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Riassunto 

 
Uno degli obiettivi delle moderne biotecnologie è la continua ricerca e 
lo sviluppo di prodotti innovativi derivati da fonti naturali, con potenziali 
applicazioni in diversi settori industriali, come quello cosmeceutico, 
farmaceutico e nutraceutico. Gli organismi viventi terrestri e marini, 
come piante, alghe e funghi, sono un'ottima fonte di composti naturali 
strutturalmente diversi che sono significativi per le loro attività 
biologiche e potenziali applicazioni biotecnologiche. Le piante sono 
state ben documentate per i loro usi nella medicina tradizionale contro 
lesioni e malattie infettive. Si sono evolute e adattate nel corso di milioni 
di anni per resistere all’attacco di patogeni e agli stress ambientali quali 
condizioni climatiche, carenza di nutrienti, producendo metaboliti 
secondari bioattivi che le rendono competitive nel loro ambiente. 
Pertanto, è importante considerare che un particolare insieme di 
metaboliti prodotti da una pianta dipende fortemente dal luogo in cui 
cresce e più specificamente da una varietà di fattori ambientali quali 
luce, temperatura, acqua del suolo, fertilità del suolo e salinità.  
I Metaboliti Secondari delle Piante (PSM) sono molecole organiche a 
basso peso molecolare originate dai metaboliti primari. Questi ultimi 
sono necessari per alcuni processi vitali, come la fotosintesi, la 
traslocazione nel floema e la respirazione. I prodotti derivati dai 
metaboliti primari, non direttamente coinvolti nella crescita e nello 
sviluppo sono considerati PSM. In generale, i PSM sono il prodotto 
quattro reazioni biosintetiche e sono ritenuti interessanti per la loro 
diversità strutturale e le loro numerose attività biologiche. Tra i 
metaboliti secondari vengono prodotti feromoni, molecole che 
solubilizzano e trasportano nutrienti, repellenti, veleni, tossine, che 
vengono utilizzate contro prede e predatori. Per molti metaboliti 
secondari, la funzione rimane sconosciuta. Alcuni metaboliti bioattivi 
possono inoltre essere sottoposti a derivatizzazioni chimiche per 
migliorarne le proprietà biologiche, sia in termini di biodisponibilità che 
di grado di attività. Si ritiene che i PSM conferiscano un vantaggio 
selettivo all'organismo che li produce o che, in analogia al sistema 
immunitario e grazie alla loro molteplicità di strutture, possano 
combattere una moltitudine di fattori deleteri per la pianta. 
I metaboliti secondari sono utilizzati principalmente come prodotti 
farmaceutici, erbicidi, insetticidi, additivi alimentari e ingredienti 
cosmetici. Inoltre, grazie alle loro specificità di azione i PSM  sono 
importanti per lo sviluppo di nuovi farmaci, diretti contro i bersagli 
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molecolari che stanno via via emergendo grazie al progetto Genoma 
Umano.   
Il mio progetto di dottorato ha avuto come obiettivo l’isolamento e la 
caratterizzazione di metaboliti bioattivi da specie vegetali ampiamente 
utilizzate nella medicina tradizionale per lo sviluppo di nuovi composti 
per l'industria farmaceutica, nutraceutica o agricola.  
Durante la prima parte della mia formazione di Dottorato, ho studiato 
Crinum biflorum Rottb. (syn. Crinum distichum), pianta appartenente 
alla famiglia delle Amaryllidaceae e raccolta in Senegal, e sulla quale 
sono stati effettuati pochissimi studi dal punto di vista chimico e delle 
possibili applicazioni pratiche. Le Amaryllidaceae sono diffuse 
principalmente nelle regioni tropicali e subtropicali del mondo, come il 
Sud America andino, il bacino del Mediterraneo e l'Africa meridionale. 
Crinum biflorum Rottb. si trova nelle savane del Senegal, della Nigeria 
e fino in Sudan in luoghi generalmente inondati dall’acqua a cadenza 
periodica. Le Amaryllidaceae sono una famiglia di piante ampiamente 
studiata essenzialmente per i suoi alcaloidi che sono noti per avere un 
ampio spettro di attività biologiche. Tra gli alcaloidi più studiati ed 
utilizzati di questa famiglia di piante ci sono: la galantamina, la quale è 
già commercializzata per la cura dell'Alzheimer, come potente e 
selettivo inibitore dell'enzima acetilcolinesterasi, e per questo di grande 
importanza per il settore farmacologico; la licorina, invece, ha una forte 
attività antivirale e ha dimostrato di avere una notevole attività 
antitumorale in vitro contro diversi tipi di tumori solidi come i suoi 
analoghi narciclasina, e pancratistatina. Oltre agli alcaloidi, le piante di 
Amaryllidaceae producono anche metaboliti meno studiati appartenenti 
ad altre classi di composti naturali come flavonoidi, lignani, cromoni, 
terpenoidi e ceramidi. Ad oggi circa 223 composti, essenzialmente 
flavani e fitosteroli, sono stati isolati da Amaryllidacaee, tutti con 
interessanti attività biologiche. In particolare, i flavonoidi sono una nota 
classe di composti naturali che hanno un'azione protettiva contro lo 
stress ossidativo, le malattie cardiache e alcuni tumori, e sono 
considerati salutari per l'uomo e il bestiame. 
Crinum è un noto sottogruppo di Amaryllidaceae da tempo studiato ed 
è molto ricco di alcaloidi. Gli alcaloidi isolati da Crinum, inclusa la 
cherillina, hanno mostrato un'interessante attività inibitoria sulla 
replicazione virale. Esistono molti esempi di metaboliti bioattivi isolati 
da altre specie del genere Crinum, con proprietà citotossiche, 
neuroprotettive, antiangiogeniche e antibiotiche.  
Durante il mio primo anno di dottorato, mi sono occupata 
dell’isolamento e caratterizzazione chimica e biologica di metaboliti da 
Crinum. Ho svolto questa parte del mio progetto di dottorato presso il 
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Dipartimento di Scienze Chimiche dell'Università degli Studi di Napoli 
Federico II. Nel laboratorio di chimica organica ho messo a punto i 
protocolli per la purificazione dei metaboliti da estratti crudi in modo da 
ottimizzare la resa in metaboliti puri. Inaspettatamente, non sono stati 
rilevati alcaloidi nell'estratto organico acido dai bulbi di C. biflorum, né 
utilizzando il metodo tradizionale di estrazione Soxhlet con etanolo, né 
il metodo di estrazione ottimizzato. Tuttavia, l'estratto organico ottenuto 
con il metodo Soxhlet ha mostrato la presenza di omoisoflavonoidi. 
Dalla specie C. biflorum, ho isolato e caratterizzato per la prima volta 
quattro omoisoflavonoidi e un’ alchilammide in questa pianta di 
Amaryllidaceae raccolta in Senegal: sono stati caratterizzati come 
5,6,7-trimetossi-3-(4-idrossibenzil)croman-4-one (1), come 3-idrossi-
5,6,7-trimetossi-3-(4-idrossibenzil)croman-4-one (2), come 3-idrossi-
5,6,7-trimetossi-3-(4-metossibenzile) croman-4-one (3) e come 5,6,7-
trimetossi-3-(4-metossibenzil)croman-4-one (4), e l’ alchilammide come 
(E)-N-(4-idrossifenil)-3-(4-idrossifenil)acrilammide (5), comunemente 
chiamata Np-cumaroiltiramina. 
La seconda fase dello studio ha riguardato la caratterizzazione 
biologica dei metaboliti purificati. Presso il Dipartimento di Biologia 
dell'Università degli Studi di Napoli Federico II, ho svolto dei saggi in 
vitro per determinare le potenziali attività dei metaboliti ed i meccanismi 
molecolari in cui sono coinvolti.  
I flavonoidi 1, 3 e 4 hanno mostrato una significativa e promettente 
citotossicità selettiva contro le linee cellulari tumorali umane HeLa e 
A431. La N-p-coumaroiltiramina (5) era selettivamente tossica per le 
cellule tumorali A431 e HeLa, mentre proteggeva le cellule HaCaT 
immortalizzate dallo stress ossidativo indotto dal perossido di idrogeno. 
I composti 1-4 hanno anche attività inibitoria sull’enzima 
acetilcolinesterasi, con il metabolita 3 che mostrava la più forte attività 
alle più basse concentrazioni saggiate rivelandosi quindi più 
promettente. Sono state confermate l'attività antiamilasica e la forte 
attività antiglucosidasica del composto 5. I risultati ottenuti ampliano la 
libreria di composti isolati da C. biflorum e mostrano per la prima volta 
che questa specie di Amaryllidaceae produce composti di interesse 
nutraceutico e farmacologico con potenziali applicazioni come 
integratori alimentari con importanti proprietà antidiabetiche, 
antitumorali e di supporto per la cura delle malattie neurodegenerative. 
Test preclinici e saggi in vivo potranno fornire le necessarie conoscenze 
sulla biodisponibilità e l’efficacia terapeutica di questi metaboliti 
necessarie per una loro applicazione quali agenti per la cura di infezioni 
e malattie neurodegenerative. 
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La seconda pianta su cui ho lavorato durante il mio progetto di dottorato 
è Cistanche phelypaea appartenente alla famiglia delle Orobancaceae. 
Il genere Cistanche comprende più di 20 specie oloparassite, prive di 
clorofilla e foglie funzionali. Parassitano le radici di arbusti perenni alofiti 
tipicamente su deserti, terre aride o dune costiere. Oltre al loro 
interesse evolutivo o botanico, le specie Cistanche hanno suscitato 
interesse erboristico, essendo state utilizzate come cibo salutare o 
decotto nella medicina tradizionale cinese per più di 2000 anni. Inoltre 
c’è una reale prospettiva di estendere la coltivazione di Cistanche per 
rispondere alla richiesta del territorio di estendere le piantagioni di 
arbusti resistenti alla siccità che fungano da stabilizzanti, le cosidette 
"foreste rifugio", come possibile soluzione alla desertificazione globale. 
Sono state fatte previsioni sul potenziale adattamento di diverse specie 
di Cistanche a nuove regioni con compatibilità climatica ed il territorio 
che sembra adeguato alla coltivazione di C. phelypaea in Europa sono 
le  aree aride del sud-est della Spagna.  
Altre specie di Cistanche come C. deserticola e C. tubulosa sono state 
oggetto di molti studi sia per quanto concerne la loro composizione in 
metaboliti sia per le loro possibili applicazioni nel settore nutraceutico e 
farmacologico.  La specie C. phelypaea è stata poco studiata. La prima 
indagine chimica su C. phelypaea è stata effettuata nel 1993 ed i suoi 
componenti principali sono i glicosidi feniletanoidi. Essi sono stati isolati 
dal suo estratto grezzo in acetato di etile. Alcuni recenti studi 
dimostrano che i glicosidi feniletanoidi possono inibire alcuni importanti 
enzimi quali l’acetilcolinesterasi, la tirosinasi e la butirrilcolinesterasi e 
sono stati utilizzati contro il diabete mellito di tipo 2 e 
l'iperpigmentazione cutanea. In letteratura è noto che i composti isolati 
da questa pianta hanno attività inibitoria su due enzimi coinvolti nel 
peculiare metabolismo glicolitico o lipidico delle cellule tumorali, 
rispettivamente la lattato deidrogenasi umana (LDH) e la 
monoacilglicerolo lipasi (MAGL). È stato segnalato che l'acetoside, che 
è il principale componente bioattivo di Cistanche, ha eccellenti attività 
antiossidanti, antinfiammatorie, neuroprotettive e anti-osteoporotiche.  
La pianta C. phelypaea utilizzata nei miei esperimenti è stata coltivata 
e raccolta in Spagna. Mi sono stati forniti i bulbi essiccati, che ho 
sottoposto ad estrazione mediante Soxhlet. Dall’estratto organico ho 
potuto isolare ed identificare sei diversi metaboliti appartenenti a due 
differenti classi di composti: acetoside, 2'-O- acetilacetoside, 
tubuloside come glicosidi feniletanoidi, e bartioside, 6-
deoxycatalpol, gluroside come glicosidi iridoidi. Data la notevole 
abbondanza di acetoside nell'estratto di C. phelypaea, mi sono 
concentrata sullo studio delle proprietà di questo composto.  
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Le strutture dei glicosidi feniletanoidi contengono gruppi idrossilici 
fenolici, che sono responsabili dell'attività antiossidante di Cistanche, e 
come ho dimostrato la differenza nella struttura chimica, come la 
presenza di gruppi sostituenti, può influenzare significativamente l’ 
attività antiossidante dei singoli composti. Nei cheratinociti umani, 
l'attività di scavenging dei ROS dell'acetoside era del tutto paragonabile 
a quella del Trolox, il derivato idrosolubile della vitamina E. 
Sorprendentemente, nelle cellule progenitrici mesenchimali umane il 
Trolox era inefficace, mentre l'acetoside era ancora in grado di 
contrastare efficacemente la produzione di ROS, suggerendo una 
potenziale applicazione di questo metabolita come additivo nel mezzo 
di coltura cellulare hESC. Inoltre l'acetoside sembrava preservare il 
potenziale proliferativo dei cheratinociti basali umani e dei progenitori 
mesenchimali necessari per la morfogenesi e il rinnovamento dei 
tessuti. L'uso delle cellule staminali nell'ingegneria tissutale richiede la 
loro differenziazione controllata; Le hMSC hanno un grande potere 
terapeutico potenziale, tuttavia, la loro utilità è limitata dalla senescenza 
cellulare secondaria all'aumento dei livelli di ossigeno reattivo, 
specialmente durante la loro propagazione in coltura. Per la prima volta 
ho testato il potenziale terapeutico di questo composto su cellule 
staminali pluripotenti considerando la sua possibile applicazione nella 
medicina rigenerativa e nella riparazione tissutale. Dunque ho potuto 
dimostrare che, oltre al suo forte potenziale antiossidante, l'acetoside 
può sostenere la pluripotenza dei progenitori delle cellule staminali 
mesenchimali necessarie per la morfogenesi e il rinnovamento dei 
tessuti. 
Parte della mia attività di dottorato è stata dedicata allo sfruttamento 
sostenibile dell'estratto di vinaccia per produrre particelle edibili cariche 
di composti antiossidanti e pro-rigenerativi in una prospettiva di 
economia circolare. L'economia circolare implica la creazione di un 
ecosistema a circuito chiuso per il consumo e l'uso effettivo delle risorse 
attraverso l'adozione di paradigmi di riduzione, riuso e riciclo. Secondo 
questo paradigma, la riduzione della produzione di rifiuti attraverso il 
loro riciclaggio e riutilizzo, nonché la gestione sostenibile e l'uso 
efficiente delle risorse naturali sono le principali sfide per la moderna 
economia circolare. È necessaria una transizione verso un ciclo 
economico riparatore e rigenerativo basato su pratiche più sostenibili e 
impatti ambientali ridotti della produzione e del consumo. 
La vinaccia è uno dei sottoprodotti più abbondanti dell'agroindustria 
soprattutto in Italia, uno dei più importanti produttori di vino al mondo. 
Circa il 75% delle uve prodotte viene utilizzato per la produzione di vino, 
di cui il 20-30% sono prodotti di scarto. Questi scarti sono anche 
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chiamati vinacce e sono costituiti da bucce, polpa residua, semi e 
gambi e rappresentano sottoprodotti che determinano lo smaltimento 
dei rifiuti, o sono utilizzati per produrre grappa, o come fertilizzante, o 
mangime per animali. Lo smaltimento di tali rifiuti crea problemi 
ambientali come l'inquinamento delle acque sotterranee e superficiali, 
l'attrazione di vettori patogeni e il consumo di ossigeno nel suolo e nelle 
acque sotterranee che possono avere un impatto sulla fauna selvatica.  
Le vinacce contengono quantità significative di sostanze che possono 
essere considerate benefiche per la salute. I più abbondanti nella 
vinaccia sono le fibre alimentari che sono presenti in livelli elevati (fino 
all'85% a seconda della varietà di uva) e i composti polifenolici che 
rimangono principalmente (circa il 70%) nella vinaccia dopo il processo 
di vinificazione. Il fatto che la vinaccia abbia un grande potenziale 
biotecnologico ha dato origine a numerosi studi che si sono occupati 
della possibilità di utilizzarla come ingrediente di fortificazione 
alimentare, in un'ottica di economia circolare. Inoltre, la composizione 
della vinaccia come prodotto di scarto dipende fortemente dal tipo di 
rifiuto, dal vitigno, dall'ambiente di impianto, dal metodo di lavorazione 
e da molti altri fattori. Durante la lavorazione dell'uva, i polifenoli 
rimangono principalmente nelle vinacce a causa della loro incompleta 
estrazione. I principali rappresentanti dei composti polifenolici in questo 
sottoprodotto sono gli antociani (solo nelle vinacce di uve rosse), le 
catechine, i glicosidi flavonolici, gli acidi fenolici e gli alcoli. Insieme alle 
fibre alimentari, i composti fenolici sono i composti più preziosi della 
vinaccia con proprietà benefiche per la salute, come il mantenimento 
della salute intestinale e la prevenzione delle malattie croniche e del 
cancro e hanno un effetto sinergico nella regolazione del metabolismo 
e nella prevenzione e cura di malattie, come obesità, insulino-
resistenza, aterosclerosi, osteoporosi. 
Nell'ambito della valorizzazione del nostro territorio, nell’ultima parte del 
mio Dottorato ho collaborato con l'azienda vinicola Mastroberardino, 
una delle più grandi realtà vitivinicole della Campania e d'Italia, al fine 
di riutilizzare gli estratti di vinaccia, come potenziale alimento 
funzionale, riproponendolo nel mercato.  L'azienda mi ha fornito le 
vinacce derivanti dalla loro produzione di vino rosso. Ho ottimizzato 
dapprima il processo estrattivo dalla vinaccia, la quale è stata 
sottoposta prima a liofilizzazione e successivamente a macerazione nel 
solvente organico. L'etanolo è stato selezionato come mezzo di 
estrazione in base alla sua completa biocompatibilità e potere 
solubilizzante dei polifenoli. Nel caratterizzare l'estratto di vinaccia 
utilizzato nei miei studi, i principali costituenti tra i polifenoli sono risultati 
essere la (+)-catechina e il suo epimero, (-)-epi-catechina. Tuttavia, 
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l'incorporazione di fenoli nei prodotti alimentari è limitata dalla loro 
suscettibilità alla degradazione e all'epimerizzazione, a condizioni 
estreme di pH e temperatura. Altri fattori rilevanti che devono essere 
presi in considerazione sono la loro limitata solubilità in acqua e la 
consegna non mirata. Sulla base della recente letteratura, diverse 
tecnologie incapsulamento sono utilizzate per proteggere la bioattività 
dei composti incapsulati, controllarne il rilascio all'esterno, ridurne la 
tossicità e promuovere il rilascio mirato dopo l'assorbimento dal tratto 
gastrointestinale. È già stato dimostrato che l'applicazione di fenoli 
incapsulati invece di molecole libere migliora la capacità antiossidante 
degli alimenti arricchiti di fenoli. 
Ho collaborato con l'IPCB (Istituto Polimeri Compositi e Biomateriali 
CNR) alla messa a punto di un metodo di incapsulamento a base di una 
matrice polimerica, quale la pectina, e reticolanti ionici bivalenti, Fe2+ o 
Ca2+, per migliorarne la funzionalità e le proprietà organolettiche e per 
favorire l'apporto di due micronutrienti cationici essenziali. I biopolimeri 
naturali come quelli costituiti dalla pectina, che è anche un componente 
naturale della vinaccia, sono particolarmente interessanti a questo 
scopo per le loro buone proprietà di biocompatibilità, sicurezza e 
rilascio controllato. Ho quindi testato diverse miscele di metaboliti 
antiossidanti incorporati in beads edibili di pectina. Ho valutato 
l'efficienza di caricamento delle beads, il rilascio dei composti bioattivi 
e la loro attività antiossidante in un ambiente che imita il tratto 
gastrointestinale. Le beads sono state sottoposte a diverse analisi 
strutturali e funzionali, per poi essere caricate con l’estratto grezzo della 
vinaccia. Successivamente sono state poste in soluzioni a pH=2 e 
pH=7,4, per mimare il rilascio dei composti bioattivi nel tratto 
gastrointestinale. Alcune tra le formulazioni di beads testate, 
sembravano essere altamente biocompatibili e in grado di ridurre il 
livello di ROS nelle cellule HaCaT (cheratinociti immortalizzati umani), 
indotto dal trattamento con perossido di idrogeno. Ho dimostrato che i 
rilasciati dalle beads coniugate con Fe2+ non mostravano un effetto 
antiossidante dose-dipendente. Quelli rilasciati dalle sfere reticolate 
con Ca2+ sembravano funzionare in modo più efficiente e in modo dose-
dipendente, sia a pH=2 che a pH=7,4. Tuttavia, l'effetto antiossidante 
era inferiore rispetto a quello dell' estratto grezzo. Le nostre 
formulazioni con Ca2+ sembrano essere promettenti e pronte per i test 
in vivo, perché possono rilasciare efficacemente le molecole 
antiossidanti lungo il tratto gastrointestinale, preservandone l'integrità 
strutturale e funzionale. Dai profili NMR, le sfere reticolate con Fe2+ al 
contrario di quelle reticolate con Ca2+ , non sembrano restituire 
abbastanza metaboliti per ottenere l'effetto antiossidante desiderato. 
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Questo è in accordo con la loro scarsa efficienza di rilascio. Tuttavia, il 
ferro nelle formulazioni è ancora poco studiato, probabilmente a causa 
dei problemi di precipitazione dello ione ferrico intorno a pH=7. 
Attualmente è in corso la preparazione di altre formulazioni, per 
migliorarne le caratteristiche in termini di efficienza di caricamento e 
rilascio, e la conservazione dell'attività di scavenging di ROS. Una volta 
stabilita la migliore formulazione, la sua biodisponibilità sarà testata in 
vivo utilizzando modelli animali. 
Durante il mio Dottorato, ho avuto l'opportunità di entrare a far parte del 
team del Prof. Nicholas Foulkes presso l’ Institut für Technologie (KIT) 
di Karlsruhe, in Germania. Uno dei principali interessi scientifici del 
laboratorio del Prof. Foulkes è il meccanismo molecolare attraverso il 
quale nei vertebrati l'orologio circadiano controlla i principali processi 
cellulari fisiologici regolati dall'orologio circadiano, come la 
progressione del ciclo cellulare e la riparazione del danno al DNA nei 
vertebrati. L’interruzione dell'orologio circadiano, è stata collegata alla 
deregolazione della crescita cellulare e ad una maggiore incidenza del 
cancro. Questo è uno degli aspetti che rendono il suo studio così 
importante. Storicamente, zebrafish (Danio rerio) che rappresenta uno 
degli organismi modello più importanti per lo studio dello sviluppo 
embrionale nei vertebrati, è emerso anche come modello molto 
interessante per lo studio del sistema di temporizzazione circadiano. 
Oltre a fornire una potente raccolta di strumenti genetici per studiare i 
meccanismi dell'orologio in vivo, i pesci possiedono orologi periferici 
direttamente sensibili alla luce, anche nelle linee cellulari derivate dai 
pesci. Pertanto, questo ha reso il pesce zebra particolarmente utile per 
studiare i percorsi che trasmettono informazioni sulla luce all'orologio 
circadiano. Il gruppo guidato da Nicholas S. Foulkes, ha 
precedentemente esplorato come luce, temperatura, ROS o UV 
regolano l'espressione dei geni orologio per1b21, cry1a22 e per223 
così come i geni di riparazione del DNA che in zebrafish sono anche 
attivati trascrizionalmente dalla luce visibile. Hanno identificato un 
elemento potenziatore reattivo alla luce, ROS e UV, l'elemento D-
box17, che opera da solo o in combinazione con altri enhancer come i 
siti E-box o E2F. 
Ho avuto l’opportunità di trascorrere sei mesi presso l’ Institut für 
Technologie (KIT) di Karlsruhe, per apprendere la tecnologia NanoBit, 
una nuova tecnologia per studiare le interazioni proteina-proteina in 
tempo reale seguendo la cinetica di associazione proteica. Durante il 
mio periodo all'estero ho prodotto una serie di cloni di espressione nel 
sistema NanoBit, clonando la piccola subunità SmBit e la subunità 
maggiore LgBit di NanoLuc alle estremità C-ter e N-ter dei fattori di 
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trascrizione CRY5 e TEF2. Tali fattori possono legarsi agli enhancer D-
box per regolare la trascrizione in risposta all'esposizione alla luce 
solare. Una volta ottenuti, i cloni, ho trasfettato le varie combinazioni C-
ter e N-ter in linee cellulari di zebrafish, PAC2 (fibroblasti embrionali), 
per seguire la cinetica di interazione in vivo delle due proteine 
attraverso la luce emessa da SmBit e LgBit ricostituiti nel reporter 
NanoLuc. Ciò che ho potuto osservare è stata una debole interazione 
in alcune di queste combinazioni di cloni. Lo studio è in corso di 
approfondimenti, per confermare l’eventuale interazione dei due fattori 
trascrizionali all’enhancer D-box, chiarendo alcuni meccanismi 
molecolari che sono alla base dell’orologio circadiano. 
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Abstract 
 

