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Abstract  

Since the beginning of human cultivation, the role of plants in medicine has been of huge importance. The aim 

of this PhD Project is to investigate some forage plants belonging to the family of Fabaceae to gain knowledge 

concerning their possible use in nutraceutical, pharmaceutical and cosmetics field. These plants have been 

chosen because they are characterized by great productive potential, but they are still under-exploited from the 

officinal and industrial point of view. They are also a potential source for the extraction of bioactive 

compounds with possible pharmaceutical and cosmetic applications (Rodrigues et al., 2013;Cornara et al., 

2016), being generally rich in secondary metabolites such as alkaloids, amines, flavonoids, coumarins, 

condensed tannins and saponins (Burlando et al., 2010; Pastorino et al., 2017) To increase their use also in the 

industrial sector and, consequently, their commercial value, the study has focused on the identification of 

bioactive compounds with possible interest in human health. In this study a multidisciplinary approach was 

carried out, investigating several aspects such as antioxidant, antilipidemic and cytotoxicity strength, content 

of total phenols and flavonoids. In this PhD Project we studied four species of legumes: Melilotus officinalis 

(L.) Pall., Lespedeza capitata Michx., Sulla coronaria (L.) Medik and Glycyrrhiza glabra L. Thanks to a 

collaboration with Egadi S.r.l., Favignana, Italy, we also concentrated our study to another kind of plant, 

belonging to the family of Potamogetonaceae: Posidonia oceanica (L.) Delile. The species has shown 

bioactivities suitable for the development of cosmetic and dermatologic applications. In summary, the results 

of these investigations show new opportunities to exploit the plants studied plants in bioindustry processes, 

possibly increasing their commercial value. 
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1. Introduction  

In the last years consumers are paying much more attention in the use of natural principles and in the source 

of new therapeutic compounds. Fabaceae are used by humans since ancient times for forage, soil 

improvement, and food. These plants are known for their ability to fix nitrogen by symbiosis with Rhizobium-

type bacteria hosted at their radical nodules so they use, also today, in the agricultural field. This symbiosis is 

very important because the bacteria can fix atmospheric nitrogen converting it into ammonia that can be 

incorporated by the plant and then used for protein synthesis. A greater interest in the study of plants used in 

traditional medicine, is growing and the use of natural principles is attracting interest in the care of the person 

and in the prevention of disease (Capecka et al., 2005). Unfortunately, despite a long tradition of using 

legumes as fodder, their biological effects, particularly on skin cells, were almost unknown. During the first 

year of my PhD Project (2014/2015), commercial extracts of Melilotus officinalis and Lespedeza capitata 

were tested on different cell types to evaluate effects on cell proliferation. During the second year of the 

research, we carried out other types of tests on these two plants and we added to our research a third forage 

legume collected in two distinct locations in Italy: Sulla coronaria L. Medik. (basionym of Hedysarum 

coronarium). To have a complete vision we studied extracts from the plant, evaluating their cytotoxicity and 

cell-proliferation induction-inhibition test, and in addition enzymatic assays, induction of type I collagen 

production by ELISA method and antilipidemic activity. Also in the second year, thanks to a collaboration 

with the cosmetic manufacturer Egadi S.r.l., Favignana, Italy, an Italian industry, Maressentia 

(www.maressentia.it), we studied an extract from the seagrass Posidonia oceanica. During the last year we 

started a study of another plant belonging to the Fabaceae’s family: Glycyrrhiza glabra L. In addition, we 

evaluated antioxidant properties and HPLC-MS of Lespedeza capitata and Sulla coronaria, especially thanks 

to the collaboration with the University of Pharmacy of Porto, Portugal 

(https://sigarra.up.pt/up/pt/web_base.gera_pagina?p_pagina=ffup), and the CEBR Center at the University of 

Genova (http://www.cebr.unige.it/). 
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2. Background 

Fabaceae is a family of great interest, which is second only to that of Gramineae for economic importance. 

The use of legumes in the pastures and the improvement of the land is traced back to the time of Romans with 

Varrone, who in 37 a.C said: "Legumes should be planted in light soils, not so much for their own production 

as for the good they make for subsequent crops". In addition to traditional food and feed, legumes can be 

ground in flour for culinary use. Cohen (1977) reported the lentil domestication (Lens esculenta) in a site 

dating back to 9,500-8,000 years ago in Iran; Roosevelt et al. (1996) reported the use of Hymenaea as a source 

of food in Amazonian prehistory. Bean (Phaseolus vulgaris) and soybean (Glycine max), respectively basic 

cultures in the Americas and Asia, were domesticated more than 3,000 years ago (Kaplan and Lynch, 1999). 

Some legumes are industrially used to prepare biodegradable plastics, oils, rubbers, dyes and inks. Some 

legume fodder species contain a high percentage of proteins, while others are also known for medicinal 

properties (Duke, 1992; Kennedy, 1995; Molteni et al., 1995; Mucciarelli, 2011;Stoddard, 2013).  
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3. Aims 

This PhD Project, aims to identify the biological properties of legume extracts and to increase the use of 

these plants for nutraceutical, pharmaceutical and cosmetic purposes. We know that plants combining 

ethnobotanical background, phytochemical pedigree, and large biomass availability are an obvious first 

choice in this kind of studies. Over the last years, the herbal market has rapidly increased with the search for 

bioactive secondary metabolites from botanical sources for health care purposes. Such a tendency is further 

supported by the idea that many natural compounds, due to the huge chemodiversity of plants, may be more 

biocompatible and involve less adverse effects than synthetic or toxic drugs. For these reasons many surveys 

have been conducted that aim at finding natural ingredients with possible applications as food additives or 

medicine. The search for natural principles, is attracting also an ever-growing interest in the field of skin 

care. In a screening of new possible active principles for the development of cosmetics, this study has been 

focused on legume fodder crops and other high-productivity plants. For our studies we used the extracts of 

four plants belonging to the Fabaceae’s family: M. officinalis, L. capitata, S. coronaria and G. glabra. We 

focused the research also on Posidonia oceanica (L.) Delile, family Potamogetonaceae. In order to study the 

properties of extracts, we selected a battery of analyses oriented to characterize the chemical profile of plant 

extracts and to reveal biological activities inherent to skin care applications. Chemical characterizations 

were conducted by evaluating antioxidant properties, radical scavenging and phenolic contents. More 

detailed analyses were carried out by HPLC-MS technique. Biological properties were explored by first 

assessing cytotoxicity thresholds of extract doses and then evaluating extract effects on main enzymes and 

components involved in skin matrix homeostasis and skin pigmentation. In addition cell motility and 

lipolysis activities were also tested. 
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4. Materials and methods  

Cell culture reagents and other chemicals were from Sigma-Aldrich (St. Louis, MO, USA), unless otherwise 

indicated. For our tests in vivo, we used different kinds of cells cultivated at the laboratories of CNR, Genova 

(IBF-CNR), Italy, or at the Department of Pharmacy, University of Porto, Porto, Portugal. For this research 

we used M. officinalis, L. capitata and G. glabra’s industrial extracts. 

- 70% ethanolic industrial powder extract from aerial parts of M. officinalis (CAS 84082-81-5) were 

purchased from Farmalabor Srl (Canosa di Puglia, Italy). According to the manufacturer, M. 

officinalis extract contains 1% of coumarin and undetermined flavonoids and sapogenins.  

- 70% ethanolic industrial powder extract from aerial parts of L. capitata (CAS 84837-05-8) were 

purchased from Farmalabor Srl (Canosa di Puglia, Italy). According to the manufacturer, L. capitata 

extract contains 4% of flavonoids and undetermined catechols and condensed tannins.  

- 70% ethanolic industrial powder extract from the root of G. glabra (CAS 84775-66-6), were 

purchased from EPO Istituto Farmochimico Fitoterapico S.r.l (Milano, Italy). According to the 

manufacturer, G. glabra extract contains 10% of triterpenes saponins (especially glycyrrhizin) and 

undetermined flavonoids and coumarins.  

- Samples of S. coronaria were collected from two different localities in Italy: Pisa and Ventimiglia. 

- Samples of P. oceanica were collected from Egadi islands, Sicily. 
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4.1 Plants of investigation 

For our studies we used four plants belonging to the Fabaceae’s family: M. officinalis, L. capitata, S. 

coronaria and G. glabra. The Fabaceae include many species (over 10000), widespread in temperate-cold and 

tropical regions. These are trees, shrubs, grasses, with leaves in general alternate, provided with stipules, 

which can be modified. The flowers, gathered in indefinite inflorescences, have a chapeau-shaped or 

zygomorphous aspect and a pentameral corolla, formed by a larger banner, two wings, and two petals partially 

welded in a hull. The fruit is a legume or modification of this: for example, a loment when the seeds are 

separated by transverse septa, an achene in the case of monospermous fruits, a indehiscent legume.  

