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Abstract

Since the beginning of human cultivation, the @fi@lants in medicine has been of huge importaifbe.aim

of this PhD Project is to investigate some foralgats belonging to the family of Fabaceae to gaiovkedge
concerning their possible use in nutraceutical rplaeutical and cosmetics field. These plants Hmen
chosen because they are characterized by greaiqtinee potential, but they are still under-expldifeom the
officinal and industrial point of view. They aresal a potential source for the extraction of bioacti
compounds with possible pharmaceutical and cosnagdications (Rodrigues et al., 2013;Cornara gt al
2016), being generally rich in secondary metal®liseich as alkaloids, amines, flavonoids, coumarins,
condensed tannins and saponins (Burlando et dlQ; Zastorino et al., 2017) To increase their ls®ia the
industrial sector and, consequently, their comna¢realue, the study has focused on the identibicatf
bioactive compounds with possible interest in hurhaalth. In this study a multidisciplinary approaghs
carried out, investigating several aspects sucmnéexidant, antilipidemic and cytotoxicity strehgtontent
of total phenols and flavonoids. In this PhD Proj@e studied four species of legumbtelilotus officinalis
(L.) Pall., Lespedeza capitat™ichx., Sulla coronaria(L.) Medik andGlycyrrhiza glabraL. Thanks to a
collaboration with Egadi S.r.l., Favignana, Italye also concentrated our study to another kindlaftp
belonging to the family of Potamogetonace®esidonia oceanicglL.) Delile. The species has shown
bioactivities suitable for the development of cosmand dermatologic applications. In summary, risgults

of these investigations show new opportunitiesxplat the plants studied plants in bioindustry gesses,

possibly increasing their commercial value.



1. Introduction

In the last years consumers are paying much mégatatn in the use of natural principles and in sberce
of new therapeutic compounds. Fabaceae are usethulmans since ancient times for forage, soil
improvement, and food. These plants are knownheir @bility to fix nitrogen by symbiosis witRhizobium
type bacteria hosted at their radical nodsleshey use, also today, in the agricultural fidldis symbiosis is
very important because the bacteria can fix atm@spmitrogen converting it into ammonia that can b
incorporated by the plant and then used for praginthesis. A greater interest in the study of fslarsed in
traditional medicine, is growing and the use olunaltprinciples is attracting interest in the caf¢he person
and in the prevention of disease (Capecka et @052 Unfortunately, despite a long tradition ofngs
legumes as fodder, their biological effects, patédy on skin cells, were almost unknown. Durihg first
year of my PhD Project (2014/2015), commercial aots ofMelilotus officinalisand Lespedeza capitata
were tested on different cell types to evaluateat$f on cell proliferation. During the second ye#the
research, we carried out other types of tests esetltwo plants and we added to our research aftivede
legume collected in two distinct locations in Italgulla coronarial. Medik. (basionym ofHedysarum
coronariunm. To have a complete vision we studied extradmfthe plant, evaluating their cytotoxicity and
cell-proliferation induction-inhibition test, aneh iaddition enzymatic assays, induction of type llagen
production by ELISA method and antilipidemic adijviAlso in the second year, thanks to a collabonat
with the cosmetic manufacturer Egadi S.r.l., Faamm Italy, an Italian industry, Maressentia
(www.maressentia.it), we studied an extract from ¢skagrasPosidonia oceanicaDuring the last year we
started a study of another plant belonging to thba€Eeae’s familyGlycyrrhiza glabraL. In addition, we
evaluated antioxidant properties and HPLC-M3.edpedeza capitatand Sulla coronariaespecially thanks
to the collaboration with the University of Pharmac of Porto, Portugal
(https://sigarra.up.pt/up/pt/web_base.gera_paginaagina=ffup), and the CEBR Center at the Universit

Genova lattp://www.cebr.unige.ij/




2. Background

Fabaceae is a family of great interest, which sd only to that of Gramineae for economic impacta
The use of legumes in the pastures and the impreneai the land is traced back to the time of Rosnaith
Varrone, who in 37 a.C said: "Legumes should batpkhin light soils, not so much for their own puction

as for the good they make for subsequent cropsadtfition to traditional food and feed, legumes ben
ground in flour for culinary use. Cohen (1977) n¢ed the lentil domesticatiorLéns esculenjain a site
dating back to 9,500-8,000 years ago in Iran; Raglset al. (1996) reported the usetbfmenaeaas a source
of food in Amazonian prehistory. BeaRhaseolus vulgarjsand soybean (Glycinmay, respectively basic
cultures in the Americas and Asia, were domestitatere than 3,000 years ago (Kaplan and Lynch, Y1999
Some legumes are industrially used to prepare prad@ble plastics, oils, rubbers, dyes and inksneSo
legume fodder species contain a high percentageraieéins, while others are also known for medicinal

properties (Duke, 1992; Kennedy, 1995; Moltenilgtl®95; Mucciarelli, 2011;Stoddard, 2013).



3. Aims

This PhD Project, aims to identify the biologicabperties of legume extracts and to increase tkeofis
these plants for nutraceutical, pharmaceutical emsmetic purposes. We know that plants combining
ethnobotanical background, phytochemical pedigees, large biomass availability are an obvious first
choice in this kind of studies. Over the last ye#lre herbal market has rapidly increased withserrch for
bioactive secondary metabolites from botanical sesifor health care purposes. Such a tendencytigefu
supported by the idea that many natural compouhgsio the huge chemodiversity of plants, may beemo
biocompatible and involve less adverse effects #yahetic or toxic drugs. For these reasons manyegs
have been conducted that aim at finding naturaieisignts with possible applications as food adégier
medicine. The search for natural principles, isaating also an ever-growing interest in the fiefdskin
care. In a screening of new possible active prlasifor the development of cosmetics, this study theen
focused on legume fodder crops and other high-mtddty plants. For our studies we used the extradft
four plants belonging to the Fabaceae’s familly:officinalis L. capitata S. coronariaandG. glabra We
focused the research alsoosidonia oceanicél.) Delile, family Potamogetonaceae. In ordestiody the
properties of extracts, we selected a battery alyaes oriented to characterize the chemical jgrofilplant
extracts and to reveal biological activities inmtréo skin care applications. Chemical charactédna
were conducted by evaluating antioxidant propertiaslical scavenging and phenolic contents. More
detailed analyses were carried out by HPLC-MS teglm Biological properties were explored by first
assessing cytotoxicity thresholds of extract d@sebthen evaluating extract effects on main enzyaneks
components involved in skin matrix homeostasis akih pigmentation. In addition cell motility and

lipolysis activities were also tested.



4. Materialsand methods

Cell culture reagents and other chemicals were fBigma-Aldrich (St. Louis, MO, USA), unless otheswi

indicated. For our tests in vivo, we used diffedents of cells cultivated at the laboratories NG Genova

(IBF-CNR), ltaly, or at the Department of Pharmadyiversity of Porto, Porto, Portugal. For thiseasch

we usedM. officinalis L. capitataandG. glabra’s industrial extracts.
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70% ethanolic industrial powder extract from aegalts ofM. officinalis (CAS 84082-81-5) were
purchased from Farmalabor Srl (Canosa di Puglialy)lt According to the manufactureM.

officinalis extract contains 1% of coumarin and undetermiteahoids and sapogenins.

70% ethanolic industrial powder extract from aepalts ofL. capitata (CAS 84837-05-8) were
purchased from Farmalabor Srl (Canosa di Pugkdy)ltAccording to the manufacturdr, capitata

extract contains 4% of flavonoids and undetermicedchols and condensed tannins.

70% ethanolic industrial powder extract from theotrof G. glabra (CAS 84775-66-6), were
purchased from EPO Istituto Farmochimico Fitotecapb.r.l (Milano, Italy). According to the
manufacturerG. glabra extract contains 10% of triterpenes saponins @aibe glycyrrhizin) and

undetermined flavonoids and coumarins.

Samples o6. coronariawere collected from two different localities irally: Pisa and Ventimiglia.

Samples oP. oceanicavere collected from Egadi islands, Sicily.



4.1 Plants of investigation

For our studies we used four plants belonging ® Habaceae’s familyM. officinalis, L. capitata, S.
coronariaandG. glabra.The Fabaceae include many species (over 10000¢spidad in temperate-cold and
tropical regions. These are trees, shrubs, gragsts,leaves in general alternate, provided witipudes,
which can be modified. The flowers, gathered inefirdte inflorescences, have a chapeau-shaped or
zygomorphous aspect and a pentameral corolla, tbbyie larger banner, two wings, and two petalsglyr
welded in a hull. The fruit is a legume or modifioa of this: for example, a loment when the seauds
separated by transverse septa, an achene in efoa®nospermous fruits, a indehiscent legume.

For this project of PhD, we used industrial extsamtM. officinalis, L. capitataeand G. glabra Thanks to a
collaboration with the University of Pisa (Pisaly) and the Hanbury Botanical Gardéientimiglia, Italy),
we collected plants d. coronariafrom two different localities in Italy: Pisa and Mamiglia. This plant was
incuded in the study because many species of itaggbave long-term use in Traditional Chinese Madic
and 155 different compounds of biological intereate been identified in the genus (Dong et al.,3201
During my PhD Project | also studidtbsidonia oceanicabelonging to the family of Potamogetonaceae

collected from Egadi islands, Sicily thanks to #atmration with the cosmetic manufacturer Egadi.s.
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4.1.1 Méelilotus officinalis (L.) Pall

M. officinalis (yellow sweet clover) is a biennial herbaceous{pl&0-150 cm tall, endowed with a taproot
and an erect stem, alternate trifoliate leavesyeaidw, fragrant flowers (Fig.1). Its typical aronwdue to
the presence of coumarins. In addition to coumdha,plant produces other known bioactive compounds
including: scopoletin, umbelliferone, melilotin,d@pferol, quercetin and various phytosterols aiterpenic
sapogenins (Yang et al., 2014). The species istapeaus in Europe and is one of the main plantssated

in Italy, with a production of about 205,000 kg pesar. It has been included in the Belfrit list,agreement
between the governments of Belgium, France ang, ikaincerning the use of substances in food suppiesn
and herbal preparations. The plant is extensivalgied and traditionally used as an anti-inflammgto
phlebotonic, spasmolytic, diuretic and sedativerf@do et al., 2010). It is used for the functigtyabf
venous circulation and microcirculation, for thaidage of body fluids, as urinary disinfectantfdoilitate

the digestive process, in anxiety states and tmpte sleep. It contains melilotoxin and coumaritingcas
anticoagulants (Chae et al., 2003), while the coumderivative dicumarol has been used as a model
molecule for the development of Warfarin, an arggudant rodenticide and widely used drug (Kresgal.et
2005). M. officinalis has also skin soothing and anti-inflammatory dffeweck, 2011), making it a
commonly used remedy for skin health in Russia@eunitral Asia (Mamedov et al., 2005). Finally, datae

been provided claiming for benefits in the treattredfrdiabetes (Chorepsima et al., 2013).

12



4.1.2 L espedeza capitata Michx.

Lespedeza capitatdoundhead bushclover), native to eastern Nortteden, is a perennial herb plant up to
1.5m tall, widely used as livestock forage (FigBis plant was a common medicine in the tradibbiorth
American natives. According to ISMEA (2013), it iiscluded in the list of species grown in ltaly by
companies of the Federation of Italian ManufactudrMedicinal Plants FIPPO (2012), and is alsduited

in the Belfrit list. Some industries also use tpiant as food supplement for its diuretic actiorgimhge of
body fluids, purifying functions, regulation of nary tract and cardiovascular function, and lipietatolism.
Different authors have reported the richnesk.afapitatain flavonoids and tannins (Calo et al. 1969; Giyzi
et al. 1970; Wagner et al., 1972). These compoanelpresumably responsible of the plant’s postiffects
on tissue draining, kidney and cardiovascular dissgWagner et al., 1972; Yarnell, 2002), and dezbe
(Linard et al. 1982)L. capitatahas been traditionally used by American nativasesancient times (Linard et
al. 1982; Moerman 1998; Haddock 2005). The OmaltaRonca tribes burned pieces of moistened stem on
the skin as a counter-irritant to treat rheumatisrd neuralgia (Linard et al., 1982). The Comandiwted
the leaves for a beverage tea beneficial to sidplee(Carlson and Jones 1940), while the Meskwaé&diuhe
root as an antidote against poison (Smith 1928dret al., 1982; Foster et al., 1990). The Irogusied the
whole plant in combination witBuonymus obovatr stricture (Herrick 1995). In the early 18th tay the
plant was officially prescribed for nephritis iretynited States, while it had been included fotuweéss in the
traditional pharmacopoeia as a remedy for kidnegakes (Burlando et al., 2010). In fact, differnthors
had reported thdt. capitatahas the ability to lower blood cholesterol levels well as to remove nitrogenous
compounds from the blood (Gilmore 1977; Kindsch@B2). L. capitata also exerts positive effects on
diabetes (Jorge, Horst et al. 2004) and tissuenid@i kidney and cardiovascular diseases (Wagnei. et
1972; Yarnell 2002). In the “Preliminary listing dfedicinal and Economic Kansas Plants” Smythe stlidi
this plant as a diuretic and emetic (Smythe 19@ifferent authors have reported thatcapitatapromotes
the renal excretion of urea and chloride (YarnélD2 Gwaltney-Brant 2016). Pastorino et al. evadahe
skin effects olL. capitata (Pastorino et al., 2017) while Villa reportedttita flavonoids exert a free radical

scavenging activity that protects collagen fronuiigus processes induced by chronoaging and UV sKpo
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(Villa 2002). Antitumoral activity against Walk-256 carcinosarcoma has been reported by Fong (Fong
et al., 1972)Actually, in Europe, different food supplements axilable with this pla, mainly due to its
diuretic action, bwever, the individual bioactive compounds respaasfor this action, as well as thi

mechanisms of action are almost unkno

Fig.1 Plant of Melilotus officinalis (L.) Pall with particular of stomata in the leaves ( Leica M205C stereo microscope 20x )

Fig.2 Plant of Lespedeza capitata Michx.
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4.1.3 Sulla coronaria (L.) Medik

Sulla coronaria(L.) Medik (synonynHedysarum coronariurh.) is native to the western Mediterranean area.
Italy is the only Mediterranean country where thlant is widely cultivated as fodder, especiallytire
central-southern area, while it is also frequerdceentitia (Fig.3). The plant can be found inaliént Italian
regions, including Liguria, Emilia-Romagna, Tuscabiynbria, Marche, Lazio, Abruzzo, Molise, Campania,
Puglia, Basilicata, Calabria, Sicily, and Sarditiias a legume very appreciated from the agricaltpoint of
view for soil improvement and fertilization. Spexiallied toS. coronaria of Asian origin, show a vast
variety of secondary metabolites (Dong et al., 30MBile S. coronariahas not been studied yet in this sense.
Therefore | started my research on this speciesactaizing it from the chemical point of view. Dteits
high protein value and tannin content, the planisisd to reduce gastrointestinal infections ofyrasanimals
such as cattle or poultry (Bonanno et al., 2010 Medysarumgenus has a long history of use in TCM,
indicating these plants as adaptants and for trgdémale disorders (Dong et al., 2013; Li Zhanglet
2013). Today S. coronaria is used in herbal medicine for its astringent,awiinizing, and anti-
hypercholesterolemic properties. Leaves and flowespecially in Sicily, are used for mixed raw dala
which have nourishing properties, to prepare flanselettes and various soups. It is also considerbeé an
excellent melliferous plant. The honey derivingnirat has a very light color and delicate smell d@aste,
because it contains high quality fructose and nomtrace elements, such as zinc, copper, magneisam
and manganese. Sulla honey has also other posffeets, such as laxative properties, facilitatesesis and

is particularly suitable for babies and nursing Imo$. The presence of pollen $f coronariain honey is

considered a marker of Italian origin of the praduc
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4.1.4 Glycyrrhiza glabraL.

