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In this work, the pro-oxidant behavior of oleuropein (OLP, 1) is characterized in a Fenton-like
experiment by means of ESR spectroscopy using the spin trap system DMSO and 4-(pyridyl-1-oxide)-
N-tert-butyl nitrone (POBN) in phosphate buffer (PB) solution. Ferrous ions in the absence of hydrogen
peroxide cause the formation of the stable nitroxide species 4 and 5 through the intermediate perferryl
species. OLP displays its antioxidant activity in vitro blocking the oxidation path that leads to methoxyl
radicals hence to the formation of the stable radical species 5. The role of the catechol moiety was
proved when the perferryl experiments were repeated in the presence of the dimethylated oleuropein
homologue (OLP-Met,, 2). The dual behavior of oleuropein, similar to that ascertained for other
catechol and non-catechol natural active species, should provide warnings for its use as nutraceutical
or as drug with manifold healing effects.
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INTRODUCTION adducts or causing depurination. Such modifications in critical
. . genes can induce mutations that lead to carcinogenesig)(
Fresh vegetables and, gener'ally Speak'”& agpfoods are therhe dual behavior of catechols in vivo may represent a drawback
source of many pharmacologically and biologically active \\han overdoses of nutraceuticals are assumed with diet or
principles used as integrators (nutraceuticals) or cosmetic ;..o -csmeceuticals are used in cosmetics.
ingredients (nutracosmeceuticals). A number of studies have recognized that a diet rich in olive
The healing effects produced by active ingredients of natural oj, particularly unrefined oils, provides a healthy prevention
foodstuffs have been so amplified in scientific and daily papers of artery wall thickening as a consequence of low-density
that notice on the anti-inflammatory propertiel§ of a well- lipoprotein (LDL) oxidation process. This beneficial effect has
known molecule (23) present in commercial olive oil has  peen associated with the presence of oleic and linoleic mono-
reached the front page of daily papers in less than 1 day ( ynsaturated fatty acids and with the action of potent antioxidants
The main biological activity of these nutraceuticals is such as tocopherols and the “polyphenol&0)( Oleuropein
associated with their action as antioxidants to prevent damage(OLP, 1), a secondary metabolite of terpenoid origin, is the main
caused by oxygen reactive species (ROS) in vivo. A widely iridoid of the “phenolic pool” {1, 12) of Olea europaeawhose
distributed class of such compounds within the plant kingdom activity is likely associated with ite-dihydroxybenzene (cat-
is represented by the so-called polyphenols and, among themgechol) moiety. The same moiety is shared by hydroxytyrosol
by those bearing a catecholic (CE) moieB).(Nevertheless,  which is formed by enzymatic degradation of the intact
abiotic stress, causing the accumulation of phenolics in plants, secoiridoidl and exhibits similar redox activity. Other phenolic
promotes the production of ROS within the ceB$. (Moreover, compounds, such as tyrosol, caffeic acid, etc., account for the
it has been demonstrated that the same harmful active oxygengadical scavenger effect of virgin olive 0ill8); however,
are formed even during regular plant metabolism. Furthermore, attention has been paid to the actual content of oleuropein in
CEs, formed in vivo in the oxidation of estrogens, take the foodstuffs due to its therapeutic actiotd). The presence df
1-electron oxidation path that leads to the formation of quinone in commercial unrefined olive oils is in the order of hundreds
derivatives which interact with DNA either forming covalent of ppb (15), whereas it goes up to thousands of ppm in leaves
and drupesi4). Dietary supplements rich in the active principle
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OH Sample capillaries were inserted in a standard 4 mm (i.d.) ESR quartz
tube and centered in a Tg& standard rectangular cavity (ER 4201,
Bruker). The temperature was controlled with the ER 4111 VT
HO o 0. Eurotherm variable temperature control system (accuea@yl °C).
OH The free radical ESR spectra were acquired with the following
o o experimental setup: 10 mW microwave power, 0.1 G peak-to-peak
COOCH; OR magnetic field modulation, 100 kHz magnetic field modulation
3 R=H o frequency for phase sensitive detection, 100 G magnetic field scan
s R=CH, width. All spectra were displayed as first derivative in-phase absorption
signal.
proteins, carbohydrates, and DNA. They may also chelate those gThe ESR runs were repeated after 24, 48, and 72 h of incubation at
transition metals, such as iron and copper, involved in Fenton 25 °C. The shape of the ESR spectrum does not change with time.