One goal of modern biotechnology is the continuous research and 
development of innovative products derived from natural sources with 
potential applications in diverse industrial sectors, such as the 
cosmeceutical, pharmaceutical and nutraceutical industries. 
Historically, natural metabolites have been used in folk medicine for the 
treatment of several diseases and injuries since ancient times until the 
renewed interest of the current scientific community.  
Living terrestrial and marine organisms, such as plants, algae and fungi, 
are an excellent source of structurally different natural compounds 
which are significant for their biological activities and potential 
therapeutic applications as well as for agricultural applications such as 
pesticides and insecticides. In addition to their great structural diversity, 
secondary metabolites from natural sources can be subjected to 
chemical modifications to improve their biological properties both in 
terms of bioavailability and degree of activity. Some bioactive 
compounds can help to maintain cellular homeostasis while fighting 
degenerative factors. This is the reason why these compounds 
continued to be considered interesting drug candidates.  Plants have 
been well-documented for their traditional medicinal uses against 
illness and infectious diseases. Plants have evolved and adapted over 
millions of years to withstand bacteria, insects, fungi, and aging 
producing unique and structurally diverse bioactive secondary 
metabolites. These include pheromones that act as social signaling 
molecules among individuals of the same species, communication 
molecules that attract and activate symbiotic organisms, agents that 
solubilize and carry nutrients, and competitive weapons (repellents, 
poisons, toxins, etc.) that are used against competitors, preys, and 
predators. For many other secondary metabolites, the function remains 
unknown. One hypothesis is that they give a competitive advantage to 
the organism that produces them or in analogy to the immune system 
they can fight a multitude of deleterious factors thanks to their different 
chemical structures and properties.  
In my thesis, I chose to deal mainly with two plant species, Crinum 
biflorum Rottb. (sin. Crinum distichum) and Cistanche phelypaea 
belonging to the Amaryllidaceae and Orobanchaceae families, 
respectively. Both species grow in a tropical or desert climate.  C. 
biflorum is widely used in traditional African medicine, although very few 
studies have been carried out from a chemical point of view and 
possible practical applications. I have isolated four homoisoflavanoids 
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and an alkylamide, never reported before in this species. Remarkably, 
some of these flavonoids have shown promising anticancer properties 
being cytotoxic at low micromolar concentrations to Hela and A 431 
human cancer cell lines. The N-p-coumaroyltyramine (alkylamide) was 
cytotoxic in  A431 and Hela cancer cells but not in not transformed 
HaCaT cells.  Il also showed acetylcholinesterase inhibitory activity and 
interesting antiamylase and anti-glucosidase activity. The obtained 
results indicate that C. biflorum produces compounds of nutraceutical 
and pharmacological interest with potential applications as food 
supplements having important anti-diabetic properties and 
supplements in the therapy against cancer and neurodegenerative 
diseases.  
C. phelypaea belongs to the genus Cistanche including more than 20 
species typically growing in deserts or coastal dunes. They are 
considered parasitic plants of shrub roots. Cistanche species have long 
been a source of traditional herbal medicine or food, C. deserticola and 
C. tubulosa are the most used in China. I have isolated and identified 
some of the most abundant phenylethanoid glycosides and iridoids, 
obtained from the hydroalcoholic extract of C. phelypaea collected in 
Spain. Besides their antioxidant property, I have explored the potential 
of novel bioactivities never investigated so far in Cistanche metabolites 
such as the effect on keratinocytes and pluripotent stem cells 
proliferation and differentiation in light of their potential application in 
regenerative medicine and the cosmeceutical industry. In particular, I 
have explored the effect of acetoside which is the most abundant 
metabolite in C. phelypaea extract. I have shown that acetoside, in 
addition to its strong antioxidant potential, can sustain the proliferative 
potential of human basal keratinocytes and the pluripotent status of 
mesenchymal progenitors needed for tissue morphogenesis and 
renewal. Although obtained in vitro my results strongly suggest that 
acetoside may be of practical relevance for the application of human 
stem cell culture protocols in tissue engineering and regeneration. 
Finally, in the last period of my PhD project, I focused on the sustainable 
exploitation of pomace extract to produce edible particles based on 
pectin and divalent metal ions, loaded with antioxidant compounds in a 
circular economy perspective. After the optimization of the grape 
pomace extraction process and its characterization, the mixture of 
polyphenolic compounds was loaded into edible particles for 
nutraceutical applications. The release capacity of the polyphenols 
encapsulated in the beads and the conservation of their antioxidant 
activity in the gastrointestinal environment were tested in vitro.  



12 

 

Finally, in the last period of my PhD project, I focused on the sustainable 
exploitation of pomace extract in a circular economy perspective. After 
the optimization of the grape pomace extraction process and its 
chemical and biological characterization, the mixture of polyphenolic 
compounds was exploited to produce edible particles based on pectin 
and divalent metal ions, for nutraceutical applications. The release 
efficiency of the encapsulated polyphenols, and the preservation of their 
antioxidant activity in the gastrointestinal environment, were tested in 
vitro. 
 
 

Aim 

My PhD project aimed to isolate and characterize bioactive metabolites 
from plant species widely used in traditional medicine as potential 
sources of bioactive metabolites for the development of novel 
compounds for pharmaceutical, nutraceutical, or agricultural industries.  
My research activity was based on a multidisciplinary approach and 
included organic chemistry analyses, molecular biology techniques and 
nanoparticle formulations. My work has gone through four different 
phases: 
(1) Isolation and chemical characterization of bioactive 
compounds. I carried out this part of my PhD project at the Department 
of Chemical Sciences of the University of Naples Federico II. In the 
laboratory of organic chemistry, I’ve set the protocols for the extraction 
and purification of metabolites from the selected plants to obtain the 
maximum yield of purified products to carry out their chemical 
characterization. 
(2) Biological characterization of purified metabolites. At the 
Department of Biology of the University of Naples Federico II, I carried 
out in vitro assays to determine the antioxidant and cytotoxic activity of 
purified metabolites. To speculate on the potential molecular 
mechanism or signaling pathways involving the purified metabolites of 
interest, I performed gene expression analyses in control and 
metabolite-treated cells as well as immunoblots and 
immunofluorescence analyses to monitor the expression level of the 
well-known cell cycle, differentiation, apoptosis and DNA damage 
markers including keratins, aquaporin 3, filaggrin, p63, cyclins, 
p21WAF, CK1 and involucrin. Finally, I’ve tested the effect of isolated 
metabolites on keratinocyte differentiation and mesenchymal cell 
stemness potential. Both properties are of great relevance for 
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evaluating the possible applications of total plant extracts or isolated 
metabolites in the cosmeceutical industry.  
3) Sustainable exploitation of grape pomace extract within the 
circular economy. From the point of view of the circular economy, I 
took part in another project, aimed at enhancing a waste product of the 
agri-food industry, grape pomace. I took care of optimizing the 
extraction of known antioxidant components, such as catechins, 
epicatechins, gallic acid, and flavonoids, with a green extraction, thus 
limiting the consumption of solvents. The goal was to reintegrate a 
waste product into a product suitable for the industry such as a 
nutraceutical. In collaboration with the ICBP-CNR Pozzuoli, Naples, 
particles formulations loaded with pomace extract have been 
formulated for intestinal delivery, as a promising technological and 
green solution for exploiting agri-food waste and by-products and 
developing products with high added value for human health. Mixtures 
of antioxidant metabolites incorporated into pectin edible formulations 
were tested, evaluating the loading efficiency of the crude extract and 
the release in an environment mimicking the gastrointestinal tract. 
Then, the released fraction was tested to evaluate the preservation of 
the antioxidant activity. The particles were highly biocompatible and 
able to counteract oxidative damage induced in HaCaT cells using 
hydrogen peroxide. 
(4) Foreign experience. During my PhD, I spent six months abroad at 
the Institut für Technologie of Karlsruhe (KIT) in Germany to learn the 
NanoBit technology, a new technology for studying real-time protein-
protein interactions by following the kinetic of protein association. The 
goal was to understand the function of the bzip PAR and Nfil3 
transcription factors family in zebrafish (Danio rerio). Such factors can 
bind to D-box enhancers to regulate transcription in response to 
sunlight exposure. The study of  PAR and Nfil3-activated genes can 
help in understanding the regulation of the circadian clock and DNA 
repair mechanisms. I produced several expression plasmid clones, 
cloning the NanoLuc’s small SmBit subunit and NanoLuc LgBit subunit 
at the C-ter and N-ter ends of CRY5 and TEF2 transcription factors. 
Once obtained, the clones expressing the various C-ter and N-ter 
combinations of CRY and TEF2 transcription factors were transfected 
into the zebrafish’s PAC2 cells (embryonic fibroblasts), to follow the 
interaction kinetics of the two proteins through light emitted from the 
reconstituted SmBit and LgBit in the NanoLuc reporter. 
 
 



14 

 

CHAPTER I 

1. Introduction 
 
1.1. Plant secondary metabolites 
 
Plant secondary metabolites (PSMs) are small organic molecules 
originating from primary metabolites following exposure of plant cells to 
elicitors or precursors. Nearly 200,000 PSMs have been isolated and 
characterized which is a small number relative to the 391,000 described 
plant species (Divekar, P. A. et al., 2022).; essentially they have 
molecular masses of less than 3000 da. The chemical nature and 
composition of metabolites in plants vary between species. There is no 
clear differentiation between primary and secondary metabolites and 
this is quite confusing to define, as most of the metabolites in plant 
natural products are secondary metabolites. The primaries provide the 
necessary supplies for processes, such as photosynthesis, 
translocation and respiration. Products derived from primary 
metabolites, not directly involved in growth and development are 
considered PSMs. In general, PSMs arise from primary metabolites via 
four biosynthetic pathways and are interesting due to their structural 
diversity and potency as candidate drugs and/or antioxidants. 
PSMs are also a useful range of natural substances produced by plants 
as a defense system against pathogenic attacks and environmental 
stresses, that make them competitive in their environment. The 
secondary metabolites produced by plants can vary according to the 
general climatic conditions, the lack of nutrients or the attack of 
pathogenic agents. Therefore, it is important to consider that a 
particular set of metabolites produced by a plant is highly dependent on 
where it grows and more specifically on a variety of environmental 
factors such as light, temperature, soil water, soil fertility and salinity. 
They induce flowering, fruit set and abscission, maintain perennial 
growth or signal deciduous behavior. They act as antimicrobials and 
play the role of attractants or, conversely, repellents. Several medicinal 
herbs already rely on secondary plant metabolites for their actions. 
However, given the broad range of PSMs, the search for new by-
products in plants with the hope of discovering new products or new 
approaches for treating disease is an ongoing process involving 
academic and pharmaceutical institutions. 
 
 
1.2. Relevance of secondary metabolites in industry 
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It has been broadly documented that plants are rich sources of a variety 
of secondary metabolites that can be used for human benefit.  These 
metabolic derivatives have a highly specific mechanism of activity and 
for this reason are potentially important in drug development, especially 
nowadays, when in-depth knowledge is emerging through the human 
genome sequencing of multiple new molecular targets that have been 
tested for their potential use as drug targets.  Secondary metabolites 
are mainly used as pharmaceuticals, herbicides, insecticides, food 
additives and cosmetics ingredients. However, the specific functions 
and range of possible applications of the vast majority of them are still 
largely undefined. Several natural products are included in cosmetic 
preparations, due to their low toxicity to mammalian cells. Their uses in 
skin care include dryness, eczema, acne, scavenging of free radicals, 
anti-inflammatory effects, anti-aging and protection from UV. 
Secondary metabolites can help to fight free radicals produced in 
excess which can eventually cause oxidative damage and disease. 
Nowadays it has been widely recognized that lowering oxidative stress 
can provide clinical benefits for a variety of pathological conditions. A 
nutraceutical antioxidant treatment is therefore considered a valid 
therapy to attenuate the oxidative lesions in inflammatory and 
degenerative disordersUses for plant secondary metabolites as 
therapeutic agents include: antimalarials, anti-inflammatory agents 
(both topical and internal), antioxidants, antiaging, anti-cancer as well 
as antibiotics/antimicrobials or antiviral drugs. The antimicrobial activity 
of natural metabolites in mammalian systems is not surprising given 
that, as previously mentioned, one of the major roles of PSMs in their 
native plant species is combating microbial/pathogen infection.  
In particular, the anticancer activity of natural compounds has always 
been a research focus. Natural products are viewed as more 
biologically friendly and less toxic to normal cells. Food and Drug 
Administration data showed that 40% of the approved molecules are 
natural compounds or inspired by them, from which, 74% are used in 
anticancer therapy (Divekar, P. A. et al., 2022). A classical example is 
represented by the well-known Vincristine and Paclitaxel metabolites. 
Plant secondary/specialized metabolites have been demonstrated to 
exhibit several anti-cancer effects, such as the ability to either kill or 
arrest the proliferation of cancer cells, fight metastases or cancer cell 
multi-drug resistance. However, PSMs with anti-cancer activity include 
flavonoids, quinones, alkaloids, terpenoids and many other structurally 
diverse compounds. Secondary metabolites having particular beneficial 
properties for human health can be adequately formulated as 
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nutraceuticals, dietary supplements or functional food. In the food 
industry, PSMs are also widely used, as molecules that provide flavor, 
aroma, and/or color to many beverages or other food products. Coffee 
is a high-value food product where almost all of the flavor and sensory 
characteristics are provided by PSMs. Finally, given the important role 
of PSMs in regulating plant growth, development, and responses to 
environmental stimuli natural compounds have been employed in the 
agricultural industry to regulate crop production or as insecticides, 
herbicides, and/or herbivore-repellents.   
In summary, natural products have long been considered a unique 
source of useful compounds and a profitable starting point in modern 
biotechnologies due to their unique chemical diversity, which is 
uncommon in synthetic compound libraries. However, by the end of the 
20th century, research efforts aiming to identify natural products as a 
pool for drug discovery had declined. The research efforts of many 
pharmaceutical companies were more focused on new technologies 
such as combinatorial chemistry, metagenomics, and high-throughput 
screening to identify new drug candidates. However, these new 
methodologies did not deliver the expected results and, recently, 
natural products were reevaluated as one of the best sources of drugs 
and drug leads and a focus of modern biotechnologies. 
 
 
1.3. Crinum biflorum Rottb. 
 
During the first part of my PhD training, I studied Crinum biflorum 
Rottb. (syn. Crinum distichum), a plant belonging to the Amaryllidaceae 
family and collected in Senegal. Amaryllidaceae are principally diffused 
in tropical and subtropical regions of the world, such as Andean South 
America, the Mediterranean basin and Southern Africa (Nair, J.J. 2013) 
and include about 1600 species classified into about 75 genera 
(Christenhusz, M.J, 2016). C. biflorum  is in locations seasonally 
flooded in savannahs from Senegal to Nigeria and up to Sudan (Burkill, 
H.M. et al., 1985).  
Amaryllidaceae is a plant family extensively studied essentially for its 
alkaloids and related isocarbostiryls which are known to have a broad 
spectrum of biological activities (Hoshino, O, 1998; Jin, Z. 2019).  
Crinum is a well-known long-studied subgroup of Amaryllidaceae and 
is very rich in crinine-type alkaloids, one of the 12 ring types in which 
they are. The alkaloids of Amaryllidaceae have grouped: 
Galanthamine, among them, has already spawned an Alzheimer's 
prescription drug as a potent and selective inhibitor of the enzyme 
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acetylcholinesterase (Lopez, S., et al., 2002) that why it is of great 
importance for the pharmacology industry (Cimmino et al., 2017). 
Lycorine, instead, has a strong antiviral activity and was shown to have 
remarkable in vitro anticancer activity against different types of solid 
tumors as its related isocarbostyryl analogs narciclasine and 
pancratistatine. Alkaloids isolated from Crinum, including cherylline, 
showed interesting inhibitory activity on viral replication. In addition to 
alkaloids, Amaryllidaceae plants also produce less investigated 
metabolites belonging to other classes of natural compounds such as 
flavonoids, lignans, chromones, terpenoids and ceramides. To date 
about 223 compounds, essentially flavan and phytosterols, have been 
isolated from Amayllidoideae, all with interesting biological activities 
(Ibrakav, A.S et al., 2020). In particular, flavonoids are a well-known 
class of natural compounds that have a protective action against 
oxidative stress, heart disease and some cancers, and are considered 
healthy for humans and livestock (Dewick, P.M, 2009; Osbourn, A.E. et 
al., 2009). There are many examples of bioactive metabolites isolated 
from other species of the genus Crinum, with cytotoxic, neuroprotective, 
antiangiogenic and antibiotic properties (Likhitwitayawuid, K. et al., 
1993; Nam, N.H. et al., 2009; Jin, A., et al.,2014; Nkanwen, E.R.S. et 
al., 2009).  
During my PhD I tried to isolate and characterize compounds with 
interesting biological activities from C. biflorum bulbs collected in 
Senegal. I have isolated four homoisoflavonoids and an alkylamide. 
The obtained results expand the library of compounds isolated from C. 
biflorum and show for the first time that this species of Amaryllidaceae 
produces compounds of therapeutic interest against diabetes, cancer, 
and Alzheimer’s disease. 
 
