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Abstract

The valorisation of agrochemical wastes has becarteav cost and sustainable tendency for the
development of functional food. In particular, thesriched products seem to be enjoyable tools to
treat metabolic disorders. In this field, Calabrartochthonous white grape pomaces (Mantonico
and Pecorello cultivar) were firstly investigated fheir vasoactive properties. Skins and seedse wer
extracted and characterized by NMR spectroscopsgatay the presence of numerous vasoactive
compounds. The effects of extracts were analyz@uviiro experiments on rat aorta rings (with and
without endothelium), contracted by phenylephrin&@l. Seeds extracts showed, differently from
skins, an appreciable endothelium-dependent, eN@&dated vasodilation in the range 1-100
pa/mL. From a food market point of view, all theérexts were enclosed into a pectin polymer matrix.
In the same experimental conditions, the polymessahstrated the persistance of vasodilator

activity only for Pecorello seed extract, whichgmeted the most rich chemical profile.
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1. Introduction

Grape V. vinifera subspVinifera) is one of the most abundant crops cultivatediroge, particularly

in France and Italy, which are the first wine proeis worldwidgoiv.int). In Italy, the Mediterranean
area represents an historical soil of grape culowain particular, Calabria region is known witie
antigue denomination Enotria — Terra del vino (Lahdvine). Here, several autochthonous, black
and white berries, grape cultivars grow. The mashdus black berries are Gaglioppo and “its
brothers”, named Magliocco Canino, Mangiaguerra&d@rNero and Arvino, while autochthonous
white berries are Greco Bianco, Mantonico, Malveesial Pecorello, as recently confirmed by genetic
analysis(Sunseri et al., 2018). Winemaking wastes of Calabria region are commordgdufor
agronomic (fertilizers) and energetic uses or ed as amino acid-rich food for livestock.
Interestingly, several studies reported the beradfeffects of red grape pomaces from all over the
world in human healtliToscano et al., 2018; Rasines Perea et al., 2018; Balea et al., 2018) and,
particularly, in cardiovascular diseaséasgary, Rastgar, & Keshvari, 2018). Clinical trials
demonstrated the efficacy of red grape pomacesdunaing systolic blood pressure and heart rate
and, as a consequence, in treating hyperten&ennga et al., 2011; Ras et al., 2013). Several
mechanisms have been proposed to underlie thigib@heffects: a pronounced vasodilatation, due
to endothelial nitric oxide synthase (eNOS) actorafFrota Madeira et al., 2009; Ponset al., 2016);

an enhanced oxygen delivery, a general decregssrippheral vasoconstriction along with a reduced
cardiac activity in prehypertensive males duringreise(Kim et al., 2018). That is why, nowadays
several researchers are focussing their interedtetfbased prevention of chronic diseases, such as
hypertension, diabetes, and obesity. The bioaatw@ponents, mainly polyphenols other than
aminoacids, sugars, found in agrochemical wasteedsas in edible materials, better known as
nutraceuticals, are frequently used as functiamgiadients to fortify food and beverage products. |
addition, they are sold as Over The Counter (Of&yral supplemen{®icClements, 2012). Most

of these nutraceuticals, however, are highly hydatyic molecules, difficult to incorporate into faod



by simple mixing. Polymers are commonly employeditoumvent this issue. Recently, for example,
pectin was derivatised by the grafting procedurén\the seed and skin extract of Mantonico grape
pomaces to produce a functional pear jam. This sbdamproved antioxidant performances, lasting
for at least 15 days, in comparison with its nonetional counterpartéRestuccia et al., 2018).
Polymer carriers, in facteduce phytochemical interactions with food ingratiethus preserving
their quality attributegGibis, Vogt, & Weiss, 2012). Noticeably, vegetable and fruit fiber (with
pectin), tea, fish oil, and soy proteins show bldpd level-lowering effects in humans, as they
inhibit fat absorption and suppress cholesteroltmsis(Asgary, Rastgar, & Keshvari, 2018). To our
knowledge, no studies have yet evaluated the patebeneficial effects of white berries Mantonico
and Pecorello grape pomaces toward the cardiovassystem. Therefore, the in vitro vasoactivity
of skin and seed extracts, obtained by ultra-sassisted method in green conditions, was
investigated on aorta rings under various experiat@onditions. NMR analysis was performed to
identify the different compounds present in theraots in an attempt to identify the bioactive
molecules. Results demonstrate that all the etiacbrporate vasoactive molecules whose activity,
however, is negatively influenced by polymer velaton with pectin. Since extracts-induced
vasodilation is observed also in the absence afnational endothelium, these pomaces can be
considered promising nutraceuticals for patientthvwendothelial dysfunction accompanied by

vasoconstriction.

