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Standard Potential and Acidic Constants of Oleuropen
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The standard potential of oleuropein, OleO,H, has been determined by a potentiometric titration method in
0.1 mol -dm~3 NaClO, aqueous solutions employing a platinum wire-net working electrode. Oleuropein,
the active ingredient present in food integrators extracted from olive leaves, in table olives, and in extra
virgin olive oils, is a nutraceutical compound whose health benefits have been widely documented. For this
reason, in our continuing investigation of metals with biological ligands, the acidic constants of oleuropein
K; (OleO,H, = HT + OleO,H™) and K, (Ole(O,H)™ = HT + OleO,?") were determined for use in further
studies of the complexing power of this ligand toward metals of biological interest.

I ntroduction

In the traditional Mediterranean diet, olive oil is the most
usualy employed lipid. There is much evidence relating the
intake of olive oil to protection from cardiovascular diseases
and the risk of breast cancer. The beneficial effect is attributed
to a favorable fatty acid profile and to the presence of some
minor components that are also responsible for its unique flavor
and taste.* The minor component fraction includes tocopherols,
carotenoids, phospholipids, and phenolic compounds. The
phenols are responsible for the particular resistance of this oil
to oxidative rancidity. Various studies*® hypothesize the pos-
sibility that these phenols might also act as antioxidants. Among
them, a phenolic compound present throughout the olive tree
and in the oil and isolated from olive leavesis called oleuropein.*
Oleuropein, OleO;H,, a secondary metabolite of terpenoid
origin, isthe main iridoid of Olea europaea and represents one
of the 600 species of the Oleaceae family.® This secoiridoid
glucoside is responsible for the bitter taste of olive drupes and
leaves, and it is associated with many healing effects in humans
and animals.®1°

Oleuropein, whose structure is reported in Figure 1, is an
ester of 2’-(3’,4’-dihydroxyphenyl)ethanol (hydroxytyrosol) and
the oleosidic skeleton common to the secoiridoid glucosides of
Oleaceae.

This secoiridoid glucoside is known to possess severa
biological properties, many of which may be attributed to its
antioxidant and free-radical-scavenging activities.** Numerous
studies have shown that phenols, extracted from olives, have a
wide range of pharmacological effects that include hypogly-
caemia, antihypertensive agents, cytostatic, antiviral, antibacte-
rial, and anti-inflammatory activity.*> Many of these activities
are due to the antioxidant properties of these compounds.

The presence of oleuropein in virgin olive oil and in olive
leaves has been ascertained by mass spectrometric methods;™
numerous synthetic transformations were conducted on oleu-
ropein** whose derivatives show significant pharmacological
properties.’® For avariety of natural and synthetic compounds,
good correlations were observed between antioxidant activities
and oxidation potentials.’®” For this reason, to elucidate
mechanisms of biological activity, the aim of this work was to
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Figure 1. Structure of oleuropein, OleO,H.,.

determine, by potentiometric measurements employing a plati-
num wire-net working electrode, the standard potential of
oleuropein. Moreover, to evaluate the complexing power
of oleuropein toward metals of biological interest, the purpose
of thiswork was to determine the acidic constants of oleuropein
in 0.1 mol -dm~2 NaClO, aqueous solutions. The evaluation of
the dissociation constants is also important for drug design and
optimization in biomedical and environmental analysis.

Taking into account our interest in the formation of
metal —oleuropein equilibria, in this work NaClO4 was used as
the medium because it is the most inactive toward complexation.
The adoption of the constant ionic medium method was
necessary to minimize activity coefficient variation in spite of
the change of the reagent concentration. In this way, it was
possible to substitute activities with concentrations in the
calculations and to minimize the liquid junction potential due
to the hydrogen ion.

