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GENERAL INTRODUCTION

Ourplanetis very rich in herbal plant speciesxdamental for our lives; we cannstrvive without

the help of plantsand at the same timeveryherbal product and every plant has some biological
effects. Specialized metabolites from plants che usedas defence against herbivores, microbes,
viruses or competing plant§-hey arethen important fori KS LJ I y i Q& & dzNIA O f
fitness[1]. Moreover they arealwayspresent in plantandhave many practicapplicationsPlants

are an important source of metabolitesed in traditional medicine for their biological properties.
Since ancient timesnatural products have played an important role all over the world in the
treatment and prevation of human disease3he knowledge of theirmportant healing properties

has beerpassed orover centuries within and among human communitasd were successfully

used for the discovery of new lead compourgs].

PLILINPEAYIFGSte 2yfte wmmr: 2F GKS 62NI RQa 0AZRA Q!
more useful natural lead compounds are waitiogpe discoveredHencethe importanceof having

access to this natural chemical divergdy. Nowadays, the safetgfficacy andjuality of medicinal

plants and herbal products @&n important topicin developingand industrializectountries. In the

last decades, intensive researskudies have been carried out to characterize very interesting
properties of plant materials to isolate and identify the compounds responsible for thioszgical
activities[5]. In this context, the main goal of this theéigxusing onthe wide and complex field of

natural productsis the chemial and biological investigation of unexploited parts of food plants

with potential health properties: pomegranat®nica granatuni.)and grapevine Yitis vinifera

L.).

Chapter 1of this thesis is based on the literature search related to plants used in traditional
medicine, more focused on the uses of pomegranate and grapevine pmdshe state of the art
on the study of plants bioactive compounds belonging to their seconuatgbolism.

Chapter 2describes the studiesarried outon pomegranatethat isthe main matrix evaluated in

this doctoral project. Preliminary experiments were carried out on leaves, bark and peel ethanolic
extracts which resulted active towards two enzes involved in HRL replication and were
therefore phytochemically characterized. Subsequently, the attention was focused more deeply on
the poorly investigated leaves for which the phytochemical pattern was evaluated for plants of
different origin, havesting season and yeaifo evaluate the constancy of the extracts,
phytochemical analyeswere performed using HPEEDAESIMS/MS and GBAS systems combined

with unsupervised multivariate data analysds addition the phenotypic differences were
correlaed to the biomolecular analyses with the evaluation of different DNA regions of the leaf
samples

In Chapter3, beside the whole ethanol extracthe attention was also focused on phenolic and
triterpenoid enriched fractions, obtained by fractionation with chromatographic techniques.
Biological assays were performed on pomegranatd kdracts, fractions and pure compounds
against HIVL and also ika viruswhoseinfection has recently attracted the attention of the medical
community sinceno vaccine or treatments are currently availajig, while recent studies showed

the antiviral potential of polyphenol® inhibit early stages of the infectidi@]. At the same timein

vitro studies were also carried out on their anticancer activity against acute lymphoblasticri@uke
and multiple myeloma cell lines, considering the urgent need of cytotoxic agents that may overcome
the everincreasing drug resistar¢8,9].



Chapter4 describes the second investigated mattixe residues generated by the spring pruning

of the grapevine plants (GPRs), an abundant butwestigated byproduct of the wine supply chain.

The study was therefore focused on the polyphenols characterization of GPRsifteenred and

white V. viniferacultivars from Piedmont (Italy). The results were compared with those obtained for
the leavesthese lastreported in literature as a good source of bioactive nutraceutical compounds
[10]. In vitro antioxidant assays were also carried out on the leaves and GPRs, to compare their
potential activity. In conclusion, the investigations carried out oe ttvo investigated plants
showed that these unexploitederbalparts can be a promising source of active compounds to be
used in several fields.
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CHAPTER 1: NATURAL PRODUCTS: FROM TRADITIONAL MEDICINE TO
STUDY OF PLANT SECONDARY METABOLITES

1.1 Plants used itraditional medicine

Traditional medicine, in according to the World Health Organization (WHO), refers to the
knowledge, skills, beliefs and practices based on the theories and experiences of different ancient
cultures, with the main and common aim to m&m the human and animal healttr, to prevent,
diagnose and treat physical and mental illnesses. In contrast with modern medicine based on
biochemical and biomolecular theories of illness, traditional medicine includes beside massages and
spiritual thergies also medicaments derived from plant, animal and minerals. The 80% of
populatiors living in some countries in Asia and Africa where there is a limited access to modern
medicine, uses traditional medicine as the primary source of health fHreHuman beings
considered plants since ancient times; plants and medicinal herbs represent an indicator of
ecosystem healtli2].

Nowadays, de to the toxicity ad side effects of common allopathic medicines atave allthe
increasing development of microbial resistance to synthetic drugs, the demand of herbalagrugs
alternative or complementary solutiommong populationisincreasingandthe medical community
turned to ethnopharmacognosWatural products can be economical, in some cases effective and
with less adverse effectf3]. Traditional Chinese and Indian medicine are currently the most
popular; hese countries have been turned into one of the oldest sciences. In the ancient history of
humans, the use of medicinal plants was the only choice to treat dis¢dkeAs an example, in
ancient Persia plants were used as disinfectant, drugs and aromatic [@}eltore than a tenth of

the plant species (over 50.000) find applications in pharmaceutical and cosmetic fields. Their
distribution worldwide is not equal and their collection is attribd mainly in developing countries

[6] and the rich source of compounds they contaan be used in drug synthe$i.

Different plant parts can be used, such as fruit, skin, leaf, seeds, root, flowers or even the whole
plant, where active compounds are stored. These substances can have direct or indirect
physiological effects on living organism therefore they can be wsednedicinal agent$s].
Archaeological artefacts indicate that humans cultivated plants as drugs approximately 60.000 years
ago[9]. Ancient scripts date back about 5.000 years ago in&kndia and Egypt and 2.500 years

in Central Asia and Greece where Hippocrates and Aristotle used medicinal plants to treat diseases
[10]. In the first century AD, Pedanius Dioscorides, a physician and surgeon, Dedtateria
Medicg an encyclopedia with the description of 600 medicinal plants based on scientific studies
[11]. One of the main advantages today in the revival intetestardstraditional herbal medicine

is the possibility to confirm that its long standing usedeveloping and developed countries for
thousands of yearas anaturalresourcecan be associated to a sustainable safety. Nevertheless the
safety of herbal reradies is nowadays supported by the increasing knowledge of their composition.

[6].



1.1.1. Pomegranate in folk medicine

The beneficial properties of pomegranate are mentioned by all main religions and by folk medicine.
It has been represented natural symbobf fertility and fecundityfor many cultureq12]. In the
ancient Ayurvéac medicine,for thousands of yearghe pomegranate hasonsiderablybeen used

as a source of tradition&lealthyremedies All parts of the plant were used due to its own qualities
and specific healing properties.

Thefruit rind and thetree bark of the pomegranatevere used as a traditional remedy against
dysentery diarrhoea and intestinal parasiteghile the juice and seeds derived from the fruit were
considereda tonic for the heart, throgtandeyes In addition they were used for several purposes;
such as toning skin, stopping nose and gum bleeds, treating haeaidsrandfirming-up sagging
breasts[13].

Pomegranatewas widely used a a traditional remedy inhie traditional medicine of Sardinian
culture. To the decoction ofléwers and rind of the pomegranate fruit is attributed intestinal
astringency,antidiarrhealand haemotatic properties. Flower preparations were used to block
tuberculosis haemoptysis. Some parts of the pomegranate such as fresh root bark and decoction of
fruit peel and tree bark were widely used as an effective intestinal vermifuge, in particular against
tapewarm in the locations of Nuoro, Oliena, in the land of Bolotana and in the Campidano of Cagliari.
Other documented internal uses of fruit peel decoction in the locations of Gairo, Jerzu and Villanosa
Strisaili, were as refreshing, amtiflammatory, puifying, antiodontalgic and eupeptic digestive in

the gastric atonia. Bark preparations were used as an antihemorrhoidal, while the enteroclysis of
fruit peel decoction, dried fruit part or crushed seeds juice were used as antidiarrheal in Villacidro.
Moreover, the fruit peel or bark decoctions were used as an analgesic to treat otitis. Pomegranate
leaves were also placed between food patches to treat excessive feet sweating. In the location of
Oristano,the elderly women who had lost their teetlusedthe decoction ofpeel in mouth rinsing

and also tostrengthen the gumg§l4].

1.12. Grapevine in folk medicine

Since ancient times, grapevine has been used in various forms in religion and medicine. In history,
the grapevine represented a symbol of Jilmd wine a symbol of blood, a connection with divinity,

which has continuedn the Christian religion across millennia. In the early Islamic art, the
representation of grapevine meant prosperity, richness, abundance and fertility, while wine
indicated blessing and jojl5]. In traditional medicine, 6§ f S+ @SAQ Ay FdzaAzy ¢
stomach aches, bleeding, hepatitis and diarrhoea, while for external use, the fresh leaves were
utilized to heal wound and lance abscesses.

In Palestinian folk medicine, the leaves were used as astringent, tonic, diuretic, antiseptic, blood
purifying, antianemia and antihypercholesterolemic aggt]. In Indian traditional medicine the

ripe fruit is considered to be laxative and purgative, fattening, aphrodisiac, diuretic, appetizer and
to cure thirst, asthma and blood diseases. The ashes of stem were used to treat pain in joints,
swelling of the testicle andiles. The flowers are considered expectorant and useful in bronchitis.
The sap of young branches was used as a remedy for skin diseases while juice of unripe fruit was
employed in throat affections. The dried frulteside food consumption, was also usectls as
demulcent, cooling, laxative, to relief thirsty, fever, coughs, hoarseness and in wasting diseases.
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From the seed was derived a malagma, which represented a folk remedy for condylomata of the
joints. In Iran, grape leaves were used in a traditidioad and for treatment of diarrhoea and
bleeding[17].

1.2 Plants secondary metabolites

Plants are eukaryotic and sessile organismnsl, in their evolution, have developed efficient
mechanisms to overcome the constraiof living inl & F flaEeS Thése mechanisms are divided
to grow such as light and nutrient intake, to reproduce as pollination and dspeérsabnd finally

to defend themselves from the surrounding environmg§t,19] Except light collection, correlated
exclusivelyto individual inner morphological and chemical characteristics, all the othetors
involvethe interaction of plants with their suounding environmentandarerepresented by abiotic
factors, pathogens, heterotrophic or mutualistic organisms and specific interactions with other
plants (Figure 1J19].

Abiotic stress Biotic stress
\\ O pathogen attack
heat
cold
drought insect attack
salt
metals
flooding

herbivore attack

plant defence

Fig. 1List of adverse environmental factors (abiotic stress) and pédtacker interactions (biotic stress) that
affect plant growth and development. Plant responses with the production of chemicals from reproductive
and vegetative parts isome cases to fight and in others to cooperate with these condifi@@ls

The compounds directly related to plant growth and development, fundamental for plarariide
involvedin essential functionsare called primary metaboliteand produced as conservative traits
by plants the compounds not essential for life functions fundamentalto survive ina constantly
changingenvironment, are called secondarfor specialized)metabolites. They are adap®g and
variable in the different plant specigs addition, it is proposed that in the early plant evolution
stages, the secondary metabolites variability was used for primary functions suahtasphyllsn
photoprotectionor phytohormoneq18].
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The main characteristics gfrimary and secondaryplant metabolism are listed in Tablel.
Nowadays, scientific studies highlight the great variability in plant secondary metabolism, counting
more than 200.000 different chemical compounds expressed as a response to the various
environmental conditiong21]. The chemical structures belonging to the different secondary
metabolite classes are shown in Figure 2.

Table 1.Differences between primary and secondary metabolism characterjd®gs

Primary metabolism Secondary metabolism

Genes with high stringency controlling essentic ~ Genes with high plasticity controlling functions
functions that are under selectiopressure of a continuousl
changing environment
Covers growth and development of the individui Covers interactions of the individual with its
environment

Indispensable \ Dispensable for growth and development
Indispensable for survival in tlevironment
Universal | Unique
Uniform Diverse
Conservative | Adaptive
Number of natural products | 1 1

With nitrogen N
«  Alkaloids (1) 12.000 N
. 700

Non-protein amino acids (2)

Amines (3) 100 o 2 H
C ic gl ides (4 60 N\
yano;en|c glycosides (4) \C/I\/\O’N\(/NH
Glucosinolates (5) 100 HO’ NH; NH
Alkamides 150 z
4 S—Gluc

Without nitrogen Qlue
*  Monoterpene (incl. Iridoids) (6) 2.500 ¢ 0-S05

Sesquiterpenes (7) 5.000 H

Diterpenes (8) 2.500

Triterpenes, Saponins, Steroids (9) 5.000 6

Tetraterpenes 500

Phenylpropanoids, coumarins, lignans 2.000

Flavonoids (10) 4.000 OH

Polyacetylenes, fatty acids, waxes (11) 1.000 0o

Polyketides (12) 750

Carbohydrates >200

8
OH O OH
H3CCH3
o] RO
12 11

OH
HO A S A A
Fig.2. Example of tverse structurs of plant secondary metabolitd22].
Among all secondary metabolites, the phenolic compourds highly valuable in human health
and nutrition and current literature correlates their dietary intakewa potential decreased risk of

cancer and cardiovascular diseasgA3]; terpenes are very interesting antimicrobial and
anticarcinogenic agen{24,25]
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Phenolcs are chemical compounds composed by at least one aromatic ring with one or more
hydroxyl groups boned to aromatic or aliphatic structure6]. These compounds are found
predominantly in fruis, herbs, vegetables, leaves, roots and seeds; moreover they play a crucial role
in the defence system, reproduction, sensory and structure procefajgn higher plantsseveral
thousands of polyphenols have been characterized. Their content is influenced by several conditions
such as biotic and abiotic stressespresented bythe photoprotection and defence against
mechanical damage, pathogens and herbivores. In addipbenolics are implicate in flower and

fruit pigmentation.

They are mainly produced by the shikimate and phenylpropanoid pathways and are composed of
one or more aromatic ring backbones with hydroxyl groups or other substituents such as sugars and
organc acids[28]. In according toBravo et al[29], polyphenols can be classify in at least ten
different categories onhe basis otheir chemical structureaccording toTable 2.

Table 2.Representation of the main classis of polyphenolic compounds on the basis of their chemical

structure[29].

Class Basic Skeleton Basic Structure
Simple phenols Ce O—on
Benzoquinones C, 000
Phenolic acids C.C, O‘W

Acetophenones C,C, O—C

Phenylacetic acids C.-C

62

Hydroxycinnamic acids CC

O— =CH-COOH

(et
Phenylpropenes CC, O— -CH=CH,

)

CH~COOH
CH:
CH.

Coumarins, isocoumarins CLC,

Chromones C.C, @

OCH
Naftoquinones C.C, C¢
Xanthones CeCCy (I;@

Stilbenes CC-C, %

Anthraquinones CC,C,
Flavonoids CACCy
Lignans, neolignans (CC),
Lignins (C-C),

They can be characterized by simple molecules such ashéeofic acidsor complexpolymeric
structuresas thetannins. The latter group of polyphenols can be divided in two classes: condensed
tannins called also proanthocyanidinghich areconstituted by flavan3-ols polymers subunits
connected via 4% and 48 interflavan bondsand hydrolysable tannins, composed by gallic acid
SaiSNR ¢AGK | OSypiglbpiranbdeThepenta®-galbiySgNitopytaBose is

the product of the gallic acid glycosylation reactions and represents the precursor of all hydrolysable

13



tannins which areagaindivided in two subclasses: gallotannins derived from galloylation reactions
of this precursor derivative and ellagitannihst areT 2 NY SR 0 & -rexanydrgxydiphertoyl > p
(HHDP) moisgtderived from oxidation reactions among gallog$idues of the pent&®-galloyb -D-
glucopyranose moleculg80]. In addition, the ellagitannins hydrolysis releases HHDP from which
ellagic acid molecules are forming spontaneoU(i3i.

Fgure 3 describes the oxidation of pentagalloylglucose to tellimagrandin II, which represents the
primary metabolitein the ellagitannin metabolism and it can subjected to further oxidation
reactions; in addition its hydrolysis products &e&re shown[32].

H
OH HO OH
e s
9 7 . ’
| o
H (L o OH o .
:@r ° Oxidation d
o —_—
H N OH
% ONc© % I -2H N
4 o
o=¢
L. o L.
oH

HO OH

1,2,3,4 6-Pentagalloylglucose

OH

HOOC HO. OH
Hydrolysis Lactonization

<9 2R
HO on COOH

OH

3,453 4'5-Hexa- Ellagic acid
hydroxydiphenic acid

Fig. 3 Formation of the monomeric ellagitanniallimagrandin [from the oxidationof pentagalloylglucose
and its hydrolysis to hexahydroxydipheaitid and ellagic aci®2].

The second subclass of hydrolysable tannins are very common in plants representing the widest
known group of tannins. Pomegranate and berries such strawberry and raspberry belonging to the
Rosacea¢amily are a rich source of ellagitannii®3®]. Currently, several scientific studies attrileut

to ellagic acid and more generally to tannins, antioxidant, antimicrobial, antiviral and anticancer
properties[33].

Phenylalanine and tyrosinen the action of aromatic aminacid lyase# the shikimate pathway,
represent the precursors to the phenylgranoid pathway, directing carbaefflux from primary to
secondary metaboliswithin the plant[34]. Phenylpropanoids class includes phenolic acids such as
caftaric, coumaric and caffeacidand more complex molecules as lignans, stilbenes and flavonoids.
The latter are found in several fruits as pomegranate and grapevine and also in numeriols+the
products such as leaves, seeds, bark and [BeB6] Figure4 highlightsthe different structures
originated by the general phenylpropanoid pathway].

The structure of flavonoids is the flavan nucleus, formed by 15 carbon atoms arranged in three rings
(C6C3C6);two of them are aromatidlabelled as A and Bring) and linked by an oxygenated
heterocycle, the C rind.he chemical features afing C define thelavonoidsubgroupsas reported

in Table J29]. Starting the flavonoid pathway, the condensation reactiorcofimaroyl CoA and
malonyl CoA molecules lead to the formationao€halcone moiety that spontaneously isomerizes

to flavanonesFrom themthe different modifications on the C ring define therioaus subclasses of
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flavonoids (Table 3). One of these subclasses is representeditbydbflavonolsthat can be
converted to colourless and unstablgigments called anthocyanidinsTher oxidation and
glycosylation originatethe anthocyanins that are coloured and stablemolecules andare
accumulated in vacuoles giving a blu, red or purple colour to several fruits. Anthocyanins are
reductedto flavan3-olsthat can be in anonomericform such as catechiar in an oligomeric form

as condensed tannins.Condased tanninsconfer an astringency to fruits hindering their
consumption when unrip€37,38]

CHO

¥ ! .
COON
-0 + u,c=<)
HO~P b

Erythose-4-Phosphat . PEP
v
Gallotannins COOH COOH
L B EEEEE
Ellagitannins
HOY OH O H
! o
Gallic acid Dihydroshikimate
v
HO, 0, 0 COOM COOH
o
awr: : /\/\ ©\ ...... . @\7 COOM
Coumarins o’ H ’L‘-a|,
» 0 " Isochorismate
2 mate y
oM '
HO, 0, . .
.'. Ho. 2 ) 4 COOH
J COOH oH
" OH H mh'
Isoflavonoids Flavonoids enylalanine Salicylic acid
v, ‘ A
S~+CoA v
oM oM CooM
€ N 0 <.}...... o ... >
O
oM
HO p-Coumaroyl CoA Cinnamate Bonzoic acid
" stilbenes
OH ) .
A - : : W A Qevghrose
HO. 0 oM : CH0.,
4 oM < 0
m ° o D s CHP. T3
Aurones : j@/\/ S0
" ' Ho Phenylpropanoid esters
oM
"' Catochin Lignans Phonylpropenos 4
' +
Cutin Acylated Polyamines
Suberin Lignin
Sporopollein '
Proanthocyanidins

Fig.4. Diverse structures originated likie phenylpropanoidpathway. Phenylalanine ammonia lyase (BAL
enzymecatalyse the nonoxidative deaminatiomeactionof phenylalanine to transinnamateleadingthe
carboneffluxfrom the shikimate pathway tthe general phenypropanoid metaboligi3¢4].
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Table 3 Diversechemical structuresf flavonoid subclasses found in plaf2$)].

Flavonoid Basic Structure

Chalcones

Dihydrochalconcs

Auroncs

s
5

Flavones

Flavonols

Dihydroflavonol

Flavanones

Flavanol

Flavandiol or
leucoanthocyanidin

Anthocyanidin

Isoflavonoids

FRARRARSTRT

P

Biflavonoids

{

Proanthocyanidins or
condensed tannins

The terpenoidsip to now, representhe largest class of secondary metabolites identifre@glants

All terpenoids originates in the celar cytosol from the mevalonate pathway starting from acetyl
CoA, or in the deplastids starting from pyruvate and glyceraldemgiphosphate[39].

These two pathways have in common the fation of two isomers composed bycarbon atoms:

isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPREe two moleculeare
condensed to form the terpene preursorg40].

Terpenoids areherefore classifiedon the basis of the number of isoprene units)(idcorporated
and as a consequentyy their carbon chain length: moleculedth ten carbon atom units are called
monoterpenes (C10), sesquiterpenese characterized by fifteen carbon atom uni(€15),
diterpeneswith twenty (C20), triterpeneswith thirty (C30), tetraterpenesvith forty (C4), and
polyterpeneswith more than fortyfive (>45), as represented in Figuseand in order to increase
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the chain length, they are formed througtequential heado-tail condensatiorreactionsof IPP
with DMAPP, geranyliphosphate (GPP), farnesyl digphate (FPPyeranylgeranyl diphosphate
(GGPP30 on and so fort28] .

Fig.5. Diverse chemical structures of terpenoid9:R-Limoneneg(C10) 2) Valencene (C153) Phytol (C20);
4) Oleanolic acid (C3®)i -carotene (C40)%) Betulaprenole (C>4%$28].

1.3. Studying thébioactive compounds

These compounds can possess important biological propertiastasancerantihypertensiveanti-
infectives anti-inflammatory, analgesic antioxidant immuno-suppression for neurological
diseass andwound healirg treatments[3], and theyhave a promising future in the improvement
of hardto-treat illnes®s,andaround the world about half a million plants are present and most of
them have not been investigated yet. The huge biodiversity of plants premidghaustible chances
for new drug discoveries in the standardized plant extrécts

One of the main way in drug discovering is representebibgssayguidedprocess (Figuré) where
different extracts of plahraw materials are tested and if a biological activity such as antibacterial,
antiviral or antiproliferative action is observed, the raw extract is subsequently fractionated to
isolate and identify the potential bioactive compounds. Each fractionatiop steguided by
biological assays. However, not always this process lead to discover and isolate a single bioactive
compound because sometimes the activity of the extract is provided by a synergistic effect of its
multiple componentg6].
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Source materials " @ > Active Extract
(c-g. plant) Extraction Bioassay ()
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: Identified bioactive
g Bioass ;
Jioassay

Fig.6. Traditional process in natural drug discovering: bioasgagied fractionatior{6].

Despite all the benefits that natural products provide to human health, pharmaceutical companies
are still reluctant to their large scale us€me issues and limitations need to be overcome in the
future: suchas their structural complexity, difficultiesnd time-consuming of natural product
chemistry screening thatan cause a large number of artefacts, the event of unknown and
unpredictable synergistic actions among different compounds in plant extractsthe poor
reproducibility ofthem due to seasonathanging affecting the plant metabolisrimn addition,the
uncertain availability of some plant materials and the access to biodiversity due to political problems
and thelnternationalregulationshas to be consideref1].

1.3.1. Phytochemical characterization

The characterization of a plant extract from a phytochemical point of view means to perform a very
complex study that involves a multidisciplinary approach. A plant extract is usually a combination of
several types of bioaste molecules or compounds with different polarities and their separation
and characterization represent a big challenge. In order to obtain pure compounds, a number of
different separation (chromatographic) techniques are used: column chromatographyy, flas
chromatography, Thihayer Chromatography (TLC and HPTLC) and  preparative Liquid
Chromatography (prepLCp42]. High Performance Liquid chromatography (HPLC) represents a
robust, versatile and widely used technigque which can separate, and purify individual components
in a mixture of compoundpt3]. LC coupled to the different detectors, makes possible to identify
and quantify the components of a complex mixtukawadays, HPLC is the main used technique in
analytical and preparative scaler the quality control of plant extracts; its resolving power allows

to rapid processing for fingerprinting study of multi component sampi&s44] Several studies
characterized and quantified secondary metétss in plant extracts such as phenols, steroids,
alkaloids and flavonoids using the HPLC technj4&e49].
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Reversephasechromatography represent over 65% of the total HPLC separations due to its broad
application range.[50]. The non-polar column stationary phaseis usually composed by
hydrocarbas(i.e. C18 functional groups covalently bonded to the silica padti€le & daNilE theD S
polar mobile phase igenerally represented byater or polar solvens The norpolar molecules
have a greater affinity for the stationary phase and pass thrabhghcolumn more slowly than the
polar onesFor the identification of any compounds, a detector is needad because manyatural
compounds have somehromophore groups responsible for UV absorptjbh], such as phenolics
identified at wavelengths of around 1EB0 nm[52] usingU\W-VIS and Photodiode Array (PDA)
detectors widely used for their high sensitivify3]. Figure7 shows a schematic representation of
HPLC system.

| l iisample
[]
HPLC
Injector ___“—*-
um
E it | ¢ HPLC column

HPLC
solvent

Detector

Data aquisition

waste

Fig.7. Schematiagepresentation of the HPLC syst¢ba].

Another important detector coupled with HPLC system is Mass Spectrometer (MS) and the
possihlity to combine information from a Diode Array Detector (DAD) and Mass Spectrometer
Detector (MSD) represents a powerful technique employed for the phytochemical analysis of
complex plant extract[55]. Beside the liquid chromatographic separation, these technique
combination can facilitate the identification of compounds in plant extracts, in particular when
commercial pure standards are not available, providing a partial structural elucidation of the
molecules and accurate information about their fragmentatioy performing collisioanduced
dissociation (CID) experiment$hen tandem Mass Spectrometfy!S/MS)or more (MS) sequential
stages of MS are applig86]. Generally, in LIS analysis,lectrospray ionization (ES$)themost
commonly employed ionization methoavhichis an eligiblesourcein the phenolic compounds
analysis; it is considered soft-ionization technique thaprovideslittle internal energyand high
ionization efficiecy[56].

