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ABSTRACT

Background & aims: The peptide and protein compmwsiof olive oil is mostly unknown and
the few studies available have not focused on tihdysof its low molecular weight peptides.
We hypothesised that olive oil could naturally @mtlow molecular weight peptides with
antihypertensive effect.

Methods: We produced virgin olive oil (unfilteregar. Picual) and obtained a water-soluble
peptide extract. We fractionated the peptide ekttac FPLC and studied its angiotensin
converting enzyme (ACE) inhibitory activity. We died the antihypertensive effect of olive oil
peptides on the systolic blood pressure (SBP) aastalic blood pressure (DBP) using an
animal model of hypertension (spontaneously hypeite rats, SHR). The animals were
randomly distributed into 3 study groups (n=8 peugp) and received an oral dose of olive olil
peptides (0.425 mg/Kg of BW), or a dose of Captaid® mg/Kg of BW) or water. SBP and
DBP were registered in the rats before administnaéind a at 2, 4, 6, 8, 24 and 48 hours post-
administration of the corresponding dose.

Results: The peptide extract and FPLC purified tfoms possessed angiotensin converting
enzyme (ACE) inhibitory activity. Acute oral adrstration of olive oil water-soluble extract
produced an average blood pressure reduction ahi®ig at 4 h (P<0.01) and reached a
maximum antihypertensive effect of 20 mmHg at 6dmpared with baseline.

Conclusion: unfiltered virgin olive oil contains gieles and a water-soluble extract obtained

from this oil possesses ACE inhibitory activity andrivo antihypertensive effect.

Keywaords: Olive oil, peptides, ACE, hypertensiogogistaneously hypertensive rats.
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INTRODUCTION

Virgin olive oil is a natural functional food whiatan produce cardiovascular benefits
(1). According to the European Food Safety AutlyofiiFSA), the intake of olive oil (referred
to as oleic acid or monounsaturated fat), partibulairgin olive oil, has demonstrated to
produce cardiovascular benefits due to its fattgt aompaosition and to the antioxidant action of
its naturally occurring polyphenols (mainly hydroxysol and its derivatives). Indeed, EFSA
has approved a number of health claims that caappéed to virgin olive oil, including the
intake of monounsaturated fat and reduction of dlcloolesterol (2), and the intake of olive oil
polyphenols which produces the antioxidant provectdf blood lipids (such as low density
lipoproteins) from oxidative stress (3), among ottiaims.

Hypertension is a primary risk factor of cardiowaac disease which affects
approximately 40% of adults aged 25 and abovelfd)ecent years, the effect of olive oil on
the control of blood pressure has been investigateda few human trials have shown benefits
(5-7). The antihypertensive effect of virgin olioé was suggested to be produced by the fatty
acid composition (8; reviewed in 9) or by its aetiminor compounds such as polyphenols and
triterpenoid acids. Some studies have shown tlx oll polyphenols were responsible for the
anti-hypertensive effect of olive oils in hyperteesrats (10) subjects with high cholesterol
levels, (11), pre-hypertensive (12, 13) hypertemssubjects (14) and coronary heart disease
patients (15). A recent meta-analysis of randomisattrolled trials suggested that olive oils
with at least 150 ppm of polyphenol may producedfieral effects on systolic blood pressure
(16). Maslinic and oleanolic acids are the maiterpenic acids found in olive oils and pomace
oils (17). Some studies with animal models haveashsignificant blood pressure reductions
produced by the chronic administration of triterpeacids (18, 19, reviewed in 20). The effects
of olive oils enriched with triterpenic acids hdween recently evaluated in metabolic syndrome
patients but no effect on blood pressure was dceddetl).

One of the metabolic pathways regulating blood sures is the renin-angiotensin system, in
which the angiotensin converting enzyme (ACE) playsentral role. Inhibition of ACE is a

widely used strategy for the treatment of hypeftang22).
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Bioactive peptides with ACE inhibitory activity havbeen isolated from different
sources of animal and vegetable origin. The vagonityaof ACE inhibitory peptides described
so far, are obtained by the action of specific gaees on different sources of dietary proteins,
including dairy and fermented milks, eggs, soybeaehgkpeas, peanuts, tuna, sardines, shrimp,
chicken, squid, among others (reviewed in 23). Mest studied and representative examples of
ACE inhibitor peptides are found in hydrolysatesnafk proteins, carried out with different
enzymes and by fermentation of milk with differdgpes of bacteria. The antihypertensive
effects of some of these dairy peptides have béediesl in animal models and in human
subjects (24). However, the existence of bioacpeptides with defined functions can also
occur naturally (such as in breast milk) withowt tise of proteases or other methods for their
production (25).