2. Materials and Methods

2.1 Waste materials and preparation

Mantonico and Pecorello white grape pomaces weraged from Le Moire srl (ctr Strivillati Motta
Santa Lucia, Catanzaro, Italy) of Dr. Paolo Clor{lLatitude: 39°028" N - Longitude: 16°185" E

- Altitude: 527 m) and harvested in September antblaer 2017. All the samples were stored at -

18°C until use.



2.2 Chemicals

Ethanol 96° (pharmaceutical grade), deuterium ok®©), 3-(trimethylsilyl)-propionic-2,2,3,3,2d
acid sodium salt (TSP) and hydrochloric acid 37%)((HCI), pectin (esterified 55-70%) from citrus
fruit were purchased from Merck (Darmstadt, Germ&uwyope). Water used throughout experiments
was purified using a Milli-Q system from Millipor€orp. (Bedford, MA, USA). Phenylephrine,
acetylcholine, sodium nitroprusside, pinacidkp-nitro-L-arginine methyl ester (L-NAME), and
nifedipine were from Sigma Chemical Co. (Milan)yjaPhenylephrine was dissolved in 0.1 M HCI
and sodium nitroprusside in distilled water. Nifgde dissolved in ethanol and pinacidil dissolved

in DMSO, were diluted at least 1000 times befor us

2.3 Sample extraction

Skins and triturated seeds (30 g) were extracted) @ ultrasound-bath Branson model 3800-CPXH
(Milan, Italy) at 30°C (10 cycles/sec) for 15 miestat an ultrasonic frequency of 40 kHz, by adding
to raw material 200 mL of a hydro-alcoholic mixtyethanol:water 50:50) acidified at pH=2 with
HCI 37% (v/v)(Carrera et al., 2012). The obtained extracts were named as follow: MB& RBS

(Mantonico and Pecorello skins, respectively), M8 PSS (Mantonico and Pecorello seeds).

2.4 Synthesis of the pectin-embedded polymers

A free-radical grafting procedure was performedyothesize “enriched-extracts” pectin polymers
as reportedRestuccia et al., 2018). The obtained conjugates were named: PB (blantipeaclymer,
used as positive control), MBS pec, PBS pec, MSSPBS8S pec. Polymers were characterized by IR
spectroscopy via PerkinElmer Spectrum Version 00.45pectrum Two 96417 Software NIOS2

Main 00.02.00009.



2.5 Contractility experiments

2.5.1 Animals
All animal care and experimental protocols confadrtiee European Union Guidelines for the Care
and the Use of Laboratory Animals (European Uniare®ive 2010/63/EU) and were approved by

the Italian Department of Health (666/2015-PR).

2.5.2 Aorta ring preparation

Rat aorta rings (2.5-mm wide), either endothelimadt or -denuded, were prepared from male
Wistar rats (250-350 g, Charles River Italia, Caltaly) anaesthetized (i.p.) with a mixture of &l
100® (7.5 mg/kg tiletamine and 7.5 mg/kg zolazep#imhac Srl, Milan, Italy) and Rompun® (4
mg/kg xylazine; Bayer, Milan, Italy), decapitatettdeexsanguinate(dusi et al., 2008). A PowerLab
data acquisition system and LabChart 7.3.7 Pro @Pdab; ADInstruments, Castle Hill, Australia)
were used to record and analyse contractile isaorietnsion. In rings precontracted with 0.3 pM
phenylephrine, an acetylcholine-induced relaxattoi@5% denoted the presence of a functional

endothelium.

2.5.3 Effect of extracts on either phenylephrine- or K*-induced contraction

The same sample of SS and BS, and their conjugétbgectin, was used during the course of the
experiments. Extracts were added on the platedu30iM phenylephrine-induced contraction in
rings, either endothelium-intact (in the absenceresence of L-NAME) or —denudeBus et al.,
2017). A similar protocol was performed in rings deavof endothelium and depolarised with low
(20-30 mM) or high (60 mM) K (Saponara €t al., 2016). Sodium nitroprusside (100 uM) and/or
nifedipine (10 uM) were used to prove smooth mudalectional integrity at the end of each
concentration-response curve. Vasoactivity waswtaied as percentage of the active tone induced

by either phenylephrine or'taken as 100%usi et al., 2016).