Nowadays, severdS instrumentsor LGMSbased plah metabolomics arecurrently available

triple quadrupole (QqQ),lj dz RNXzL32 £ S { A Y SquairEipoldich Ir&p((QITY, rigleh C U =
guadrupolelinear ion trap (QTRARINd quadrupole Orbitrap Within them, triple quadrupole
system LCQg@MS is eligible imquantitative targeted approach, allowing highly sensitive multiple

or selected reaction monitoring (MRM#RS) analyses and giving a certain absolute quantification

of metabolites present in low abundance (Fig8j§20].

19



uadrupole
lonization Source: 2 3 Quadrupole Quadrupole

ESI, APCI maf‘éii,',te’ C°'“f“;[j Cell mass filter
4 a3 Particle
Multiplier

=]

_—v

m/z

selection Fragmentation selection of
fragments

Fig8. Schematicepresentation of the triple quadrupole MS/MS systeen.fvikipedia.org)

To provide a suitable sample for HPLC analysis, the processing of the raw materials (e.g. dried
powdered) and the choice of the extraction solvent (e.g. methanol, chloroform) are very important
to the success of the isolation technig[4#8]. The crude source has to be treated to ensure that the
compounds of interest are exhaustively extracted. After extraction, the solid material is usually
removed by filtrationf42,53]and the filtrateis subsequently concentrated and injected in HPLC for

the analysis. When a crude extract anadyis carried out, the use of a guard column is often
necessary to protect the lifespan of the analytical column from strongly binding components
contained in the extract such as chlorophylls that in long time can compromise its perforip&hce

Gas chromatography (G&)mbined withflame ionization detectorRID or MS detectorepresents
anothertechnique in which an inert carrier gas such as heliuos&l as the mobile phasejdely
employedfor the analysis of bioactive natural compouneéspecially for volatiles compounds such
as essential oils and hydrocarbdb3]. GEMS is used for the structural elucidation of compounds
andis characterized byp SGGSNJ aSyaArdAgade |yR f2g6SNItHeA YA (3
analytes[58]. Due to its sensitivity, simplicity and effectiveness in chromatograggparation, is
broadly usedfor qualitative and quantitative analysis of complex mixtures as one of the most
important tools in analytical chemistf$9]. A limit that occurs in GC analysisapresented by low
volatility molecules, but its use can be extended atsonediumhigh boiling and medium polarity
molecules changintpeir volatilityby properderivatization reactionsuch ago their corresponding
TMS derivatives usingpyridine and N,@is-(trimethylsilyl)trifluoroacetamide (BSTFAPO].
Derivatization of the sample can improve the chromatographic separatiersuitability, efficiency
anddetectability of the compoundg1]. In Figured, a schematic representation of a 4S5 sytem

is shown.
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1.4. Biomolecular characterizan: DNA barcoding

The dentification ofdifferent organism on morphological characters oftepresentsa challenging
task for taxonomists. In addition, traditional morphological concepts cannot identify biological
species which have developed genetic edgences without the presence of morphological
differences In order to overcome this issu@,the last decades, DNA barcoding has been developed
as a powerful toofor species discriminatiof63]. DNA barcodes are represented by short standard
DNA regions known as marker, instead of whole genddeeentific community and industry are
widely using this technique to solvdifferent issuesin molecular phylogenetic, taxonomy,
biogeography, in the illegal trade control, in food product authenticity and in population genetics
[64].

The DNA barcoding is not only used in research of recent biodiversity but also to study the past
ecological conditions on EartRecently, the use of DNA barcoding has increased in the field of
medicinal plants researcit,represent a valid technique to authenticate several herbal produtct

the industrial quality assurandé5,66]

In this field, various degrees of discrepancy are recently reported among expected and actual
species identified in the various commercial herbal products. In the light of these studies, the
authenticity and quality of herbal products were questioned. Tpeactical limitation of
conventional DNA barcoding restricting this analysis only for the authentication of herbal
preparationscomposed byinprocessed plant materigbecause after processing steps such as using
solvents, DNA can be lost, mixed or detgd. Many factors influence a representative evaluation

of a complex mixture, such as the quality and type of raw mateltdls moreover, false positive
results given by any amplifiable DNA and false negative results if the DNA is degrém#dioe to
manufacturing or post harvesting treatments, may affect fimal DNA analysif66].
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The DNAbased identification procedure is represented by the focus on plant sampling, barcode
regions, DNA extraicin, purification, amplification and comparison with the sequences reference
databas€68].

Figure 10 reports the procedure of NA barcoding and metabarcoding techniques as well as a
graphic representation of the potential strengths and weaknesses of source tissue in the
development of reference libraries for DNA barcodiige DNA barcoding combined with high
throughput sequencingdHTS) is called metabarcoding and allows the rtaka identification,
analysing the extracellular or total DNA extracted from samples that contain DNA of different origins
[67]. The main advantage of metabarcoding is the capability to detect each single species in a
complex herbal product antb elaborae mixtures simultaneous|ywhere conventional argtical

and DNA barcoding applications are limi{éd].
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Fig. 10. Left; graphicrepresentation of the potential strengths and weaknesses of source tigsube
development of DNA barcoding reference librari¢69]. Right; Representation of DNA barcoding (same
genome) in the left, and metabarcoding (genes of the species Bmalysi¥ in the right. After the sequencing

of the amplified products, the taxonomic assignment is performed comparing the obtained sequences to
those in a reference databa$é0].

The techniques in a sample analysisllow to detect the presence of contaminants and
adulterations with other species. In quality control of herbal products, Oi#fcoding and
metabarcoding are applicable only in identification and authentication stydiefsct they do not
provide any qualitative or quantitative information about compounds present in the plant material
[64,71]

In animals, DNA barcoding is performed using sequences from the mitochondrial genome instead
of the nuclear genome because recombination is rare and mitochondrial DNA is haploid, then it
prevents errors during sequencing often caused by heteropldsi2ly In plants, the fragment of
the cytochrome C oxidase (COI) mitochondrial gene has lower heterogeneity and is not suitable to
distinct plantspecies Therefore, DNA barcoding analysis is commonly performed on other DNA
regions, in particular is possible to combine two or more genes to obtain more robust data. Some
popular plant DNA barcodes are the nucleaternal transcribed spacer S regon and the
chloroplast intergenic spacgrsbAtrnH and on two chloroplast gene fragments from the RuBisCo
large subunitrocl) and maturase Kn{atK) geneg73]. In conclusion, the DNA barcoding of animals,
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plants and otherorganisms will improve with the progress in polymerase chain reaction (PCR)
amplification and DNA sequencitechniques. However, until the discrimination thresholds among
species provide$00 % of accuracy, DNA barcoding techniques will be restriétsiginificant future
challenge is represented by adding more and more DNA information in order to enrich aptetom
genomic databas€$3].

1.5. Punica granaturh.
1.5.1. Botany

Punica granatuni. (Lythraceae family)ommonly knowras ppmegranate is a domesticated tree
[74]. The genus Punical. ischaracterized by two spedeP. granatum and P. protopunica
(theplantlist.org) The last mentioned iendemic in Socotra Island (Yemen) andossidered the
ancestor of the genu®unicaand the only relative of the cultivated pomegrana{@5]. The
taxonomic hierarchy dPunica granatuni. is shown in Table 4.

Table 4. Taxonomic hierarchy dfunica granatunt..

Division Tracheophyta
Class Magnoliopsida
Order Myrtales
Family Lythraceae
Genus Punica

Species P. granatum

It is widely grown as evergreen in the tropical regions dadiduous in temperate areas of the
world. Botanically, pomegranate tree is a short shrub that has a bushy appeamdemsops
multiple trunks and it can grow up to more than 7 m when is not cultivatddle in dwarf cultivars
do not exceed 1.5 m. It hahiny leaveglength4-6 cm) andit makes red/orange bell shaped solitary
flowers or organized in pairs or clusters. In the north part of the world, flowering occubgiii
May but inthe young trees it may continue until the end of summElowering ad the resulting
fruit last about 1 monthThered, spherical, globose or somewhat flattened frugite approximately

10 cm in diameter. Eacbne has a prominent calyx that is a distinctive trait, ahey contain
numerous seeds covered by fleshy arilstie walls of membranous tissue. There are some
exceptional cultivars such as the black pomegranate, characterize by black skin from very early
stages of maturation until ripening time.

The edible part contrib@sto 5560% of the whole fruit. Skin andilar colour ranges from light
yellow to deepred, depending on the cultivar, but there is no correlation between the colours of
these two. The best harvesting time, in general from 4.5 to 6 months after full bloom is influenced
by the environmental and agnomic conditionsThe fruit can reach its optimal nutrient and sugar
composition, colour, size in Mediterranedike climatic conditions which includes mild winters with
temperatures not lower tharl2°C and hot dry summers without heavy rainfall that damage
0§KS T NUzA G QE6L.RS@St 2LIYSy i

The pomegranate plarfFigurell) requires moderate levels of fertilisers and grows better in slightly
alkalne and well drained soil& has a good drought tolerancaeverthelessa regular irrigation is
important to reduce fruit disorders such as splittifigF]. ¢ KS aKdza1é¢ O2yairaia
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pericarp, which is a cuticle layer; and the mesocarp (atsnvk as thealbedd, which is a spongy
tissue where the arils are attached. Membranous wadksp{un) and fleshy mesocarp separate
multi-ovule chamberslgcules [78,79]
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1.5.2. Origin and cultivating regions

The name pomegranate is derived from the Latin of the Matum granatunE G K| 0 Y SI y a
| LILJTH @&nPunicaindicates the Roman province of Phoenicia (Carthage), whence the Romans
imported pomegranates. Therm granatumis referred to themany seedsn its fruit. Despite
pomegranatecultivation isconsidered as a minor crop, itsaus an important part of thehuman
history. Pomegranate tree is native to central Asia use began in prehistoriera and its
domesticationhas been estimatedh the Neolithicperiod.

Pomegranate is represented in various archaeological artefacts found in Egypt, Israel, Ammdenia a
Mesopotamia, in addition carbonized fragments of pomegranate parts belonging to the early Bronze
Age were found in the Middle Easin example is reported in Figut2 The Phoenicians might have
introduced its cultivation all over the Mediterranean feg and Sanish sailors and Franciscan
missionaries spread pomegranate toedtion in California and its near coastal regions in the 1700s.
Nowadays it is cultivated in several geographical regions of the world including tAsia
Mediterranean area, SoutAfrica, Australia, Argentine, Braaild theUnited States due to its highly
adaptive behaviar to a broad range of climates and soil conditidi78,81¢83].
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Fig.12. Ancient inscribed ivory pomegranate (Shanks, 2016)

1.5.3. The importance of pomegranate: state of the art

Nowadays, the correlation between food and drugs is becoming much clearer due to the ever
improvements of scientific research. The term of nutraceutical was born 20 years ago to combine
the wordsnutrition and pharmaceuticsboth essential contributors diuman wellness. In the last
decades many studies were focalized to nutraceuticals, dietary supplements or functional foods,
which comprise any food or food part that ensure healthy proper{i@d]. In this context,
pomegranate, an ancient and beloved plant and fruit well known in folk medicine of different
countries is becomng increasingly popular as a functional food and nutraceutical soumce
particular forits high polyphenols contenpresent not only in the edible part but also in other parts

of the fruit and the plant such as peel, bark, leaves and flo\&&5 86}

These findings allowed the public to become higher aware to the numerous healthy benefits
provided at first by its fruit and juice particularly in the western world where recently their
consumption ishighly increased. In the last years as a result to the improvement of the industrial
and agricultural techniqueshe extent of pomegranate cultivations has been enlar{j&t].

About 100 g of arils supply 83 kcal of energy, 1.67 g protein, 18.7 g carbohydrate, 3 mg sodium,
236 mg potassium, 12 mg magnesium, 10 mg calcium, 0.3 mg iron, 0.16 mg copper, 0.35 mg zinc,
12.2 mgvitamin C, 0.29 mg niacin, 38 ug folate and 16.4 pg vitamin K (USDA, 2019). Most of the
scientific studies are focused on the edible parts of the fruit and its derived juice, and directed
towards different cardiovascular risk factors, hypertension, diabginflammation, antioxidant,
antibacterial, antiviral and anticancer propertig¥¢92].

It has been shown that the consumption of pomegranate juice can give consistent health benefits
through a significantly decreasing of systolic and diastolic blood pressure via an inhibition of ACE
activity [93]. Studies onype 2 diabetic patients showed that pomegranate juice is an additional
contribution in reducing blood glucose le\8B]. Recentin vitro and in vivostudies correlate the
presence of flavonoids, anthocyanins and hydrolysable ellagitannins to its vasculoprotective role,
including a positive influence on the endothelial cell function, decreasing lipid uptake by
macrophages and reducing plateletgaggation, lowering of oxidative stress and lipid oxidation.
Lower hypertension and an attenuating atherosclerosis promoted by a daily intake of pomegranate
juice have been demonstrated by human clinical studies. All these evidences suggest the potential
helpfulness of wider pomegranate and its constituentsdise a hearthealthy diet or as adjuvant

in vascular diseases treatmd®i]. A stug conducted on aged man showed that pomegranate juice
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has a powerful antinflammatory effect by reducing inflammation and muscle damage, explained

08 |y AYKAOAGAZ2Y 2F Ay Tl YYlF (2 NERE[O5Y InNidBidta & dz
pomegranate juice and its purified polyphenol extract have been reported to have microbiocidal
effects on HIVL and Influenza A virus, and showed a synergistic effect when associated with
commercial antiviral drug®1,96}

Among the scientific community the appreciation on dietary phytocompounds that represent
beneficial agents and potential weapons in the prevention and fight against cancer has recently
emerged because of their cost effective and saédune. The presence of specialized bioactive
compounds such as polyphenatthe pomegranate fruit has attracted the attention of the medical
community. This chemical composition has been studied for its potential chemopreventive and
cancer therapeutic éécts in animal model@®7].

Nowadays despite the good and promising results obtained firoritro andin vivostudies, well
designed clinical trials in human are still needed to consider the use of pomegranate as a novel
strategy against canc§98]. Despite the most studied pomegranate fruit and its derived juice, which
are the most common way of its consumption, the redible parts of the plant deserve
considerable importance. In pomegranate fruit peels, a princywakte byproduct of the
commercial fruit juice, and in the tree bark (heartwood), punicaldgiandi isomers (called
punicalagins) are the most abundant hydrolysable tannins représgfitr over 85% of total
tannins. Other hydrolysable tannins presentfruit peels, and heartwood are punicalin, gallagic
acid, ellagic acid and ellagic acid glycos[88103].

Thealcoholic extracts of pomegranate roots and bark have antibacterial activities and they may be
used in mouthwash or toothpaste in the prevention or treatmehthe oral cavity infections caused

by Candidasp.[104]. Seds oil extract is rich in punicic acid, an isomerrafléinic acidvhich can

be helpful in the treatment of metabolic syndromes in humH@5]. In addition, it showed to have

a significantanti-obesity effect and a neuroprotective potential by the inhibition of cholinesterase
and the stimulation of the antioxidant capacity in br@l©6].

Pomegranate peel and its derived extracts are suitable not only for pharmaceutical applications but
also in the food industry as mufinctional preservativg107] and for cosmetical applications: in

fact peel extract is able to stimulate keratinocyte proliferation and procollagen synthesis for
facilitating skin repaif108].

Nowadays pomegranate extracts are used in several skin care commercial products. Other studies
showed that pomegranate juice fyroducts such as seeds apéelel which may cause environmental
problems can be also used for feeding ruminants and it represents a possible good nutritive
supplement in ruminant diet by reducing cereal feedih@9]. Finally, pomegranate juice and seeds

are used to make sauces and toppings to accomplish several type of disl¥sFigure13
summarizes the main healthy benefits of pomegranate.
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Fig 13. Healthy properties of pomegranate and its-psoducts on human healtfi11].

1.6.Vitis viniferalL.

1.6.1. Botary

Vitis viniferal.., commonly known as grapeving a type of perennial defoliating vine belonging to
the Vitaceaefamily. TheTaxonomic hierarchy dofitis viniferal. is shown in Tabk It isawooden
and often twisted stenwhich can reachup to 35 m longwvhile in cultivationthe length is reduced
by the yearly pruning dhe shoots and leavet® 1-3 m.

The leaves are thin, circular or oval, glabrous, with dentate or jagged mavgms diameter of

5-23 cm,basal sinus deep and lobes often overlapping/-®bed witha stormy gray tonen the

lower faceand a dull green colour on the upper fad¢endrils are branched, normally opposite 2
leaves out of three. In autumn season, the leaves turn red because to the accumulation of
anthocyaninsnainly cyanidif3-monoglucoside and peonidia-monoglucosidd112].

The flowers are numerous, pentamerous, fragrant, groped in clusters and arranged opposite to the
leaves; the calyis very shortlyandfive-lobed, petals are about 5 mm with pale green colour and
sweetscented.

The fruit consists in soft pulpy ellipsaid globose berries called grapes of variable colours (from
green, yellow to red or purplishlack) depending on the variegnd isorganised in large and long
clusters.Berriesare juicy, sweet or sour and contair3yriform seeds with rather long bedk7].

All these parts of the plant are represented in Figide
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Tilis vinifern L

Fig 14. Some Vitis viniferaorgans: leaf (1), seed (2), grape (3), flower(gntcurator.con).

Table 5.Taxonomic hierarchy ofitis viniferal.

Division Tracheophyta
Class Magnoliopsida
Order Vitales
Family Vitaceae
Genus Vitis

Species V. vinifera

1.6.2. Origin and cultivating regions

The term gapevineincludes about sixty intefertile wild Vitisspecies located in North America, Asia
and Europe under Mediterranean and continetaimperate climatic conditiongl13]. Historically,
grapevine has been usdwy people since ancient times and towards 5000 BC or even earlier, the
cultivated European vine migrated from the north through Anatolia to Syria, thus to the Holy Land.
Botanists attribute the origin of grapevine to an area extending from Southeast &twdyestern
India.
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Significant quantities of vinification residues (tartaric acid) with terebinth resin were found in clay
jars, indicating evidences of ancient winemaking dated back to the end of the seventh millennium
BC. From eastern Mediterraneaneas, viticulture spread gradually westwards. The Phoenician
seems to have played a significant role in the establishment and development of viticulture and
viniculture. During the fifth millennium BC, grape cultivation started in Greece and Crete, whence
numerous artefacts were founds Figurel5represents an example

Mentions of grapevine dated around 2500 BC were found in stone seals engraved depicting scenes
of banquets with people drinking wine belonging to ancient Egyptian inscrigtlddg Initially wild
species were used and tlebsequently domestication of the plant, allowed people to cultivate
vine for fruit to be eaten fresh or dried, to make juice and wivgis viniferaL. is the singl&/itis
species that obtaied a significant londerm economic interest; some other spesiare used as
breeding rootstock because of their resistance against grapevine path¢bEsis

Nowadays, grape crops represent one of the most important and widespreadeagrimmic
activities around the world with the annual world production of more than 60 million tons dedicated
to fresh consumption, juice and raisins. The large proportion ofatuduction is devoted mostly to
vinification processes, which primarily in Southwestern Europe constitute an important traditional
activity [115].

Fig.15. Hellenistic mosaics discovered close to the citPabhosdepicting god of winéWikipedia.org)
1.6.3. Grapevinédy-products

Unfortunately, huge amounts of residues are generated every year from viticulture and wine
production processes. Thesesidues can cause environmental problems when they are discarded
in open areador their considerably high biochemical and chemical oxygen demdrids117] In
order to potentiate the "byproduct” market limiting the production of waste and to reduce waste
on landfill sites, the Directive 1999/31/EC and subsequently Directive 2008/98/EC establish the
basic waste managemegbncepts, such as the definitions of waste, recy¢lregseand recovery
(eur-lex.europa.eu)The latterexplains when waste can be considered as secondary raw material
as well as the differences between waste andpogducts. The latter is a substance abject
obtained from a production process, but it does not represent the primary goal of the production
being a byproduct only if it possess the following conditions: 1) a certain further use of the
substance or object; 2) over the normal industrial pi@e, the substance or object can be used
directly without any further processing; 3) on a production process, the substance or object is
29
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produced as an integral part of it; 4) lawful use: the substance or object will not lead to overall
adverse environmental or human health impacts.

By-products generated by viticulture and wine production are grape pomace (mainly skins and
seeds), stems and leavedNowadays there is an increasing demafat green materials and
renewable sources of nutrients and bioactive compouynds the same timeto reduce the
environmental impact of agricultural and winery activities, their valorisation is of great interest for
the feed/food, pharmaceutical and cosmeffields Grape pomace originates when grapes are
pressed during the production of must and represents the most widely studiggrdnjuct. Its
production, around 9 million tons per year, is on average 20% (w/w) of the total grapes used for
winery industryper year[35,120,121] This material is suitable for the extraction of grape seed oll
and polyphenols such as phenolic acids, catechin, epicatechin, tannins, flavonoids and resveratrol,
for the production of ethanol, methanol, citric acid, xanthgeimand energy by methanizan via
fermentation and distillation process¢122].

The anthocyanins extracted from graperskiand responsible for their colouare used as natural
food colorant with the EU number E1823]. Grape stems, removed before vinification procedure
to avoid negative organoleptic characteristics to the wine, represent andiitgaroductand they
are used mainly as animal feed or soil amelioration.

In Asia, Eastern Europe and in the Mediterranearaayeung grapevine leaves are edible and used

in cooking wrapped around fish or meat and then bakeéd.the Mediterranean Basin, the leaves
and shoots produced by the annual pruning of vineyards after the grape harvest are eaten by sheep
and goatg125]. Despitethese residues contain high levels of lignin and condensed tannins, vine
leaves are a safe fodder without any toxic efffk@6]. The nain issue is represented by the use of
pesticides for the treatment of grapevine; leaves spread with these products could cause toxicity
and should be kept away from anim§l7].

1.6.4. Applicationsof grapevineand its byproductsfor human health

Grapevine fruit contains various phenolic compounds, flavonoids and stilbenes. Nowadays,
bioactive constituents found in the grape fruits, seeds, stems, skin and pomaces have been
identified and studied128]. All these parts are known to contain phytochemicals with health
promoting benefitssuitable for pharmacological, cosmetic and food applicatibibesrature reports

their valuable activity for the prevention of cardiovascular and degenerative diseases, oxidative
reactions and inflammatory processes in hum§ii3,119]

Due to its nutritional value and many beneficial properties, the grajga imterestingedible food.
Composition of the fruit is very complex and varies with the cultivating region, cultivar, climate
conditions and degree of maturatiofl29]. Fresh grapes consist in a rich source of water (82%),
carbohydrates (1218%), proteins (06D.6%) and fat (0690.4%). Moreover, grape represents a
good souce of boron, potassium (0¢D.2%), calcium (0.@D.02%), phosphorus (0.68.01%)
vitamin C (0.040.02%) and vitamin A (0.0§0.0015%)130].

The most representing medicinal properties of grape constituents are: antidiabetic, antioxidant,
anti-atherogenic, neuroprotective, an#iging, antinfection, antiobesity, antimicrobial,
anticarcinogenic and immunomodulatof$7,130,131] Studies on grape juicand seed extracts
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from black table grapesshowed their strong inhibitory effect against the growth dfisteria
monocytogene$132]. In particular, many biological actives has been attributed to resveratrol, a
major compound extracted from the grape skin and sdad8,134]

Grapevineseed extract islsoused as antcaries agent, oral care agent, oral health care daung;

dandruff, anti-fungal, antimicrobial flavouring, antioxidant, light stabilizesnd sunscreen agent
According to the Voluntary Cosmetic Registration Program (VGRPBg&vineleaf extract is used in

78 cosmetic formulation$135]. Since the polyphenols are capable of absorbing UV and visiblg light

the dried leaf extract oVitis viniferaand Vitis labruscawas used to developed phytocosmetica

topical formulation for skin protection against ultraviolet radiation dam@b@6]. Nowadays, wine

is used for healing and beauty purposes at sevieealuty centress 2 NI R6 A RS® ¢KS WQg
treatments combie hydrothermal techniques with grapéerived products offering a remarkable
relaxing effect as well asuscular tonification and improved blood circulatifr87].

The therapeutic potential of grapevine and itsfpducts have been applied for ag€xapes have
been wsed to prevent or treat pathological conditions such as nausea, gastroenteritis, diarrhoea and
skin disorder$138]. In addition, wine has been reported to improve endothelial dysfunction, blood
lipid parameters, platelet aggregation and other risk factors for cardiovascular digé89¢Grape
leaves are the least studied and valorised residiiey represent a promising source of compounds
with biological potential for human healtfi22,124] Theywere usedin the pastto relieve pain,
inflammation, diarrhoea, to stop bleeding and to drain furunge$0] and studies on their extract
showed antiviral and antioxidant activities supporting the utilization of grapevine leaves in folk
medicine[141]. Figurel6 summarize the principal healthy benefits of grapevine in the human
body. Their beneficial properties are attributable to the polyphenols they contb®8,142]

Preclinical studies attributed to the leaf extracts the capatmtprevent or attenuate the severity

of liver diseases indied byoxidative stress; to decrease lipid and protein oxidative damage induced
by hydrogen peroxide in the rat brain, restoring the SOD and CAT gctivitypair the NFkB
pathway, related to transcriptional control of piaflammatory mediatoran vitro in a model of
human gastric and intestinal epithelial celts; exert beneficial effectsn vivoon the kidneys of
diabetic ratqg143].