 
1.4. Cistanche phelypaea 
 
The second plant I worked on during my PhD project is Cistanche 
phelypaea  belonging to the Orobancaceae family. The genus 
Cistanche includes more than 20 species that are holoparasites, lacking 
chlorophyll and functional leaves. They parasitize the roots of 
halophytic perennial shrubs typically on deserts, arid lands, or coastal 
dunes (Xu et al., 2009). They are commonly known as 
“Deserthyacinths”. Besides their evolutionary or botanist interest, 
Cistanche species raised herbalist interest, having been used in 
traditional Chinese medicine or food for more than 2000 years. 
However, its use in traditional medicine is not restricted to China, as it 
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has also been used in North African Sahara (Bougandoura et al., 2016; 
Lakhdari et al., 2016; Volpato, Saleh, & Di Nardo, 2015). The used 
product is known as “Herba cistanche” and is traded as dried stems of 
a mix of Cistanche species that are either wild-harvested or cultivated 
by growing the host shrubs (Thorogood et al., 2021). C. deserticola and 
C. tubulosa are “cultivated” in China with a harvest of about 6000 tons 
(Song, Zeng, Jiang, & Tu, 2021). There is a prospect for extending 
Cistanche cultivation, as in addition to the demand for Herba cistanche, 
there is a demand for the plantation of drought-tolerant shrubs to serve 
as stabilizing “shelter forests” as a possible solution to global 
desertification. Predictions have been made on the potential adaptation 
of several Cistanche species to new target regions based on climate 
(Wang, Zhang, Du, Pei, & Huang, 2019). In this line, prospects for the 
cultivation of C. phelypaea are currently being explored in dry areas of 
South-Eastern Spain. Nutraceutical and pharmacological composition 
and applications of C. deserticola and C. tubulosa are rather well 
studied, as they are widely used in China (Wang, Zhang, Du, Pei, & 
Huang, 2019), while the species C. phelypaea appears to be less 
investigated. The first chemical investigation on C. phelypaea was 
carried out in 1993 and the main components, identified as 
phenylethanoid glycosides, were isolated from its ethyl acetate extract 
(Melek et al., 1993). Subsequently, a previously undescribed iridoid, 
named phelypaeside, was isolated from the dried aerial parts of the 
same plant grown in Qatar (Deyama et al., 1995). Additional chemical 
and biological investigations on C. phelypaea compounds and other 
species above mentioned were performed and the results are reviewed 
in a recent manuscript by Trampetti et al. (Trampetti et al., 2019). 
However, the biological activities of C. phelypaea are poorly 
investigated. Some recent studies show that the metabolites isolated 
from C. phelypaea have an inhibitory capacity of some important 
enzymes such as acetylcholinesterase, tyrosinase and 
butyrylcholinesterase and have been used against type 2 diabetes 
mellitus and skin hyperpigmentation. Another work shows that the 
compounds isolated from this plant were assayed for their inhibitory 
activity on two enzymes involved in the peculiar glycolytic or lipidic 
metabolism of cancer cells, human lactate dehydrogenase (LDH) and 
monoacylglycerol lipase (MAGL), respectively (Beladjila K.A. et al., 
2018). Acetoside has been reported to be the main bioactive 
component in Cistanche; it has excellent antioxidant (Li et al., 2018), 
anti-inflammatory (Qiao, Tang, Wu, Tang, & Liu, 2019), neuro-
protective (Gu, Yang, & Huang, 2016) and anti-osteoporotic activities 
(Yang et al., 2019). The traditional uses of Cistanche species now cover 
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a wide range of applications as healthy food additives in Japan and 
Southeast Asia (Morikawa et al., 2019), for the treatment of renal 
deficiency and erectile dysfunction (Li, Jiang, & Liu, 2017) or female 
infertility and constipation in the elderly (Zhang, Wang, Zhang, Chen, & 
Liang, 2005). Concerning Cistanche, I’ve been able to isolate and 
identify some phenylethanoids and iridoid glycosides from 
hydroalcoholic extracts of C. phelypaea collected in Spain. Given the 
significant abundance of acetoside in C. phelypaea extract, my work 
aimed to broaden knowledge about the properties of this compound. 
For the first time, I tested the therapeutical potential of this compound 
on pluripotent stem cells considering its possible application in 
regenerative medicine and tissue repair. During my PhD training I was 
able to provide evidence that, in addition to its strong antioxidant 
potential, acetoside can sustain the pluripotency of mesenchymal stem 
cell progenitors necessary for the morphogenesis and renewal of 
tissues. 
 
 
1.5. Grape pomace in circular economy 
 
Finally, part of my project was focused on the sustainable exploitation 
of grape pomace extract to produce nanoparticles loaded with 
antioxidant and pro-regenerative compounds within a circular economy 
perspective.  
The circular economy implies the creation of a closed-loop ecosystem 
for the effective consumption and use of resources through the adoption 
of reduction, reuse and recycling paradigms. According to this 
paradigm, the reduction of waste generation through its recycling and 
reuse, as well as the sustainable management and efficient use of 
natural resources are the main challenges for the modern circular 
economy. A transition to a restorative and regenerative economic cycle 
based on more sustainable practices and reduced environmental 
impacts of production and consumption is needed. 
Grape pomace is one of the most abundant by-products of the agro-
industry especially in Italy, one of the most important wine producers in 
the world. They are the most produced crops worldwide with a 
production estimation of more than 79 million tons in 2018, according 
to the Food and Agriculture Organization (FAO—United Nations) 
(FAOSTAT, 2018). Grape consumption was found to be beneficial for 
human health due to the high content of bioactive substances (Sousa, 
E.C. et al., 2014). About 75% of the grapes produced are used for wine 
production, of which 20-30% are waste products (García-Lomillo, J. et 
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al., 2017; Bender, A.B. et al., 2017). These wastes are also called marc 
and consist of skins, remaining pulp, seeds and stems (Balbinoti, T.C.V. 
et al., 2020). These by-products represent waste disposal or are used 
to produce wine alcohol, serve as fertiliser or as animal feed (García-
Lomillo, J. et al., 2017). The disposal of such waste creates 
environmental problems such as groundwater pollution and surface 
water pollution, the attraction of pathogenic vectors and oxygen 
consumption in soil and groundwater that can have an impact on wildlife 
(Dwyer, K. et al., 2014). Part of this waste material is currently delivered 
to the distillery (by law) where it undergoes a distillation process that 
does not substantially change its chemical composition and does not 
solve the problem of environmental disposal. Large quantities of marc 
disposed of in landfills during the harvest season can harm 
biodegradation due to low pH and the presence of antibacterial 
substances, such as polyphenols (Bustamante, M.A. et al., 2008). 
Although the marc is rich in protein, it has been reported that most 
animals cannot digest it and use it as an energy source (Eleonora, N. 
et al., 2014). The use of marc as composting material is not 
economically viable due to the lack of certain essential nutrients 
(Dwyer, K. et al., 2014). On the other hand, marc contains significant 
amounts of substances that can be considered beneficial for health 
(Bender, A.B.B. et al., 2020; Bennato, F. et al., 2020). The most 
abundant in grape marc are dietary fibers which are present in high 
levels (up to 85% depending on the variety of grape) and polyphenolic 
compounds which mainly (about 70%) remain in the marc after the 
vinification process (Acun, S. et al., 2014; Beres, C. et al., 2017). The 
fact that pomace has great biotechnological potential has given rise to 
numerous studies which have dealt with the possibility of using it as a 
food fortification ingredient, within a circular economy perspective 
(Ianni, A. et al., 2019). During the last part of my PhD project, I worked 
to reuse grape marc-extracts, as a potential functional food, reiterating 
it in the market.  
The composition of the grape pomace as a waste product is highly 
dependent on the type of waste, grape variety, planting environment, 
processing method, and many other factors (Garrido, M.D. et al., 2011). 
For instance, while red wine production includes the fermentation of the 
whole grape mass, rose and white wines are made by juice 
fermentation. The most important constituents of grape pomace are 
fibers, polyphenolic compounds, colorants, and minerals. Polyphenolic 
compounds, colorants, and anthocyanins are the main carriers of the 
grape pomace's antioxidant potential. The oily part of the grape pomace 
is rich in unsaturated fatty acids, colorants, and minerals. Immediately 
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after production, grape pomace contains large quantities of water, 
which affects its chemical stability and favors microbial spoilage. 
Consequently, it is very important to dry grape pomace and slow down 
those processes (García-Lomillo, J. et al., 2017). Dietary fibers were 
found as predominant compounds in red grape pomaces, though in 
white grape pomaces dietary fiber content is significantly reduced. 
Soluble sugars are the largest constituent in white grape pomace 
(Deng, Q.; Penner et al., 2011). The main part of dietary fibers 
comprises insoluble fibers like cellulose and hemi-celluloses. Insoluble 
fibers are characterized by high porosity and low density, improving the 
efficiency of the digestive tract (Bender, A.B. et al., 2014). Some fiber 
compounds in grape pomace make chemical bonds with phenolic 
substances and, thus, create antioxidant dietary fibers, giving the 
pomace stronger radical scavenging potential. This gives them a higher 
nutritive value in comparison to dietary fiber present in cereals. Studies 
confirmed the greater effect of these complex compounds with dietary 
fibers on human health (Mildner-Szkudlarz, S. et al., 2013). Since fibers 
from grape skin consist of lignin, cellulose, and hemicellulose, these 
compounds represent the source of supporting materials (Beres, C. et 
al., 2017). During grape processing, polyphenols mainly remain in the 
grape pomace due to their incomplete extraction. The main 
representatives of polyphenolic compounds in this byproduct are 
anthocyanins (only in red grape pomaces), catechins, flavonol 
glycosides, phenolic acids, and alcohols (Kammerer, D. et al., 2004). 
Together with dietary fibers, phenolic compounds are the most valuable 
compounds of grape pomace with health beneficial properties, such as 
the maintenance of intestinal health and the prevention of chronic 
diseases and cancer and have a synergistic effect in the regulation of 
metabolism and the prevention and treatment of diseases, such as 
obesity, insulin resistance, atherosclerosis, osteoporosis (Bender, 
A.B.B. et al., 2020).  
In the context of the enhancement of our territory, I have collaborated 
with Mastroberardino winery, one of the biggest winemakers in the 
Campania region and Italy. The company provided me with the marc 
derived from their red wine production. For the edible administration of 
these extracts/compounds, several formulations and delivery 
technologies already exist. For instance, recently chitosan and its 
derivatives have been used as a food excipient in encapsulation 
technology (T. Coviello et al., 2007; V.R. Sinha et al., 2001). These 
matrices are used to protect the bioactivity of encapsulated compounds, 
control their release outside, reduce their toxicity and promote targeted 
delivery after absorption from the gastrointestinal tract. This is partly 
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due to his mucoadhesive capacity, permeation-enhancing effect 
through biological surfaces, ease of chemical modification and 
biocompatibility (Liu L. et al., 2003).  
During my PhD, I collaborated with the IPCB (Istituto Polimeri Compositi 
e Biomateriali CNR) on the setting of a pectin-based encapsulation 
method using ionic crosslinkers Fe2+ or Ca2+. Natural biopolymers as 
those made by pectin, which is also a natural component of the 
pomace, are particularly interesting for this purpose because of their 
good biocompatibility, safety, and controlled release properties 
(Coviello T. et al., 2007). Pectins are linear chains made of methoxy-
esterified α, d-1, and 4-galacturonic acid units. Pectin with a low degree 
of esterification (< 50%) is useful for ionotropic gelation (V.R. Sinha et 
al., 2001). As pectins belong to dietary fiber, they are not hydrolyzed in 
the upper part of the gastrointestinal tract. For this reason, pectin 
matrices have been widely used to deliver drugs to the colon (Munjeri 
O., et al., 1997; Assifaoui A. et al., 2011). Calcium and zinc have been 
majorly employed as divalent cations for ionotropic gelation, while the 
use of iron in that function has been rarely addressed (Ghibaudo F. et 
al., 2017). Most of the dietary iron is absorbed in the duodenum, 
however, the colon mucosa also expresses the iron absorption proteins, 
thus enabling the absorption of 30% of the iron present in the 
gastrointestinal tract (MCKIE A. et al., 2001). Non-digestible 
carbohydrates (e.g., pectins, inulins), resist digestion in the small 
intestine but are fermented in the colon to short-chain fatty acids, with 
a variety of health benefits, including the enhancement of iron 
absorption (Yeung, C.K. et al., 2005). In my PhD project, I tested 
several mixtures of antioxidant metabolites incorporated in pectin-
based formulations. I have evaluated the beads' loading efficiency, the 
release of the bioactive compounds, and their antioxidant activity in an 
environment mimicking the gastrointestinal tract. The beads appeared 
to be highly biocompatible and able to decrease the level of ROS in 
HaCaT cells following hydrogen peroxide treatment. These results are 
promising and lay the basis for in vivo experiments.  
 
 
 
1.6. Extraction, purification and chemical characterization of 
secondary metabolites 
 
C. biflorum bulbs were harvested in Senegal and taxonomically 
identified. While C. phelypaea was harvested at the Finca Torrecillas 
farm, Corvera, Murcia, Spain. I decided to start from a completely 
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dehydrated material. The weight of the starting material allowed us to 
precisely calculate the yield of the extraction procedure.  
The bulbs of both C. biflorum and C. phelypaea plants were dried in the 
shade, and subsequently finely reduced to powder for the solid-liquid 
extraction procedure. Solid–liquid extraction is a widely used analytical 
technique for sample preparation of solids by the partition of analytes 
between the two involved phases, the matrix and the extractant. The 
process is regulated by three essential mechanisms: the extractant 
penetration in the solid matrix, the diffusivity of analytes to the outer 
space, and the solubility of the analytes in the extractant. Current solid-
liquid extraction techniques are essentially based on diffusion and 
osmosis. To reduce the extraction time and increase the yield, the 
current trend is to the application of high temperature with high pressure 
and assistance with auxiliary energies, particularly, microwaves and 
ultrasound, or to repeat the contact of the extracting solvent with the 
matrix several times. Indeed,  if a solid matrix containing extractable 
material is immersed in a liquid, the latter begins to enrich itself with 
compounds having similar chemical properties. This extraction 
procedure, also named maceration, is the simplest and cheapest one, 
therefore it is very common. Furthermore, since the extraction takes 
place at room temperature, there is no alteration of the thermolabile 
compounds; on the other hand, such a procedure is time-consuming 
because the extraction takes place mainly for diffusive effects, so much 
so that, from time to time, it is necessary to shake the system to favor 
the diffusion of the extracted compounds and avoid localized 
oversaturation near the surface of the solid to be extracted, which would 
lead to a slowdown in the global extraction process. Unfortunately, 
maceration is not always applicable due to the long contact times 
between the solid and the liquid: vegetables, for example, cannot be 
placed to macerate in water due to the onset of putrefaction 
phenomena. For applications, such as the production of essential oils 
and, in general, compounds with high vapor pressure, steam distillation 
can be used. This solid-liquid extraction technique requires the 
transport of volatile compounds by a stream of vapor. In any case, since 
the extraction system is subjected to certain heating, the thermolabile 
compounds undergo transformations and consequently are not 
recovered intact. Today, the research has been directed toward the use 
of supercritical fluids (SFE, Supercritical Fluid Extraction) . The carbon 
dioxide in the supercritical phase assumes the characteristics of a non-
polar solvent and is comparable to n-hexane; with this method, it is 
therefore possible to extract non-polar compounds from solid matrices. 
The advantage of the SFE is that at the end of the extraction the solvent 
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(carbon dioxide) is removed in the form of gas, making it possible to 
recover the concentrated extracted compounds. This technique has 
industrial applications such as the extraction of oil from seeds, caffeine 
from coffee, nicotine from tobacco, fat from seed oil, etc. However, it is 
very expensive and not universally applicable.  
To prepare the extract I used the Soxhlet process which can be 
consistently developed from small volumes to industrial scale. During 
Soxhlet extraction, the sample is finely powdered and placed into a 
porous bag made of filter paper. It is then placed into the Soxhlet 
extractor which is an apparatus containing different chambers with a 
heat source below it. An extractant will drip into the main chamber 
causing the liquid level of the main chamber to rise. Once the main 
chamber of the Soxhlet apparatus rises high enough, it will reach a 
siphon tube that will drip down into a flask at the bottom. This process 
is repeated continuously for an exhaustive extraction of active 
compounds from the plant matrix, with high efficiency and employing a 
low amount of solvent. 
The SOXHLET equipment was created for the extraction of lipids from 
solid materials; the method replaces filtration in cases where the solute 
to be separated has a reduced solubility for the solvent and the 
impurities are insoluble in the solvent (if the solubility of the solute in the 
solvent is high enough, filtration is used). The advantage of solvent 
extraction in Soxhlet is that the extraction material is continuously in 
contact with the pure solvent, and this makes the continuous process 
much more efficient. Less solvent is used because it is continuously 
recirculated. Furthermore, during the whole operation, there is no 
dispersion of volatile solvents into the environment. The equipment is 
used for quantitative analysis in the determination of yield (yield% = 
extracted mass * 100 / raw mass). Another advantage is that different 
types of solvents can be used depending on the chemical nature of the 
compounds to be extracted. Unfortunately, it cannot be used for 
thermolabile molecules that degrade under the effect of heat. First, I 
used ethanol, to primarily extract the polar or mid-polar fraction of the 
plant. The obtained mixture of compounds was then purified for 
qualitative and quantitative evaluations using bioassay-guided 
chromatography techniques (TLC, LC, HPLC) according to their 
chemical and physical properties. Subsequently, using advanced 
spectroscopic techniques (IR, UV, EI-, ESI-MS, 1D e 2D 1H- and 13C-
NMR) it was possible to determine their chemical structure. In some 
cases, it was possible to obtain crystals of particularly pure metabolites, 
by slow solvent evaporation. The three-dimensional, crystallographic 
structure was obtained by X-ray analysis. 
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CHAPTER II 
 
 
2. Crinum biflorum Rottb. 
 
2.1. Omoisoflavanoids and alkylamides isolated from Crinum 
biflorum Rottb. collected in Senegal 
 
The raw extract of C. biflorum bulbs was fractionated on 
chromatographic columns, according to the experimental scheme 
shown in figure 1. Through these procedures, I could isolate and 
characterize four homoisoflavonoids and one alkylamide, as 5,6,7‐
trimethoxy‐3‐(4‐hydroxybenzyl)chroman‐4‐one (1), as 3‐hydroxy‐5,6,7‐
trimethoxy‐3‐(4‐hydroxybenzyl)chroman‐4‐one (2), as 3‐hydroxy‐5,6,7‐
trimethoxy‐3‐(4‐methoxybenzyl)chroman‐4‐one (3) and as 5,6,7‐
trimethoxy‐3‐(4‐methoxybenzyl)chroman‐4‐one (4), and the alkylamide 

as (E)‐N‐(4‐hydroxyphenethyl)‐3‐(4‐hydroxyphenyl)acrylamide (5), 
commonly named Np‐ coumaroyltyramine.  Metabolites 2 and 3 were 
previously identified as urgeanin A and B, respectively; they have been 
isolated from this species for the first time (figure 2). The isolated 
compounds have been identified comparing their 1H NMR and ESI MS 
spectra with the data reported in the literature. Furthermore, the specific 
optical rotation and the electronic circular dichroism (ECD) of the 
compounds of the isolated compounds supported their identification 
(figure 3).  
To investigate the possible applications of Crinum-derived metabolites, 
I tested their biological activity by in vitro assays on human cells. These 
studies allowed me to observe the effects of isolated metabolites on 
pathways controlling cell proliferation and survival and derive some 
possible structure-activity relationships.  
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Figure 1. Schematic representation of the extraction and purification process of pure 
metabolites, starting from the dried bulbs of C. biflorum. 
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Figure 2. Structure of homoisoflavanoids (1 - 4) and alkylamide (5) isolated from C. biflorum 
bulbs. 
 

 

 

 
 
Figure 3. Experimental ECD spectra of homoisoflavanoids (1) (black solid line), and 4 (red 
line) on left; and of homoisoflavanoids (2) (black solid line), and 3 (red line) on right. 
 

 

 
2.2. Biological properties of omoisoflavonoids and alkylammide 
 
Flavonoids consist of a large group of polyphenolic compounds having 
a benzo-γ-pyrone structure and are ubiquitously present in plants. They 
are synthesized by the phenylpropanoid pathway. Flavonoids are 
hydroxylated phenolic substances responsible for a variety of 
pharmacological activities (Mahomoodally, M.F. et al., 2005; Pandey, 
A.K., 2007); their activities are structure dependent. The chemical 
nature of flavonoids depends on their structural class, degree of 
hydroxylation, other substitutions and conjugations, and degree of 
polymerization (Kelly, E.H. et al., 2002). Flavonoids are synthesized by 
plants in response to microbial infection (Dixon, R.A. et al., 1985). 
Several studies have suggested the protective effects of flavonoids 
against infectious diseases, bacterial and viral, as well as degenerative 
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diseases such as cancers, and cardiovascular and other age-related 
diseases. Flavonoids are known to promote human health and can 
induce protective enzyme systems in human cells.  The best-described 
property of almost every group of flavonoids is their capacity to act as 
antioxidants. The flavonoid heterocycle contributes to antioxidant 
activity by permitting conjugation between the aromatic rings and the 
presence of a free 3-OH. Removal of a 3-OH annuls coplanarity and 
conjugation compromises scavenging ability. Generally, the O-
methylation of hydroxyl groups of flavonoids decreases their radical 
scavenging capacity. Some flavonoids such as hesperidin, apigenin, 
luteolin, and quercetin are reported to possess anti-inflammatory and 
analgesic effects. Flavonoids may affect specifically the function of 
enzyme systems critically involved in the generation of inflammatory 
processes, especially tyrosine and serine-threonine protein kinases.  
Fruits and vegetables containing flavonoids have been reported as 
cancer chemopreventive agents (Mishra, A. et al., 2013). 
Downregulation of mutant p53 protein, induction of cell cycle arrest and 
inhibition of Ras proteins expression are among the molecular 
mechanisms more frequently associated with the action of flavonoids 
Alkylamides are structurally diverse with a wide range of 
pharmacological effects (Boonen, et al. 2012). Several studies on the 
chemical compositions and pharmacological activities of plants have 
established the contributions of alkylamides in pharmaceuticals, 
cosmetology, and the food industry (Taiwo O. E. et al., 2020). 
Alkylamide obtained from plants are usually lipophilic substances with 
some growth regulatory functions, like  N-acylethanolamines (NAEs) 
(Hajdu et al., 2014) and dependent on the cytokinin-signaling pathway 
(López-Bucio et al., 2007). Additional pharmacological activities include 
immunomodulatory, anti-inflammatory, analgesic, antiviral, and 
antifungal. For example, the antioxidant activity of the alkylamide 
fraction of Echinacea species was shown by measuring its inhibition 
activity of in vitro Cu (II)-catalyzed oxidation of human low-density 
lipoprotein (LDL). 
To test the potential use of Np-cumaroyltyramine alkylamide as an 
adjuvant in anticancer treatment, I performed in vitro MTT cell viability 
assays using tumor and immortalized cell lines as control. 
Similarly, I evaluated the in vitro cytotoxicity of omoisoflavonoids (1–4) 
from C. biflorum towards HaCaT, A431 and HeLa human cells. To this 
aim, low-density cells were treated with increasing concentrations of 
each metabolite, from 0.5 to 10 µM in DMSO, for 24 and 48 h of 
incubation. The results of these experiments are shown in figure 4. All 
metabolites isolated were toxic to tumor cell lines in a dose- and time-
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dependent manner with HeLa cells being more sensitive than A431. 
Remarkably, all metabolites appeared to be less toxic on immortalized 
HaCaT keratinocytes at the concentration range tested and 24 hours of 
incubation although a significant reduction in HaCaT cell viability was 
caused by metabolites 3 and 4 when assayed at 48 h  incubation time. 
The N-p-cumaroyltyramine (5) at the lower concentrations tested, 0.5 
and 1 µM, increased the viability of HaCaT cells while it was ineffective 
at higher concentrations. At 10 µM it was cytotoxic in both A431 and 
HeLa cancer cells (figure 4). 
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Figure 4. MTT viability assays with homoisoflavanoids 1–4 and N-p-coumaroyltyramine (5) 
from C. biflorum on HaCaT, A431 and Hela human cell lines. Statistical analyses were 
performed using one-way ANOVA and Dunnett’s multiple comparisons test. Levels of 
significance between points of expression are indicated (**** p < 0.001, *** p < 0.01, ** p < 0.02, 
* p < 0.05). 
 