For this project of PhD, we used industrial extracts of M. officinalis, L. capitata and G. glabra. Thanks to a 

collaboration with the University of Pisa (Pisa, Italy) and the Hanbury Botanical Gardens (Ventimiglia, Italy), 

we collected plants of S. coronaria from two different localities in Italy: Pisa and Ventimiglia. This plant was 

incuded in the study because many species of its genus have long-term use in Traditional Chinese Medicine, 

and 155 different compounds of biological interest have been identified in the genus (Dong et al., 2013). 

During my PhD Project I also studied Posidonia oceanica, belonging to the family of Potamogetonaceae, 

collected from Egadi islands, Sicily thanks to a collaboration with the cosmetic manufacturer Egadi s.r.l.  
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4.1.1 Melilotus officinalis (L.) Pall  

M. officinalis (yellow sweet clover) is a biennial herbaceous plant, 50-150 cm tall, endowed with a taproot 

and an erect stem, alternate trifoliate leaves and yellow, fragrant flowers (Fig.1). Its typical aroma is due to 

the presence of coumarins. In addition to coumarin, the plant produces other known bioactive compounds, 

including: scopoletin, umbelliferone, melilotin, kaempferol, quercetin and various phytosterols and triterpenic 

sapogenins (Yang et al., 2014). The species is spontaneous in Europe and is one of the main plants cultivated 

in Italy, with a production of about 205,000 kg per year. It has been included in the Belfrit list, an agreement 

between the governments of Belgium, France and Italy, concerning the use of substances in food supplements 

and herbal preparations. The plant is extensively studied and traditionally used as an anti-inflammatory, 

phlebotonic, spasmolytic, diuretic and sedative (Burlando et al., 2010). It is used for the functionality of 

venous circulation and microcirculation, for the drainage of body fluids, as urinary disinfectant, to facilitate 

the digestive process, in anxiety states and to promote sleep. It contains melilotoxin and coumarin acting as 

anticoagulants (Chae et al., 2003), while the coumarin derivative dicumarol has been used as a model 

molecule for the development of Warfarin, an anticoagulant rodenticide and widely used drug (Kresge et al., 

2005). M. officinalis has also skin soothing and anti-inflammatory effects (Dweck, 2011), making it a 

commonly used remedy for skin health in Russia and Central Asia (Mamedov et al., 2005). Finally, data have 

been provided claiming for benefits in the treatment of diabetes (Chorepsima et al., 2013).     
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4.1.2 Lespedeza capitata Michx.  

Lespedeza capitata (roundhead bushclover), native to eastern North America, is a perennial herb plant up to 

1.5m tall, widely used as livestock forage (Fig.2). This plant was a common medicine in the tradition of North 

American natives. According to ISMEA (2013), it is included in the list of species grown in Italy by 

companies of the Federation of Italian Manufacturers of Medicinal Plants FIPPO (2012), and is also included 

in the Belfrit list. Some industries also use this plant as food supplement for its diuretic action, drainage of 

body fluids, purifying functions, regulation of urinary tract and cardiovascular function, and lipid metabolism. 

Different authors have reported the richness of L. capitata in flavonoids and tannins (Calo et al. 1969; Glyzin 

et al. 1970; Wagner et al., 1972). These compounds are presumably responsible of the plant’s positive effects 

on tissue draining, kidney and cardiovascular diseases (Wagner et al., 1972; Yarnell, 2002), and diabetes 

(Linard et al. 1982). L. capitata has been traditionally used by American natives since ancient times (Linard et 

al. 1982; Moerman 1998; Haddock 2005). The Omaha and Ponca tribes burned pieces of moistened stem on 

the skin as a counter-irritant to treat rheumatism and neuralgia (Linard et al., 1982). The Comanches boiled 

the leaves for a beverage tea beneficial to sick people (Carlson and Jones 1940), while the Meskwaki used the 

root as an antidote against poison (Smith 1928; Linard et al., 1982; Foster et al., 1990). The Iroquois used the 

whole plant in combination with Euonymus obovata for stricture (Herrick 1995). In the early 18th century the 

plant was officially prescribed for nephritis in the United States, while it had been included for centuries in the 

traditional pharmacopoeia as a remedy for kidney diseases (Burlando et al., 2010). In fact, different authors 

had reported that L. capitata has the ability to lower blood cholesterol levels, as well as to remove nitrogenous 

compounds from the blood (Gilmore 1977; Kindscher 1992). L. capitata also exerts positive effects on 

diabetes (Jorge, Horst et al. 2004) and tissue draining, kidney and cardiovascular diseases (Wagner et al., 

1972; Yarnell 2002). In the “Preliminary listing of Medicinal and Economic Kansas Plants” Smythe studied 

this plant as a diuretic and emetic (Smythe 1901).  Different authors have reported that L. capitata promotes 

the renal excretion of urea and chloride (Yarnell 2002; Gwaltney-Brant 2016). Pastorino et al. evaluated the 

skin effects of L. capitata  (Pastorino et al., 2017) while Villa reported that its flavonoids exert a free radical 

scavenging activity that protects collagen from injurious processes induced by chronoaging and UV exposure 
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(Villa 2002). Antitumoral activity against Walker

et al., 1972). Actually, in Europe, different food supplements are available with this plant

diuretic action, however, the individual bioactive compounds responsible for this action, as well as their 

mechanisms of action are almost unknown. 

 

 

  

       

 

Fig.1  Plant of Melilotus officinalis (L.) Pall
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Fig.2 Plant of Lespedeza capitata
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Lespedeza capitata Michx.  
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4.1.3 Sulla coronaria (L.) Medik 

Sulla coronaria (L.) Medik (synonym Hedysarum coronarium L.) is native to the western Mediterranean area. 

Italy is the only Mediterranean country where this plant is widely cultivated as fodder, especially in the 

central-southern area, while it is also frequent as adventitia (Fig.3). The plant can be found in different  Italian 

regions, including Liguria, Emilia-Romagna, Tuscany, Umbria, Marche, Lazio, Abruzzo, Molise, Campania, 

Puglia, Basilicata, Calabria, Sicily, and Sardinia. It is a legume very appreciated from the agricultural point of 

view for soil improvement and fertilization. Species allied to S. coronaria, of Asian origin, show a vast 

variety of secondary metabolites (Dong et al., 2013), while S. coronaria has not been studied yet in this sense. 

Therefore I started my research on this species characterizing it from the chemical point of view. Due to its 

high protein value and tannin content, the plant is used to reduce gastrointestinal infections of pasture animals 

such as cattle or poultry (Bonanno et al., 2010). The Hedysarum genus has a long history of use in TCM, 

indicating these plants as adaptants and for treating female disorders (Dong et al., 2013; Li Zhang et al., 

2013). Today S. coronaria is used in herbal medicine for its astringent, vitaminizing, and anti-

hypercholesterolemic properties. Leaves and flowers, especially in Sicily, are used for mixed raw salads, 

which have nourishing properties, to prepare flans, omelettes and various soups. It is also considered to be an 

excellent melliferous plant. The honey deriving from it has a very light color and delicate smell and taste, 

because it contains high quality fructose and numerous trace elements, such as zinc, copper, magnesium, iron, 

and manganese. Sulla honey has also other positive effects, such as laxative properties, facilitates diuresis and 

is particularly suitable for babies and nursing mothers. The presence of pollen of S. coronaria in honey is 

considered a marker of Italian origin of the product. 