In conclusion, grapevine leaves give advantages over other viticultypeodolyicts and possess an
antioxidant potential 10 times higher than grape pulp or juicehaitt containing alcohol or sugar;
moreover they represemaninexhaustible and a low cost resource coming from the annual pruning
of the vineyardg$143].
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CHAPTER 2: PHYTOCHEMICAL AND BIOMOLECULAR CHARACTERIZATIOI
THE NOMEDIBLE PARTS OF POMEGRANATE

2.1. Introduction and preliminary studies

As mentioned irthapter 1, recent studies supported the traditional uses of all parts of pomegranate
plant, including noredible parts such as bark, peel dedvesor the potential beneficial properties

[1]. Therefore in this PhD project, pomegrandtaf were chosen as a raw material to be studied

both for the positive results in some biological teRs3] and because literature currently reports

little information compared to other edibleandnédRA 6t S LI NIia 2F LR YSINI Y
O2tt SOUGAZ2Y A& | &adzadl Ayl arfage toltHellplbid® dutng thé sprind i R
pruning or in the fall season. The leaves have been used in natural and holistic medicine to treat a
broad range of diseases such as sore throat, cough, digestive disorders, urinary infections,
conjunctivitis and diarréa[4,5].

Recent research studies indicate the pomegrandaf as an important source of bioactive
secondary metabolites and the healthiest constituents are ellagic at&fitannins, flavonoids,
anthocyanins, estrogenic flavonols, flavones, saponins, carotenoids and terpefb&presence

of these compounds may be associated to the studies related to a broad range of biological
properties such am vitro antioxidant,anti-inflammatory, anticholinesterase and anproliferative
activities, where the ethanolic extract represents one of the most acBé,7] The high
polyphenolic content and all these important biological activities showed that pomegrdeate
could be valuable for applications in food, cosmetic and pharmaceutical industry as a potential
source of active moleculeBased on the above considerations, this study started in collaboration
with the Department of Life and Environmental Sciences eflilmiversity of Cagliari, and the first
aim was to investigate the phytochemical composition of the pomegranate peel, bark and leaf
ethanolic extracts; these needible parts showed antiiral activity in preliminaryn vitroassays by

the inhibition of two HI\V1 enzymes: reverse transcriptaassociated RNase H activity and integrase
(Table 1).

Table 1 Results of thén vitro preliminary assays @he pomegranatepeel, bark and leaéthanolic extracts
on HI\(1 reverse transcriptase (RT) and integrad® ¢bmpared tocommercial drugs as control.

t 2 Y S 3 NéthAarolic Sxtracts  HIV-1 RT RNase | HIV-1 IN LEDGF dependent
and controls IC50 (ng/ml) IC50 (png/ml)
Bark 022004 0.18 £ 0.02
Peel 0.85+0.01 0.5+ 0.04
Leaf 061002 | 0.12 +0.06
Efavirenz 0.02 £ 0.005 -
Raltegravir | - | 0.06 + 0.01

They are key functional enzymes for the replication and the integration ofLlHiXal genome into

the host chromosome and represent two of three major target in the-Htkéatments[8]. On the

basis of the preliminary results, leaves were more in depth investigated from a phytochemical point
of view to evaluate their contents in terms of specialised metabolites and to verify the potential
variability of the extracts; these inforation are fundamental for the reliability of the biological
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studies Chapter 3) for this reason the phytochemical pattern was evaluated for plants of different
geographical origin, harvesting season and year. Samples were collected from several Sardinian
locations and occasionally from other regions. The phenolic composition of pomegtantieas
determined through HPLEDAESIMS/MS analyis after their ethanolic extraction. Together with

the phenolic fraction, the ethanolic extracts reveal the preseata triterpenoid fraction, whose
characterization were run through the derivatization of the samples aneMSCanalys. The
guantitation of the main compounds was performed using the external standard calibration method
and statistical data elaboratiaswere adoptedto highlight differences and similarities among the
samples

Moreover, the phenotypic differences were correlated to the biomolecular amalywith the
evaluation of different DNA regions of the leaf samples collected in Sardinia atieeirsies; this

part of the study was in cooperation with the Plant Physiology Unit (Department of Life Sciences
and Systems biology) of the University of Turin. The aisatysome DNA barcoding genes has been
applied with success for discriminationfnt and animal samples. It may represent a useful and
additional tool for the authentication of vegetal raw materials, in particular when comparable
species show a similar chemical composition. A limit of this method is the usually absence in the
reference databases of sequences of uncommon pldBt40]. In this projectwo barcoding genes,

the ITSand psbAtrnH were investigatedto verify the stability of pomegranate from different
harvesting sites

2.2. Materials and methods

2.2.1. Plant materials

Leaves were collected from different sites in Sardinia from Ju@xtober in 2017 and 2018. More

leaf samples were collected occasionally in other regions as Piedmont and Lombardy and one
sample in Greece (Table 1). Sample 8 (PGL8) was from the botanical garden of the University of
Cagliari, Italy, where a voucher speeim(CAG 514/A) was deposited. All individuals sampled from
other sites were collected randomly. The fresh plant materials were dried at 40°C to constant
weight.

Table 2.Location, coordinates, and code of pomegranate leaf samples.

Location Coordinates Code
SARDINIA 39°46'46.9"N PGL1
(Museddu) 9°39'41.3"E
SARDINIA 39°46'32.9"N PGL2
(Museddu) 9°38'49.6"E
SARDINIA 39°46'18.2"N PGL3
(Pelau) 9°38'16.0"E
SARDINIA 39°45'01.4"N PGL4
(Sa Canna) 9°34'28.2"E
SARDINIA 39°47'47.1"N PGL5
(Jerzu) 9°31'08.9"E

44



SARDINIA 39°47'45.6"N PGL6
(Jerzu) 9°31'08.5"E
SARDINIA 39°51'26.5"N PGL7
(Gairo Taquisara) 9°27'51.5"E
SARDINIA 39°13'19.6"N PGL8
(Cagliari botanical garden) 9°06'42.6"E
LOMBARDY NPCOH HA PGL9
(Brescia) MNCMO MO
PIEDMONT nncpy nan PGL10
(Cambiano) Tent nn ¢
GREECE OTCHT b PGL11
(Mykonos) HpcHA 9
PIEDMONT npcoo pdo PGL12
(Biella) ycno MH ¢
2.2.2. Chemicals
HPL@rade acetonitrile (LGIS grade), methanol, Pyridine N,GBis(trimethylsilyl)

trifluoroacetamide(BSTFA) , formic acid (>98% purity), ellagic acid, rutin, apigenin, were purchased
from Merck (Milan, Italy). D& 2 Y AT SR 41 G SNJ o my ®on a m -Qifificatidorr & 2 0
system (Millipore, Bedford, MA, UBA_uteolin, apigenin-D-glucoside, quercetin-8-glucoside,

luteolin 70-3 f dzO2 & A R SGglutodiile Sotllinio/acidy 6eanolic acid, ursolic auishicalin
hbipdzy A OF | piayyA Ol fHyIR Y § 6 SNB LIH2NDKI aSR @&NRBY 9E

2.2.3. Sample preparation

From eachpomegranate lehsample two extracts were prepared. 0.500 g of dried and ground
powderwas extracted with an ultrasonic bath (Soltec, Sonica S3 EP 2400) operating at 40 KHz with
10 mL of ethanol, three times foOImin. The supernatants were then combined and centrifuged at
5000 rpm for 10 min and poured into a glass ballon and evapored in a rotary evaporator under
vacuum at a temperature below 50°. To reduce chlorophyll interference 30 mg of crude extract were
resuspended in 1 mL of methanol/water (20:80, v/v), loaded on Bond EluC3B¢artridge(Agilent
Technologies, USA) and eluted with 8 mL of methanol/water (95:5, v/v) and then evaporated in a
rotary evaporator. For each extracl@ mg/mLstock solutiorin methanol was prepared and it was
subsequenthdiluited to 2.5 mg/mL using acetonitrile/water (95:5, viand filtered through a 13

YY RAIFIYSUSNE nduHH >Y t i6e0@ thé HPNRDAMSIMSKaBaR(ER LIK A £ A O

2.2.4. HPLEDAMS/MS analysis
2.2.4.1. Qualitative analysis

9 OK SEGNIOG 6p >[0 6l & IylrteaSR 6AGK  {KAYL
array detector SPIM20A in series to a Shimadzu LG8040 triple quadrupole system provided
with an electrospray ionization (ESI) source (Shimadzu, Dusseldorf Gern&amples were
analysed with an Ascentis ExpressslRPA RS 02 f dzyYy omn OY PH®M YY3I
USA) using water/formic acid (999:1, v/v) and acetonitrile/formic acid (998:1as mobile phases
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A and B, respectively. The flow rate was 0.4 mL/min and the column temperature was maintained

at 30 °C. The gradient program was as follows: 5% B for 5 g2&%®B in 35 min, 2300% B in 10

min, 100% B for 1 min. Total pranning and postrunning time was 56 min. UV spectra were
acquired over the 22850 nm wavelength rangéJass spectrometer operative conditions were:

heat block temperature: 200 °C; desolvation line (DL) temperature: 230 °C; nebulizep)gémn(N

rate: 3 L/min drying gas (B flow rate: 15 L/min. Mass spectra were acquired both in positive and

in negative fullscan mode, over the range &0500 m/z, event time 0.5 ®roduct lon Scan mode
(collisionenergyz:o p ®n + FT2NJ 9{ Lb I YR o pwhsiappliedfozddpdufds b >
for which the pseudomolecularions [ M¥H]yY 9{ Lb I Fk B RNIL bawS6B A RSy
Reaction Monitoring acquisition (collision energ$5.0 V for ESI+, dwell time: 20) was performed

on specific product ions derivddom precursor ion fragmentation. Some of the main components
were identified by comparing their retention times, UV and MS spectra with those of authentic
standards. The other components were tentatively identified through their UV spectra and mass
spectal information, compared to those reported in the literature.

2.2.4.2. Quantitative analysis

Quantitation was performed bthe external standard calibration method, and the results expressed
as mg of compound per g of matrix (mg/g). The calibration curves of luteedglucoside and
ellagicacidwere built up by analyzing them at eight concentrations in the rangd 0QLmg/L, while

for pdzy’ A O fmixtyire, fiie concentrations the range5-100mg/Land for bothpdzy A O £ | I A Y
andpdzy A Ol f fivelcbntentrationin the range10-500 mg/L were made; all compounds were
dissolved in methanol and us&DA detectoset at thel max for each compoundvhile for luteolin
7-O-glucoside, rutin, quercetin-8-glucoside and apigenin@-glucosideive concentrations in the
range 0.110 mg/Land for apigenin and luteolin in the range &Ing/Lwere used and they were
guantified usinghe selectedreaction monitoringin ESimode becaus®f coelutions. In thizase

the transitions from theproduction scan analysis for each standard compounds were adopted as
reported in Table 2. For those components whdlse commercialstandard compoud wasnot
available the calibration curve$uilt with PDA otompounds belonging to the same chemical class
were used The analytical performances were measured in terms of repeatability (RSD% never
exceeding 5%) anititermediate precisiofRSD% never exeding 15%)All data were processed
using LabSolution software (Shimadzu, Dusseldorf Germany).

Table 3.Quantification method, linearity range?Bnd calibration curve of the main compounds inM8.
/| 2YLIRdzy aSiK2 [AYSIENARGE N w /I £ A0NF G

[ dzi S2@-A Yy uv 0.1-100 0.999 y = 44443.1x
glucoside 340 nm 8761.6
Ellagic acid uv 0.1-100 0.999 y = 44443.1x

370 nm 8,761.63
Rutin SRM 0.1-10 0.999 y = 1523640.1x +
61103 82583.6

Luteolin 2O SRM 0.1-10 0.999 y = 3182557x +
glucoside nndrH) 1145226

Quercetin 30- SRM 0.1-10 0.999 y = 1300399.6x +
glucoside ncplho! 186468.5
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Apigenin 7O- SRM 0.1-10 0.998 y = 5407146.2x +
glucoside noolH:1 866368.8
Luteolin SRM 0.1-5 0.999 y =1181554.7x +
HY T v | 61020.8
Apigenin SRM 0.1-5 0.999 y =1072063.8x +
HT MTbwy 545489.2
Punicalinh b uv 5-100 0.999 y = 5759.8x
370 nm 9501.1
t dzy A OF | uv 10-500 0.999 y = 1834.8x
370 nm 11147
t dzy A O £ | uv 10-500 0.998 y = 2425.9x
370 nm 1031

2.2.5. GEMS analysis
2.2.5.1 Qualitative analysis

GC analyis were carried oubn a Shimadzu 2010 GC unit coupled to a Shimadzu QP2010 Mass
spectrometerusinga MPS2 multipurpose sampler (Gerstel, Milheim a/d Ruhr, Germany). Pyridine
(80 ul) andBBSTFA @0 ul) were added to 2 mg of each crude extracts and heated at 60 °C for 30 min
to turn hydroxylated and carboxylic componeritgo the corresponding trimethylsilyl derivatives
(TMS). GBS analyis were carried out oMEGAL column(100% Methyl Polysilane 15 m x 0.18

mm x 0.18 ppfrom MEGA S.r.[Milan, Italy). Analytical conditions: injector temperature: 300°C,
transfer line temperature: 320°C; ionization energy: 70 eV, carrier gas: He (0.8 ml/min), split ratio
1:10. The oven temperature was progmeed rising from 50°° min)to 300°C at 5°C/min. Total

run time for each sample was 52 min. MS conditimese: source temperature: 230°C; quadrupole
temperature: 150°CThe MS operated in electron impact ionization mode aeY0 at a scan rate

of 0.2Ww's with a mass range of 1@0 p m/z Volatile components were identified by comparison

of mass spectra andheir linear retention indices (ITs), calculated versus &€8hydrocarbon
mixturewith those reported in literaturg¢l16]; in particular the identity of the tritgpenoids was also
confirmed by the canjection ofcommercialy availablestandards

2.2.5.2 Quantitative analysis

Quantitation of triterpenoids was performed through external standard calibration method.
Suitable amounts of oleanolic acid and ursoleidawere diluted with acetone to obtain seven
concentrations in theange 1 to 25Qg/mL for each marker and for betulinic acid six concentrations

in the range 1125 pg/mL were used. 1 ml of standard solution for each concentration was
evaporated to dryness and derivatized to the corresponding TMS. Each concentration was
derivatized in duplicate. Calibration curves were obtained by analyzing the resulting TMS
derivatized standard solutions two times by &@€S in SIM acquisition mode under the previously
concentrations. Target and qualifier ions for SIM acquisition mode were: 189; 208/220r the
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triterpenic compoundsData were processed using Shimadzu GCMS Sokgibmare (Shimadzu,
Dusseldorf Germany).

Table 4. Quantification method, linearity range2Rnd calibration curve of triterpenoids in @CS.
[ 2YLR ¢ NBS vdzl f AF [ AYSFNAKGBRkON w [/t A0NFG

Oleanolic 203 189, 320 1-250 0.995 y = 33844x
acid 303001

Betulinic 189 203, 320 1-125 0.989 y = 13031x
acid 87256

Ursolic acid 203 189, 320 1-250 0.995 y = 31162x
287048

2.2.6. DNA extraction, PCR amplification and sequencing

Tenmg of each pomegranate leaf samples were ground tha powder andmixed with5mg of
polyvinylpolypyrrolidongPVPP, Sigma Aldrich, Bellefonte, USZnomic DNA was isolatddom

the ground fine powder using the Nucleospin Plant Il Kit (Macherey N&gekn, Germany)
following the manufacturer's instructions. The qualitative and quantitative spectrophotometric
analysis of the isolated genomic DNA were performed using a Nanophotometer (Implen GmbH,
Munich, Germany) and% (w/v) agaroseyel electrophorsis (visualized by ethidium bromide
staining under UY About 20 ng of genomic DNA were used as a template for PCRJzaiph,
forward and reverse primers spéki for the amplication of thelTSand psbAtrnH regionswere

used (Table5). Ampllkation wa performed in a 25L reaction mixture containing 0.2 mM
deoxynucleotide triphosphates (ANTPs), 20 pmol of forward and reverse primers, 0.5 U of Tag DNA
polymerase (ThermoSciett, Waltham, MA USA) and 2I50f 10x PCR Ger (ThermeScientik,
Waltham, MA USA). PCR reactions were performed in a Temperature Gradient Thermalcycler
(Biometra, Jena, Germany). Cycling conditions consisted of an initial 4 min at 94°C, followed by 30s
denaturing at 94°C, 45s annealing, respectively at 53°and 56°(0$and psbAtrnH, and 45s
elongation 72°C, repeated for 35 cycles and with 10thal extension at 72°C. PCR products were
separated by 1.5% (w/v) agarose gel electrophoresis and visualized by ethidium bromide staining
under UVlight. PCR products were employed a template for sequencing (Eliits Genomics,
Vimodrone (MI), Italy)Both DNA strands were sequenced.

Table 5.List of primers used in PCR and sequencing.

t NA Y SNJ t NAYSNE &SI ¢Y WwWSFSNByYyOS
ITS1 TCCGTAGGTGAACCTGCG( 61 ‘ [17]
ITS4 TCCTCCGCTTATTGATATG  55.3 [17]
psbAForward GTTATGCATGAACGTAATGC 56.5 ‘ [18]
trnHf-05 CGCGCATGGTGGATTCACAA  64.2 [19]
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2.2.7. Statistical data treatment

All analyss were performed induplicate and data were expressed as mean valdestandard
deviation. All statistical elaboration (Principal Component Analyg8isEB t £ 2 (1 a 4648 { { dzF
were carried out using Statistica 10 (StatSoft. Inc., Tulsa, OKa&APSS 15.0 (IBM Corporation)
softwares. Principal Component Analysis (PCA) performedin order to reduce the multivariate

space in which items are siributed andto verify similarities andlissimilaritiesbetween the
AYyoSadAaalrGSR &l YLX Sa ItgsRallowetl Bo defihe2statisticdl ¢ifierenfe§ dzR S
concerning compound abundance®<(.05). The sequencing quality of tgene sequences were

initially checked with Chromas software (Technelysium Pty Ltd.) and subsequently the sequences
were aligned with CLC sequence viewer software (QuiR@esing default parameters to check the
integrity of each sample sequence. Consensus sequences obtained from the alignment of the
individual sequences of each sample analysed were compared with those deposited in literature
(BLASNCBI).

2.3. Results and discussion

2.3.1 Phytochemical analysis usitdPLEPDAMS/MS and GGFIDMS analytical
platforms

Liquid chromatography coupled to mass spectrometry particularly HAMS/MS is a robust
analytical technique for the analysis of complex systd@@]. Gas chromatography (GC)
(conventional, fast or enantioselective) combined with FID or MS detector, is a common analytical
approach, with high speed, precision, and selectjwiged to analyse volatifeorcompounds that

can be vaporized without decomposition in a complex ma#ix22] In this project they have been
used to separate and identify the main specialized metabolites found in pomegranate extracts
considering also the literature dafd2¢26].

2.3.1.1 Phytochemical analysis of bark and peel ethanolic extracts

At first, the specializednetabolites present in pomegranate bark, peel and leaf ethanolic extracts
resulted active on thén vitroinhibition of two HIV1 key functional enzymes in preliminary assay as
reported in the paragraph 2.1 were characterized by HPDBMS/MS analysis. lorder to
optimize the separation in terms of resolution of analytes and analysis time, the stationary phase
and the gradient program were studied. The optimization of the chromatographic separation of the
compounds was investigated on three based revgaisase columns: Ascentis® Express C18 (15cm
x 2.1 mm, 2.7 pm), Pheryl SE&f omMnOY E H®M YYI HDPT xYO | YR
fusedcore RPAmide column as stationary phase provided an increase in separation selectivity and
represented the bessolution to simplify the phytochemical complexity of pomegranate extracts.
The best conditions in terms of resolution and time of analysis were obtained using a gradient
elution mode with an acidified acetonitrieater mixture as a mobile phase with forcracid 0.1%,

(see paragraph 2.2 Materials and methods).

In a classical alkgilica (C18) stationary phase, the interactions between analytes and silanol groups
can occur, resulting in increased retention and poor peak shape. The incorporation of andadbed
polar group (EPG)to the bonded alkyl chain was developed to minimize the interactions with these
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silanol group on the silica surface of reversed phase columns. This suppression of silanols can be
due to the hydrogen bonds among the residual silagroups and a water layer around the EPG or
directly with the EPGs. R&mide column is amore polar embedded stationary phase lately
developed whose properties allow the use as an eluent up to 100% water. The possibility of working
in 100% water conditionand the improved selectivity and retention for polar compounds make this
column an effective tool for the HPLC analysis of polyphenols and derivativésmiB® has
enhanced dipoldgype interactions and better interactions with lone pair aneklectrons dmor

solutes. Compared to classicahsGcolumns, these characteristics allow to obtain lower
hydrophobicity and hydrogebond donor ability, higher hydrogelmond acceptor ability, the
increaseof the retention and selectivity for polar compounfs7¢29].

Thanks to the use of an R¥ide column coupled witim tandem mass spectrometer detector, the
analytical method for analysing polyphenols significantly increased selectivity and sensitivity to
detect and quantify the main components of nedible parts of pomegranate and in the case of
leaves this study gés an interesting contribution with respect to the current literatygs,30,31]

Figure 1A and 1B reported am example, the chromatograms of pomegranate badquired with
aRRGgand RPamide column, respectively. It is possible to obsehesnumerous peak coelutions
by using the REs column in comparison with theetter resolutionobtained with theRRamidein
the separation of the compounds the crude extract.

ma
YJ370nm anm

9
8
73
6
5
4]
3
2
1
0

Fig. 1LCrepresentative chromatograms of the pomegranate rexfible partsCompounds are numbered
according to Table 6. (B) Barkextract separated by using Rk and RPamide column respectivelynd
(O peelextract separated with th&Ramide column.

The identification of metabolitesin pomegranate bark, peel, and leaf ethanolic extrastss
obtained by combining the informatiofirom PDA, MS and MS/M&hd comparing them withhe
literature data[25,32;36).

Phenolic compounds belonging to different classes weetected and when possible, the
identification was confirmed bthe coinjection ofreference commercial standards. Tableeforts
the main compounds identified in bark and peel extracts. Thevig¥hromatogramn RPamide
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columnof the two extracts at wavelength of 370 nm are shown in Figg&&Q U\tvis spectra were

used to distinguish polyphenols. In particular, ellagitannins are characterized bym@yor
absorlion peaks the first one in the region 25259 nm (defined as Band I§ndthe secondin the

region 360¢380 nm(defined as Band [B2]. MS spectra were acquired in total ion scan to obtain
pseudomolecular ions both in positive and in negative scan mode apduct ionscanon the
pseudomolecularons to obtain diagnostic fragmentéccording with the existing literature, bark

and peel extracts revealed the ellagitannins as the most representative compounds. In particular
large hydrolgk 6 € S G yyAya &adzOK | & Llzy A OHfyARy & 0Ol yoRS NBg 2
[34]. Anthocyanins were below the limit of detection in peel extract sample.

Table 6 List of identified and putatively identified compounds in bark and peel etsr&Bach compound is
referred through its relative retention time, UV spectru gre mentioned in order of maximums
absorption), molecular formula, pseudomolecular ions(&®&1 ES), molecular weight fragments generated

by product ionscan mode (P1$nd identified or tentatively identified compound names. The identification
confidence value and the literature reference that indicates the presence of the compounds in pomegranate
are also reported.

N° RT <max Molecular [M+H}' [M-H] Supposed M$* MS Compound Identification Ref

(nm) formula MW m/z m/z name confidence
12 | 2.076 257 GagHp2002 783 781 782 603 601 Punicalin 1 [36]
377 isomer
2 | 4414 258 CagH26030 1085 1083 1084 603 | 601 | Punicalagin 2 [37]
376 isomer
3 | 6.553 257 GiHi10013 471 469 470 453 | 451 | Valoneic acid 2 [38]
370 407 @ 425 dilactone
151 @ 353
363 341
43 | 7984 | 257 | CugthsOs0 = 1085 541 1084 621 | 601 |t dzy A O 1 [36]
376 (+1083) 603
52 | 11.853 257 CagH26030 1085 541 1084 765 781 t dzy A OF 1 [36]
380 (+1083) 621 721
603 301
6 | 18.842 252 GoH16013 465 463 464 345 | 301 2 [39]
360 (+927) 315 | 283 | Ellagic acid
303 glucoside
285
223
7 21931 254 471 469 470 407 @ 301 @ Sanguisorbic 2 [34]
364 303 | 271 acid dilactone
168 @ 227
139 201
171
8 | 22.859 252 435 433 434 303 | 301 | Ellagic acid 3
364 285 derivative
275
9 | 23.613 251 GigH14012 435 433 434 303 301 Ellagic acid 2 [36]
360 285 283 pentoside
10 | 24.279 251 | GyoHiOnz 449 447 448 303 | 301 Ellagic acid 2 [39]
360 285 | 257 | deoxyhexosid
273 | 229 e
11 | 25.409| 255 1067 1065 1066 603 / Ellagitannin 3
373 (+532) 575
122 | 25.658 252 Ci4aHsOs 303 301 302 / 284 1 [36]
366 229 | Ellagic acid
185
13 25934 255 301 275
372 (+603) 256 = Ellagitannin 3
127
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14 | 27.309 256 601 101 = Gallagic acid 2 [34]
379 dilactone

aCompounds identified by comparing with reference standards.

b An identification confidence according to the request of the CAWG (2007) is indicated: Level 1:Identified compound (A ofivimimdependent
orthogonal data (such as retention time and mass spectrum) compared directly to an authentic referencedstardat 2:Putatively annotated
compound (Compound identified by analysis of spectral data and similarity to bibliographic data); Level 3: Putativebrisearatzss compound

Ly oFN)] FyR LSSt SEGNI OG&s LdzyAOFtAyas LizyiOl
injection of authentic commercially available standards, while the other components were
putatively identified by comparison of their UV spectra and n&ssctrometry fragmentation
pattern with those reported in literature (Table 6). For instance, ellagic acid glucoside was
tentatively identified by its UV spectral data (k& 252/360nm), pseudomolecular ions 465 m/z
and 463 m/z, in ESand ESlionization modes, respectively, and with PIS to give diagnostic ion at
301 m/z in ESJ33,39] Compound 6 and 9 were identified as ellagic acid glucoside and pentoside
due tomolecular weighof their glycosyl groupl62 and 132)/mol, respectively andorresponding

to glucose and pentose sugar after a water molecule [8639]

In conclusion the phytochemical analysis of bark and peel extract reveals the importance of the
tannin fraction composed mainly bdyydrolysabletannins such as punicalins, punicalagiriiagc

acid and their derivatives in agreement with the current literatyd®c42]. Table 7 reports
guantitative results of the main marker molecules founded in bark and peel analysed extracts for
which commercial standard are available expresseahi@sograms per milligrams of dried extract.

