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Involvement of oleuropein in (some) digestive metabolic pathways
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Abstract

Olive oil is the principal source of fats in the Mediterranean diet and it has been postulated that the components in olive oil can
contribute to a lower incidence of coronary heart disease and cancers (prostate, colon, breast, and skin). The positive effects on
human health can be attributed to the high level of phenolic compounds present in olive oil, the major ones being oleuropein,
hydroxytyrosol and tyrosol. The aim of the present study was to evaluate the effect of oleuropein on enzymes involved in specific
pathways of metabolism of proteins, carbohydrates and lipids.

In particular, the effects of oleuropein on enzymes, such as trypsin, pepsin, lipase, glycerol dehydrogenase, glycerol-3-phosphate
dehydrogenase, and glycerokinase, were investigated.

Results demonstrate that oleuropein is able to activate pepsin and shows an inhibitory effect toward all the other enzymes tested,

which suggests a new role for this polyphenol. In addition, a new method for lipase activity assay is presented.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Since antiquity, oil obtained from the fruit of the
olive (Olea europaea) has been considered to have many
medicinal properties (Holy Bible). In recent years, var-
ious researches have shown that polyphenols, or sec-
iridoids, present in olive oil act as antihypertensive,
antithrombotic, antibacterial, antiviral, antidepressant,
antioxidant (Manna et al., 2002), antiatherosclerotic,
hypoglycemic (Le Tutor & Guedon, 1992; Gonzalez
et al., 1992; Driss, Duranthon, & Viard, 1996) hypo-
cholesterolemic (Ficarra, Ficarra, de Pasquale, Mon-
forte, & Calabro, 1991) and antiatherogenic (Visioli &
Galli, 2001) agents. The constitution of olive oil is pri-
marily triacylglycerols and ~0.5-1.0% non-glyceridic
constituents. It is also the source of at least 30 phenolic
compounds, its phenolic content depending on a num-
ber of factors, the main one being the production and
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storage of the oil (Brenes, Garcia, Garcia, & Garrido,
2001). The major phenolic compounds in olive oil
are oleuropein, hydroxytyrosol and tyrosol. Other
polyphenols, such as vanillic acid, p-coumaric acid,
vanillin, demethyloleuropein, homoorientin, verbasco-
side, rutin, luteolin 7-O-glucoside, apigenin 7-O-ruti-
noside, apigenin 7-O-glucoside, luteolin, oleuropein
aglycone, cyanidin 3-O-glucoside, and finally cyanidin
3-O-rutinoside, are present, both in the leaves and in the
olive oil (Romani, Mulinacci, Vinceri, & Cimato, 1999).
Even if at lower activities, they have the same phar-
macological properties as oleuropein (Gonzalez et al.,
1992).

Recent studies have demonstrated that the average
oleuropein content in olive oil from Apulia varies be-
tween 3.1 and 11 mg oleuropein/kg of oil and that it
depends on cultivar (Perri, Raffaelli, & Sindona, 1999;
Owen et al., 2000).

The aim of the present work is to investigate the
possible effects of oleuropein on trypsin and pepsin, li-
pase, glycerol dehydrogenase, glycerol-3-phosphate de-
hydrogenase, and glycerolkinase, enzymes involved in
glucidic, proteic, and lipidic metabolism.
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2. Materials and methods
2.1. Materials

Oleuropein was supplied from Extrasynthese; 3-Pal-
mitoyl-sn-glycerol and glycerol were from Fluka. All
other chemical reagents were from Sigma.

2.2. Enzyme activities assay

Trypsin, glycerol dehydrogenase and glycerol-3-
phosphate dehydrogenase activities were calculated by
continuous direct spectrophotometer assays, while pep-
sin activity was measured by a discontinuous direct
spectrophotometer assay. All these assays were per-
formed in a thermostatically controlled Varian DMS-90
spectrophotometer.

A discontinuous direct HPLC assay was used for
detection of both lipase and glycerokinase activities,
using an Alltech apparatus with a RP Supelcosil LC-18
column (5 pm; 4.6 x 250 mm). All results are the aver-
ages of at least four determinations in three different
experiments.

2.3. Trypsin (EC 3.4.21.4)

Trypsin activity was calculated by utilizing N-benzo-
yl-DL-arginine p-nitroanilide as substrate and measuring
(2 =405 nm) the p-nitroanilide production at 37 °C
(Gaertner & Puigserver, 1992). In a final volume of 1 ml,
the incubation mixture contained: 0.023 M Tris HCI, pH
8.1, 5.7 mM CacCl,, increasing substrate concentrations
(0.057, 0.114, 0.23, 0.45, 0.92, 1.28 mM), 1.6 U of tryp-
sin, with or without increasing oleuropein concentration
(0.42, 0.63, 0.84 mM). One unit of enzymatic activity was
defined as the amount of enzyme that produced 1 pmol
of p-nitroanilide per minute at 37 °C and pH 8.1.