Materials and M ethods

I nstrumentation. The cell arrangement was similar to the one
described by Forsling et a.*® Ag/AgCl electrodes were prepared
according to Brown.'° Glass electrodes, manufactured by
Metrohm, were of the 6.0133.100 type. They acquired a constant
potential within 10 min after the addition of the reagents and
remained unchanged to within + 0.1 mV for several hours. A
platinum wire-net working electrode was used for the measure-
ments of the oleuropein concentrations. The titrations were
carried out with a programmable computer controlled data
acquisition switch unit 34970 A supplied by Hewlett and
Packard. The EMF values were measured with a precision of
+ 10°° V using an OPA 111 low-noise precision DIFET
operational amplifier. A slow stream of nitrogen gas was passed
through five bottles containing 1 mol -dm~3 NaOH, 1 mol -dm™
H,S0,, aCr(I1) solution, twice digtilled water, and 0.1 mol -dm ™3
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NaClO,, respectively, and then into the test solutions through
the gas inlet tube. During the EMF measurements, the cell
assembly was placed in a thermostat kept at (25.00 4+ 0.05)
°C. The spectrophotometric measurements have been conducted
with a Varian Cary 50 Scan UV —visible spectrophotometer.
The temperature of the cell-holder was kept at (25.0 & 0.3) °C
by a Grant circulating water bath. Matched quartz cells of
thickness 1 cm were employed. The absorbance, A;, was
recorded to 4 0.0001 units. The formulations of the parameters
and the acquisition of the data have been managed with the aid
of a computer connected to the tool.

IH NMR spectra were recorded on a Bruker WM 300
instrument at 300 MHz on samples dissolved in CDCl3. The
probe temperature was 23 °C. Field-frequency stabilization was
established by means of a capillary tubefilled with D,O inserted
coaxialy in the NMR tube.

The elemental analysis has been conducted through an
Elemental Analyzer System 2400 Series || CHNS/O manufac-
tured by Perkin-Elmer.

Reagents and Analysis. Perchloric acid stock solutions were
prepared and standardized as described previously.® Sodium
perchlorate stock solutions were prepared and standardized
according to Biedermann.?* All solutions were prepared with
twice distilled water.

The oleuropein was obtained from 100 g of olive leaves, dried
in an oven at 50 °C for 48 h, to which was added 1 L of a
MeOH/H,0 (8:2) solution in the presence of catalytic amounts
of hydroquinone, and then was allowed to flow for about 8 h.
The solution was separated from the leaves, filtered, and
evaporated to dryness under reduced pressure, which gives a
rough sticky material containing various derivatives including
oleuropein. The crude material was filtered and then washed
with acetone to remove hydrophilic impurities. The resulting
crude product was purified by flash chromatography on silica
gel (mixture 8:2 v/iv CH,Cl,/MeOH as eluent in the presence
of afew drops of triethylamine). This produced about 1.25 g
of oleuropein, whose appearance is a yellow spongy solid. The
identity of the product was confirmed by *H NMR spectroscopy
as well as by mass spectrometric methods.™® The salt purity
was determined by elemental analysis: anal. calcd for CysHz,013
(540.52 g-mol %) C, 55.56; H, 5.97; found C, 55.42; H, 5.95.

Solubility Measurements. To evaluate the maximum con-
centration of ligand that could be used, the solubility (S
mol -dm~3) of oleuropein was evaluated, at 25 °C, in NaClO,
ionic media by spectrophotometric measurements in the UV
region. The ionic strength values were chosen to be (0.10, 1.00,
and 3.00) mol-dm~2 in NaClO, agueous solutions. Saturated
oleuropein solutions were prepared with a leaching apparatus
suitable to prevent solid particles from coming into contact with
the magnetic stirrer. As a matter of fact, preliminary measure-
ments showed an increase of solubility over periods of weeks
when the solid was in mechanical contact with the stirrer because
the solid was transformed into a dispersed phase. To avoid
grinding by the stirrer, solid oleuropein was wrapped up in a
highly retentive filter paper (Whatman 42) bag. This in turn
was kept in a glass cylinder containing sodium perchlorate
solution at pre-established ionic strength values (I = (0.1, 1,
and 3) mol -dm™3), while continuously stirring with a magnetic
bar. The experimental apparatus is reported in Figure 2.

The cylinder was then placed in a thermostatic water bath at
(25.00 + 0.05) °C, and the oleuropein concentration was
monitored over time, until it reached a constant value, which
usually occurred in about 7 days. Finally, the absorption spectra
of the oleuropein solutions in the UV region were recorded.
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Figure 2. Apparatus for preparation of saturated oleuropein solutions.
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Figure 3. Absorption spectrum for oleuropein solution.

