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COX-2 Cyclooxygenase-2
EpRE Electrophile response element
ER B Oestrogen receptor 3
HO*® Hydroxyl radical
H,0, Hydrogen peroxide
LC Liquid chromatography

LC-MS Liquid chromatography — mass spectrometry

LPS Lipopolysacharides

0" Superoxide

PMA Phorbol esters

QR Quinone reductase

ROI Reactive oxygen intermediates
ROS Reactive oxygen species

RSV Resveratrol
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Abstract

Resveratrol is a representative of the plant antibiotics family called phytoalexins. It is
found in red wine and a variety of plant species. Resveratrol exists in two isomeric forms, trans
and cis, with the last one being less biologically active. The structure of resveratrol is hard to
detect because of the “flip-flop” motion of its hydroxyl groups. Once fixed in place, the real
structure of the molecule can be reflected using diffraction procedure. Among popular methods
of detecting resveratrol are: UV light absorption, gas chromatography, electrochemical
processes, etc. A selective multichannel liquid chromatography — electrochemistry method is
described to detect resveratrol in rat blood. Resveratrol is considered to be an important activator
of phase II enzymes (UDP-glucuronyl transferase, quinone reductase 1). Resveratrol has strong
antioxidant qualities in the presence of reducing agents. It is necessary to perform more clinical

studies to fully realize resveratrol potential.
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Introduction

It has been known for centuries that natural products prevent many disease states.
Consequently, exceptional interest in applying the properties of natural compounds for treating
ailments has led to advances in biomedical research. Amid the compounds in the scope of
investigation is a viniferin polymeric family. It is in the family of plant antibiotics called
phytoalexins. This family consists of toxic compounds produced by higher plants in response to
attack by pathogens and to other stresses, particularly fungal invasion .

One of the representatives of phytoalexins is resveratrol (RSV), a very active ingredient
among stilbene phytoalexins [1]. Resveratrol is found in high concentrations in red wine [2].
This fact helps in explaining the so-called “French paradox”: epidemiological studies with the
French population that demonstrated an inverse correlation between consumption of red wine
and incidents of deaths resulting from coronary heart diseases [2]. Resveratrol has been more
frequently studied since it was linked to its influences on cardiovascular regulation [e.g. 3].
However, since the reports have been made on cancer chemopreventive activity of RSV [4], such
effects as induction of apoptosis [5] and protection against oxidative DNA damage [6] have been
vigorously investigated. This paper will review RSV isomeric forms, structure, detection,
interaction with phase II enzymes, and antioxidant effects.

Isomeric Forms

Resveratrol (3,5,4’-trihydroxistilbene) exists in two isomeric forms: trans and cis
(Fig. 1). Both forms were found in red wine [7]. However, the trans isomer was found in a
greater variety of plant species, such as grapevines, peanuts, mulberries, and the dried roots of

Polygonum cuspidatum [8].

" Dictionary: http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=phytoalexin&action=Search+OMD
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Fig. 1. Isomeric forms of resveratrol: ¢trans and cis. [9].

Biomedical properties of trans-RSV include anticarcinogenic [5], anti-inflammatory [10],
anti-oxidant [11], and other effects. The role of cis-RSV is less clear. Even though cis isomer is
present in some foods, it is not as biologically active as its stereoisomer. A study on MCF-7
breast cancer cells [12] has shown that the agonistic/antagonistic interaction of the trans-RSV
with estrogen receptor-a (ER- o) is much stronger than cis isomer interaction. Therefore, the
interaction occurs in a stereoselective manner. Difference in behavior of RSV stereoisomers is
dependent on the three-dimensional molecular structure.

Structure

In 1937, crystal X-ray diffraction was performed on a “parent” compound of RSV,
stilbene [mentioned in 13]. The results showed surprisingly short ethylene bonds. The outcome
was explained by orientational and dynamical disorder of the RSV molecule during
measurements. The disorder issue was eliminated by keeping the molecule fixed in place during
diffraction [13]. Figure 2 shows a structure of #rans-RSV. The structure of the molecules shows
its relative coplanarity. The molecular packing of RSV (Fig. 3) shows a hydrogen bond network
where H bonds are formed and broken by the “flip-flop” motion of the hydroxyl groups. This
motion allows for the transfer of up to three hydroxyl hydrogen atoms along the chain of H
bonds. The transfer of hydrogen atoms explains the mobility of a resveratrol molecule and
suggests its participation in chemical reactions of biological systems. It is considered that the
dynamics of hydrogen atoms in the crystal studying of trans-RSV allows for its participation in

biological reactions as an antioxidant[13].
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Fig. 2. Molecular structure of trans-resveratrol obtained from crystal X-ray diffraction.
[13].

Fig. 3. trans-Resveratrol packing diagram down the a axis showing the extended network
of H bonds (dashed lines) obtained from X-ray diffraction. Disordered hydrogen atoms are not
shown for clarity [13].

Detection

Resveratrol content can be measured in wine [7], in plants, and in tissues by various

techniques. Among popular methods are: detecting RSV by UV light absorption, by gas
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chromatography, by electrochemical processes, etc. Recently such techniques as liquid
chromatography — mass spectrometry (LC — MS) have been introduced as powerful tools for the
determination of phenolic compounds in food [14].