 

 

 

 

 



16 

 

 

4.1.4 Glycyrrhiza glabra L.  

Glycyrrhiza glabra is known from ancient times due to its etnopharmacological value and its therapeutic 

properties, which have been documented since the ancient Egyptian age (Fig.4). This species is native from 

the Mediterranean areas, but it is also present in India, Russia and China. G. glabra is a typical herbaceous 

perennial, growing to 1.0 m in height, with pinnate leaves about 7–15 cm long. The flowers are purple to pale 

whitish blue, forming a hermaphroditic inflorescence, and are pollinated by insects. The fruit is an oblong 

legume, 2–3 cm long, containing several seeds. The roots of G. glabra are the most used parts, while leaves 

are considered an agrochemical waste. G. glabra present different phytocompounds, such as glycyrrhizin 

(GA, glycyrrhizic acid or glycyrrhizinic acid), 18β-glycyrrhetinic acid (18β-GA, enoxolone), glabrin A and B 

(GL), and isoflavones, which are responsible of several pharmacological activities (Wang et al., 2013). In folk 

medicine, G. glabra is used as anti-inflammatory (Harwansh et al., 2011;Yang et al., 2017), anti-bacterial 

(Wang et al., 2015), anti-fungal (Motsei et al., 2003), anti-diabetic, antiviral (Wang et al., 2013; Wang et al., 

2015)., anti-ulcer (Shalaby et al., 2004; Jalilzadeh et al., 2015), hepatoprotective (Huo et al., 2011;Li et al., 

2011), anticancer (Ohtsuki et al., 1992; Sheela et al., 2006; Lee et al., 2008), antitussive (Jahan and Siddiqui 

2012; Damle 2014), anti-oxidant (Chin et al., 2007;Rackova et al., 2007; Varsha et al., 2013), skin whitening, 

and antidiuretic agent (Saeedi et al., 2003). In addition, liquorice extracts may have potential therapeutic value 

for the management of depressive disorders. Recent studies have shown that the extract produces significant 

antidepressant-like effect in mice in forced swim test (FST), and tail suspension test (TST) (Dhingra and 

Sharma 2006). Thanks to her taste, liquorice has also been traditionally used as an artificial sweetener, thus 

helping such conditions as diabetes mellitus (non-insulin dependent) (Liu et al., 2013; Xie et al., 2015). 

Actually, the most important industrial use of G. glabra is in the production of additives such as flavours and 

sweetening agents. Its roots are commonly used as food flavoring for American-type tobaccos, chewing gums, 

candies, baked goods, ice cream, and soft drinks (Wang et al., 2013; Sauceda et al., 2016; Rizzato et al., 

2017). In beers and fire extinguishers root extracts are used as foaming agents. The fibers obtained from the 

roots are used for insulation, wallboard and boxboard, after removing medicinal and flavoring constituents. 
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Fig.3 Plant of Sulla coronaria (L.) Medik, details of leaves and pollen

 

 

 

(L.) Medik, details of leaves and pollen ( Leica M205C st

Fig.4  Plant of Glycyrrhiza glabra 

 

( Leica M205C stereo microscope 20x )  

Glycyrrhiza glabra L. 
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4.1.5 Posidonia oceanica (L.) Delile  

Posidonia oceanica (L.) Delile, family Potamogetonaceae, is a long-living, slow-growing, endemic 

Mediterranean seagrass forming extensive meadows in coastal shallow waters and tolerating temperatures 

ranging from 10 to 28 ºC (Fig.5). Posidonia meadows cover an area between 25,000 and 50,000 km2 of coastal 

sea bottom, which corresponds to about 25% of the seabed from 0 to 45 meters depth. The species has 

characteristics similar to terrestrial plants, with roots, rhizomatous stem, and ribbed leaves. The roots are 3-4 

mm thick, are long up to 40 cm, and very branched. The leaves, bright green, become brown with growth, and 

when they are old and partially degraded, remain wrapped to rhizomes forming a hairy sheath. Leaf remains 

can be frequently found beached in the form of roundish fibrous formations, technically called “egagropili”. 

The plant blooms in October, when inflorescences can be observed underwater, even if little showy; fruits (sea 

olives) detach at ripening and fall to the bottom where they are degraded and seeds can sprout. The plant 

undergoes massive leaf loss in autumn, giving rise in some areas to conspicuous beach deposits. The generic 

name Posidonia derives from the Greek Poseidon (Ποσειδών), the god of sea, while the specific oceanica 

epithet indicates the wider distribution that the species had in the past compared to the current one. It is 

surprising to think that in the past this natural resource was exploited in multiple ways: Pope Julius III spread 

the use of posidonia leaves as a padding of cushions and mattresses, which were thought to be repellent for 

pests, and seemed to have beneficial effects on irritated skin and respiratory infections. In Venice, dry 

posidonia was used as a packaging to protect the famous Murano glassware during transport. The plant has a 

considerable ecological importance, since it provides a suitable habitat for a community of organisms that 

could not survive on sandy bottoms, also protecting them from predation. The covering of the leaves and the 

intertwining rhizomes and roots stabilize the seabed and create an ideal microhabitat for flora and fauna, 

increasing the biodiversity of coastal areas (Borum et al., 2004).  Studies conducted with HPLC have shown 

that in the young leaves there is a high concentration of chicoric, p-coumaric, vanillic and ferulic acids, while 

mature leaves contain higher amounts of gentisic, caffeic and cinnamic acids (Haznedaroglu and Zeybek, 

2007). 
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4.2 Extraction Protocols 

A good part of my PhD project was based on the setup of extraction protocols to be applied to S. coronaria 

and P. oceanica samples collected in the field, in order to obtain fractions to be tested for their bioactivity on 

skin cells and enzymes. Of three plant species (M. officinalis, L. capitata, G. glabra) I used commercially-

available ethanol extracts suitable for the experimental activities. 

 

4.2.1 Extraction of Sulla coronaria 

S. coronaria has been collected at two different locations in Italy: Ventimiglia and Pisa. 

This was made possible thanks to the collaboration with the Hanbury Botanical Gardens and the University of 

Pisa. The protocol of extraction of this plant is based on literature reports, based on a mixture of solvents 

(Terrill et al., 1992). Samples of S. coronaria were first cleaned and dried, at room temperature in a protected 

place. For the extraction only aerial parts were used (flowers, leaves): 25 g of plant material, 2ml of water, 

100ml of MTBE, 70ml of ethyl acetate, 60ml of acetone. The total extraction yield was about 4% (dw/dw) 

(Fig.6). 

 

 

Fig.5 Underwater meadows of Posidonia 

oceanica (L.) Delile 
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4.2.2 Extraction of Posidonia oceanica 

Fresh, beached residues of P. oceanica leaves were collected in autumn 2015 at Favignana island, Sicily, 

under the supervision of the “Area Marina Protetta Isole Egadi” natural reserve (Favignana, Italy). Soon after 

collection, leaves were separated from shoots, cleaned manually of the 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 and extracted under shaking at RT for 4 h in 

60% aq. ethanol (1 L) acidified with formic acid (pH 4.0). 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, filtered again through a Duran® sintered glass filter disc, and 

vacuum-dried in a Buchi Rotavapor R-114 (Buchi Italia s.r.l.) 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). 

 

 

 

     

 

 

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 biochemical bioactive constituents with antioxidant and free-

radical neutralizing activity, which are commonly found in plants (Balasundram et al., 2006). In particular, 

phenolic compounds are natural sources of antioxidants (Balasundram  et al., 2006). As antioxidants, 

phenolics have been reported to be able to interfere with the activities of enzymes involved in reactive oxygen 

species generation. 

 

4.3.1 DPPH radical scavenging assay 

The DPPH radical scavenging assay is mostly applied to antioxidant capacity of plant extracts (Guimaraes et 

al., 2010). DPPH (DPPH •, 2,2-diphenyl-1-picrylhydrazyl) is known as a stable free radical possessing a 

characteristic maximum absorption between 515 and 517 nm . Its stability is due to the delocalization of the 

unpaired electron present on the nitrogen atom of the molecule.  When DPPH• reacts with an antioxidant 

compound, which can donate hydrogen, it is reduced and changes its color (from violet to yellow). A 

calibration curve was prepared with Trolox (linearity range: 2.5–100 µg/mL, R2 > 0.996). The antioxidant 

capacity based on the DPPH free radical scavenging ability of the extract was expressed as µmol Trolox 

equivalents per gram of plant material on db. For this experiment 18,25 mg of DPPH dissolved in a solution of 

EtOH/acetate of sodium 2:1. The reaction mixture on 96 wells plate consisted of a solution of the serial 

dilutions of the different samples (30 µL) and a methanol solution (270 µL) containing DPPH radicals 

(6 × 10−5 mol/L). The mixture was left to stand for 30 min in the dark. The reduction of the DPPH radical 

was determined by measuring the absorption at 525 nm (Guimarães et al., 2010) in 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 a ferric 2,4,6-tripyridyl-s-triazine complex (Fe3+-TPTZ) to the 

ferrous form (Fe2+-TPTZ) (Benzie and Strain 1996; Pellegrini et al., 2003). The analysis was conducted in 96 

well plates and the reaction mixture consisted of extracts with appropriate dilution (35 µL) and 265 µL of 

FRAP reagent (10 mL of  0.3 M sodium acetate buffer at pH 3.6, 1 mL of 10 mM TPTZ solution, and 1ml of 

20 mM of FeCl3·6H2O solution). A calibration curve was prepared with 1 mM ferrous sulphate in distilled 

water. The mixture was incubated for 30 minutes at 37 °C, and the increase in absorbance was measured at 

595 nm in the microplate reader (BioTeck Synergy HT).   