Table 1. Solubility of OleO;H; in 1 (mol-dm~3) NaClO,

I, mol-dm=2 S-10%, mol -dm~3
0.10 1.97 +£ 0.02
1.00 2.42 +0.02
3.00 3.84 £+ 0.04

Taking as a blank the ionic medium, the absorbance, A;, may
be expressed as eq 1

A, = l[OleO,H,] )

where | is the optical path and ¢ is the molar absorbivity. A;
values were measured between (200 and 350) nm to find suitable
conditions for determining the solubility, S, of oleuropein. Three
replicates were run for each point. A typical spectrum of
oleuropein recorded is reported in Figure 3.

As can be seen, the absorption spectrum of oleuropein shows
three bands centered at (220, 246, and 326) nm. The most
intense peak at 220 nm seems the most suitable; however, its
reproducibility is very poor. On the contrary, the peak at 246
nm was considered more adequate for accurate determinations.
The absorbance at 326 nm was not used since it is less intense
than that at 246 nm. The solubility, S, was deduced by
interpolation on a calibration curve, based on standard solutions.
The reproducibility of the solubility data was 1 %. The results
are summarized in Table 1.

As can be seen from Table 1, the salt effect on oleuropein
solubility is low, and therefore it was preferred to perform the
potentiometric measurements in 0.1 mol -dm~2 NaClO,.

Potentiometric Measurements. The determination of the
standard potential aswell as of the acidic constants of oleuropein
was conducted by potentiometric measurements, performed as
titrations, at 25 °C in 0.1 mol-dm™2 NaClO,. Oleuropein is
particularly sensitive to even small traces of oxygen, and
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therefore all measurements were performed under a slow stream
of nitrogen gas, previously purified through the passage in five
bottles containing 1 M NaOH, 1 M H,SO,, a Cr(ll) solution,
double-distilled water, and 0.1 M NaClO,, respectively. This
procedure was essential to prevent any protolytic impurities and
oxidizing substances. The gas line was built using conical glass
to avoid any contact with atmospheric oxygen. The attainment
of accurate data has been facilitated by the possibility to add
the reagents in a totally closed system by the coulometric
generation in situ of known quantities of pure reagents. In
particular, for the preparation of solutions to different acidities,
the generation of OH™ ions, according to reaction 2

H,O + 2 — 20H + H,(9) (2
was carried out by a coulometric circuit represented below
(—)PUTSIAE(+) (©

in which AE stands for the auxiliary electrode

AE = 0.1 mol-dm > NaCl/Hg,Cl,/Hg

and TS were the test solutions whose general compositions are
shown in detail below. To minimize activity coefficient changes,
test solutions were made to contain 0.1 mol -dm™ NaClO,.
The potentiometric measurements were carried out with cell
©)
RE/TS/IGE (G)

using an akaline glass electrode, GE, as the working electrode
for measurements of the hydrogen ion concentrations, and with
cell (H)

RE/TS/Pt (H)

using a platinum wire-net working electrode for the measure-
ments of the oleuropein concentrations. For both cells, RE is
the silver reference electrode = Ag/AgCl/0.01 mol-dm2
AgClO, and 0.09 mol-dm~3 NaClO4/0.1 mol -dm™3 NaClO,,
and TS is the test solution = C, mol-dm™3 OleO,H,, Ca
mol-dm~3 HCIO,, ueq e removed, (0.1 — Ca) mol-dm™3
NaClO,, for the determination of standard potential of oleu-
ropein, and = C_ mol-dm~2 OleO;H;, Cx mol-dm~2 HCIO,,
Cg mol-dm~2 NaOH, (0.1 — C4 — Cg) mol -dm~2 NaClO,, for
the study of the protolytic equilibria of oleuropein. C_ and Cu
are the analytical concentrations of oleuropein and perchloric
acid, respectively, which were kept constant during each titration
but were varied between the following range

1-10*mol-dm™® < C_ < 2:10 ®mol-dm™®

A

3-10*mol-dm™ < C, < 5-10 *mol-dm3

The higher C_ value isimposed by the limited solubility of the
ligand.