reactions (eq 1) which produce the extremely react®él Only a small increase of the signal intensity is observed after 24 h
radical (16—18). incubation. The intensity remains constant at 48 and 72 h incubation
(spectra not shown). In the following, only spectra recorded after 24 h

Fet + H,0, — Fe™ + OH <+ *OH (1) will be presented and discussed. As spin trap, the system DMSO (2%)

and a-4-(pyridyl-1-oxide)-N-tert-butyl nitrone (POBN) 25 mM in 20
. . - M phosphate buffer (PB) solution was used.
The radical scavenging capacity is enhanced when a catechofn PRosP (PB)

moiety is presept1(9), whereas it is decreased in the case of RESULTS AND DISCUSSION
partial methylation of the hydroxyl group2Q).

Fenton-like reactions have also been invoked in the apparently The bioactivity of oleuropein, often associated with the
paradoxical behavior of some antioxidant agents acting as pro-catechol system of its hydroxytyrosol moiety, could be affected
oxidants (21—24). In vivo studies have, in fact, shown that by the partial methylation of the hydroxyl groups and/or the
a-tocopherols, well-known as scavengers of free radicals in a presence in the environment of transition metal ions. In
hydrophobic milieu, display both anti-and pro-oxidant activities Particular, the typical tris(catecholate) ferrate(lll) structure
in isolated LDL. A similar behavior is attributed to ascorbic formed by catechol with iron at alkaline pH seems to be replaced
acid ands-carotene. (28) by the 1:2 complex at pH 7.2. It can be assumed, therefore,

The *OH dependent mechanism, briefly outlined above (eq that, at physiological conditions, a 1:2 comple} €ould be
1), has been questioned and ruled out in many biological formed by OLP and Fg.
oxidation processes, on the grounds of the number of observa-
tions related to the availability of hydrogen peroxide at cellular

level and to the small rate constant of the Fenton reacfiéi ( RTO on, I WO Oﬁ
An alternative biological oxidant is represented by the perferryl/ I O;Fe“"\o 4
ferryl ion system (eq 2) verified in many environmengS) |

3

which support the observations thai® cannot be essential o
for initiating biological oxidation processes: _ HQ‘%O E| .
COOCH;

F€"+0,=[Fe—0-O* =Fe"+0,” (2

*OH dependent or independent oxidation environments have
jpeen simulated in vitro to investigate, by ESR, to what extent
1 behaves as an antioxidant of the polyphenolic pool. Its
dnvolvement in redox processes was evaluated by the detection
of the free radical species formed in the presence of the spin
trapping system, dimethylsulfoxide{4-pyridyl-1-oxide)N-tert-
butylnitrone (DMSO/POBN).

The chemistry of & in the presence of DMSO/POBN was
examined by ESR in a phosphate buffer (PB) at pH 7.2, after

Sample Preparation.OIeuropein_(_OLP;L) was extracted from olive incubation of the reaction mixture at 3T for 15 min (Figure
leaves as described (27) and purified by HPLC. , 1). The blank, obtained in the absence of OBERy(re 1A), is

Dimethyloleuropein (OLP-Mef 2) was obtained by diazomethane a complex ESR spectrum which results from the overlapping
treatment ofl in ethyl ether followed by HPLC purification. Fe£l . . . - .

of two signals with small different magnetic properties, each

6H,0, salts for phosphate buffer solution, angChwere Merck reagent . . .
grade. Bidistilled water was used throughout. one resulting from a triplet of doublet of resonance lines (see

The standard reaction mixture contained 0.1 mM FeGR2 mM Figure 1B), due to the formation of the POBN addudt¢51%)
OLP, and 20 mM HO, (when needed) in 20 mM phosphate buffer and5 (49%), as reported in similar experimental conditic2s)(
(PB) solution at pH 7.2. In some reaction mixtures the KeCl These “stable” radical species should be formed at the burst
concentration was varied as indicated hereafter. All samples were of the reaction by the action of perferryl ions on DMSO
incubated for 15 min at 37C in a thermostated bath Haake D8 before  (Scheme 2) thus causing the formation of meth@Hs, radicals
the ESR run. Measurements v(\;ereI carried out at room tem%ergtur?]. further oxidized to methoxyl, CD", radicals in aerobic
ESR MeasurementsFree radical ESR spectra were recorded wit e
a 10 GHz, X-band Bruker spectrometer, model ESP 300, and digitized co:lilt:é)g; (szig)né?sqvie?gsdzzgggdzi)ﬁ the absence of DMSO in