 

To get insights into the mechanism of cytotoxicity of these metabolites, 
I investigated their ability to induce genomic damage. DNA damage 
changes the spatial configuration of the helix. Normally, cells respond 
to this alteration in two ways depending on the extent of the damage 
itself: by implementing repair processes or by dying by apoptosis or 
other cell death program paradigms.  

The -H2AX foci assay indirectly supplies evidence of the DNA double-
strand breaks (DSB) occurrence and/or DNA replication stress 

(Sangermano et al., 2019). The -H2AX assay exploits the 

phosphorylation of the histone variant H2AX (resulting in -H2AX) in 
response to the induction of DNA DSB (Nakamura A. J. et al., 2008; 
Rogakou, E.P. et al., 1998; Rogakou, E. P. et al., 1999; Sedelnikova, 
O. A. et al., 2003). The phosphorylation is initiated at a site of DSB but 
extends to the adjacent chromatin area (Collins, P. L. et al., 2020). After 
induction of a DNA double-strand break, H2AX histone becomes rapidly 
phosphorylated to serine 139 (Rogakou, E.P. et al., 1998). This 
phosphorylation event is dynamic, complex and depends on the 
interactions between MDC1, H2AX and ATM and more kinase to persist 
(Dickey, J.S. et al., 2009). This amplified response is easily detected 

using specific antibodies versus  -H2AX, which manifests discrete 
nuclear foci. 
To detect metabolite-induced DNA damage I performed 

immunofluorescence using antibodies versus -H2AX following the 

treatment of HaCaT, HeLa and A431 cells with 10 M metabolites 3 or 
4. as they showed the greatest cytotoxicity. Upon 24 h of treatment, I 

revealed a remarkable increase of nuclear -H2AX foci in all tested cell 
lines, Interestingly, the HaCaT cells displayed significantly fewer foci of 
DNA damage than tumor cells indicating that immortalised cells were 
more resistant to the cytotoxic effect of metabolites (figure 5).  
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Quantification of -H2AX mean fluorescence 
 

 
 

Figure 5. Immunofluorescence microscopy showing -H2AX foci formation (green) in nuclei of 

HaCaT, A431 cells or HeLa cells treated with DMSO alone or 10 M 3 or 4 for 24 h. Nuclei 
were stained with DAPI (blue). Note the abnormal morphology of nuclei induced by 3 and 4 in 
A431 cells compared to HaCaT cells. Images from 3 fields per each experimental point were 

collected to obtain data for up to 150 cells. Quantitation of -H2AX foci fluorescence was 

performed by Image J software and shown as mean  SD in graph bars of panels (under). 
Statistical analyses were performed using one-way ANOVA and Dunnett’s multiple 
comparisons test. Levels of significance between points of expression are indicated (**** p < 
0.001, *** p < 0.01). 
 
 
 

The occurrence of DNA damage following treatment with secondary 
metabolites could be associated with the hyper-production of reactive 
oxygen species. The cell possesses a powerful antioxidant defense 
system to fight an increase in ROS production. However, if ROS 
generation exceeds their natural antioxidant defenses, the cells 
undergo oxidative stress. This condition appears to be related to aging 
and the onset of human degenerative diseases including cancer, 
atherosclerosis and neurodegenerative and cardiovascular diseases. 
Therefore, it is important to determine and quantitate whether a certain 
compound can induce the production of reactive oxygen. The DCFDA 
assay is a rapid and reproducible fluorometric assay, which allows 
evaluating the intracellular production of peroxides, using the 2'-7'-
dichlorofluorescine diacetate (DCFH-DA), a molecule able to cross 
freely the cell membranes. The DCFH-DA is enzymatically hydrolyzed 
by intracellular esterase to non-fluorescent dichlorofluorescein (DCFH), 
thus losing the ability to back diffuse across the membrane. In the 
presence of ROS, DCFH is oxidized to DCF highly fluorescent, 
detectable, and quantifiable by flow cytometry or spectrofluorimetry; the 
antioxidant capacity can therefore be related to the fluorescence of the 
probe (Wang et al., 1999). The cells are pretreated with the different 
metabolites, then with DCFH-DA: this allows us to evaluate the effect 
of secondary metabolites on intracellular redox status.  
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As shown in figure 6.A, following 24 treatments with metabolites 3 and 
4 we didn’t observe an increase in ROS production thus indicating that 
a molecular mechanism other than ROS generation was responsible for 
the observed DNA damage (figure 6.A). Then, I tested the induction of 
apoptosis which represents an important therapeutic goal of anticancer 
compounds. PARP1 cleavage immunodetection is a typical molecular 
feature of apoptosis. Poly (ADP-ribose) polymerase-1 (PARP-1), a 115 
kDa protein, plays the active role of a ''nick sensor'' during DNA repair 
and apoptosis when it synthesizes ADP-ribose from NAD+ in the 
presence of DNA strand breaks. In addition, PARP-1 becomes a target 
of apoptotic caspases, which give rise to two proteolytic fragments of 
89 and 24 kDa. Analysis of the presence of the 89 kDa proteolytic 
fragment revealed that proteolysis of PARP-1 by caspases is 
associated with the synthesis of poly (ADP-ribose). It is a very early 
response to the apoptotic stimulus (Soldani C. et al., 2001).  
Therefore, I performed immunoblots of extracts from cells treated with 
metabolites 3 or 4 for 48 hrs. As shown in figure 6.B, the cleaved PARP-
1 signal (89 kDa) was evident in all tested cell lines while the level of 
the cell cycle inhibitor p21WAF was significantly reduced thus indicating 
that the decrease in cell viability was due to apoptotic cell death rather 
than cell proliferation arrest (figure 6.B). 
 

 
 

Figure 6. (A) DCFDA on HaCaT cells pre-treated for 4 h with 10 M 3 and 4 from C. biflorum. 
H2O2 (1 mM; 3%) was added to the medium for 45’ and used as a positive control. The 
fluorescence intensity of DCFDA was read after 45’ of incubation. (B) Representative 
immunoblot analysis showing the effect of 3 and 4 on PARP1 activation and p21WAF protein 
levels. Full-length and cleaved PARP1 bands were revealed by immunoblot with specific 
antibodies. The blots were then re-probed with an actin antibody to check for protein loading.  
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As described before, low concentration of N-p-coumaroyltyramine (met. 

5) up to 10 M, caused a slight increase of viability in HaCaT cells. 
Moreover, given the chemical structure of the metabolite, made up of a 
conjugated structure of double bonds, we tested its ability to scavenge 
ROS. The ability to inhibit the production of ROS can be verified by 
measuring the ROS level in cells treated or not with the metabolite after 
cell exposure to oxidizing agents such as hydrogen peroxide. 
Therefore, HaCaT immortalized cells were pretreated for 4 hrs with 

metabolite 5, at the concentrations of 10 and 100 M, and then 
subjected to oxidative stress by  H2O2 addition. As shown in figure 7, 
fluorescence intensity of DCF in sample treated with met 5 was 

comparable to those of samples treated with 10 M Trolox, the water-
soluble derivative of vitamin E used as a positive control. thus 
suggesting that met 5 is a promising antioxidant agent. 
 
 

 
 
Figure 7. DCFDA assay. HaCaT cells were seeded and pre-treated for 4 h with 10 and 100 M 
N-p coumaroyltyramine (5) from C. biflorum. H2O2 (1 mM; 3%) was added to the medium for 
45’, 1.5 and 2 h. The fluorescence intensity of DCFDA was read after 450 of incubation. Trolox 
was used as a positive control. Levels of significance between points of expression are 
indicated (**** p < 0.001). 
 

 
During my PhD, I purified a higher amount of metabolites from Crinum 
to send them to the Department of Chemistry, Biochemistry and 
Physics, at the University of Quebec, Canada to evaluate additional 
biological activities. I had the opportunity to collaborate with the group 
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of Prof. Isabel Desgagnè Penix, who investigated the antiviral, anti-
acetylcholinesterase and anti-diabetic properties of our isolated 
metabolites. Increasing concentrations of the metabolites from 12.5 to 

100 M were tested to evaluate the antiviral activity towards cells 
infected using VSV-G pseudotyped HIV-1 particles. Metabolites 1, 2, 

and 5 showed weak antiviral activity at 50 M, while metabolites 3 and 
4 significantly enhanced  the death of infected cells at all concentrations 
tested. Cytotoxicity was evaluated by propidium iodide staining of TPH-
1 after an incubation time of 72 hours. These experiments were 
performed using a single-cycle infection system when the intrinsic 
metabolite cytotoxicity was negligible. In conclusion, it can therefore be 
said that the metabolites present in Crinum also have significant 
antiviral activity, especially metabolites 3 and 4 (figure 8). 
 
 

 
 
Figure 8. Antiviral activity of compounds 1–5. (A) THP-1 cells were treated with four 

concentrations (12.5, 25, 50 and 100 M) of each compound in triplicates and infected with 
VSV-G pseudo typed HIV-1GFP at MOI = 1. Infection levels were assessed by flow cytometry 
72 h post-infection. Bars show means with standard deviation. Kruskal–Wallis and uncorrected 
Dunn’s tests were performed to assess statistically significant differences between groups. * p 
< 0.05; ** p < 0.01. (B) Cell death (% propidium iodide+ cells) was measured by flow cytometry 
following PI staining 72 h post-treatment of THP-1 with 1, 2, 3, 4 and 5. Matched concentrations 
of DMSO were used as a negative control. 

 
 
The increasing interest in flavonoids is due to their wide range of 
pharmacological activities. Indeed, they can bind to biological polymers 
including enzymes, transporters, hormones and DNA. They can chelate 
transition metal ions such as Fe2+, Cu2+ and Zn2+, catalyze electron 
transport and debug free radicals. 
Metabolite 5, N-p-coumaroyltyramine, which showed no cytotoxic 
activity was tested for possible anti-acetylcholinesterase properties. 
Acetylcholinesterase inhibitors (AChEI) are the best available 
pharmacotherapy for the treatment of Alzheimer Disease (AD) 
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symptoms, increasing the neurotransmitter acetylcholine levels at 
cerebral cortex synapses. Many natural products have been reported 
as acetylcholinesterase inhibitors, mainly alkaloids. Therefore, current 
efforts to identify new AChEI are mostly focused on alkaloids, however, 
today there is increasing interest also on non-alkaloid compounds. 
(Uriarte-Pueyo et al., 2011). The mechanism by which medicinal plants 
can induce therapeutic effects in AD patients may be diverse and 
include the production of anti-amyloid, anti-apoptotic, antioxidant and 
anti-inflammatory activities, as well as targeting cholinergic deficiencies 
(Howes and Houghton 2003; Hajiaghaee and Akhondzadeh 2012; 
Syad & Devi, 2014). Acetylcholinesterase (AChE) is an enzyme 
belonging to the hydrolase class and to the cholinesterase family which 
catalyzes the following reaction: acetylcholine + H2O → choline + 
acetate. The enzyme is normally present in the mammalian organism 
localized in the post-synaptic membrane of the cholinergic junctions. Its 
function is to hydrolyze acetylcholine by splitting it into choline and 
acetic acid. The activity of this enzyme can be modified both by drugs, 
in the treatment of diseases such as Alzheimer's, and by natural toxins, 
such as the well-known alkaloid galantamine. These metabolites block 
the enzyme that degrades acetylcholine (acetylcholinesterase), a 
neurotransmitter important for promoting communication between 
neurons. The final effect that derives from the blockade of 
acetylcholinesterase is the increase of acetylcholine levels in the 
synaptic space, the junctions between neurons. 
Metabolite 5 was shown to be ineffective in inhibiting the 
acetylcholinesterase enzyme. Metabolites 1, 2 and 4 reduced the AchE 
enzyme activity up to 20%, in a dose-dependent way, while metabolite 
3 reduced the activity up to 30% at the lower concentrations thus being 
the most effective (figure 9). 
 
 

 
 
 
Figure 9. (A) Anti-AChE activity. AChE-catalyzed reaction was assessed in presence of each 
compound at concentrations ranging from 3.9–500 mM and matched concentrations of DMSO 
after a 10 min incubation. The percentage of anti-AChE inhibition was calculated according to 
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the following formula: 100 - [((E - S)/E) x 100], where E is the activity of the enzyme with 
matched concentrations of DMSO and S is the activity of the enzyme with the test sample. 
Compound 5 weakly inhibited AChE-catalyzed reaction at high concentrations. Compounds 1, 

2 and 4 displayed increasing inhibition from 15.6 M to 250 M up to 20%. Compound 3 was 
the most potent inhibitor of AChE, blocking 15–30% of enzyme activity as concentrations 

increased from 3.9 to 500 M. (B) Sanguinine (isolated from C. jagus) was used as a positive 
control.  

 
 
Many flavonoids extracted from plants inhibit α-amylase and α-
glucosidase activities in vitro and improve postprandial glycemia in 
diabetic animal models  (Gong L. et al., 2020). Inhibition of the α-
amylase enzyme has been positively associated with the antioxidant 
activity of the natural extract (Patrick L. et al., 2006). The consumption 
of foods rich in hydrolysing enzyme inhibitors is recommended for the 
nutraceutical therapy of diabetes. α-amylase initiates the process of 
carbohydrate digestion by hydrolysis of 1,4-glycosidic bonds of 
polysaccharides (starch, glycogen) to disaccharides, and α-
glucosidase catalyzes disaccharides to monosaccharides, which leads 
to hyperglycemia. Taking a wheat amylase inhibitor, for 9 weeks after 
meals, was reported to reduce postprandial amylase levels, delay 
carbohydrate digestion and absorption, and lower blood glucose levels 
without affecting the growth of the pancreas (Bernfeld, 1955). The 
strategy of reducing carbohydrate digestibility by controlling the activity 
of two hydrolyzing enzymes (α-amylase and α-glucosidase) to control 
postprandial hyperglycemia is considered a viable prophylactic 
treatment of type 2 diabetes mellitus (T2DM). We have shown that a 
strong inhibitor of the anti-amylase and anti-glucosidase activity is N-p-
coumaroyltyramine. Metabolites 1, 2 and 3 also showed inhibitory 
activity, but at high concentrations, so they are less efficient (figure 10). 
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Figure 10. (A) Anti-α-amylase activity. Kinetics of α-amylase reaction was measured in 
presence of each compound at concentrations ranging from 3.9—250 μM, and matched 
concentrations of DMSO solvent over a 26 min period. Areas under the curves (AUC) of OD 
(410 nm) vs. time were calculated according to Zhang et al. (2014) and used to determine 
enzyme activity defined as the ratio of the AUC for each compound at each concentration 
normalized on the AUC in presence of DMSO matched concentration. Compound 5 strongly 
inhibited α-amylase catalyzed reaction with an IC50of 40 μM. (B) Anti-α-glucosidase activity. 
Kinetics of α-glucosidase reaction were measured in presence of each compound at 
concentrations ranging from 0.01–1000 μM, and matched concentrations of DMSO solvent over 
a 40 min period. Areas under the curves (AUC) of OD (410 nm) vs. time were calculated and 
used to determine enzyme activity defined as the ratio of the AUC for each compound at each 
concentration normalized on the AUC in presence of DMSO matched concentration. Compound 
5 nearly completely inhibited α-glucosidase catalyzed reaction with at all concentration tested. 
Compounds 1, 2 and 3 inhibited 50% of the reaction at 1 mM. For all assays, enzyme, no 
compound, and inhibitor controls were included. 
 
 
 
 

2.3. Conclusions 
 
Prevention and cure of diseases using phytochemicals such as 
flavonoids and alkylamides are well known. A variety of these natural 
compounds possess their physical, chemical, and physiological 
properties. Structure-function relationship is the epitome of major 
biological activities. The medicinal efficacy of many flavonoids as 
antibacterial, hepatoprotective, anti-inflammatory, anticancer, and 
antiviral agents or of alkylamides as anti-diabete, and antioxidant 
agents is well established. These substances are more commonly used 
in developing countries. The therapeutic use of new compounds must 
always be validated using specific biochemical tests. 
Very few studies have been performed on C. biflorum (syn. C. 
distichum) from a chemical and applicative point of view. Unexpectedly, 
no alkaloids were detected in the acid organic extract from bulbs of C. 
biflorum, neither using the traditional ethanol extraction method with 
Soxhlet nor the optimized extraction method (Evidente et al., 1984). 
However, the organic extract obtained with the Soxhlet method showed 
the presence of homoisoflavonoids. From C. biflorum, I have isolated 
and characterized four homoisoflavonoids and one alkylamide for the 
first time in this Amaryllidaceae plant collected in Senegal. Flavonoids 
1, 3 and 4 have shown significant selective cytotoxicity against human 
cancer cell lines HeLa and A431. The N-p-coumaroyltyramine (met 5) 
was selectively toxic to A431 and HeLa cancer cells, while it protected 
immortalized HaCaT cells against oxidative stress induced by hydrogen 
peroxide. Compounds 1–4 also inhibited acetylcholinesterase activity, 
with compound 3 being the most potent. The anti-amylase and the 
strong anti-glucosidase activity of compound 5 were confirmed. In vivo 
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preclinical tests are now required to provide newer insights on these 
promising compounds, They will certainly lead to a new era of flavonoid 
and alkylamines based pharmaceutical agents for the treatment of 
many infectious and degenerative diseases. Finally, this study extends 
the chemical library of compounds that can be potential candidates as 
adjuvants in cancer chemotherapy.  
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Abstract: Crinum biflorum Rottb. (syn. Crinum distichum) is an Amaryllidaceae plant used in African 

traditional medicine but very few studies have been performed on this species from a chemical and 

applicative point of view. Bulbs of C. biflorum, collected in Senegal, were extracted with ethanol by 

Soxhlet and the corresponding organic extract was purified using chromatographic methods. The pure 

compounds were chemically characterized by spectroscopic techniques (1D and 2D 1H and 13C NMR, 

HR MS and ECD) and X‐ray analysis. Four homoisoflavonoids (1–4) and one alkylamide (5) were iso‐

lated  and  characterized  as  5,6,7‐trimethoxy‐3‐(4‐hydroxybenzyl)chroman‐4‐one  (1),  as  3‐hydroxy‐

5,6,7‐trimethoxy‐3‐(4‐hydroxybenzyl)chroman‐4‐one (2), as 3‐hydroxy‐5,6,7‐trimethoxy‐3‐(4‐methox‐

ybenzyl)chroman‐4‐one (3) and as 5,6,7‐trimethoxy‐3‐(4‐methoxybenzyl)chroman‐4‐one (4), and the 

alkylamide as (E)‐N‐(4‐hydroxyphenethyl)‐3‐(4‐hydroxyphenyl)acrylamide (5), commonly named N‐

p‐coumaroyltyramine. The relative configuration of compound 1 was verified thanks to the X‐ray anal‐

ysis which also allowed us to confirm its racemic nature. The absolute configurations of compounds 2 

and 3 were assigned by comparing their ECD spectra with those previously reported for urgineanins 

A and B. Flavanoids 1, 3 and 4 showed promising anticancer properties being cytotoxic at low mi‐

cromolar concentrations towards HeLa and A431 human cancer cell lines. The N‐p‐coumaroyltyra‐

mine (5) was selectively toxic to A431 and HeLa cancer cells while it protected immortalized HaCaT 

cells against oxidative stress induced by hydrogen peroxide. Compounds 1–4 also inhibited acetylcho‐

linesterase activity with compound 3 being the most potent. The anti‐amylase and  the strong anti‐

glucosidase activity of compound 5 were confirmed. Our results show that C. biflorum produces com‐

pounds of therapeutic interest with anti‐diabetic, anti‐tumoral and anti‐acetylcholinesterase proper‐

ties. 