Table 7.Quantification of ellagic acid, punicaliri , punicalagirt, punicalagin in bark and peel ethanolic
extracts.Data represent mean values for each sample + standard deviation (nFer2¢ach compounh
meansfollowed by different lowercase letters within a row show difference between the samples (p5.0.0

Compound Bark Peel
Hg/mg RSD% | Hg/mg RSD%
Ellagic acid 10.60+0.06a 0.12 \ 4.52+0.09b 0.45
Punicalin A+B 15.80+0.61a 0.78 ~ 2.51+0.03b 0.24
Punicalagin A 34.90+ 1.15a 0.67 \ 13.24+0.21b 0.33
Punicalagin B 41.16+1.68a 0.82  16.27+0.14b 0.17

2.3.1.2 Phytochemical analys of leaf ethanolic extracts

In pomegranate ledextract (Figure?), three different chemicaktlasses of compounds were
identified: hydrolyzable tannins, flavonoids and triterpenes.

]
370nm 4nm 9+04 13

. 14 Fig. 2. LC representative
chromatograms of the
7 pomegranate leh extract at
15 370 nm and the magnification
75 at 270 nm. Compounds are
50 1 numbered according to

Table 8

T T T
300 350 400 450 50.0 min
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Table 8.List of identified and putatively identified compounds infleatract. Each compound is referred
through its relative retention time, Umaxima<absorption, molecular formula, pseudomolecular ions(ESI
and ES), ion fragments generated bproduct ion scan mode (PIS) and identified or tentatively identified
compownd names. The identification confidence value and the literature reference that indicates the
presence of the compounds in pomegranate are also reported.

N° RT  <max Molecular [M+H]" [M-H] Sup. MS" MS Compund Identification Ref

(nm)  formula MW ' m/iz  miz name confidence
12 1.649 272 GHsOs / 169 170 125 Gallic acid 1 [36]
110
2 7.373 314 GistheOs / 325 326 163 Coumaric 2 [33]
145 acid
hexoside
3 11.657 273 GizHsOs / 291 292 247 Brevifoling 2 [23]
357 carboxyl
acid
4 14.364 268 801 799 800 151 301 Ellagic 2 [33]
151 derivative
5 19.032 270 611 935 610 151 301 Ellagitannin 3
350 655 137
609
6 19.420 251 GooHisO13 465 463 464 / 301 Ellagic acid 2 [39]
360 glucoside
7 24.091 274 CuHog027 953 951 952 / 933 Galloyt 2 [43]
365 301 HHDP
DHHDP
hexoside
(Granatin B)
82 24.366 253 CGoiH20011 449 447 448 287 285 Luteolin 7? 1 [44]
347 O-glucoside
9 | 25.994 252 CiaHsOs 301 302 / 284 Ellagic acid 1 [23]
366 229
185
9a | 25.994 Go7H30016 611 609 610 Rutin 1 [45]
a
10 | 27.426 255 G1H20012 465 463 464 303 301 Quercetin 1 [45]
3 353 229 255 3-O
153 151 glucoside
11 | 28.885 266 GiH20010 433 431 432 271 269 Apigenin 1 [44]
a 336 7-O-
glucoside
12 | 30.971 268 433 431 432 271 269 Apigenin 3
332 195 glycoside
151
117
13 | 31.719 267 GiH20011 449 447 448 287 285 Luteolin 1 [43]
a 337 257 n-Q
glucoside
14 33223 268 449 ‘ 447 ‘ 448 ‘ 287 ‘ 285 Luteolin 3
340 153 151 glycoside 1
15 | 37.253 268 419 417 418 287 285 Luteolin 3
340 153 257 glycoside 2
175
151
16 | 42.958 252 CisHioOs 287 285 286 153 171 Luteolin 1 [44]
2 347 135 151
117 133
115
17 | 45.538 267 CisHigOs 271 269 270 163 151 Apigenin 1 [44]
a 336 153 117
119
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50.201 - G3oHa803 457 455 456 333 407 Oleanolic 1 [46]
239 acid

191
189
50.201 - GaoHsgOs 457 455 456 333 407 Betulinic 1 [46]
239 acid

191
189
50.201 - GaoHagOs 457 455 456 333 407 Ursolic acid 1 [46]
239
191
189

aCompounds identified by comparing with reference standards.

b An identification confidence according to the request of the CAWG (2007) is indicated: Level 1:ldentified compound (A ofinimum
two independent orthogonal data (such as retention time and sregsectrum) compared directly to an authentic reference standard;
Level 2:Putatively annotated compound (Compound identified by analysis of spectral data and similarity to bibliographiedsta)

3: Putatively characterised class compound

Chromatograpic profiles, UV and mass spectral data allowed to de28ahformative compounds.

The UV spectra detected for each peak provided a preliminary indication aldks to which the
compoundselong The molecular weight of each peak was also definedshyatss spectral pattern
through the complementary correspondence between positive and negative pseudomolecular ions
in ES1and ESimodes. Producion scan analysis of the pseudomolecular ions investiggteavided
diagnostic fragments for each compound, this further structural information were also used to
investigate the compounds for which pure standards are not commercially available.

The identity of 12 compounds in the extract was confirmed by -iogection of authentic
commercially available standards, whereas other peaks were putatively identified by comparison
their tandem mass spectrometry fragmentation pattern with those reported in literature data
(Table 8). This method allowed to obtain furthérustural information on unknown compounds.

For examplecompound? (granatin Bwas tentatively identified by its UV spectral data (%274

nm), pseudomolecular ions 953 m/z and 951 m/z, irf &%l ESlionization modes, respectively,

and fragmented® give diagnostic ions at 933 and 301 m/z in[BY|l Selectedeactionmonitoring
acquisition (SRM) was also carried out on the specific product ions detected, giving additional
structural information on the investigated compoundEable 8 reported the main compounds
identified inpomegranate lebextract.

In agreement with current literature, flavones and flavonols represent the most representative
secondary metabolites in pomegranate leaf, which often exist as glycosides of luteolin, apigenin and
guercetin[47]. Phytochemical analyses revealed that ellagic acid is the most abundant compound,
while hydrolyzal# tannins such as punicalins and punicalagins, markers of the other parts of the
pomegranate plant, as fruit, bark and peel, were not detected as support¢d1yThe follaving
compounds represent case examples of how the fragmentation patterns were performed in order
to their identification. Compound$4 and 15 are characterized by UV maximum absorptions at 268
and 340 nm typical for A and B ring absorption, respectivelawonoids[48]. Their fragmentation
generated [MrH]* ions at 449 and 419n/z and a [MH] ions at 447 and 417/z in positive and
negative ionization mode for compound 14 and 15 respectivélye MS/MS fragmentation
generated the same fragments)/z 287 andm/z 285 in the positive and negative ionization mode
respectively, due to the cleavage of glycosidic bptg].

Moreover other diagnostic fragments such m#z 153 andm/z 151 in the positive and negative
ionization mode respectivelywere generated These data, compared to literature bibliography
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enabled to identify compounds 14 and &S5 luteolin glycosidg®0][44] . Compoundl2 generated
pseudomolecular ions at 433 in E&id 431 in ESSuggesting a molecular weight of 432 g/mol and
showed a similar UV maximum absorption as compoundS/MS fragmentation gives a potential
aglycone of 270 g/mol by a neutral loss of 162 Da both in positive and negative ionization modes.
Moreover, MS/MS figmentation in negative mode gave the same fragments as those of compound
17 making possible to consider it as a glycoside of apigenin. Likewise, luteolin and its gly&sides (
13, 16 were confirmed in the extracts thanks to the-icgection of the correponding reference
standard. Ellagic aci®) rutin (94), apigenin and its glycosidgl 17 and quercetin glycosidd.Q)

were identified in the extracts with the same approach. Ellagic acid derivadlyes 6, 7)were
tentatively identified by compasbn of spectral data reported in the literatuf25].

LCMS analyses allowed also to detect the presence eHMon atm/z 455 in negative ionization
mode and a [M+HJion atm/z 457 with a fragment ion atn/z 439due to a HO molecule loss in
positive ionization modesuggesting the presence of triterpenoid molecUk8]. Brieskorn and Fu
[51,52] reported the presence of pentacyclic triterpenoid acids such as oleanolic, betulinic and
ursolic acid in pomegranate bark, peel, leaf and flower. These data, together with ihgecton

of the reference commeral standards, enabled to identify the presence of the triterpenoid
compounds, but because of an evident coelution and a similar MS/MS fragmentation pattern in
positive ionization mode 203, 189, 147, 123, 109 of the three isomeric pentacyclic triterpensd a

an optimization of the separation method was studied.

Gcan ESH 457.00(+)
400000005 2 £51- 456.00(-)

350000001
300000004
250000001
200000004
15000000
100000004
5000000

L
T

LA e e B B ey ey B B B By R By R B
4850 4875 49.00 4925 49.50 4975 50.00 50.25 5050 5075 51.00 5125 min

Fig. 3.MS representative chromatograms of {N[ ion atm/z 455and a [M+H]ion atm/z 457in
pomegranatdeafextract.

2.3.1.3 Method optimization and chromatographic separation of the triterpenoidscid

Recently, several methods have been evaluated for the quantitative analysis of triterpenoid acids in
different raw materials. They include gas chromatogragBg], thin layer chromatography53],
capillary electrophoresifs4], nonaqueous capillary electrophorediS5], micellar electrokisetic
capillary chromatographjp6] and the mostly used higperformance liquid chromatography (HPLC)
which has been often used for the detection of terpenoid acids because the pogsibiat direct
analysis and the method reproducibiliy7]. For the determination of triterpenoid acids mixture, a
method that involves HPLC with C18 as the solid plfa8®&9]is generally used, but this often
results in incomplete separation among thef®0]. Wanget al. [61] developed a successfully
efficient method for separation and quantitation of these triterpenes in the different Chinese herbs
usinggamméd & Of 2 R-EB)iad\beyhobie phase additive to improve the separation in an HPLC
system. Plantg62] evaluated a & chromatographic stationary phase with a buffer solution as a

mobile phase.
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In a first step the separation of the triterpenoid acids in pomegranate leaf were run by testing the
different HPLC column present in the laboratory such as amide, C18 and Pleawyylwith a
gradient elution optimization. Since all LC analyses did not allowed to obtain a good separation,
another analytical platform (GEIDMS) was taken into consideration, therefore the leaf extract
was derivatised with BSAFand pyridine as suggéd by [16]. A hydrophobic 100% methyl
polysiloxane short capillary GC column witleraght of 15 m, narrow diameter of 0.18m and film
thickness of 0.18 pmand able to work at temperature higher that 300°C was used. The optimized
temperature program starting from 50°@ (in) to 300°C (2 min) at 5°C/min associated to the
characteristics of the column allowed to obtain an optimal chromatographic separation of the
oleanolic, betulinic and ursolic acids (Figure 4).

Fig. 4.

GCMS representative chromatograraf
derivatized pomegranate Ié&xtractwith
the optimal separation athe triterpenoid
fraction composed by oleanolic(1),
betulinic (2) and ursolic acid (3).
50 I Monosaccharide derivatives were also
. [l detected (retention time window: 227
(N WA minutes).

469 ATA 4T3 475 477 479 481

Table 9.List of identified pentayclic triterpenoid acids found in pomegranate leaf extracts. Each compound
is referred through its relative retention time, molecular formula, molecular weight, molecular weight
fragments by electron impact source, and identifiednpmund names. The identification confidence value
and the literature reference are also reported.

a {
bc we¢ az2f SCaz2ft SOFNIYIAYSy/ 2YL2 LRSYGA wSTSN
F2N¥( 6SA13 m/z YIYS O2y TAR
1 46.300 CsotgOs 456 320, 203189,  Oleanolic 1 [16]
133 acid
2  46.550  GCaotgOs 456 320, 203, 189,  Betulinic 1 [16]
133 acid
3 | 46.750 GyoHgOs 456 320,203, 189, Ursolic acid 1 [16]
133

a Compounds identified by comparing with reference standards.

b An identification confidence according to the request of the CAWG (2007) is indicated: Level 1:Identified compoundufA ofitvira independent
orthogonal data (such a®tention time and mass spectrum) compared directly to an authentic reference standard; Level 2:Putatively annotated
compound (Compound identified by analysis of spectral data and similarity to bibliographic data);: \Fam@lti®ely characterised classnspound;

Level 4: unknown compound.

2.3.1.4 Phytochemical analysis using HRRIQAMS/MS and G®IS of leaf ethanolic
extracts from different origin, harvesting season, year and quantitation of the main
compounds

To evaluate the repeatability of the extracts, the phytochemical pattern was compardddves
belonging to plants of different origin, harvesting season and year. Samples of pomegranate leaf
were then collected in different Sardinian locations and occasionally in Piedmont, Lombardy and
Greece. All dried and ground powder samples wereasteéd with ethanol and the extracts were
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processed in SPE18 bond elut cartridge as described in materials and methods, to remove
chlorophylls. LC gradient program optimized to 56 min in order to reduce time consuming and the
same experimental conditionsere applied to all samples whiackere analysed under the same
HPLC conditions with no variation in injection volufiee identification process was similar for all
samples and the quantitation of the main compounds was performed by the external standard
calibration method.This method consists in a separate analysis of the reference pure standard
compounds, characterized for chemical purity in the working solvent, in the same experimental
conditions used for the analysis of them in the different extradéen the reference standard is

not commercially available, another compound belonging to the same chemical class and with
similar behaviour towards the detector chosen for the analysis, can be [683dIn the present
study, two mixtures of standard substances were prepared. The first mixture used-RIDAKIS
Fylrteaira ol a | &zt dziA 2-@gl@dsidatizplin yoglucsdide, geAcktid | OA |
3-O-glucoside, apigenin-O-glucoside in 95:05 acetonitrile/water.

The second mixture for GRIDMS analysis consisted of ursolic acid, betulinic acid and oleanolic acid
initially dissolved in acetone, then evaporated and derivatized with BSTBApwidine. The
standard mixtures were prepared and serial dilutions were injected to build a-puitii calibration
curve. A calibration curve is a graphical representation of the quantity and response data for a single
analysed compound obtained froneweral concentrationof it. The peak area is plotted on the y
axis while the standard concentration is plotted on the x axis, they represent the dependent and
the independent variable, respectively. An equation describing the best line through the data point
is derived froma regression analysis of the calibration curve.

The R coefficient, which ranges from 0 to 1, represent how data points is fitting in the straight line.
Coefficient value closer to one represent a better curve lined@4y. As reprted in Materials and
methods, the detector response for each calibration curve was linéarqR97).

The calibration mixtures were analysed in duplicate for each concentr&litagic acid and luteolin

n -Q-glucoside were quantified with PDA detectoy area measurements at their wavelength of
maximum absorbance<fnax) and they were used to quantify further compounds belonging to the
same chemical classvhile luteolin #O-glucoside, rutin, quercetin-8-glucoside, apigenin-O-
glucoside, apigenin ahluteolin were quantified with selected reaction monitoring (SRM) mode
because of their coelution. Tritpenoid acids were quantified through SIM mode inl@E system.
Analytical repeatability was examined by determining the %RSD of the areas integrtited max

of the compounds between two analyses of the same extrélse %RSD were lower than ten for
standard mixtures analysed in IMS and for derivatised standards mix analysed inMEsC
Extraction procedure repeatability was checked by determinimg%RSD between the averages of
the areas obtained from the two extraction replicates at thmax of quantified compounds with
%RSD less than fifteen.
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Fig. 5.Histograms representative quantification of the main components identified in pomegranate leaf
extracts belonging to samples collected in different locations, season and year. Quantified compound
concentration is expressed as milligram per gram of dryrimat

Figure 5 reports the quantitative results on pomegranate leaf extracts and highlights the quantity
of each target compound in relation to the total amount of quantified compounds. Apigenin and
luteolin aglycon were found only in traces (< 010FNL) g KA f S -Oajiuddiflerayd elinglc

acid are two of the most abundant compound in the leaf samplés65,66] The latter was found
more abundant in samples collected in October, that is coeherent with the current literature. Xiang
[67] showed the ellagic acid content in leaf was the highest in September and October for most
pomegranate varieties they analysed. Lingling H@8] by analysing the composition anthe
contents of polyphenols in pomegranate fruit at different stages, demonstrated that the ellagic acid
concentration slowlyecreasedwvith the increa® of thefruit weight during fruit ripening.

It has been found that in early spring the photosynthesis is enhanced and primary metabolism is
upregulated to construct leaf morphology but in the meanwhile the synthesis of total phenotics an
flavonoids declines and their contents constantly decreases. Increases of the total phenolics and
flavonoids in pomegranate leaf resume after May, presumably once the growing period [8Djver
Factors which may affect the differences on occurrence of secondary metabolites in pomegranate
leaf can include the limitation of sample size, the different geological regions and climate changes
[69].

The resultsof the quantitative analysigevealedsome differencesamongthe main classes of
components, thena statistical analysido highlight the significativity of this variabilitwas
performed.

2.32. PCA of the identified compounds of the leaf extracts

Principal Componenfnalysis (PCAyasadopted to highlight similaties and differenceamong

the samplesandto givea simple visu@ationof the main relationships between the samples on
the basis of the quantified main compounds as reported [6§]. PCA is an unsupervised
multivariate data analysis technique that reduce the multivariate space where objeets ar
distributed allowing to visualize similarities and/or differences into multivariate data of secondary
metabolite compositior70]. The dataset of the 30 leaf samples investigated was thus submitted to
PCAby usinga targeted approach based on the 12 previously characterized and quantified
compounds listed in Figure 5.
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Score and loading plots were built with the aim to verify if the differences on the chemical
composition related to the discriminating variables had a significantly statistical discrimination.
Figure 6reportsthe first component (PC1) that explains 39.1d#4he variation and the second
component (PC2) explamg 19.72% of the variation. The influence of the variables in the
distribution of the samples is shown in the related loading plot (Figure 7), winet of the
compounds are negatively correlatedtivihe first principal componenfTheseresults indicateda
homogenous distribution of the sampleShe elaboration showed not significant statistically
differences on phenolics and triterpenes quantified among all the samples and it can be ascribed to
the normal phenotypical variability and the influence of environmental factors, such as soil
composition, temperature, rainfall and ultraviolet radiation which can affect the concentrations of
these compound§71,72]

PCA all samples, all variables
Projection of the cases on the factor-plane ( 1 x 2)

Cases with sum of cosine square >= 0.00

Factor 2: 19.72%

-10 -8 -6 -4 -2 0 2 4 6 8

Factor 1: 39.14% o Active
Fig. 6.Pomegranate leaf score plot of PC1 against PC2 which all samples analyisetlidesl.

PCA all samples, all variables
Projection of the variables on the factor-plane ( 1 x 2)

1.0

0.5

LUteOE; glycosi
0.0t
Lyige

e SGIe

Factor 2 : 19.72%

leanylic acid

-0.5
Luteglin 7-O-glucoside
O

-1.0

-1.0 -0.5 0.0 0.5 1.0

Factor 1 : 39.14% o Active
Fig. 7.Pomegranate leaf loading plot of PC1 against PC2 obtained from quantified compounds.
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2.3.3 Sequence analysis of pomegranasmpledrom eleven differensites

To discriminate and identify plant sample#ferent PCFbased methods can be used, among them
DNAbarcodingwhich consists in the amplification and sequencing of specific DNA regions. The
nuclear internal transcribed spacer regidim$ geneandthe chloroplast photosystem Il protein D1
(psbAtrnH) geneare often used for the discrimination at the species leMéhregion comprises the
internal transcribed spacers 1 and 2, the 5.8S ribosomal RNA gene and the partial sequences of the
18S and 28S ribosomal RNA gefid13], while psbAtrnH represents the noncoding intergenic
spacer of the photosystem Il protein 30,73,74] The genetic variability of pomegranate cultivars

or populations has been the focus of different works, with particidstiention on samples
originating from Iran, Morocco, Tunisgad India. Several P@fsed méhods were employed on

this purpose, e.gnier smple sequencerepeat (ISSR) markemicrosatellite DNA markers (SSR)
random Amplification of Polymorphic DNRAPD, amplified fragment length polymorphism (AFLP)
directed amplification ofminisatellite DNA (DAMD)<equencerelated amplified polymorphism
(SRAR)DNA barcodinffL5,7580].

This work is focused on DNA barcoding since few literature data reports the sequencing and analysis
of these genes fronP. granatum|[15,80] . A study that evaluatedhe genetic variabilityof
pomegranate leaf samples from different Iranian locations shawenetic diversity of 2.91 % for
psbAtrnH and 0.44 % folTSregion, praviding thatpsbAtrnH region has the highest intrapecies
variation and is more suitable for determining inspecies relationships of pomegrandfis].

In thiswork, one nuclear regionlTS and onechloroplastgene psbAtrnH) were amplified and
sequenced for each site where pomegranate leaf samples were harvadtedlT Sand psbAtrnH
barcoding regions present in GenBank database originate mainly from Iran, Tunisia, China, India and
only few sequences are from Italy. The aifithis work is teaddadditional dateon Punica granatum

from Italy and Greece to better evaluate its genedtability or variability Sequencesobtained in

this work were deposited in GenBarikaple 10 andare approximately 81 bp for ITSand 4% bp

for psbAtrnH.

Tablel0. List ofthe sequences obtained frof.granatumsamplesdeposited in GenBank

Sample GenBank Cod#or ITS GenBank Code for psk#nH
PGF1 MT007587 | MT023064
PGF2 MT007588 MT023065
PGF3 MT007589 MT023066
PGF4 MT007590 MT023067
PGF5 MT007591 | MT023068
PGF6 MT007592 MT023069
PGF7 MT007593 | MT023070
PGF8 MT007594 MT023071
PGF10 MT007595 | MT023072
PGF11 MT007596 MT023073
PGF12 MT007597 | MT023074

In Figure &nd 9 the comparison ofTSand psbAtrnH nucleotide compositioramong the eleven
sitesis shownBoth regionshow no nucleotide variatioamongthe samples, suggesting a stability
of these biomolecular markers fd?. granatum Only one ambiguous nucleotide is present at
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position 466 of thdTSregion, but this could be to an inaccuracy in the sequencing. A consensus
sequence was obtained from the alignment of all the samples for each region. The comparison of
the ITSand psbAtrnH consensus with all the sequences presenthie database, throughhe blast

tool, revealed the presence of fiflyine P. granatumTSsequences originating from India, Iran and
China and twentysevenP. granatumpsbAtrnH sequences from Iran, Tunisia, China and Italy
(Apulia, Latium, Sardinia, Padoa and Trieste).
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PGF1 BEA
PGF2 BEA
PGF3 BER
PGF4 BEE
PGF5 BEE
PGF6 BEE
PGF7 BEA B
PGF3 BEE =
PGF10 BEA
PGF11 BEE
PGF12 BER B
e 3
PGF1 THEEER BEBET THEE 100
PGF2 BEE BEET TEE 100
PGF3 BEBT TER 100
PGF4 BEET TEB 100
PGF5 BEET TEE 100
PGF6 BEBET TEE 100
PGF7 BEET THEE 100
PGF8 BEBET TEE 100
PGF10 BEBT THEEB 100
PGF11 BEEBT T 100
PGF12 BEBT b d 100
PGF1 cBEc 150
PGF2 GEEG 150
PGF3 cBEGc 150
PGF4 cEBEBEGc BEE 150
PGF5 cHEG BEE 150
PGF6 cBEG BEEBE 150
PGF7 cHEc BEE 150
PGFS GBEG BEE 150
PGF10 GEBEGc BERBR 150
PGF11 cBEc BEBR 150
PGF12 BEE 150
PGF1 BE BEEGEER 200
PGF2 BE BEEGEER 200
PGF3 BB BcEE 200
PGF4 BE CEETEET 200
PGF5 BE EcEETEET 200
PGF6 BE BcEETEET 200
PGF7 BE CEBETEET 200
PGF2 BE BEECEATEET 200
PGF10 BE TEBEGEETEET 200
PGF11 BE TEECEETEET 200
PGF12 BE BEEcCEETEET 200
240
PGF1 TCHEETEEER 250
PGF2 TCEEETEEER 250
PGF3 TcHEEETEBEERER 250
PGF4 TCEEETEEEER 250
PGF5 TcEEBTEEEER 250
PGF6 TCEEETEEEE 250
PGF7 TCEEBTEEER 250
PGF8 TCEEETEEERE 250
PGF10 TcHBEETHEEER 250
PGF11 TCEBEETEEEE 250
PGF12 TEBEBEEB 250
PGF1 300
PGF2 300
PGF3 300
PGF4 300
PGF5 300
PGF6 300
PGF7 300
PGFS8 300
PGF10 300
PGF11 300
PGF12 300
PGF1 350
PGF2 350
PGF3 350
PGF4 350
PGF5 350
PGF6 350
PGF7 350
PGFS8 350
PGF10 350
PGF11 350
PGF12 T 350
PGF1 G 400
PGF2 G 400
PGF3 c 400
PGF4 G 400
PGF5 c 400
PGF6 G 400
PGF7 G 400
PGF8 G 400
PGF10 G 400
PGF11 G 400
PGF12 =} 400
PGF1
PGF2
PGF3
PGF4
PGF5
PGF6
PGF7
PGF8
PGF10
PGF11

PGF12 GGIIIIG=GG
Fig.9. Comparison opsbAtrnH sequences between the elev&unica granatunsamples
Red: Adenine; Blue: Cytosine; Yellow: Guanine; Green: Thymiaey lHase
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ConcerninglTSregion, a percentof identity ranging from 100% to 96.89% was observed by
comparing the consensus with the datababedian Arakta cultivar JQ655166.)1 was the sample

with the highest nucleotide variability (about 20 different nucleotidds)e GenBank comparison
with the other species belonging to the same genus, narRelyica protopunicaan endemic tree

of the island of Socotra, revealed a percage ofidentity of 91.15% (FM887009.1). These data
confirms an higherinter-species variabilt and an intraspecies stability. Even if pomegranate
sample present in database are from different sites all over the world the lowest percentage of
identity among them is still satisfactory compared to those obtained comp&imganatumandP.
protopunca These results confirm the use IdfSregionto carry out a proper discrimination of the
species.The psbAtrnH comparison withthe GenBank datan P. granatumshowed a percent
identity values from 100% to 97.64% and it is interesting to natie¢the Italian samples deposited
shows 100% similarity, supporting the stability of the species in Italy. In addition, literature reports
that no intraspecific sequence variation was foungabAtrnH level inP. granatunmsampled in the

wild and in botaical gardens in Italy, confirming the stability p$bAtrnH in this area[14].
Converselyo data about this gene is available féunica protopunicapeciedut alignment results
among P.granatumpsbAtrnH sequences are consistent with those obtained for ti&gene
Despite literature data showed thasbAtrnH region is more variable compared £BS in our study

both regions showed stability among the samples analysed.