Previous work carried out in our laboratory shovteat olive fruit homogenates were
very sensitive to protein degradation even in thesgnce of protease inhibitors (26). This
suggested the presence of proteases in olive fabies to produce peptides. We hypothesised
that some low molecular weight peptides, eithegindted as a consequence of protein
metabolism or as a consequence of olive oil extmacicould be transferred to olive oil and
possess biological activity. In this study we regbe ACE inhibitory activity of an olive oil
water-soluble extract containing peptides and stidiheir antihypertensive effects in

spontaneously hypertensive rats (SHR).

MATERIALS AND METHODS
Plant material and extraction of olive oilQlive fruits Olea europed.. variety Picual)

were obtained from healthy olive trees in orchardghe province of Granada (Spain). Olive
samples were hand-picked when the olives wereeatuimning phase of maturation (ripening
index 3 and 4) according to the method described2if), defining the ripening index as
function of fruit colour in both skin and pulp. Théve fruits were carefully selected and only
healthy fruits were used. For the experiments, @ioed olive oil from our own recollected
olives. First, the olives were thoroughly washathwater and dried. Olive oil was extracted

4
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using a standard method consisting of milling &f tlives, soft mixing of the resulting olive
paste and centrifugation of the mixture using a-pliase extraction plant. Filtration of olive oil
was always avoided. Once extracted, the olive dils immediately transferred to light
protective containers and it was kept at room teatpee. The extraction of the olive oil was
carried out within 48 hours of the collection oéthlives. The temperature of the extraction was
always below 28°C.

Preparation of olive oil extract containing pepttdeExtraction—of-olive—oil-peptides
Olive oil peptide extract was obtained from ouwelpil preparations in several batches with a
mixture of cold acetone:hexane (1:1) using an adwsolvent ratio of 1:2.5 (w/v), for 1 h in the
cold room at 4-6°C. Then, the mixture was centefiligat 10,000 g for 15 min at 4°C. The
supernatant was carefully discarded and the ptatgp{containing the peptides) was separated.
The extraction process was repeated with each olivieatch. The precipitates containing the
peptides were pooled and desiccated until the gseefi, always maintaining a temperature
below 40°C. Then, the extract was suspended inrveaue the mixture underwent a process of
sonication (Branson 200, Branson Ultrasonics, U®A)30 minutes and it was centrifuged at
10,000 g for 15 min at 4°C. The supernatants, aont a water-soluble peptide fraction
extracted from olive oil, were collected and stoaed80°C for further analysis and fiorvitro
andin vivo experiments.

Fractionation of peptides by size-exclusion chragedphy -The olive oil peptides
obtained with the method described above were amghrby FPLC using gel filtration
chromatography with a protein purification systetdKTApurifier” (GE Healthcare, UK)
equipped with a Superdex Peptide 10/300 GL sizésian column with a separation range of
between 7000 and 100 Da (GE Healthcare). The elatidthe samples was conducted using an
isocratic method with a mobile phase of 20% ac#titmiwith 0.1% trifluoroacetic acid and a
flow of 0.8 mL/min, for 40 min. The elution was mtwored at 280 nm. Molecular mass
standards of known molecular mass were used forc#idbration of the size exclusion
chromatographic column. The standards used weceltyame C (12,384 Da), aprotinin (6,512
Da), Vitamin B, (1,355 Da) and tryptophan (204 Da) (Sigma-Aldrigh, Louis, MO, USA).
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The injection volume of the samples and standands the AKTApurifier was 200 pL.
Seventeen 2-ml fractions were collected after ea@rction. Fractions were pooled into 6
groups (F1-F6) based on the chromatographic profimrded at 280 nm (see Fig 2). The
fractions F1-F6 were dried using a Buchi rotarypavator R-205 (BUCHI Labortechnik AG,
Switzerland).

Peptide concentration determination The total peptide concentration in olive oil
extracts was determined by fluorescence using &eiprajuantification kit (FluoroProfile,
Sigma-Aldrich). BSA was used as standard solutiloorometric quantification was carried
out to 530 nm and 630 nm as excitation and emissavelengths, respectively.