Glycyrrhiza glabrais known from ancient times due to its etnophawtagical value and its therapeutic
properties, which have been documented since tbiergnEgyptian age (Fig.4). This species is nafiioen
the Mediterranean areas, but it is also presehtdia, Russia and Chin&. glabrais a typical herbaceous
perennial, growing to 1.0 m in height, with pinnkaves about 7-15 cm long. The flowers are pumpfele
whitish blue, forming a hermaphroditic inflorescenaad are pollinated by insects. The fruit is atoog
legume, 2—-3 cm long, containing several seeds.rdtis of G. glabraare the most used parts, while leaves
are considered an agrochemical wa§ie.glabra present different phytocompounds, such as gly@ijrrh
(GA, glycyrrhizic acid or glycyrrhizinic acid), B8glycyrrhetinic acid (18-GA, enoxolone), glabrin A and B
(GL), and isoflavones, which are responsible oksalvpharmacological activities (Wang et al., 2013¥olk
medicine,G. glabrais used as anti-inflammatofHarwansh et al., 2011;Yang et al., 2017), antidéeal
(Wang et al., 2015), anti-fungal (Motsei et al.02)) anti-diabetic, antiviral (Wang et al., 2013alyg et al.,
2015)., anti-ulcer (Shalaby et al., 2004; Jalilzad¢ al., 2015), hepatoprotective (Huo et al., 20i1ét al.,
2011), anticancer (Ohtsuki et al., 1992; Sheeld.eRP006; Lee et al., 2008), antitussive (JahahSiddiqui
2012; Damle 2014), anti-oxidant (Chin et al., 26@&kova et al., 2007; Varsha et al., 2013), skiiteming,
and antidiuretic agent (Saeedi et al., 2003). bfitawh, liquorice extracts may have potential tipenatic value
for the management of depressive disorders. Restedies have shown that the extract produces gignif
antidepressant-like effect in mice in forced swipstt(FST), and tail suspension test (TST) (Dhireyne
Sharma 2006). Thanks to her taste, liquorice hes laden traditionally used as an artificial sweetethels
helping such conditions as diabetes mellitus (mmodin dependent) (Liu et al., 2013; Xie et al. 120
Actually, the most important industrial use@®@f glabrais in the production of additives such as flavoamsl
sweetening agents. Its roots are commonly usedaasffavoring for American-type tobaccos, chewingng,
candies, baked goods, ice cream, and soft drinken@\et al., 2013; Sauceda et al., 2016; Rizzatl.et
2017) In beers and fire extinguishers root extractsused as foaming agents. The fibers obtained fram th

roots are used for insulation, wallboard and borthoafter removing medicinal and flavoring congitts.
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Fig.3 Plant of Sulla coronaria (L.) Medik, details of leaves and pollen ( Leica M205C stereo microscope 20x )

Fig.4 Plant of Glycyrrhiza glabra L.




4.1.5 Posidonia oceanica (L.) Delile

Posidonia oceanica(L.) Delile, family Potamogetonaceae, is a longnly, slow-growing, endemic
Mediterranean seagrass forming extensive meadovemastal shallow waters and tolerating temperatures
ranging from 10 to 28 °C (Fig.5). Posidonia meadomeer an area between 25,000 and 50,000d{rooastal
sea bottom, which corresponds to about 25% of dabed from 0 to 45 meters depth. The species has
characteristics similar to terrestrial plants, witlots, rhizomatous stem, and ribbed leaves. Tots rare 3-4
mm thick, are long up to 40 cm, and very branchidw. leaves, bright green, become brown with groartial,
when they are old and partially degraded, remapped to rhizomes forming a hairy sheath. Leaf nesna
can be frequently found beached in the form of disin fibrous formations, technically called “egagto.

The plant blooms in October, when inflorescencesl@aobserved underwater, even if little showyitér(sea
olives) detach at ripening and fall to the bottomeve they are degraded and seeds can sprout. @&he pl
undergoes massive leaf loss in autumn, givinginsome areas to conspicuous beach deposits. Tiegige
namePosidoniaderives from the Greek Poseidafiogeidov), the god of sea, while the specificeanica
epithet indicates the wider distribution that theedes had in the past compared to the current lone.
surprising to think that in the past this natuedaurce was exploited in multiple ways: Pope Juliuspread

the use of posidonia leaves as a padding of custaad mattresses, which were thought to be repdben
pests, and seemed to have beneficial effects datérd skin and respiratory infections. In Venicky
posidonia was used as a packaging to protect theua Murano glassware during transport. The plasteh
considerable ecological importance, since it presid suitable habitat for a community of organishag
could not survive on sandy bottoms, also protedtiregn from predation. The covering of the leaves the
intertwining rhizomes and roots stabilize the seabed create an ideal microhabitat for flora anghéa
increasing the biodiversity of coastal areas (Boriral., 2004). Studies conducted with HPLC hawaas
that in the young leaves there is a high conceatraif chicoric, p-coumaric, vanillic and ferulicids, while
mature leaves contain higher amounts of gentigffeic and cinnamic acids (Haznedaroglu and Zeybek,

2007).
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Fig.5 Underwater meadows of Posidonia

oceanica (L.) Delile

4.2 Extraction Protocols

A good part of my PhD project was based on thepsefiextraction protocols to be appliedSo coronaria
andP. oceanicasamples collected in the field, in order to obfaattions to be tested for their bioactivity on
skin cells and enzymes. Of three plant spediésdfficinalis, L. capitata, G. glabjal used commercially-

available ethanol extracts suitable for the expenital activities.

4.2.1 Extraction of Sulla coronaria

S. coronaria has been collected at two different locations italyl Ventimiglia and Pisa.
This was made possible thanks to the collaboratitimthe Hanbury Botanical Gardens and the Univgeis
Pisa. The protocol of extraction of this plant esed on literature reports, based on a mixtureolkests
(Terrill et al., 1992). Samples & coronariawere first cleaned and dried, at room temperatueeprotected
place. For the extraction only aerial parts weredulowers, leaves): 25 g of plant material, 2hivater,
100ml of MTBE, 70ml of ethyl acetate, 60ml of aceto The total extraction yield was about 4% (dw/dw)

(Fig.6).
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4.2.2 Extraction of Posidonia oceanica

Fresh, beached residues Rf oceanicaleaves were collected in autumn 2015 at Favignalad, Sicily,
under the supervision of the “Area Marina Proté&ttde Egadi” natural reserve (Favignana, Italy)oisafter
collection, leaves were separated from shootsnelgananually of the basal sheath and epiphytesiased

in seawater, dehydrated for 36 h in a forced-vatiih oven at 42 °C, and grounded to a particle sfzabout
1-2 mm. The pulverized material (100 g) was pua ibeaker and extracted under shaking at RT foird4 h
60% aq. ethanol (1 L) acidified with formic acidH@.0). The residual of the first extraction wapaated
from the supernatant and subjected to a secondotixtin as above. The supernatants of the two dxtrac
steps were mixed together, cloth filtered, filtergghin through a Duran® sintered glass filter desoed
vacuum-dried in a Buchi Rotavapor R-114 (Buchiidta.r.l.) under controlled temperature (<45 °CheT
dried P. oceanicaethanolic extract (PEE) was finely pulverized watmortar and stored at —20 °C until use.

The total extraction yield was about 10% (dw/dw).

Fig.6 Different steps of the extraction of S.coronaria. ( dried samples, extraction with solvents and Rotavapor)
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4.3 In vitro antioxidant activity

My analyses of extracts were first focused on beogical bioactive constituents with antioxidant dree-
radical neutralizing activity, which are commontbuhd in plants (Balasundram et al., 2006). In paldir,
phenolic compounds are natural sources of antioxtddgBalasundram et al., 2006). As antioxidants,
phenolics have been reported to be able to ineexfdth the activities of enzymes involved in reaetoxygen

species generation.

4.3.1 DPPH radical scavenging assay

The DPPH radical scavenging assay is mostly apphiethtioxidant capacity of plant extracts (Guinesrat
al., 2010). DPPH (DPPH -, 2,2-diphenyl-1-picrylhgdyl) is known as a stable free radical possesaing
characteristic maximum absorption between 515 ddn®n . Its stability is due to the delocalizatminthe
unpaired electron present on the nitrogen atonhefrbolecule. When DPPHe reacts with an antioxidant
compound, which can donate hydrogen, it is redumed changes its color (from violet to yellow). A
calibration curve was prepared with Trolox (lineamange: 2.5-10Qg/mL, R2 > 0.996). The antioxidant
capacity based on the DPPH free radical scavergilify of the extract was expressed @anol Trolox
equivalents per gram of plant material on db. R ¢xperiment 18,25 mg of DPPH dissolved in atsmiuf
EtOH/acetate of sodium 2:1. The reaction mixture9énwells plate consisted of a solution of the aeri
dilutions of the different samples (gQ) and a methanol solution (27@Q) containing DPPH radicals
(6 x 10-5 mol/L). The mixture was left to stand 8% min in the dark. The reduction of the DPPH cadi
was determined by measuring the absorption at B2f@uimardes et al., 201@ a microplate reader.

(BioTeck Synergy HT).
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4.3.2 Ferric reducing antioxidant power assay (FRAP)

The FRAP assay is based on the reduction of acf2rd,6-tripyridyl-s-triazine complex (Fe3+-TPTJ4) the
ferrous form (Fe2+-TPTZ) (Benzie and Strain 1998|drini et al., 2003). The analysis was condute@b
well plates and the reaction mixture consistedxtfaets with appropriate dilution (35L) and 265uL of
FRAP reagent (10 mL of 0.3 M sodium acetate budfggH 3.6, 1 mL of 10 mM TPTZ solution, and 1ml of
20 mM of FeCJ-6H,0 solution). A calibration curve was prepared witmM ferrous sulphate in distilled
water. The mixture was incubated for 30 minute87atC, and the increase in absorbance was meaatired

595 nm in the microplate reader (BioTeck Synergy.HT

4.3.3 Determination of total phenolic content (TPC)

Total phenolic content (TPC) was determined sppbitometrically according to the Folin—Ciocalteu
procedure (Singleton and Rossi 1965) with minor ifications (Alves et al., 2010). This assay is dapnd
easy to perform, but it presents some drawbackdalirderference with some substances (Prior e2805;
Wong, et al., 2006). Stock solutions were prepamedissolving gallic acid (1mg/mL) or extracts irstiled
water. A solution of 7.5% of sodium carbonate wis® grepared. In a microplate of 96well, 30ul oficAc
gallic/extracts at different dilutions was mixed thwvi150ul of Folin-Ciocalteu (1:10) and 120ul of
Na,COs7,5%. Water without Folin-Ciocalteu was used asaalo A standard curve was obtained from gallic
acid 1000ppm. The increase in absorbance was ne@ag66 nm in the microplate reader (BioTeck Synergy
HT), the blue color of the reaction products hasaximum absorption around the wavelength of 760Time.
total phenolic content (TPC) of the extracts wasressed as mg of gallic acid equivalents (GAE)gram of

plant material on dry basis.
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4.3.4 Determination of total flavonoids content (TFC)

Total flavonoid content (TFC) was determined byokbigmetric assay according to Zhishen et al. (Baiset
al., 1999). Stock solutions were prepared by diésgl5 mg of catechin (500 ppm) or extracts inagtire
water. Solutions 1% NaND5% AICL, and 1M NaOH were also prepared. The reactionurexvn 96 well
plate consisted of 30 ul of catechin or extractdiff¢rent dilutions, 75 pl of ultrapure water a8l pl of 5%
NaNQ,. After 5 minutes 45 pl of 5% Alglvere added and after 1 min, 60 ul of 1M NaOH angiMof water
were also added. Catechin was used as a refereamaasd. The absorbance was read at 510 nm uséng t
microplate reader (BioTeck Synergy HT). Total flaea concentration (TFC) was expressed as mg of

catechin equivalents (CAE) per gram of plant materi

4.3.5 Captation of superoxide anion radical

This assay was performed using a 96 well plate ditferent reagents: 19 mM phosphate buffer, pH 7.4
NADH (B-nicotinamide adenine dinucleotide, reduced dimims salt, Sigma N45005), NBT
(nitrotetrazolium blue chloride, Sigma N6876), PNi$enazine methosulfate, Sigma P9625). Quercetin,
ascorbic acid and Tiron (4,5-Dihydroxy-1,3-benzésgifonic acid, Sigma 17, 255-3) were used as esfes
standards. The reaction mixture consisted in 56f gktracts at different dilution, 50 pl of NADHS50 pl of
NBT and 50 ul of PMS. A mixture of phosphate buffdADH, NBT, and PMS was used as control, while a
mixture of phosphate buffer, NADH and NBT as blafke absorbance was read at 560 nm for six minutes

using the microplate reader (BioTeck Synergy HT).

4.3.6 Captation of hydrogen peroxide

This assay was performed on 96 well plates, udigphate buffer 19 mM, pH 7.4, 50mM Tris-HCI, 80@ u
lucigenin (N, N’-Dimethyl-9-9'-biacridium dinitrat&igma, M8010), and 30% hydrogen peroxide. Quarceti
and ascorbic acid were used as reference standatus.reaction mixture consisted of 91.5 pl of HiSI,
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50ul of extracts at different dilutions, 100 pllo€igenin, and 8.5 ul of 30% hydrogen peroxide. ktare of
Tris-HCI, phosphate buffer, lucigenin and 30% hyno peroxide was used as control, while a mixtdre o
Tris-HCI, phosphate buffer, and lucigenin was uasdblank. The luminescence was read for 5 min ukiag

microplate reader (BioTeck Synergy HT).

44HPLC-MS

HPLC coupled with mass spectrometry analysis (HRLSIMS) was performed using an Agilent 1100
HPLC-MSD lon Trap XCT system, equipped with an &lespray ion source (HPLC-ESI-MS) (Agilent

Technologies). Separation of PEE extract was paédron a Symmetry C18 column<150 mm with 3um

particle size (Waters Corporation, Milford, MA, UpAluents used were water (eluent A) and MeOHe(atiu
B), both added with 0.1% formic acid. The gradieniployed was: 5% eluent B for 5 min, linear to 40%
eluent B in 35 min, then linear gradient to 95%d & min and finally hold at 95% eluent B for othemin.

The flow rate was set to 30 pL/min and the coluemgerature was set at 30 °C (Fig.7).

/ \ T,
LL(I I1] % Fig.7 HPLC/MS pattern of

the instrument

infusion pump

The injection volume was & L. lons were detected in the positive and negdtimemode, in the 200-1000
m/z range, and ion charged control with a targetvalue of 200,000 and an accumulation time of I3@@c.

A capillary voltage of 3300 V, nebulizer pressufe® psi, drying gas of 8 L/min, dry temperature3@b °C
and rolling averages 2 (averages: 5) were the peEmset for the MS detection. MS/MS analysis was

conducted using amplitude optimized time by time dach compound. HPLC/MS analysis was conducted
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only for S. coronarial. capitata andP. oceanicadue to the abundance of data concerMngfficinalisand
G. glabra present in the literature. The spectra resultimnf all the acquired analyses were analysed

gualitatively using the tools of the LC/MSD Tragdtsa@re 5.3 (Fig.8).
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Fig.8 HPLC/MS Spectra of S.coronaria obtained with the LC/MSD Trap software

The identification was performed by taking bibliaghic data as reference and comparing the molecular
masses obtained from the extracts. Data presemtline databases such as MassBank (High QualitysMas
Spectral Database) were also used. Once the mabke abmpounds was obtained, | tried to identifgnth
based also on data reported in the literature (Catrad., 2013;Brito et al., 2014). This has allovweddentify

several characteristic compoundsSofcoronaria.
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4.5 Cell viability

The study of cell viability was performed on di#et kind of cells (e.g. Fig.9) using the MTT assayhe
University of Genova, ltaly, and the MTS assayha tUniversity of Porto, Portugal. These methods are
commonly used to quantify cell viability in multielt plates, based on the measurement of a markieityac
associated with viable cells (Sittampalam et aQl40A variety of tetrazolium compounds have bes&duto
detect viable cells. The most commonly used incldM&T, MTS, XTT, and WST-1. MTT is positively
charged and readily penetrates viable eukaryotis,aghile MTS, XTT, and WST-1 are negatively chedg
and do not readily penetrate cells. These lattertypically used with an intermediate electron atmethat
can transfer electrons from the cytoplasm or plasmabrane to facilitate the reduction of the tedfiam

into the colored formazan product.

Fig.9 Stabilized human dermal fibroblasts SC587 colored with TBO ( Leica M205C stereo microscope )
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451MTT assay

The study of cells viability was performed w(3- (4,5-dimethylthiazol-2-yl) -2,8Hphenyltetrazolylassay
on the cell lines HACAT (¢abilized human dermal keratinocyt, 46BR1N ($abilized luman dermal
fibroblasts) , SC587 (stabilizediman dermal firoblasts), MEWO (stabilizeshelanom cell line), MeCOP
(stabilized melanoma cell lindREN (mesothelioma cell line), MCF7 (breast cancB}3 (prostate cancer),
and adipocytesThe MTT test is a colorimetric assay used to meathe activity of enzymes that redt

MTT to formazan (Fig.10, 11).

# |
| ritachondrial '

reductase

N\r\k O/Lr\'/\f

Farmazan

Ok

Fig.10 Reduction of MTT to formazan during the MTT assay

Cells were settled in 9%ell plate (TPP, tissue culture testpleat a density of 2% 10° cells per mL culture
medium for 24 h. €lls were incubated at °C and exposed for 24 h or 48hincreasing concentrations
extracts dissolved in culture medium, ranging betwBQg/mL-1500ug/mL. Thereafte, cells were washed
with PBSand then the number of viable cells evaluated lyradthe MTT reagent and incubating fo h at
37°C. Control was determined by cells incted with culture medium onlylhe absorbance was measure
570 nm using a multi-plate read@dolecular Devices V Ma. The percentage of cell viability was compu

by comparing the absorbance of the control (urdgkatells) with that obtained from cells treatedhv

27



different concentrations of extract. The effect @ftracts on cell viability was expressed as EC50.
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Fig.11 Mechanism of action of MTT assay

452 MTS assay

The study of cells viability was performed with 8§-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphejgt
(4-sulfophenyl)-2H-tetrazolium (MTS) assay on thec@-2 and HT-29 cell lines. Cells were settledGrn&l|
plates and treated and incubated as above, exagWTS reagent was used and absorbance was mgasure

490 nm with background subtraction at 630 nm inntiieroplate reader (BioTeck Synergy HT).

