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a b s t r a c t

Dihydro-resveratrol (dihydro-R), a prominent polyphenol component of red wine, has a profound prolif-
erative effect on hormone-sensitive tumor cell lines such as breast cancer cell line MCF7. We found a sig-
nificant increase in MCF7 tumor cells growth rates in the presence of picomolar concentrations of this
compound. The proliferative effect of dihydro-R was not observed in cell lines that do not express hor-
mone receptors (MDA-MB-231, BT-474, and R-562).

� 2010 Elsevier Ltd. All rights reserved.
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Among dietary polyphenols, resveratrol (R) has received special
attention due to its diverse and potentially beneficial biological
properties.1–9 R has two stereoisomers, trans-R and cis-R. Trans-R
is a common component of fruits and berries, particularly grapes
(Vitis vinifera), where it is formed as a response to the stress of
weather conditions, microbe infections, or direct sunlight.10,11

The compound is currently on the market as a popular dietary sup-
plement and is under clinical trials for treatment of some types of
cancer, metabolic syndrome, Alzheimer’s disease, type 2 diabetes,
obesity, neurologic syndrome, and some symptoms of aging.1–7

Cis-R has been detected as a minor component in some berries,
grapes, and wines along with trans-R.12–14 Cis-R is believed to have
similar bioactivity but has not been thoroughly investigated yet.
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Very little is known about the natural sources of the dihydro-
derivative of R, dihydro-R, which is one of the main metabolites
of both isomers of R.15–22 We have recently discovered that dihy-
ll rights reserved.
dro-R is a prominent component of red wine.23,24 Here we report
our preliminary results on the unusual biological effects of
dihydro-R in several tumor cell lines in vitro.25

As shown in Figure 1, dihydro-R has a strong proliferative effect
on hormone-dependent MCF7 breast cancer cells at very low
concentrations (10�14 to 10�7 M). This proliferative effect was
not observed in two hormone-resistant breast cancer cell lines,
MDA-MB-231 and BT-474. The compound showed a cytotoxic
effect at high concentrations (>10�5 M) for all three cancer cell
lines.
MDA-MB-231 BT-474 MCF7

Figure 1. Biological activity of dihydro-R in breast cancer cell lines MCF7, MDA-MB-
231, and BT-474.
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Figure 2. Biological activity of dihydro-R in the chronic myelogenous leukemia
K-562 cell line.

6150 A. A. Gakh et al. / Bioorg. Med. Chem. Lett. 20 (2010) 6149–6151
The proliferation of hormone-sensitive MCF7 cells caused by
very low concentrations of dihydro-R may indicate a hormone-like
effect for the compound. The assumption is indirectly confirmed by
the lack of proliferative effect of dihydro-R in the breast cancer cell
lines that do not express hormone receptors (MDA-MB-231,
BT-474). Dihydro-R also had no effect on cell viability of the chronic
myelogenous leukemia K-562 cell line (Fig. 2) at low concentra-
tions (<10�6 M).

Perhaps the most unusual finding is the extreme potency of
dihydro-R, which exhibits significant proliferative effect on MCF7
breast cancer cells at picomolar concentrations. Some other natural
phytoestrogens, including trans-R,26 are also known for their high
level of induction (superagonism), but even the most potent ones
are still orders of magnitude less active than dihydro-R. For exam-
ple, the popular phytoestrogen genistein (5,7,40-trihydroxyisoflav-
one) reaches maximum proliferative activity in MCF7 cells only at
concentrations as high as 10�6 M27,28 compared to 10�10 M for
dihydro-R. Even 17b-estradiol is only marginally more potent than
dihydro-R.27–29

The level of potency of dihydro-R is unexpected given that it is a
flexible, relatively low molecular weight natural molecule which
only remotely resembles the structures of 17b-estradiol and the
notorious nonsteroidal synthetic estrogen diethylstilbestrol (see
the comparative structure analysis below).
OH

OH

OH

OH
H

H

OH

H

OH

OH

17β−Estradiol Dihydro-ResveratrolDiethylstilbestrol (DES)

In summary, dihydro-R demonstrated unusually strong prolifer-
ative effects in some hormone-dependent tumor cells at extremely

low (picomolar) concentrations. Further studies on the mechanism
of this phenomenon are warranted given the fact that dihydro-R is
a prominent polyphenol component of red wine and one of the
common metabolites of R.30
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