2.5.4. Data analysis

Values are shown as mean = SEM; n is the numbeéndefpendent rings analysed (indicated in

parentheses), isolated from at least three anirAalglysis of data and Student's t-test for unpaired
samples (two-tail), were performed using GraphR&hPversion 5.04 (GraphPad Software Inc., San
Diego, CA, USA). P<0.05 was considered significdime pharmacological response to the extracts,

described in terms of Kg, was calculated by nonlinear regression analysis.

2.6 Chemical Characterization

The substances contained in the extracts werendigied by'H-NMR, *H-'H TOCSY homonuclear
bidimensional experiments. Samples were re-suspend&00 pl of RO containing TSP (2 mM) as
internal chemical shift and concentration standavibno-dimensional*H-NMR spectra were
performed by collecting 64 scans for each specwama Bruker Avance 400 spectrometer (Bruker
Spectrospin, Karlsruhe, Germany) operating at 9.4t P98 K using a 90° detection pulse and
acquiring the FIDs in 64 K points, the spectral tidvas 6009.15 Hz. The solvent signal was
suppressed by means of a presaturation scheméaneldaxation delay was set to 6.55 s in order to
achieve a 15 s total acquisition time to avoid xat@mn effects. HomonucleadH-'H TOCSY
experiments were performed in order to ensure kigesaignment. TOCSY experiments were
acquired with a spectral width of 6009.15 Hz infbdimensions, a data matrix of 8 Kx256 points, a
mixing time of 110 ms and relaxation delay of XanodimensionatH spectra were analysed with
1D- NMR Manager software ver. 12 (ACD/Labs, Torgn@anada): FIDs underwent exponential
multiplication (LB=0.09 Hz), were Fourier transfoedh and phase and baseline corrected.
Bidimensional spectra were processed with Brukepspm ver. 2.1. The assignment of the
resonances was performed by analySHNMR characteristics and cross-correlated sigimazD

spectra and by comparison with the literature ctatipns(Wishart et al., 2013). Quantification of



the identified compounds was performed by compargfdhe signal integral with the reference one,

and quantities were expressed in mg of compounchalared for the aliquot weight expressed in g.

3. Results and Discussion

3.1 H-NMR characterization of the extracts

MBS extract was previously characterizéi@gstuccia et al., 2018) while the other extracts were
characterized in order to evaluate the presencalmdtances likely responsible for the vasoactivity.
In particular, it was found that MSS showed aditdmino-acidic component, while there were
interesting amounts of ascorbic acid and catechire corresponding MBS extract showed an
excessive amount of glucose and interestingly teegnce of hydroxymethylfurfural. PBS extract
showed a substantial acidic component, with higklkof glucose. On the other hand, PSS showed
the most interesting chemical composition due tingresting amino-acidic component, including
GABA and tryptophan and considerable amounts odatah and organic acids, in particular p-

coumaric and gallic acids.

3.2 Effects of SSand BS on phenylephrine-induced contraction

In a first series of experiments, the effects ahl®S and BS were assessed on rings pre-contracted
with the a1 adrenergic agonist phenylephrine, either in thesg@nce or absence of endothelium. In
endothelium-intact rings, SS from both cultivar ®aa a concentration-dependent relaxation that, at
higher concentrations, was followed by a returibasal values (Fig 1A). Pecorello appeared more
efficacious than Mantonico as a vasorelaxant exttaaings challenged with MSS, removal of the
endothelium abolished only vasoconstriction andifigantly shifted the vasorelaxant activity to the
right (Table 2). Conversely, PSS showed a biphassorelaxant effect, which was more pronounced
at concentrations >300 pg/ml (Figure 1A). Thesa damonstrate that PSS and MSS simultaneously

stimulate the release of endothelium-derived relevand contracting factors, the former being