 

4.3.3 Determination of total phenolic content (TPC) 

 Total phenolic content (TPC) was determined spectrophotometrically according to the Folin–Ciocalteu 

procedure (Singleton and Rossi 1965) with minor modifications (Alves et al., 2010). This assay is rapid and 

easy to perform, but it presents some drawbacks due to interference with some substances (Prior et al., 2005; 

Wong, et al., 2006). Stock solutions were prepared by dissolving gallic acid (1mg/mL) or extracts in distilled 

water. A solution of 7.5% of sodium carbonate was also prepared. In a microplate of 96well, 30ul of Acid 

gallic/extracts at different dilutions was mixed with 150ul of Folin-Ciocalteu (1:10) and 120ul of 

Na2CO37,5%. Water without Folin-Ciocalteu was used as a blank. A standard curve was obtained from gallic 

acid 1000ppm. The increase in absorbance was measured 765 nm in the microplate reader (BioTeck Synergy 

HT), the blue color of the reaction products has a maximum absorption around the wavelength of 760 nm. The 

total phenolic content (TPC) of the extracts was expressed as mg of gallic acid equivalents (GAE) per 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 by a colorimetric assay according to Zhishen et al. (Zhishen et 

al., 1999). Stock solutions were prepared by dissolving 5 mg of catechin (500 ppm) or extracts in ultrapure 

water. Solutions 1% NaNO2, 5% AlCl3, and 1M NaOH were also prepared. The reaction mixture on 96 well 

plate consisted of 30 µl of catechin or extracts at different dilutions, 75 µl of ultrapure water and 45 µl of 5% 

NaNO2. After 5 minutes 45 µl of 5% AlCl3 were added and after 1 min, 60 µl of 1M NaOH and 45 µl of water 

were also added. Catechin was used as a reference standard.  The absorbance was read at 510 nm using the 

microplate reader (BioTeck Synergy HT). Total flavonoid concentration (TFC) was expressed as mg of 

catechin equivalents (CAE) per gram of plant material. 

 

4.3.5 Captation of superoxide anion radical  

This assay was performed using a 96 well plate with different reagents: 19 mM phosphate buffer, pH 7.4, 

NADH (β-nicotinamide adenine dinucleotide, reduced dipotassium salt, Sigma N45005), NBT 

(nitrotetrazolium blue chloride, Sigma N6876), PMS (phenazine methosulfate, Sigma P9625). Quercetin, 

ascorbic acid and Tiron (4,5-Dihydroxy-1,3-benzenedisulfonic acid, Sigma 17, 255-3) were used as reference 

standards.  The reaction mixture consisted in 50 µl of extracts at different dilution, 50 µl of NADH, 150 µl of 

NBT and 50 µl of PMS. A mixture of phosphate buffer, NADH, NBT, and PMS was used as control, while a 

mixture of phosphate buffer, NADH and NBT as blank. The 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, using phosphate buffer 19 mM, pH 7.4, 50mM Tris-HCl, 800 µM 

lucigenin (N, N’-Dimethyl-9-9’-biacridium dinitrate-Sigma, M8010), and 30% hydrogen peroxide. Quercetin 

and ascorbic acid were used as reference standards.  The reaction mixture consisted of 91.5 µl of Tris-HCl, 
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50µl of extracts at different dilutions, 100 µl of lucigenin, and 8.5 µl of 30% hydrogen peroxide. A mixture of 

Tris-HCl, phosphate buffer, lucigenin and 30% hydrogen peroxide was used as control, while a mixture of 

Tris-HCl, phosphate buffer, and lucigenin was used as blank. The luminescence was read for 5 min using the 

microplate reader (BioTeck Synergy HT). 

 

4.4 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). Separation of PEE extract was performed on a Symmetry C18 column 1×150 mm with 3 µm 

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 other 5 min. 

The flow rate was set to 30 µL/min and the column temperature was set at 30 °C (Fig.7). 

  

The injection volume was 8 μL. 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 msec. 

A capillary voltage of 3300 V, nebulizer pressure of 15 psi, 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 optimized time by time for each compound. HPLC/MS analysis was conducted 

Fig.7 HPLC/MS pattern of 

the  instrument 
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only for S. coronaria, L. capitata, and P. oceanica, due to the abundance of data concerning M. officinalis and 

G. glabra present in the literature. The spectra resulting from all the acquired analyses were analysed 

qualitatively using the tools of the LC/MSD Trap software 5.3 (Fig.8). 

 

 

 

 

The identification was performed by taking bibliographic data as reference and comparing the molecular 

masses obtained from the extracts. Data present in online databases such as MassBank (High Quality Mass 

Spectral Database) were also used. Once the mass of the compounds was obtained, I tried to identify them 

based also on data reported in the literature (Dong et al., 2013;Brito et al., 2014). This has allowed to identify 

several characteristic compounds of S. coronaria .  

 

 

 

 

 

 

 

 

Fig.8 HPLC/MS Spectra of S.coronaria obtained with the LC/MSD Trap software 
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4.5 Cell viability 

The study of cell viability was performed on different kind of cells (e.g. Fig.9) using the MTT assay at the 

University of Genova, Italy, and the MTS assay at the University of Porto, Portugal. These methods are 

commonly used to quantify cell viability in multi-well plates, based on the measurement of a marker activity 

associated with viable cells (Sittampalam et al, 2004). A variety of tetrazolium compounds have been used to 

detect viable cells. The most commonly used include: MTT, MTS, XTT, and WST-1. MTT is positively 

charged and readily penetrates viable eukaryotic cells, while MTS, XTT, and WST-1 are negatively charged 

and do not readily penetrate cells. These latter are typically used with an intermediate electron acceptor that 

can transfer electrons from the cytoplasm or plasma membrane to facilitate the reduction of the tetrazolium 

into the colored formazan product.  

 

 

 

 

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

The study of cells viability was performed with 

on the cell lines HACAT (stabilized human dermal keratinocytes)

fibroblasts) , SC587 (stabilized human dermal fib

(stabilized melanoma cell line), REN

and adipocytes.  The MTT test is a colorimetric assay used to measure the activity of enzymes that reduce 

MTT to formazan (Fig.10, 11). 

 

 

 

 

Cells were settled in 96-well plate (TPP, tissue culture testplate) 

medium for 24 h. Cells were incubated at 37

extracts dissolved in culture medium, ranging between 50

with PBS and then the number of viable cells evaluated by adding the MT

37 °C. Control was determined by cells incubat

570 nm using a multi-plate reader (Molecular Devices V Max)

by comparing the absorbance of the control (untreated cells) with that obtained from cells treated with 

Fig.10 Reduction of MTT to formazan

The study of cells viability was performed with (3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolyl) 

tabilized human dermal keratinocytes), 46BR1N (stabilized h

uman dermal fibroblasts), MEWO (stabilized melanoma

REN (mesothelioma cell line), MCF7 (breast cancer), 

The MTT test is a colorimetric assay used to measure the activity of enzymes that reduce 

well plate (TPP, tissue culture testplate) at a density of 25 ×

ells were incubated at 37 °C and exposed for 24 h or 48h to increasing concentrations of 

extracts dissolved in culture medium, ranging between 50µg/mL–1500 µg/mL. Thereafter

and then the number of viable cells evaluated by adding the MTT reagent and incubating for 3

°C. Control was determined by cells incubated with culture medium only. The absorbance was measured at 

(Molecular Devices V Max). The percentage of cell viability was computed 

by comparing the absorbance of the control (untreated cells) with that obtained from cells treated with 

Reduction of MTT to formazan during the MTT assay 

diphenyltetrazolyl) assay 

tabilized human dermal 

melanoma cell line), MeCOP 

, PC3 (prostate cancer), 

The MTT test is a colorimetric assay used to measure the activity of enzymes that reduce 

 

× 103 cells per mL culture 

to increasing concentrations of 

Thereafter, cells were washed 

reagent and incubating for 3 h at 

. The absorbance was measured at 

The percentage of cell viability was computed 

by comparing the absorbance of the control (untreated cells) with that obtained from cells treated with 
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different concentrations of extract. The effect of extracts on cell viability was expressed as EC50. 