Analysis of amino acids by Gas Chromatography aaddvBpectrometry (GC-MS). The
The parcial amino acid content of the water-solygptide fraction extracted from olive oil was
analysed. Briefly, olive oil extract (containing42mg of total protein) plus 0.hg of DL-
norleucine which was added as internal standartg dissolved in 4 ml of 6.0 M hydrochloric
acid and hydrolyzed for 20 h at 110 °C. The hydrety samples obtained were taken to
dryness, then added with 1 ml of dichloromethang: dned again in a rotary evaporator. The
sample was dissolved with 7fl of acetonitrile and derivatized with 7@l N-tert-
butyldimethylsilyl- N-methyltrifluoroacetamide (MTBIFA, Sigma-Aldrich) at 100°C for 2
hours. Samples were centrifuged and the supersataete injected (d per sample). A
commercially available mix of seventeen amino aci{@gma-Aldrich, not containing
tryptophan, asparragin and glutamin) was used Her quantification. The concentration of
amino acids was determined by GC-MS as describé2i8h

Determination of angiotensin-converting enzyme hitbry activity - The ACE
inhibitory activity of olive oil extracts and of EE fractions were determined according to the
method described in (29), with some modificatiorss assay is based on the ability of ACE to
hydrolyse the substrate o-aminobenzoylglycyl-pemitrenylalanyl-proline (Abz-Gly-Phe-
(NO2)-Pro, Bachem Feinchemikalien, Switzerland)pdoicing the fluorescent product o-
aminobenzoylglycine (Abz-Gly). The following reads were used: buffer A: 150 mM Tris-

HCI buffer (pH 8.3), with 0.1 uM ZnCI2; buffer B50 mM de Tris-HCI buffer (pH 8.4), with
6
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1125 mM NaCl; ACE solution: rabbit-lung ACE (E.Gt35.1., Sigma-Aldrich), previously
dissolved in 50% glycerol, was diluted in buffet@d make an enzyme concentration of 0.042
U/mL. This solution was prepared fresh every dayctmduct the experiment. Substrate
solution: Abz-Gly-Phe(Ng-Pro was dissolved in buffer B to a final concatian of 0.45
mM. This solution was also prepared every day leeitsruse and was protected from light and
kept at 4°C. The assay was carried out using agdeence technique. Black polystyrene plates
of 96 wells (Thermo Scientific, USA) were used. Thells contained the following reaction
solutions: control = 4QL of Milli Q water and 40QuL of ACE solution; blank = 4@L of Milli

Q water and 4QL of buffer A; sample = 4QL of sample and 4QL of ACE solution; sample
blank = 40uL of sample and 4QL of buffer A. The enzymatic reaction was initiategladding
160uL (final volume in each well 24(0L) of substrate solution and, immediately, the @hats
mixed and incubated at 37°C in a VICTORX5 fluoroemetPerkinElmer, USA). The
fluorescence generated is measured after 30 mimsiag 355 and 420 nm as excitation and
emission wavelengths, respectively. The ACE inbilyit activity of each sample was
determined in triplicate.

The ACE inhibitory activity was calculated using thollowing formula:

R o (FC — FB) — (FS — FBs)
ACE inhibitory activity (%) = FC—_FB x 100

FC (Control): Fluorescence emitted after the actbACE on the substrate, without inhibitor
(i.e. sample).

FS (Sample): Fluorescence emitted after the aaifoACE on the substrate, with inhibitor
sample.

FB (Blank): Fluorescence emitted by the substrate.

FBs (Blank sample): Fluorescence emitted by thstsate and the sample.
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The ACE inhibitory activity is expressed asd@hich is the concentration of inhibitor required
to inhibit the activity of ACE by 50%.