preponderant for PSS, the latter for MSS. In englatm-denuded rings, myorelaxant activity
occurred at higher concentrations as compared dotkalium-intact specimens. This support the
hypothesis that both extracts are capable to djreatget the smooth muscle cell and activate
vasorelaxant mechanisms thus ensuring a persideamease of active muscle tone. Taking into
account the chemical composition of the extractSSWasoactivity is likely due to the presence of
the vasodilating agents catechin and ascorbic (&idyur, Khan & Hassan Gilani, 2007; Duffy et
al., 1999). On the other hand, GABA, which inhibitsradrenaline release from sympathetic nerves
thus exerting an antihypertensive eff¢etayakawa, Kimura & Kamata, 2002) and proline, by
improving nitric oxide bioavailability(Leal et al., 2019) may account for PSS vasodilation. Of note,
also the presence of gallic acid, which is a wallkn, endothelium-dependent and -independent
vasodilator ager(tle Oliveira et al., 2016). At concentrations30 pg/ml both endothelium-dependent
and -independent vasorelaxant mechanisms concdbeteelaxation observed with SS. In this case,
Pecorello seemed to be more effective. An endatiretiependent relaxation occurred also when
vascular preparations were challenged with botesygf BS (Figure 1B): potency resulted one order
of magnitude lower while efficacy higher than thadeserved with SS (Table 2). In endothelium-
denuded arteries, both BS caused a concentratipendent vasodilation with similar efficacy but a
significant lower potency as compared to endotihefintact rings. Contrary to SS, BS appeared to
stimulate the release from the endothelium of ardgorelaxant factors, but similarly to SS, BS
possessed also an endothelium-independent vasanglagtivity, evident at higher concentrations.
When compared to other grape skin extracts (e.is Vbrusca;) possessing only an endothelium-
dependent capacity to relax in vitro vascular speais,(Madeira et al., 2009); this phenomenon is
worth of note. In fact, it is reasonable to thihkttthis endothelium-independent vasorelaxantiagtiv
can counteract the reduced NO synthesis and/@uteented production of superoxide radicals and
various contracting factors released from a dydfanal endothelium, occurring in cardiovascular

diseases, such as hypertengianhoutte et al., 2017).



3.3 Effects of SSand BS on high K*-induced contraction

In a second series of experiments, the effectSadi®l BS from both cultivar were assessed on rings
depolarised with high extracellular'KKoncentrations. In this experimental protocol,tcaction is
essentially due to the influx of €ahrough the open G4.2 channels. Both SS and BS were partially
effective on this contraction, the relaxant effetarting at quite high concentrations and maximal
effect never exceeding 50% of the active muscle g 2 A-B). These results suggest that the
extracts are scarcely efficacious ag €2 channel blockers. Furthermore, as the vasaetactivity
was more pronounced on phenylephrine-induced aottidrg it can be speculated that they affect
either the IB-induced C#&' release from the intracellular stores or thé"@#lux through store- and
receptor-operated &achannels, or both, mechanisms that play a keyindleis active muscle tone
(Fransen et al., 2015). Taken together, these data do not indicate amkedadifference in the
vasoactivity of the extracts except for the sedrhets. In particular PSS contains the larger cbaim
variety of aminoacids, like GABA, tyrosin and trgphan, but not ascorbic acid, that is the main
component in MSS, together with catechin and neadid, which are not present in the skin extracts,
capable to release contracting factors, such ataroids and/or endothelin-1, from the endothelium

(Detremmerie et al., 2016).

3.4 Effects of pectin-embedded polymers on either phenylephrine-or high K*-induced contraction

In this series of experiments, extracts conjugatquectin, as well as pectin alone, were assessed f
their vasoactivity either on endothelium-intact-denuded aorta rings. Pectin per se did not affect
phenylephrine-induced tone (data not shown). Onltha highest concentration (3 mg/ml) tested,
either a modest increase (about 18% of contrad)rapdest decrease (about 22% of control) of active
muscle tone was observed in the presence or abseintke endothelium, respectively. In
endothelium-intact rings, the vasoactivity of MS& pvas partly reduced by conjugation while that
of PSS pec was markedly reduced and shifted toighé Their main features (i.e. vasorelaxation

followed by the return to basal values), howevareisimilar to those observed in the absence of the



polymer (Figure 3A; compare to Figure 1A). Pectmjagation did not modify PSS activity in rings
deprived of endothelium. Under the same experinhentalitions, MSS lost its vasorelaxant activity,
rather showing a constricting effect, probably tlm¢he formation of poly-catechin during grafting
reaction (Liu, Wang & Song, 2018) (see Supporting Information for characterizatiof).
endothelium-intact rings, MBS was at least one oadanagnitude less active when conjugated to
pectin (Figure 3B). PBS lost its vasorelaxant aistiand rather potentiated the constricting effafct
pectin. In the absence of a functional endotheliboth MBS and PBS vasoactivity disappeared.
Similar results were obtained in rings deprive@wdothelium and depolarised with 60 mN. Khe
already weak efficacy of both SS and BS extrant&act, was abolished in pectin conjugates (Figure
4 A,B). Under these experimental conditions, thi/per per se was ineffective. Taken together,
these results indicate a general loss of vasogctien pectin polymer was used as a delivery ayste

for Mantonico and Pecorello extracts.