 

 

 

  

 

     

4.5.2 MTS assay 

The study of cells viability was performed with 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-

(4-sulfophenyl)-2H-tetrazolium (MTS) assay on the Caco-2 and HT-29 cell lines. Cells were settled in 96-well 

plates and treated and incubated as above, except that MTS reagent was used and absorbance was measured at 

490 nm with background subtraction at 630 nm in the microplate reader (BioTeck Synergy HT). 

 

4.5.3 Proliferation assay  

Cultured human fibroblasts and keratinocytes were treated with subtoxic doses of the extracts (0, 5, 10, 20 

µg/ml) to evaluate effects on cell proliferation, by MTT assay. Cells were plated in 96-well plates at a density 

of 5,000 cells per well, and then exposed to different extract dilutions at 37 °C for a period of 3 and 10 days. 

Fig.11 Mechanism of action of MTT assay 
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At the end of exposures tested with MTT, by using a multi-plate reader (Molecular Devices V Max), obtaining 

cell growth curves. 

 

4.6 Enzymatic assay  

Our enzymatic assays were conducted to test extract ability of modulating the activity of certain enzymes that 

play key roles in the skin. These tests included: collagenase, elastase, hyaluronidase and tyrosinase assays, 

and were conducted on 96-well plates.  

 

4.6.1 Collagenase assay  

The collagenase assay was conducted by following the protocol provided by Sigma-Aldrich with some 

modifications. Enzyme inhibition was evaluated at room temperature using FALGA (N-(3-[2-furyl] acryloyl)-

Leu-Gly-Pro-Ala) as a substrate. The reaction mixture (final volume 225 ul) was prepared by mixing 50 mM 

Tris pH 7.5, 10 mM CaCl2, 400 mM NaCl, 0.8 mM FALGPA (Sigma-Aldrich F5135), extracts at various 

final concentrations, and 0.16 U/mL collagenase from Clostridium histolyticum (Sigma-Aldrich C0130). After 

10 min, plates were read at 345 nm in a Pro Tecan Genios plate reader (Tecan, Wien, Austria). Finally, the 

percentage of inhibitory activity was calculated.  

 

4.6.2  Elastase assay  

This enzyme assay was carried out at room temperature using N-succinyl-Ala-Ala-Ala-p-nitroanilide (Suc-

Ala3-PNA) as a substrate. The reaction mixture (final volume 225 ul) was prepared by mixing 200 mM Tris 

pH 8.0, 10 mM Suc-Ala3-pNA (Sigma-Aldrich S4760), extracts at various final concentrations as specified, 

and 2 U/mL elastase from pig pancreas (Sigma-Aldrich E1250). After 15 min, plates were read in the Tecan 

plate reader at 410 nm. Finally, the percentage of inhibition was calculated.  
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4.6.3 Hyaluronidase assay  

The inhibition of type I hyaluronidase was evaluated using as hyaluronic acid substrate. A volume of 0.75 ml 

of enzyme solution containing about 5 units of hyaluronidase (Sigma-Aldrich H3506) in enzyme diluent (20 

mM NaH2PO4, 77 mM NaCl, 0.01% BSA (w/v), pH 7.0, 37 ° C, was mixed with 0.25 mL of enzyme diluent 

containing extracts at various final concentrations. The reaction mixture and a blank were kept at 37 °C for 10 

min, and then 1 ml of hyaluronic acid solution was additioned. The samples were then mixed and incubated at 

37 °C for 45 min. Subsequently, 2.5 ml of acidic albumin solution (24 mM sodium acetate, 79 mM acetic 

acid, 0.1% BSA (w/v)), was added to 0.5 ml of each sample and blank at 25 °C. Thereafter, samples were kept 

at room temperature for 10 min, and then read at 600 nm in the Vmax Microplate Reader. 

 

4.6.4 Tyrosinase assay  

 Aliquots of 10 µL of a solution composed of 125 U/mL mushroom tyrosinase (Sigma-Aldrich) in 

phosphate buffer (pH 6.8) were added to 96-well plates, followed by 70 µL of phosphate buffer and 60 µL of 

ultrapure water, or extract dissolved in ultrapure water, in order to obtain a series of final concentrations 

ranging between 5÷1000 µg/mL of extract. Kojic acid was used as positive control. Thereafter, 70 µL of 0.3 

mg/mL L-tyrosine (Sigma-Aldrich) in ultrapure water were 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 (IA%) was calculated according to the formula:  

I%=�1 − (Aen/ex − Aex)(Aen − Abk) � ∙ 100 

where A(ex+en) = absorbance of assay mixture with extract and enzyme; A(ex) = absorbance of assay mixture 

with extract and without enzyme; A(en) = absorbance of assay mixture with enzyme and without extract; A(bk)= 

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

The effect of extracts on the production of type I collagen on fibroblasts was evaluated by the ELISA 

technique. Cells were cultured in 96-well plates (15,000 cells/well), and incubated with 5, 10, or 20 µg/mL of 

extract for 48 h. After treatment, the medium was removed and cells were washed with PBS (100 ul/well), 

fixed with 3,7% paraformaldehyde for 10 min, washed 3 times with wash buffer (0.5 mM CaCl2, 1 mM 

MgCl2, 0.1% Triton in PBS, 100 µl/well), incubated with 3% BSA in wash buffer for 30 min, washed with 

wash buffer, incubated with the primary antibody (ab6308, Abcam, Cambridge, UK diluted 1: 300 in wash 

buffer containing 1% BSA, 50 µl/well) for 2 h under agitation, washed three times with wash buffer, 

incubated with secondary antibody ( Ab97046, Abcam diluted 1: 1000 in wash buffer containing 1% BSA 50 

µl/well) for 60 min under agitation and washed 3 times with wash buffer. The solution was carefully removed 

from the wells, the plates were incubated for 15 min with 50 µl/well TMB ELISA solution, and then blocked 

with 2 M sulfuric acid. All experimental phases occurred at room temperature and the reading was carried out 

at 620 nm in the VMax microplate reader. 

 

4.8 Melanin assay 

 This assay was carried out on MeWo melanoma cells. Confluent cells were suspended and plated in 24-

well plates (100,000 cells/well), allowed to settle for 24 h, an then exposed to PEE extract at a dose of 50 

µg/mL for 72 h. Treatment with arbutin (1 mg/mL) was used as 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 µL of 1 N NaOH and read at 505 nm to determine the 

melanin content. 

 

 

 



32 

 

 

4.9 Cellular mobility 

The analysis was conducted using the scratch wound assay on keratinocytes and fibroblasts. Cells were 

cultured on 24-well plates to confluence. Thereafter, a cut was made in the cell monolayer with a 0.1-10 µL 

sterile pipette tip. After being cut, cells were washed in PBS and incubated with different concentrations of 

extracts at 37 °C for 24 to 48 h. Thereafter, cells were fixed with 3.7% paraformaldehyde for 10 min, washed 

in PBS, and stained with blue toluidine dye for 30 min. Cells were photographed using a stereomicroscope 

(Leica Microsystems, Wetzlar, Germany), and images were analyzed using the NIH Image J software 

(Fig.12). 

 

4.10 Lipolysis assay 

Lipolysis induction was evaluated in vitro on differentiated human adipocytes the ZenBio Human Adipocyte 

Lipolysis Assay Kit (ZenBio, cat # LIP-1-L1; LIP-1-NCL1) for the detection of free glycerol. Pre-adipocytes 

were grown in pre-adipocyte medium provided by the manufacturer, 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 µg/mL PEE extract, and samples of conditioned medium were then assayed for glycerol according to 

the manufacturer protocol. Samples were read in the microplate reader at 550 nm. Absorbance increase is 

proportional to glycerol concentration in the sample. Otherwise, lipid droplets in adipocytes were stained with 

Oil Red O following cell exposure to the extract. Cells were photographed under a microscope and reduction 

in lipid stain was quantified by image analysis, as a measure of lipid degradation (Fig. 13). In both analyses, 1 

µM isoproterenol was used as positive control. These tests were carried out at the DISTAV Laboratory, 

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

Fig.13 Lipolysis assay in adipocytes. Control and 

             

                     

Scratch wound assay in fibroblasts colored with TBO: Control and 10µg/mL. Pictures take by Leica 

stereo microscope   

Lipolysis assay in adipocytes. Control and 1 µM isoproterenol used as positive control.