2.4. Pepsin (EC 3.4.23.1)

The pepsin activity was assessed by utilizing dena-
tured hemoglobin as substrate, recording the increase of
absorbance at A = 280 nm due to the peptides obtained
from hemoglobin hydrolysis, after 10 min of incubation
at 37 °C and subtracting the endogenous pepsinogen
activity present in pepsin, according to Kay (1975).

The incubation mixture, in a final volume of 1.6 ml
contained: 15 U pepsin, 10 mM HCI and increasing
hemoglobin concentrations (0.0019, 0.0038, 0.0075,
0.015, 0.019 mM). In order to evaluate the effect of the
polyphenol on this enzymatic activity, the assays were
conducted in the presence of 0.42, 0.61, and 0.84 mM
oleuropein.

The unit of enzymatic activity was defined as the
amount of enzyme that hydrolysed 1 pmol of hemo-
globin per minute at 37 °C and pH 2.0.

2.5. Glycerol dehydrogenase (EC 1.1.1.6)

Glycerol dehydrogenase activity was determined by
utilizing glycerol and B-NAD as substrates and mea-
suring the NADH production (4 =340 nm) at 37 °C.
The incubation mixture, in a final volume of 0.5 ml,
contains: 50 mM Tris—HCI, pH 8.2, 50 mM KCl, 0.75
mM BNAD, 0.425 U glycerol dehydrogenase, increasing
glycerol concentrations (0.3, 0.6, 1.2, 1.8 mM) and in-
creasing oleuropein concentrations (0.41, 0.63 and 0.82
mM). One enzyme unit was defined as the amount of
enzyme that oxidized 1 umol of glycerol to dihydroxy-
acetone per minute at 37 °C and pH 8.2.

2.6. Glycerol-3-phosphate dehydrogenase (EC 1.1.1.8)

Glycerol-3-phosphate dehydrogenase activity was
investigated by utilizing glycerol-3-phosphate and f-
NAD as substrates and recording the NADH formation
(4 = 340 nm) at 37 °C.

The incubation mixture in a final volume of 0.5 ml
contained: 50 mM TFK, pH 7.7, 0.75 mM B-NAD,
0.19 U glycerol-3-phosphate dehydrogenase, increasing
glycerol-3-phosphate concentrations (0.3, 0.6, 1.2, 1.8
mM) with or without increasing oleuropein concentra-
tions (0.27, 0.41, 0.55 uM). One unit of enzymatic ac-
tivity was defined as the amount of enzyme that
produced 1 pmol of NADH per minute at 37 °C at pH
7.7.

2.7. Lipase (EC 3.1.1.3)

Lipase activity was determined by a continuous
indirect HPLC assay measuring, at A= 254 nm, the
time-dependent 3-palmitoyl-sn-glycerol decrease. The
incubation mixture, in a final volume of 0.5 ml con-
tained 18.5 mM Tris—-HCI, pH 9.25, 0.5 U lipase, 30 mM
NaCl, 0.02 mM CaCl,, 3-palmitoylglycerol (3, 4, 5, 6
mM), with or without increasing oleuropein concentra-
tions (0.41, 0.63, 0.82 mM). The reaction mixtures were
incubated at 37 °C. Hundred microlitre aliquots of each
mixture were stopped at different times (0 and 15 min)
by adding 50 pl of 1.2 M HCIlO4. After 10 min on ice
and centrifugation for 5 min at 14,000xg (A.L.C. Int.
Eppendorf Centrifuge, mod 4214), 130 pl of each su-
pernatant were neutralized by adding 35 pl of 0.79 M
K,CO;3, kept on ice for 5 min and centrifuged again.
Twenty microlitres of each supernatant obtained were
injected onto a RP Supelcosil LC-18 column (5 pm;
4.6 x 250 mm). The amounts of products and residual
substrate were determined from the peak areas of the
HPLC-separated compounds with reference to appro-
priate standards. The elution of the samples occurred at
1.3 ml/min in 100 mM TFK, pH 6.0. The unit of enzy-
matic activity was defined as the amount of enzyme that
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hydrolyzed 1 umol of 3-palmitoyl-sn-glycerol per min-
ute, at 37 °C and at pH 9.25.