The EMF of cell (G) can be written, in millivolts, at the
temperature of 25 °C, as

E=E°+5916log[H"] + E ()

where E° is constant in each series of measurements and E; is
the liquid junction potential which is a function of [H*].%% In
each run, E° was determined in the absence of OleO,H, from
measurements in solutions of (2:10°° > [H'] = 1-107%
mol -dm~3. In this range, E° values are constant to within 0.1
mV or better. [H"] was decreased stepwise by coulometric
generation of OH™ ions with the circuit (C).

Concerning the determination of the acidic constants of
oleuropein, after the introduction of aknown quantity of ligand,

the acidity was decreased stepwise, between (1:1077* and
1-107°7) mol-dm™3, by coulometric generation of OH™ ions
with the circuit (C).

The results on the standard potential and on acid—base
properties are presented in two different sections.

Results and Discussion

Standard Potential of Oleuropein. The experimental results
were explained according to the following equilibrium

OleO,H, = Ole0, + 2H" + 2¢” 4

The primary C, Ca, [OleO,], [OleO,H,], and [H'] data form
the basis of the treatment to obtain the standard potentia of
oleuropein, E°g.

Since the effects of composition changes on activity coef-
ficients can be considered negligible, the EMF of the OleO,/
OleO,H, system can be written in millivolts and at the
temperature of 25 °C according to Nernst's law.

Taking into account our experimental conditions, preliminary
tests have been carried out for verifying the stability of the
oleuropein. A carefully weighed quantity of oleuropein was | eft
at apH ~ 2.3 to 25 and at a temperature of 25 °C for 24 h.
During this time, monitoring by HPLC™® indicated no degrada-
tion processes were detected and the oleuropein was the only
organic molecule present in our solution.

Preliminary experiments have been carried out for verifying
the reproducibility of the potentiometric measurements also. As
aresult of the oxidation current, it was observed that the redox
potential, Eg, was different over time. A reasonable explanation
of this behavior was the transformation of the oxidized form,
active to the electrode, into another form which is inactive to
the platinum wire-net electrode.

For this reason, the potentiometric data must be processed
according to the following sketch: V = volume of test solution;
o = microequivalents of reduced form; u; = micro-Faradays
generated during each generic point i; V[red]; = uo — Zu; are
microequivalents of the reduced form at each generic point i.
In the course of every evaluation and as aresult of the generation
of u; it was observed that the oxidized form, contrary to the
reduced form, diminished in time. Therefore, for ageneric point
the scale of time can be fixed between t = 0, time to the term
of the coulometric generation, and t = t, time of the last reading
prior to the successive generation; in the course of the
measurements, T has been set to 10 min.

The equivaent concentration [ox]; was variablein time between
[ox(t = 0)]; and [ox(t = 7)];. The evaluation of the oleuropein
standard potentia has been made for each (Eri(t), [0x(t)];) data
pairs. To consider the redox potentia value to the time 7, it was
necessary to estimate the concentration [ox(t = )] for each point
of thetitration. For each of the generic (Exi(t), [ox(1)];), the quantities
reported in equations 5 to 8 were calculated

E. (t = 0) = E3 + 29.58 log([ox(t = 0)]/[red],)

®)

En (t=1) = E3 + 2958 log([ox(t = 7)]/[red]) (6)
[ox(t = 7)]; = [ox(t = 0);10 exp((Eg; (t = 7) —

E. (t = 0))/29.58) (7)

[ox(t = O)]; = [ox(t=D)], , + 4 ®

The standard potential, E°g, of oleuropein is constant in each
series of measurements, and it was calculated according to
Nernst’'s equation.



Table 2. Summary of the Relevant Data Taken in Five Titrations
for Acidic Constants K; and K,
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Table 3. Survey of the —log K, Values, Molar Scale, By Graphical
and Numerical Methods

CL —log K —log K,

mol -dm™3 pH range Zg range graphical numerica (30) graphical numerical (30)
1.37-10°% 7.6810 8.64 0.037t0 0.28 9.10 + 0.08 9.07 + 0.02 9.92 + 0.08 9.98 + 0.06
2.33:10°3 7.94108.80 0.062 to 0.38
1.87-10°% 7.07t09.72 0.009t0 1.20
1.13-10° 7.87t09.73 0.057to1.22 i

ilibrium 3, where Zg repr h num f
1.10-10°3 7.23t08.95 0.013t0 0.48 equilibrium 3, ere Zg represents the average number o

To verify the reversibility of the equilibrium, every titration
was carried out as an oxidation process and successively by
a process of reduction, which was easily achievable by
inverting the polarity of the wire-net working electrode. The
oleuropein standard potential, mediated on the different
titrations, versus the Standard Hydrogen Electrode, SHE, is
E°r = (0.775 & 0.03) V.