Antihypertensive activity of olive oil extract caiming peptides in SHR- The
antihypertensive effect of the olive oil extractsastudied in the systolic blood pressure (SBP)
and diastolic blood pressure (DBP) of SHR. The 2B& DBP were measured by the tail-cuff
method (30). This model is not invasive and they amntact with the animals is the careful
administration of a small volume of the extractlod study, followed by the determinations of
the SBP and DBP. To reduce stress-induced vargiiohlood pressure, all measurements were
taken by the same person, and in the same peamefitbnment. Moreover, to guarantee the
reliability of the measurements, a training perafdtwo weeks prior to the real trial was
established, to allow the rats to be habituatatiivoprocedure. In this period we only measured
the SBP and DBP of the SHR with the tail-cuff meth@/e investigated the antihypertensive
activity of a water-soluble peptide fraction exteat from olive oil as follows. Twenty-four
male SHR of 19-21 weeks of age were used with @nage BW of 316.3 + 12.0. SHR were
purchased from Charles River Laboratories (St-Garwwar-I'Arbresle, Francia). The SHR
were kept at 23°C with 12-h light/dark cycles. Emmals consumed tap water and a standard
laboratory diet (AO4 Panlab, Barcelona, Spait)ibitum,during the experiments. The olive olil
extract containing peptides was dissolved in wated was carefully administered by oral
gavage directly into the stomach, between 9 ananilOwWater was used as negative control and
Captopril (Sigma, USA), a well-known ACE inhibitdrug, was given as positive control. The
animals were randomly distributed into 3 study g@n=8 per group) and received an oral
dose of olive ail extract containing peptides (8.42g/Kg of BW), or a dose of Captopril (50
mg/Kg of BW) or water. The different doses (approaiely 1 mL per animal) were
administered by a very experienced technician &edwhole procedure of gastric intubation
and oral administration lasted only a few secondsihimise animal stress. The average values
of SBP and DBP of the SHR at baseline were 206.47+and 171.52+5.03 mmHg for the
Captopril group, 200.70+£2.23 and 168.39+3.15 mmétgtie water group and 204.41+1.26 and
171.33+£3.76 mmHg for the olive oil extract groupspectively. SBP and DBP were registered
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in the rats at 2, 4, 6, 8, 24 and 48 hours posthaidtration of the corresponding dose. At least
six similar consecutive measurements of SBP and Bfe taken as valid, and their averages
were calculated. The equipment used was LE 500ficd,eHospitalet, Spain). The animal
protocol followed in the study was approved by Bigethical Committee of Universitat Rovira
i Virgili (Spain). All experiments were performed accordance with the ARRIVE guidelines
(31), the U.K. Animals (Scientific Procedures) At986 and associated guidelines and the EU
directive 2010/63/EU for animal experiments.

Other determinations Fhe content of maslinic acid and oleanolic acideasuantified
in olive oil water-soluble extracts by UPLC-MS/MS @escribed in (32). Maslinic and
oleanolic acids pure standards were obtained frigm& Aldrich. Methanolic stock solutions
of 500 mg/L for each standard were obtained. Adlshmples and stock solutions were stored at
— 20°C and filtered through a 0.22 um nylon syrifiler before the injection. Three 50 ul
samples of olive oil extracts or standards werecigd into the equipment and analysed. Total
sterols were analysed as in Regulation (EU) No 2B438 (33). Alpha-tocopherol was analysed
as in 1ISO 9936:2006 (34). Fatty acids were andlgsein (35). Total Phenolic compounds
were measured as described in (36). Chlorophylldessrmined as in (37).

Statistical analysis Changes in blood pressure were expressed akibgalues of
SBP and DBP before and after administration ofpiqatides. Data are expressed as means +
standard error of the mean (SEM). Data were andlysing one-way ANOVA followed by
Bonferronipost hodest. Differences of P< 0.05 between the group® wensidered
significant. SPSS statistical software version 2828 used for the statistical analysis (SPSS,

Chicago, USA).

RESULTS

Preparation of a water-soluble peptide extract frotive oil. We obtained unfiltered
olive oil from mature olives from which we producaad acetone/hexane extract. The calculated
yields were 172.5£83.6 mg of dried extract and ¥424 mg of proteins per Kg of olive oil (the
protein content of the dried extract was approxalyai%). From this extract, we obtained a

9
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water-soluble peptide fraction. The calculated aotton yield was 0.09+0.02 mg of water-
soluble peptides per Kg of olive oil, which repratseonly 1.2% of the peptides firstly extracted
with organic solvents. Other compounds, mainly pbbnols were also solubilised from the
unfiltered virgin olive oil and were present in tater-soluble extract of the study (Table 1).