2.8. Glycerokinase (EC 2.7.1.30)

The glycerokinase activity was investigated by a
discontinuous direct HPLC assay, utilizing glycerol
and ATP as substrates, and calculating the time-de-
pendent ATP degradation (4 = 254 nm). The incuba-
tion mixture, in a final volume of 0.5 ml, contained
12.5 mM Tris—HCI, pH 8.5, 1.25 U of glycerokinase,
2 mM MgCl,, 1 mM glycerol, increasing ATP con-
centrations (0.05, 0.1, 0.5 mM) and increasing oleu-
ropein concentrations (0.42, 0.63, 0.84 mM). The
incubation was conducted for 0 and 5 min at 37 °C.
Afterwards, the samples were treated as previously
described (see lipase) and the elutions were carried out
by a 5 min linear gradient (0-15%) of buffer A (100
mM TFK, pH 6.0) and buffer B (100 mM TFK, pH
6.0 containing 30% v/v MeOH). The unit of enzymatic
activity was defined as the amount of the enzyme
that produced 1 pmol of ATP per minute at 37 °C,
pH 8.5.

3. Results
3.1. Effect of oleuropein on protein catabolism

3.1.1. Oleuropein effect on pepsin enzymatic activity

Pepsin shows, for hemoglobin, a K;;, = 9.6 uM and a
Viax = 0.0075 M min~!. As shown in Fig. 1, oleuropein
proves to be an activator of pepsin activity.

3.1.2. Oleuropein effect on trypsin activity

The kinetic parameters of trypsin for the synthetic
substrate N-benzoyl-pDL-arginine p-nitroanilide were
calculated and resulted in K, =0434 mM and a
Viax = 0.868 mM min~'. Furthermore, the effect of
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Fig. 1. Effect of oleuropein on pepsin enzymatic activity. Lineweaver—
Burk plot: the enzyme activities were measured as described in Section
2 utilizing different hemoglobin concentrations as substrate (H) and in
presence of 0.42 mM (A), 0.61 mM (V) and 0.84 mM (@) oleuropein.
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Fig. 2. Effect of oleuropein on trypsin enzymatic activity. Lineweaver—
Burk plot: the enzyme activities were measured as described in Section
2 utilizing different N-Benzoyl-pL-arginine p-nitroanilide concentra-
tions as substrate (M) and in presence of 0.42 mM (A), 0.63 mM (V)
and 0.84 mM (4) oleuropein.
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Fig. 3. Effect of oleuropein on glycerol dehydrogenase activity. Li-
neweaver—Burk plot: the enzyme activities were measured as described
in Section 2, utilizing a fixed concentration of B-NAD and variable
concentrations of glycerol as substrates (). The assays were per-
formed in the presence of 0.42 mM (A), 0.61 mM (V) and 0.84 mM
(®) of oleuropein.

oleuropein on trypsin activity was investigated: the
phenolic compound proved to be a competitive inhibitor
toward trypsin with K; = 0.85 mM (Fig. 2).

3.2. Effect of oleuropein on carbohydrates metabolism

3.2.1. Oleuropein effect on glycerol dehydrogenase activity

Glycerol dehydrogenase showed, for glycerol, its
natural substrate, a K, = 0.89 mM and a V. = 2.86 M
min~!. As shown in Fig. 3, oleuropein acted as a non-
competitive inhibitor (with K; = 0.019 mM) for glycerol
dehydrogenase activity.

3.2.2. Oleuropein effect on glycerol-3-phosphate dehydro-
genase activity

Glycerol-3-phosphate dehydrogenase showed, for its
natural substrate, glycerol-3-phosphate, a K, = 0.48
mM and a Vpax = 7.78 mM min~!. As shown in Fig. 4,
oleuropein showed a non-competitive inhibition with
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Fig. 4. Effect of oleuropein on glycerol-3-phosphate dehydrogenase
activity. Lineweaver—-Burk plot: the enzyme activities were measured as
described in Section 2, utilizing a fixed concentrations of B-NAD and
increasing glycerol-3-phosphate concentrations as substrates (H). The
assays were performed in the presence of 0.27 uM (A), 0.41 pM (V)
and 0.55 uM (@) of oleuropein.

1V
15 4

1/[S] mM

Fig. 5. Effect of oleuropein on glycerokinase activity. Lineweaver—
Burk plot: the enzyme activities were measured as described in Section
2, utilizing a fixed concentrations of glycerol and increasing ATP
concentrations as substrates (H). The assays were performed in the
presence of 0.41 mM (A), 0.63 mM (V) and 0.82 mM (@) of oleu-
ropein.
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Fig. 6. Effect of oleuropein on lipase activity. Lineweaver—Burk plot:
the enzyme activities were measured as described in Section 2 utilizing
3-palmitoylglycerol as substrate (H). The assays were performed in the
presence of 0.41 mM (A), 0.63 mM (V) and 0.82 mM () of oleu-
ropein.