In order to detect and determine RSV in rat blood, a selective multichannel liquid
chromatography (LC)-electrochemistry method was developed [9]. In the study, four different
electric potentials (+800 mV, +700 mV, +600 mV, +500 mV) were applied by a multichannel
detector to receive a better voltammetric description of blood samples. The reason for choosing
LC — electrochemistry method was due to its usefulness in identifying phenolic compounds. By
comparing peaks of standards and samples at various energies, it was found that the optimum
potential for determining pure RSV in blood was +700mV. Figure 4 shows a chromatogram of

blank rat blood (top) and rat blood that is spiked with RSV (bottom).
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Fig. 4. Chromatogram of extract from blank rat blood (top) and blood spiked with
100ng/mL of resveratrol (bottom). Applied potential: +700 mV vs. Ag/AgClI [9].
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Because of different retention times, frans and cis forms of RSV can be separated (in the
experiment, time of separation was 6.1 and 8.4 min respectively). This method allows for
accuracy and short time of chromatographic run [9].

Phase I &II Enzymes

Phase I and phase II enzymes are the first lines of defense against cancer in the organism.
The enzymes are able to enter a wide variety of biochemical reactions and perform catalytic
functions; the catalytic ability allows them to defend the organism from carcinogens. The
efficiency of enzymatic work depends on environmental and nutritional factors of the organism.
In most cases, enzymes of both phases work in tandem. The enzymes of phase I turn pre-
carcinogenic compounds into more reactive forms, which allows for an easier disposal of
harmful substances from the organism. Often the disposal occurs with the involvement of phase
IT enzymes whose main role is to detoxify the carcinogens, produced in phase I. The
detoxification occurs by directly attacking cancer-causing agents or inactivating and escorting
them from the body [15]. Resveratrol is considered to be an important activator of phase II
enzymes (UDP-glucuronyl transferase [16], NADPH-dependent quinone reductase 1 (QR) [17],
etc.). In studying how RSV affects QR enzyme, Bianco et al. used breast cancer cells. They
showed that RSV induces QR at the protein level of the cells. It was determined in
transcriptional studies that increases in QR occur at the electrophile response element (EpRE)
through oestrogen receptors B (ER ) transactivation. Resveratrol up-regulates QR enzyme
through enhanced binding of ER B to QR. Even more, the QR up-regulation protects the cell
against oestrogen-induced oxidative DNA damage. Regulation of detoxification genes through
their enzymes, such as QR, may partly explain the protective effect of RSV [17].

Antioxidant effects

Reactive oxygen species (ROS), such as superoxide and hydrogen peroxide, are

continuously generated in cells of aerobic environment. The accumulation of ROS that oxidize

cell environment is associated with cell growth and tumor formation [18]. Resveratrol has been
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shown to possess qualities of an antioxidant: it suppressed ROS formation [19] produced by
lipopolysacharides (LPS) and macrophages that are stimulated by phorbol esters (PMA). In the
same study, it was shown that RSV decreased amino acid release, originally induced by exposure
to hydrogen peroxide (amino acid decrease by 51%) and superoxide (decrease by 67%). Along
with lowering amino acid release, treatment by resveratrol caused an impairment of
cyclooxygenase-2 (COX-2), originally stimulated by exposure to O,* and H,0,[19]. COX-2 is
an enzyme that provides prostaglandin (PG) synthesis. Prostaglandin accumulation leads to
inflammation, pain, and fever. Hence, regulating COX-2 by resveratrol allows for the regulation
of inflammatory responses. Jang and Surh have shown that resveratrol can inhibit reactive
oxygen intermediates (ROI) and by this attenuate apoptotic death of the cell [20].

Antioxidant capacity of RSV has been shown in vivo. DNA damage was caused in rat
kidneys by kidney-specific carcinogen potassium bromate (KBrOs). To estimate the damage, a
reliable marker for oxidative DNA damage, deoxyguanosine, was measured by high performance
liquid chromatography with electrochemical-coulometric and UV detection. The levels of
deoxyguanosine in the renal genomic DNA doubled when using KBrOs. After treatment with
RSV, damage was completely abolished and kidney weight was prevented [6].

There has been evidence that RSV promotes DNA fragmentation when copper ions are
around [reviewed in 11]. By acting as a reducing agent, RSV promoted formation of hydroxyl
radicals (HO®) by DNA-bound copper (II) ions. However, one detail was not taken to
consideration: in physiological conditions (when the ascorbic acid or glutathione are present),
RSV behaves as an antioxidant and does not influence on HO® formation; instead, RSV acts as a
radical-scavenging antioxidant and protects DNA from damaging. In the glutathione system,
RSV inhibits HO® formation by inhibiting glutathione disulfide formation. Therefore, it was
concluded that resveratrol is a powerful antioxidant in the presence of reducing; even more, it
can suppress HO® formation by reacting with glutathione as in the following reaction [11]:

GSH + HO® = H,O + GS*
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Conclusion

Resveratrol is a relatively new class of chemopreventive agent. It has proven both in vivo
and in vitro to be capable of impeding or even preventing carcinogenic steps. It is apparent today
that resveratrol can arbitrate differential responses with various tissues, organs, and assay
models. Some of the activities of RSV have been or remain controversial. One encouraging fact
is that the component is found in a soluble form in red wine, although not in most other fruits and
vegetables consumed daily. Other sources of RSV would be grapevines, peanuts, mulberries,
certain kinds of brussel sprouts, or dietary supplements. The structure of the chemopreventive
agent is simple and at the same time capable of regulating enzyme pathways. The unique part of
the situation is that resveratrol is already consumed by humans, even though studying of the
mechanism of the compound is still underway. In traditional medicines of India, Japan, and
China, resveratrol has been used for ages as an antioxidant, antimutagen, and anti-inflammatory.
Nevertheless, full potential of resveratrol can be realized during clinical studies that are yet to be

performed.
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