Analysis of olive oil peptide extracthe olive oil water-soluble fraction was studigd b
amino acid analysis. Figure 1 shows the amino ille obtained by GC-MS and amino acid
composition (partial) of the olive oil water-extta€his fraction was administered to SRH in the
animal study (see below). The fractionation by-izelusion chromatography (FPLC) of the
same olive oil water-soluble peptide fraction rdgdaeveral peaks at 280 nm (Figure 2). Three
major groups of fractions were selected, with mall@cmasses ranging from 5300-1600 Da
(F3), 1600-700 Da (F4) and 700-200 Da (F5). Thesaibns contained the vast majority of the
peptide content. The ACE inhibitory activity of tagtracted peptides and of the FPLC-purified
fractions F1-F6 was investigatedvitro (Table 2 and Figure 3). The water-soluble exticcte
peptides showed the highest activity compared thighFPLC-purified fractions.

Antihypertensive activity of olive oil water-solablextract We studied the
antihypertensive activity of the olive oil waterhsiole extract containing peptides in SHR. A
single dose of olive oil extract (0.425 mg/Kg ofdyoweight, BW) was administered to SHR
and compared with Captopril (ACE inhibitor drug)dawater (negative control). The nutrient
content of the olive oil extract administered te 8HR is shown in Table 1. The average initial
values of systolic blood pressure (SBP) and diestdbod pressure (DBP) of the SHR before
the tests were 203.8 £ 1.8 mmHg and 161.2 + 9.4 qyméspectively, showing that the animals
were indeed suffering from hypertension. The otiileextract dose produced an average blood
pressure reduction of 10 mmHg at 4 h (P<0.01) aadhed a maximum antihypertensive effect
of 20 mmHg at 6 h, compared with baseline (FigA3hon-significant trend was observed at 2
h. SBP reduction was also observed at 8 h befdoveniag to initial values at 24 h. The SBP
reduction curve obtained for Captopril was simitathat obtained with the olive oil extract but
the reduction values were almost doubled and tfextsflasted for 48 h. The olive oil extract
produced no effect on DBP compared with controtg gfmown).
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DISCUSSION

In this study we report the ACE inhibitory activity an olive oil water-soluble extract
containing peptides and its antihypertensive effatta well-established animal model of
hypertension. A critical point for the isolation tfe peptides was to avoid filtration steps
(typically used to eliminate cloudiness) during #edraction of olive oil. In previous initial
experiments carried out in our laboratory we obserthat filtration, even only through a few
layers of filter paper, also eliminated olive oiképtides. We investigated whether this also
occurred in commercial olive oils. With the advioé a large olive oil producing industry
(Deoleo, Spain), we reproduced in our laboratoy same filtration process used in their
production plant and detected negligible amountpeydtides in the filtered oils (not shown),
indicating that the peptides were indeed retainethb filters. For this reason, we did not use
commercial oils in our investigations as virtuadly commercial olive oils are subjected to a
thorough filtration process.

Our objective was to test the effects of unfiltereidgin olive oil water-extract
containing peptides in the SHR model of hypertamsizvhich is incompatible with the
administration of organic solvents. So, our analyaed tests were carried out with the peptide
fraction solubilised with water from the extracepiously obtained with acetone:hexane. This is
only a fraction (about 1%) of the olive oil extradtproteins, so it is likely that there are many
more bioactive peptides in olive oil, yet to bedstal. Several studies have reported the protein
concentration of olive oils using different extiaat methods but the results are somewhat
controversial. Some reported values ranged 0.05¥®y4g (38) or 0.1-0.5 mg/Kg (39) but
other studies showed much higher values of 11-4Kmgf oil (40).

The few studies carried out so far on olive oiltpias have not focused on the study of
low molecular weight polypeptides. Regarding argiayensive activity, the molecular sizes <3
kDa are very relevant because antihypertensivadsspfobtained by hydrolysis) typically have
molecular weights between 350 Da and 3000 Da @liye oil water-soluble peptide extract
and FPLC purified fractions with molecular massasying from 5300-1600 Da (F3), 1600-700
Da (F4) and 700-200 Da (F5) showed protein corgewt good ACE inhibitory activity. This

11
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suggested a possible antihypertensive effiectivo so we aimed to study the effects in an
animal model of hypertension.