M205C stereo microscope   

 

 

Scratch wound assay in fibroblasts colored with TBO: Control and 10µg/mL. Pictures take by Leica M205C 

used as positive control. Pictures take by Leica 
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5. Results 

Profiles of antioxidant activities of plant extracts have been obtained for M. officinalis, L. capitata, and G. 

glabra (Table 1), and also for H. coronarium and P. oceanica. HPLC/MS characterization has been conducted 

on H. coronarium and P. oceanica. Biological activities of extracts have been determined on M. officinalis, L. 

capitata, H. coronarium, and P. oceanica, using both cell-free and cell-based systems. The results of these 

analyses are reported in three studies, as follows. 

Table 1 - DPPH• scavenging activity (DPPH• 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 

DPPH• SA (%) 13.41 ± 2.50 18.14±2.93 16.05 ± 1.01 

FRAP (µmol Fe2+) 35.24 ± 2.06 97.01 ± 5.64* 59.29 ± 2.94* 

Flavonoid (µg 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 �g/mL  (from  1 to 5000  �g/mL  in  cell  via-
bility  assays)  were  evaluated  using  in  vitro  tests  on  HaCaT  human  keratinocytes,  46BR.1N  fibroblasts,
and  adipocyte  cell cultures,  and  on  matrix-degrading  enzymes.  MTT assay  revealed  weak  effects  on  cell
viability  (IC50 >  1000  �g/mL)  and  significant  increase  of  fibroblast  growth  rate  with  both  extracts.  Sim-
ilar  induction  of cell  motility  by  the two  extracts  was  observed  on keratinocytes,  while  on  fibroblasts
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.

© 2016  Elsevier  B.V.  All  rights  reserved.

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,
Università del Piemonte Orientale, viale Teresa Michel 11, 15121 Alessandria, Italy.

E-mail address: bruno.burlando@uniupo.it (B. Burlando).

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

http://dx.doi.org/10.1016/j.indcrop.2016.11.047
0926-6690/© 2016 Elsevier B.V. All rights reserved.
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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%
CO2, 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 �g/mL. Thereafter, cells were incubated for
3 h at 37 ◦C with a solution consisting of 100 �L MTT (5 mg/mL in
PBS) per mL  of cell culture medium without serum, and then treated
with a mix  of 1 N HCl–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 IC05 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 �L 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 J software. Wound
closure rates were determined as the difference between wound
width at 0 and 24 h.

36



160 G. Pastorino et al. / Industrial Crops and Products 96 (2017) 158–164

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 �L/well), fixed with 3.7% paraformaldehyde
for 10 min, and washed 3 times with washing buffer (0.5 mM CaCl2,
1 mM MgCl2, 0.1% Triton in PBS, 100 �L/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 �L/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 �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 �L/well of the Pierce 1StepTM 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 �L)
was prepared by mixing 50 mM tricine, pH 7.5, 10 mM CaCl2,
400 mM NaCl, 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 345 nm in a Tecan Genios Pro plate
reader (Tecan, Wien, Austria). Percent inhibitory activity (I%) was
calculated according to the formula:

I% =
(

1-
(Aen/ex − Aex)

(Aen − Abk)

)
· 100

where: Aen/ex = absorbance of assay mixture with enzyme and
extract; Aex = absorbance of assay mixture with extract and without
enzyme; Aen = absorbance of assay mixture with enzyme and with-
out extract; Abk = 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-Ala3-pNA) as the
substrate (http://www.sigmaaldrich.com/technical-documents/
protocols/biology/enzymatic-assay-of-elastase.html). The reaction
mixture (final volume 225 �L) was prepared by mixing 200 mM
TRIS, pH 8.0, 10 mM Suc-Ala3-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 NaH2PO4, 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 1 mL  hyaluronic acid solution, consisting of 0.015% (w/v)
bovine hyaluronic acid sodium salt (Sigma-Aldrich H7630) in
phosphate buffer (300 mM  NaH2PO4, 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:

I% =
(

1 − (Ten/ex − Tex)

(Ten − Tbk)

)
· 100

where: Ten/ex = transmittance of assay mixture with enzyme and
extract; Tex = transmittance of assay mixture with extract and with-
out enzyme; Ten = transmittance of assay mixture with enzyme
and without extract; Tbk = 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 Oil red O working solution for 20 min. Oil
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 �m syringe filter. After staining,
cells were washed thrice with PBS, and then photographed under
an Olympus IX71 inverted microscope. By using the NIH ImageJ
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 �g/mL. Dose-response data yielded in all cases
IC50 values greater than 1000 �g/mL, showing very low cell viability
inhibition for these extracts.

37



G. Pastorino et al. / Industrial Crops and Products 96 (2017) 158–164 161

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 �g/mL Melilotus
officinalis, or with 5 or 10 �g/mL Lespedeza capitata. Data are mean absorbances ± s.d.
of  570 nm 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 �g/mL. Hence, in these experiments doses of 5 and 10 �g/mL for
L. capitata, and of 10 and 20 �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 �g/mL, and a significant increase (p < 0.05) with M. officinalis at
20 �g/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 �g/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 �g/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 �g/mL, up to about
10% inhibition, whereas L. capitata showed a maximum average
30% inhibition at 2.5 �g/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 �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 �g/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 �g/mL M.  officinalis, whereas the effect of L.
capitata was  significant only at the dose of 50 �g/mL (Fig. 5B). The
maximum lipolytic effects induced by extracts were comparable to
those obtained with 1 �M 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;

38



162 G. Pastorino et al. / Industrial Crops and Products 96 (2017) 158–164

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
panels:  representative light micrographs of cell layers stained with blue toluidine 24 h after wounding. Each couple of pictures shows the results of control (left) and 10 �g/mL
Melilotus (right) incubations. Bar 200 �m.  Lower panels: mean ± s.d. wound closure rates from 6 replicates in two different experiments, expressed as differences between
wound width at 0 and 24 h after wounding. * = p < 0.01 with respect to control.

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 �g/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 �g/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-O-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

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 h incubations with increasing concentrations of Lespedeza and Melilo-
tus  extracts, or with 1 �M isoproterenol (isoprot) as positive control. Upper panel:
representative light micrographs of adipocytes showing lipid droplets stained in red,
after incubation under control conditions (left), or with 20 �g/mL Melilotus extract
(right). Bar 100 �m.  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-O-�-
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 �g/mL. Assuming that the active principles should have an
approximate molecular weight around 300–600, the above doses
correspond roughly to 1–100 �M 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 Italian 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
for maximally exploiting the biological properties of this species.
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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 (Aïssa 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 tert-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�4605700N 07�3302000E), and in the southern sur-
roundings of Pisa (43�4103200N, 10�2300600E). Aerial portions were
cleaned, dried at air, and used 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 (25 g) was put in a beaker containing 100mL methyl
tert-butyl ether (MTBE), 70mL ethyl acetate, 60mL 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 lg/mL) was mixed with 0.5mL of
serial dilutions of extracts in EtOH, incubated for 30min in the
dark at RT and then read in an Agilent Cary 60 spectrophotom-
eter (Agilent Technologies, Palo Alto, CA) at 517 nm.
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.

Aliquots of 2.4mL distilled water, 0.15mL Folin–Ciocalteu
reagent and 0.45mL Na2CO3 (20% in distilled water) were com-
bined in 3mL cuvettes with 30 lL of serial water dilutions of gal-
lic acid or extract stock solutions. The contents of the cuvettes
were mixed, incubated at 40 �C for 30min and read at 765 nm 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 lL of serial water dilutions of extract stock solutions were
placed in cuvettes with 6 lL of aqueous NaNO2 (1:20, w/v). After
5min incubation, 6 lL of aqueous AlCl3 (1:10, w/v) was added
and the mixture was vortexed, and then, after 1min, 40 lL of
1M NaOH was added. The absorbance was measured against a
blank at 510 nm. 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� 150mm with 3 lm
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 3min, then linear to 95% eluent B in 25min and finally
hold at 95% eluent B for other 15min. The flow rate was set to
30 lL/min and the column temperature was set at 25 �C. The
injection volume was 8 lL. Ions were detected in the positive and
negative ion mode, in the 200–1000m/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 15 psi, 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 50mM tricine, pH 7.5, 10mM CaCl2, 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 345 nm 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-Ala3-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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above. After 15min incubation, plates were read at 410 nm in the
plate reader.

Cell culture

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

glutamine and 1% antibiotic, at 37 �C, in a 5% CO2, 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
48 h to increasing concentrations of extracts (1–1000 lg/mL),
processed for MTT assay and read at 570 nm in a VMax
microplate reader (Molecular Devices, Sunnyvale, CA).
Absorbance values were used to obtain dose–response curves
and IC50 values.