In canclusion, this study contoutes to increase the current data about pomegranate genotype for
ITSand trnH-psbAgenes. ConcernindiT Sgene, this is the first time that Italian samples have been
sequenced, providing information about a new geographical origin. On the other handathel
psbAtrnH implement the current knowledge present in GenBank, providing sequences from
different locations such as Sardinia, Piedmont and Greece, and confirming the stability of this
molecular marker from five Italian regiofis4].

Future studies should be focused on the sequencing of ni¥é regios for Punica granatum
species sampled in different geographical origin in order to add information to the current
literature, obtaining a worldwide overview of the variability / stability of the speckasther
genotypic information about the other spesi®f the genusP. protopunicaare necessarto build

a solid database with more comparable data. These information will help for the use, management
and conservation of genetic resources for breeding and selection prodihs

2.4. Conclusiors

Plants contain most of the active molecules found in traditional medicine and their extracts have
been studied for long time in pharmaceutical and academic institutes. However, there is still much
that deserve to be discovered and studipth]. Punica granatun{pomegranate), an ancient and
beloved fruit, is known to have many healthy properties used in the past in traditional mefii¢ine
Today it is cultivated in several reggsround the world and its fruit is well consumed as such or as
juice. Several studies correlated its beneficial propertiespecialized biosynthesizedetabolites,
especially polyphenolf’6]. This study started in collaboration with the Department of Life and
Environmental Sciences of the University of Cagliari and reports the phytochemical investigation of
non-edible parts of pomegranate. The attention was focused on bark, peel and leaf ethanolic
extractspotentially active on thein vitro inhibition of two key functional HRY enzymes: reverse
transcriptaseassociated RNase H activity and integrase.
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The LC analysis of polyphenols with an fide column gave enough resolution, enablthg
chromatographic separation @l the main target compounds. Teecompounds were identified

and quantified through HPERDAESIMS/MS. From the results, supported gtature data, it can

be assumed that pomegranate bark and peel contain ellagitanninmas polyphenols and
punicalins, punicalagins and ellagic acid represent marker compounds in these m#t2id&g In

this study, the attentionvas more focused othe little studiedpomegranate lef in comparison

with the literature data of theother edible and noredible parts of pomegranatg,6,23,31,65]
Y2NB2@SNE fSI@SaQ O2ft SO0 A 2gausk damage ta thesplant duging 6 £ S
the pruning. A particular combination of techniques,HBLEPDAESIMS/MS and G®IS allowed

to detect besides phenolic acids, ellagitannins and flavonoids also an interesting triterpenoid
fraction composed by oleanolibetulinic and ursolic acifd6].

Toverify thepossible variabilityf the leafextract, leaf samples were collected from different sites

in Sardinia and occasionally from other regions, in 2017 and,20 58mmer and autumn season.
The extraction method was optimizea ireproducibility and exhaustivity. The phytochemical
pattern of the different samples showed an equivalemualitative composition with some
guantitativedifferencesn particularfor ellagic acidits amountin leaves is increasing after summer
while infruits is decreasingluring ripeningas reported in literaturd67,68] Principal component
analysis showedot significantstatisticallydifferencesamongthe samples. Differences are then to

be attributed to the normal phenotypical diversity due to environmental fac{6@. It has been
observedthe noticeable presence of large hydrolysable tannins in fruit peel ankl Wwhile in led&

are in a little amount respect of the flavonoid fraction composed by luteolin, apigenin and quercetin
glycosides Hydrolysable tannins included gallotannins or ellagitannins which are polyesters of
organic acids: gallic and ellagic acidspextively[78]. Their formation might explain a lower
concentration of ellagic acid in bark and peel compared to that detected in tfieXtacts.

Moreover, biomolecular analysis was performed by sequencing two barcoding d€8asd psbA-
trnH. Resultsshowed no differences in the nucleotide composition among all the investigated
pomegranate samples from Sardinia and other locatidiee outcome obtained from the combination

of chemical and molecular techniquedlowed to attribute the similarity of the samples under a
phytochemical and biomolecular point of view.

In conclusionthese resultscan beof great scientific interestbecalse they represent detailed
phytochemical data on the newolatile fraction of pomegranatieafconsidering several individuals
and harvesting perioddn addition, they are intended to supplement the current literature on
pomegranate, demonstrating that €9 nonedible parts of the plant are a promising source of
bioactive compoundsf pharmaceutical, cosmetical and food fields of interestg deserve to be
deeply studied
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CHAPTER 3: BIOGUIDED FRACTIONATIONBIENIDGICAL ACTIVITY OF
POMEGRANATEAEXTRACT ON VIRAL TARGETSVANIDIPLE MYELOMA
CELLS

3.1. Introduction

Current literature data attributes long history and many healthy properties on pomegranate
including antibacterial antiviral and anticancer propert[@g6]. In addition, studies on its edible
and nonedible parts shown vitroinduction ofapoptosison multiple myeloma cell§7,8].

In this PhD project, the potential antiviral activity of pomegranate leaf extract againgiuiman
immunodeficiency virus (HI\*1) (a) and Zika Virus (ZIKV) (b) were studied.

a) AIDS is classified as an epidemic disease caused by the infection of HIV. It is a relevant problem
that nowadays affe@millions of people around the world. The use of antiretroviral combination
drugs repesent an effective therapy for delaying progression to AIDS and to allow the immune
system of HI\infected individuals to be reconstitutg®]. The developed resistance to the most of
commercially availabldrugs by the virus, justify the development of new targets. Studies identified
three major enzymes regarding the viral replication cycle:-HIiMotease (PR), HV reverse
transcriptase (RT) and HIMintegrase (IN)LO]. The latter allows the integration of the viral genome
into the host chromosome, a fundamental step in the viral replication processl HN\has recently
obtained a particular interest because a similar enzyme in not preseneihdiman body. For this
reason, the research is addressed in the development of novel drugs by targeting different sites of
this enzymg11]. To date, in order to make difficult for the virus to develop resistance, the most
promising class of HiY inhibitors is represented by the dual HIMN and RT inhibitors targeting

for their capacity to interact withwo different target enzymefL2]. In this context, literature data
attributes to the juice frompomegranate fruit an AAAA microbicide candidate; accessible,
acceptable, affordable and accelerative availability to markdtli3}

Following the promising preliminary results obtained with the crude pomegranate leaf extract from
the botanical garden of Cagliari which highlighted a possible inhibition of boti HN\and RT, and
since literature repds the in vitro capability of ellagic acid, the major marker of the extract, to
inhibit these enzymatic activitigd4,15] a bioguided fractionation of the extract was performed

on silica column chromatography in order to select new bioactive molecules from the flavonoid
enriched fractions, tested on the viral enzymatic target.

b) Zika virus infection represents the cause oéeent global health crisis subsequently its entrance
into Latin American population and this induced to the declaration of a Public Health Emergency of
International Concern (PHEIC) by the WHO in early PBL&7] Zika virus (ZIKV) is classified as an
enveloped positive strand RNA virus and it is a member of the Flaviviridae family, mostly transmitted
by Aedes aegyptnosquitos[18]. ZIKV represents an emerging infectious viral pathogen; while the
disease is not associated with high mortality rates and the clinical manifestations of the infection
cases are not serious, it can carry out a severe impact on fetal developnaghmdeto cerebral
anomalies namely microcephaly and the paralytic GuHBanré syndrome in adulf{& 7]. No vaccine
or specific antiviral agent against ZIKV is available nowad#®yjs Ellagic acid showeth vitro
antiviral activity such as mentionddr HI\t1 [14,20] HPV21], HSVL [22], hepatitis B23] and C
virus[24], human influenza viru& [25], and Rhinovirusej26] andit is also active on Dengue virus
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[27] which belongs to the same genus of Zika virus. A recent stualyed that the PolyphendRich
Extract from Psiloxylon mauritianumnhibits the infection of ZIKVh vitro without exhibiting
cytotoxic effect427].

As a rich source of poligenols, a bio guided fractionation using chromatographic techniques on
pomegranate lebethanolic extracts was performed. Biological assays were carried out against the
two strains of the ZIKM:947 UganddMR76&), considered more virulentandthe Asianlineage
(HPF2013]19]. Beside thdractionation of thephenolic and triterpenoid enrichefilaction fromthe

total extract, ellagic acid waasopurified using a preparative L. addition,to deeply investigate

the mechanism of action of the ellagic acid, virus inactivation and time of addiction assays were
performed.

Considerinditerature data for the potentialanticancerpropertiesof some classes of specialized
metabolites aspolyphenols and terpenoid$28¢30], during the PhD project the anticancer
potential of pomegranate leaf extragt fractions and pure compoundsere tested onacute
lymphoblastic leugemia (ALL) and multiple myeloma (MM) cell linescollaboration with the
Pharmaceutical biologygroup (Prof. Thomas Efferthdf the Johannes Gutenberg University of
Mainz Hematopoietic cancers (HCs) are described as malignanciemnofine systemcells
Leukeemia and multiple myeloma are the most common hematologic malignancy characterized by
the clonal expansion afhite cells[31]. Due tothe advances in therapyand of novel molecular
targets (immunomodulatory drugs, monoclonal antibodies and proteasome inhibitors), a great
impNRE gSYSy i Ay LI GASYyda adzNBDAGEE 20SN) GKS LI
treatment of refractory and relapsed disease remains the main challenge which prowdes
overcome the development of drugesistance in the clinical oncology by seeking aeveloping

new cytotoxic agents

Multidrug resistance (MDR) is considered an ability of cancer cells, acquired or inherited, to become
resistance to different chemotherapeutic agents which target different cellular mole¢ai33]
Cellular or genetic alteration acquired during the development of drug resistance, involves the
overexpression of the A%tbinding cassette (ABC) transporter which increases the efflux of cytotoxic
drugs. Pglycoprotein (Rgp, ABCB1/MDR1) is the most studied transporter of this family, it is
overexpressed in many cancer types and is responsible for drug efflux and resisisseeeral
drugs[34]. Manystudies have documented the effectivess of botanicals and phytochemicals to
fight canceMDR[35].

On the basis of the literature bibliography dealing with greapoptotic properties of pomegranate

juice ondifferent leukaemia cell lined36] a preliminary citotoxicity assay on ldéaextracts, SPE
fractions and pure marker moleculegas performed onHuman T lymphoblasbbtained from
peripheral blood of a child with AL{CCRIECEN and its multidrugresistant Pglycoprotein
overexpressing subline CEM/ADR5000 d8I4. Then, considering the current literature on the
cytotoxicity of usolic acidagainstin vitro MM cells[38], the pentacyclic triterpenoidaciddetected

in pomegranate leavg89] wastestedon nineMM cell lines andnK dzY | 'y LIS NRA LIK SNJ £ Y
OSt t a . Birallybaleof the most responsive MM cell line, RPMI8226 was satdieftir
cytofluorimetric analyses to detect the cell cycle distribution, apoptosis induction and reactive
oxygen species as performed lipavenget al.[40].
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3.2. Materials and methods
3.2.1 Bioguided study on Hi¥Y antiviral activity

3.2.1.1. Plant materials and sample preparation

The ethanolic extract of pomegranate leavegas provided bythe Department of Life and
Environmental Sciences of the University of Caglizzaves wereollected in the Botanical garden
of Cagliari and a voucher specimen (CAG 514/A) deposited aatheUniversity

3.2.1.2. Chemicals

HPL@rade acetonitrile (LMS grade)petroleum ethet ethyl acetate silica gel (SIGMALDRICN
pore size 40 A, 7230 mesh particle siz&)ethanol, formic acid (>98% purity), ellagic aajgigenin,
were purchased fronMerck (Milan, Italy) Deionized water (18.2 Wh cm) was obtained from a
Milli-Q purification system (Millipore, Bedford, MA, USAlteolin, apigenin7-O-glucoside,
qguercetin 30-glucoside, luteolin “O-glucoside, luteolin 40-glucoside, werepurchased from
Extrasynthese (Genay Cedex, France).

3.2.1.3. Column chromatography fractionation

Stationary phase: Silica gel (20 g). Mobile phameeasingoolarity gradient from petroleum ether

(Pe) to ethyl acetate (EtOAc) and methanol (MeOH). Loagimmegranate leavesrude extract

(1 g)adsorbed on silica gel (3 graction volume: 20 mIThe elution was monitored with Tlo@ 20

x 20 cm silica g0 aluminum platescoated with fuorescent indicator fs4 (Merk, Germanypy

using different solvent mixtures composed by Pe/EtOAc and EtOAc/MeOH in a glass chamber. In
addition, thesolvent systentomposed by dlueng ethyl acetateand ormic acid (6:4:0.8 v/viv),

was used to obtain a better run and separation of ellagic &cich other component441]. The
detection of spots was obtained under UV light at 254 nm and subsequently througinczation

with 5% (v/v)H.SQ methanolic solution.

3.2.1.4. HPLeDAMS/MS analysis

For the obtainedfractions, a 10 mg/mLstock solutionin methanol was preparedsubsequently

diluted to 5 mg/mlwith acetonitrile/water (95:5, v/ivandfiltered through a 13 mm diameter, 0.22
>Y t ¢C9 aeé Ny 3 SndKne&adBnthiK RRLEPDAMS/MS syseiiJand the main

components were quantified as mentioned in chapter 2.24dd the results expressed as pfj o
compound per g of dryfraction (ug/mg).
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3.2.1.5. HIVL RT RNasH and IN inhibition assays

HIV1 RT RNasH assay: The HV RTassociated RNase H activity waslculate in

100 m reaction volume containing TgelClI (50 mM) pH 7.8, Mgz (6 mM)
dithiothreitol (DTT)(1mM); KCI (80 mM) K& 6 NA R wb-GTRBIBIMTCACECCTAAC
fluoresceinZ -GAAAAGAAAAGGGGGGAGHIabceyl); andof RT(3.8 nM) After the incubation

time of 1 h at 37 °Chy EDTA additiothe reaction was stopped and products were measured with

a Victor 3 (Perkin) plate reader at 490/528 ndamogeneous Timdresolved Fluorescence (HTRF)
LEDGHedependent assay: The IN LEDGF/p75 dependent assay allowaltitatethe inhibition of

0 K SprooeSsing and stranttansfer IN reactions in the presence of recombinant LEDGF/p75
protein. Shortly, IN (50 nM) was preincubated with increasing concentratioristaf pomegranate

leaf extract, fractions andompounds for 1 h at room temperature in reaction buffer containing
HEPES (20 mM, pH 7.5), DTT (1 mM), glycerol (1 %) (@@&iM), Brij35 (0.6 %), and BSA (0.1
mgmL?). To this mixture, DNA donor substrate, DNA acceptor substrate, and LEDGF/p75 protein (50
nM) were added, and incubation was performed at 37 °C for 90 min. After the incubation,
europium/streptavidin (4 nM) was added to the reaxtimixture and the HTRF signal was recorded
GAGK | tSNJIAY9fYSNI 2A04R2NMm [YHEF6HBRINGEINR BiNbe | v R
acceptor and donor substrates, respectivatydescribed bigsposito et al42].

3.22.Bioguided study o#ikaantiviral activity

3.2.2.1. Plant materialand sample preparation

The leaves belonging to the different samples collected in summer season were mixed to obtain an
homogeneous sample to prepare the summer extract while the leaves collected in autumn in the
botanical garden of Cagliari weextracted to prepare a sample representative of autumn extract,
because at that time other samples collected in autumn season were not available. The extraction
method was the same already described in chapter 2.2.3

3.2.2.2 Chemicals

HPL@rade acetortiile (LGMS grade)petroleum ether ethyl acetate silica gel (SIGMALDRICN

pore size 40 A, 7230 mesh particle sizehethanol, Pyridine, BSTFA, formic acid (>98% purity),
ellagic acid, rutin, apigenin, were purchased fritarck (Milan, Italy) Deionized water (18.2 Ivh

cm) was obtained from a MHD purification system (Millipore, Bedford, MA, USA). Luteolin,
apigenin 7O-glucoside, quercetin -8-glucoside, luteolin “O-glucoside, luteolin 40-glucoside,
betulinic acid, oleanolic acid andsolic acid were purchased from Extrasynthese (Genay Cedex,
France).

3.2.23. SPEC18 cartridgeand LEPRERractionation

Crude ethanolic extracts were fractionated with SPEB cartridge30 mg ofeachcrude extract
were resuspended in 1 mL of methans#ter (20:80, v/v), loaded on Bond Elrt500 mg SPE18
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cartridge(Agilent Technologies, USAJst eluted with5 mL of methanol/watei85:15 viv (PG85 A
subsequentlyeluted with 5 mL of methanol/water95:05 v/iv (PG9% and evaporated in a rotary
evaporator. This operation was repeated several times to obtain a sufficient amount of each
fractions for both extracts. Fraction PG85 characterized by the presence of the phenolic compounds,
was then further fractionated in a LC 8%, the fraction at the concentration of 40 mg/mL was
injected in a SHIMADZU-ILGAT system using ascentis Express R¥nide column5cm x 10mm,

5 mm, Supelco, Bellefonte, USAjth water/formic acid (999:1, v/v) and acetonitrile/formic acid
(999:1, vk) as mobile phases A and B, respectively. The flow ratelwals'min and the column
temperature was maintained at08C. The gradient program was as follow@% B forl min, 10¢

30% B in60min, 30¢51% B i min, 51¢100% B inl min, 100% B foA min. Totd pre-running and
post-running time was82 min. Injection volume: 100 pL. In these conditioglfagic acidoeak was
collected several times, the organic solvent evaporated with rotary evaporator and the sample was
subsequently freezéried. Fraction PG95 was characterized by the presence of the triterpenoid
acids. SPE fractions A and B were dissolvedao&bonitrile/water (95:5, v/iv)at 2.5 mg/mLand

FAf GSNBR GKNRdzZZK | Mo YY RALI YS @fiMmEctedidhe HPLEY t ¢ ¢
PDAMS/MSsystem and G®IS system and the main components were quantified as mentioned in
chapters 2.2.4 and 2.2.5

3.2.24. Isolated ellagic acid characterization: HFRIGAMS and'H NMR

Isolated ellagic acidissolved in methanol at the concentration of 1 mg/mgs injected for L&IS
analysisas mentioned in chapter 2.2.4lhe gak percentage arean the chromatogram was
obtainedat the wavelength o254 nm.

Isolated and commercial ellagic acid (1.5 mg) were dissolved iruZ08f DMSGd6, and NMR
spectra (600 MHzfor *H) were recorded. Chemical shifts were calibrated to the residual proton
resonances oftte solventDMSQGd6 (¢ H = 2.544 C = 39.5). Chemical shiftg ére given in ppm and
coupling constants (J) in Hz.

3.2.25. Cell culture

African green monkey fibroblastoldA Ry S& OStfa o0xSNRX !¢/ / [/ [ my
Eagle's Minimum Essential Medium (MEM) (Sigktthich) supplemented with 10% heat
inactivated fetal bovine serum (FBS) (Sightdrich) and 1% antibiotic solution (PeniciHlin
Streptomycin, Sigmaldrich) in humified 5% G@tmosphere at 37° O:he antiviral assays against

ZIKV were performed on Vero cells using MEM medium supplemented with 2% FBS.

3.2.26. Virus

Two ZIKV strains were used to investigate the antiviral potential of pomegranat&9¢y¥Uganda
MR766 and the 2013 French Polynesia HPF2013, representing the African and the Asian lineage
respectively. The viruses were produced by transfection of 293T cells, as desciit@dligandan
ZIKVMR766 laboratory strain and Z\PF2013 were propagated and titred in Vero cdligation

was performed in 96vell plates infecting preseeded Vero cells (6 X3Well) with serial dilutions

of both viruses; following 2 hotinfection, the inoculum was removed, and cells overlaid with 1.2

% methylcellulose. After 7RBour-incubation at 37°C 5% e&tmospherethe cell monolayers were

fixed, stained witlD.1% crystal violet in 20% ethanahd the viral plagues were counted. The mean
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number of plaques was multiplied by a dilution factor to obtain titer and expressed as plaque
forming units (PFU) penilliliter.

3.2.27. Viability assay

Cell viability was assessed using {B€4,5-dimethylthiazot2-yl)-5-(3-carboxymethoxypheny2-
(4-sulfophenyl2H+tetrazolium] MTS assas describedh [43]. The effects of summer and autumn
pomegranate lehextracts, fractions, and ellagic acid on Vero cells viability were evaluated at 24
and 72 hoursVero cells were seeded at a density of 10 %6ll and 6 x 1&well in 96-well plates

for 24 and 7zhour assgs, respectively. The following dalgey were incubated with serial dilutions

of pomegranate extracts, fractions or ellagic acid in duplicate for 24 adwudgs. Cell viability was
determined using the Cell Titer 96 Proliferation Assay Kit (PromegajlyBat the end of the
incubation period, following a wash with MEM, 20 pL of MTS reagent was added to 100 uL MEM
per well, and incubated at 37 °C for 4 hours. MTS is bioreduced by metabolically active cells into a
colored formazan product. AbsorbancesM® Y SI adzNBSR &4 ndom yY dzaAy3
Photometer (Thermo Scientifichhe effect of pomegranate extracts and fractions on cell viability at
different concentrations was expressed as a percentage of absorbance values of treated cells
compared with those of cells incubated with culture medium alone. The %#6toxic
concentrations (Gf) and 95% confidence intervals (C.I.) were determined with Prism 5 software
(GraphPad Software).

3.2.28. Virus plague reduction assay

The antiviral activity of pomegranateafextracts, fractions and ellagic acid was determined by viral
plaque reduction assay on Vero cells. Vero cells were seededrimuligvell plates at 6 X Yowell

density in MEM 10% FBS. The following day, the wedle treated with serial dilutions of the
pomegranate extracts, fractions, or pure compounds for 2 hours in MEVFBS. After this step,

the cells were infected with ZIKMR766 or ZIKNMPF2013 (multiplicity of infection, MOI PFU/cell
0.005) in presence dferial dilutions of the investigated extracts, fractions and compounds, for 2
hours at 37°C. After a wash with medium, the cell monolayers were incubated it
methylcellulose MEM medium 2% FBS containing serial dilutions of the investigated subdtance

72 hours. After fixing and staying with 0.1% crystal violet in 20% ethanol, the ZIKV plaques were
microscopically counted.

Results are reported as percentages of viral plagues in comparison to controls for each
concentration of the investigated sutasice. The concentration of extracts, fractions, and ellagic
acid that reduced viral infectivity by 50% (half maximal effective concentratiosy) B@d
concentrations that reduced viral infectivity by 90% (effective concentre@ion EGy) were
calculatedby the program Prism (variable slepgmoidal doseresponse curve). The results are
reported for three experiments performed in duplicate. T8dectivity Index (SI) was calculated as
the ratio Ce/ EGo.
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3.2.29. Virus inactivation assay

Hlagic acid wasinvestigated forits ability to directly inactivate ZIKV particles. Ellagic ddidions

was incubated with ZIKWIR766 (1 X TOPFU) at concentrations corresponding tosE@lues
(ug/mL) as obtained in the viral plague reduction assag. Mixtures were incubated for 2 h at 4°C
and 37 °C. Dilutions from both treated and untreated ZM®/766 aliquots were titrated to nen
inhibitory concentrations on Vero cells. After-li@dur incubation at 37°C, the cells were fixed and
stained with0.1% cystal violet in 20% ethanadnd the viral plaques were counted. Viral infectivity
was determined microscopically by PFU quantification. Viral titers of treated and untreated ZIKV
MR766 aliquots were reported as PFU/mL and compared (Studeess)t

3.22.10. Timeof-addition assays

To investigate the mechanism of action of ellagic acid, a set of-diraeldition assays was
performed using Vero cells pseeded in 24nultiwell plates at 1 X Pwell density. Serial dilutions
of ellagic acid were added to Vero cells before the infection for 2 hours at 37 *Gdanment), or
during the infection with ZIKMR766 and ZIKMPF2013 (MOI 0.005), or after the infection (post
infection). After an inchation period of 7zhours in1.2%methylcellulose withserial dilutions of
ellagic acigthe cells were fixed and stained, and viral plaques were couRteslults were reported
as percentages of viral plaques in comparison to controls for each concentadtadlagic acid, and
the EGo values were determined.