4.5.3 Proliferation assay

Cultured human fibroblasts and keratinocytes weatéd with subtoxic doses of the extracts (0,05,2D
pg/ml) to evaluate effects on cell proliferation, My T assay. Cells were plated in 96-well platea density

of 5,000 cells per well, and then exposed to diffierextract dilutions at 37 °C for a period of 3 d® days.
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At the end of exposures tested with MTT, by usimgudti-plate reader (Molecular Devices V Max), dbiag

cell growth curves.

4.6 Enzymatic assay

Our enzymatic assays were conducted to test exdbaldly of modulating the activity of certain emmgs that
play key roles in the skin. These tests includelagenase, elastase, hyaluronidase and tyrosassssys,

and were conducted on 96-well plates.

4.6.1 Collagenase assay

The collagenase assay was conducted by followiegpifotocol provided by Sigma-Aldrich with some
modifications. Enzyme inhibition was evaluatedam temperature using FALGA (N-(3-[2-furyl] acrylpy
Leu-Gly-Pro-Ala) as a substrate. The reaction medffinal volume 225 ul) was prepared by mixingrb
Tris pH 7.5, 10 mM CagG| 400 mM NaCl, 0.8 mM FALGPA (Sigma-Aldrich F513®xtracts at various
final concentrations, and 0.16 U/mL collagenasenf@ostridium histolyticun{Sigma-Aldrich C0130). After
10 min, plates were read at 345 nm in a Pro TeaamdS plate reader (Tecan, Wien, Austria). Findlhg,

percentage of inhibitory activity was calculated.

4.6.2 Elastase assay

This enzyme assay was carried out at room temperating N-succinyl-Ala-Ala-Ala-p-nitroanilide (Suc
Ala3-PNA) as a substrate. The reaction mixturea{firolume 225 ul) was prepared by mixing 200 mMsTri
pH 8.0, 10 mM Suc-Ala3-pNA (Sigma-Aldrich S4760xtracts at various final concentrations as spetifie
and 2 U/mL elastase from pig pancreas (Sigma-AtdE&250). After 15 min, plates were read in theahec

plate reader at 410 nm. Finally, the percentagetabition was calculated.
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4.6.3 Hyaluronidase assay

The inhibition of type | hyaluronidase was evaldatsing as hyaluronic acid substrate. A volume.@50nl

of enzyme solution containing about 5 units of hyahidase (Sigma-Aldrich H3506) in enzyme dilue2id (
mM NaH,PQ,, 77 mM NaCl, 0.01% BSA (w/v), pH 7.0, 37 ° C, wased with 0.25 mL of enzyme diluent
containing extracts at various final concentratidrfse reaction mixture and a blank were kept at@7for 10
min, and then 1 ml of hyaluronic acid solution veaslitioned. The samples were then mixed and inealeait
37 °C for 45 min. Subsequently, 2.5 ml of acidibuathin solution (24 mM sodium acetate, 79 mM acetic
acid, 0.1% BSA (w/v)), was added to 0.5 ml of esaimple and blank at 25 °C. Thereafter, samples kegre

at room temperature for 10 min, and then read @m®0 in the Vmax Microplate Reader.

4.6.4 Tyrosinase assay

Aliquots of 10 pL of a solution composed of 125ml/ mushroom tyrosinase (Sigma-Aldrich) in
phosphate buffer (pH 6.8) were added to 96-welieglafollowed by 70 uL of phosphate buffer and &0oft
ultrapure water, or extract dissolved in ultrapwrater, in order to obtain a series of final concaidns
ranging between 5+1000 ug/mL of extract. Kojic as@s used as positive control. Thereafter, 70 puQ.8f
mg/mL L-tyrosine (Sigma-Aldrich) in ultrapure wateere added. Blanks without enzyme were also iredud
for all conditions. Plates were then incubatedf@ for 30 min and absorbance was read at 505nntimei
microplate reader. Percent inhibitory activity (IA%as calculated according to the formula:

=1 TGRS 100
where Aex:eny = absorbance of assay mixture with extract angraez A.y = absorbance of assay mixture
with extract and without enzyme;-f = absorbance of assay mixture with enzyme andowitbxtract; A=

absorbance of assay mixture without enzyme andwitbxtract (blank).
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4.7 Collagen production

The effect of extracts on the production of typeollagen on fibroblasts was evaluated by the ELISA
technique. Cells were cultured in 96-well plates,@DO cells/well), anihcubated with 5, 10, or 20 pg/mL of
extract for 48 hAfter treatment, the medium was removed and cedlsee washed with PBS (100 ul/well),
fixed with 3,7% paraformaldehyde for 10 min, wast&tmes with wash buffer (0.5 mM CaCl mM
MgCl,, 0.1% Triton in PBS, 10Ql/well), incubated with 3% BSA in wash buffer fo® 3nin, washed with
wash buffer, incubated with the primary antibodp6308, Abcam, Cambridge, UK diluted 1: 300 in wash
buffer containing 1% BSA, 5@l/well) for 2 h under agitation, washed three timeh wash buffer,
incubated with secondary antibody ( Ab97046, Abchloted 1: 1000 in wash buffer containing 1% BSA 50
ul/well) for 60 min under agitation and washed 3dswith wash buffer. The solution was carefully oesd
from the wells, the plates were incubated for 16 mith 50ul/well TMB ELISA solution, and then blocked
with 2 M sulfuric acid. All experimental phases ooed at room temperature and teading was carried out

at 620 nm in the VMax microplate reader.

4.8 Méelanin assay

This assay was carried out on MeWo melanoma detefluent cells were suspended and plated in 24-
well plates (100,000 cells/well), allowed to sefibe 24 h, an then exposed to PEE extract at a do&®
pg/mL for 72 h. Treatment with arbutin (1 mg/mL) svased as positive control. Thereafter, the culture
medium was removed, cells were washed with PB$sinjzed, centrifuged, and the pellet was subjetded
freeze-thawing. The pellet was then dissolved i@ [1Q of 1 N NaOH and read at 505 nm to determime th

melanin content.
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4.9 Cellular mobility

The analysis was conducted using the scratch wassdy on keratinocytes and fibroblasts. Cells were
cultured on 24-well plates to confluence. Thereafiecut was made in the cell monolayer with alD1t
sterile pipette tip. After being cut, cells wereshad in PBS and incubated with different conceiatnat of
extracts at 37 °C for 24 to 48 h. Thereafter, oghise fixed with 3.7% paraformaldehyde for 10 mimshed

in PBS, and stained with blue toluidine dye forr8h. Cells were photographed using a stereomicpEsco
(Leica Microsystems, Wetzlar, Germany), and imagese analyzed using the NIH Image J software

(Fig.12).

4.10 Lipolysis assay

Lipolysis induction was evaluated in vitro on dréatiated human adipocytes the ZenBio Human Adifmcy
Lipolysis Assay Kit (ZenBio, cat # LIP-1-L1; LIPHICL1) for the detection of free glycerol. Pre-adiptes
were grown in pre-adipocyte medium provided by tenufacturer, settled in 96-well plates, differated
into adipocytes for one week in Adipocyte Differiatibn Medium (cat# DM-2), and maintained for atlfiar
week in Adipocyte Medium (cat# AM-1). Fully differgated adipocytes were incubated for 3 h with1m,

or 200 pg/mL PEE extract, and samples of condidamedium were then assayed for glycerol according t
the manufacturer protocol. Samples were read inmloeoplate reader at 550 nm. Absorbance incresse i
proportional to glycerol concentration in the saen@therwise, lipid droplets in adipocytes werensta with

Oil Red O following cell exposure to the extracell€ were photographed under a microscope and tieduc
in lipid stain was quantified by image analysisaaseasure of lipid degradation (Fig. 13). In barlalyses, 1
uM isoproterenol was used as positive contiidlese tests were carried out at the DISTAV Laboyato

University of Genoa.
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Fig.12 Scratch wound assay in fibroblasts colored with TBO: Control and 10ug/mL. Pictures take by Leica M205C

stereo microscope

Fig.13 Lipolysis assay in adipocytes. Control and 1 uM isoproterenolised as positive contr Pictures take by Leica

M205C stereo microscope




5. Results

Profiles of antioxidant activities of plant extradtave been obtained fbt. officinalis L. capitatg andG.

glabra (Table 1), and also fdd. coronariumandP. oceanicaHPLC/MS characterization has been conducted

onH. coronariumandP. oceanicaBiological activities of extracts have been dai@ed onM. officinalis, L.

capitata H. coronarium andP. oceanicausing both cell-free and cell-based systems. rEkalts of these

analyses are reported in three studies, as follows.

Table 1 - DPPHe scavenging activity (DPPHe SA) , Ferric Reducing Antioxidant Potential assay (FRAP), Total

Polyphenol Content (TPC) and Flavonoid assay of Melillotus officinalis, Lespedeza capitata and Glycyrrhiza

glabra extracts. * Denote a significant difference between mean values, Repeated measures ANOVA

followed by Turkey's post-test, n=3 independent experiments.

ASSAY M. officinalis L.capitata G.glabra

DPPHe SA (%) 13.41+2.50 18.14+2.93 16.05+1.01

FRAP (umol Fe2+) 35.24 +2.06 97.01 £ 5.64* 59.29 + 2.94*
Flavonoid (ug cathequin equivalent) 3.36+£0.36 11.61 +0.58* 5.81+0.66*
TPC (mg gallic acid equivalent) 10.41 +£0.67 19.62 + 1.15%* 20.33 1.03*
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The search for natural principles is attracting much interest in the field of skin care. Fabaceae are major
agricultural crops and potential sources of bioactive compounds with possible applications in human
health and skin care. This study concerns the biological activities of the legume crops Melilotus offici-
nalis (L.) Pall. and Lespedeza capitata Michx. for their potential use in skin care applications. The effects
of plant ethanolic extracts at doses ranging from 0.25 to 50 pg/mL (from 1 to 5000 pg/mL in cell via-
bility assays) were evaluated using in vitro tests on HaCaT human keratinocytes, 46BR.1N fibroblasts,

ggjl;véirgslilbroblasts and adipocyte cell cultures, and on matrix-degrading enzymes. MTT assay revealed weak effects on cell
Collagenase viability (ICso > 1000 pg/mL) and significant increase of fibroblast growth rate with both extracts. Sim-
HaCaT keratinocytes ilar induction of cell motility by the two extracts was observed on keratinocytes, while on fibroblasts
Adipocytes M. officinalis induced a stronger effect with respect to L. capitata. Cell-free enzymatic assays showed

stronger collagenase inhibition by L. capitata, while an ELISA assay revealed more efficient stimulation of
fibroblast collagen production by M. officinalis. Oil-Red-O adipocyte staining showed more pronounced
lipolytic effect of M. officinalis with respect to L. capitata. Both extracts showed the ability of stimulat-
ing skin cells in order to promote tissue regeneration, prevent skin aging, and reduce fat deposition. In
most cases, different patterns of activation/inhibition were observed. Data indicate that these legume
crops could be profitably exploited in skin care applications, possibly in combined formulations for the
development of antiaging and anticellulite products.

Scratch wound assay
Type I collagen

© 2016 Elsevier B.V. All rights reserved.

alkaloids and amines, cyanogenic glycosides, flavonoids, coumarins
and other phenolics, condensed tannins, triterpenoid saponins, and

1. Introduction

The search for natural principles is attracting an ever-growing
interest in the field of skin care. Plants combining ethnobotanical
background, phytochemical pedigree, and large biomass availabil-
ity are an obvious first choice in this kind of studies. In a screening
of new possible active principles for the development of cosmet-
ics, this study has been focused on legume fodder crops. Forage
legumes, belonging to the family Fabaceae, are interesting agri-
cultural crops due to their ability of fixing nitrogen by bacterial
symbioses hosted in rhizobium root nodules (Frame et al., 1998).
These plants are generally rich in secondary metabolites, such as

* Corresponding author at: Dipartimento di Scienze e Innovazione Tecnologica,
Universita del Piemonte Orientale, viale Teresa Michel 11, 15121 Alessandria, Italy.
E-mail address: bruno.burlando@uniupo.it (B. Burlando).

http://dx.doi.org/10.1016/j.indcrop.2016.11.047
0926-6690/© 2016 Elsevier B.V. All rights reserved.

lectin peptides. Hence, they are a potential source for the extraction
of bioactive compounds with possible applications in human health
and skin care (Cornara et al., 2016; Rodrigues et al., 2013). In this
study, two major legume crops, viz. the yellow sweet clover, Melilo-
tus officinalis (L.) Pall., and the roundhead lespedeza, Lespedeza
capitata Michx have been considered.

The medicinal virtues of M. officinalis are well known, as testified
by its inclusion in the EMA catalogue (European Medicines Agency)
(www.ema.europa.eu/ema/pages/includes/document/open.
document.jsp?webContentld=WC500059264). L. capitata has been
less studied on the medicinal ground, but this species, together with
M. officinalis, has been included in the BELFRIT list for plants used in
food additives, originating from an agreement among the govern-
ments of Belgium, France and Italy. BELFRIT claims for M. officinalis
address to blood circulation and tissue drainage, while L. capitata,
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is indicated for drainage, cardiovascular and kidney functions and
lipid metabolism (http://www.trovanorme.salute.gov.it/norme/
renderNormsanPdf?anno=0&codLeg=48636&parte=2&serie=).

M. officinalis is an herbaceous plant with a typical odorous
smell for the presence of coumarins. It has been used traditionally
as antinflammatory, antioedematous, phlebotonic, spasmolytic,
diuretic and sedative (Burlando et al., 2010). The plant rose to
prominence in 1930s for anticoagulant effects on cattle causing
internal hemorrage, which was shown later to depend on coumarin
conversion into the anti-vitamin K dicoumarol by Aspergillus molds,
due to bad hay storage. (Chae et al., 2003). Thereafter, dicoumarol
led to the development of Warfarin, a widely used rodenticide and
anticoagulant drug (Kresge et al., 2005).

Due to the high presence of coumarins and flavonoids, M. offic-
inalis extracts have been tested experimentally and clinically for
tissue drainage, specifically in the treatment of postoperative cir-
culatory problems (Consoli, 2003; Xu et al., 2008), and problematic
wounds (Bakhshayeshi et al., 2011). Besides coumarin, the plant
produces other well-known bioactive compounds, including the
coumarin derivatives scopoletin, umbelliferone and melilotin, the
flavonoids kaempferol and quercetin, various phytosterols and
triterpene sapogenins (Yang et al., 2014).

Properties useful for skin care have been ascribed to M. offici-
nalis on empirical basis, including soothing, lenitive and possibly
antinflammatory and antioedema effects (Dweck, 2011). The plant
is listed among species popularly used in Russia and central Asia
for skin conditions (Mamedov et al., 2005), while its clinical use in
the treatment of diabetic foot ulcer has been reviewed (Chorepsima
et al, 2013).

L. capitata is a perennial shrub native to eastern North Amer-
ica and used as forage for livestock. Records of folk medicine from
native North Americans report the use of the root as an antidote
to poisoning, and of the stems as moxibustion in the treatment of
neuralgia and rheumatism (Glyzin et al., 1973; Linard et al., 1978).
Flavonoids and tannins are abundant in the plant, and are presumed
to account for its therapeutic virtues (Linard et al., 1978). In exper-
imental and clinical studies, L. capitata was reported to exercise
positive effects on tissue draining, kidney and cardiovascular dis-
eases (Wagner and Elbl, 1992; Yarnell, 2002), and on diabetes (Jorge
et al., 2004). The Asian congener L. cuneata (Dum. Cours.) G. Don
has been studied for skin moisturizing properties and protection
against photoaging (Kim et al., 2012; Lee et al., 2012). These data
suggest that also L. capitata could exert positive effects on skin.

Despite a long tradition of use of these plants, their active prin-
ciples, mechanisms of action, and specific effects on skin cells, are
almost unknown. This study was therefore aimed to disclose bio-
logical activities of M. officinalis and L. capitata on skin cells and
on extracellular matrix-degrading enzymatic activities, potentially
useful for skin care application. To this purpose, commercially avail-
able, dry ethanolic extracts of the two species have been used.
These extracts have been certified for use on humans as food
and cosmetic grade (Farmalabor Srl, www.farmalabor.it). Ethano-
lic extracts represent a possible choice of manufacturers, especially
for the production of ecocompatible and biocompatible cosmetics.
Inhibitory activity on collagenase, elastase, and hyaluronidase were
screened by cell-free enzymatic assays. Cell viability and induction
of cell proliferation were assessed by MTT assay on human ker-
atinocytes and fibroblasts, cell motility induction by scratch wound
assay on keratinocytes, induction of collagen synthesis by ELISA
technique on fibroblasts, and lipolytic activity by Oil Red O stain-
ing of adipocytes. Both species showed bioactivities potentially
exploitable for the development of skin care and pharmaceutical
applications, but with different patterns of skin cell activation.