with the spectrometer’s built-in microcomputer using OS-9 compatible . g .
ESP 1600 spectral acquisition and data handling software. Such datathe reaction mixture, when Feor CL#", another element known

handling routines were used to carry out spectral subtraction (see text){0 P& involved in oxidation processes, was present. It cannot
to identify the free radical adduct species and to evaluate their relative D€ excluded that the superoxide anions (eq 2) and later hydrogen
ratio. ESR spectra simulation was also performed with the Bruker WIN- peroxide (Scheme 5) could behave as oxidants along the
EPR SimFonia simulation software package. available reaction paths.

On the grounds of the dual behavior in vivo of many CE
molecules, considering the widespread use of pharmaceutica
formulations based on oleuropein extract from olive leaves, we
have undertaken an electron spin resonance (ESR) investigatio
using the spin trap method of the redox propertied ahd 2,
to ascertain the dual action in vitro of oleuropein, if any.

MATERIALS AND METHODS
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The spectral subtraction, carried out with the data handling
routines available in the spectrometer, of the pure ESR signal
Figure 1. ESR spectra of the reaction mixtures incubated in aerobic of POBN/CH; (Figure 1B) from the complex pattern dfigure
conditions for 15 min at 37 °C: (A) Fe?* (0.1 mM), DMSO (2%), POBN 1A supports the observation that the POENZH; (aN = 14.63
(25 mM) in PB (20 mM); (B) Fe** (0.1 mM), DMSO (2%), POBN (25 G; a" = 2.23 G) adduct species was present in the spectrum

mM), OLP (0.2 mM) in PB (20 mM); (C) Fe?* (0.1 mM), DMSO (2%), reported irFigure 1A and that it disappears when OLP is added
POBN (25 mM), OLP-Met; (0.2 mM) in PB (20 mM); (A*) computer (Figure 1B). Moreover, in this condition a 2-fold increasing of
simulation of the ESR spectrum 1A. the signal intensity due to the radical speciess observed.
Scherme 1 The ESR spectrum ifrigure 1A results from the overlapping
of 57% of the POBNCH3 ESR signal and 43% of the POBN/
‘O—N*_ *OCH; one. Computer simulation of the ESR signaFigure
\_/ \N% 1A is reported inFigure 1A*. It was obtained using in the
4 simulation the same percentage composition as obtained by

spectral subtraction. The simulated spectrum is, in the main
features, completely similar to the experimental one, so that in
CH, | CH,O the following only results coming from spectral subtraction will
be reported.
In a recent report on the iron induced off-color development
— CH, OCH, of foodstuffs containing polyphenols, the necessary involvement
O—N€/>—<,+ —NO—< of ferric iron in the oxidation of catechols was clearly
N% demonstrated. For ferrous species to participate in the process,
a previous conversion into the ferric state by oxygen was, in
fact, required (30). Furthermore, the complexity of the mech-
The spin-trapping species POBN provides the spectrum of anism of the radical scavenging action of phenols depends on,
Figure 1B when OLP is incubated in the DMSO/POBN/FeCl among other factors, the energeti@l) associated with the
mixture, in the same experimental conditions asHfigure 1A. ionization of the moleculeScheme 3 patha) and with the
The hyperfine splitting constant valua®¥ = 16.02 G andi = hydroxyl bond dissociation (BDEScheme 3, pattb).
2.73 G of this spectrum are in agreement with the presence of The number of applications that have appeared so3ay (
the N-oxide radical specie$ (26), POBN/CHjs, only (Scheme allow the assumption that path (Scheme 3 should be the
1). driving force in the case of catechol oxidation.
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When OLP is added, therefore, to the mixture which causes is enhanced (80%) with respect to that of spede$OBN/
the formation of the species displayedrigure 1A, it can be *CHjs (20%) (Scheme 1). It could be assumed that the oxidation
assumed that the oxidation of its catechol moi&ghieme 4) power of the Fenton reaction is more effective than those caused
competes with the oxidation of methyl radical and thus with by perferryl ions, when hydrogen peroxide is absent. In this
the formation of the radical speciés(Scheme 1). case, in fact, it can be expected that a higher production of