Keywords: Crinum biflorum; homoisoflavanoids; alkylamides; cytotoxicity; antioxidant; antidiabetic 

and anti‐acetylcholinesterase activities 
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1. Introduction 

Plants and microorganisms are well‐known sources of bioactive metabolites which 

have only been partly investigated [1]. Among the plants’ kingdom, the Amaryllidaceae 

is a plant family extensively studied essentially for its alkaloids and related isocarbostiryls 

content which show a broad spectrum of biological activities [2–5]. These plants are prin‐

cipally diffused in tropical and subtropical regions of the world, as Andean South Amer‐

ica, the Mediterranean basin and Southern Africa [6], and include ca 1600 species classi‐

fied into about 75 genera [7]. Hundreds of Amaryllidaceae alkaloids with different struc‐

tures and biological activities were  isolated and reported  in several reviews. A Special 

Issue of the journal Molecules was edited by Bastida J. and Berkov S. in 2020 on different 

aspects of Amaryllidaceae alkaloids  including biodiversity,  chemoecology, pharmacol‐

ogy,  in vitro production, structural characterization, mass spectrometry and molecular 

modeling [8]. Advances on the chemical and biological characterization of the alkaloids 

and analogs isolated in the last decade from this plant family were reviewed by Masi et 

al. (2020) [9] and embedded in this Special Issue [8]. 

Crinum  is a well‐known subgroup of Amaryllidaceae studied  for a  long  time and 

shown to be very rich in crinine‐type alkaloids [10], one of the 12 ring‐type in which are 

grouped the Amaryllidaceae alkaloids [11]. Three undescribed alkaloids, gigantelline, gi‐

gantellinine and gigancrinine with anti‐acetylcholinesterase activity, were  recently  iso‐

lated  from Crinum  jagus, together with the already known  lycorine‐, cherylline‐, galan‐

thamine‐ and crinine‐type alkaloids [12]. We also showed that C. jagus crude alkaloid ex‐

tract  inhibited Dengue virus  (DENV)  infection  [13]. Among the alkaloids isolated from 

this plant, cherylline inhibited efficiently of both DENV (EC50 = 8.8 μM) and Zika virus 
(ZIKV) replication  (EC50 = 20.3 μM), whereas  it was  ineffective on human  immunodefi‐

ciency virus type 1 (HIV‐1) infection. Thus, cherylline could be optimized for new thera‐

peutic approaches against flaviviruses [13]. 

Amaryllidaceae plants, and  in particular the subfamily Amaryllidoideae, also pro‐

duce metabolites belonging  to other classes of natural compounds  such as  flavonoids, 

lignans, chromones, terpenoids and ceramides. However, metabolites different from al‐

kaloids are  less studied. Still, up  to now about 223 compounds, essentially  flavan and 

phytosterols, were isolated from Amayllidoideae, all with interesting biological activities 

and taxonomical importance [14]. In particular, flavonoids are a well‐known class of nat‐

ural compounds possessing protective action against oxidative stress, heart disease and 

some cancers, and are considered healthy for humans and livestock [15,16]. 

Examples of non‐alkaloids bioactive metabolites used in folk medicine include 2(S)‐

4′‐hydroxy‐7‐methoxyflavan with  cytotoxic activity  [17] and vanillin  [18]  from Crinum 

bulbispermum, while amabiloside and  its 4‐glucoside was  isolated  from Crinum  amabile 

[19]. Crinum latifolium, a rare species growing in Vietnam, produced a coumarin derivative 

as 4‐[(senecioyloxy)methyl)]‐6,7‐dimethoxycoumarin showing strong antiangiogenic ac‐

tivity  [20].  Crinum  aurea  produced  (7S)‐7‐(4‐hydroxyphenyl)‐7‐hydroxypropyl)‐2′‐

methylbenzene‐3′,6′‐diol  exhibiting  neuroprotection  against  H2O2/CoCl2‐induced  neu‐

ronal cell death in dopaminergic neuroblastoma SH‐SY5Y cells [21]. Crinum asiaticum L. 

var. sinicum produced several benzoic and cinnamic acid derivatives [22]. Crinum purpu‐

rascens produced ‐sitosterol showing a weak antibiotic activity [23] while Crinum ensifo‐

lium produced parthenicin, a sesquiterpene exhibiting strong cytotoxic activity [24]. Cri‐

num angustum produced aliphatic hydroxylketones [25] while Crinum yemense produced 

6‐hydroxy‐2H‐pyran‐3‐carbahaldehyde showing strong inhibition of tyrosinase enzyme 

[26]. Acetovanillone and 4‐hydroxyacetophenone, also known, respectively, as apocynin 

and piceol, were recently  isolated  from Crinum buphonoides, while only the  former was 

isolated from Crinum graminicola [27]. 

Crinum biflorum Rottb. (syn. Crinum distichum) is found in seasonally flooded places 

in savannas from Senegal to Nigeria and extending to Sudan [28] but few studies have 

been carried out on its constituents and their biological properties [29]. 
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Thus, the present study aimed to identify compounds with interesting biological ac‐

tivities from bulbs of C. biflorum collected in Senegal. Four homoisoflavonoids and one 

alkylamide were isolated. The chemical and biological properties were characterized to 

envisage  their potential nutraceutical and pharmacological applications. This study ex‐

pands the library of compounds isolated from C. biflorum and shows for the first time that 

this Amaryllidaceae species produces compounds of therapeutic interest against diabetes, 

cancer and Alzheimer’s disease. 

2. Materials and Methods 

2.1. General Experimental Procedures 

A JASCO P‐1010 digital polarimeter (Jasco, Tokyo, Japan) was used to measure the 

optical rotations in CH3OH. Electronic circular dichroism (ECD) spectra were recorded on 

a JASCO J‐815 spectrometer (Jasco, Tokyo, Japan) in CH3OH. 400 Anova Advance (Bruker, 

Karlsruhe, Germany) and Inova 500 MHz (Varian, Palo Alto, CA, USA) instruments were 

used to record 1H and 13C NMR spectra in CDCl3 or CD3OD at 400/100 or 500/125 MHz, 

respectively. The same solvents were used as internal standards. Correlation spectroscopy 

with a 45° mixing pulse  (COSY‐45), Nuclear Overhauser effect spectroscopy  (NOESY), 

heteronuclear single quantum correlation (HSQC) and heteronuclear multiple bond cor‐

relation  (HMBC) experiments were performed using Bruker or Varian microprograms. 

Electrospray ionization (ESI) mass spectra and liquid chromatography/mass spectrometry 

(LC/MS) analyses were carried out using the LC/MS time‐of‐flight (TOF) system Agilent 

6230B, high‐performance  liquid chromatography  (HPLC) 1260  Infinity. A Phenomenex 

LUNA [C18 (2) 5 um 150 × 4.6 mm column] was utilized to perform the HPLC separations. 

Analytical and preparative thin‐layer chromatography (TLC) were performed on silica gel 

(Kieselgel 60, F254, 0.25 and 0.5 mm, respectively, Merck) plates. The spots were visualized 

by exposure to ultraviolet (UV) radiation (254) or iodine vapors. Column chromatography 

(CC) was performed using silica gel (Kieselgel 60, 0.063–0.200 mm, Merck). Sigma‐Aldrich 

Co. (St. Louis, MO, USA) supplied all the reagents and the solvents. 

2.2. Plant Material 

Bulbs of C. biflorum were collected in Senegal, in Kaffrine department, in December 

2018. A senior scientist from the Herbarium of IFAN of University Cheikh Anta Diop of 

Dakar taxonomically identified the plant materials. 

2.3. Extraction and Purification of Compounds 1–5 

Fresh bulbs of C. biflorum were dried at room temperature and then finely powdered. 

The resultant powder (545 g) was extracted with ethanol by Soxhlet obtaining a semisolid 

brown  extract  (450  mg).  The  latter  was  fractionated  by  CC  eluted  with 

CHCl3/EtOAc/CH3OH (3:1.5:0.5 v/v/v), affording eight groups of homogeneous fractions 

(F1‐F8). The  residue  (102.8 mg) of  fraction F1 was  further purified by CC eluted with 

CHCl3/isoPrOH (97:3 v/v) yielding ten groups of homogeneous fractions (F1.1‐F1.10). The 

residue  (15.8 mg) of F1.3 was purified by preparative TLC eluting with CH2Cl2/MeOH 

(97:3 v/v) yielding compound 4 (3.04 mg). The residue (14.3 mg) of F1.5 was purified by 

preparative TLC eluting with n‐hexane/EtOAc (6:4 v/v) yielding compound 1 (1.42 mg) 

and compound 3 (3.52 mg). Compound 1 was crystallized from a CHCl3‐isoPrOH 9:1 v/v 

solution. The residue (6.7 mg) of F1.6 was purified by TLC eluted with CHCl3/isoPrOH 

(9:1 v/v) yielding compound 2 (1.61 mg). The residue (15.2 mg) of F4 was further purified 

by preparative TLC eluting with CHCl3/isoPrOH (95:5 v/v) yielding compound 5 (1.19 mg). 

2.4. Spectroscopic Data of Compounds 1–5 

5,6,7‐trimethoxy‐3‐(4‐hydroxybenzyl)chroman‐4‐one (1). [α]25D: 0 (c 0.3 CH3OH); 1H 

NMR data are very similar to those reported by Sylao et al. 1999 [30]; ESIMS (+) m/z: 727 

[2M + K]+, 719 [2M + Na]+, 383 [M + K]+, 367 [M + Na]+, 345 [M + H]+. 
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3‐hydroxy‐5,6,7‐trimethoxy‐3‐(4‐hydroxybenzyl)chroman‐4‐one  (2).  ECD  (c  0.010 

mM, CH3OH) ∆ε 255 (−1.1), 280 (+2.5), 317 (−1.6); lit. [31]: ECD (c 0.031 mM, CH3OH) ∆ε 

281 (+10.4), 316 (−7.3); 1H NMR data are very similar to those reported for urgineanin B 

[31]; ESIMS (+) m/z: 383 [M + Na]+, 361 [M + H]+. 

3‐hydroxy‐5,6,7‐trimethoxy‐3‐(4‐methoxybenzyl)chroman‐4‐one  (3).  ECD  (c  0.010 

mM, CH3OH) ∆ε 255 (−1.1), 281 (+2.5), 317 (−1.6); lit. [31]: ECD (c 0.031 mM, CH3OH) ∆ε 

280 (+10.8), 315 (−7.2); 1H NMR data are very similar to those reported for ungirneanin A 

[31]; ESIMS (+) m/z: 397 [M + Na]+, 375 [M + H]+. 

5,6,7‐trimethoxy‐3‐(4‐methoxybenzyl)chroman‐4‐one (4). [α]25D: 0 (c 0.2 CH3OH); 1H 

NMR data are very similar to those reported by Sidwell and Tamm (1970) [32]; ESIMS (+) 

m/z: 381 [M + Na]+, 359 [M + H]+. 

(E)‐N‐(4‐hydroxyphenethyl)‐3‐(4‐hydroxyphenyl)acrylamide  (N‐p‐coumaroyltyra‐

mine) (5). 1H and 13C NMR data are very similar to those reported by Bhatti et al. (1992) 

[33]; ESIMS (+) m/z: 306 [M + Na]+; ESIMS (−) m/z: 282 [M − H]‐. 

2.5. Crystal Structure Determination of Compound 1 

Single crystals of 1 suitable for X‐ray structure analysis were obtained by slow evap‐

oration of a CHCl3‐isoPrOH 9:1 v/v solution. One selected crystal was mounted at ambient 

temperature on a Bruker–Nonius KappaCCD diffractometer (Bruker‐Nonius, Delft, The 

Netherlands)  (graphite monochromated MoKα radiation, λ = 0.710 73 Å, CCD rotation 

images,  thick  slices  and  φ  and  ω  scan  to  fill  the  asymmetric  unit). A  semi‐empirical 

absorption  correction  (multiscan, SADABS) was applied. The  structure was  solved by 

direct methods using the SIR97 program [34] and anisotropically refined by the full‐matrix 

least‐squares method  on  F2  against  all  independently measured  reflections  using  the 

SHELXL‐2018/3  program  [35]  with  the  aid  of  program WinGX  [36]. Water  solvent 

crystallization molecules are present  in  the structure. The hydroxy and water H atoms 

were located in different Fourier maps and freely refined with Uiso(H) equal to 1.2 Ueq 

of  the  carrier  atom. All  of  the  other  hydrogen  atoms were  introduced  in  calculated 

positions and refined according to the riding model with C−H distances in the range of 

0.93−0.96 Å and with Uiso(H) equal to 1.2 Ueq or 1.5 Ueq (Cmethyl) of the carrier atom. 

One stereogenic center is present in the compound that crystallizes in the centrosymmetric 

P‐1  space  group  as  a  racemate.  The  E‐statistics  indicate  that  the  structure  is 

centrosymmetric.  Two  independent  X‐ray  structure  analyses  performed  on  different 

crystals confirmed the result. Unitary cell parameters were checked on several crystals. 

Figures were generated using ORTEP‐3 [36] and Mercury‐CSD‐3.9. [37]. Crystallographic 

data of 1: empirical formula: C19H20O6·H2O; formula weight: 362.36 g mol−1; triclinic, P‐1; 

a: 8.368(2) Å; b: 10.183(2) Å; c: 12.0420(6) Å; α: 104.470(8)°; β: 108.252(13)°; γ: 100.010(19)°; 

V: 907.4(3) Å3; Z: 2, Dx: 1.326 Mg/m3. All homoisoflavanoid crystallographic data for (1) 

were deposited in the Cambridge Crystallographic Data Centre with deposition number 

CCDC  2092030.  These  data  can  be  obtained  free  of  charge  from 

www.ccdc.cam.ac.uk/data_request/cif. 

2.6. Cell Culture and Reagents 

HaCaT, spontaneously immortalized keratinocytes from adult skin, were purchased 

from Service Cell Line  (GmBH, Eppelheim, CLS, Germany) and  cultured as described 

[38,39]. HeLa cervical cancer cells (CCL‐2) and A431 (ATCC‐CRL1555) human epidermoid 

carcinoma  cells were  from American Type Culture Collection  (ATCC, Manassas, VA, 

USA). According to the p53 compendium database (http://p53.fr/tp53‐database/the‐tp53‐

cell‐line‐compendium,  05/05/2021),  HaCaT  cells  contain mutant  p53  (H179Y/R282W), 

HeLa have p53 impaired function by viral infection while A431 cells contain only one p53 

mutated allele  (R273H). All mentioned cell  lines were cultured  in Dulbecco’s Modified 

Eagle’s Medium (DMEM, Sigma Chemical Co, St. Louis, MO, USA) supplemented with 

10% fetal bovine serum (FBS, Hyclone Laboratories, Inc. Logan, UT, USA) at 37 °C in a 
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humified  atmosphere  of  5% CO2. All  cell  lines were  routinely  tested  for mycoplasma 

contamination and were not infected. 

2.7. MTT Assay 

Cell viability was assessed by 3‐(4,5‐dimethylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium 

bromide (MTT) assay following the published procedure [40]. Briefly, cells were seeded 

at 105/cm2 density in 96‐well plates. Twenty‐four hours later, the medium was changed 

and supplemented with the specified concentrations of metabolite (from 0.5 to 10 mM in 

DMSO) for 24 and 48 h. MTT solution 1:10 (stock solution 5 mg/mL) was added to each 

well and the absorbance was measured in dual‐wavelength mode (570 nm and 630 nm). 

The  percentage  of  cell  viability  was  calculated  as  follows:  mean  (A570‐A630)  and 

compared to cells supplemented with DMSO alone. Values shown in the plot are mean ± 

SD  of  sixfold  determinations.  Mean  and  the  standard  deviation  was  calculated  on 

biological triplicates using GraphPad Prism8 software (GraphPad, San Diego, CA). 

2.8. Detection of DNA Damage 

Cells were seeded in 35 mm dishes on micro cover glasses (BDH) and treated with 

the metabolite at a concentration of 10 μM. At 48 h after treatment, cells were washed with 

cold  phosphate‐buffered  saline  (PBS)  and  fixed  with  4%  paraformaldehyde  Sigma‐

Aldrich (Merck Life Science, Milan, Italy) for 15 min at RT. Cells were permeabilized with 

ice‐cold 0.5% Triton X‐100 for 5 min and then washed with PBS. Cells were then incubated 

with phospho‐histone H2A.X (Ser139) antibody (from Cell Signaling Technologies 9542, 

Boston, MA, USA) for 1 h, followed by DAPI (Sigma‐Aldrich) for 3 min and washed with 

PBS/0.05% Tween. Coverslip was mounted with Ibidi mounting medium (Ibidi GmbH, 

Martinsried,  Germany).  Images  were  taken  with  a  Zeiss  confocal  laser‐scanning 

microscope Axio Observer (Zeiss, Ostfilden, Germany) (scale bar, 20 μm). A 40× objective 

was used  and  image  analysis was performed using  Fiji  ImageJ  open  source  software 

project (https://imagej.net/imaging/). All the images were taken with the same setting [39]. 

2.9. Western Blot Analysis 

Western blot was performed as previously reported [39,41]. Briefly, 30 μg of whole‐

cell extracts were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS‐PAGE), subjected to Western blot and incubated overnight at 4 °C with antibodies. 

Antibodies against p21WAF, Poly  [ADP‐ribose] polymerase 1  (PARP1) and actin were 

from Cell Signaling Technologies 9542, Boston, MA, USA. Each experiment was run  in 

triplicate.  Signal  intensities  of Western  blot  bands were  quantified  by Quantity One 

analysis software (Version Number 2, Biorad Laboratories, London, UK) and analyzed by 

GraphPad Prism 8.0.2 software (GraphPad, San Diego, CA). 

2.10. DCFDA Assay 

N‐p‐coumaroyltyramine  antioxidant  activity  was  measured  using 

2′−7′dichlorofluorescein diacetate  (DCFDA), a non‐fluorescent compound permeable  to 

the  cell membrane, which  can be oxidized by  reactive oxygen  species  (ROS) giving  a 

fluorescent compound. Cells were seeded at 2.5 × 104 in 96 well and pre‐treated with N‐p‐

coumaroyltyramine (10 and 100 mM). The medium was removed after 4 h and 1 mM (3%) 

H2O2 was added for 45 min, 1.5 and 2.0 h. Cells were washed with PBS and a fresh medium 

with DCFDA (30 mM) was added for 45 min, then DCFDA was removed by washing in 

PBS  and  the  cells were  harvested. The measurement  of ROS was  obtained  using  the 

Sinergy  H4  microplate  reader  (Gen5  2.07,  Thermofisher,  Waltham  MA,  USA.  The 

fluorescence emitted from the cells treated with DCFDA was compared to the untreated 

cells. Trolox was used as a positive control. Values shown in the plot are mean ± SD of 

sixfold  determinations.  The  mean  and  the  standard  deviation  were  calculated  on 

biological triplicates using GraphPad Prism 8.0.2 software (GraphPad, San Diego, CA). 
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2.11. 2Pseudotyped HIV‐1GFP Infectivity Assay 

The anti‐HIV‐1 activity of compounds 1–5 was evaluated using VSV‐G pseudotyped 

NL43GFP infection of human monocytic THP‐1 cells. THP‐1 and NL4–3GFP were generously 

provided by Lionel Berthoux and Amita Singh and are described in Ka et al. (2021) [13]. 

THP‐1 cells were seeded at 2.0 x 104 cells per well in 96 well‐plates. The next day, cells 

were treated with 4 concentrations of each compound (12.5, 25, 50 and 100 mM) and then 

infected with HIVGFP at a MOI of 1. After 72 h, cells were stained with propidium iodide 

(PI, 0.5 mg/mL) and both PI+ and HIV‐1GFP+ infected cells frequencies were assessed on a 

FC500 MPL cytometer (Beckman Coulter, Inc., Mississauga, ON, Canada) and analyzed 

using  FlowJo  software  (FlowJo  LLC,  BD  Biosciences,  Ashland,  OR,  USA). Matched 

concentrations of dimethyl sulfoxide (DMSO) were used as negative controls. All infection 

assays were performed in triplicate. 

2.12. α‐Glucosidase and α‐Amylase Inhibitor Assay 

α‐glucosidase and α‐amylase inhibitor screening kits (colorimetric) were purchased 

from Biovision  (Milpitas, CA, USA).  In  total, 10 mM of stock solution of all  the  tested 

compounds were dissolved in DMSO and serially diluted in the assay buffer of each kit. 

Experiments were performed according to the manufacturer’s protocol. Briefly, for the α‐

glucosidase  assay,  10  μL  of  serially  diluted  compounds  at  the  corresponding 

concentration (10 nm—1 mM) were added into designated wells of clear 96 well‐plates. 

Subsequently, 10 μL of the α‐glycosidase enzyme was added to each well and volume was 

adjusted  to 80  μL and plates were  incubated  for 15‐min at  room  temperature  in dark 

condition. Then, 20  μL of α‐glycosidase  substrate mixture was added  in all wells and 

kinetic of reaction was measured at OD: 410 nm for 60 min at 2 min intervals by using a 

multiplate  reader,  Biotek  instrument,  Inc.,  Canada.  Enzyme  control  (no  inhibitor), 

background control (no enzyme), solvent control (DMSO) and inhibitor control (acarbose) 

were included in the plates. For the α‐amylase assay, 50 μL of serially diluted compounds 

(3.25 μM to 500 μM) were added into a clear 96‐well plate with 50 μL of assay buffer and 

50 μL of α‐amylase enzymes. The plate was incubated at room temperature in the dark 

for 10 min. Then 50 μL of the α‐amylase substrate was added in all wells. The kinetic of 

reaction was measured at OD:410 nm for 26 min at intervals of 2 min by using a multiplate 

reader. Control α‐amylase inhibitor was provided by the manufacturer, enzyme control, 

background  control  and  solvent  control  were  all  included.  Enzyme  inhibition  was 

calculated according to Zhang et al. (2014) [42]. In summary, ODs were plotted according 

to the time for each sample. Areas under the curve (AUC) were calculated, and enzyme 

inhibition was measured as 100−(AUCcompound/AUCenzyme) × 100 for each dilution of each 

compound. 