K; =0.0636 uM toward glycerol-3-phosphate dehydro-
genase.

3.2.3. Oleuropein effect on glycerokinase activity

In the assay condition used, glycerokinase showed for
ATP a K., = 0.46 mM and a Vx = 0.018 M min—!. As
shown in Fig. 5, oleuropein is a non-competitive inhib-
itor with K; = 0.05 mM for glycerokinase activity.

3.3. Oleuropein effect in lipid metabolism

3.3.1. Oleuropein effect on lipase activity

Lipase showed, for 3-palmitoyl-sn-glycerol, a
Ky =2.27mM and a Vyax = 0.0029 M min~—!. As shown
in Fig. 6, oleuropein proved to be a competitive inhib-
itor with K; = 0.19 mM for lipase activity.

4. Discussion

In recent years, the number of reports describing the
beneficial properties of olive oil has increased. These
reports suggest that the components in olive oil may
have more health benefits than previously thought and
consequently there have been numerous experiments
investigating the fate of olive oil constituents. We fo-
cussed our attention on oleuropein, one of the major
polyphenols present in olive oil. Although many re-
searchers have investigated its positive effects on hu-
man health, here we report data regarding the effects
that oleuropein has, in vitro, on enzymes involved in
proteic, glucidic, and lipidic metabolism. Oleuropein
has a positive effect on pepsin activity: in the presence
of 0.84 mM oleuropein, an increase of V,x value from
0.0075 to 0.016 M min~! was observed. Under these
conditions, protein degradation stimulation occurs. On
the other hand, oleuropein has an inhibitory effect
toward trypsin enzymatic activity. In particular it
proved to be a non-competitive inhibitor with a
K; = 0.85 mM.

Furthermore, the effect of this polyphenol toward li-
pase activity was assessed. Oleuropein was a non-com-
petitive inhibitor toward lipase activity with a K; = 0.19
mM. This effect resulted in a lower fatty acid liberation
in the cell.

Glycerol, a product of lipase activity, could be
transformed into glycerol-3-phosphate by glycerokinase
and, moreover, into dihydroxyacetone phosphate by
glycerol-3-phosphate dehydrogenase. Otherwise, or be-
sides, glycerol could be transformed into dihydroxyac-
etone by glycerol dehydrogenase.

We also investigated the effects that oleuropein
showed toward enzymes involved in glycerol metabo-
lism. In particular, its effects on glycerol dehydrogenase,
glycerol-3-phosphate dehydrogenase and glycerokinase
enzymatic activities were studied.
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In all cases analyzed, an inhibitory effect of oleu-
ropein was seen. In addition, oleuropein proved to be a
non-competitive inhibitor toward these enzymes, and
the inhibition constants were calculated.

Toward glycerol dehydrogenase, glycerokinase, and
glycerol-3-phosphate dehydrogenase, oleuropein showed
akK; = 0.019 mM, 0.05 mM, and 0.0636 uM, respectively.

From these results, it is evident that oleuropein could
be a metabolism modulator. In fact, we have reported
that it inhibits the liberation of fatty acid from trigly-
cerides and also has inhibitory effect also on the enzymes
involved in glycerol transformation. At the same time,
oleuropein stimulates pepsin enzymatic activity, result-
ing in a higher protein degradation.

The phenomenon is most important for Mediterra-
nean populations, that have a diet with a high concen-
tration of olive oil. The constitution of olive oil is
primarily triacylglycerols and ~0.5-1.0% non-glyceridic
constituents. Olive oil is also source of at least 30 phe-
nolic compounds, its phenolic content depending on a
number of factors but mainly on the production and
storage of the oil (Brenes et al., 2001).

The oleuropein content in olive oil varies from 3.1
to 11 pg/g of olive oil, depending on the cultivar (Perri
et al., 1999). Considering that these populations con-
sume, in one day, about 35 g of olive oil, the oleuropein
ingested is from 109 to 385 pg, a quantity that can have
inhibitory or activatory effects on the enzymes assayed,
comparable to what we have found in vitro. In partic-
ular, oleuropein seems to be an activator of protein di-
gestion and inhibitor of triacylglycerol absorption. This
last property could be useful for human health in order
to control the body weight, but these results will require
in vivo experiments.

Moreover, a relatively simple and new method for
assay of the lipase activity was developed. This method
could be adopted for daily practice in chemical—clinical
analysis laboratories.
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