3.5 Investigation of the mechanism of action underlying PSS-induced vasodilation

This series of experiments was performed to exgloeemechanism(s) involved in the vasoactivity
of the most interesting pomace, i.e. PSS.

First, we investigated a possiblé Ehannel opening activity of the extract. Ageniatthpen these
channels enhance’kfflux from the cell and produce membrane hypeapphtion that, in turn, will
cause Cal.2 channels to close and muscle to relax. A cleniatic property of these drugs is that
they effectively inhibit vascular smooth muscle traation caused by a moderate increase in the
extracellular K concentration, being ineffective when theédoncentration is raised to higher levels
(Gurney, 1994). Endothelium-denuded rings wererefoee, contracted with low extracellular K
concentrations (20-30 mM). Cumulative concentrationh PSS (up to 300 pg/mL) did not affect
muscle active tone (Fig 5 A). Conversely, the sgbeat addition of 100 uM pinacidil, a well-known
KaTp channel openeiQollasch et al., 1995), almost completely reverted"knduced contraction to

6.5+1.8% of control (n=6), thus demonstrating fASS is not capable to open éhannels.



In a second series of experiments, the endothetienved factor involved in PSS-induced relaxation
was investigatedis already shown in Figure 1A, the cumulative addibf PSS relaxed intact aorta
rings precontracted with phenylephrine (Figure 5Bjis effect was suppressed by preincubation of
tissues with 100 uM L-NAME, a well-known inhibitaf eNOS Moncada et al., 1991). The
subsequent addition of sodium nitroprusside, a -wdwn NO-donor, completely reverted
phenylephrine-induced contraction (0.0+0.0% of oantn=>5), thus confirming that PSS relaxing
effect is endothelium-dependent and mediated by &NThe production of an endothelium-
dependent hyperpolarizing factor can be excludedabse its relaxing effect is not modified by NO
synthase inhibitors (Fukao et al., 1995). Furtheemas PSS-induced relaxation is abolished by the

presence of L-NAME, also the production of prostda@an be ruled out.

4. Conclusions

Waste SS and BS indeed represent, as previouslgrdgrated by others laboratories, a worth
of potentially vasoactive compounds particularhefus in disease states accompanied by
endothelial dysfunction along with vasoconstrictidhe conjugation with pectin to improve

their delivery, however, seems not an avenue wortie paved.

Supplementary Material
H-NMR original spectra of all the extracts, IR spamf the pectin polymers, vasoactivity

results of pectin non-enriched polymer.

Conflicts of interest

There are no conflicts to declare



Acknowledgements
The raw materials were kindly donated by Dr. P.riltj Le Moire s.r.l. Winery, via Carlo

Maria Tallarigo, 12 88040 Motta Santa Lucia (CZjalian phone +39 338 5739758,

International phone +1 (305) 417 81B8® @Ilemoire.it We wish to thank Dr. A. Lupo for

the assistance in some preliminary experiments.

References

Asgary, S., Rastgar A. & Keshvari, M. (2018). Fumecal Food and Cardiovascular Disease
Prevention and Treatment: A RevieWhe Journal of the American College of Nutrition,
37(5), 429-455.

Balea, S. S., Parvu, A. E., Pop, N., Zamora Marin&HParvu, M. (2018). Polyphenolic
Compounds, Antioxidant, and Cardioprotective Eeat Pomace Extracts from Feteasc
Neag# Cultivar. Oxidative Medicine & Cellular Longevity, 2018, 8194721.

Carrera, C., Ruiz-Rodriguez, A., Palma M. & C. GarBso. (2012). Ultrasound assisted
extraction of phenolic compounds from grap&salytica Chimica Acta, 732, 100-104.

de Oliveira, L. M., de Oliveira, T. S., MenezesClasta, R., de Souza Gil, E., Alves Costa, E.,
de Cassia Aleixo Tostes Passaglia, R., Paranalipaekia, F. & Ghedini, P. C. (2016). The
vasorelaxant effect of gallic acid involves enddatihe-dependent and -independent
mechanismsVascular Pharmacology, 81, 69-74.

Detremmerie, C. M., Chen, Z., Li, Z., Alkharfy, K., Leung, S. W., Xu, A., Gao Y. &
Vanhoutte, P. M. (2016). Endothelium-Dependent @umtions of Isolated Arteries to
Thymogquinone Require Biased Activity of Soluble @Gyal Cyclase with Subsequent Cyclic
IMP ProductionJournal of Pharmacology and Experimental Therapeutics, 358(3), 558-568.