2. Materials and methods
2.1. Materials

Culture media and reagents were purchased from Sigma-Aldrich
(St. Louis, MO, USA), unless otherwise indicated. Food/cosmetic
grade, ethanolic extracts of M. officinalis (CAS 84082-81-5) and
L. capitata (CAS 84837-05-8), in the form of dry powder, were
purchased from Farmalabor Srl (Canosa di Puglia, Italy). M. offic-
inalis extract contains 1% coumarin glycosides, and undetermined
kaempferol derivatives, quercetin derivatives, and sapogenins. L.
capitata extract contains 4% flavonoids, and undetermined cate-
chols and condensed tannins. For use in experiments, extracts were
dissolved in cell culture medium or in proper buffer, as indicated.

2.2. Cell culture

Stabilized human epidermal keratinocyte (HaCaT) and dermal
fibroblast (46BR.1N) cell lines were grown in DMEM, supplemented
with 10% (v/v) FBS, 1% glutamine and 1% antibiotic, at 37°C, in a 5%
CO,, fully humidified atmosphere.

2.3. Cell viability and proliferation assays

The effect of extracts on keratinocyte and fibroblast cell
viability was determined by the MTT assay, based on the
reduction of the tetrazolium dye MTT, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide, to its insoluble formazan by
mitochondrial enzymes. Cells were settled in 96-well plates for
24 h, 10,000 cells per well, and then exposed for 48 h to increasing
log concentrations of extracts dissolved in culture medium, rang-
ing between 1 and 5000 w.g/mL. Thereafter, cells were incubated for
3h at 37°C with a solution consisting of 100 wL MTT (5 mg/mL in
PBS) per mL of cell culture medium without serum, and then treated
with a mix of 1 NHCl-isopropanol (1:24, v/v), followed by stirring to
dissolve the dark-blue formazan crystals formed. After a few min-
utes at RT, the plates were read at 570 nm in a VMax microplate
reader (Molecular Devices, Sunnyvale, CA). Dose-response curves
obtained by MTT data were analyzed by a logistic regression model,
yielding IC50 and ICO5 values that were assumed as median and
threshold levels of cell viability inhibition, respectively.

Effects on fibroblast growth rates were assessed by settling cells
in 96-well plates at 5000 cells per well, and then exposing them for
up to 10 days to the indicated extract doses. At the end of exposures,
the MTT assay was applied to evaluate cell densities, obtaining cell
growth curves.

2.4. Cell motility

Stimulation of cell motility was evaluated by a scratch wound
assay. Keratinocytes or fibroblasts were settled in 24-well plates
and grown to confluence. Scratch wounds were created in confluent
monolayers by using a sterile 0.1-10 wL pipette tip. After wash-
ing away suspended cells, cultures were incubated for 24 h with
medium containing extracts at the specified concentrations. There-
after, cells were fixed in 3.7% formaldehyde in PBS for 30 min, and
then stained with 0.1% toluidine blue for 30 min. A series of samples
were fixed and stained just after wounding for t =0 measurements.
Digitized pictures of wounds were taken using a stereomicro-
scope equipped with digital camera (Leica Microsystems, Wetzlar,
Germany). Wound width was measured at wounding (t=0) and
at the end of treatments with the NIH Image ] software. Wound
closure rates were determined as the difference between wound
width at 0 and 24 h.
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2.5. Collagen production

The effect of extracts on collagen type I production by fibroblasts
was evaluated by ELISA. Fibroblasts were settled in 96-well plates
(15,000 cells/well) for 24 h, and then exposed to extracts as indi-
cated. After treatments, the medium was removed and cells were
washed with PBS (100 pL/well), fixed with 3.7% paraformaldehyde
for 10 min, and washed 3 times with washing buffer (0.5 mM CaCl,,
1 mM MgCl,, 0.1% Triton in PBS, 100 pL/well). Cells were then incu-
bated for 30 min with blocking buffer (3% bovine serum albumin
(BSA) in washing buffer), washed, and incubated for 2 h under agi-
tation with mouse anti-human collagen type I primary antibody
(ab6308, Abcam, Cambridge, UK) diluted 1:300 in washing buffer
containing 1% BSA (50 wL/well). Thereafter, cells were washed 3
times with washing buffer, incubated for 60 min under agitation
with HRP-conjugated rabbit anti-mouse IgG secondary antibody
(ab97046, Abcam) diluted 1:1000 in washing buffer containing 1%
BSA (50 p.L/well), and washed 3 times with washing buffer. The
washing solution was carefully removed from wells, plates were
incubated for 15 min with 50 wL/well of the Pierce 1Step™ Ultra
TMB ELISA Substrate Solution (Thermo Fisher Scientific, Waltham,
MA), blocked with 2 M sulfuric acid, and read at 620 nm in the VMax
microplate reader. All steps were carried out at RT.

2.6. Enzymatic assays

Enzymatic assays were conducted in 96-well plates. Collagenase
(EC 3.4.24.3) inhibition was evaluated at RT using N-(3-[2-Furyl]-
acryloyl)-Leu-Gly-Pro-Ala (FALGPA) as the substrate (http://
www.sigmaaldrich.com/technical-documents/protocols/biology/
enzymatic-assay-of-collagenase-using-n-3-2furylacryloyl-leu-
gly-pro-ala.html). The reaction mixture (final volume 225 puL)
was prepared by mixing 50 mM tricine, pH 7.5, 10mM CaCly,
400 mM NacCl, 0.8 mM FALGPA (Sigma-Aldrich F5135), extracts at
various final concentrations, as specified, and 0.16 u/mL collage-
nase from Clostridium histolyticum (Sigma-Aldrich C0130). After
10 min, plates were read at 345nm in a Tecan Genios Pro plate
reader (Tecan, Wien, Austria). Percent inhibitory activity (I1%) was
calculated according to the formula:

1 = (1. Bentex ~Aex) 55
(Aen — Apk)

where: Aepjex =absorbance of assay mixture with enzyme and
extract; Aex = absorbance of assay mixture with extract and without
enzyme; Aep = absorbance of assay mixture with enzyme and with-
out extract; Ay = absorbance of assay mixture without enzyme and
extract (blank).

Enzymatic assay of elastase (EC 3.4.21.36) was done at RT
using N-Succinyl-Ala-Ala-Ala-p-nitroanilide (Suc-Alas-pNA) as the
substrate  (http://www.sigmaaldrich.com/technical-documents/
protocols/biology/enzymatic-assay-of-elastase.html). The reaction
mixture (final volume 225 pL) was prepared by mixing 200 mM
TRIS, pH 8.0, 10 mM Suc-Alas-pNA (Sigma-Aldrich S4760), extracts
at various final concentrations, as specified, and 2 u/mL of elastase
from porcine pancreas (Sigma-Aldrich E1250). After 15 min, plates
were read in the Tecan plate reader at 410 nm. Percent inhibitory
activity was calculated as above.

Hyaluronidase (EC 3.2.1.35) inhibition was tested in vitro on
hyaluronidase type I from bovine testes using bovine hyaluronic
acid as the substrate (http://www.sigmaaldrich.com/technical-
documents/protocols/biology/enzymatic-assay-of-hyaluronidase.
html). A volume of 0.75 mL of enzyme solution, containing about 5
units of hyaluronidase (Sigma-Aldrich H3506) in enzyme diluent
(20 mM NaH,PO4, 77 mM Nacl, 0.01% BSA (w/v), pH 7.0 at 37°C),
was mixed with 0.25 mL of enzyme diluent containing extracts at

various final concentrations, as specified. A blank containing 1 mL
of enzyme diluent only was also prepared. The reaction mixture
and blank were equilibrated at 37°C for 10 min, supplemented
with 1mL hyaluronic acid solution, consisting of 0.015% (w/v)
bovine hyaluronic acid sodium salt (Sigma-Aldrich H7630) in
phosphate buffer (300 mM NaH,POg4, pH 5.35 at 37 °C), mixed by
swirling and incubated at 37°C for 45 min. Thereafter, 0.5 mL of
each test sample and blank were vigorously mixed with 2.5 mL of
acidic albumin solution (24 mM sodium acetate, 79 mM acetic acid,
0.1% BSA (w/v), pH 3.75 at 25 °C), allowed to stand for 10 min at RT,
and read at 600 nm in the VMax microplate reader. By using values
of transmittance as a measure of hyaluronidase activity, percent
hyaluronidase inhibition by extracts was calculated according to
the formula:

(Ten/ex —Tex)
%=11- ————— ] 100
( (Ten — Thi)

where: Tepjex =transmittance of assay mixture with enzyme and
extract; Tex = transmittance of assay mixture with extract and with-
out enzyme; Tep =transmittance of assay mixture with enzyme
and without extract; Ty, = transmittance of assay mixture without
enzyme and extract (blank).

2.7. Lipolysis assay

Lipolytic activity of extracts was assessed by Oil red O staining of
human adipocytes cultured in vitro (Zen-Bio Inc., Research Triangle
Park, NC). Following the manufacturer’s protocol, pre-adipocytes
were grown in Preadipocyte Medium (cat# PM-1, Zen-Bio Inc.), set-
tled in 96-well plates, differentiated into adipocytes for one week
in Adipocyte Differentiation Medium (cat# DM-2), and maintained
for a further week in Adipocyte Medium (cat# AM-1). Thereafter,
fully differentiated adipocytes were incubated for 3 h with extracts
in Adipocyte Medium. After incubation, cells were washed thrice in
PBS, fixed with FineFix" working solution (Milestone Srl, Sorisole,
Italy) for 20 min, washed once in deionized water and then twice
in PBS, and stained with Qil red O working solution for 20 min. Qil
Red O working solution was prepared by adding 3 parts of Oil Red
O stock solution (3 mg/mL in isopropanol) to 2 parts of deionized
water, and then filtering with a 0.2 pum syringe filter. After staining,
cells were washed thrice with PBS, and then photographed under
an Olympus IX71 inverted microscope. By using the NIH Image]
program (imagej.nih.gov/ij/), picture areas covered by stained lipid
droplets were selected in fields of fixed size with threshold function
and measured.

2.8. Statistics

Data were analyzed with the R package, version 3.0.1 (http://
www.r-project.org/foundation/), by using Dunnett’s post-hoc test
for multiple comparisons. The difference between two conditions
was considered significant if p <0.05. Cell viability data were ana-
lyzed using a logistic dose-response curve as reported in Ranzato
et al. (2014).

3. Results
3.1. Effects of extracts on cell viability and proliferation

The effects on cell viability of M. officinalis and L. capitata ethano-
lic extracts were determined by the MTT assay on keratinocytes and
fibroblasts, after 48 h incubations with increasing extract concen-
trations up to 5000 pg/mL. Dose-response data yielded in all cases
IC5¢ values greater than 1000 pg/mL, showing very low cell viability
inhibition for these extracts.
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Fig. 1. Cell growth data derived from MTT cell viability assay conducted at different
endpoints on HaCaT keratinocytes (A) and 46BR.1N fibroblasts (B), maintained under
control conditions or under continuous incubation with 10 or 20 wg/mL Melilotus
officinalis, or with 5 or 10 pg/mL Lespedeza capitata. Data are mean absorbances +s.d.
of 570nm readings from 12 replicate wells in two independent experiments.
Asterisks indicate the results of statistical comparisons against control: *=p<0.05;
**=p<0.01.

Keratinocytes and fibroblasts were also treated with subtoxic
doses of extracts for 10-days to evaluate effects on cell prolifera-
tion. In order to individuate minimum effective doses, preliminary
tests were carried out, revealing that in long-term treatments the L.
capitata extract affects cell viability starting from a concentration of
20 pg/mL. Hence, in these experiments doses of 5 and 10 p.g/mL for
L. capitata, and of 10 and 20 p.g/mL for M. officinalis have been used.
Use of MTT assay at different endpoints showed a slight stimula-
tion of keratinocyte proliferation with both extracts after 10 days
of treatment (Fig. 1A). Conversely, on fibroblasts there was a highly
significant increase (p<0.01) of growth rate with L. capitata used
at 5 wg/mL, and a significant increase (p <0.05) with M. officinalis at
20 pg/mL (Fig. 1B).

3.2. Cell motility

Cell motility was evaluated by a scratch wound assay, a basic
in vitro test for wound healing potential. The assay conducted on
keratinocytes, specifically a test of re-epithelialization, showed a
significant induction of cell motility. Up to nearly a 600% increase
of wound closure rate was observed for both extracts, with a simi-
lar trend in the range 10-50 pg/mL (Fig. 2A). The effect of extracts
on fibroblasts was significant but weaker than on keratinocytes,
while the effect of M. officinalis was stronger than that of L. capi-
tata. M. officinalis induced about a 200% increase of wound closure
rate in the range 10-50 wg/mL, while L. capitata induced a signifi-

cant increase of cell motility only at the highest dose of 50 .g/mL
(Fig. 2B).

3.3. Enzyme inhibition

Cell-free assays of matrix-degrading enzyme activities showed
no recordable effect of both extracts for hyaluronidase and elas-
tase. By contrast, significant inhibition was observed on collagenase
activity, with a significantly stronger effect of L. capitata with
respect to M. officinalis. The inhibitory effect of M. officinalis showed
a dose-dependent trend in the range 0.25-25 pg/mL, up to about
10% inhibition, whereas L. capitata showed a maximum average
30% inhibition at 2.5 pwg/mL (Fig. 3). The flavan-3-ol derivative
epigallocathechin-3-gallate, used as positive control, induced a 35%
average inhibition at a dose of 10 p.g/mL.

3.4. Collagen production

The effect of extracts on the production of collagen type I was
evaluated on fibroblasts by an ELISA assay. Both extracts induced
a dose-dependent stimulation of collagen production by cells, but
only exposure to 50 wg/mL M. officinalis resulted in a significant
increase of collagen production with respect to control (Fig. 4).

3.5. Lipolysis

The induction of lipolysis was evaluated on in vitro differenti-
ated human adipocytes by staining cell lipid droplets with Oil Red O
after cell exposure to extracts (Fig. 5A). The reduction of cell stain-
ing, quantified by image analysis, was taken as a measure of lipid
degradation. Data showed dose-dependent lipolysis induced by
both extracts, with a stronger effect of M. officinalis with respect to
L. capitata. Significant reduction of cell lipid droplets was observed
with doses of 20 and 50 pg/mL M. officinalis, whereas the effect of L.
capitata was significant only at the dose of 50 pwg/mL (Fig. 5B). The
maximum lipolytic effects induced by extracts were comparable to
those obtained with 1 wM isoproterenol, used as positive control.

4. Discussion

The experiments carried out in this study show that both M.
officinalis and L. capitata extracts possess bioactivities potentially
exploitable for skin care applications. The richness in flavonoids of
both extracts could account for the observation of parallel trends
in biological responses. However, in most cases different patterns
of activation/inhibition have been verified, most likely depending
on differences in the phytocomplexes of the two plants. M. offici-
nalis extract contains glycosides of coumarin and of the common
flavonoids kaempferol and quercetin, and in addition sapogenins. L.
capitata extract is mainly composed of unspecified flavonoids, pos-
sibly including kaempferol and quercetin, and in addition catechols
and condensed tannins.

In our experiments both extracts were found to stimulate fibro-
blast growth, as revealed by MTT measurements. This effect may be
linked to similar observations with Ginkgo biloba, which revealed
that various flavonoids, including kaempferol and quercetin, induce
proliferative effects on human skin fibroblasts (Kim et al., 1997).

Stimulation of cell motility is important for regenerative pro-
cesses such as epidermis re-epithelialization and dermal tissue
reconstitution and turnover. Our experiments demonstrated that
these processes can be strongly stimulated by M. officinalis, and
L. capitata extracts, as shown by comparison with similar exper-
iments in a study on Brazilian plants used as traditional wound
healing agents (Schmidt et al., 2009). Also in this case, flavonoids
could play a significant role, given that this class of compounds is
well known for its wound healing properties (Ambiga et al., 2007;
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Fig. 2. Scratch wound assays conducted on keratinocytes (A) and fibroblasts (B) along 24 h incubation with different concentrations of Lespedeza or Melilotus extracts. Upper
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Fig. 3. Inhibition of Clostridium histolyticum collagenase activity by Lespedeza and
Melilotus extracts, determined in a cell-free, in vitro assay using FALGPA as a sub-
strate. Data are expressed as mean+s.e.m. percent inhibition (n=4) exerted by
extracts and 10 pg/mL epigallocatechin-3-gallate (EGCG). See Section 2.6 for further
details.