3.2.211. Statistical analysis

5FGF 6SNB |yl f & l-t&Ror Besthby GraphPadERSny/vérsion 5.00 software, as
I LILINE LINR | (0 S o -test kv&s uded uriRdenygaieQvial tiflers wirus inactivation assays.
Significance was reported foryalue <0.05

3.23. Anticancer evaluation assays @tute lymphoblasticleukemia (ALL)and
multiple myeloma(MM) cells

3.2.3.1 Preliminary cytotoxicity assapn ALlcells

Ethanoligpomegranate summer leaves extract (PGSumTot), autumn leaves extract (PGAutTot), SPE
fractions methanol/water 85:15 (PGAut85, PGSum85) and methanol/water 95:05 (PGAut95,
PGSum95) were dissolved in DMSO at concentration oh@@nL (Stock solution). Sevenalire
compounds identified in the raw material such as Ellagic acid, Betulinic acid, Oleanolic acid, Ursolic
acid, Quercetin,[ dzdi S 2@ §dzO2 & A R S Zh1E {dzROIGNERI VA AR S TH fv dtSNDSRI S
I LIA 3SRty dzG2 AA RS 6SNE RRYyOSYDNRVIAFYHBFOHhE2(
OEGNI OGaz {t9 FTNYXOGAZ2YA |yR Ldz2NB O2RodwBldR¢rR & & 2
Memorial Instituted6 wt aL 0 mMcnn YSRAdza IINB aHLaS &ixkvg t @ v RIARY
NJ ( A 2 twmacwie lynpghoblastic leukemia (ALDSt f f AISH ¥ A (G % @BHZHNVWRC A
RS NA @S R mNRIZ AGSER NI LINBSES ING a2ABSND / 9ak! 5wpnnn 206
GNBIFGYSY(l 6AGK R2ZEZ2NH2AOAY dz0 RS aIOWDB BERE PlIEINP
onM 60 2MIEKVMOISH f 8k 6 Sttt OdzZf GdzNBR Ay wtal mcnn YSRA
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ASNXzY oC. {0 I yR i NESLIA0E @ AW 0 conwyisin i et i A LOES - RS
AyOdzo I 1SR Ay wKdzy2 RRIK § BR palter inehincubatidrtidd, therésazurin
reduction assay was performed to assess the cytotoxicity of the samples/compounds toward drug
sensitive and resistant cell lines. Tien-fluorescent dye resazurin is reduced metabolically by living
cells to the strongly fluorescent dye resorufin. 2Q of 0.01% w/v resazurin (Sigr&rich,
Schnelldorf, Germany) was added to each well. Cells were incubated for 4 PCatR3iorescence

at excitation wavelengtlof 544 nm and emission at 590 nm was measured using Infinite M2000
ProTM plate reader (Tecan, Crailsheim, Germany). The percentage of viable cells was calculated as
follows: Cell Viability (% of control) = (absonpti (treated cells)y;, absorption (medium alone)) /
(absorption (untreated cells) absorption (medium alone)) * 100

3.2.3.2. Toxicity airsolic acid on MMells

Ursolic acid has been tested as a dose response assay (betwéemdd @ uM) on nine multipe
myeloma cell lines: JIN, RPMI8226, AM01, OPM2, KMSII, NCIH929, L363, MolP8, KMS12BM.
Doxorubicin was included aspositivecontrol for each experiment

3.2.33. Toxicity ofursolic acid imormalcells

The human peripheral mononuclear ce(BMNC) were isolated from fresh blood samples of a
healthy donorwith Histopaque® (Sigrwéadrich, St. Louis, MO, USA). In breemL of blood was
layered with3 mL of Histopaque® and centrifuged (400 x g) form3idn at £C. The buffy coat
interface, contaning lymphocytes and other mononuclear cells, was transferred into a new tube
and washed several times. Isolated PMNCs were kept in Panserin 413 mediurBi(RzdW,
Aidenbach, Germany) supplemented with 2% phytohemagglutinin M {®Hife Technologies,
Darmstadt, Germany). Afterwards, the cells were incubated 72h in a 96 wells plate as a
dose/response assay (between-4@nd 1G uM) and the resazurin assay was carried out as
described above.

3.2.34. Celkycleanalysis

To determine whetheursolic acid has an effect on the cell cycle phase distribution, RPMI8226 cells
were treated with various Kgconcentrations (3.4.4,4>M) of ursolic acid for 24 h. Afterwards, cells
were washedwith cold PBS and fixed overnight in-oaeld 70% ethanol {§naAldrich, Germany).
Fixed cells were washed with PBS and incutbatiéh 50 >g/mL propidium iodide (PI, CeRloth) in

PBS for 5 min in the dark. 1 x*I@lls were counted for each sample with AccuriTM C6 cytometer
(BD Biosciences, Heidelberg, Germaiml)was measureat 488 nm excitation (100 mW) and
detected using a 610/20 nm band pass filter. Cell cycle distribution of untreated cells after 24 h were
used as control. Cytographs were analyzed using BD Accuri C6 software (BD Bios@dnces).
experimerns were performed three times.

3.2.35. Assessment of theode ofaction ofursolic acid by AnnexinRstaining

AnnexinV is an intracellular protein that calciudependently binds phosphatidylserine (PS), which
translocates from thenternal leabet of the plasma membrane to the external test during early
apoptosis. Propidium iodide (PI) is excluded by living or earlgtapo cells with intact membranes
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and stains late apoptotic and necrotic cells with robrescencéecause of thd&NA intercalation.
Henc& OStfa 6AGK FYYySEAY + o6bL0O YR tL 6b0 | NB
YR t L érlyd@poptodsSCellsyh lag apoptosis or necrosis are both annexin V and Pl positive
[40]. RPMI18226 ells were treated with 1€, 2xIGo, 3x1Go, 4x1Go of ursolic acid for 48 h. DMSO was
tested as vehicle control. After incubation, cells were collected by centrifugation. After washing with
PBS, dés were incubated with annexin V and PI bindingid&u (Thermo Fisher Darmstadt,
DSNXIye0 | O0O2NRAY3I (2 ThekSx 1¥dels defd cQuirtediR NiBssuredINE ( -
with AccuriTMC6 cytometer (BD Biosciences, Heidelberg, Germany). The aMiBRE signal was
measuredat 640 nm excitation and detected using a 67528 band pasdter. The PI signal was
analyzedat 488nm excitation and detected using a 585/4th band pasdter. Al parameters were
plotted on a logarithmic scale. Cytographs weapalysedusing BD Accuri C6 software (BD
Biosciences)All experiments were performeih triplicate.

3.2.36. Measurement ofeactiveoxygenspecies (ROS)

H Q-Dithferodihydrofluorescein diacetate {BICFFDA) (Sigma&ldrich, Germany) is a probe used

for the highly sensitive anguantifiabledetection of ROS. The nonfluorescenDi@ FFDAmMolecule
diffuses into the cells and is cleaved by cytoplasmic estekageli 2 H Q> T QRA OKf 2 NB R/
(H.DCF)}hat cannotdiffuse back out of the cells¥henhydrogen peroxidas present HDCF is
oxidized to the fluorescent molecule dichlorofluorescein (DCF) by peroxidasesafi@ies a
fluorescent signalmeasured ad quantified by flow cytometryand giving an indication of
intracellular ROS concentrati¢d4]. RPMI8226 cells were resuspended in Df#BS and incubated

with 10 M H,DCFFDA for 30min in the dark. For positive control 100 HO, were added and
incubated for 15 min in the darkCells werethen measured with AccuriTM C6 cytometer (BD
Biosciences, Heidelberg, Germany). For each sarhpld @ cells were counted. DCF was measured

at 488nm excitation (23nW) and detected using a 58D nm band pass filter. All parameters were
plotted on a logarithmic scale. Cytographs were analysed using BD Accuri C6 software (BD
Biosciences)ll experiments were performeith triplicate,

3.3. Results and discussion

3.3.1. Bioguided ldaxtract fractionation and HRY RTINinhibition

It is known from current literature the antiviral properties against HI¥eplication by ellagic acid
[14,20] pentacyclic triterpenoid acid§45,46] and flavonoid aglycons such as luteol#7] and
apigenin[48]. A bioguided fractionation of the active ethanolic pomegranaté ¢éedract, provided

by the Department of Life and Environmental Scienaithe University of Cagliari, was performed

in order to obtain enriched flavonoid fractions and to evaluate their antiviral potential against
HI\VV1 RT and IN enzymes.

3.3.1.1. Column chromatography

Gravimetric normaphase silica gel colummmmatographywasused tofractionate theleaf crude
extract The resulting threenain fractions wereconsideredFraction A (44 mg) was obtained joining
togetherthe fractions eluted with Pe/EtOAc 5:5 EtOAc 100% and EtOAc/MeOH 98:2. Fraction B
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(37 mg)was elutedwith EtOAc 100% and fraction C (28 mgh EtOAc / MeOH 99:The latter was
subsequently dissolved in hot acetone aplkhcedin the freezer at-20°C overnightthen the
surnantant was recovered and evaporatédgure 1 reports the LC chromataghic profiles of the
fractions while Table 1 and Figure 2 shitbv list of compounds identified in the fractions and their
guantitation by HPLEDAESIMS/MS, respectivelyFraction B preseed the higher content of
ellagic acid while fraeons A andCwere enriched in flavonoid components. The enriched fractions

werethentestedfor in vitroassays to evaluate the HMRT and INhhibition.

A_370nm

13

11 12
A

4 13

11 12

C_370nm

Fig. 1.LC representative chromatograms of the tians obtained by the crude ldaextract fractionation
Compounds are numbered according to Table 1.

Tablel. List of identified and putatively identified compoundghe fractions.

bc /| 2YLR2dzyR y I Y&
1 Ellagic acid glucoside

2 | Galloyt HHDPDHHDFPhexoside (Granatin B
3 Luteolin 7O-glucoside

4 Ellagic acid

5 Quercetin 30-glucoside

6 Apigenin 7O-glucoside

7 Apigenin glycoside

8 Luteolin 40-glucoside

9 Luteolin glycoside

10 Luteolin glycoside

11 Luteolin

12 Apigenin

13 Pheophorbide A
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Fig.2. Quantitation of the main compounds identified in the fractions expressed in pgfrdgy fraction
3.3.1.2. HIVL in vitro antiviral activity

All fractions showed antiviral activitffable 2)ut the total crude extract andellagic acid strongly
inhibited thelN enzyme which represents the main target of the latest aHiM-1 class of drugd. 2]
with 1G5 valuescomparable to the control. The simultaneous inhibition of bothaR@ INactivities
possibly by new mechanisms$ actionwould provide a significant advantage against dregjstant
variants.

Table 2.2Extract/Compoundconcentration required to inhibit ta HIV1 RNase H activity by 50%;
PExtract/Compound concentration required to inhibit the HIMN catalytic activities, in the presence of
LEDGF, by 50%.

{YL}X Sa Iy | Lt we¢ whbl 2 | Lt Lb [ 95DC R¢
LF!H(')'KHI@Y'fl') Lp/n(')'KHI@YfL')
Crudeleafextract 0.61 +0.02 0.12 + 0.07
A 0.51+0.04 0.88£0.11
B 0.77 £0.02 0.67 £ 0.04
C 0.45 +0.003 0.66 £ 0.08
Ellagic acid 1.40+0.11 0.08 + 0.0005
Efavirenz 0.015 £+ 005 -
Raltegravir - 0.058 £ 0.01

3.3.2. Bioguided ldaxtract fractionation and Zika Virus inhibition
3.3.2.1. Citotoxicitand antiviralevaluationof the total extracts

Since currently no vaccine or treatmastvailable against Zika virus (ZIKV) infedid@jandwithin
a project aiming to investigate the potential antiviral activitynoin-edible parts of plants used in
traditional medicinepomegranatdeafextract, fractions and main componenigre evaluatedfor
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the potentialanti-ZIKV activityTheethanolicleafextract fromthe sample collected in the botanical
garden of Cagliari in autumn and fromhamogeneous sample of leaves harvesiadsummer
season werg¢ested. After chlorophylls removal by SEHES8 cartidge, the total extracts were initially
tested for their citotoxicity and aniZIKV activity byMTS ad viral plaque reductionassay,
respectively.

Investigations were maden Vero cellsy increasing extract concentrations added to the cell
culture befae the infection to generate doseesponse curvegFigure 3) The CGovalues for the
autumn (PGAutTot) and summer (PGSumTot) ext@a@NBE mMu o ®dc >3Ik Y | yR
EG @I f dzS& 6SNB wmmdnna > 3k Sekectivityylitlex ) ©fr16.84 ari kL K7
respectively, indicating that the antiviral effect was not a consequence of cytotoXitalgle 3)
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Fig. 3. Cytotoxicity assay (MT®f autumn harvesting leaves (PGAutTot) and summer harvesting leaves
(PGSumTot) on VERO cell®4h and 72h incubation timeAf and B), and antiviralassayon VERO cells
infected by ZIKYO).

Table 3.23CGo half maximal cytotoxic concentratiomt 24h and 72h;?EGq: half maximal effective
concentration;*Sl: Slectivity Index of the totalextract: summer leaves (PGSumTot) and autumn leaves
(PGAuUtTot)CF: confidence intervalTheSelectivity Index (SI) was calculated as the ratigdT EGo.

QEGNI / phunK O6x: [ hhTHK O0KZ9430x I { St SO
(95% C) (95% C) CP) LYRSE

PGAutTot 154.9(112.3213.7) 123.6(104.0146.7) 11.40(7.4816.57) 10.84

PGSumTot  211.9(145.5308.8) 132.2(113.2154.4) 7.76(5.6210.70) 17.03

3.3.22. Extractfractionation

To attribute the antiviral activity to apecific fraction and/or to single components of pomegranate
leaf extract, a bioguided fractionation procedure was performe2D mgof each ethanolic extract,
were submitted to SPE fractionation resultingtwo fractions: a phenolic fractio(22 mg)eluted
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with methanol/water 85:15 (PGAut85, PGSum85) and a triterpenoid fra¢lidnmg)eluted with
methanol/water 95:05 (PGAut95, PGSum95). Figureportsthe main compounds detected and
quantified byHPLE&PDAMS/MSsystemfor phenolsand GEMSsystemfor triterpenes. Tie phenolic
fraction was characterized by ellagic acid, rutin, apigenin, quercetin and luteolin glycosides. In the
fraction obtained from the autumn sample (PGAut85), ellagic acid was the most abundant
compound while in the the sumer sampled t D{ dzY'y p 0 >-O-dludaside vasitye maif
compound. The triterpenoid fraction was characterized by oleanolic, betulinic and ursolic acids. In
the fraction obtained from the summer pool (PGSum95), triterpenoids were more abundant that
the same fraction obtained from the autumn sample (PGAut95).

70,00
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40,00

30,00  j—

20,00 .

1000 I
0,00

png/mg fraction

PGSuma85 PGAut85 PGSum95 PGAut95
Luteolin 4'-O-glucosidem Ursolic acid Betulinic acid Oleanolic acid
m Luteolin glycoside 1 m Luteolin glycoside 2  m Ellagic acid Ellagic acid glucoside

m Luteolin 7-O-glucoside m Apigenin 7-O-glucosidem Quercetin 3-O-glucosicm Rutin

Fig.4. Quantitation of the main compounds identified in the fractions; phenolic fraction eluted with 85:15
Methanol/water (PGSum85 and PGAut85) and terpenoid fraction eluted with 95:05 Methanet/wa
(PGSum95 and PGAut95)

3.3.2.3. ZIKV antiviral activity of fractions

Viral plaque reductiorassayon the different fractions showed that only the phenolic fractions were
active with an E£g of 10.37 and 16.26 3mnt respectively for PGAut85 and PGSum85 (Table 4 and
Figure 5). In addition, all the compounds identified in the phenolic fraction were deate
commercial standards and only ellagic acid as commercial standard showed antiviral activity
therefore a further step of fractionation was included to isolate ellagic acid from the phenolic
fractions.

1% — PGSUmM85

— PGAut85 Fig. 5. Antiviral assag of phenolic fractions
derived by Cagliari botanical garden autumn
harvesting leaves (PGAH and pool of
summer harvesting leaves (PG®8non VERO

cellsinfected by ZIKV.
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Table 4.2CGo:. half maximal cytotoxic concentratipi’EGo: half maximal effectiveconcentration;°Sl:
Selectivity Index of the phenolic fractiorf: confidence interval.

QEGNY / phtHK oO0x 948%6x3IkY {St SO0

(95% C) (95% C) ly RSE® 6
PGAut85 73.4(51.6104) 10.4(7.0815.2) 7.05
PGSuUm85 | 76.1(48.4120) 16.20(12.421.2) 4.69

3.3.24. LGPrep purification oéllagic acid

PGAut85 fractiomesulting ina lowerEGso value andn a higher ellagic acid content was selected for
the isolationof the compoundby LGPrep. Figure 6£eportsthe *H NMR of the purified ellagic acid
compared to the 'H NMRof commercial standardised as referencéFigure 6B). The molecule
isolated showed &PLC Purity grade: >97% at 264.

aburdarce
M 01

Fig. 6.1H 600 MHANMR ofellagic acid isolated with ERrep @) andits commercial standardeference(B).
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3.3.25. ZIKV antiviral activity of ellagic acid

Two ZIKV strains were used to investigate the antiviral potential of ellagic acid: the 1947 Uganda
MR766 and the 2013 FreimdPolynesia HPF2013, representing the African and the Asian lineage
respectively. Figure 7 and Table 5 reptbe results of the dos@esponse curveghe antiviral assay
against ZIKV MR766 stramth EGop value of 8.38> 3 k (K)fand against ZIKV HPF2®iith EGo

value of 6.33> 3 k (B)tsuggesthat the antiviral effect was not a consequencecgfotoxicity. The

results are reported for three experiments performed in duplicate.

(N
=
=

-

8

+ MR766

50 504 ¢ HPF2013

infection (%)
infection (%)

*
0 T »

1 10 100 1 10 100
ng/mL pg/mL (log)

Fig.7. Antiviralassay otllagic acid agast ZIKV MR766 an HPF2013 stréd)snd (B), respectively.

Table 5.3CGo: half maximal cytotoxic concentratiprfEGo: half maximal effective concentratiorfSt
Selectivity Index of ellagic acid on the two ZIKV strains te€t:d;onfidence interval.

1/2LYi/LLTHK 0 X 9626KEIKY{SfSC)C

& Ny (95% C) LyRSE
MR766 150 8.38 (7.479.41) 17.89
HPF 2013 150 6.33(4.57-8.78) 23.69

3.3.26. Virus inactivation assay

To explore whether the ellagic acid directly inactivates ZIKV particles, a virus inactivation assay was
performed. Dilutions from boththe ZIKVYMR766sampletreated with ellagic acidand untreated

control were titrated to norinhibitory concentrationson Vero cells. After #Bour incubation at

37°C, the cells were fixed arstiained,and the viral plaques were counted. Viral infectivity was
determined microscopically by PFU quantification.

The ZIKMMR766 expement is reported hereas an examplethis treatment did not produce a
significant loss of ZIKV infectivity proving that ellagic acid does not perform a direct effect on viral
particles. This result indicates that the ellagic acid most probably targetsurédice or intracellular
events involved in fundamental steps of the ZIKV replicative cycle. Therefore, to investigate which
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step(s) of the virus replicative cyohasaffected by the ellagic acid, a tirtd-addition assay was
run.

10842 h 37 °C 2h+4°C Oh

107 =

1064 =
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3o
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P 17 e,ﬁ.‘" ,L\@a,‘ﬁ*

1}\.@ 1}\!- 1}\!-
[Pvane [ 09267 ] [ Pvae ] 0.7725 | [P vaie | 0.1953 |

Fig. 8. Virus inactivation assaya suitable amount of ZIKV particlek0y pfu) as described bj43] were
incubatedwith ellagic ad concentrations corresponding to &@alues (ug/mL) as obtained in the viral
plaque reduction assay 2 NJ 1 2 NJ H iral kitérs obtreated andl Ndreated ZIBNR766 aliquots
were reported as PFU/mL (Studentest).

3.3.27. Time of addictin assay

To investigate the mechanism of action of ellagic acid, a set of-diraeldition assays was
performed using Vero cells. Serial dilutions of ellagic acid were added to Vero cells before the
infection for 2 hours at 37 °C (ptezatment), or during the infetion with ZIKMMR766 and ZIkV
HPF2013, or after the infection (pestfection). Results showed that ellagic acid was active only
when added to the cells before virus inoculum (reatment assay) (FigA), a significant
suppression of ZIKV replicatiomsvobserved with an 6§23 | £ dzS 2 F (956G [16.14aD2R.6)
No inhibition was observed when the ellagic acid was added d@B)gand after the infectiorfC).
Taken together, the results from the virus inactivation and tofi@ddition assays siw that ellagic
acid exerts its antiviral activity by inhibiting first steps of the virus replicative @ygeadsorption,
penetration, and primary transcriptionyhile it does not affect the later steps (e.g. uncoating,
genome replication, virus assemyghor exit, celto-cell spread). This could suggest a possible use of
ellagic acid as a drug in prophylaxis.

A — PRE 150 B 150 C

- o n . 4+ DURNG
£ 100 £ 100 £ 100 - POST
5 g i « 5
: ; : ;
£ 50 € 50 € 50

0 0+ T Y 0+ T v

1 10 100 1 10 100 1 10 100

ng/mL ng/mb pg/mL

Fig 9. Timeof-addition assays witkllagic acidA) Vero cells were treated with prior to virus infection (pre
treatment); B)during theinfection period (during infectiorgand Chafter infection (posttreatment).
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3.3.3. Anticancer evaluation assays on in vitro acute lymphoblastic leukaemia and

multiple myeloma cells

3.3.3.1 Preliminary cytotoxicity assays acutelymphoblastideukaemiacells

A preliminary screening to assess the cytotoxic potential of pomegranate ethanolic leaf extracts,

fractions and pure compounds m g/>Land 10> asolution respectivelywas performed against

human

leukaemia drug-sensitive CCRICEM cells and -§lycoprotein multidrugresistant

CEM/ADR500h vitro developedsubline.After the treatment exposure for 72 hours, the viability
of the cells was quantified by using resazurin colorimetric assays as reporfdatyoud et al.
[34]. Figure 10A showed that@ong all the tested extract$ractionsand pure compoundsjrsolic
acid exhibited the highest cytotoxic effect @QCRECEM leukaemia celtsomparable with those of

positive controls (Doxorubicin, Daunorubicin and Epirubicin). Betulinic and ursolic acids showed the

highest cytotoxic ptential compared to other molecules omultidrug-resistant P-glycoprotein
(ABCB1/MDR19verexpressinEM/ADR50006ells (Fig. 10BY.hese results arim accordance with
their anticancer potential reported in literatur@9,50]
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Fig. 10. Cytotoxicity assays
performed using resazurin
reduction assay in acute
lymphoblastic leukaemia
(ALL) cell lines:

(A) drugsensitive CCREEM
and @B multidrugresistent
CEM/ADR5000 of PG total
leaf extract harvested in
autumn (PGAutTo}, in
summer PGSumTAqt their
respectively SRE18
fractions MeOH/water 85:15
(PGAuUt85, PGSum35
MeOH/water 95:5PGAuUt95,
PGSum9p at the
concentration of 10>g/ >l,
and pure compounds: ellagic
acid, betulinic acid, oleanolic
acid, ursolic acid, luteolin&
O-glucoside, quercetin 8-

glucoside, apigenin 7-O-
glucoside and  controls
(DMSQ, Doxorubicin DOX,
Epirubicin EP) and

Daunorubicin DAY (10-M)
at the concentration of 10
>M.



3.3.3.2 Toxicity of ursolic acid anultiple myelomacells

On the basis of literature data on the evaluationtieé activity of ursolic acid ohuman multiple
myeloma cell lines U266, RPMI 8226, and MM38551] its anticancer potential was extended to

more human multiple myeloma cell linesJgN, RPMI8226, AM01, OPM2, KMSII, NCIH929, L363,
MolP8, KMS12BM). Dose/Response assmgtsveen concentrations of 10and 1¢ uM were
performed and after 72h incubatignthe resazurin assay was carried ou& conventional
chemotherapeutic agentsuch as doxorubicin, was used as contfajure 11 and Table 6, report a

good cytotoxic responsef ursolic acid with Igbetween2 ad 10k a k X[y | ff GKS diSai
LY FTRRAGAZ2YIY dNE2f A0 K@&YRY aKIZHE RK §1RI fOAYi 22 F dz
Aaz2fFGSR FTNRBY FTNBaK 0 {02C2A\FH daNBY LitHS) LI Kil SRIISEa oK &
conducted by{52], pointing out that ursat acid selectively kills human leukaemia cell lines but not
normal hematopoietic cells. On the other hand, Doxorubicin exhibited very high cytotoxicaly on

the cell lines tested with Kgbetween 0.0012 ath0.053« a K YUp to now it is used as a typica
anticancer agent in common chemotherapy but beside its several side effects, especially
cardiomyopathy53], and toxicity on normal blood ce[B4], it induces the expression of MDR genes

which involves a complexity of the cancer treatment, difficult to overcorf&3]. Therefore it is
necessary to find new chemotherapeutic agefsr these reason®ne of the most responding cell

linesto ursolic acictytotoxicity RPMI822pwas chosen for further investigation
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Hg. 11.Cytotoxicity ofursolic acidoward multiple myeloma cell lines (RPMI8226, MolP8, L363, KMS12BM,
AMO1, KMSII, NCIH929, JIN, OPM2) as determined by resazurin assays.
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Table 6.Concentrations (uUM) of ursolic acid and doxorubicin required to inhibit the cells viability on multiple
myeloma cells by 50%.

| Sttt fA ' NA2f AO 52E2NXzx
LF[QKaKY[ LF[IP"KaKY
RPMI8226 3.618 + 0.329 0.0128 + 0.004
MOLP8 6.895 10.263 0.0012 + 0.0002
L363 2.124 + 0.138 0.0175 £ 0.005
KMS12BM 10.03 + 1.456 0.0519 £ 0.013
AMO1 3.608 + 0.626 0.0058 = 0.003
OPM2 8.065 + 1.639 0.0534 +0.043
NCIH929 2.954 + 0.073 0.0224 + 0.008
JIN 5.874 + 1.759 0.0249 + 0.009
KMSII 5.320 £1.626 0.0430 £ 0.013
PMNC
003 5 5 — e
804
% 60+
E 404
) 204

0 r r . T T "
10+ 10° 10% 10" 10° 10! 10%
concentration uM

Fig. 12 Cytotoxicity of ursolic acid toward human peripheral mononuclear cells, as determined by resazurin
assays.

3.3.3.3. Cell cycle analyses by flow cytometry arstiaiting

The analysis of cell cycle distributios important for studying cell growth differentiation,
senescence and apoptosasd the earliest and simplespproach to perform it, is represented by
measuing of cellular DNA contentvith a fluorescent DNA dye (g., propidium iodidg that
differentiatesresting/quiescent cell populations (GO cell) and quantifies cell cycle distribatian
singlephase(i.e., GO/G1 (2n), S (&), and G2/M (4n))55]. The RPMI822¢ellswere treatedwith
ursolic acid revealing thatthe cell cycle phases were modified anconcentrationrdependent
manner (Figurd.3). Increase of cells in stB0/Gland G2/Mphaseswas observedThe percentage
of RPMI8226cells in subGO/G1 phase in nontreated celigas 8.2%; meanwhile,tivaried upon
treatment from 13% (1Go) to 14% (2 x 1Go), 16% @ x 1Gg) to 26% (4% 1Gg). These results suggest
that ursolic aciccaused cycle arrest in G2/phase in RPMI8226 cells.
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Fig. 13.Distribution of RPMI8226ell cycle upon 24treatment with ursolic acid. Kgvalues were 3.6, 7.2,
10.9, 14.4 pM/mL.