Duffy, S. J., Gokce, N., Holbrook, M., Huang, Arek; B., Keaney J. F. Jr & Vita, J.A. (1999).

Treatment of hypertension with ascorbic adikde Lancet, 354, 2048-2049.



Feringa, H. H. H., Laskey, D. A., Dickson J. E. &l@man, C. I. (2011). The Effect of Grape
Seed Extract on Cardiovascular Risk Markers: A Matalysis of Randomized Controlled
Trials. Journal of American Dietetic Association, 111, 1173-1181.

Fransen, P., Van Hove, C. E., Leloup, A. J., MattinV., De Meyer, G. R., Lemmens, K., Bult,
H. & Schrijvers, D. M. (2015). Dissecting out theneplex C&*-mediated phenylephrine-
induced contractions of mouse aortic segmd?iteS One, 10(3), €0121634.

Frota Madeira, S. V., Auger, C., Anselm, E., Clgitaau, M., Chataigneau, T., Soares de
Moura, R. & Schini-Kerth, V. B. (2009). eNOS Acti@an Induced by a Polyphenol-Rich
Grape Skin Extract in Porcine Coronary Arteriesirnal of Vascular Research, 46, 406-416.

Fukao, M., Hattori, Y., Kanno, M., Sakuma, |., Kitdake, A. (1995). Thapsigargin- and
cyclopiazonic acid-induced endothelium-dependenpenyolarization in rat mesenteric
artery.Br. J. Pharmacol., 115, 987-992.

Fusi, F., Ferrara, A., Zalatnai, A., Molnar, J.,aBgli G. & Saponara, S. (2008). Vascular
activity of two silicon compounds, ALIS 409 and A.1421, novel multidrug-resistance
reverting agents in cancer celZancer Chemotherapy and Pharmacology, 61, 443-451.

Fusi, F., Manetti, F., Durante, M., Sgaragli G. &®nara, S. (2016). The vasodilator papaverine
stimulates L-type G4 current in rat tail artery myocytes via a PKA-degent mechanism.
Vascular Pharmacology, 76, 53-61.

Fusi, F., Durante, M., Sticozzi, C., Frosini, Mer®ne, M.G., Colabufo, N.A., Saponara, S. (2017).
Vascular toxicity risk assessment of MC18 and MGu@el potential diagnostic tools for in vivo
PET studiesBasic. Clin. Pharmacol. Toxicol., 120, 434-441.

Ghayur, M. N., Khan H. & Hassan Gilani, A. (200Antispasmodic, Bronchodilator and
Vasodilator Activities of (+)-Catechin, a Naturalli@ccurring Flavonoid,Archives of
Pharmaal Research, 30(8), 970-975.

Gibis, M., Vogt E., & Weiss, J. (2012). Encapsulatiof polyphenolic grape seed extract in

polymer-coated liposomeBood & Function, 3(3), 246-254.



Gollasch, M., Bychkov, R., Ried, C., Behrendt,$€holze, S., Luft, F.C., et al. (1995). Pinacidil
relaxes porcine and human coronary arteries bwaitig ATP-dependent potassium
channels in smooth muscle cellsPharmacol. Exp. Ther., 275, 681-692.

Gurney, A.M. (1994). Mechanisms of drug-inducedogdigtion. J. Pharm. Pharmacol., 46,
242-251.

Hayakawa, K., Kimura M. & Kamata, K. K. (2002). Memnism underlying gamma-
aminobutyric acid-induced antihypertensive effent spontaneously hypertensive rats,
European Journal of Pharmacology438(1-2), 107-113.

http://www.oiv.int/en/databases-and-statisticsistias

Kim, J., Kim, K., Choi, H., Park, S. & Stebbins, C. (2018). Grape Seed Extract
Supplementation Attenuates the Blood Pressure Resptw Exercise in Prehypertensive
Men. Journal of Medicinal Food, 21(5), 1-9.

Leal, J., Teixeira-Santos, L., Pinho, D., AfonspChrvalho, J., de Lourdes Bastos, M., Albino-
Teixeira, A., Fraga, S. & Sousa, T. (2019). L-prelsupplementation improves nitric oxide
bioavailability and counteracts the blood pressiseinduced by angiotensin Il in rakditric
Oxide, 82, 1-11.

Liu, S., Wang, Z. & Song, P. (2018). Free RadicedfGCopolymerization Strategy To Prepare
Catechin-Modified Chitosan Loose Nanofiltration (NMembrane for Dye Desalination.
ACS Sustainable Chemistry & Engineering, 6, 4253-4263.