Clericuzio et al., 2012). However, the stronger activity of the M.
officinalis extract, detected on fibroblasts, could be related to the
presence of saponins. This is suggested by previous findings show-
ing that the saponin astragaloside IV significantly promotes cell
migration in a scratch wound assay (Chen et al., 2012).
Preservation of matrix homeostasis depends largely on degra-
dation/biosynthesis balance, which tends to be biased by
environmental stress factors or aging. Positive effects of our
extracts could derive from two kinds of action. On one side,
enzyme assays showed inhibitory effects of extracts on colla-
genase. These data are quantitatively comparable with similar
results obtained with grape extracts (Bharti et al., 2013), and more-
over are in line with reported collagenase inhibition by flavonols
such as quercetin and kaempferol (Lim and Kim, 2007). On the
other side, a dose-dependent induction of type I collagen produc-
tion by fibroblasts was also observed. In particular, the effect of

50 wg/mL M. officinalis exceeds what reported in similar experi-
ments for a traditional Korean herbal formula (Kim et al., 2016).
Screenings of flavonoids able to induce collagen biosynthesis in
human fibroblasts have revealed stimulatory properties, neutral
effects, or even detrimental activity. However, the list of flavonoids
that activate collagen production by human fibroblasts is con-
spicuous, including the commercially available flavonols morin
and rutin, and the flavone chrysin (Stipcevic et al., 2006), the
flavones 6-hydroxyluteolin-7-O-glucoside, pedalitin, apigenin-7-
O-glucuronide, apigenin-7-0O-methylglucuronide, and pectolinarin
isolated from Asteraceae plants (Galicka and Nazaruk, 2007;
Nazaruk and Galicka, 2014), and the flavonol kaempferol-3-O-
sophoroside isolated from Sambucus sieboldiana (Yim et al., 2015).

Lipolytic properties are attracting much interest in the field of
skin care. In our study, the induction of lipolysis by both extracts
could reveal again a role of flavonoids. In support to this view,
lipolytic activities have been reported for the common flavonol
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Fig. 4. Induction of fibroblast collagen production determined by an ELISA assay
after 48 h incubations with increasing concentrations of Lespedeza and Melilotus
extracts. Data are mean absorbances +s.e.m. of 620 nm readings from 6 replicate
wells in two independent experiments. *=p <0.01 with respect to control.
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Fig. 5. Induction of lipolysis in human adipocytes determined through Oil Red O
staining after 3 hincubations with increasing concentrations of Lespedeza and Melilo-
tus extracts, or with 1 wM isoproterenol (isoprot) as positive control. Upper panel:
representative light micrographs of adipocytes showing lipid droplets stained inred,
after incubation under control conditions (left), or with 20 pwg/mL Melilotus extract
(right). Bar 100 pm. Lower panel: data of cell lipid content expressed as mean =+ s.d.
measurements of areas covered by stained lipid droplets in n=4 fields of fixed size.
*=p<0.01 with respect to control. See Section 2.7 for further details.

myricetin (Wang et al., 2015), and for flavonoids from Nelumbo
nucifera, including the flavonol derivatives quercetin-3-0-a-
arabinopyranosyl-(1 — 2)--galactopyranoside, isoquercitrin, and
astragalin, and the flavan-3-ol catechin and its derivative hyper-
oside (Ohkoshi et al., 2007). However, the stronger induction of
lipolysis by M. officinalis at intermediate doses suggests a sup-
plemental role for coumarins. Consistent with this hypothesis,
the coumarin aculeatin, derived from Toddalia asiatica, has been
shown to induce adipocyte differentiation and lipolysis in 3T3-L1
preadipocytes (Watanabe et al., 2014).

5. Conclusion

The complex of data suggests that both extracts possess the abil-
ity to stimulate skin cells and tissue regeneration, to prevent skin
aging, and to reduce fat deposition beneath the skin, frequently
leading to cellulite. It is possible to speculate that the mecha-
nisms of action for these effects could be related to the presence in
both extracts of flavonoids, which have been previously reported
to mediate similar effects. On the other hand, differences in the
strength of effects were also observed, possibly depending on the
presence of specific constituents, such as coumarin and saponins
in M. officinalis.

The doses at which the effects were observed ranged from 5
to 50 pg/mL. Assuming that the active principles should have an
approximate molecular weight around 300-600, the above doses
correspond roughly to 1-100 wM for single major compounds, val-
ues that are within the range of active concentrations reported
in literature. Moreover, these doses are compatible with phar-
macological uses, and therefore, both extracts could be profitably
exploited in various kinds of skin care and pharmaceutical applica-
tions, possibly in combined formulations, e.g. for the development
of antiage and anticellulite products.
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ABSTRACT

Context: The search for bioactive compounds from botanical sources is attracting much interest.
However, differences in chemical composition may occur within the same species depending on different
geographical origins.

Objectives: We evaluated the properties on skin enzymes and cells of extracts from sulla legume crop
Hedysarum coronarium L. (Fabaceae), collected at two lItalian sites near Pisa and Ventimiglia, for possible
dermatological and cosmetic applications.

Material and methods: Plant aerial portions were extracted in MTBE/ethyl acetate/acetone, obtaining two
extracts named Pisa sulla extract (PSE) and Ventimiglia sulla extract (VSE). Extracts were subjected to
chemical characterization, LC-MS/MS analysis and biological assays.

Results: PSE showed stronger antiradical scavenging and higher phenolic and flavonoid contents with
respect to VSE. LC-MS/MS analysis revealed similar composition for the two extracts, but PSE was richer in
condensed tannins and flavonoids, principally rhoifolin, quercetin, naringenin and derivatives. PSE induced
stronger inhibition on collagenase and elastase by in vitro enzyme assays, possibly due to higher levels of
condensed tannins and quercetin. ELISA bioassay on human dermal fibroblasts revealed stronger PSE
induction of collagen production. Determination of glycerol release from adipocytes disclosed stronger
stimulation of lipolysis by PSE, allegedly ascribed to higher charge of quercetin and derivatives. In sum-
mary, the higher richness in phenolics of PSE is strictly related to stronger bioactivity.

Discussion and conclusions: Data indicate that aerial H. coronarium material is suitable for the develop-
ment of dermatological and cosmeceutical products, but the geographical origin is an important factor
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for maximally exploiting the biological properties of this species.

Introduction

The search for bioactive secondary metabolites from botanical
sources for health care purposes is attracting an ever-increasing
interest due to the huge chemodiversity of plants. Such a ten-
dency is further supported by the idea that many natural com-
pounds may be more biocompatible and involve less adverse
effects than synthetic or toxic drugs. However, significant differ-
ences in chemical composition may occur among closely related
taxonomical entities, such as species, subspecies or varieties, but
also within these taxonomical entities, depending on different
geographical origins (Carmona et al. 2007). The variability in the
phytocomplex of a plant species can be characterized in terms of
chemotypes, suggesting that the geographical origin of plant
materials is to be carefully considered in the search for new bio-
active compounds (Kaiser et al. 2016).

In a survey of legume crops scarcely investigated for health
and skin care potential (Pastorino et al. 2017), we focused here
on Hedysarum coronarium L. [syn. Sulla coronaria (L.) Medik]
(Fabaceae), commonly known as sulla or French honeysuckle.
This is a short-lived, perennial legume present as both wild

herb and cultivated forage throughout the Mediterranean
(Annicchiarico et al. 2014). Aerial portions of the plant are
known to contain good levels of protein, as well as condensed
tannins ranging at about 20-50mg/kg (Terrill et al. 1992).
Phenolics reported to be present in this species include glycosy-
lated derivatives of the flavonoids kaempferol, quercetin, genis-
tein, formononetin and afromosin, and the anthocyanins
peonidin 3-monoglucoside, peonidin 3,5-diglucoside and malvi-
din 3,5-diglucoside, as flower pigments (Chiki and Harborne
1983; Tibe et al. 2011).

The high content in tannins of sulla is thought to increase the
performance of meat and milk in dairy sheep and cattle feeding
on the plant, and in addition to induce resistance to gastrointes-
tinal parasites (Molle et al. 2003; Hoste et al. 2006). Anthelmintic
activity has been confirmed by in vitro experiments (Aissa et al.
2015). Besides veterinary uses, sulla has also been consumed by
humans as a vitaminic vegetable and as an astringent, anti-hyper-
cholesterolaemic, laxative, refreshing and soothing herb (Lentini
and Venza 2007). Scientific studies on medicinal properties are
lacking, but its chemical composition rich in phenolic
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compounds suggests that the plant deserves attention for possible
curative effects.

Our study was conducted on aerial portions of sulla collected
at two different sites, located nearby the cities of Pisa and
Ventimiglia. Pisa is in central Italy, well inside the geographic
range of the species, while Ventimiglia is in western Italy, close
to the boundary of the species range. Plant extracts obtained in
methyl fert-butyl ether/ethyl acetate/acetone were chemically
characterized by LC-MS and assayed for antioxidant power, total
phenolics and flavonoid contents. Extracts were used for in vitro
bioassays aimed at assessing modulatory effects on extracellular
matrix turnover and on lipolysis. Positive correlation between
phenolic content and bioactivity strength was observed.

Materials and methods
Materials

Cell culture reagents and other chemicals were from Sigma-
Aldrich (St. Louis, MO), unless otherwise indicated. Plant speci-
mens of Hedysarum coronarium were collected in May 2015,
during the flowering period, from two wild Italian populations,
growing at the Hanbury Botanical Gardens, La Mortola,
Ventimiglia (43°46/57"N 07°33/20"E), and in the southern sur-
roundings of Pisa (43°41'32"N, 10°23'06"E). Aerial portions were
cleaned, dried at air, and wused for extraction procedure.
Taxonomical identification was carried out by one of us (LC)
and voucher specimens of plants from both geographical sites
were deposited at the Herbarium of DISTAV, University of
Genova (GE 20052015).

Extraction

Specimens of H. coronarium were air-dried in greenhouse at
~25-30°C. Aerial portions of dried material were cleaned,
chopped and extracted according to Tibe et al. (2011). The dried
material (25g) was put in a beaker containing 100 mL methyl
tert-butyl ether (MTBE), 70 mL ethyl acetate, 60 mL acetone and
2mL distilled water at RT, sonicated for 15min, cloth filtered,
transferred to a Buchi Rotavapor R-114 (Buchi Italia s.r.l) to
remove organic solvents and then dried under nitrogen stream.
Dried extracts were stored at —20°C until use. For biological
assays, dimethyl sulphoxide (DMSO) stock solutions of extracts
were prepared in order to obtain a maximum DMSO concentra-
tion of 0.1% (v/v) at the highest extract incubation doses.

Radical scavenging assay

Radical scavenging activity of extracts was quantified by the
DPPH (2,2-diphenyl-1-picrilidazide) assay, using the method
described by Chung et al. (2002). Briefly, a volume of 0.5mL
DPPH dissolved in EtOH (40 pg/mL) was mixed with 0.5mL of
serial dilutions of extracts in EtOH, incubated for 30 min in the
dark at RT and then read in an Agilent Cary 60 spectrophotom-
eter (Agilent Technologies, Palo Alto, CA) at 517nm.
EtOH without DPPH was used as blank. Results were expressed
as percent DPPH inhibition.

Quantification of total phenolics

The total phenolic content of extracts was determined by the
common Folin-Ciocalteu method. Stock solutions were prepared
by dissolving gallic acid or extracts in EtOH at 5mg/mL.

PHARMACEUTICAL BIOLOGY 1985

Aliquots of 2.4mL distilled water, 0.15mL Folin-Ciocalteu
reagent and 0.45mL Na,CO3 (20% in distilled water) were com-
bined in 3 mL cuvettes with 30 uL of serial water dilutions of gal-
lic acid or extract stock solutions. The contents of the cuvettes
were mixed, incubated at 40 °C for 30 min and read at 765nm in
the spectrophotometer. A standard curve was obtained from gal-
lic acid samples and total phenolic contents were expressed as
mg gallic acid equivalents (GAE) per g of extract.

Determination of total flavonoids

The total flavonoid content of extracts was determined according
to Zhishen et al. (1999). Stock solutions were prepared by dis-
solving quercetin or extracts in EtOH as above. Aliquots of
100 pL of serial water dilutions of extract stock solutions were
placed in cuvettes with 6 pL of aqueous NaNO, (1:20, w/v). After
5min incubation, 6 UL of aqueous AICl; (1:10, w/v) was added
and the mixture was vortexed, and then, after 1min, 40 uL of
1M NaOH was added. The absorbance was measured against a
blank at 510nm. A calibration curve was prepared using proper
dilutions of a quercetin stock solution, and the total flavonoid
content of samples was given as g quercetin equivalent per g of
plant extract.

HPLC-MS

HPLC coupled with mass spectrometry analysis (HPLC-MS/MS)
was performed using an Agilent 1100 HPLC-MSD Ion Trap
XCT system, equipped with an electrospray ion source (HPLC-
ESI-MS) (Agilent Technologies). Separations of extracts were
performed on a Symmetry C18 column 1 x 150 mm with 3 um
particle size (Waters Corporation, Milford, MA). Eluents used
were water (eluent A) and MeOH (eluent B), both added with
0.1% formic acid. The gradient employed was as follows: 50% elu-
ent B for 3 min, then linear to 95% eluent B in 25 min and finally
hold at 95% eluent B for other 15min. The flow rate was set to
30 uL/min and the column temperature was set at 25°C. The
injection volume was 8 uL. Ions were detected in the positive and
negative ion mode, in the 200-1000/z range and ion charged
control with a target ion value of 200,000 and an accumulation
time of 300 msec. A capillary voltage of 3300V, nebulizer pressure
of 15psi, drying gas of 8 L/min, dry temperature of 325°C and
rolling averages 2 (averages: 5) were the parameters set for the MS
detection. MS/MS analysis was conducted using amplitude opti-
mized time by time for each compound.

Enzyme assays

Enzymatic assays were conducted in 96-well plates according to a
previously described method (Pastorino et al. 2017). Collagenase
(EC 3.4.24.3) inhibition was evaluated in a reaction mixture con-
taining 50 mM tricine, pH 7.5, 10mM CaCl,, 400mM NaCl,
0.8mM FALGPA (Sigma-Aldrich, F5135) as the enzyme sub-
strate, 0.16 units/mL collagenase from Clostridium histolyticum
(Sigma-Aldrich, C0130) and serial water dilutions of extract stock
solutions in DMSO, as indicated. The mixture was incubated for
10min at RT, and then plates were read at 345nm in a Tecan
Genios Pro plate reader (Tecan, Wien, Austria).

Elastase (EC 3.4.21.36) inhibition was measured in a mix con-
taining 200mM TRIS, pH 8.0, 10mM Suc-Ala;-pNA (Sigma-
Aldrich, S4760) as the enzyme substrate, 2 units/mL of elastase
from porcine pancreas (Sigma-Aldrich, E1250) and extracts as
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Figure 1. (A) Percentage inhibition of DPPH scavenging activity exerted by increasing concentrations of PSE and VSE. Data are means+S.D. of n=3 distinct determi-

curve obtained with gallic acid (left) and curves obtained with PSE and VSE (right).

Data are means +S.D. of n=4 distinct determinations. In the right panel, statistical comparison between the two slope coefficients is shown. The phenolic contents of
PSE and VSE expressed as GAE are reported in Table 1. (C) Assays of total flavonoids. Standard calibration curve obtained with quercetin (left) and curves obtained
with PSE and VSE (right). Data and statistics as above. The flavonoid contents of PSE and VSE expressed as quercetin equivalents are reported in Table 1.

Table 1. Quantification of total phenolics and flavonoids in sulla

extracts.

Extract Total phenolics Total flavonoids
PSE 62+1 138

VSE 38+1 11+4

Data are means+S.EM of triplicate determination. Total phe-
nolics are expressed as gallic acid equivalents (mg/g). Total flavo-
noids are expressed as quercetin equivalents (mg/g).

above. After 15min incubation, plates were read at 410 nm in the
plate reader.

Cell culture

Stabilized human dermal fibroblasts (46BR.IN, Sigma-Aldrich)
were grown in DMEM supplemented with 10% (v/v) FBS, 1%

glutamine and 1% antibiotic, at 37°C, in a 5% CO,, humidified
atmosphere. Subcutaneous human preadipocytes (Zen-Bio Inc.,
Research Triangle Park, NC) were grown in preadipocyte
medium (cat# PM-1, Zen-Bio Inc.) according to the man-
ufacturer’s protocol.