3.3.3.4. Apoptosis evaluation by annexhiPVstaining

How cytometrybased methodproviding the combination oAnnexin Vand Propidium iodide (PI)

are commonly used to analyse dierences in plasma membrane permeability and integrity,
establishing if cells are viable, apoptotic or necrotic. This approach is widelyfarsstudying
apoptotic cells Pl is a good, economical and stable indicator of cell viability due to the faat that
can pass through the damaged plasma membrane of late apoptotic and necrotic cells, intercalating
nucleic acids and showing red fluorescenafile it cannot stain viable or early apoptotic cells
because of an intact plasma membrane. Annexin V is a protein that binds phospholipids such as
phosphatidylserine (PSyhich translocatesrom the inner side of the plasma membrane to the
outer laye of cells inthe early stages of apoptosiallowing the binding with the protein and cell
staining with fluorescein isothiocyanat (FITCHabelled Annexin M and showing green
fluorescence Even if in necrosis, where the cell membrane losses its integtitythhe leakage of
cellular constituents, Annexin can bind phospholipittee combination of a dye exclusion test using

Pl provides a perfect assay in order to discriminate among apoptosis and n¢s6;5%§ However,

a limit of this protocol is represented by a positive double Annexin V/PI staining for both cells at the
end-stage of apoptosis (late apoptotic) and primary necrotic cells and in order ttkdhe stages

of apoptosis, supplementary method as caspase assays are nggtjed

The resuls of Annexin V/PI stainings reported in k.14 The results showed a dosependent
induction withursolic acid When cells were treated witB x 1Go, for example ursolic acidnduced
apoptosis with62.%% early apoptoti®/ (+)/P1+) cells, 10.9% late apoptotic V (+)/PI (+) cedisd 0.2%
necraic V ()/PI (+) cellsThese datacoherently with current literaturg¢51], suggested thatirsolic
acidinduced apoptosismstead of necrosisy RPMI8226 cells in a dedependent manner.
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Fig. 14.Evaluation of apoptosis induced by ursolic acid on RPMI8226 multiple myeloma cells after 48h as
determined by annexin V/PI assay. Apoptosis was assessed by flow cytometry after anf&>dowle
staining. 16 values were 3.6, 7.2, 10.9, 14.4 pM/mL.-19 viable cells exhibit annexin YRI ); QILR:

early apoptotic cells exhibit annexin (+)/Pk @nd QUR and QQJL: late apoptotic cells or necrotic cells
exhibit annexin V (+)/PI (+) or annexin¥A| (+).Dot plots of Annexin V/PI flow cytomgtanalysigA). Cells
percentage in the different cellular conditio(B).

3.3.3.5.Evaluation of theroduction ofreactiveoxygenspecies (ROS)

ROS group includes reactive molecules and free radicals deriving from cellular aerobic metabolism.
Their hidn reactivity with biological molecules is influencing the cell functions in response to a
different stimuli which can be intracellular or extracellular as drug interadé®h Toevaluate the
possible induction of cytosolic ROS generation mediated by ursoliamdion the basis of literature

data reportingthe production of RO®#ivolved in apoptotic cell death60], the ROSjuantification

assay using a fluorescent dye as reportedviahmoud et al[34] was performedn RPMI8226 cells
Results showed thatraolic acid did not significantly affect the production of ROSPMI8226 cells
(Figure 15)showingthat ursolic acidinduced cell apoptosis is independent of ROS pathways as
suggested »Chen et al[61].

94



120 Fig. 15Effects of ursolic acid (UA) on
reactive oxygen species (ROS)

100 compared to the DMSO control in
RPMI8226 cells RPMI8226 cells
(1x1C cells/well) were incubated
with UA (IG, 2xIGo and 3xIGy) for
24 hfor and were measured for ROS
*Significantly different from the
control group at p<0.05 by onsay
ANOVA.
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3.4. Conclusions

The leaves of pomegranate have medicinal properties as documented in traditional medicine and
represent a rich source of bioactive molecules belonging to the specialised metabolism. The present
chapter showed the antiviral arttie anticancer potential oftie pomegranate ethanolic #&extract,

its fractions and compounds. Nowadays, in order to become more selective against different virus
and host cell targets, several aiiV chemotherapeutics have been used following various
strategies: inhibiting viraéntrance into cells by targeting the cell CD4 receptor or cellular CXCR4 or
CCRS5 coeceptors; inhibiting viruscell fusion by targeting viral glycoprotein gp41; inhibiting virus
adsorption to the host cells by targeting viral envelope glycoprotein gpit@biting HIV retro
transcriptase (RT) or HIV integrase (IN) or HIV protease (PR) by targeting their active site; or acting
by targeting cellular transcriptional factoj&2,63]

Although several artHIV drugs have been developed, many troubles such as mukrdsigtant
strains and harshdverse effects have challenged the medical management of HIV infection. HIV
needs three essential enzymes for its replication, namely, RT, PR and IN. Most of-tHB/aghiigs
commercially available are inhibitors of HIV RT and PR enzymes. HIV IN respaeséatively newer
therapeutic target; moreover because the absence of a similar enzyme in the human bodylNHIV

is an attractive target for reducing effirget side effect§12]. Since preliminary assays revealed the

in vitro inhibition of HIVL RT and IN by the pomegranatefleghanolic crude extract, a bioguided
fractionation ongravimetricnormatphase silica gel column chromatography was performed and
flavonoid enriched fractions were obtained.

Results showed that all fractions exhibited antiviral activity but the total extract and ellagic acid
strongly inhibited both HAL enzymes anchithe case of IN results were comparable to the drug
control raltegravir which is the first IN inhibitor (INI) for human {&4]. The capability of ellagic

acid to inhibit the key functional HiY enzymes is imaccordance with literature datfl4,15] In
conclusion, in order to overcome the problems associated with viral resistaip to now the dual
inhibitors targeting the HAL RT RNase H and IN which share a common catalytic site residues and
geometry, represent the most promising class of-HlIMhibitors due to their capability to interact

with two targets. As found for puegranate juice byNeurath et al[13], the led extract deserves
further in vitroandin vivostudies to confirm these findings. It could be foreseen to elude some side

95



effects associated with antiretroviral drugs including cytotoxicity, investments and time needed for
expensivdarge-scaleproduction. By its part, ellagic acid may have the potentidddaeveloped as
a novel agent against Hi\

In addition, to enlarge the viral targef]JKV infection which represents a huge challenge to the global
health was consideredJp to now no treatment or vaccine against ZIKV infecisoavailable and

the best way to prevent the viral infection is to avoid mosquito bites while analgesics and
antipyretics are palliative cures used to treat infected patients, then the researchfficreat
antivirals is urgently needdd?9]. In this context, pomegranate ethanolic fextracts obtained from

a reference sample collected in autumn in the botanical garden of Cagliari and from a pool of leaves
collected in summer season were tested to evaluate antiviral potentiabgainstwo ZIKV strains:

the 1947 Uganda MR766 and tB813 French Polynesia HPF2013, representing the African and the
Asian lineage respectively. Since results on total extracts showadtmral effect without host cell
cytotoxicity consequence and good Sl index, a bioguided fractionation of the totadcextr
performed on SPE18 cartridge allowed to obtain a phenolic and a triterpenoid fractions. From the
phenolic active fraction obtaineldy the autumn leaves sample which showed an higher content of
ellagitannins, ellagic acid was purified usingPt€p t©iromatography.In conclusion, pomegranate

leaf ethanolic extract, its phenolic fraction and ellagic acid were here shown to be active against
ZIKV without host cell citotoxicityrurther studies are needed to elucidate the mechanism of
antiviral action inorder to identify the cellular and/or viral targets. In addition, results showed that
ellagic acid which is the most promising compound in pomegranate leaves against ZIKV, is not active
directly on the viral particle and inhibits the first step of the Vieplicative cycle which take place
before the virus attachment and entry. This represents an interesting feature suggesting additional
studies to evaluate its antiviral potential im vivoexperiments, especially for its use in prophylaxis.
Finally, sioe specific antivirals against ZIKV are not available, ellagic acid might be an interesting
starting point for the development of novel and efficient antiviral pharmaceutical.

Since literature reports promising results attributable to pomegranate anchais-edible part
extracts in cancer theraphg,8]; the last step of this chapter was to evaluate the citotoxicity of the
extracts, fractions and pure compounds against cancer ddtigiadays, the core of the therapy of
hematopoietic cancers such as ALL and MM is represented by the use eagauitichemotherapy

with anthracyclines as doxorubicin, mitotic inhibitors as vincristine, alkylating drugs as melphalan
and cyclophosphamide and corticosteroids with allogeneic stem cell transplantation for eligible
patients [33,65] Despite improvements in clinical oncology, the complete cancer remission is
hindered by the development of drug resistance; therefore in order to overcome this condition, the
development of novel cytotoxic agents has a very high pri¢Bizy.

In this topic results from preliminaiy vitroassays on ALL cell linesdrugsensitive CCREEM and

its multidrugresistant Pglycoproteinroverexpressing subline CEM/ADR5000 céilswed that
besides all the samples tested which exhibited a citotoxicity between 80 and 40% in both cell lines,
only ursolic acid showed the highest cytotoxic effect on GCIR% leukemia cells comparable with
conventional chemotherapeutics used as contrdtse obtained data ommumanmultiple myeloma

cell linesrevealedlow IGo valuesfor ursolic acid. It induces cell cycle arrest in G2/M phase and
apoptosis in RPMI8226 celt®nfirming its ability to promote the inhibition of proliferation in
according tathe literature dat [38]. In additionthe normal lymphocytes control was not affected

by its citotoxiciy [52]. Micro array analyses on the RNA extracted from RPMI8226 cells before and
after treatment with ursolic acidrestill in progress, and the data obtained will lead to increase the
current knowledge on down or up regulation of gene expression pattern due to the compounds
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interaction [38]. These findings suggest a potential therapeutic activityuksolic acidfor the
treatment of multidrug resistant tumors and may be further investigated in order to evaluate its
effective mechanism of action.
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CHAPTER €HARACTERIZATION OF PHENOLIC CONTENTS AND ANTIOXIDA
EVALUATION OGRAEVINE GREEN PRUNING RESIDUES AS A PROMISIN
BY-PRODUCT

Vitis viniferaL. commonly known as grapevine, represents a very interesting source of secondary
bioactive metabolites which an provide numerous benefits on human health. Nevertheless
viticulture can produce residues and nowadays it is important to find solutions on environmental
pollution problem byredudng the amount of waste promoting thereuse, the recycling andthe
recovey of the resourcesven throughby-products utilization. This topic has been addressethén
following article Manuscript ID: molecule§9098(Q which contributes to add knowledge on the
valorisation of gapevinegreen pruningresiduesgenerated by thegring pruning of vineyards. The
description of this topic is a merge between the published parts and the supplementary materials.

Grapevine Green Pruning Residues as a Promising and Sustainable Source of
Bioactive Phenolic Compounds

StefanoAcquadrd, Silvia Appletoh Arianna Marengh Carlo Bicchj Barbara SgorbihiManuela
Mandron€’, Francesco GaiPier Giorgio Peirefi Cecilia Caglietand Patrizia Rubioto
1Dipartimento di Scienza e Tecnologia del Farmaco, Universita di TorirRieW@Giuria 9, 10125 Torino, ltaly

2Dipartimento di Farmacia e Biotecnologie, Alma Mater Studiardwniversita di Bologna, Via Irnerio 42, 40126 Bologna, ltaly
3Istituto di Scienze e delle Produzioni Alimentari, National Research Council, L. go Pemito Bra0095 Grugliasco (TO), Italy

4.1. Introduction

2 AyS LINRPRdAzOGA2Y FYyRXZ (GKSNBoezX 3IANI LIS ONRLEA | NI
economic activities, with more than seven million hectares cultivated and 77 million tons produced
worldwide in 2016 [1]. Unfortunately, viticulture produces huge amounts of residues, which are a
serious economic issue; they are mainly destined to compgsbr discarded in open areas,
potentially causing environmental problems [2]. Solutions involving reuse, recycling, and recovery
2T NBaz2dzNOSa aKz2dzZ R GKSNBF2NB>X 6S F2dzyR G2 N
to environmental sustainalily has recently been the object of attention from several regulatory
institutions (e.g., Directives 1999/31/EC and 2008/98/EC from the European Commission). The
SELX 2A01 GA2y 2F o0@nlLINRPRdzOGa 3ISYySNIGSR &® 3INIL
reduce the environmental impact of wine production, as well as meet the growing demand for green
materials and renewable sources of nutrients and bioactive compounds for the feed, functional
food, and food supplement industriesq3].

In the Meditearanean area, and in Italy in particular, wine production and vineyard cultivatien
widespread, and result in large amounts of pruning residues waste. In 2011, 3218 million hectares
were cultivated as vineyards in Europe [8] of which 736 million hestavere in Italy, for a
production of 7487 million tons of grapes [9]. Referring to European data, potential residues derived
from grapevine cultivation are estimated to be about 1.4 million tons of dry matter (DM) [10].
Sanchez et al. [11] estimated the aunt of vineyard pruning residues in a range of 1 to 7.5 t/ha.

The most vigorous pruning is in late summer, but the selective removal of grapevine leaves (together
GAOGK FTNHZA Gt Saa @2dzy3 G6A3Ta0 RdzZNAY I &LINdRcs3I | f 3
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This operation is carried out to ventilate and improve the lighting of grape bunches during ripening
and consists of removing some or all of the leaves present at the level of the basal area of the shoots,
where a lot of bunches are present. The @ral process results in a noticeable increase in the
O2y Syl 2F IylikK208FyAyada YR 20KSNJ Ffl @2y 2ARa
NE&aARdzZSaé¢ oDt wadv wmMoB8®d alyeé 3INILSOAYS o6&mLINBR
been charaterized in depth, in terms of both chemical composition and biological properties [14
HHB® ¢KS &lIYS A& GNUz2S F2NJ OAYyS tSI@SaT (KSa&as
consumption, as food [23], animal feed [24], ingredients of dietsupplements [25], and in
cosmetics [26]. As for other parts of the grapevine, leaves are mainly characterized by phenolic
compounds as specialized metabolites; in particular, phenolic acids, flavonols (mainly in the form of
hnmaiteO28ARSa BWLFE&IRDSGAYREYR21 I t SE&4SN) SEGSYyY
on2f &a> YR FytiK20elyAya o6YFAyfte Ay NBR | dzidzy
grapevine leaves are attributed to these phenolic compounds and are principally codrétatiee
gSttnly2s6y | YGAZEARYG | OGABAGE OTIMTZIHPIHD

hyS 2F GKS YIFIAY fAYAGlIGA2ya (2 NBmdzaAy Jated KS
summer, after potential treatment(s) with pesticides. Such treatments are a matter of conmern f
animal feed, because they could induce toxic effects [32]. Conversely, GPRs are harvested during
the spring before any treatment has been applied, and therefore are free of pesticide residues, and
GKSNBEF2NBE OlFy 06S 02y aAiRSNB® Re ekploitetd JPlawBwr(itd thefbesk S I f
2F GKS FdzK2NBRQ (1y26¢6f SRAST y2 AYTF2NNIGA2Yy 02y
FYGAZ2EARFY(G LINPLISNIASE 2F (KSasS o6e&nLINRPRdzOGE A
LINHzy A Yy 3 thaBaieAcBllézfed during winter, and therefore are a woody material with a
completely different composition (i.e., cellulose, lignin, and other phenolic compounds) [4,33].

Taking into account the above considerations, this study aims to investigat@dtemtial of
grapevine green pruning residues (GPRs) as a source of antioxidants, by evaluating their phenolic
O2YLRaAldA2yY YR O2YLI NAYy3a GKS NBadzZ da sAGK G
These investigations involved several cultivard/o¥iniferalL., both red and white, harvested in
Piedmont (Italy) and used to produce some of the most prestigious wines. The phenolic composition

of GPRsanfl S Sa ¢la RSUSNN¥YAYSR GKNRdAAK | t[/ mt5! m!
with an ultrasoy Rt 8aA 4GSR SEGNI OGA2y 6'190 VYSGK2R:
experimental design approach [34]. The antioxidant properties of the extracts were investigated
GKNRdzZAK O2f 2NAYSGNRO AYQBAGNR aaleéa oaalthedSy 3Ir
HIHQUlI T AYy20AadnonSaKeft noSyadichs) and therésalty dere cardladetl LIK 2
to those obtained by HPLC and total phenol content assay. The antioxidant properties of the
matrices were also confirmed by combining the col@irtin vitrol & al &€a 2FFE Ay S gA
analysis, to determine which compounds contribute most to the antioxidant activity in terms of
radical scavenging abilities [35].

4.2. Materials and methods

4.2.1. Plant material and growth conditions

Theplant material was harvested during the 2016 and 2017 growing seasons, in an experimental

vineyard located in Piedmont (North West Italy). The climate at this site (293 m a.s.l.,

npcno py bkTtcop o1 90 Aa GSYLISNI G ainapdods2iy G Ay S
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spring and autumn. During the growing season, total precipitation ranges from 139 mm/month
(July) to 76 mm/month (May), and the mean temperature and mean relative humidity are 20.3 °C
and 68.6%, respectively. Conventional agronomic mameg¢ was regularly applied in the
vineyard, cultivated in soil taxonomically classified as entisol according to the USDA soil classification
system [45] which is sandy soil, low in organic matter, with a moderately alkaline pH. Samples of
GPRs and leave$ eleven varieties of red grapevin¥ifis viniferaCvs.: BarberaCabernet Franc,
Cabernet Sauvignon, Canaiolo Nero, Carignano, Grenache, Lambrusco Salamino, Nebbiolo, Pinot
Noir, Sangiovese, and Syrah) and five varieties of white grapeVvitis Yinifea Cvs.: Malvasia
Bianca, Moscato Bianco, Sauvignon Blanc, Verdicchio, and Vernaccia) were collected in duplicate
from standard vertical trellises, with edging shears (see THblsampling was done in the morning

after dew evaporation, during June for GP&hd September for leaves, and was never carried out

2y NIAyeé RIFIedad CNBakK Dtwa FyR tSFEF &l YL S& ¢
lyophilizer (5 Pascal, Trezzano sul Naviglio, Italy), and then ground in a Cyclotec mill (Tecator,
Herndon, VAUSA) to pass through a 1 mm screen, and stored.

Table 1.List of the analyzed samples with their acronyms and sampling year

Cultivar Code  Sampling Cultivar Code Sampling
year year
Nebbiolo N1gN2 2016 Cabernet Franc CAB 2017
Barbera B1¢B2 2016 Canaiolo Nera CAN 2017
Sirah S1¢ S2 2016 Carignano ~ CAR 2017
Grenache Glc G2 2016 Lambrusco Salamino LAM 2017
Pinot Nero PN1g PN2 2016 Sangiovese | SAN 2017
Cabernet Sauvignon, CSI¢ CS2 2016 Malvasia Bianca MAL 2017
Moscato Bianco MOS 2017 Verdicchio | VER 2017
Sauvignon Blanc SAU 2017 Vernaccia VSG 2017

4.2.2 Chemicals

lt [/ MAINIFYRS | OSG2yAOGNRES o[/ ma({ AN} RS0 VYSiOK
(>98%purity), Folig A 2 O f Sszé LIKSy2f NBIFI3ISYids MIDETRAEK S
I 1 7\y'2no)\aoonSu Kef 0SYT 2GKALFT 2t Ay SmEM,a gefta$styl A O
LJSN:édzt LIKIFG§SS o6p0UmMmcnKERNREETNMHIpIT Iy rmigdlid &eld,Y S K &
quercetin,]  SYLIFSNRf X NBAGSNI ONRESX FYyR NHziAY ©SNB
gl SN 6my ®dn am OY0 ¢ pusificatian 8ystémy(IGilRoore, B&iford, MA, &J84).t A T
v dzS NO it A §/ dzO #1d A RS @@t NUZA X yI2 & NIR S @rr A FdBORLATASNESE | Y R
were supplied by Extrasynthese (Genay Cedex, France). Rhamnetin, isorhamnetin, caftaric acid, and

j dzS NI Smjlucyfoniderwere from Phytolab (Vestenbergsgreuth, Germany).
4.2.3 Extraction method

Extraction conditions (amount of plant material, type of solvent, solvent volume, and extraction
time) were carefully optimized through experimental design (see paragdaph). A pool sample

of GPRs obtained by mixing an equal amount of all cultivars was prepared to run the experimental
design experiments. The optimized extraction conditions werdollsws: First, 0.100 g of each
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sample was extracted with an ultrasonic bath (Soltec, Sonica S3 EP 2400) operating at 40 KHz with
10 mL of methanol/water (70:30, v/v) for 15 min. The ultrasonic bath temperature was set at 30 °C
and checked before and afteach extraction. The supernatant was centrifuged at 4500 rpm for 10
min and poured into a separatory funnel together with 5 mL of petroleum ether, to reduce
chlorophyll interference, by liqualiquid extraction. The aqueous layer was evaporated in aryota
evaporatorunder vacuum to a volume of about 1 mL, at a temperature below 50 °C in order to avoid
phenol degradation. The extract was then diluted to 2 mL with methanol and filtered through a PTFE
NOHH >Y a&NAy3IS Ke RNER Laktibri waepdaled thri8eNar @aghhsaniple. | y I

4.2.4 HPLEPDAMS/MS analysis and quantification
4.2.4.1 Qualitative analysis

A Shimadzu Nexere2 system was used for qualitative analysis; it was equipped vgtiotodiode

FNN} &8 RSGSOG2N) {t5maun! Ay &aSNASa 42 | {KAYLl
electrospray ionization (ESI) source (Shimadzu, Dusseldorf Germany). An Asce8té Exprwt 11! Y A |
02t dzYy oé6mn OY R HOM YYI HOT used InobfedghdSe ORaE . S
water/formic acid (999:1, v/v) and mobile phases B was acetonitrile/formic acid (999:1, v/v),
respectively. The flow rate was 0.4 mL/min, and the columnperature was 30 °C. The gradient
program was as follows: 0 to 3 min 5% B, 3 to 20 min 5% to 15% B, 20 to 30 min 15% to 25% B, 30
to 42 min 25% to 75% B, 42 to 52 min 75% to 100% B, and 52 to 53 min 100% B. The total analysis
GAYS Ay Of dzRA yrhinddddSe mih. WR spedgaiviers Bidduired from 220 to 450 nm.
Mass spectrometer operative conditions were as follows: Heat block temperature, 200°C;
desolvation line (DL) temperature, 230 °C; nebulizer ggsfidy rate, 3 L/min; and drying gas2jN

flow rate, 15 L/min. Full scan mass spectra were acquired from 50 to 2000 m/z both in positive and

in negative scan mode, with an event time of 0.5 s. When pseudomolecular ions*[M-&E81or

w a Lelin@ESH were identified, they weresubmitted toO2f t AAA 2y 002ttt AaA2y S
and 35.0 V for ESlin product ion scan modwith an event time of 0.2 s. Selected reaction
monitoring acquisition on specific product ions derived from precursor ion fragmentation was
performed. Retention tiras, UV, and MS spectra were used to identify and tentatively identify the
main components of the extracts. These data were compared with those of authentic commercial
standards or when not available, to the literature d¢s@e Table 1 and paragragl.12).

4.2.4.2 Quantitative analysis

9 OK SEGNIOG o6p >[0 sla lylLtel SR Ay {GNRLIX AOI
DSNXIyeo SlidaALIISR gAG0K | LK2G2RA2RS | NN¥X & RS
phases, flow rate, and gradient pn@gn as in the qualitative analysis (see paragrédpgh4.1). UV

spectra were acquired in the 22850 nm wavelength range, and the resulting chromatograms were
integrated at 270 nm, to process the analysis for the offline combination of antioxidant assays a

[/ ltylfearas FyR i GKS <YFE 2F (G4KS ARSYGAT
Quantitation was performed by an external standard calibration method, and the results expressed

as mg of compound per g of matrix (mg/g). The calibration®dérv 2 ¥ OF FiGIF NAO I OAR
ondf dzOdzNRYyA RS 6SNB odzait il dzLd o0& FylfelAy3a G4KSY
inthe range 10Mnnn  Y3IAK[ I GKAT S @GN d2QAEEAA RS > |j d2SARO S{iilA
glucoside, sevenoncentrations in the range¢250 mg/L were used. Quantitation was performed

107



on eight target compounds, using the calibration curves built up on the same compound or, when
not available, with those of compounds belonging to the same chemical class. ibDnatical curves

and the analytical performances of the method adescribedin Table 2. The analytical
performances were measured in terms of repeatability (RSD% never exceeding 5%) and
intermediate precision (RSD% never exceeding 10%). All data weresgedcasing LabSolution
software (Shimadzu, Dusseldorf Germany).

Table 2Wavelengthsgalibration ranges, equations ofdtcurves and linearity of the target compounds used
for quantification.

Compound < Y| Linearity range R Calibration cuwve
(nm) (mg/l) equation
Caftaric acid \ 325 100-1000 \ 0.9994 y=21869x260461
Quercetin 30-glucuronide 350 100-1000 0.9992 y=14009x235766
Rutin 350 5-250 ~0.9972 y=13724x5740.1
Quercetin 30-glucoside 350 5-250 0.9979 y=16561x9313.8
Kaempferol 30-glucoside 350 5-250 ~0.9979 y=3864x3225.3

4.2.5 Total phenolic content assay

The total phenolic content was determined as described by Singleton and Rossi [46] with slight
Y2RATAOI (A 2 yahe ex@akctdl@ilited 1125 immethdnol) were added to 4 mL of water,
G23SGKSNI 6AGK g/ph2 OF[f (25FdzQAdzNBK SG/2(fA yYNB I ISy iz |y
of N&QOs (pH = 10). Then, the absorbance was measured at 765 nm after one hourWivesible
spectrophotometer (Genesys 6, Thermo Electron Co., Madison, WI, USA). The results were
expressed as mg of gallic acid equivalent (GAE) per g of matrix. The calibration curve of gallic acid
was built up with the same method, by analyzing itsstad at concentrations ranging from 091

0.5 mg/mL.