The development of high blood pressure in SHR higsr canalogies with the
development of hypertension in humans (42-44). iBusv SHR studies investigating the
antihypertensive effects of peptide isolates odtgd from foods, usually administered amounts
in the range of 5-500 mg/Kg of BW (23, 45-48). (Quared with these studies, our dose of
0.425 mg/Kg of BW (about 0.1 mg per animal) was.l&Me used this small dose because the
amount of peptides detected in olive oil was ats®, labout 7.24 mg/Kg olive oil. Although 0.1
mg of total peptides should in theory be preserdbaut 14 g of our unfiltered olive oil, it is
important to emphasise that the peptide extraatl isehe SHR study was a small fraction
(water soluble, about 1% of the total) of the pdgxi present in olive oil. It is difficult to
extrapolate the results from the animal study tmdms. We do not know the dose at which
water soluble peptides might produce antihypertensifects in humans. If the same dose or
higher would be needed, then it would exceed thetiomal boundaries because the amount of
olive oil necessary to produce the effect wouldvheeh higher than the daily recommendations
of fat intake. In this case, the results from tieisearch would be more applicable to the pharma-
nutrition field. However, a much lower dose of watmluble peptides might be active in
humans. Also, a peptide extract containing the detegomposition naturally present in olive
oil (water soluble and insoluble), would be likétyhave antihypertensive effect at a lower dose
because it would be more hydrophobic. Even naturiltered virgin olive oil might be able to
have antihypertensive effects at nutritional lev@sr future research in humans would clarify
these important points. One of the limitations loitstudy was indeed that we could only
investigaten vivo the water-soluble peptide fraction because the 8t8Rel of hypertension is
incompatible with the administration of compound#gwerganic solvents.

Other potentially antihypertensive olive oil minoompounds present in the water-
soluble extract of our study were triterpenoid acahd polyphenols. Regarding triterpenoid
acids, we could only quantify very low amounts afgtinic acid (0.052 pg/ml of extract) whilst
oleanolic acid was not detectable. These can béaieed by the very low solubility of
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triterpenic acids in water (49). According to thessults, the SHR of our study received
approximately 0.052 pg of maslinic acid per animdhis dose would have been too low to
produce any measurable effect in blood pressurpreagously described (18, 19). Besides, the
ACE inhibitory activity of maslinic acid has neveeen reported so we think it is very unlikely
that the low amounts of maslinic acid present inexract are responsible for any of the ACE
inhibitory effect. However, the olive oil water-eatt of our study contained measurable
amounts of polyphenols. As described above, olivepolyphenols have been reported to
reduce blood pressure in animal models and humB®d§). Among olive oil polyphenols,
oleuropein and hydroxytyrosol have been identifesdthe most important active molecules.
However, no previous reports showing the ACE irtbityi activity of olive oil polyphenols are
available. In fact, regarding oleuropein, one rede@aper reported the lack of ACE inhibitory
activity of oleuropein (50). The mechanisms progoder polyphenols to produce the
antihypertensive effects are by increasing bioabdity of NO or acting on the expression of
endothelin-1 (revised in 51). However we cannog it the presence of other polyphenols on
the olive oil water-extract possessing ACE inhibitand making a contribution to the

antihypertensive activity.

The SBP decrease obtained with our olive oil pepgdtract is in line with previous
studies administering fermented dairy extracts &27,53), milk protein hydrolysates (54, 55),
or extracts of dairy foods (56), usually produc88P reductions in the range of 10-25 mmHg,
4-8 hours after their oral administration (24). ®oof those peptide compositions originated
from dairy foods constitute the basis of functiof@ds with demonstrated antihypertensive
activity in humans, including Calpis® (57) and Ea® (58).

We believe that the production of unfiltered olni€can be a way to enrich olive oil in
bioactive peptides which may perhaps be benefinidlelping to control blood pressure. The
existence of bioactive peptides in unfiltered oloiemay allow the development of new uses
for this food, beyond their nutritional value, inding the production of functional olive oils,

dietary supplements, nutraceuticals and mediciraduycts. This can lead to the production of
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382

new varieties of olive oils with competitive advages. However, filtered olive oils are more
stable than unfiltered olive oils and thereforegass a longer shelf life. So maybe the results of
this investigation are more applicable to the sem@nt/pharma-nutrition world rather than the
food and nutrition field. The composition of olied is very much influenced by the variety of
olive, location, weather conditions, olive recaotlen, the olive stage or ripening and the method
used to produce olive oil. Another limitation ofetlpresent study is that we studied only one
variety of olive oil (Picual). Although this is thmost frequent variety of olive tree in Spain,
other olive varieties may show different resultpa# from olive oil, a likely source of olive
peptides could be olive oil waste. Olive oil extrag originates two types of by-products, solid
olive pomace and liquid mill wastewater, both prtidg environmental problems. In view of
our results, the study of the peptide compositiénboth olive oil by-products deserves
attention. In this sense, a recent study has udied mesidues as a source of protein to
enzymatically produce peptide hydrolysates asaegly for the revalorization of olive residues
(59).