Table 1. Quantification of total phenolics and flavonoids in sulla
extracts.

Extract Total phenolics Total flavonoids

PSE 62 ± 1 13 ± 8
VSE 38 ± 1 11 ± 4

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

Figure 1. (A) Percentage inhibition of DPPH scavenging activity exerted by increasing concentrations of PSE and VSE. Data are means± S.D. of n¼ 3 distinct determi-
nations. (B) Folin–Ciocalteu assays of total phenolic content. Standard calibration curve obtained with gallic acid (left) and curves obtained with PSE and VSE (right).
Data are means ± S.D. of n¼ 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.
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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 1-StepTM Ultra TMB
ELISA Substrate Solution (Thermo Fisher Scientific, Waltham,
MA), blocked with 2M 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 3 h 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 H2O2, 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)).

Table 2. LC-MS identification of major compounds in PSE and VSE extracts.

Compound aRT b[MþH]þ c[M�H]�

Paratocarpin E/hedysarumine B 22.4 409.3
Naringenin-5,7-di-O-b-D-glucopyranoside 22.0 599.3
Quercetin-3-O-D-glucopyranoside-7-O-a-rhamnofuranoside/rutin 28.9 611.2
Isoquercitrin/hyperoside 29 463.2
3-Sitosterol 29.9 415.4
Betulinic acid/ursolic acid 29.9 457.3
Narcissin/isorhamnetin-3-O-rutinoside 30.9 625.2
Galactose/glucose 31.8 181.2
Hedysarimcoumestan G/hedysarimcoumestan H 31.8 383.3
Quercetin 32.7 303.4
Squasapogenol 33.3 441.5
1,3,9-Trimethoxycoumestan 33.4 325.5
Sucrose 33.4 343.9
Methyl-hedysarimcoumestan H 33.4 394.7
(-)Vestitol/naringenin 34.3 273.4
Epicatechin/catechin 34.4 291.5
Prenylfurano-[3,2-g]-isoflavone 34.7 376.6
Isoformononetin/formononetin 34.8 269.4
Hedysarimcoumestan B/4',6-dimethoxy-7-hydroxy isoflavone/afrormosin 34.8 299.4
Rhoifolin 35.0 579.5
Hexadecanoic acid 2,3-dihydroxypropyl ester 35.3 331.6
Oleic acid 35.5 283.4
n-Tetracosanoic acid 35.5 369.5
Kaempferide 36.8 301.5
Hedysarimpterocarpene C 36.8 627.5
Isorhamnetin 37.1 317.6
Hexacosyl acetate 37.1 425.5
Diosmin 38.7 609.9 607.7
aRT: retention time.
b[MþH]þ: m/z in positive ion mode.
c[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 þþþ
Rhoifolin þþþ
Naringenin-5,7-di-O-b-D-glucopyranoside þþ
Quercetin þþ
Quercetin-3-O-b-glucopyranoside-7-O-a-rhamnofuranoside þ
RA: relative abundance of the compounds in PSE compared to VSE
(þ� 20%,þþ� 40%,þþþ� 60%).
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Total phenolic contents were determined by the
Folin–Ciocalteu method, obtaining a gallic acid standard curve at
765 nm that allowed converting absorbance data into gallic acid
equivalents (GAE). Thereafter, concentration-dependent curves at
765 nm 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% (þ), �40% (þþ) and
�60% (þþþ), 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
IC50 > 150lg/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

Figure 2. MS/MS spectrum of quercetin-3-O-b-glucopyranoside-7-O-a-rhamnofuranoside. The hypothesized fragments and their m/z ratios are indicated with the bro-
ken line in the structure.
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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 100lg/mL, followed by an upward convergence of
effects at 200lg/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,

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

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 (n¼ 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 (n¼ 6).
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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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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 FineFixVR , stained
with Oil Red O and then photographed under an Olympus IX71 inverted microscope. Bar ¼100lm. Lower panel: assay of glycerol released from adipocytes after
exposure for 3 h to extracts or to 1lM isoproterenol (isoprot) as positive control. Data are standardized as percent of control and expressed as means± S.D (n¼ 6).
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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 (IC05) of 50 µg/mL at 48 h, while a
sub-toxic dose of 20 µg/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 µg/mL induced collagen production
in fibroblasts. PEE induced dose-dependent mushroom tyrosinase inhibition, up to about 45%
inhibition at 1000 µg/mL, while 50% reduction of melanin was observed in melanoma cells exposed
to 50 µg/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 µg g−1 dw), and myricetin (about 20 µg g−1 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 β-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 IC50 value of 32 ± 2 µg/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 µg g−1 dw total polyphenols, expressed as gallic acid equivalents (GAE), and
total iodine at 60 ± 10 µg g−1 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 µM (linearity r2 = 0.999),
yielding a value of 55.8 ± 7 mg g−1 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 IC50 = 170 µg/mL (95% CI = 146–197), and a toxicity threshold of 
IC05 = 50 µg/mL (95% CI = 33–73) (Figure 2A). 

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 µg/mL PEE (Figure 2B). Moreover, a significant 
increase of collagen production was observed in fibroblasts exposed to 5 and 10 µg/mL PEE, with 
respect to cells maintained under control conditions (Figure 2C). 

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 IC50 = 170 µg/mL (95% CI = 146–197), and a toxicity threshold of
IC05 = 50 µg/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. Downhill logistic best fit (continuous line), IC50 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 µg/mL PEE. Data are mean 620 nm absorbances ± SEM from six replicates in two independent 
experiments. * = p < 0.01 with respect to the control. 

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 
IC50 of 14.7 µg/mL, or 2.06 µM (Figure 3A). Incubation with PEE also induced dose-dependent 
tyrosinase inhibition, starting from about 20% inhibition at 5 µg/mL up to about 45% inhibition at 
1000 µg/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). 
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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. Downhill logistic best fit (continuous line), IC50 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 µg/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 µg/mL PEE (Figure 2B). Moreover, a significant
increase of collagen production was observed in fibroblasts exposed to 5 and 10 µg/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 IC50 of 14.7 µg/mL, or 2.06 µM (Figure 3A). Incubation with PEE also induced
dose-dependent tyrosinase inhibition, starting from about 20% inhibition at 5 µg/mL up to about 45%
inhibition at 1000 µg/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 µg/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 IC05 > 100 µg/mL at 72 h, showing that the above melanin reduction was not due
to aspecific injurious effects.

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 µg/mL
PEE. Cell melanin production was quantified as mean 505 nm absorbances ± SD from three replicates
in two independent experiments. * = p < 0.01 with respect to the control.
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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 µg/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 IC05 > 200 µg/mL at 48 h, showing that the observed lipolytic effect was not due to cell damage.

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 µM isoproterenol (isoprot). Data are mean fold inductions of
lipolysis ± SD, calculated as the ratio between µmoles/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 10−4 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 IC50, 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 H2/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% HNO3,
1.0 mL of 30% H2O2, and 3.0 mL of ultrapure H2O. 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 µg/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 Ion 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 × 150 mm with 3 µm 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 µL/min and the column temperature was set to 30 ◦C. The injection volume was 8 µL.
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% CO2, 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% CO2.

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% CO2.