2.13. Anti‐Acetylcholinesterase Assays 

In vitro acetylcholinesterase (AChE) activity was assessed exactly as in Ka et al. (2020) 

[12] following Ellman’s colorimetric protocol [43] with the Acetylcholinesterase Assay Kit 

(Abcam Inc., Boston, MA, USA). Briefly, 50 μL serial dilutions (3.9–500 μM) of compounds 

1–5 were prepared in Tris‐HCl pH = 7.9 buffer into designated wells of a clear 96 well‐

plate.  A  total  of  5  μL  of  DTNB  was  added  in  each  well,  then  50  μL  of  diluted 

acetycholinesterase was added. The plate was incubated for 10 min in the dark. Matched 

concentrations  of  DMSO  were  used  as  a  negative  control.  Kinetic  of  reaction  was 

measured  in  a multiple  plate  reader  at  410  nm  in  kinetic mode  for  40 min  at  room 

temperature. The percentage  of  anti‐AChE  inhibition was  calculated  according  to  the 

following formula: 100 −  [((E − S)/E) × 100], where E  is the activity of the enzyme with 

matched concentrations of DMSO and S is the activity of the enzyme with the test sample. 
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2.14. Statistical Analysis 

Statistical  analyses  were  carried  out  using  the  GraphPad  Prism  version  8.1.2 

(https://www.graphpad.com/scientific‐software/prism/).  Data  were  represented  as  the 

mean  ±  standard deviation and analyzed for statistical significance using ordinary one‐
way analysis of variance (ANOVA) and multiple comparisons. For all tests, p < 0.05 was 

considered to indicate a statistically significant difference. 

3. Results 

3.1. Identification of Metabolites Isolated from C. biflorum 

The purification of the crude organic extract from bulbs of C. biflorum allowed us to 

isolate  four  homoisoflavanoids  ((1)–(4),  Figure  1)  identified  using  spectroscopic 

(essentially 1D and 2D 1H and 13C NMR and HR MS) methods as 5,6,7‐trimethoxy‐3‐(4‐

hydroxybenzyl)chroman‐4‐one  (1),  as  3‐hydroxy‐5,6,7‐trimethoxy‐3‐(4‐

hydroxybenzyl)chroman‐4‐one  (2),  as  3‐hydroxy‐5,6,7‐trimethoxy‐3‐(4‐

methoxybenzyl)chroman‐4‐one  (3)  and  as  5,6,7‐trimethoxy‐3‐(4‐

methoxybenzyl)chroman‐4‐one (4). 

 

Figure 1. Structure of homoisoflavanoids (1)–(4) and alkylamide (5) isolated from C. biflorum 

bulbs. 

The  identification of 1 was performed comparing  its  1H NMR spectrum with  that 

reported in the literature when it was isolated for the first time from Scilla nervosa, subsp. 

rigidifolia collected in Botswana where it is used in Zulu folk medicine to treat rheumatic 

fever and as a purge for children [30]. ESI MS spectrum showed the potassium [2M + K]+ 

and sodium [2M + Na]+ dimeric, the potassium [M + K]+ and sodium [M + Na]+ and the 

protonated [M + H]+ adduct ions at m/z: 727, 711, 383, 367 and 345. 

The structure of the homoisoflavanoid (1) was confirmed by X‐ray analysis of a single 

crystal obtained by slow evaporation of a CHCl3‐isoPrOH 9:1 v/v solution. Compound 1 

crystallizes in the P‐1 space group with one molecule of 1 and one H2O solvent molecule 

contained in the independent unit. All bond lengths and angles are in a normal range. The 

molecule consists of a substituted cromanone system. The six‐membered croman‐4‐one 

ring assumes an envelope conformation with C2 atom at the flap. The 4‐hydroxybenzyl 

substituent at C3 is  in the equatorial position and places nearly parallel to the benzene 
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ring of the chromanone system (Figure 2A,B). The crystal packing is stabilized by strong 

OH…O hydrogen bonds involving 1 and solvent water molecules (Figure 3A,B). 

A B 

Figure 2. (A) ORTEP view of the homoisoflavanoid (1) molecular structure, with ellipsoids drawn at the 30% probability 

level. (B) Independent unit of compound 1 in a perspective view showing a quite parallelism between hydroxybenzene 

plane (green) and benzene ring of chromanone system (orange) (angle of 7.55° between the two planes). Ball‐and‐stick 

style. Hydrogen bonds drawn as cyan and red dashed lines. 

A B 

Figure 3. (A) Details of hydrogen bonding pattern in compound 1. (B) Perspective view of the crystal packing of compound 

1 with hydrogen bond pattern drawn as cyan and red lines. Ball‐and‐stick style. 

The homoisoflavonoid (1) molecule contains one stereogenic center at C3 atom and 

crystallizes in the centrosymmetric P‐1 space group as a racemate. The racemic nature of 

crystals was  confirmed  by  performing  two  independent  X‐ray  structure  analyses  on 

different crystals (Figure 2B). This result can be ascribed to easy inversion at the chirality 

center, because of  the presence at C‐3 of a proton which could exchange by keto‐enol 

tautomerism. The ECD spectrum of 1 (Figure 4, black line) cannot be interpreted due to 

the presence of a racemic mixture. These results were confirmed by the optical inactivity 

found by measuring the specific optical rotation of compound 1. 
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Figure 4. Experimental ECD spectra of homoisoflavanoids (1) (black solid line), and 4 (red line). 

Homoisoflavanoides 2 and 3 were identified by comparing their physic (ECD) and 

spectroscopic data (1H NMR) with those reported in the literature for urgineanins B and 

A, isolated from Urginea depressa. This is an Asparagaceae collected in South Africa and 

used for its antiproliferative activity against the A2780 ovarian cancer cell line [31]. The 

ESI MS spectra of both 2 and 3 confirmed their identification showing the sodiated and 

protonated adduct ions [M + Na]+ and [M + H]+, respectively, at m/z 383 and 361 and 397 

and  375.  The  absolute  configuration  of  homoisoflavanoids  2  and  3 was  the  same  of 

urgineanins B and A as appeared by comparison of their ECD spectra (Figure 5, black line 

for 2 and red line for 3) with those already reported in the literature by Dai et al. (2013) 

[31] which assigned a R configuration at C‐3 of the two homoisoflavanoids by comparison 

of their experimental ECD spectra with those reported in literature for caesalpiniaphenol 

A [31]. 

 

Figure 5. ECD spectra of homoisoflavanoids (2) (black solid line), and 3 (red line). 
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CHAPTER III 
 
3. Cistanche phelypaea 
 
3.1. Phenylethanoid glycosides and Iridoids isolated from the 
Cistanche phelypaea plant collected in Spain 
 
The Cistanche phelypaea species is commonly found in the Iberian 
Peninsula, and in particular, the plant I studied was collected at the 
Finca Torrecillas farm, Corvera, Murcia, Spain; then it was sliced and 
dried in an open room in the shade for 15 days (figure 11). 
 
 

 
 
 

Figure 11. Collection procedure of C. phelypaea. (a, b) The date of harvest was winter 2020. 
Bulbs harvested when starting to crack the soil and show a few centimeters of the top above 
the soil surface. Done manually trying to obtain full pieces from the root. (c, d) After harvesting 
from the field, the bulbs of C. phelypaea were washed with water to remove the mood and then 
cut into slices. Finally set it in an open room in the shade for drying. 
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The dried bulbs were first ground and then extracted in ethanol with the 
Soxhlet apparatus to isolate the polar component, which is the most 
abundant in this species. 
We obtained an oily organic extract, which has been dissolved in 
distilled water and re-extracted in EtOAc. As a preliminary step of the 
bio-guided purification procedure, I tested the possible cytotoxicity of 
the whole plant extract by the MTT viability assay on human 
immortalized keratinocytes (HaCaT cells). The EtOAc extract was 
tested at concentrations ranging from 0.001 to 1 mg/mL for 48 to 72 
hours. 
At concentrations lower than 0.01 mg/ml and 48 hours of treatment, 
Cistanche extracts induced a significant increase in cell viability (figure 
12 A). The observed increase in cell viability was probably due to an 
improvement in cellular metabolism (figure 12 B). Given that, the cell 
proliferation rate was unaffected by the treatment. At a concentration 
higher than 0.1 mg/ml the cytotoxic effect became predominant (figure 
12 A). 
 
 

 
 

Figure 12. (A) MTT viability test. HaCaT cells were incubated with the indicated amount of 
EtOAc organic extract for 48 and 72 h. The values were the mean’s six values for each 
experimental point of two independent biological replicates. Each means was compared using 
a Dunnett’s multiple comparisons test of ANOVA one-way (p-value *< 0.01, ** < 0.05, ***p < 
0.001; ****p < 0.0001). (B) Cell proliferation rate. HaCaT cells were plated and treated with 
EtOAc extract at the indicated concentrations. Following the treatment, they were counted with 
the Scepter cell counter, at times 0 and 24, 48, and 72 h, creating the proliferation curve. There 
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is no significant change in the proliferation rate of the treated cells, compared to the DMSO 
control. 
 

 
 

The obtained result suggested that the C. phelypaea extract was a 
complex mixture of cytotoxic and stimulatory metabolites whose 
positive effect on cell metabolism predominates at low concentrations 
of the extract. Therefore, the crude extract was fractionated by 
chromatographic columns and the various fractions were chemically 
characterized. The isolated metabolites belonged to two different 
classes of compounds: phenylethanoid glycosides and iridoids. The 
purity of the isolated compounds was >98% as ascertained by 1H NMR 
and HPLC analyses. There were 6 different metabolites identified and 
purified according to the fractionation scheme shown in figure 13: 
acetoside (1), 2’-O- acetylacetoside (2), tubuloside (3) as 
phenylethanoid glycosides, and bartioside (4); 6-deoxycatalpol (5), 
gluroside (6) as iridoids glycosides (figure 14). Their identification was 
confirmed by the ESIMS spectra and by comparing their specific optical 
rotation data with those reported in the literature. Furthermore, the acid 
hydrolysis of compounds 1–3 afforded D-glucose and D-xylose while 
that of compounds 4–6 only D-glucose by co-TLC with standard sugars 
samples and recording the specific optical rotation. 
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Figure 13. Schematic representation of the extraction and purification process of pure 
metabolites, starting from the dried bulbs of C. phelypaea. 

 
 
 
 
 

 
 
 
Figure 14.  Structures of the phenylethanoid glycosides acetoside, 2’-O-acetylacetoside, and 
tubuloside B (1-3), and of the iridoid glycosides bartsioside, 6-deoxycatalpol, and gluroside (4-
6), isolated from the EtOAc extract of C. phelypaea. 
 
 

 
3.2. Analysis of Cistanche phelypaea metabolites  
 
Phenylethanoid glycosides (PhG) are a valuable class of phytochemical 
compounds, with significant benefits for human health. PhG are 
generally water-soluble phenolic compounds found as the main 
component in many pharmacological products. PhGs have been 
isolated from roots, stems, barks, leaves, flowers, fruits, and seeds of 
medicinal plants, as well as from suspension cell cultures, callous tissue 
and adventitious root cultures. They are also found in various plant-
based foods such as edible flowers and tea. However, their 
accumulations in each plant organ can vary. By June 2020, up to 572 
PhGs were already known from the wild. These 572 PhGs are 
distributed in 21 orders and among 35 families of the plant kingdom.  
In general, the basic structure of PhGs consists of a hydroxyphenylethyl 
unit such as an aglycone which is attached to a sugar moiety primarily 
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a β-D-glucopyranose via a glycosidic linkage at the C-1 site. In most 
cases, glucose is esterified with a cinnamic or hydroxycinnamic acid 
derivative such as caffeic, coumaric, or ferulic acid. Rhamnose, xylose, 
arabinose, allose, galactose and apiose, among others, can also be 
attached to the glucose residue. The diversity of sugar and 
hydroxyphenylethyl fractions makes the extraordinary variety of PhG. 
Generally, the number of sugars ranges from one to three. However, 
four and five sugars residues are also occasionally found (Fu G. et al., 
2008). Many PhG and PhG-rich extracts have shown potent antioxidant 
activity. It was observed that PhGs with more sugars had weaker 
antioxidant activity. Indeed, more sugars mean a greater steric 
hindrance in the compounds and prevent them from approaching free 
radicals easily, eventually resulting in the weakest DPPH radical 
scavenging ability. The structure of PhGs can contain α and β 
conjugated unsaturated esters thus allowing easier electron 
delocalization to inhibit free radicals. 
In some diseases such as cancer and aging, DNA damage induced by 
oxygen radicals has often been regarded as a causal event. In the 
literature, it is reported that PhGs may play a protective role in DNA 
damage (Shi, Y. et al., 1999; Delalande, O. et al., 2002). Li et al. 
suggested that the PhGs acteoside and pedicularioside A can suppress 
the formation of the thymine lesions and are therefore potential 
radioprotectors and anticarcinogens (Smith T. A. et al., 2017). Given 
their antioxidant properties, many PhGs have also been evaluated for 
their neuroprotective, hepatoprotective, anti-inflammatory, and 
immunomodulatory activity. Another major asset of PhGs is their 
antiviral and antibacterial activity. 
The second class of compounds isolated from C. phelypaea are the 
glycosylated iridoids. Iridoids, a large and still expanding class of 
cyclopentane pyran monoterpenes, are composed of two basic carbon 
structures, substituted iridoids and secoiridoids. Based on the structure, 
these compounds can be divided into four groups: iridoid glycosides, 
secoiridoid glycosides, non-glycosidic iridoids, and bis-iridoids. Iridoids 
have hemiacetalic hydroxyl groups and are active. Furthermore, they 
are mostly in the form of glycosides and are combined with glucose in 
the C-1 hydroxyl group (Xue, Z., & Yang, B., 2016; Xue, J. et al., 2018). 
Their important effects on various diseases have proved their 
importance in pharmaceutical chemistry research. They are active 
molecules used in natural and traditional Chinese medicine. Modern 
pharmacological studies have shown that these compounds have 
anticancer, antidepressant, liver protective, neuroprotective and other 
health effects. The antitumor activity of the iridoid has been extensively 
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studied; ether terpenes have been found to inhibit DNA polymerase 
activity, suggesting that they can be used to inhibit DNA synthesis 
(Wang, C. et al., 2020). Some iridoids, such as gentiopicroside, can 
arrest ovarian cancer cells in the G2/M phase of the cell cycle and halt 
cancer cell invasion and migration. In other studies, gentiopicroside was 
shown to reduce the activity of metalloproteases 2 (MMP-2) and 9 
(MMP-9) by inhibiting the adhesion of HepG2 tumor cells, and thus the 
metastasis and invasion of human hepatocellular carcinoma cells (Ahn, 
J. H. et al., 2018; Jiang, Y. et al., 2016). 
Anti-inflammatory properties of the iridoids have also been reported. 
The bis-iridoid aglycones reduced TNF-α and LPS-induced NF-κB 
activation and reduced inflammatory factors that inhibit free radical 
production in human cells. In recent years, with continuous 
improvement in extraction methods and storage conditions, an 
increasing number of iridoids have been identified. However, they are 
subject to degradation under both physical and chemical stress 
conditions and have poor chemical stability, which produces limitations 
in the study of their monomers and hinders the study of their activities 
and functions. Furthermore, most of the studies on iridoids are still 
focused on determining their structures and analyzing their activities. 
Systematic research on their structure types and structure-activity 
relationships is lacking. Therefore, the analysis and comparative 
studies on the structure and function of iridoids should be further 
intensified, to better confirm the main active functional groups and 
effects of iridoids and provide effective data support for chemical 
modification and development of new drugs, which will constitute a new 
research center on natural products (Wu, L. et al., 2020). 
To test and compare the anti-free radical activity of all isolated C. 
phelypaea-derived metabolites I performed the ROS assay with 2’-7’ 
dichlorofluorescein diacetate (DCFDA), as previously described, on 
human immortalized HaCaT keratinocytes, pre-treating them with 50 

and 100 M acetoside (1), 2’-O-acetylacetoside (2), tubuloside B (3), 
bartioside (4), 6-deoxycatalpol (5) and gluroside (6). The positive 
control used was Trolox, a water-soluble analog of vitamin E, while the 
negative control was treated with vehicle (DMSO 0.1%) used to dilute 
all compounds. As shown in figure 15, acetoside (1) was the strongest 
antioxidant metabolite almost comparable to the analog of vitamin E, 
and also at the lowest concentration tested (figure 15). The other tested 
metabolites can only moderately lower the production of ROS thus 
demonstrating how even small chemical differences, such as a single 
substituent group as in the case of 2'-O-acetylacetoside (2), can have 
a large effect on biological activity. Iridoid glycosides certainly have a 
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more moderate scavenging activity than PhGs. The latter have caffeic 
acid in their structure, which contributes considerably to their 
antioxidant activity, especially after being metabolized. 
 
 

 
 
Figure 15. DCFDA assay. HaCaT cells were seeded and pretreated for 4 h with 50 and 100 
μM 1-6 metabolites from C. phelypaea. H2O2 (1 mM; 3%) was added to the medium for 45’,1.5, 
and 2h. The fluorescence intensity of DCFDA was read after 45’ of incubation. Trolox was used 
as a positive control and DMSO, in which the metabolites are dissolved, as a negative control. 
The values are the mean’s six values for each experimental point of two independent biological 
replicates. Statistical analysis was performed with two-way ANOVA, using Tukey’s multiple 
comparison test. Levels of significance between points of expression are indicated (****p < 
0.001, ***p < 0.01, **p < 0.05). 

 
 
Given its remarkable antioxidant power, I focused my attention on 
acetoside exploring activities that had not yet been demonstrated. 
Moreover, acetoside was also the most abundant metabolite isolated 
from Cistanche. I first evaluated the cytotoxicity of acetoside over long 
incubation periods, but I found in the literature that the caffeoyl group 
of acetoside can interfere with the MTT test and give unreliable results 
due to the mitochondrial decoupling effects (Wang, Zhou, Xu, & Gao, 
2015). Therefore, I evaluated the cytotoxicity of acetoside on human 
immortalized keratinocytes HaCaT e A431 human squamous cell 
carcinoma cells by trypan blue exclusion wise. The results obtained 
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revealed that at the concentrations tested acetoside was not toxic to 
human keratinocytes while causing cell death in tumor cells between 
12 and 20% at the concentration of 100 μM (Table 1). Furthermore, I 
compared the cell proliferation rate of HaCaT and A431 cells in an 
acetonide-containing medium and we consistently found a time- and 
dose-dependent reduction in the rate of cell proliferation in both 
immortalized and transformed keratinocytes. It is interesting to note that 
the carcinoma-derived A431 cells were more sensitive than HaCaT to 
the cell growth inhibitory effect of acetoside (figure 16). 
 
 

 
 
Table 1. Percentage of viable cells. HaCaT and A431 cells were seeded and treated with 
acetoside (1) 10, 50, and 100 μM. Dead cells were counted with Trypan Blue after 24, 48, and 
72 h from treatments, and the percentage of live cells was measured out of the total number of 
cells. Numbers are the average of triplicate data. 

 
 
 
 

 
 
 
Figure 16. Cell proliferation rate. HaCaT and A431 cells were seeded and treated with 
acetoside (1) 10, 50, and 100 μM. Cells were counted with Scepter at T0, 24, 48, and 72 h of 
treatments. Results are the mean ± SEM of three independent biological experiments relative 
to the experimental control (DMSO). Statistical analysis was performed with one-way ANOVA, 
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using Dunnett’s multiple comparison test. Levels of significance between points of expression 
are indicated (****p < 0.001, **p < 0.01). 
 
 
 
 
 

3.3. Acetoside as an inhibitor of the human keratinocytes and 
pluripotent cells differentiation 
 
Adult stem cells from bone marrow and other tissues can differentiate 
into many cell types, including osteocytes, chondrocytes, smooth 
muscle cells, hepatocytes, cardiomyocytes, neurons, and retinal cells 
and are considered promising resources for regenerative cell therapy 
(Mimeault M et al., 2007). Yamanaka and colleagues have 
demonstrated that these induced pluripotent stem (iPS) cells could be 
generated from mouse and human embryonic fibroblasts through 
retrovirus-mediated transfection of four transcription factors, namely 
Oct3/4, Sox2, c-Myc and Klf-4, transcription factors whose expression 
can convert somatic cells from a terminally differentiated state to an 
embryonic one  (Okita, K., & Yamanaka, S. 2011). 
Some natural antioxidants such as Resveratrol (trans-3,5,4′-
trihydroxystilbene), a natural polyphenol found largely in the skin of red 
grapes, walnuts, pomegranates, and red wine have anti-aging activities 
and cell life span extension in addition to other health benefits effects 
(Ozcan T. et al., 2014). Recent studies have proved that resveratrol 
improves osteoblast differentiation (Ornstrup M. J. et al., 2016). In 
addition, two independent studies, published in 2010, reported that 
vitamin C could promote DNA demethylation in Embryonal Stem Cells 
(ESC) (Cimmino L. et al., 2018) and enhance somatic cell 
reprogramming in iPSCs (Brabson J. P. et al., 2021). Other antioxidants 
compounds have been shown to maintain stemness such as Vitamin C 
which is required to maintain ESC proliferation in vitro (Cimmino L. et 
al., 2018) and was originally added to the media of somatic cells to 
counteract ROS generated during reprogramming in an attempt to 
improve the efficiency or quality of generated iPSCs (Brabson, J. P. et 
al., 2021). However, vitamin C has proved itself substantially more 
efficient at enhancing iPSC generation than other antioxidants.  
Therefore, I explored the effect of acetoside on cell differentiation due 
to its strong antioxidant activity. HaCaT keratinocytes represent an 
immortalized cell type that proliferates indefinitely and being 
untransformed is still able to differentiate in culture under appropriate 
stimuli. The terminal differentiation of HaCaT immortalized 
keratinocytes is coupled to cell cycle withdrawal and this process has 
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been associated with a transient upregulation of p21WAF cell cycle 
inhibitor. After Ca2+ addition, HaCaT cells differentiate and express CK1 
and CK10, the suprabasal skin prominent markers of differentiation. To 
test the differentiation potential of HaCaT cells in the presence of 
acetoside, I evaluated the expression of CK1 and CK10 as well as the 
expression of ΔNp63α, a known epithelial stem cell marker. As shown 
in figure 17, the addition of Ca2+ caused a reduction of ΔNp63α and a 
concomitant increase of p21WAF, CK1, and CK10. In keratinocytes 
treated with acetoside, on the other hand, we observed sustained 
induction of p21WAF without an increase in CK1 and CK10 expression. 
In particular, the level of ΔNp63α remained unchanged (figure 17).  
 