Cell viability and proliferation assays

Effects of extracts on cell viability were determined on fibro-
blasts by the MTT assay, as previously reported by Pastorino
et al. (2017). Cells were settled in 96-well plates, exposed for
48h to increasing concentrations of extracts (1-1000 pg/mL),
processed for MTT assay and read at 570nm in a VMax
microplate reader (Molecular Devices, Sunnyvale, CA).
Absorbance values were used to obtain dose-response curves
and ICs, values.
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Table 2. LC-MS identification of major compounds in PSE and VSE extracts.
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Compound 2RT BIM +HI™ M —=H]~
Paratocarpin E/hedysarumine B 224 409.3
Naringenin-5,7-di-O-B-p-glucopyranoside 220 599.3
Quercetin-3-0-p-glucopyranoside-7-0-a-rhamnofuranoside/rutin 289 611.2

Isoquercitrin/hyperoside 29 463.2
3-Sitosterol 29.9 4154

Betulinic acid/ursolic acid 29.9 4573
Narcissin/isorhamnetin-3-O-rutinoside 309 625.2

Galactose/glucose 31.8 181.2

Hedysarimcoumestan G/hedysarimcoumestan H 318 3833

Quercetin 327 3034

Squasapogenol 333 441.5

1,3,9-Trimethoxycoumestan 334 325.5
Sucrose 334 3439
Methyl-hedysarimcoumestan H 334 3947
(-)Vestitol/naringenin 343 2734

Epicatechin/catechin 344 2915
Prenylfurano-[3,2-gl-isoflavone 34.7 376.6
Isoformononetin/formononetin 348 269.4

Hedysarimcoumestan B/4',6-dimethoxy-7-hydroxy isoflavone/afrormosin 34.8 299.4

Rhoifolin 35.0 579.5

Hexadecanoic acid 2,3-dihydroxypropyl ester 353 331.6

Oleic acid 355 2834

n-Tetracosanoic acid 355 369.5

Kaempferide 36.8 301.5

Hedysarimpterocarpene C 36.8 627.5

Isorhamnetin 37.1 317.6

Hexacosyl acetate 371 425.5

Diosmin 38.7 609.9 607.7

°RT: retention time.
BIM + H]*: m/z in positive ion mode.
‘[M — H]™: m/z in negative ion mode.

Table 3. LC-MS relative quantification of major flavonoids from PSE and VSE.

Compound RA
Epicatechin/catechin +++
Rhoifolin +++
Naringenin-5,7-di-O--b-glucopyranoside ++
Quercetin ++
Quercetin-3-0-B-glucopyranoside-7-0-a-rhamnofuranoside +

RA: relative abundance of the compounds
(+ =~ 20%, ++ ~ 40%, +-++ ~ 60%).

in PSE compared to VSE

Collagen production

The effect of extracts on collagen type I production was evaluated
by ELISA technique as previously reported (Pastorino et al.
2017). Briefly, fibroblasts were settled in 96-well plates, incubated
with extracts for 48 h, fixed with 3.7% paraformaldehyde, blocked
with BSA, probed with mouse anti-human collagen type I pri-
mary antibody (ab6308, Abcam, Cambridge, UK), then probed
with HRP-conjugated rabbit anti-mouse IgG secondary antibody
(ab97046, Abcam), incubated with Pierce I-StepTM Ultra TMB
ELISA Substrate Solution (Thermo Fisher Scientific, Waltham,
MA), blocked with 2 M sulphuric acid and read at 620 nm in the
microplate reader.

Lipolysis assay

The lipolytic activity of extracts was assessed on adipocytes by
measuring glycerol released into the medium from triglyceride
breakdown. Human subcutaneous pre-adipocytes were grown in
preadipocyte medium (cat# PM-1, Zen-Bio Inc.) following the
manufacturer’s protocol, settled in 96-well plates, differentiated
into adipocytes for one week in adipocyte differentiation medium
(cat# DM-2) and maintained for a further week in adipocyte
medium (cat# AM-1). Thereafter, fully differentiated adipocytes

were incubated for 3h with extracts in adipocyte medium, and
the conditioned medium was then assayed for glycerol using the
Adipocyte Lipolysis Assay Kit (cat# LIP-1-L1; LIP-1-NCL1).
The procedure involves glycerol phosphorylation by ATP,
glycerol-1-phosphate oxidation by glycerol phosphate oxidase to
dihydroxyacetone phosphate and H,0O,, and peroxidase-catalyzed
quinoneimine dye production, showing maximum absorbance at
540 nm. Samples were read in the microplate reader at 550 nm.
The increase in absorbance is directly proportional to glycerol
concentration in the sample.

Statistics

Data were analyzed with the R package, version 3.0.1 (http://
www.r-project.org/foundation/), by using Student’s t-test with
Bonferroni’s correction for multiple comparisons. The differ-
ence between two conditions was considered significant if
p <0.05. Inhibition of cell viability was determined using a
logistic dose-response curve as reported by Ranzato et al
(2014).

Results
Chemical characterizations

The extraction procedure, aimed at optimizing phenolic yield,
allowed to obtain two dried extracts named Pisa sulla extract
(PSE) and Ventimiglia sulla extract (VSE). Extracts were used for
general chemical characterizations and chemical fingerprinting.
The assay of DPPH scavenging activity was used as a measure of
extract antioxidant power. Concentration-dependent curves of
DPPH inhibition showed a significantly stronger activity of PSE
with respect to VSE (Figure 1(A)).
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Total phenolic contents were determined by the
Folin-Ciocalteu method, obtaining a gallic acid standard curve at
765nm that allowed converting absorbance data into gallic acid
equivalents (GAE). Thereafter, concentration-dependent curves at
765nm were obtained for extracts, in order to compare their
regression line slopes (Figure 1(B)). PSE showed a higher phen-
olic content than VSE (Table 1), while regression line compari-
son showed that the difference is statistically significant
(Figure 1(B)).

A similar approach was used for the colorimetric quantifica-
tion of total flavonoid content, by using quercetin as the refer-
ence standard (Figure 1(C)). Consistent with the analysis of total
phenolics, PSE showed a higher flavonoid content than
VSE (Table 1). Such a difference was smaller than that found for
phenolics, but it resulted statistically significant according to
regression line comparison (Figure 1(C)).

Compound identification

HPLC-MS/MS analysis of PSE and VSE extracts allowed the
identification and relative quantification of different compounds.
The MS/MS molecular masses obtained in our analyses were
compared with online libraries (MassBank, http://www.massbank.
jp/) and previously published MS data concerning different spe-
cies of the genus Hedysarum, synonymous of Sulla (Dong et al.
2013). PSE and VSE showed similar composition in terms of
major constituents, belonging to simple sugars, isoprenyl chal-
cones, coumestans, pterocarpenes, flavanones, flavones, flavonols,
isoflavanes, isoflavones, flavan-3-ols, triterpenoids, phytosterols,
fatty acids and esters (Table 2). However, a comparison of the
relative abundances of these compounds showed that some mole-
cules were significantly more abundant in PSE than in VSE, con-
firming the data obtained by general chemical characterizations.
In Table 3, five flavonoid molecules are reported whose

chromatographic peak areas were ~20% (+), ~40% (4++) and
~60% (+++), higher in PSE with respect to VSE. Each molecule
was confirmed for its structure by mean of MS/MS analysis, and
a typical spectrum thereof is reported in Figure 2.

Effects of extracts on extracellular matrix

Extracellular matrix turnover is essential for the maintenance of
a healthy skin dermal layer, involving both degradation and neo-
synthesis processes. We evaluated the in vitro inhibition of
extracts on collagenase and elastase, two main dermal enzyme
activities involved in the degradation of collagen and elastin,
respectively. The effects on collagenase of the two extracts
showed different patterns. VSE induced a biphasic effect, with
inhibition rise at lower concentrations followed by a decrease in
the effect at higher concentrations (Figure 3(A)). PSE showed
strong inhibition at the lowest concentration and a progressive
decline for higher doses (Figure 3(A)). The effect of the two
extracts on elastase was inhibitory and significantly stronger for
PSE than for VSE (Figure 3(B)).

Before using extracts on in vitro grown fibroblasts, we made a
check for possible deleterious effects on cell viability. The MTT
assay showed low inhibition of cell viability for both extracts, with
ICsp > 150 ug/mL at 48 h, warranting that any effect on cell viabil-
ity in the tests conducted on cells was negligible. By using an
ELISA assay, we measured the modulatory effect of extracts on
collagen type I production in fibroblasts. The two extracts showed
a dose-dependent stimulatory effect, and also in this case, the
activity of PSE was stronger than that of VSE (Figure 3(C)).

Effects of extracts on lipolysis

Fat tissue turnover is essential for the maintenance of the subder-
mal skin layer, while its impairment may concur to the


http://www.massbank.jp
http://www.massbank.jp

Downloaded by [2.156.194.65] at 15:05 11 January 2018

48

p<0.01 p<0.01
(A) 60 -
_L 1| ovse apse
2 a0 :
5]
£
£
€ 20 I
0 - — ==
2.5 25 250
ug/mL
(B) 30 —
OVSE I 1
=
oc 20 7 DPSE 1
o
s
2
:E 10 A
0 T T 1
2.5 25 250
ug/mL
(©) e | OVSE | _L|p<o.05 |_\ _::o.os
»° O PSE T
8 1004 gt
=
m
£ 75
]
8
® 50
E
S 251
™~
L~
0 - . .
0 5 20

pg/mL

Figure 3. (A) Percent inhibition of Clostridium histolyticum collagenase activity
exerted by PSE and VSE, determined by in vitro assay and expressed as
means +S.E.M (n=3). (B) Percent inhibition of elastase from porcine pancreas by
PSE and VSE. Data as above. (C) Induction of fibroblast collagen production by
PSE and VSE, determined by ELISA after 48 h incubations. Data are expressed as
means+S.D (n=6).

development of cellulitis. We verified the effects of extracts on
the lipolytic activity of in vitro cultured adipocytes (Figure 4,
upper panel). Measurements of glycerol release from cells, used
as an index of lipolytic activity, revealed a dose-dependent stimu-
latory effect induced by both extracts. However, a steeper rise in
lipolysis was observed with PSE, showing maximum difference
with VSE at 100 ug/mL, followed by an upward convergence of
effects at 200 pg/mL, reaching the lipolytic effect of isoproterenol
used as positive control (Figure 4, lower panel).

Discussion

Data of chemical characterizations consistently indicated a higher
content of phenolic compounds in PSE with respect to VSE,

PHARMACEUTICAL BIOLOGY 1989

allegedly linked to the stronger radical scavenging activity of the
former extract. Moreover, the semiquantitative analysis con-
ducted on LC-MS data indicated that the difference in phenolic
contents is maximally accounted for by catechins. The identifica-
tion of these compounds as major extract constituents could
actually reflect the presence of condensed tannins, of which cate-
chins are monomer units. Condensed tannins are known to be
abundant in sulla and would undergo in-source collision-induced
dissociation (CID) during MS analysis. Hence, the comparison of
MS data from the two extracts suggests that the higher abun-
dance of phenolics in PSE is primarily accounted for by tannins.
However, total flavonoid content and MS data consistently
showed that also the flavonoid component contributes to the dif-
ference in phenolic composition between the two extracts.

It is well known that phenolics, especially flavonoids, play an
important role in determining the biological properties of herbal
products. Therefore, a higher content of these compounds in a
phytocomplex is predictive of stronger bioactivity. Our data are
consistent with this view, as we found similar composition in the
two sulla extracts and similar effects in different bioassay, but the
higher content in phenolics of PSE went together with the stron-
ger activity of this extract in all bioassays.

Inhibition of collagenase and elastase is generally considered
to prevent unbalanced extracellular matrix turnover due to rapid
breakdown of collagen type I in inflamed skin. Inhibitors are
therefore sought for in the development of skin preserving and
antiageing remedies. By using in vitro enzyme assays, we found
biphasic effects of extracts on collagenase, characterized by
inhibitory activities at very low concentration of PSE and at rela-
tively low concentration of VSE. These results suggest the pres-
ence of strong inhibitors, more concentrated in PSE than in VSE,
and of other compounds interfering with inhibition at higher
extract doses. Based on the composition of our extracts, possible
inhibitors could be condensed tannins and quercetin, previously
found to exert inhibitory effects on collagenase (Lim and Kim
2007; Diaz-Gonzalez et al. 2012). Data of elastase inhibition
revealed a weaker activity with respect to collagenase inhibition,
but the effect of PSE was stronger. Also in this case, a role could
be played by condensed tannins that have been previously shown
to bind to pancreatic elastase, the enzyme used in our tests (Bras
et al. 2010). However, the effect could be ascribed at least in part
also to quercetin (Park et al. 2016).

The stimulatory effect of PSE on collagen synthesis is particu-
larly interesting from pharmaceutical and pharmacological points
of view, because it was observed at very low concentrations, sug-
gesting the presence of very strong inductors in the phytocom-
plex. Condensed tannins, quercetin and other major polyphenols
of sulla extracts are not known to induce this kind of effect.
However, collagen induction has been reported for flavonoids
and triterpenoids from other plants (Maquart et al. 1990;
Pastorino et al. 2017). Therefore, it can be speculated that the
effect observed with PSE could be due to compounds belonging
to either of these classes.

The lipolytic effect of sulla extracts testifies their possible use
in anticellulite products. This activity can be allegedly ascribed to
quercetin and its derivatives, since these compounds are well rep-
resented in sulla extracts and their lipolytic effect has been
pharmacologically characterized in rat adipocytes (Kuppusamy
and Das 1994). It has also been shown in OP9 mouse stromal
cells, which can differentiate into adipocytes, that quercetin pre-
vents adipogenesis and stimulates lipolysis through the regulation
of transcriptional factors and lipases (Seo et al. 2015). The stron-
ger effect of PSE observed in our study is in line with these
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Figure 4. Induction of lipolysis in human adipocytes by PSE and VSE. Upper panel: microscope views of adipocytes exposed or not to PSE, fixed with FineFix®, stained
with Oil Red O and then photographed under an Olympus IX71 inverted microscope. Bar =100 um. Lower panel: assay of glycerol released from adipocytes after
exposure for 3 h to extracts or to 1 M isoproterenol (isoprot) as positive control. Data are standardized as percent of control and expressed as means+S.D (n=6).

reports, because quercetin is a major compound accounting for
the difference in polyphenols between PSE and VSE.

Conclusions

This study was aimed at verifying the possible use in dermato-
logic and cosmeceutical products of herbal extracts obtained
from sulla. This species is a legume crop widely cultivated in the
Mediterranean area and potentially available in amounts compat-
ible with industrial use. Moreover, due to the known variability
of plant phytocomplexes, even within a species or variety,
depending on the geographical origin of plants, we have com-
pared extracts from individuals sampled at two distant sites in
the geographic range of the species.

Our data showed marked differences in total phenolic con-
tent between the two extracts, most likely depending on differ-
ent abundances of condensed tannins and flavonoids, mainly
rhoifolin, quercetin, naringenin and derivatives. In addition,
the higher richness in phenolics of the PSE extract, deriving
from Pisa, was in conjunction with a stronger bioactivity of
this extract in all the conducted bioassays. These tests collect-
ively showed that sulla plant material is suitable for the devel-
opment of pharmaceutical and cosmeceutical products targeting
major skin problems, such as inflammatory, degenerative and
ageing processes, or the insurgence of cellulite. Hence, our

data provide a strong indication that the legume crop H. coro-
narium can be exploited for these purposes, but they also
show that the geographical origin of plants is an important
factor to be considered for maximally exploiting the biological
properties of the species.
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Abstract: Seagrasses are high plants sharing adaptive metabolic features with both terrestrial
plants and marine algae, resulting in a phytocomplex possibly endowed with interesting biological
properties. The aim of this study is to evaluate the in vitro activities on skin cells of an ethanolic
extract obtained from the leaves of Posidonia oceanica (L.) Delile, family Potamogetonaceae, herein
named Posidonia ethanolic extract (PEE). PEE showed high radical scavenging activity, high phenolic
content, and resulted rich in chicoric acid, as determined through HPLC-MS analysis. The use of
MTT assay on fibroblasts showed a PEE cytotoxicity threshold (ICqs) of 50 ug/mL at 48 h, while a
sub-toxic dose of 20 ug/mL induced a significant increase of fibroblast growth rate after 10 days.
In addition, an ELISA assay revealed that PEE doses of 5 and 10 pg/mL induced collagen production
in fibroblasts. PEE induced dose-dependent mushroom tyrosinase inhibition, up to about 45%
inhibition at 1000 ug/mL, while 50% reduction of melanin was observed in melanoma cells exposed
to 50 ug/mL PEE. Finally, PEE lipolytic activity was assessed by measuring glycerol release from
adipocytes following triglyceride degradation. In conclusion, we have collected new data about
the biological activities of the phytocomplex of P. oceanica seagrass on skin cells. Our findings
indicate that PEE could be profitably used in the development of products for skin aging, undesired
hyperpigmentation, and cellulite.

Keywords: adipocytes; chicoric acid; collagen type I; fibroblasts; lipolysis; melanin; tyrosinase

1. Introduction

Over the last years, the herbal market has rapidly increased and many surveys have been
conducted that aim at finding natural ingredients with possible applications as food additives or
medicine. In this area, special attention has been given to the sea environment as a rich source of
new active compounds [1]. Among marine botanical organisms, algae have been deeply investigated
and exploited [2]; in contrast, the phytopharmaceutical profile of seagrasses is still almost unknown.
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However, these latter are high plants sharing adaptive metabolic features with both terrestrial plants
and seaweed, resulting in a peculiar phytocomplex possibly endowed with interesting biological
properties [3].