4.2.6 Antioxidant activity determination

4.2.6.1 Scavenging effect on DPPRHdicals

¢KS OFLIOAGE (G2 al0l @Sy3asS GKS T NBSvashdoridrediiti H I H
0KS YSUK2R NBLR2NISR o0& YNkt SiG Ffod womB gAGK
extract diluted 1:5 in methanol) was mixed with 2 mL of a methanol solution containing®OPPH

NI RA OF f 6on >[KY[0O®D ¢KS Yiefib i ford30 dnin atkdorh Sy ¢
temperature in the dark (until absorbance values were stable). Reduction of the“Déi¢al was
measured by monitoring the absorption decrease at 515 fitme DPPH scavenging effect was
calculated with the following equain:

% scavenging effect = K#rig As)/ApppH x 100

where AprHs the absorbance of the DP®alution and Ais the absorbance of the DPPéblution
after addition of the sample extract. The amount of matrix used to prepare an extract providing 50%
inhibition (EGo) was extrapolated from the % scavenging effect.
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4.2.6.2 Scavenging effect on ABTdicals

The ABTS method was applied as per &rdl. [31] with slight modifications. The ABTS radical was
generated by chemical reaction with potassium persulfates(®). First, 5 mL of #&0s solution

(0.66 mg/mL) were added to 5 mL of ABTS (3.84 mg/mL), then, the solution was kept in the dark for
MH (2 Mc KX 4G bBuHn c/ 3 G2 F2N¥ GKS NIRAOIf ® !
AY SGKIFIy2tkgl GSNI 6pnYpn @Gk@0 dzyiAf F6az2NbltyoOS
radical was formed, 2 mL of ABT&dical solution was mME SR ¢ A 6fkhe exmaats diUted
1:100inSGKFy2t> YR GKS 06a2NblFyOS | &%clvengimgn VY Y
effect wasOl £ Odzf | G SR & SljdAgdltSyid YYzt 2F ¢NRf2E
carboxylic acid) per g of mat. The Trolox calibration curve was built up by analyzing the standard
compound at concentrations ranging from 0.025 to 0.3 mM, with the same method.

4.2.6.3. Offline combination of antioxidant assays and HPIDA analysis
4.2.6.31. DPPH method

CANBGZ pn >[ 2F SI OK S E twoikifyoluiidh N left i@ RRSilr 36 2 mn
min at room temperature in the dark; after solvent evaporation under a gentle nitrogen stream, the
NBaARdzZS g1 & RAfdziSR G2 pinkiNE>dg3 Ko A Kn dRSHG K[y 2tf¢ O
resulting solution were submitted to LC analysis. The chromatographic pattern of the extract after
reaction with DPP¥radical solution was compared with that of the same extract before reaction,
diluted 1:10.

4.2.6.3.2ABTS method

CANBGZ pn >[ 27F SEiNI &workingdshiitionl dRRI&tRo siardl foeminY [ 2
at room temperature in the dark, then after evaporation under a gentle nitrogen stream the residue

gl a4 RAfdzGSR G2 | @2ftdzYS 2F ™M Y[ GAGK YSGKFy2f
the resulthg solution were analyzed by LC. The chromatographic pattern of the extract after
reaction with ABTStadical solution was compared with that of the same extract before reaction,
diluted 1:20. For both the assays, the procedure was repeated thrice vgtilyhconsistent results

(RSD% never exceeding 10%) and the percent peak area reduction was calculated on the mean
areas

4.2.7. Statistical analysis

All analyses were performed in triplicate and data were expressed as mean values + standard
deviation. All statistical elaboration (experimental designs and their elaboration, principal
O2YLRYySyl lylfearas o062E Liz2idaz yR {(dzRSyiQa
Inc., Tulsa, OK, USA) software. The experimental design was performecinaaptimize the
extraction method of the raw plant material. Principal component analysis (PCA) was conducted to
GSNATFE AAYAEFNAGASE YR RAAZAAYATEFNARAGASE FY2y3
test were used to define statisticdifferences concerning compound abundances and antioxidant
power of the extracts (p < 0.01).
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4.3. Results and discussion

4.3.1 Phytochemical analysis of grapevine green pruning residues (GPRS)

DNJ LISOAYS LIKei2O0KSYAOLFt O2YLRaAlA2y o a aidzR
performed on both green pruning residues and leaves on samples from the same plants, because
only information for the leaves is available from the literature [7,23,27,28]. The results were then
compared to evaluate differences and similarities in the chemical composition of the two
investigated samples.

4.3.1.1 Optimization of the extraction of the phemotompounds of GPRs

¢tKS Dtwad 6SNB SEGNI OGSR o6& dzf GNJ a2dzyRmltBah A &G S
can be run at room temperature, providing correct extraction of thermolabile compounds.
Moreover, it is a green chemistry technique, eliteg low solvent and energy consumption while
providing a high extraction yield and fast kinetics [36,37].

The extraction method was optimized through experimental design, i.e., an approach giving the
most effective combination of parameters to run thérasound extraction process to obtain the
highest polyphenolic yield. A pool sample of GPRs, which was obtained by mixing an equal amount
of GPRs from each cultivar, was used as the model sample for optimization.

The first step was to select theptimal extraction solvent. Ethanol, acetone, and a mixture of
methanol/water (70:30 v/v) were chosen for the GPRs pool sample extractions, based on the
literature [7]. HPLC analysis of the different extracts revealed that the three solvents gave
comparabé qualitative results, but methanol/water provided the highest recovery (data not
shown). The main variables affecting extraction (i.e., solvent, extraction time, amount of matrix, and
volume of solvent) were then screened by applying a Box, Hunter anteHilesign (see Tabl®.

For temperature, it is important to consider that higher temperatures can improve mass transfer
during extraction, but, at the same time, it can promote a high component degradation rate, in
particular above 75 °C [38]. The UABqgarss was, therefore, carried out at 30 °C.

The extraction efficiency of each experiment was evaluated in terms of both the UV peak area of
every compound detected at 270 nm, and of the sum of the areas of all peaks. The effects of the
variables on thewm of all peak areas, and the peak area of the meptesentative compounds,

are illustrated by Pareto charts in Figurgéd and 2 (AlcA4), respectively. All variables were
significant (p < 0.05) with an increase of the response when passing from the kovthe highest

level. The final optimization of the variables most influencing the extraction process (i.e., volume of
solvent and amount of matrix) was carried out applying a central composite design (CCD) keeping
extraction time (15 min) and water coewctration (30%) in the water/methanol solvent mixture
constant (Table&).

Surface response plots show the relationships between extraction parameters and aeajyvase
(extraction yield). Figures 1B andB1{B4) show the response surface plots coatelg the effect

of matrix amount and solvent volume to both the extraction yield of the most abundant phenols
and the sum of all peaks. All surface responses clearly indicate that extraction yield improves as the
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two variables increase. The mathematicabael developed showed good consistency between
experimental and predicted values (data not shown).

In conclusion, the optimum extraction conditions were the following: 15 min extraction G0

water in the solvent mixture, 500 mg matrix, and 50 mlvesal. To make the method quicker and
more sustainable, extraction was carried out reducing bothaheunt of plant material and the
solvent volume, while maintaining the ratio between them constant. Under the new conditions (i.e.,
15 min extraction time30% water in the solvent mixture, 100 mg matrix, and 10 mL solvent), the
SEGNI OlGA2y NBadzZ Ga 6SNB LISNFSOGfte O2YLI NIoft S
process was also exhaustive as it was confirmed by the lack of peaks detectedhndimatogram

of a second extraction on the same plant material (data not shown).

Table 3.Variables]evelsand the design matrices evaluated in the two experimental design.

Independent Coded Levels
variable Variable
| b4 [ o0 | o+ bh
Water in the x1 0 25 50
solvent
Box, mixture (%)
Hunter & Extraction x2 10 20 30
Hunter time (min)
Design Amount of x3 100 250 500
matrix (mg)
Volume of x4 5 22.5 50
solvent (ml)
Central Amount of x3 138 200 350 500 562
GComposite |  matrix(mg)
Design Volume of x4 13.8 20 35 50 56.2
solvent(ml)
Box, Hunter & Hunter Design Central Composite
Design
Run Variables Variables
x1 X2 x3 x4 x3 x4
1 -1 14 | a1 | a4 | 4 -1
2 1 -1 -1 1 -1 1
3 -1 1 [ a1 1 1 -1
4 1 1 -1 -1 1 1
5 -1 4 | 1] 1 0
6 1 -1 1 -1 bh 0
7 -1 i | 1 | a1 | 0 -h
8 1 1 1 1 0 bh
9 0 o o 0o 0 0
10 0 0 0 0 0 0
11 0 o o 0o 0 0
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A Pareto Chart of Standardized Effects; Variable: Sum
4 factors at two levels; MS Residual=441708E6
DV: Sum

(4)Volume of solvent (ml) 12.67

Curvatr. 12.39%
(3)Amount of matrix (mg) 12.283]

(2)Extraction time (min)
(1)Water in the solvent mixture (%)

1by2

1by3

Standardized Effect Estimate (Absolute Value)

B Fitted Surface; Variable: Sum
2 factors, 1 Blocks, 11 Runs; MS Residual=131783E7

Critical values vanable: Sum (Expenmental_design] DV: Sum
Solution: saddlepoint

Predicted value at solution: 224138E2
Observed Critical | Obmved
Minimum Values | M aximum|

Volume of solvent (mi)

I > 2.2E7
I <2E7

I < 1.6E7
[]<1.2€E7

z=2672498.6796181+32979.431236979"x-12.996398318074"x"2
-161823.49885944"y+1852.4200780687"y"2+217.57511111111*x"y+0.

Fig. 1.Results of the optimization of extraction conditions obtained by experimental desjdrareto Chart

of Effects relative to the sum of the peak areas of the HPRE& chromatographic profiles of the extracts,
obtained through theBox, Hunter & Hunter DesigB) Surface Response and Critical Values relative to the
sum of the peak areas of the HPRDA chromatographic profiles of the extracts, obtained through the

Central Composite Design.
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Parefo Chart of Standardzed Effects; Vaniable: Peak2
4 factors at two levels, MS Resicual=709562E4
DV: Peak2

Al

Curvatr

(4)Volme of solvent (mi)

(3)Amount of matrix (mg)

(2)Extraction time (min)

(1)Water in the sovent mixture (%)

1653

1042

p=.05
Standardzed Effect Estimate (Absdlute Value)

A3

Pareto Chart of Standardzed Effects; Variable: Peak 10
4 factors at two levels; MS Residual=199550E3
DV: Peak 10

(3)Amount of matrix (mg)
(4)Volume of solvent (mi)

Curvalr,

(2)Extraction time (min)

(1)Water in the soWent mixture (%)
152

1by3

Bl Fitted Surface; Variable: Peak2
2factors, 1Blocks, 11 Runs; MS Residual=572859E4
DV: Peak2

> 256
B <1855
[ <1485
<186

2=-637927.3605640 1+5208 236198523'x-2 9988787985 207"x"2
+29410.781842573%-323.274554 10394y 2- 5706566666668"x"y +O.

Pareto Chart of Standardized Effects; Variable: Peak 9
4 faclors & twolevels; MS Residual=161719E3
DV: Peak9

A2

(3)amount of matric (mg)
(4)Volme of solvent ()
Curvatr.

(2)Extraction time (min)

JWater in the solvent mixture (%)
1by2

1oy3

p=05
Standardized Effect Estimate (Absolute Value)

A4

Pareto Chant of Standardized Effects; Variable: Peak 11
4 factors a two levels; MS Residual=549421E5
OV: Peak 11

(4)Vome of soent ()

(3)Amount of matrix (mg)

Curvalr,

(2)Extraction time (min)

(1)Water in the sowent mixture (%)

1by3

1by2

BZ Fitted Surface; Variable: Peak 9
2factors, 1Blocks, 11Runs; MS Residual=294097E4
DV: Peak 9

&
9.%650.%
00000 05
G
X %
e

BRI

2=125767.05068808+710.6912627295"% +.13598342102533*2
-6491.0500060238"y +83.377253561196"y"2+4.3898383838888"x"y +0.

Critical values Vanable: Peak2 (Experimental_desgr
Solution: maximum
Predicted value at solution: 2270029

Observed| Critical | Observed
Minimumr| Values | Maximum
137.868 864.108 562.132
13.786! 44.726; 56.213;

Factor
Amount of matrix (mg)
Volume of solvent (ml)

Fitted Surface; Variable: Peak 10
B3 2factors, 1Blocks, 11 Runs; MS Residual=148224E4
DV: Peak 10

228917243792967 1+1045 2350820959~ 1821436105690 1'x2
-5667.5064119421y 473 394245777 X'y +0.

Critical values; Variable: Peak9 (Experimental_desigr
Solution: minimum
Predicted value at solution: -24537E2

Observed| Critical | Observed
Factor Minimum| Values | Maximum
Amount of matnix (mg) | 137.868 -55654. 562132
Volum e of solvent (ml) 13.786i  185.4: 56.213]
Fitted Surface; Variable: Peak 11
B4 2factors, 1Blocks, 11 Runs; MS Residual=120822E6

DV: Peak 11

75805
00,00,
1250 20,94
0%,

20 20,%,
KKK
2 ':\fo.
> 8E6
I <7565

[ <3565

2=4323.3531669541+12140.837026494"x-3.586 3356 149888"x*2
+14515.776379111%-322 431327550364 2+73 293444444444" "y +0.

Crtical values, Vanable: Peak 10 (Experimental_desigr

Predicted value ;l solution: 1341560,

Observed| Critical | Observed

Factor Minimum| Values | Maximum
[Amount of matrix (mg) | 137.868 214614  562.132
Volume of solvent m1)| 13.786: -4577(  56.213:

Critical values; Vanable: Peak 11 (Expenimental_desigr
Solution: saddlepoint

Predicted value at solution: -81972E3

Observed| Crtical | Observed
Factor Mlnimum’ Values | Maximum
Amount of matrix (mg) | 137.868 -11912. 562.132
Volume of solvent (m1) 13.786: -1331.« 56.213.
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Fig. 2.Results of the
optimization of the
extraction conditions
obtained by the
experimental design.
Pareto  Chart  of
Effects relative to the
main components of
the extracts obtained
through the Box,
Hunter & Hunter
Design Al) peak 2,
A2) peak9, A3) peak
10, A4) peak 11.
Surface Response and
Critical Values relative
to the main
components of the

extracts obtained
through the Central
Composite  Bsign

B1) peak 2,B2) peak
9, B3 peak 10,B49
peak 11.



4.3.1.2 ldentification and quantification of the phenolic compounds of GPRs

¢2 GKS 0Sad 2F (GKS IFdzikK2NEQ (y2¢6ftSR3IST W2 RI
viniferagreen pruning residues (GPRs), whereas some phytochemical investigations onngrapevi
leaves have been reported [7,23,27,28]. Therefore, these studies were taken as a reference, since
lt[/ nt5!' ma{ka{ LIGGSNYya 2F Dtwa FtyR fSIF K@&F
compositions (Figure 3), with a marked abundance of phenolic cangs

mAU

1503
1403 270nm,4nm 11 GPRs
130
120}
110;
1003
90
80
70 ;
60 3
50 ;
40 2 67 13

30 3 910 15 0
T NN Iy - CEBRETS

0
00 25 50 75 100 125 150 175 200 225 250 275 300 325 350 37.5min

mAU

140 270nm,4nm 10|l 11 LEAVES

14

12} 15 20
16 17 18 19

00 25 50 75 100 125 150 175 200 225 250 275 30.0 325 350 37.5min

Fig.3HPL@ 5! LINRPFAfSAa O6<Y HTn yYO 2F Dtwa YR fSIg@gSao
in Table 4
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Chromatographic patterns, UV, and mass spectral data detected 20 informative compounds. The
UV spectra for each peak provided a preliminary indication of the group of compounds. The
molecular weight of each peak was also defined by its mass spectral pattern, through the
complementary correspondence between positive and negative pseudomolecakimdESland
ESImodes. The product ion scan analysis of the pseudomolecular ions under investigation provided
diagnostic fragments for each compound. The identity of 11 compounds in the extract was
O2YFANNSR o0& O2mnAyaS Ol Adarys, whreas aight ekt wereputdizely Y S N.
identified by comparison with literature data (Talsle

Table 4.List of identified and putatively identified compoundsMnviniferaleaf and green pruning residue

(GPR) extracts. For each analyte, retention time, UV maxif@mpseudomolecular ions, fragment ions

obtained by Product lon Scan mode (PIS) and identified or tentatively identified compound names are given.
IdentificationConfidence values and references are also included.

N° RT < YU [M+H]* [M-HI  Supp. M2?* M2¢ Compound Leave GPR Ident. Ref

(min) (nm) m/z m/z MW m/iz  m/z name? S s  confide
nce’
1 1.2 277 / 331 / / 59 | Galloylglucose X X 2 [39]
71
89
123
151
169
211
2 4.6 326/244 / 311 312 / / Caftaric acid X X 1 [27,
40]
3 18.6 273 / 631 / / 613 @ Hydrolyzable n.d. X 3 [39,
479 tannin 41,
445 42]
301
273
229
4 19.6 SH 280 1431 1429 1430 321 753 | Hydrolyzable | n.d. X 3 [41]
303 tannin
5 20.7 273 1431 1429 1430 1057 753 | Hydrolyzable n.d. X 3 [41]
849 tannin
427
303
6 22.1 SH 280 / 861 / / 751 | Hydrolyzable | n.d. X 3 [41,
815 301 tannin 42]
779 273
7 229 | 255/348 495 493 494 319 317 Myricetin X X 2 [23]
glucuronide
8 24.3 275 803 801 802 153 765 Vitilagin or X X 3 [43]
337 isovitilagin
633
9 25.1 | 255/356 611 609 610 303 301 Rutin X X 1 [23,
28,4
0]
254/353 465 463 464 303 301 Hyperoside X X 1 [23,
40]
10 | 25.5 @ 254/352 465 463 464 303 301 Quercetin X X 1 [23,
3-O-glucoside 40]
11 26 255/352 479 477 478 303 | 301 Quercetin X X 1 [23,
3-0 40]
glucuronide
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12 | 26.7 @ 266/350 595 593 594 287 | 285  Kaempferol X X 1
3-0-
rutinoside
13 27.2 | 271/353 625 623 624 317 315 | Isorhamnetin X X 2
O-dihexoside
(glucoser
rhamnose)
271/353 479 477 478 317 315 | Isorhamnetin X X 2
hexoside
14 | 27.5 | 264/349 449 447 448 287 285 Kaempferol X X 1 [23,
3-O-glucoside 27,
40]
264/349 551 549 550 303 301 Quercetin X X 2
malonylhexosi
de
15 28.3 | 272/352 493 491 492 317 315 Isorhamnetin X X 2
glucuronide
16 | 29.5 @ 275/353 535 533 534 287 285  Kaempferol X X 2
malonylhexosi
de
17 30.2 | 275/353 565 563 564 317 315 Isorhamnetin X X 2
malonylhexosi
de
306 229 227 228 | Resveratrol  traces n.d. 1 [28]
18 | 36.4 | 254/368 303 301 302 / / Quercetin X X 1 [23,
28]
19 375 254/368 317 315 316 /|  Isorhamnetin X X 1 [23]
20 | 38.5 | 265/366 287 285 286 / / Kaempferol X X 1 [23,
28]

aln bold, compounds identified by comparison with reference standards.

b |dentification confidence as stipulated by the CAVWB]: Level 1: Identified Compound (a minimum of two
independent and orthogonal data, such as retention time and mass spectrum) compared directly relative to an authentic
reference standard; Level 2: Ritvely Annotated Compound (compound identified by analysis of spectral data and/or

similarity to data in a public database); Level 3: Putatively characterized Compound Class Level.

In particular, compounds for which authentic commercial reference staiglarere notavailable

were tentatively identified through their tandem mass spectrometry fragmentation pattern, as
reported by Marengo et al. [44]. This approach provides further structural information on unknown
compounds. For example, vitilagin (or igd&gin) was tentatively identified by its UV spectral data
(UVmax= 275 nm), pseudomolecular ions 803 m/z and 801 m/z,‘iarteSE$llonizationmodes,
respectively, and fragmented to give diagnostic ions at m/z 153, 337, and 633 am&81/z765 in
ESi[43]. Other hydrolyzable tannins were putatively hypothesized on the basis of their UV
maximum spectral absorption and diagnostic fragments at m/z 753, 301, 273, and 229 [39,41,42].
Selected reaction monitoring acquisition (SRM) was also carried owdpenific product ions,
providing further structural information on the investigated compounds. In agreement with data
reported for polyphenols oV. viniferaleaves, flavonoids were the mostpresentative group in
GPRs hydroalcoholic extracts, in partict NJ A Yy
myricetin, and rhamnetin (or isorhamnetin). A phenolic acid derivative (i.e., caftaric acid) and some
hydrolyzable tannins (including vitilagin and
Interestingly, GPRs extracts did not contain stilbenes, although traces of resveratrol were detected
in leaves [28].
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Figure4 shows the quantitative results on GPRs and leaves highlighting the quantity ofaegeh
compound in relation to the total amount gfhenolic compounds quantified. It is noticeable that

the total content of phenolics, as well as their proportions, are similar in GPRs and in leaves,

j dzS§ NO &t A fydz@deNR y A RS S OF T IONH OdzO DA RRS | ¥ KA yj HzSNIOS
compoundsn both matrixes. The total phenolic content determined by the E&incalteu method

is in accordance with HPLC quantification. The concentration of total phenolics was expressed as mg
of gallic acid equivalent (GAE) per g of sample and no statisticaletiffes emerged among GPRs

and leaves (Figurg).

w
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W [sorhamnetin glucuronide

30
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g - Quercetin malonylhexoside
g m Kaempferol-3-O-rutinoside
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-g 20 W Quercetin 3-0-glucuronide
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f 15 Quercetin 3-0-glucoside
S
on
Eﬂ 10 Rutin+Hyperoside
5 I I I I I I I I I I I I I I I I W Myricetin 3-0-glucuronide
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Fig.4. Concentration (mg/g) of the main phenolic compound$reézedried green pruning residues (GPRSs)
(A) and leavegB).
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A Box Plot of mg Ac.gal/g matrix (Folin) grouped by Multiple Subsets
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Fig 5.Box PlotgA) and histogramsB) relative to the FoligCiocalteu Assayf otal phenolic content is
expressed as mg GAE/g mafox both the GPRs and leextracts.

4.3.1.3 Statistical analysis and comparison of the phytochemical patterns of GPRs and leaves

SinceV. vinifera GPRs and leag showed very similar polyphenolic profiles, princigahponent
analysis (PCA), an unsupervised multivariate data analysis method, was applied to evaluate the
possibility of discriminating between the two matrices, using as variables, the eight quantifie
components.

The scores anthe loading plots are shown in Figu6e The first (Factor 1) and second (Factor 2)
components (48.82% and 31.32% of explained variation, respectively) clearly discriminate between
Dtw FYR fSI¥F al YL} therefore! appliedl ivRaShyvariablet 6 S&4 G 6 a =

Figure7 shows the box plots for the quantified compounds to compare their abundance in GPRs
and leaf samples. Theox plots show that caftaric acid and myricetin glucuronide are more
abundant in GPR extracts (p <D).@nd positively correlated with the second principal component
(Figures. 0 ® / 2y @SNE St &3 Nzl A YOr 8§ &0 K& LIS Sorm WIRG X 105 8283
and kaempferob @t 3t dzO2 aA RS | YR | dzSaddiié Abyindant irf I@af/estiactsK S E 2
(p < 0.01) and negatively correlated with the first principal component (FgByeThe amounts of
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j dzS NO SniAfydzodaNRP YA RS YR A&a2NKIYYySGAy 3t dzOdzNRy A
significantly different.

These results indicate that, although viniferaGPRs and leaves have similar chemical patterns,
there are some differences in the relative abundances of common components.
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Fig 6.Score plot4) and loading plotE) of the Principal Component Analysis relative to the quantity of the
main phenolic ompounds in green pruning residues (GPRs) (r) and leaves (l). Legend: score plot, GPRs in
brown and leaves in green; loading plot: 2) caftaric acid, 7) myricetin glucuronide, 9) rutin and hyperoside,
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10) quercetin 30-glucoside, 11) quercetin®-glucuronide, 12) kaempfer@O-rutinoside, 14) kaempferol
3-O-glucoside and quercetin malonylhexoside, 15) isorhamnetin glucuronide; the analytes significantly more
abundant in GPRs are in brown, those significantly more abundant in leaves are in green.
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Fig 7.Box Plots relative to thelPLEPDA quantitative results on the main components of grapevine GPRs
and leavesA) caftaric acigdB) myricetin glucuronideQ) rutin and hyperosideD) quercetin 30-glucosideE)
guercetin 30-glucuronide B kaempgrol 3-O-rutinoside G) kaempferol 3-O-glucoside and quercetin
malonylhexcside andH) isorhamnetin glucuronide.
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4.3.2 Evaluation of the antioxidant potential of GPRs
4.3.2.1 In-vitro antioxidant assays (scavenging of DP&ktl ABT'S?adicals)

In a second step, the antioxidant properties of the extracts were investigated throoighmetric

in vitro assays and the results were correlated to those obtained by HPLC. In patrticular, the
FYyGANI RAOI f I OGAGAGE gL a YSIFadi2NER o& S@Ifdz i
picrylnydrazyl OPPB | YR GKS HZHQnul T Ay 20 A &ateo(ABISyradidalsto Sy 1
The scavenging effect on ABTF&dicals was expressed in terms of Trolox equivalent antioxidant
capacity (TEAC), and the scavenging effect on Bf@Bidals as B¢ The results are summarized in
Figures8and9® ¢ K S f Sidadt&etigy i$ iy dloAe®rEement with reported data [30] and

no significant differences emerged between GPRs and leaves (p > 0.01 for all antioxidant assays,
Figure8), although all assays showed that the leaf extracts appear more variable than tthest of

GPR samples. These results indicate that GPRs can be assumed to be a source of antioxidant
compounds equivalent to already exploited grapevine leaves.
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Fig. 8.Box plots relative to the in vitro colorimetric antioxidant assays: Trolox elguitvantioxidant capacity
(TEAC) by ABTS Assay expressed as mmol Trolox/kg #asid (E€ (mg matrix) by DPPH ass&).(The
dashed line gives the literature values (i.e., [30]4pand [31] forB).
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