In conclusion, unfiltered virgin olive oil containeeptides and a water-soluble extract
obtained from this oil possesses ACE inhibitorynaigt and in vivo antihypertensive effect. We
are in the process of investigating the specifimgosition and peptide sequences present in

olive oil using peptidomics.
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627 FIGURE LEGENDS

628

629 FIGURE 1. Amino acid profile obtained by GC-MS after acid hylgtsis and derivatization
630 with N-tert-butyldimethylsilyl- N-methyltrifluoroaetamide diethyl ethoxymethylenemalonate
631 (MTBSTFA) of peptides obtained from olive oil. Ajxrof seventeen amino acid standards
632 (Sigma-Aldrich); B, water-soluble peptide fractiobtained from olive oil. C, amino acid
633 composition (parcial) of the olive oil water-extrac

634

635 FIGURE 2. Molecular weight distribution obtained by FPLCtbé water-soluble

636  proteins/peptides extracted from olive oil.

637

638 FIGURE 3. A, angiotensin-converting enzyme inhibitory ad§ACEI) of water-soluble
639 peptides extracted from olive oil. B, calibratiauree obtained from the data of panel A and
640 used to determine g

641

642 FIGURE 4. Systolic blood pressure (SBP) variations (mmHggdied in spontaneously
643 hypertensive rats (SHR) at baseline and 2, 4, 48y 48 h after the administration of a dose of
644  water-soluble peptides extracted from olive oit@ mg/Kg BW,e), Captopril (50 mg/Kg of
645 BW, o), or water controlq). **, significantly different compared with contr(P<0.01) and
646 *** significantly different compared with contr@nd olive oil peptide extract (P<0.01).
647

648

24



649 TABLE 1. Nutrient composition of olive oil water-extractiministered to spontaneously

650 hypertensive rats. ND, not detected.

651
652
Nutrient per 1 ml of extract
Proteins (mg) 0,102
Carbohydrates N.D.
Fats (fatty acids) N.D.
Total polyphenols (mg) 1.01
Triterpenic acids (ug) 0.052
Sterols N.D.
Alpha-tocopherol N.D.
Chlorophyl N.D.
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
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668
669 TABLE 2. ACE inhibitory activity (shown as I§) of olive oil water-soluble extract containing

670 peptides and of the FPLC-purified fractions F1-{Béta are expressed as mean values + SD.

671
672
Sample IC 50 (g prot/ml)
Olive oil water-soluble
2510,
extract containing peptides

F1 67,5+5,8
F2 174,3+0,4
F3 476+24
F4 138,6+7,4
F5 98,0+5,0
F6 140,21+ 11,6
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687

688

689

690

691

692

693

694

FIGURE 1. Amino acid profile obtained by GC-MS after acid hylgisis and derivatization
with MTBSTFA of peptides obtained from olive oil, Atix of seventeen amino acid standards
(Sigma-Aldrich); 1, Ala; 2, Gly; 3, Val; 4, Leu; 8e; 6, L-norLeu; 7, Pro; 8, Met; 9, Ser; 10,
Thr; 11, Phe; 12, Asp; 13, Cys; 14, Glu; 15, L46; His; 17, Tyr; 18, Trp; 19; Cys. B, water-

soluble peptide fraction obtained from olive oil.&nino acid composition (parcial) of the olive

oil water-extract. N.D, not detected.
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FIGURE 2. Molecular weight distribution obtained by FPLCtbé water-soluble peptides

extracted from olive oil.
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699 FIGURE 3. A, angiotensin-converting enzyme inhibitory ad§MACE:) of olive oil water-
700 soluble extract containing peptides. B, calibratianve obtained from the data of panel A and

701 used to determine IC50.
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FIGURE 4. Systolic blood pressure (SBP) variations (mmHggdeetd in spontaneously

hypertensive rats (SHR) at baseline and 2, 4, 48y 48 h after the administration of a dose of

water-soluble peptides extracted from olive oifl@h mg/Kg BW,e), Captopril (50 mg/Kg of

BW, o), or water controlq). **, significantly different compared with contr(P<0.01) and

*** significantly different compared with contr@nd olive oil peptide extract (P<0.01).
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