Posidonia oceanica (L.) Delile, family Potamogetonaceae, is a long-living, slow-growing, endemic
Mediterranean seagrass forming extensive meadows in coastal shallow waters [4]. The plant undergoes
massive leaf loss in autumn, giving rise in some areas to conspicuous beach deposits. The profile of
secondary metabolites is mostly characterized by phenolic compounds, as also testified by the presence
of so-called tannin cells [5]. Chicoric acid is generally reported as the major constituent of leaves [6,7],
caftaric and gentisic acids are also abundant in leaves, and other phenolic constituents include the
aldehyde vanillin, and p-coumaric, ferulic, caffeic, and cinnamic acids [8]. Other chemical constituents
isolated from the plant include phenol derivatives (e.g., phloroglucinol), benzoic acid derivatives
(e.g., p-hydroxybenzoic and vanillic acids), calchones, and proanthocyanidins [9]. Lignin is present
in all tissues [10], while major flavonoids include the flavonols kaempferol, quercetin, isorhamnetin
(about 1-3 ug g~ ! dw), and myricetin (about 20 pug g~ dw) [11]. The lipid fraction has been found
to contain prevalently palmitic, palmitoleic, oleic, and linoleic acids, in addition to the phytosteroids
campesterol, stigmasterol, and [3-sitosterol [12]. A novel sesquiterpenic alcohol named posidozinol
has also been isolated from the leaves [13].

The plant exploitation has mostly concerned beached leaf litter, used in the past as packing
material for glassware and pottery, roof insulation, shipping of fishery products, cattle bedding,
mattress and pillow filling, and still used in some cases as cattle forage and compost [14]. News on
medicinal uses date back to ancient Egypt, where it was supposedly used for skin disease [15], while
more recently in the southwestern Mediterranean region the plant has been used as a remedy for acne,
leg pain, diabetes, respiratory infections, hypertension, and colitis [16].

Very little scientific data on P. oceanica bioactivities and therapeutic properties are available.
Antibacterial and antimycotic activities have been found in a rhizome extract [17], while antidiabetic
and vasoprotective effects on alloxan diabetic rats have been observed upon treatment with an ethyl
acetate fraction from the aqueous residue of a hydroethanolic leaf extract [18].

We obtained a P. oceanica ethanolic leaf extract (PEE) characterized by a high concentration of
chicoric acid, as determined through HPLC-MS analysis. PEE was subjected to in vitro cell-free and
cell-based tests, aimed at showing possible applications for skin care and disease. These experiments
revealed stimulation of fibroblast proliferation and collagen production, anti-melanogenic activities,
and the stimulation of lipolysis in adipocytes, suggesting that PEE could find applications in skin
anti-aging, anti-cellulite and depigmenting products.

2. Results

2.1. Chemical Characterizations

The PEE extract showed an ICsg value of 32 + 2 ng/mL in the DPPH radical scavenging assay;,
corresponding to 6.5 mM (1.14 mg/mL) ascorbic acid equivalents (AAE). The extract was found
to contain 126 + 3 pg g~ dw total polyphenols, expressed as gallic acid equivalents (GAE), and
total iodine at 60 + 10 ug g~! dw, according to ICP-MS quantification. The HPLC-MS analysis of
PEE showed, at a retention time (RT) of 32.5 min (66% solvent B), a major chromatographic peak
whose full scan and fragmentation mass spectra were consistent with those expected for chicoric
acid (Figure 1A,B). Quantification of the compound was achieved using a calibration curve obtained
by injecting chicoric acid standard in concentrations ranging from 5 to 25 uM (linearity r? = 0.999),
yielding a value of 55.8 + 7 mg g~ ! dw of chicoric acid in PEE. Other major PEE compounds identified
by HPLC-MS and tandem MS/MS were flavonoid molecules including procyanidin C2, procyanidin
B2, isorhamnetin-3-O-glucoside, quercetin-3-O-glucoside, quercetin-3-O-malonylglucoside, and
isorhamnetin-3-O-malonylglucoside (Figure 1C).
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Figure 1. (A) Full scan acquired in negative ion mode and (B) tandem mass spectra relative to the
peak at retention time (RT) = 32.5 min, in the HPLC-MS total ion chromatogram of Posidonia Ethanolic
Extract (PEE). The molecular mass and fragment ions present are consistent with those expected for
chicoric acid. (C) Extracted ion chromatograms acquired in positive ion mode, relative to other major
PEE constituents identified by MS/MS spectra.

2.2. Fibroblast Activation

Dose-response curves obtained by MTT data were analyzed by a logistic regression model as
previously reported [19], allowing the estimation of the PEE effect on fibroblast viability at 48 h, with a
median inhibitory concentration of IC5y = 170 pg/mL (95% CI = 146-197), and a toxicity threshold of
ICy5 = 50 pg/mL (95% CI = 33-73) (Figure 2A).
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Figure 2. (A) Dose-response curve of the effect of PEE on fibroblast cell viability. Data are percent
cell viabilities recorded in n = 6 replicates of MTT assay after 48-h incubations with different PEE
concentrations. Downbhill logistic best fit (continuous line), ICs5y value (dashed vertical line), and its
95% CI (horizontal bar) are shown. (B) Fibroblast growth rate curves derived from the MTT assay and
expressed in terms of cell densities. Data are mean 550 nm absorbances + SD from six replicates in two
independent experiments. * = p < 0.01 with respect to other groups at the same endpoint. (C) Induction
of fibroblast collagen production determined by an ELISA assay after 48-h incubations with 5 and
10 pg/mL PEE. Data are mean 620 nm absorbances £ SEM from six replicates in two independent
experiments. * = p < 0.01 with respect to the control.

MTT data concerning fibroblast cell growth showed a dose-dependent increase of growth rate in
fibroblasts exposed for up to 10 days to sub-toxic 20 pg/mL PEE (Figure 2B). Moreover, a significant
increase of collagen production was observed in fibroblasts exposed to 5 and 10 ug/mL PEE, with
respect to cells maintained under control conditions (Figure 2C).
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2.3. Demelanizing Activity

PEE modulatory effects on skin melanization were evaluated in free solution on mushroom
tyrosinase using L-tyrosine as a substrate, as well as on MeWo melanoma cells growing in vitro.
The positive control kojic acid induced dose-dependent inhibition of tyrosinase activity with
an estimated ICsy of 14.7 ug/mL, or 2.06 uM (Figure 3A). Incubation with PEE also induced
dose-dependent tyrosinase inhibition, starting from about 20% inhibition at 5 ug/mL up to about 45%
inhibition at 1000 pug/mL (Figure 3A). For all PEE concentrations, the use of the t-test with Bonferroni
correction yielded p < 0.01 (n = 6) with respect to the control (no inhibition).

Data obtained with mushroom tyrosinase were confirmed by experiments on melanoma cells,
showing an about 50% reduction of melanin content induced by 50 ug/mL PEE at 72 h. Such a
depigmenting effect was not statistically different (p > 0.05) from that obtained with the positive
control arbutin (1 mg/mL) (Figure 3B). MTT analysis of PEE cytotoxicity on these cells revealed a
toxicity threshold of ICp5 > 100 pg/mL at 72 h, showing that the above melanin reduction was not due
to aspecific injurious effects.
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Figure 3. (A) Dose-dependent curves of mushroom tyrosinase inhibition exerted by kojic acid as a
positive control (dashed line) and by PEE (continuous line). Tyrosinase activity was determined in a
cell-free, in vitro assay using L-tyrosine as a substrate. Data are mean percent inhibitions & SD from
six replicates in two independent experiments (see Materials and Methods). (B) Inhibition of melanin
production in MeWo melanoma cells after 72 h incubation with 1 mg/mL arbutin, or with 50 pg/mL
PEE. Cell melanin production was quantified as mean 505 nm absorbances 4 SD from three replicates
in two independent experiments. * = p < 0.01 with respect to the control.



56

Mar. Drugs 2018, 16, 21 6 of 12

2.4. Lipolysis Activation

PEE lipolytic activity was assessed in vitro by measuring glycerol released by adipocytes following
triglyceride degradation. Determination of a standard curve for glycerol (Figure 4A) allowed for the
quantification of the induction of lipolysis by PEE in terms of glycerol released by cells (Figure 4B).
Data showed a dose-dependent increase of lipolysis in the range of 10-200 ug/mL PEE, reaching a
significant induction at the highest concentration, though lower than that induced by the positive
control isoproterenol. The MTT analysis of PEE cytotoxicity on adipocytes revealed a toxicity threshold
of ICy5 > 200 pg/mL at 48 h, showing that the observed lipolytic effect was not due to cell damage.

>

=
w

0.1

550 nm absorbance

0 50 100 150 200
glycerol (uM)

(vy)

2 -
c
o
T 15 - %
3 . T
£ 1 T
S
o
*= 0.5 A
O T T T 1
10 100 200 isoprot
PEE ug/mL

Figure 4. Induction of lipolysis in human adipocytes evaluated by glycerol release. (A) Standard curve
of glycerol determined by the ZenBio Kit Human Adipocyte Lipolysis Assay Kit (see Materials and
Methods). (B) Assay of glycerol released from adipocytes determined as above after exposure for 3 h to
different concentrations of PEE, or to 1 uM isoproterenol (isoprot). Data are mean fold inductions of
lipolysis &+ SD, calculated as the ratio between pmoles/L of glycerol released by treated cells and by
controls, obtained from three replicates in two independent experiments (* = p < 0.05).

3. Discussion

This is the first study concerning the effects of a P. oceanica extract on skin cells, and one of the very
few scientific reports about the biological properties of the P. oceanica phytocomplex. In agreement with
literature reports about this plant, our HPLC-MS characterization showed that the major compound
of PEE was chicoric acid. The resultant extract was enriched in chicoric acid, with amounts 4-5-fold
higher than those reported for P. oceanica leaves [7]. The quantification of PEE radical scavenging
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activity was remarkably high among plant extracts [20], consistent with the richness in chicoric acid
and other phenolic compounds typical of P. oceanica. Our analyses also confirmed the chemical
affinity of seagrass with seaweed, since the iodine content of PEE rated within the range reported
for seaweed [21]. Considering the usual doses of extracts from natural sources used in products for
humans (e.g., 0.1-1%), the PEE iodine content is quite compatible with a maximum tolerable daily
intake of 1.0 mg iodine set by the World Health Organization [22].

Collagen is the main constituent of the dermal matrix, while collagen type I is the most
abundant isoform, forming collagen bundles. Collagen is produced by fibroblasts, is essential for
skin tone and turgor, and undergoes physiological turnover through continuous degradation by
matrix metalloproteinases and replacement by fibroblast neosynthesis. During skin aging, collagen
degradation tends to overwhelm renewal, resulting in the formation of fine lines, wrinkles, and other
alterations. Hence, the maintenance of fibroblast function is a prerequisite for contrasting skin aging.
In our study, the complex of effects induced by PEE on fibroblast growth rate and collagen synthesis
indicate a positive stimulation of fibroblast activity, suggesting the possible use of PEE in anti-wrinkle
and anti-aging skin care formulations.

The observed PEE inhibitory activities on both tyrosinase and melanoma pigmentation indicate
skin whitening properties. In tyrosinase activity assays, the strength of PEE inhibition was much lower
than that of the reference compound kojic acid. Even though a different inhibition profile could be
possible using L-dopa instead of L-tyrosine as a substrate, the dose-dependent curve of kojic acid fits
a logistic trend, consistent with the effect of a single agent, whereas that of PEE diverges from this
model, suggesting that the dose-dependent tyrosinase inhibition of PEE could be the result of multiple
agents with different inhibitory patterns. In tests on melanoma cells, the PEE demelanizing effect
was stronger than that of the reference compound arbutin, confirming that the PEE whitening effect
could occur through a complex mechanism, with a component involving tyrosinase inhibition, and
another one targeting pathways that regulate cell melanization such as MC1R-MITF [23]. However,
regardless of the mechanism, the data indicate the possible use of PEE in formulations aimed at
contrasting hyperpigmentation conditions, such as melasma associated with age, freckling, age spots,
post-inflammatory melanization, and sites of actinic damage.

Cellulite is a skin condition associated with hypodermal fat accumulation, commonly occurring
as lumps and dimples on women’s thighs. Adipocytes are fat storage cells of adipose tissue that
may undergo excessive fat load, leading to the appearance of cellulite. The lipolytic induction of PEE
observed in our study is indicative of a possible use in topically applied products aimed at reducing
fat accumulation in adipocytes and unaesthetic cellulite.

Among the compounds of PEE that could be responsible for the observed effects, chicoric
acid, the most abundant acid found in PEE, has been shown to possess antioxidant, antiangiogenic,
anti-inflammatory, antiallergic, antidiabetic, and anti-HIV activities [24-27]. Among these, only the
strong antioxidant power of chicoric acid can be matched to our data, whereas the other findings from
our experiments are completely new for P. oceanica, and have not been reported for chicoric acid so far.
Due to its abundance in the plant and in PEE, the complex consisting of chicoric acid and flavonoids is
a major candidate for at least part of the observed PEE effects on skin cells and activities.

In conclusion, we have collected data concerning the biological effects on skin cells of a chicoric
acid-rich, ethanolic extract of the seagrass P. oceanica. The obtained results represent a novel discovery
among the studies on the biological effects of plant phytocomplexes, since they concern a seagrass that
is poorly investigated from this point of view. Our findings indicate that the P. oceanica phytocomplex
can be profitably used in the development of products for contrasting wrinkle formation and skin
aging, undesired hyperpigmentation, and cellulite.
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4. Materials and Methods

4.1. Reagents and Plant Material

Cell culture reagents and other chemicals were from Sigma-Aldrich (St. Louis, MO, USA), unless
otherwise indicated. Fresh, beached residues of Posidonia oceanica (L.) Delile seagrass were collected in
autumn 2015 at Favignana Island, Sicily, under the supervision of the “Area Marina Protetta Isole Egadi”
natural reserve (Favignana, Italy). Plants were determined by one of the authors (LC) and voucher
specimens were deposited at the Herbarium of DISTAV, University of Genova, Genova, Italy (GE s.n.).

4.2. Extraction

Soon after collection, leaves were separated from shoots, cleaned manually of basal sheath and
epiphytes and rinsed in seawater, dehydrated for 36 h in a forced-ventilation oven at 42 °C, and
grounded to a particle size of about 1-2 mm. The pulverized material (100 g) was put in a beaker,
extracted under shaking in 60% aq. ethanol (1 L), and acidified with formic acid (pH 4.0) at room
temperature for 4 h. The residual of the first extraction was separated from the supernatant and
subjected to a second extraction as above. The supernatants of the two extraction steps were mixed
together, cloth filtered, and then filtered through a Duran® sintered glass filter disc (DURAN Group
GmbH, Wertheim, Germany) and vacuum-dried in a Buchi Rotavapor R-114 (Buchi Italia s.r.l,
Cornaredo, Italy) under controlled temperature (<45 °C). The dried P. oceanica ethanolic extract (PEE)
was finely pulverized with a mortar and stored at —20 °C until use. The total extraction yield was
about 10% (dw/dw).

4.3. Radical Scavenging and Total Polyphenol Assays

Radical scavenging activity of PEE was quantified by the DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay, following a well-established protocol [20]. We used an EtOH solution of DPPH 10~ M; a 4:1
DPPH: sample ratio, a reaction time of 30 min, and the absorbance was recorded at 516 nm. After linear
regression, the antioxidant activity was calculated as ICsy, i.e., the concentration needed to reduce the
initial DPPH absorbance value to half. The above data were also compared to those recorded for a
standard solution of ascorbic acid, in order to express the antioxidant power of extracts as ascorbic
acid equivalents (AAE) [28].

The total polyphenol content of PEE was determined by the Folin-Ciocalteu method as previously
reported [29]. A standard curve was obtained from gallic acid samples and total polyphenols in PEE
were expressed as mg GAE per g of dry extract.

4.4. ICP-MS

Total iodine determination in PEE was performed by inductively coupled plasma-mass
spectrometry, using a Thermo Scientific X Series 2 ICP-MS equipped with a perfluoroalkoxy (PFA)
micro-flow concentric nebulizer (Thermo Fisher Scientific, Waltham, MA, USA). The inlet system
included a PC3 Peltier chiller (Elemental Scientific, Omaha, NE, USA) and a cyclonic spray chamber.
Plasma worked at the power of 1400 W; coolant, auxiliary, and nebulizer flows were set at 14.0, 0.82,
and 0.96 L/min, respectively. The peristaltic pump ran at 30%, except for uptake and washout of
the sample, set as fast pump (100%). The Collision Cell Technology-Kinetic Energy Discrimination
(CCT-KED) mode used an H, /He 8/92 mixture, set at a flow of 5.0 mL/min.