A redox potential value gives information about the rea
oxidation/reduction ability of a molecule and its prevalent form
(oxidized or reduced) in the system. Because of its thermody-
namic nature, a redox potential value does not give any
information about the rate of the reaction which may occur.
Nevertheless, in a system where at least two redox couples are
present, its measurement may be useful to predict whether, and
in which direction, an oxidation/reduction reaction will take
place. For this reason, the assessment of the redox potential of
oleuropein may represent an interesting way for assessing the
antioxidant capacity and efficiency of a food product.

Acidic Constants of Oleuropein. The experimental data are
explained according to equilibria 9 and 10

Ole(OH), = H* + OleO,H" K, (9)
OleO,H™ = H" + 0le0,*” K, (10)

The primary Ci, Ca, Cg, and [H*] data form the basis of the
treatment to obtain the acidic constants of oleuropein, K; and K.

The data used to calculate the acidic constants, K; and Ko,
were acquired performing five titrations; in particular, the
resulting data set used for calculations was 80 experimental
points.

A summary of the relevant data taken in all titrations to
evaluate the acidic constants is reported in Table 2.

The experimental data (C,, Ca, Cg, and [H*]) were processed
by graphical aswell as by numerical procedures. The graphical
methods consist essentially in the comparison of model func-
tions® with the experimental function Zz (—log[H']) for

Zy

0

6 8 log[H'] 10
Figure 4. Zg as a function of —log [H*]. The curve was calculated with
the values of the constants reported in Table 3. The symbols refer to C,
mol -dm~3: triangles, 1.37- 103 mol -dm™3; diamonds, 2.33-10 2 mol -dm™3;
circles, 1.87-1072 mol -dm~3; squares, 1.13+10° mol-dm™3; and crosses,
1.10-107% mol -dm™3.

released protons per ligand and is equal to {[H] — Ca — (Ky/
[H])/C.}. A plot of Zg (—log [H*]) is shown in Figure 4.
Values of the ion product of water, in 0.1 mol-dm™3 NaClO,,
were taken from Baes and Mesmer.*

For different C_ values, the points coincide within the limit
of experimental error. Comparison with the normalized func-
tion®* indicates that the data are fully explained with the
equilibria OleO,H, == HT + Ole(O,H)~ and Ole(O,H)™ = H*
+ 0OleO,%". From the best fit, we calculate the values of the
constants given in Table 3. The error was evaluated taking into
account the shift along the x axes that till gave an acceptable
fit. The agreement between experimental points and the model
curves is shown in Figure 4.

For the numerical treatment, we employed the |east-squares
computer program SUPERQUAD? to seek the minimum of
the function

U= D (E™-E% (1)

where Eqps = E° + 59.16 log[H '], and E., isavalue calculated
for a given set of parameters. In the numerical treatment, the
ion product of water has been maintained invariant. Results are
given in Table 3. The agreement with the graphical treatment
is satisfactory. It was not possible to compare our results to
any other because no data were available in the literature.

Anyway, as expected, the first and the second protolysis
equilibrium of oleuropein, studied at 25 °C and in 0.1 mol -dm™3
NaClO, agueous solutions, take place in the akaline range (—log
[HT] = 7) and involve the two hydroxylic groups of the aromatic
ring.

The acidic constants of oleuropein were evaluated for further
studies of the complexing power of this ligand toward metals
of biological interest.

Abbreviations Used

OleO;H, stands for Oleuropein.

E°r, standard potential, stands for OleO, + 2H" + 2~ =
OleO,H..

K, equilibrium constant for OleO,H, == H* + Ole(O,H) ™.

C_, Cg, and C, stand for molarity (mol -dm~2) of Oleuropein,
NaOH, and HCIO,, respectively.

Zg = {[H'] — Ca — (KW/[H'])/C} represents the average
number of released protons per ligand.
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