Madeira, S. V., Auger, C., Anselm, E., Chataignédy,Chataigneau, T., Soares de Moura, R.
& Schini-Kerth, V. B. (2009)Journal of Vascular Research, 46(5), 406-416.

McClements, D. J. (2012). Nanoemulsions versus gamulsions: terminology, differences,
and similaritiesSoft Matter, 8, 1719-1729.

Moncada, S., Palmer, R.M.J., Higgs, E.A. (1991}ritlioxide: physiology, pathophysiology,

and pharmacologyharmacol. Rev., 43, 109-142.



Pons, Z., Margalef, M. Bravo, F. I., Araol#&rnal A. & Muguerza, B. (2016). Acute
administration of single oral dose of grape sedggt®nols restores blood pressure in a rat
model of metabolic syndrome: role of nitric oxidedaprostacyclinEuropean Journal of
Nutrition, 55(2), 749-758.

Ras, R. T., Zock, P. L., Zebregs, Y. E. M. P., &bn, N. R., Webb D. J. & Draijer, R. (2013).
Effect of polyphenol-rich grape seed extract on allatiory blood pressure in subjects with
pre- and stage | hypertensidritish Journal of Nutrition, 110, 2234-2241.

Rasines-Perea, Z., Ky, I., Cros, G., Crozier A. &isbBedre, P. (2018). Grape Pomace:
Antioxidant Activity, Potential Effect Against Hypension and Metabolites Characterization
after IntakeDiseases, 6, 60.

Restuccia, D., Giorgi, G., Spizzirri, U. G., Sciablf-., Capuani, G., Rago, V., Carullo G. &
Aiello, F. (2018). Autochtonous white grape pomdoeshe development of functional jams.
International Journal of Food Science & Technology, DOI: 10.1111/ijfs.14045.

Saponara, S., Durante, M., Spiga, O., Mugnai, far&li, G., Huong, T.T., Khanh, P.N., Son, N.T.,
Cuong, N.M., Fusi, F. (2016). Functional, electrggblogical and molecular docking analysis of
the modulation of G4.2 channels in rat vascular myocytes by murrayagdh. Br. J. Pharmacol .,

173, 292-304.

Sunseri, F., Lupini, A., Mauceri, A., De Lorenzs,, Araniti, F., Brancadoro, L., Dattola, A.,
Gullo, G., Zappia R. & Mercati, F. (2018). Singlecteotide polymorphism profiles reveal
an admixture genetic structure of grapevine geraml&dom Calabria, Italy, uncovering its
key role for the diversification of cultivars inglMediterranean BasiAustralian Journal of
Grape & Wine Research, 24(3), 345-359.

Toscano, L. T., Silva, A. S., Tavares ToscanoLkite Tavares, R., Camarao Telles Biasoto,
A., Costa de Camargo, A., da Silva, C. S. O., dacégdo Rodrigues Gongalves M. &

Shahidi, F. (2018). Phenolics from purple grapeguncrease serum antioxidant status and



improve lipid profile and blood pressure in healdgults under intense physical training.
Journal of Functional Foods, 33, 419-424.

Vanhoutte, P. M., Shimokawa, H., Feletou, M. & TakgH. (2017). Endothelial dysfunction
and vascular disease - a 30th anniversary updetie Physiologica (Oxford), 219(1), 22-96.

Wishart, D. S., Jewison, T., Guo, A.C., Wilson, KMnox, C., Liu, Y., Djoumbou, Y., Mandal,
R., Aziat, F., Dong, E., Bouatra, S., Sinelnikoy,Arndt, D., Xia, J., Liu, P., Yallou, F.,
Bjorndahl, T., Perez-Pineiro, R., Eisner, R., Allén Neveu, V., Greiner, R. & Scalbert, A.
(2013). HMDB 3.0- the human metabolome databas20i#8.Nucleic Acids Research, 41,

D801-D807.