An aliquot of 10 mg of PEE was weighed and put in a glass test tube with 0.15 mL of 69% HNO;3,
1.0 mL of 30% H,O;, and 3.0 mL of ultrapure H,O. The test tube was heated at 90 °C in a quartz sand
bath for 2 h, and then the volume of the digested solution was increased to 5.0 mL with ultrapure
water. Quantitative analysis was performed by means of calibration standard solutions in the range of
1-200 pg/L.
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4.5. HPLC-MS

High-performance liquid chromatography coupled with mass spectrometry (HPLC-MS/MS) was
performed using an Agilent 1100 HPLC-MSD lon Trap XCT system, equipped with an electrospray
ion source (HPLC-ESI-MS) (Agilent Technologies, Santa Clara, CA, USA). Separation of PEE was
performed on a Symmetry C18 column 1 mm X 150 mm with 3 pum particle size (Waters Corporation,
Milford, MA, USA). Eluents used were water (eluent A) and MeOH (eluent B), both added with 0.1%
formic acid. The gradient employed was: 5% eluent B for 5 min, linear to 40% eluent B in 35 min, then
linear gradient to 95% in 15 min, and finally hold at 95% eluent B for another 5 min. The flow rate
was set to 30 uL./min and the column temperature was set to 30 °C. The injection volume was 8 L.
Ions were detected in the positive and negative ion mode, in the 200-1000 m/z range, and ion charged
control with a target ion value of 200,000 and an accumulation time of 300 ms. A capillary voltage of
3300 V, nebulizer pressure of 15 psi, drying gas of 8 L/min, dry temperature of 325 °C, and 2 rolling
averages (averages: 5) were the parameters set for the MS detection. MS/MS analysis was conducted
using an amplitude optimized time by time for each compound.

4.6. Cell Culture

Stabilized human dermal fibroblasts (46BR.1N, Sigma-Aldrich, St. Louis, MO, USA) were used for
cell proliferation and collagen production assays. Fibroblasts were grown in DMEM, supplemented
with 10% fetal bovine serum (FBS) at 37 °C, in a 5% CO», fully humidified atmosphere.

Cells of the MeWo human melanoma cell line (ATCC, HTB-65) were used for melanin assays.
These cells were cultured in RPMI supplemented with 10% FBS, 1% glutamine, and 1% antibiotic mix,
at 37 °C in humidified 5% CO,.

Subcutaneous human preadipocytes (Zen-Bio Inc., Research Triangle Park, NC, USA) were used
for lipolysis assays. Preadipocytes were grown in Preadipocyte Medium (cat# PM-1, Zen-Bio Inc.)
according to the manufacturer’s protocol, at 37 °C in humidified 5% CO,.

4.7. Cell Viability and Proliferation Assays

PEE effects on cell viability were determined on 46BR.1N fibroblasts, MeWo cells, and adipocytes
by the MTT assay, as previously reported [30]. Cells were settled in 96-well plates for 24 h, 10,000 cells
per well, and then exposed for 48 h to a logarithmic series of PEE concentrations in DMEM, ranging
between 1 and 1000 pg/mL. After the MTT reaction, plates were read at 550 nm in a VMax microplate
reader (Molecular Devices, Sunnyvale, CA, USA).

Cell growth rates were determined on 46BR.1N fibroblasts by settling cells in 96-well plates at a
density of 5000 cells per well, and then exposing them for periods of 3 and 10 days to 10 or 20 pug/mL
PEE. At the end of exposures, an MTT assay was carried out as above, obtaining cell growth curves.

4.8. Collagen Production

The production of collagen type I by 46BR.1N fibroblasts was evaluated by ELISA as previously
reported [30]. Briefly, cells were settled in 96-well plates and incubated with 5, 10, or 20 pg/mL PEE for
48 h. Thereafter, cells were fixed with 3.7% paraformaldehyde, blocked with BSA, probed with mouse
anti-human collagen type I (ab6308, Abcam, Cambridge, UK), and then with HRP-conjugated rabbit
anti-mouse IgG (ab97046, Abcam), incubated with Pierce 1Step™ Ultra TMB ELISA Substrate Solution
(Thermo Fisher Scientific), blocked with 2 M sulfuric acid, and read at 620 nm in the microplate reader.

4.9. Cell-Free Tyrosinase Inhibition Assay

Depigmenting properties of PEE were assessed by the use of an in vitro mushroom tyrosinase
inhibition assay [31]. Aliquots of 10 uL of a solution composed of 125 U/mL mushroom tyrosinase
in phosphate buffer (pH 6.8) were added to 96-well plates, followed by 70 pL of phosphate buffer
and 60 pL of ultrapure water, or PEE dissolved in ultrapure water, in order to obtain a series of final



60

Mar. Drugs 2018, 16, 21 10 of 12

concentrations ranging between 5 and 1000 pg/mL of PEE. Kojic acid was used instead of PEE as a
positive control. Thereafter, 70 uL of 0.3 mg/mL L-tyrosine in ultrapure water was added. Blanks
without enzyme were also included for all conditions. Plates were then incubated at 30 °C for 30 min
and absorbance was read at 505 nm in the microplate reader. Percent inhibitory activity (I%) was
calculated according to the formula:

(Aen/ex - Aex)
I%=(1— —"—~———"= 1 1
" ( (Aen - Abk) X100, @

where Aoy /en = absorbance of assay mixture with extract and enzyme; Aex = absorbance of assay
mixture with extract and without enzyme; Aen = absorbance of assay mixture with enzyme and
without extract; Api = absorbance of assay mixture without enzyme and extract (blank).

4.10. Melanin Assay

Confluent MeWo cells were suspended and plated in 24-well plates (100,000 cells/well), allowed
to settle for 24 h, and then exposed to PEE at a dose of 50 ug/mL for 72 h. Treatment with arbutin
(1 mg/mL) was used as a positive control. Thereafter, the culture medium was removed, cells were
washed with PBS, trypsinized, centrifuged, and the pellet was subjected to freeze-thawing. The pellet
was then dissolved in 100 pL of 1 N NaOH and the crude extract was assayed with the microplate
reader at 505 nm to determine the melanin content. All tests were performed in triplicate.

4.11. Lipolysis Assay

The lipolytic effect of PEE was evaluated on primary human adipocytes using the ZenBio
Cellulite Treatment Screening Kit Human Adipocyte Lipolysis Assay Kit (cat# LIP-1-L1; LIP-1-NCL1,
Zen-Bio Inc., Research Triangle Park, NC, USA) for the detection of free glycerol. Pre-adipocytes were
grown as above, settled in 96-well plates, differentiated into adipocytes for one week in Adipocyte
Differentiation Medium (cat# DM-2), and maintained for a further week in Adipocyte Medium
(cat# AM-1). Fully differentiated adipocytes were incubated for 3 h with 10, 100, or 200 pug/mL
PEE, and samples of conditioned medium were then assayed for glycerol as previously reported [29].
Samples were read in the microplate reader at 550 nm. Absorbance increase is proportional to glycerol
concentration in the sample.

4.12. Statistics

Data were analyzed with the R package, version 3.0.1 (http:/ /www.r-project.org/foundation/),
using Student’s t-test with Bonferroni’s correction for multiple comparisons. The difference between
two conditions was considered significant if p < 0.05.
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6. Other Projects

Lespedeza capitata, a possible use in human’s health.

Giulia Pastorino, Diana Pinto, Annalisa Salis, Lizzianne de Francisco, Laura Cornara, Francisca Roudrigues*

Interest is growing in the study of bioactive malles from plants used in traditional medicine, Kedh by
new demand by industry (Capecka et al., 2005). mfaeket request is to search natural principles as
nutraceuticals, pharmaceuticals and cosmetics airtheof this study is to exploleespedeza capitatislichx,

a plant from Fabaceae’s family, for its possible as medicine, pharmaceutical, and food supplefioent
human’s healthL. capitata was commonly used in the tradition of native Aroanis and today some
industries use this plant as food supplement $odiitiretic action. The objectives of this study e research
of total phenols, flavonoids, the antioxidant powtbe characterization of constituents with HPLC;M8&d
also the effect on viability of gut cells. Resultem this study will provide a better understandivfgthe
antioxidant properties of this plant for furthervéstigation and development of value-added food and
nutraceuticals. In this article we focused on bénltal bioactive constituents with antioxidant atyi, that
were found in high concentrations in plants (Bataisam et al., 2006). In particular phenolic compsiare
natural sources of antioxidants (Balasundram e80D6) and present an antioxidant activity, basedheir
action against free radicals (Baydar 2013). Agoaittants, phenolics have been reported to interfgth the
activities of enzymes involved in reactive oxyggreses generation (Heim et al.,, 2002). Some ofethes

coumpounds have an antioxidant capacity strongar tifiose of vitamins C and E (Prior 2000).
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Glycyrrhiza glabra: A review of current uses and future perspectives

Giulia Pastorino, Francisca Rodrigues, Laura Cornara, M. Beatriz P.P. Oliveira*

In the last years consumers are paying much mogatan in the use of natural principles and in $berce
of new therapeutic compounds. There is a growimgastel by industry for plants used in traditional foig:

as basic medicines, pharmaceuticals, and food sogpits for human’s healtilycyrrhiza glabraLinn

belongs to the Fabaceae family and has been kniowe ancient times due to its etnopharmacologiaales
(Fiore et al., 2005)G. glabrapresents different phytocompounds, such as gl (GA, glycyrrhizic acid
or glycyrrhizinic acid), 1B-glycyrrhetinic acid (18-GA, enoxolone), glabrin A and B (GL), and isoflaes,
which are related with several pharmacologicaivé@s (Wang et al., 2013). In folk medicin®, glabrahas
been as anti-inflammatory, antibacterial, antifungatidiabetic, antiviral, antiulcer, antitussivamtioxidant,
skin whitening, and antidiuretic. The aim of theview is to provide an overview @. glabrain terms of
traditional uses, bioactive constituents, and plhaotogic activities of. Moreover, challenges ofngsthis

legume in the formulation of new compounds for hoim&ealth are also considered.
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6.1 Science Events

In parallel to the PhD project, | also worked te tlealization of popular science events at theidslella
Scienza (Fig.14). The Festival della Scienza igl lyelarly in Genova, between the end of Octoberthad
beginning of November, including conferences, wbhdgs and exhibitions aimed at bringing the public

closer to science.

K

Festival della Scienza

Fig.14 Festival della Scienza’s logo

In collaboration with my tutor Laura Cornara, | lieed two events related to botanical topics. Tingt bne
was related to my PhD research, and was calledifeldean magic?” (Fig.15). This laboratory wasadle
for all age groups and was centered on the vaaietiybiodiversity of Leguminosae. It was dividedittiree
parts, dedicated to the description of the plantilig of the flower, and of the fruit, respectivelfhere was
also an exhibition where people could see few kndtatian products and participate to a short latmya
experience on bean’s proteins. The second eveninspsed by my feeling for the Japanese cultune, @as
called “Japanese tradition and....vegetables!”. Téwhibition was focused on important plants of the

Japanese culture, especially the properties ainidaa simulation of the tea ceremony (Fig.16).

Thousands of people visited these workshops asdthked me very proud.

65



66

Fig.15 Is the bean magic?

Fig.16 Japanese tradition and...vegetables!



7. Discussion and conclusions

| have focused my research first, on the studylafts belonging to the Fabaceae family and later,
during the second year of the Phd project on tlgressP.oceanica Fabaceae have been used by
humans since ancient times for forage, soil impnoset, and food. Some species of legumes are
also known for their therapeutic virtues but othem®e used only as a crop, while being
underexploited as regards their medicinal potenRacently, some plants belonging to Fabaceae
have been included in the Belfrit list. The "Belffiroject” (from the initials of the three couns)és

an agreement between the governments of BelgiumncEr and Italy, concerning the use of
substances in food supplements and herbal prepasatihe competent authorities of Belfrit have
defined, based on current scientific evidence, mmon list of plant substances and preparations
("Botanicals") that can be used in food supplemeniss list is open to updating, with the inclusion
of plants not included yet, but admitted in at temse of the three countries. Three of the species
studied in my PhD project, nameM. officinalis L.capitata and G.glabra are included in the
Belfrit list. M. officinalis has been extensively studied and is used for uhetibnality of venous
circulation, as an anti-inflammatory, phlebotorspasmolytic, diuretic, anticoagulant, sedative, and
as an adjuvant in the treatment of diabetes (Caretal., 2016)L. capitatg is a plant widely used

in the tradition of native americans (Glyzin et #,73). It is known for its action on the drainaigfe
body fluids, and for purifying functions, functiditg of the urinary tract, cardiovascular regulatjo
and lipid metabolism.G.glabra has been known since ancient time for differergrapeutic
properties (Wang et al., 2013): anti-inflammatoayptibacterial, antifungal, antidiabetic, antiviral,
antiulcer, hepatoprotective, anticancer, antitiessantoxidant, skin whitening, and antidiureticrage
AlthoughtH. coronariumis not present in the Belfrit list, this specissised in herbal medicine too,
for astringent, vitaminizing and cholesterol-regulg properties. The gentitedysarum(=Sulla) has

a long history of use in TCM, which indicates thgdants as adaptogenic and for the treatment of
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female disorders (Dong et al., 2013; Li Zhang et2013). Asiatic species akin $ coronariashow

an enormous variety in secondary metabolites, wiileoronariahad not been studied in this sense.
Therefore, this species has been included and cladiynicharacterized in this PhD project. Plant
extracts are a rich source of compounds with ptegseuseful for human health (Duque et al., 2017,
Marques et al, 2017) and therefore, in the lastsyl@ey have been used in a growing number of
cosmetic preparations, also due to restrictionsseffor ingredients of animal origin (Fonseca et al
2015). Plant secondary metabolites like phenol$ypb@nols, and flavonoids serve as sources of
antioxidants and perform free radical scavenginde@apo et al, 2008; Shridhar et al, 2017). In
recent years, the search for phytochemicals pasgeastioxidant properties has been on the rise
due to the potential use of these agents in thalyeof various chronic and infectious diseases.In
the present Phd project, different methods werel useevaluate the total antioxidant capacity of
extracts. Total antioxidant activity was analyzegl DPPH (Djacbou et al., 2014), while more
specific activities were measured by TPC, TFC, FRédptation of superoxide anion, and captation
of hydrogen peroxide. Moreover, plants extractsenadso evaluated in different kinds of cell-based
analyses, such as: cell viability, cell prolifecati assay, enzymatic assays, collagen production,
melanin assay, cellular mobility, and lypolysisassAll these assays were performed on extracts
from M. officinalis L. capitata H. coronarium and P. oceanica Moreover, inL. capitatg H.
coronarium andP. oceanicawe also characterized the chemical compositiothefextract with
HPLC-MS. For the study dB. glabrg | focused my analysis on the antioxidant propsrtbecause
this plant has been broadly used as traditionalicmed and an ingredient in food industry,
particularly as flavour and sweetener agent. Foh eéxtract, investigations started with cell vidbpil
assays in order to individuate toxicity thresholds extract doses, or to screen potentially toxic
compounds that could affect cell functions and rholpgy. By using subtoxic doses on cells, | was

able to detect the induction of collagen productod proliferation in fibroblasts, depigmentation i
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melanoma cells, and lipolysis in adipocytes. Inatesion, the experiments carried out in this PhD
project have shown that all the examined extraoss@ss bioactivities potentially exploitable for
skin care applications, suggesting that these plaarte suitable for the development of
pharmaceutical and cosmetic products. In particdlee complex of data suggests thatcapitata
and M. officinalis extracts possess the ability to stimulate skinscahd tissue regeneration, to
prevent skin aging, and to reduce fat depositiamehth the skin, frequently leading to celluliteisit
possible that these effects could be related tgtesence in both extracts of flavonoids, whichenhav
been previously reported to mediate similar acti@rs the other hand, differences in the strength of
effects were also observed, possibly dependinghenpresence of specific constituents Nh
officinalis andL. capitata The doses at which the effects were observecethfrgm 5 to 50 g/mL.,
which is compatible with pharmacological uses. €fae, both extracts could be profitably
exploited in skin care and pharmaceutical applicestj possibly in combined formulations, e.g. for
the development of antiage and anticellulite préslu©ur data also provide thit coronariumis
suitable for the development of pharmaceutical eosimeceutical products targeting major skin
problems, such as inflammatory, degenerative amihggprocesses, or the insurgence of cellulite.
However, the results concerniy coronariumshow that the geographical origin of plants is an
important factor to be considered for maximally lexpng the biological properties of the species.
Finally, data obtained with ethanolic extract o $feagrasB. oceanicandicate that this plant can
be profitably used in the development of produotscbntrasting wrinkle formation and skin aging,
undesired hyperpigmentation, and cellulite. Thessilts are completely new in the framework of
studies concerning the biological properties oftpbgmplexes and their applications, given that

seagrasses are poorly investigated from this pdiview.
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