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 µg/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 µg/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 µg/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 µL 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 µL of phosphate buffer
and 60 µL of ultrapure water, or PEE dissolved in ultrapure water, in order to obtain a series of final
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concentrations ranging between 5 and 1000 µg/mL of PEE. Kojic acid was used instead of PEE as a
positive control. Thereafter, 70 µL 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:

I% =

(
1 − (Aen/ex − Aex)

(Aen − Abk)

)
× 100, (1)

where Aex/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; Abk = 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 µg/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 µL 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 µg/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. 
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 Interest is growing in the study of bioactive molecules from plants used in traditional medicine, flanked by 

new demand by industry (Capecka et al., 2005). The market request is to search natural principles as 

nutraceuticals, pharmaceuticals and cosmetics. The aim of this study is to explore Lespedeza capitata Michx, 

a plant from Fabaceae’s family, for its possible use as medicine, pharmaceutical, and food supplement for 

human’s health. L. capitata was commonly used in the tradition of native Americans and today some 

industries use this plant as food supplement for its diuretic action. The objectives of this study are the research 

of total phenols, flavonoids, the antioxidant power, the characterization of constituents with HPLC-MS, and 

also the effect on viability of gut cells. Results from this study will provide a better understanding of the 

antioxidant properties of this plant for further investigation and development of value-added food and 

nutraceuticals. In this article we focused on biochemical bioactive constituents with antioxidant activity, that 

were found in high concentrations in plants (Balasundram et al., 2006). In particular phenolic compounds are 

natural sources of antioxidants (Balasundram et al., 2006) and present an antioxidant activity, based on their 

action against free radicals (Baydar  2013). As antioxidants, phenolics have been reported to interfere with the 

activities of enzymes involved in reactive oxygen species generation (Heim et al., 2002). Some of these 

coumpounds have an antioxidant capacity stronger than those 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 more attention in the use of natural principles and in the source 

of new therapeutic compounds. There is a growing demand by industry for plants used in traditional medicine 

as basic medicines, pharmaceuticals, and food supplements for human’s health. Glycyrrhiza glabra Linn 

belongs to the Fabaceae family and has been known since ancient times due to its etnopharmacological value 

(Fiore et al., 2005). G. glabra presents different phytocompounds, such as glycyrrhizin (GA, glycyrrhizic acid 

or glycyrrhizinic acid), 18β-glycyrrhetinic acid (18β-GA, enoxolone), glabrin A and B (GL), and isoflavones, 

which are related with several pharmacological activities (Wang et al., 2013). In folk medicine, G. glabra has 

been as anti-inflammatory, antibacterial, antifungal, antidiabetic, antiviral, antiulcer, antitussive, antioxidant, 

skin whitening, and antidiuretic. The aim of this review is to provide an overview of G. glabra in terms of 

traditional uses, bioactive constituents, and pharmacologic activities of. Moreover, challenges of using this 

legume in the formulation of new compounds for human’s health are also considered.  
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6.1 Science Events 

In parallel to the PhD project, I also worked to the realization of popular science events at the Festival della 

Scienza (Fig.14). The Festival della Scienza is held yearly in Genova, between the end of October and the 

beginning of November, including conferences, workshops and exhibitions aimed at bringing the public 

closer to science. 

 

 

 

 

 

In collaboration with my tutor Laura Cornara, I realized two events related to botanical topics. The first one 

was related to my PhD research, and was called “ Is the bean magic?” (Fig.15). This laboratory was suitable 

for all age groups and was centered on the variety and biodiversity of Leguminosae. It was divided into three 

parts, dedicated to the description of the plant family, of the flower, and of the fruit, respectively. There was 

also an exhibition where people could see few known Italian products and participate to a short laboratory 

experience on bean’s proteins. The second event was inspired by my feeling for the Japanese culture, and was 

called “Japanese tradition and….vegetables!”. This exhibition was focused on important plants of the 

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

Thousands of people visited these workshops and this maked me very proud. 

Fig.14 Festival della Scienza’s logo 
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Fig.15 Is the bean magic? 

Fig.16 Japanese tradition and…vegetables! 
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7. Discussion and conclusions 

I have focused my research first, on the study of plants belonging to the Fabaceae family and later, 

during the second year of the Phd project on the seagrass P.oceanica. Fabaceae have been used by 

humans since ancient times for forage, soil improvement, and food. Some species of legumes are 

also known for their therapeutic virtues but others are used only as a crop, while being 

underexploited as regards their medicinal potential. Recently, some plants belonging to Fabaceae 

have been included in the Belfrit list. The "Belfrit Project" (from the initials of the three countries) is 

an agreement between the governments of Belgium, France and Italy, concerning the use of 

substances in food supplements and herbal preparations. The competent authorities of Belfrit have 

defined, based on current scientific evidence, a common list of plant substances and preparations 

("Botanicals") that can be used in food supplements. This list is open to updating, with the inclusion 

of plants not included yet, but admitted in at least one of the three countries. Three of the species 

studied in my PhD project, namely M. officinalis, L.capitata, and G.glabra, are included in the 

Belfrit list. M. officinalis has been extensively studied and is used for the functionality of venous 

circulation, as an anti-inflammatory, phlebotonic, spasmolytic, diuretic, anticoagulant, sedative, and 

as an adjuvant in the treatment of diabetes (Cornara et al., 2016). L. capitata, is a plant widely used 

in the tradition of native americans (Glyzin et al, 1973). It is known for its action on the drainage of 

body fluids, and for purifying functions, functionality of the urinary tract, cardiovascular regulation, 

and lipid metabolism. G.glabra has been known since ancient time for different therapeutic 

properties (Wang et al., 2013): anti-inflammatory, antibacterial, antifungal, antidiabetic, antiviral, 

antiulcer, hepatoprotective, anticancer, antitussive, antoxidant, skin whitening, and antidiuretic agent. 

Althought H. coronarium is not present in the Belfrit list, this species is used in herbal medicine too, 

for astringent, vitaminizing and cholesterol-regulating properties. The genus Hedysarum (=Sulla) has 

a long history of use in TCM, which indicates these plants as adaptogenic and for the treatment of 



68 

 

 

female disorders (Dong et al., 2013; Li Zhang et al., 2013). Asiatic species akin to S. coronaria show 

an enormous variety in secondary metabolites, while S. coronaria had not been studied in this sense. 

Therefore, this species has been included and chemically characterized in this PhD project. Plant 

extracts are a rich source of compounds with properties useful for human health (Duque et al., 2017; 

Marques et al, 2017) and therefore, in the last years they have been used in a growing number of 

cosmetic preparations, also due to restrictions of use for ingredients of animal origin (Fonseca et al., 

2015). Plant secondary metabolites like phenols, polyphenols, and flavonoids serve as sources of 

antioxidants and perform free radical scavenging (Adedapo et al, 2008; Shridhar et al, 2017). In 

recent years, the search for phytochemicals possessing antioxidant properties has been on the rise 

due to the potential use of these agents in the therapy of various chronic and infectious diseases.In 

the present Phd project, different methods were used to evaluate the total antioxidant capacity of 

extracts. Total antioxidant activity was analyzed by DPPH (Djacbou et al., 2014), while more 

specific activities were measured by TPC, TFC, FRAP, captation of superoxide anion, and captation 

of hydrogen peroxide. Moreover, plants extracts were also evaluated in different kinds of cell-based 

analyses, such as: cell viability, cell proliferation assay, enzymatic assays, collagen production, 

melanin assay, cellular mobility, and lypolysis assay. All these assays were performed on extracts 

from M. officinalis, L. capitata, H. coronarium, and P. oceanica. Moreover, in L. capitata, H. 

coronarium, and P. oceanica we also characterized the chemical composition of the extract with 

HPLC-MS. For the study of G. glabra, I focused my analysis on the antioxidant properties, because 

this plant has been broadly used as traditional medicine and an ingredient in food industry, 

particularly as flavour and sweetener agent. For each extract, investigations started with cell viability 

assays in order to individuate toxicity thresholds for extract doses, or to screen potentially toxic 

compounds that could affect cell functions and morphology. By using subtoxic doses on cells, I was 

able to detect the induction of collagen production and proliferation in fibroblasts, depigmentation in 
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melanoma cells, and lipolysis in adipocytes. In conclusion, the experiments carried out in this PhD 

project have shown that all the examined extracts possess bioactivities potentially exploitable for 

skin care applications, suggesting that these plants are suitable for the development of 

pharmaceutical and cosmetic products. In particular, the complex of data suggests that L. capitata 

and M. officinalis extracts possess the ability 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 that these effects could be related to the presence in both extracts of flavonoids, which have 

been previously reported to mediate similar actions. On the other hand, differences in the strength of 

effects were also observed, possibly depending on the presence of specific constituents in M. 

officinalis and L. capitata. The doses at which the effects were observed ranged from 5 to 50 g/mL., 

which is compatible with pharmacological uses. Therefore, both extracts could be profitably 

exploited in skin care and pharmaceutical applications, possibly in combined formulations, e.g. for 

the development of antiage and anticellulite products. Our data also provide that H. coronarium is 

suitable for the development of pharmaceutical and cosmeceutical products targeting major skin 

problems, such as inflammatory, degenerative and ageing processes, or the insurgence of cellulite. 

However, the results concerning H. coronarium show that the geographical origin of plants is an 

important factor to be considered for maximally exploiting the biological properties of the species. 

Finally, data obtained with ethanolic extract of the seagrass P. oceanica indicate that this plant can 

be profitably used in the development of products for contrasting wrinkle formation and skin aging, 

undesired hyperpigmentation, and cellulite. These results are completely new in the framework of 

studies concerning the biological properties of phytocomplexes and their applications, given that 

seagrasses are poorly investigated from this point of view. 
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