role in the regulation of
the esca fungi-grapevine interaction. Because sev-
eral fungi may be isolated from the brown-red wood
(P. chlamydosporum and P. aleophilum in great
amount, but also F. punctata, Stereum hirsutum,
Eutypa lata and others) it will be of interest to see
which fungus or fungi are more efficient in trig-
gering such a defence response, and which fungus
or fungi derive more advantage from the possible
transformation (oxidation) of resveratrol and/or
viniferins into less fungitoxic compounds. This will
shed some light on the first steps of esca develop-
ment.

Acknowledgements

This work was supported in part by grants from
the Italian Ministry of University and Scientific
and Technological Research and in part by the Ital-
ian National Research Council. DISCA scientific
contribution No. 189.

Literature cited

Adrian M., H. Rajaei, P. Jeandet, J. Venau and R. Bessis,
1998. Resveratrol oxidation in Botrytis cinerea conidia.
Phytopathology, 88, 472-476.

Di Stefano R. and G. Maggiorotto, 1995. Anthocyanins,
hydroxycinnamic acids and flavonoids in berries, leaves,
stems and shoots of vine. Rivista di Viticoltura ed Eno-
logia, 2, 51-65.

Hart J.H., 1981. Role of phytostilbenes in decay and dis-
ease resistance. Annual Review of Phytopathology, 19,
437-458.

Jeandet P., R. Bessis and B. Gautheron, 1991. The produc-
tion of resveratrol (3,5,4’-trihydroxystilbene) by grape
berries in different developmental stages. American
Journal of Enology and Viticulture, 42(1), 41-46

Langcake P., 1981. Disease resistance of Vitis spp. and the
production of the stress metabolites resveratrol, e-vin-
iferin, a-viniferin and pterostilbene. Physiological Plant
Pathology, 18, 213-226.

Langcake P. and W.V. McCarthy, 1979. Relationship of res-
veratrol production to the infection of grapevine leaves
by Botrytis cinerea. Vitis, 18, 244-253.

Langcake P., C.A. Cornford and R.J. Pryce, 1979. Identifi-
cation of pterostilbene as a phytoalexin from Vitis vin-
ifera leaves. Phytochemistry, 18, 1025-1027.

Langcake P. and W.V. McCarthy, 1979. Relationship of res-
veratrol production to the infection of grapevine leaves
by Botrytis cinerea. Vitis, 18, 244-253.

Langcake P. and R.J. Pryce, 1976. The production of res-
veratrol by Vitis vinifera and other members of the Vi-
taceae as a response to infection or injury. Physiologi-
cal Plant Pathology, 9, 77-76.

Langcake P. and R.J. Pryce, 1977. A new class of phyto-
alexins from grapevine. Experientia, 33, 151-152.

Mugnai L., G. Surico and A. Esposito, 1996. Microflora as-
sociata al mal dell’esca della vite in Toscana. Informa-
tore Fitopatologico, 46(11), 49-55.

Mugnai L., G. Surico and A. Sfalanga, 1997. Produzione
di enzimi esocellulari da parte di funghi del legno di
viti colpite dal “mal dell’esca”. Micologia Italiana,
26(1), 11-22.

Mugnai L., A. Graniti and G. Surico, 1999. Esca (black mea-
sles) and brown wood-streaking: two old and elusive
diseases of grapevines. Plant Disease, 83, 404-418.

Pryce R.J. and P. Langcake, 1977. a-viniferin: an antifun-
gal resveratrol trimer from grapevines. Phytochemis-
try, 16, 1452-1454.

Sbaghi M., P. Jeandet, R. Bessis and P. Leroux, 1996. Deg-
radation of stilbene-type phytoalexins in relation to the
pathogenicity of Botrytis cinerea to grapevines. Plant
Pathology, 45, 139-144.