Moreover, the hydrogen peroxide formed by oxidation of OLP - methoxyl radicals, a secondary oxidation product of the initially
could induce a concomitant Fenton oxidation process of DMSO formed methyl radical, takes place.

which enhances the formation of methyl radicals, hence the
concentration of species

For a better understanding of the role of the catechol moiety
of OLP, and of its competing oxidation tquinone, likely in
competition with the oxidation of methyl to methoxyl radical, A
the experiments were repeated in the presence of dimethyl-

oleuropein (OLP-Met 2), obtained by methylation of the ’
phenolic hydroxyl groups. Previous studies have reported on
the specific role of the catecholic moiety (32—34) and on the

inhibition of activity after methylation of the hydroxyl groups
of the aromatic ring (19).

When the experiment dfigure 1B was repeated by replacing
OLP with OLP-Met, the spectruniC was obtained. The ESR
signal is now again complex and extremely similar to that of
Figure 1A, and it comes out from the summation of about the
same percentage of ESR spectra of spediesnd 5. The
methylated specieddoes not, likely, interfere with the process
which brings about the formation of the radical speelend
5 (Scheme 1).

The same results were obtained when the perferryl ions were

replaced by copper Cti species (35), i.e., ESR spectra similar X 0_5
to those inFigure 1B and Figure 1C were obtained in the
presence of OLP or OLP-Mgtrespectively (data not shown). )

The experiments carried out in the presence of methylated
oleuropein (2) allows us to rule out, at least in this particular
case, the production of alkyl and alkoxide radicals from the
glucose moiety of oleuropein, as observed in similar experiments
dealing with the oxidation of saccharides in an oxidizing
xanthine oxidase/hypoxanthine system (36). The spectrum of
Figure 1C, in fact, does correspond to the sum of the POBN
derivatives4 and5 (Scheme 1), and no other POBN/radical
adducts are shown.
The experiments discussed above have been repeated in
typical Fenton aerobic conditions.
It has already been mentioned that (i) ascorbic acid is usually x 0.5
added to Fenton reactions to regenerd®) F&" from Fe*
and (ii) other species such gscarotenoids and-tocopherols
can behave similarly. It was, therefore, considered a possibility
that oleuropein could behave similarly.
The occurrence of this possible reaction path has been
checked by evaluating the effect @fin an aerobic Fenton
system in the presence of excessOp at ferrous iron
concentrations identical (Figure 2A) to that used in the Figure 2. ESR spectra of the reaction mixtures incubated for 15 min at
experiments reported iRigure 1. 37 °C: (A) Fez* (0.1 mM) + H,0; (20 mM) + DMSO (2%) + POBN (25
The ESR spectrum (Figure 2A) thus obtained was similar to  mM) in PB (20 mM); (B) Fe?* (0.08 mM) + H,0, (20 mM) + DMSO (2%)
that reported in the literature (25) and to that obtained by us in + POBN (25 mM) + OLP (0.2 mM) in PB (20 mM); (C) Fe?* (0.8 mM) +
the absence of hydrogen peroxidégure 1A), with the only H,0, (20 mM) + DMSO (2%) + POBN (25 mM) + OLP (0.2 mM) in PB
difference being that the signal due to spe&eBOBN/OCH;, (20 mm).

-
.
i
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When compound. is present at a molar concentration more in many therapies, acts, in vitro, as a pro-oxidant. This new

than double with respect to Feions (Figure 2B), while the

property has a direct impact on the formulation of those drugs

concentration of hydrogen peroxide is kept constant, the ESR freely available in the market whose intake may cause unex-
signal shows the same spectral characteristics as that observegected consequences.

in the spectrum reported iRigure 2A but the signal intensity
is increased by a factor of 2. This could be an indication of a
more efficient oxidation system which could be due to the ability
of oleuropein to recycle ferric ions according $gsheme 5.

The availability of a higher concentration of methoxyl radicals

should be an indication that, in Fenton conditions, the kinetics

of the pro-oxidation path taken dydoes not compete with its

oxygen scavenger activity exerted in the redox process induced

by perferryl ions (Figure 1B).
In the last experiment{gure 2C) the ferrous ion concentra-

tion was raised by 1 order of magnitude compared to the

experiment inFigure 2B, keeping constant the concentration

of the other analytes. The ESR spectrum thus obtained shows

nearly the six typical resonance lines, only, of the methyl POBN
adduct4 (85%) (Scheme 1), whereas the POBBDICH; adduct
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