 
 

 

 
Figure 17. Representative western blot analysis of a total extract from HaCaT keratinocytes in 
response to Ca2+ addition in the presence or absence of acetoside. HaCaT cells were 
differentiated with 2 mM Ca2+ and compared with cells treated with Ca2+ plus 50 μM acetoside 
(ACE) for 48 and 72 h. (A) Immunoblot was probed with ΔNp63α, p21WAF, CK1 and CK10 
antibodies. β-Actin was used as a loading control. (B) The signals of protein bands were 
quantified by ImageLab software version 4.1 (Bio-Rad) Statistical analyses were performed 
using 2-way ANOVA and Sidak’s multiple comparisons or Dunnett’s multiple comparisons test. 
Levels of significance between points of expression are indicated (***p < 0.001, **p < 0.01, *p 
< 0.05). 
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The obtained results suggest that acetoside can preserve the 
keratinocyte stemness required for epithelial morphogenesis and 
renewal. The data observed in keratinocytes prompted us to study the 
activity of acetoside on human mesenchymal pluripotent stem cells. 
Human mesenchymal stem cells (hMSCs) can differentiate into 
osteoblasts using in vitro differentiation protocol that aims to 
recapitulate the osteogenic development program. The hMSCs were 
induced to osteogenic differentiation replacing the basal medium with 
an osteogenic medium supplemented or not with acetoside at a 
concentration of 100 μM for 16 days. Transcriptional activation of genes 
such as  COL1A1, RUNX2, OCN and ALPL indicates osteogenic 
differentiation. Therefore, I evaluated expression of these differentiation 
biomarkers at different times by quantitative Real-Time PCR. In 
untreated samples the expression of COL1A1, RUNX2, OCN and ALPL 
were significantly increased by day 7 while inhibition of their expression 
was observed in acetoside processed samples. These results suggest 
that acetoside can regulate the stem nature of the mesenchymal 
progenitors maintaining their undifferentiated state (figure 18). 
Finally, I performed a DCFDA test to evaluate the antioxidant potential 
of acetoside in human mesenchymal stem cells (hMSC) compared to 

that of (+)-catechin and ()-epi-catechin, two well-known antioxidants 
flavonoids. hMSC cells were pretreated with 10 and 100 μM of catechin, 

()-epi-catechin and acetoside from C. phelypaea. As shown in figure 
19, acetoside has antioxidant activity comparable to catechins at the 
same concentration. 
 
 



51 

 

 
 
 
Figure 18. RT-qPCR analysis of the osteogenic markers (COL1A1, RUNX2, OCN and ALPL). 
The mRNA levels were normalized to Gapdh expression and reported as a fold change to the 
value in D0. Resveratrol was used as a positive control of differentiation. The values shown are 
mean ± SD, based on triplicate assays. Statistical analyses were performed using Student’s t-
test, where p < 0.05 was considered significant (*p < 0.05, **p < 0.01). 

 
 
 

 
 

Figure 19. DCFDA assay. hMSC cells were seeded and pre-treated for 4 h with 10 and 100 
μM of catechin, epicatechin, and acetoside. H2O2 (1 mM; 3%) was added to the medium for 
45’, 1,5, and 2h. The fluorescence intensity of DCFDA was read after 45’ of incubation. Trolox 
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was used as a positive control and DMSO, in which the metabolites are dissolved, as a negative 
control. The values are the mean’s six values for each experimental point of two independent 
biological replicates. Statistical analysis was performed with two-way ANOVA, using Tukey’s 
multiple comparison test. Levels of significance between points of expression are indicated 
(***p < 0.001, **p < 0.01, *p < 0.05). 

 
 
3.4. Conclusions 
 
In conclusion, C. phelypaea is a rich source of metabolites with 
antioxidant activity that can be used as functional ingredients for food 
preservation and nutraceuticals. The fractionation procedure allowed 
us to isolate two classes of compounds abundant in this plant species: 
phenylethanoid glycosides and iridoid glycosides, with acetoside and 
2’-O-acetylacetoside being the most abundant glycosides. The 
structures of phenylethanoid glycosides contain phenolic hydroxyl 
groups, which are responsible for the antioxidant activity of Cistanche 
(Zhang et al., 2016), and as I demonstrated the difference in chemical 
structure, such as the presence of substituent groups, can significantly 
affect the antioxidant activity of the compound.  
In human keratinocytes, the ROS scavenging activity of acetoside was 
fully comparable to that of Trolox, the water-soluble derivative of vitamin 
E. Remarkably, in human mesenchymal progenitor cells Trolox was 
ineffective while acetoside was still able to effectively counteract the 
production of ROS suggesting a potential application of this metabolite 
as an additive in hESC cell culture medium.  
Skin keratinocytes have a high turnover rate. The basal proliferative 
compartment of stratified squamous epithelia consists of the stem and 
transient amplifying (TA) keratinocytes. Engagement of differentiation 
promotes the withdrawal of keratinocytes from the quiescent stem cell 
compartment and their transit to the tissue's upper layers and surface. 
TA keratinocytes transiently acquire an appreciable proliferative 
capacity and show markedly reduced ΔNp63α biomarker. These data 
indicate that co-treatment of human keratinocytes with Ca2+, a trigger 
of keratinocyte differentiation, and acetoside induced a reversible cell 
cycle arrest. Indeed, in the presence of Ca2+ and acetoside, p21WAF 
expression was upregulated, while ΔNp63α, a pro-proliferative marker, 
was not reduced thus suggesting that acetoside preserves the 
regenerative potential of keratinocytes. Furthermore, in the presence of 
Ca2+ and acetoside, cytokeratins 1 and 10 did not increase thus 
indicating that keratinocyte differentiation was inhibited or slowed down. 
On the other hand, it is worth mentioning that acetoside also 
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suppresses the differentiation of macrophages into osteoclasts without 
affecting their viability (Lee, Lee, Yi, Kook, & Lee, 2013). 
Furthermore, I found that acetoside inhibited osteoblastic differentiation 
of hMSCs that serve as the primary tool of tissue engineering. They are 
multipotent cells with a cell renewal capacity such that they can 
differentiate in vitro into a variety of cell types, adipocytes, chondrocytes 
and osteoblasts (Okolicsanyi et al., 2015). Furthermore, they persist in 
various tissues and are responsible for maintaining tissue homeostasis 
and repairing tissue damage by replenishing senescence and damaged 
cells. In general, stem cells are more sensitive than their progeny to the 
adverse effects of ROS even though low levels of ROS are required to 
maintain quiescence and self-renewal of pluripotent stem cells (Zhou, 
Shao, & Spitz, 2014). Excess ROS, however, can inhibit stem cell self-
renewal not only by promoting cell differentiation but also by inducing 
senescence and/or apoptosis. When ROS production is induced, 
acetoside maintains the undifferentiated state of mesenchymal stem 
cells, osteoblasts, and osteoclast precursors. 
In recent work, it was demonstrated that total extract from C. deserticola 
was able to mediate bone formation by upregulating BMP-2 (Bone 
Morphogenetic Factor 2) and OPG (Osteoprotegerin) and 
downregulating RANKL thus promoting osteoporotic bone 
reconstruction (Wang, Tu, Zeng & Jiang, 2021). Thus, phenylethanoids 
glycosides from Cistanche extract can regulate the balance between 
multipotent mesenchymal stem cells, bone-forming osteoblasts, and 
bone-resorbing osteoclasts. Therefore, they are promising therapeutic 
agents for bone homeostasis. 
In conclusion, acetoside appears to preserve the proliferative potential 
of human basal keratinocytes and mesenchymal progenitors required 
for tissue morphogenesis and renewal. The use of stem cells in tissue 
engineering requires their controlled differentiation; hMSCs have great 
potential therapeutic power, however, their utility is limited by cellular 
senescence secondary to increased reactive oxygen levels, especially 
during their propagation in culture (Ogrodnik et al., 2017). In this regard, 
acetoside may be of practical relevance for the clinical application of 
human stem cell cultures for regenerative medicine. 
Almost 50 years have passed since the first PhGs were isolated and 
many experimental data have demonstrated the potent 
pharmacological activities of PhGs. 
The therapeutic potential of PhGs should be further explored to 
elucidate their mechanism of action and structure-activity relationships. 
Preclinical trials in organoids and animal models will give more insights 
into the safety and efficiency of PhG. 
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CHAPTER IV 

 
4. Grape pomace 
 
4.1. Waste is a waste only if wasted: optimization of extraction 
and in vitro screening of grape pomace  
 
The grape pomace was supplied to us by the Mastroberardino Winery, 
Italy, a leader in the production of wine in Campania territory, Southern 
Italy. During grape processing, grape polyphenols mainly remain in the 
pomace due to their incomplete extraction. The main representatives of 
polyphenolic compounds in this byproduct are anthocyanins (only in red 
grape pomaces), catechins, flavonol glycosides, phenolic acids, and 
alcohols (Kammerer, D. et al., 2004). Together with dietary fibers, 
phenolic compounds are the most valuable compounds of grape 
pomace with health-beneficial properties in the regulation of 
metabolism and prevention of chronic diseases such as obesity, 
diabetes, atherosclerosis, osteoporosis and cancer (Bender, A.B.B. et 
al., 2020).  
 
 
4.2. Grape pomace extraction procedure 
 
The first phase of the extraction process was lyophilization, to 
eliminate the water present in the pomace samples, which could 
compromise the stability of phenolic compounds. The next stage was 
the maceration of the solid phase in pure ethanol. Maceration was 
carried out at room temperature to preserve the high content of pomace 
polyphenolic compounds which are thermolabile. Given that this 
extraction procedure relies mainly on diffusion of the compounds from 
the solid to the  liquid phase, it was necessary to shake the system to 
avoid localized oversaturation close to the surface of the solid to be 
extracted, which would lead to a slowdown of the global diffusion 
process. After the elimination of the solid phase the ethanolic phase 
was removed by evaporation under reduced pressure (figure 20). 
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Figure 20. Process of extraction of the pomace. (a) freeze-dried pomace; (b) maceration in 
ethanol; (c) organic extract obtained after filtration and solvent recovery. 
 

 
The chemical profile of the pomace extract was analyzed by Thin Layer 
Chromatography TLC. The most abundant metabolites among the 
flavonoids class were represented by (+)-catechin and its epimer, (-)-
epi-catechin, which were purified from the apolar fraction. Their 
identification was confirmed by comparing their 1H-NMR spectra and 
specific optical rotation power with the data reported in the literature. As 
previously mentioned, we can expect that the composition of the 
pomace extract could change depending on the climatic and 
environmental growth conditions of the plants.  
 
 
4.3. Cytotoxicity assay 
 
The effect of the grape pomace extract on cell viability was tested by 
the MTT assay on immortalized HaCaT keratinocytes using a range of 

concentrations of the extract from 1 to 1000 g/ml and DMSO (0,5%) 
as a negative control. The well-known cytotoxic alkaloid, lycorine, 
effective against several immortalized and tumor cell lines, was used 
as a positive toxicity control.  
As shown in figure 21, up to 100 μg/mL and 72 hrs of incubation the 
extract was not toxic. The lower cell viability observed at 100 μg/mL and 
48 hrs of incubation was likely due to a transient cell cycle or metabolic 
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arrest, indeed cells completely recovered their viability at 72h. Instead, 
at the concentration of 1000 μg/mL, the extract was cytotoxic both at 48 
and 72h, and its toxicity was completely comparable to that of lycorine 
(figure 21).  
 
 

 
 
 
Figure 21. MTT viability assays with concentrations ranging from 1 μg/mL to 1000 μg/mL of 
grape pomace total extract in EtOH on HaCaT cell line at 48 and 72h of incubation. DMSO was 
used as negative control and Lycorine as a positive toxicity control. Statistical analyses were 
performed using one-way ANOVA and Dunnett’s multiple comparisons tests. Levels of 
significance between points of expression are indicated (**** p < 0.001, *** p < 0.01, ** p < 
0.02). 
 

 
 
4.4. Antioxidant assay 
 
The antioxidant power of the total extract obtained from grape pomace 
was evaluated by the DCFDA assay on human immortalized HaCaT 
keratinocytes. Cells were pretreated for 4h with different concentrations 
of the grape pomace extract dissolved in DMSO, ranging from 1 to 100 
μg /mL range that resulted well tollereted by cells. Then I performed the 
DCFDA assay as described in the Materials and Methods section, using 
the antioxidant standard Trolox, the water-soluble analog of vitamin E, 
as an antioxidant positive control and the DMSO vehicle, as a negative 
control. The percentage of DMSO (0.5%) was kept constant at each 
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experimental point. As shown in figure 22, the grape pomace extract 
has a significant dose-dependent antioxidant effect. At the 

concentration of 100 g/ml the grape pomace extract was well tolerated 
by cells and the ROS activity was reduced by 50% (figure 22). In 
summary, the extraction protocol we used was an effective procedure 
that could preserve the strong antioxidant power of grape pomace 
polyphenols and a method applicable on a large scale and with the least 
expenditure possible of organic solvent. 
 
 

 
 
Figure 22. DCFDA assay. HaCaT cells were seeded and pretreated for 4 h with concentrations 
ranging from 1 μg/mL to 100 μg/mL of grape pomace total extract in EtOH. H2O2 (1 mM; 3%) 
was added to the medium for 1.5 h. The fluorescence intensity of DCFDA was read after 45’ of 
incubation. Trolox was used as a positive control and DMSO, in which the metabolites were 
dissolved, as a negative control. The values are the mean’s six values for each experimental 
point of three independent biological replicates. Statistical analysis was performed with two-
way ANOVA, using Tukey’s multiple comparison test. Levels of significance between points of 
expression are indicated (****p < 0.001, ***p < 0.01). 

 
 
4.5. Encapsulation of the extract in edible pectin beads 
 
Formulations of grape pomace extract were carried out at the CNR-
IPCB (National Research Council-Institute for Polymers, Composites 
and Biomaterials), Pozzuoli, Italy.  
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Pectin is a heteropolysaccharide in which the principal component is 
galacturonic acid: a sugar acid derived from galactose. The abundance 
of this component defines a parameter called methoxylation degree 
(MD) as the percentage of carbonyl groups esterified with methanol. 
Pectin with high MD (>50%) have the capability to form gels with simple 
carbohydrates in presence of acid, on the other hand pectin with low 
MD(<50%) can reticulate in presence of bivalent metal ions. The latter 
pectin was used for formulation of beads loaded with grape pomace 
extract.  
Briefly, pectin (Low MD) was dissolved in MilliQ water (4%wt/v.) with 
different percentages by mass of extract (50-75%). Once homogeneity 
was reached, this solution was added dropwise to a solution containing 
a bivalent ionic crosslinker solution (Fe+2 or Ca+2 ;250 or 500 mM) which 
allows the entrapment of the extract compounds into the polysaccharide 
matrix as show in figure 23 (a-d). The beads obtained were then freeze-
dried and characterized. The freeze-drying process resulted in an 
acceptable volumetric loss, of the order of about 1/5 with respect to the 
initial mass, consequently it did not cause problems for the bead 
structure. Loading efficiency of grape pomace extract was determined 
by UV-Vis reading absorbance at 560nm, values are reported in table 
2. 
Characterization of thermal properties was carried out using TGA 
(Thermo-Gravimetric Analysis) in order to evaluate the state of the 
polymeric material, the stability of the active compounds and confirm 
loading efficiency. 
 
 

 
 

Table 2. Percentage of loading efficiency with different metals (Ca2+ or Fe2+) and 
concentrations. 

 
 

Furthermore, the dispersion of the extract in polymer matrix was 
evaluated using a Scanning Electron Microscope (SEM) showing good 
dispersion and phase continuity confirming the affinity between 
components (figure 23.e).  
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Figure 23. Steps of grape pomace-loaded beads preparation. (a) pectin and grape pomace 
mix. (b) Addition of crosslinking ions. (c) Freeze-dried beads. (e) SEM acquisition showing the 
dispersion of the grape pomace extract in the polymeric matrix. 

 
 
From the analysis emerged that the iron-crosslinked beads appeared 
to have a more rigid network and a perfectly spheroidal shape. The 
formulation which envisaged the use of calcium ions, instead, appeared 
to have a looser network and irregular morphology. 
Finally, the beads purpose i.e., the release of the active compounds in 
the intestinal tract overcoming the gastric tract. A resistance test to the 
gastric environment was conducted by placing the beads in acid 
environment (pH=2) from 2h up to 5h under magnetical stirring. At the 
end of this test, the beads resulted in unaltered morphology as show in 
figure 24. 
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Figure 24. Beads appearance after 5h in pH=2 solution. The morphology is unalterated after 
the passage in an acid environment. 
 

 
Then, the extract-loaded beads were then placed in a solution at 
pH=2.0 for 2h to mimic the gastric environment, while a solution at 
pH=7.4 for 3 h was used to mimic the intestinal tract (as required by 
Pharmacopoeia).  Moreover, the release of the compounds from the 
beads was evaluated after a first step in the acid solution and then at 
pH=7,4. The compounds released from the beads were freeze-dried to 
eliminate the water present and finally weighed to determine the yield 
of the released. The different experimental points are listed in the table 
below (table 3) along with the estimated loading and release efficiency.  
The Fe2+ cross-linked beads had a lower release efficiency than the 
Ca2+ crosslinked beads. 
 
 

Sample Ca/Fe pH %Release 
efficiency 

1 Fe 7.4 1.3 

2 Ca 7.4 49 

3 Fe 7.4 6.3 

4 Ca 2 53.8 

5 Ca from 2 to 7.4 1.5 

6 Fe from 2 to 7.4 2.6 

7 Fe from 2 to 7.4 1.6 

8 Fe 2 12.5 

9 Fe from 2 to 7.4 1.2 

10 Fe 2 10.5 

11 Fe 2 8 

 
 
Table 3. The samples were loaded by placing them in direct contact with beads crosslinked 
with Fe2+ and Ca2+ ions. The beads were immersed in solutions at different pH, and their loading 
and release efficiency was calculated. 

 
The samples were all subjected to 1H-NMR compared with the 
spectrum of the original total extract (figure 25). 
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Figure 25. Comparison of 1H NMR spectra. 1H NMR spectra of the ethanolic grape pomace 
extract (on the top) and of the compounds in DMSO released from the beads in the different 
experimental conditions listed in Table XXXX. Spectra were recorded at 500 MHz. The samples 
showing a representative spectrum of the crude ethanolic extract are samples n° 2, 3, and 4. 

 
 
The obtained spectra indicate that the beads cross-linked with Ca2+ can 
release all their content, both at pH=2 and pH=7.4 in about 3 h, the time 
of digestion along the human gastrointestinal tract. While the iron-
reticulated pearls can release only 8-9% of the compounds contained 
in the total extract loaded. 
The samples released by the beads were dissolved in DMSO and 
tested, using the ROS assay, to determine if they have preserved at 
least in part the antioxidant power and if the pH of the medium for the 
release of compounds could have in some way altered their activity. 
Therefore, I performed the DCFDA assay, as previously described on 
HaCaT cells pretreated for 4h with the released compounds at 
concentrations from 1 to 100 μg/mL (figure 26). I decided to exclude the 
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highest concentration of 1000 μg/mL because of a possible cytotoxic 
effect. 
 
 
 

 
 

Figure 26. DCFDA assay. HaCaT cells were seeded and pretreated for 4 h with concentrations 
ranging from 1 μg/mL to 100 μg/mL of compounds released from the beads crosslinked with 
Fe2+ and placed in a solution at pH 7.4, and beads crosslinked with Ca2+ and placed in a solution 
at pH 2 and pH 7.4. H2O2 (1 mM; 3%) was added to the medium for 1,5 h. The fluorescence 
intensity of DCFDA was read after 45’ of incubation. Trolox was used as a positive control and 
DMSO, in which the metabolites are dissolved, as a negative control.  The same concentrations 
of the total crude extract were also used as a positive control. The values are the mean’s six 
values for each experimental point of three independent biological replicates. Statistical 
analysis was performed with two-way ANOVA, using Tukey’s multiple comparison test. Levels 
of significance between points of expression are indicated (****p < 0.001, ***p < 0.01, *p < 0.05). 
 