Molecule Amount in Amount in Amount in
PSS(mg/g) PBS (mg/g) MSS (mg/g)

Valine 0.74 1.47 0.85
Isoleucine 0.59 0.37 0.59
Aminoacids Leucine 0.34 0.37 1.28
Threonine 1.82 0.58 1.34
Alanine 1.01 0.51 1.15
Proline 5.78 6.14 -
GABA 2.77 - -
Tyrosine 0.53 - -
Phenylalanine 0.53 0.40 -
Tryptophan 0.69 - -
Lactic acid 2.46 0.52 0.75
Butyric acid - 0.71
Acetic acid 0.57 0.31
Quinic acid 8.85 12.34
Tartaric acid 3.87 4.97
Organic Sorl-)ic- ac@ - 2.40 2.50
Acids Succun_c acn_d 3.17 0.75 2.05
Ascorbic acid - 8.15 74.89
Malic acid 12.91 2.87 36.83
p-Coumaric acid 3.10 1.04
Gallic acid 297 0.24
Shikimic acid - 0.50
Formic acid 0.05 0.04 0.14
Glucose 254.62 616.67 490.27
Rhamnose 3.46 8.24 8.11
Carbohydrates Sucrose 367 570 129
Raffinose 7.90 5.47 4.02
2.3-Butanediol 0.10 0.40 047
Glycosidated 16.94 222
flavonoids 23.70
Miscellaneous Ethanol - 45.92 _
Acetamide 0.29 0.33 -
Choline 0.63 - -
Catechin 1.77 1.28
55.72

Table 1. Amounts of compounds contained in the exdcts determined by'H-NMR



ICs0 (mg/ml)
Phe+endo Phe-endo K60-endo

MSS | 0.015+0.004 (11) 1.48620.438 (6)* 110 (2)
PSS | 0.012+0.006 (11) 1.230£0.455 (5)* 717 (2)

MBS | 0.560+0.204 (10)|  3.374%0.888 (10)*| (110 (6)
PBS | 0.795:0.122 (10)|  4.246%1.231 (10)*| 100 (1)

Table 2. Effect of the extracts on either phenylepime- or 60 mM KCI-induced contraction of
rat aorta rings. Rings, endothelium-denuded (-endodr -intact (+endo), were contracted either
by 0.3 uM phenylephrine (phe) or by depolarization with 60mM KCI (K60). Potency (ICso) is
reported as mean = SEM. *P<0.05 vs. phe+endo, Stutdés t test for unpaired samples.
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Figure 1. Effect of the extracts on phenylephrine-induced camaction of rat aorta rings.
Concentration-response curves of (A) PSS and MSS ¢B) PBS and MBS on endothelium-
denuded (-endo) or endothelium-intact preparations(+endo) pre-contracted by 0.3 puM
phenylephrine (phe). In the ordinate scale, relax&bn is reported as percentage of the initial
tension induced by phenylephrine, taken as 100%. D& are mean + S.E.M. (n=6-11, last
concentration being 2-6).
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Figure 2. Effect of the extracts on high KCI-induced contraction of rat aorta rings.
Concentration-response curves of (A) PSS and MSS ¢B) PBS and MBS on endothelium-
denuded preparations pre-contracted by 60 mM KCI (K60). In the ordinate scale, relaxation is
reported as percentage of the initial tension indued by KCI, taken as 100%. Data are mean +
S.E.M. (n=3-10, last concentration being 1-4).
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Figure 3. Effect of pectin-embedded polymers on pimglephrine-induced contraction of rat
aorta rings. Concentration-response curves of (A) S pec and MSS pec or (B) PBS pec and
MBS pec on endothelium-denuded (-endo) or endothelin-intact preparations (+endo) pre-
contracted by 0.3 uM phenylephrine (phe). In the atinate scale, relaxation is reported as
percentage of the initial tension induced by phengbhrine, taken as 100%. Data are mean *
S.E.M. (n=4-8).
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Figure 4. Effect of pectin and pectin-embedded pofgers on high KCl-induced contraction of
rat aorta rings. Concentration-response curves of4) PSS pec and MSS pec or (B) PBS pec and
MBS pec on endothelium-denuded preparations pre-cdracted by 60 mM KCI (K60). The
effect of pectin alone are represented in both patefor a better comparison. In the ordinate
scale, relaxation is reported as percentage of theitial tension induced by KCI, taken as 100%.
Data are mean = S.E.M. (n=3-5).
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Figure 5. Effects of PSS on rat aorta rings. Cotraéinn-response curves for PSS recorded either
(A) in endothelium-denuded, 20-30 mM K+- or (B)endothelium-intact, 0.3 UM phenylephrine
precontracted rings, the latter in the absenceesemce of 100 uM L-NAME preincubated for 30
min. On the ordinate scale, relaxation is repoaea percentage of the initial tension induced by K
or phenylephrine (taken as 100%). Data points aan®+ S.E.M.n=5-8). *P<0.05, Student’s t test

for unpaired samples.