 
Interestingly, I observed that compounds released from particles 
conjugated with Fe2+ did not show any antioxidant effect. This was in 
agreement with the results of the 1H-NMR spectra. Those released from 
Ca2+ crosslinked beads appeared to function efficiently and in a dose-
dependent manner, both at pH=2 and pH=7.4. However, the antioxidant 
effect was lower compared to that of the whole extract. This point 
should be improved and deserves further investigations. 
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4.6. Conclusions 
 
During this part of my PhD training I prepared phyto complex from the 
grape pomace of  the Mastroberardino company, in the Campania 
region, Italy. The ethanol was selected as extraction medium based on 
its complete biocompatibility and solubilizing power.  
Then, I contributed to characterize a mixture of antioxidant compounds 
from grape pomace waste for developing a possible formulation in 
edible beads for the nutraceutical industry with potential benefit for 
human health. I loaded the compounds and crosslinked them with two 
different ions, Fe2+ or Ca2+, to improve their functionality and 
organoleptic properties and to favor the supply of two essential cationic 
micronutrients.  
Moreover, I tested the structure of the beads, the functional loading and 
delivery of the formulated system mimicking the gastrointestinal tract 
environment. The compounds released by the beads have been tested 
and found to be compatible with mammalian cells and effective in 
counteracting the intracellular free radicals generated by H2O2 
treatment. In characterizing the grape pomace extract, I found that the 
major constituents among metabolites were (+)-catechin and its epimer, 
(-)-epi-catechin, two isomeric flavonoids. Catechin has been reported 
to be more reactive and stable than epicatechin. The hydroxyl group 
position on the ring C of the catechol structure represents a factor that 
influences this relative stability (Eugène, E. A. et al., 2022). The 
reduction in antioxidant activity of the released from the beads, 
compared to the starting raw extract could be attributable to the loss of 
epi-catechin activity, which becomes highly unstable when passing 
through environments at different pH levels.  
Polyphenolic secondary metabolites as flavonoids have a variety of 
well-known healthy-promoting properties and therefore are valuable 
options to exploit in the design of innovative products food formulations 
with health benefits. Furthermore, if it is possible to design novel 
formulations using flavonoids and edible polysaccharides polymers that 
also derive from waste products of the agri-food industry, everything 
falls within the perspective of the circular economy.  
However, the incorporation of phenols in prescription food products is 
limited by their susceptibility to degradation and epimerization, extreme 
pH and temperature conditions. Other relevant factors that must be 
taken into account are their limited water solubility, and untargeted 
delivery. Based on the recent literature, different encapsulation 
technology as delivery strategies can improve the stability, functionality 
and bioavailability of phenols in edible formulations. It has been already 
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shown that applying encapsulated phenols instead of free molecules 
improves the antioxidant capacity of enriched phenols foodstuffs 
(Pateiro, M. et al., 2021). Nevertheless, further research needs to be 
done to compare the effects of encapsulation techniques using different 
coating materials on phenolic compounds to determine the best carrier 
system for encapsulation of phenols in any type of food product 
formulations in terms of functionality, bioavailability and organoleptic 
properties. Our formulations with Ca2+ appear to be promising and 
almost ready for in vivo testing, because they can efficiently release the 
antioxidant molecules along the gastrointestinal tract, preserving their 
structural and functional integrity. The beads cross-linked with Fe2+ 
having a poor release efficiency, do not seem to give back enough 
compounds to get the desired antioxidant effect. However, iron in 
formulations is still poorly investigated, probably due to the problems of 
precipitation of the ferric ion around pH=7 (Hove, M. et al., 2007). The 
preparation of other formulations of these beads is currently underway, 
to improve their characteristics in terms of loading and release 
efficiency, and the preservation of the ROS scavenging activity. Once 
the best prescription will be established, its bioavailability will be tested 
in vivo using animal models.  
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CHAPTER V 
5. Other collaborations 
 
During my PhD I had the opportunity to take part in other side projects 
of my laboratory team as a collaborative effort. One of them was 
focused on the characterization of secondary metabolites isolated from 
the infesting fungi of forest plants. The results from these studies have 
been published in the manuscript:  

 

5.1. Anti-Biofilm Activity of the Fungal Phytotoxin Sphaeropsidin 
A Against Clinical Isolates of Antibiotic-Resistant Bacteria. 
Roscetto E, Masi M, Esposito M, Di Lecce R, Delicato A, Maddau L, 
Calabrò V, Evidente A, Catania MR. Toxins (Basel). 2020 Jul 
8;12(7):444. doi: 10.3390/toxins12070444. 
  
Antibiotic resistance has a major impact on people, animals and the 
environment. Indeed, if a microorganism acquires the ability to resist 
the action of an antibiotic, the infectious disease caused by it may be 
more difficult to cure: the longer course increases the risk of 
complications, up to outcomes that can be disabling or lead to the death 
of the patient. Antibiotic resistance, therefore, has important 
consequences on people's quality of life and also a significant economic 
impact on the individual and the community. The excessive or 
inappropriate use of antibiotics in human medicine but also zootechnics 
and agriculture induces the development of new resistances not only 
directly in the microorganisms, but also entails a risk for the possible 
release into the environment of residues of these medicines that 
contaminate water, soil and vegetation. These residues continue to be 
active in the environment, inducing selective pressure against the 
bacteria that live there. Bacteria in nature can be present both in free 
form (planktonic form) and organized in structures called biofilms which 
are aggregates of microorganisms that manifest themselves in a 
polymeric matrix capable of holding them together and anchoring them 
firmly to a surface. This matrix is made up of sugars, DNA and proteins. 
The formation of the biofilm helps the bacterial community to protect 
itself from environmental stresses (such as temperature variations and 
dehydration), favors the retention of nutrients and creates real 
communication between the bacteria (through the quorum-sensing 
process). Approximately 60% of microbial infections are associated 
with the formation of biofilms as the bacterial cells organized in this 
structure can better resist disinfectants and antibiotics and attacks by 

https://pubmed.ncbi.nlm.nih.gov/32650496/
https://pubmed.ncbi.nlm.nih.gov/32650496/
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the host's immune system. Many gods currently available drugs hardly 
penetrate the biofilm, and the bacteria in the biofilm are 10-1000 times 
more resistant than the planktonic counterpart. Therefore, it is 
necessary to promote coordinated interventions to reduce the 
development and spread of antibiotic resistance. Among these, the 
discovery of new natural molecules with antimicrobial properties is of 
great interest. Among terrestrial ecosystems, forests represent a huge 
reservoir of pathogens and endophytic fungi, studied for several years 
to evaluate their biosynthesis capacity for phytotoxic metabolites and 
explore the myriad biological activities including antibacterial 
properties. Therefore, in this work, 20 secondary metabolites produced 
by pathogenic fungi of forest plants and belonging to different classes 
of naturally occurring compounds, such as butenolides, 
cyclohexenoxides, diterpenes, isobenzofuranones, isocoumarins, 
macrolides, etc., were evaluated for the first time against clinical 
isolates of antibiotic-resistant Gram-negative and Gram-positive 
bacteria. In particular, among all tested metabolites, three of them, 
namely epi-epoformin, sphaeropsidone and sphaeropsidin A, 
proved to be effective against all strains tested. The most powerful 
metabolite among them was sphaeropsidin A, which was effective even 
at very low concentrations against all reference and clinical test strains 
with minimum inhibitory concentration (MIC) values between 6.25 
μg/mL and 12.5 μg/mL. Moreover, sphaeropsidin A at sub-inhibitory 
concentrations decreased the biofilm formation of methicillin-resistant 
S. aureus (MRSA) and P. aeruginosa. Moreover, mixtures of 
sphaeropsidin A and epi-epoformin showed antimicrobial synergistic 
effects with a concomitant reduction of cytotoxicity against immortalized 
human keratinocytes, showing promising antimicrobial properties. 
Sphaeropsidin A activity appears notable for its ability to inhibit biofilm 
formation, preventing a growth mode that results in particular resistance 
to antibiotic treatment. The obtained results are preliminary for further 
experiments aimed at the development of biocompatible formulations 
of epi-epoformin and sphaeropsidin A, suitable for preventing the 
development of serious infections. 
 
 
 
5.2. Functions and regulations of oncoprotein Y Box binding 
protein 1 
 
During my PhD I was involved in a project focused on the functional 
characterization of Y Box binding protein 1, an oncoprotein that was 



67 

 

identified in the laboratory of Prof. Viola Calabrò as a physical interactor 
of the p63 protein, a transcription factor belonging to the p53 tumor 
suppressor family. I have studied different aspects of this 
multifunctional protein, as a sensor of oxidative stress, as a 
prooncogenic factor in the molecular pathways of cancers, as a factor 
involved in DNA repair. The results of my experimental activity on this 
topic were published in the following manuscripts: 
 
YB-1 recruitment to stress granules in zebrafish cells reveals a 
differential adaptive response to stress. 
Guarino AM, Mauro GD, Ruggiero G, Geyer N, Delicato A, Foulkes 
NS, Vallone D, Calabrò V.Sci Rep. 2019 Jun 21;9(1):9059. doi: 
10.1038/s41598-019-45468-6 
 
Y box binding protein 1 (YB-1) oncoprotein at the hub of DNA 
proliferation, damage and cancer progression. 
Sangermano F, Delicato A, Calabrò V.Biochimie. 2020 Dec;179:205-
216. doi: 10.1016/j.biochi.2020.10.004. Epub 2020 Oct 12. 
 
YB-1 Oncoprotein Controls PI3K/Akt Pathway by Reducing Pten 
Protein Level. 
Delicato A, Montuori E, Angrisano T, Pollice A, Calabrò V.Genes 
(Basel). 2021 Sep 29;12(10):1551. doi: 10.3390/genes12101551. 
 
 

5.1.1. YB-1 recruitment to stress granules in zebrafish cells 
reveals a differential adaptive response to stress 

 
Y-box binding protein 1 (YB-1, YBX1) is a member of the DNA- and 
RNA-binding protein family with an evolutionarily ancient and 

conserved cold shock domain. Except for the CDS which retains a -
barrel structure, the C and N-ter ends of the protein are unfolded, and 
thanks to the dynamism of its three-dimensional structure able to modify 
by adapting to the different cellular partners, YB-1 performs different 
functions depending on the specifications conditions and the cellular 
district in which it is located. YB-1 participates in a wide variety of 
DNA/RNA-dependent events, including DNA repair, pre-mRNA 
transcription and splicing, mRNA packaging, and regulation of mRNA 
stability and translation. At the cellular level, the multiple activities of 
YB-1 are manifested as its involvement in cellular proliferation and 
differentiation, stress response, and malignant cellular transformation.  

https://pubmed.ncbi.nlm.nih.gov/31227764/
https://pubmed.ncbi.nlm.nih.gov/31227764/
https://pubmed.ncbi.nlm.nih.gov/31227764/
https://pubmed.ncbi.nlm.nih.gov/33058958/
https://pubmed.ncbi.nlm.nih.gov/33058958/
https://pubmed.ncbi.nlm.nih.gov/34680946/
https://pubmed.ncbi.nlm.nih.gov/34680946/
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YB-1, under physiological conditions, is partly localized in particles 
ribonucleoproteins (mRNPs), polysomes or in P-bodies and regulates 
the translation of 5'-cap dependent and independent mRNAs. The 
importance of YB-1 function in the response to oxidative stress is clear 
in the literature. More specifically, under normal conditions YB-1 co-
localizes with Processing Bodies (PBs) while, during oxidative stress, it 
interacts with G3BP1 (the canonical marker of SGs) and leads to the 
formation of SGs as part of a survival program, sequestering 
messenger RNAs and preventing the cell from wasting energy and 
optimizing the cellular response to the particular type of stress. These 
represent cytoplasmic foci where untranslated mRNAs are sorted or 
processed for reinitiation, degradation, or packaging into mRNPs. 
The survival of cells exposed to adverse environmental conditions leads 
to various alterations of cellular function, including major changes in the 
transcriptome and a radical reprogramming of protein translation. In 
mammals, this process has been extensively studied, while stress 
responses in non-mammalian vertebrates remain poorly understood. 
One of the key cellular responses to many different types of stressors 
is the transient generation of stress granules (SG). Using the 
evolutionarily conserved Y-box binding protein 1 (YB-1) and G3BP1 as 
markers, we investigated stress granule formation in zebrafish (Danio 
rerio) in response to several environmental stressors. zebrafish is a 
freshwater fish of the cyprinid family and represents one of the most 
popular and versatile genetic models for studies of human diseases. 
We demonstrated that following heat shock, zebrafish cells, like 
mammalian cells, form stress granules that contain both YB-1 and 
G3BP1 proteins. Furthermore, zfYB-1 knockdown impairs G3BP1 
recruitment to SG, under heat shock conditions with a consequent 
reduction in cell viability. My observations highlight the essential role 
played by YB-1 in SG assembly and cell survival. Interestingly, I’ve 
observed for the first time that zebrafish embryonic fibroblasts do not 
assemble YB-1-positive stress granules upon oxidative stress induced 
by treatment with arsenite, copper, or hydrogen peroxide. This is in 
contrast with the situation in human cells where SG formation is strongly 
induced by exposure to oxidative stressors. Thus, our results indicate 
fundamental differences in the mechanisms by which mammalian and 
zebrafish cells respond to oxidative stress. 
 

 

 

5.1.2. Y box binding protein 1 (YB-1) oncoprotein at the hub of 
DNA proliferation, damage and cancer progression 
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A deep search in the YB-1 literature gave me the possibility to write a 
review focused on the role of YB-1 in cancer progression and 
chemoresistance. 
YB-1 is a hallmark of cancer, overexpressed in a wide variety of 
cancers, sometimes aggressive or for which there is no effective cure. 
As mentioned above, YB-1 performs different functions depending on 
the cellular compartment where the protein is located. Indeed, the 
subcellular localization of YB-1 is finely regulated. The cytoplasmic form 
is predominant under physiological conditions with an apparent 
molecular weight of 45/50 kDa. However, increased expression of YB-
1, mostly nuclear, appears to be a central driver of cancer development 
and chemoresistance and it correlates with a worse prognosis. YB-1 
was first described as a transcriptional activator of genes involved in 
cell survival and chemotherapy resistance. Surprisingly, YB-1 is 
increasingly emerging as a multifaceted player in the detection and 
repair of DNA lesions and the maintenance of genome integrity.  
In particular, under stress conditions, YB-1 plays its pro-survival role by 
first participating in the stress granules organization where it temporarily 
controls protein synthesis, then it takes part in DNA damage repair 
when significant genotoxic damage has occurred. In this way, it can 
preserve cancer cells from chemotherapy-induced death. Thus, 
strategies aimed at counteracting YB-1 activities on DNA damage 
repair could significantly increase the success of anticancer therapies. 
In our review manuscript, I have collected and summarized published 
data on YB1 proposed role in major cancer types such as breast, 
colorectal, epidermoid carcinoma, neuroblastoma and so on. In 
particular, I reported the experimental evidence on YB-1 involvement in 
DNA damage repair mechanisms. 
I am currently investigating the role of YB-1 in the recognition of 
damaged DNA by investigating the existence of YB-1 protein 
complexes at the damaged site using the DiVA (Inducible Double 
strand breaks via Asisi system) cell system. This system relies on 
the use of the restriction enzyme AsiSI to generate unambiguously 
positioned sequence-specific DSBs. Moreover, I’m also taking 
advantage of  Homology-directed repair (HDR) Hela DR-GFP cells 
through which I’m monitoring the repair efficiency of wild-type or mutant 
YB-1 overexpressed protein.  
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5.1.3. YB-1 Oncoprotein Controls PI3K/Akt Pathway by 
Reducing Pten Protein Level 

 
When stress stimuli or mitogenic signals arrive in the cell, YB-1 
undergoes activation by PI3K and RSK signaling and moves into the 
nucleus serving as a prosurvival factor. In this way, it can also regulate 
many cell signaling pathways in different types of malignancies. In 
cancer, activation of the PI3K/Akt pathway is common. The PI3K/Akt 
signaling induces phosphorylation on several target genes, which in 
turn activate genes involved in cancer proliferation and progression. 
Activated Akt enhances the pro-proliferative and pro-survival activities 
of YB-1 by inducing phosphorylation of YB1 at S102 thereby promoting 
its nuclear translocation. The gene that inhibits the activation of the 
PI3K/Akt pathway is the well-known tumor suppressor PTEN, which is 
often mutated in cancer. We demonstrated that YB-1 controls PTEN 
protein levels by acting at the transcriptional level. Our data show for 
the first time a direct functional link between PTEN and YB-1 that has 
never been reported. Functionally, YB-1 overexpression can 
downregulate PTEN expression by indirectly inducing the activation of 
the PI3K/Akt pathway in precancerous cells. The level of PTEN appears 
to be tightly controlled at both the transcriptional and post-
transcriptional levels. Although the precise mechanism by which YB-1 
controls PTEN mRNA level remains to be determined, our data suggest 
the existence of a positive feedback loop between YB-1 and Akt, which 
reinforce each other, probably at an early stage of cancer progression 
thus conferring a selective advantage over precancerous cells. 
 
 

5.3. Abroad experience. Cellular processes regulated by the 
circadian clock 
 
During my PhD training, I had the opportunity to join the team of Prof. 
Nicholas Foulkes at the KIT Institute of Karlsruhe, Germany. One of the 
main scientific interest of Prof. Foulkes's laboratory is the molecular 
mechanism through which in vertebrates the circadian clock control 
major physiological cellular processes such as the cell cycle 
progression and DNA damage repair. The timing of cell proliferation is 
a key factor contributing to the regulation of normal growth. Disruption 
of the circadian clock, in turn, has been linked to cell growth 
deregulation and increased incidence of cancer. Historically zebrafish 
represents one of the most important model organisms for studying 
embryonic development in vertebrates, it has also emerged as a very 
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attractive model for studying the circadian timing system. As well as 
providing a powerful collection of genetic tools for studying clock 
mechanisms in vivo, fish possess directly light-entrainable peripheral 
clocks, even in fish-derived cell lines. Therefore, this has made the 
zebrafish particularly useful for studying the pathways conveying light 
information to the circadian clock. Data from the literature demonstrated 
that exposure of zebrafish larvae or adults to light-dark cycles causes a 
range of different cell types to enter S-phase predominantly at the end 
of the light period. This is an evolutionary mechanism to prevent light 
from causing damage to DNA (Dekens, M. P. S. et al., 2003; Idda, M. 
L. et al., 2012).The group led by Nicholas S. Foulkes, previously 
explored how light, temperature, ROS or UV regulate the expression of 
the clock genes per1b21, cry1a22 and per223 as well as DNA repair 
genes which in zebrafish are also transcriptionally activated by visible 
light. They have identified an enhancer element reactive to light, ROS 
and UV, the D-box17 element, which operates alone or in combination 
with other enhancers such as the E-box or E2F sites (Vallone, D. et al., 
2004; Mracek, P. et al. 2012; Vatine, G. et al., 2009;  Zhao, H. et al., 
2018). 
During my period at the Institut für Technologie (KIT) in Karlsruhe, I 
learned the NanoBit technology, a new technology, to study protein-
protein interactions in real-time by following the kinetics of protein-
protein association. The main objective of my work was to understand 
the functional relationships between the PAR factor, belonging to the 
bzip transcription factor family, and Nfil3. Such factors may bind to D-
box enhancers to regulate transcription in response to exposure to 
sunlight. New knowledge about PAR and Nfil3-regulated genes can 
help to understand the functional relationships between DNA repair 
mechanisms and the circadian clock. During my period abroad I’ve 
produced many of expression clones in the NanoBit system, by cloning 
the small SmBit subunit of NanoLuc and the LgBit subunit of NanoLuc 
to the C-ter and N-ter ends of the transcription factors CRY5 and TEF2. 
I’ve obtained 8 clones for each gene, the various C-ter and N-ter 
combinations were transfected into zebrafish cell lines, PAC2 
(embryonic fibroblasts), to follow the in vivo interaction kinetics of the 
two proteins through the light emitted by the reconstituted SmBit and 
LgBit in the NanoLuc reporter. The results observed in zebrafish 
embryonic fibroblasts led to two conclusions: the first being that some 
of the C-/N-ter clone combinations tested, showed a weak interaction 
between the two proteins; the second is that by recloning the 
transcription factors with SmBit or LgBit in plasmids under the control 
of more efficient promoter for expression in zebrafish, it will be possible 
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to confirm the interaction of the two factors on the enhancer domains of 
the D-box, and to clarify the molecular mechanisms that control the 
response to light in relation to the circadian rhythm. 
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Concluding remarks 

 
Natural products have long been the main source of new drugs against 
infectious diseases, cancer, and neurodegenerative diseases. In 
parallel with the search for new metabolites with interesting biological 
activities, the goal of modern biotechnology is to continue to investigate, 
develop and optimize the application performance of already described 
molecules. 
The term natural products include any substance produced by living 
organisms and can be extracted from the tissues of terrestrial plants, 
fungi, marine organisms, or fermentation by microorganisms. A single 
or a mixture of compounds from natural sources can exert beneficial 
effects as food supplements or cosmetics. 
Nowadays, the interest in using natural products has increased 
significantly and the reason for this trend is the idea of using safe 
compounds compared to synthetic ones, availability, biocompatibility, 
low toxicity, and environmental responsibility. 
During my PhD training, I learned how to isolate and functionally 
characterize extremely heterogeneous metabolites from plants grown 
and harvested in an extreme environment, such as a desert. Plants 
living in a desert have evolved to produce secondary metabolites, 
capable of guaranteeing their survival in extreme environment 
conditions.  
 
From the first species Crinum biflorum, an Amaryllidaceae plant used 
in African traditional medicine, collected in Senegal, I have isolated and 
characterized four different homoisoflavanoids and one alkylamide. 
Flavonoids showed promising anticancer properties being cytotoxic at 
low micromolar concentrations towards HeLa and A431 human cancer 
cell lines. The N‐p‐ coumaroyltyramine, instead, was selectively toxic to 
A431 and HeLa cancer cells, while it protected immortalized HaCaT 
cells against oxidative stress induced by hydrogen peroxide. 
Flavonoids also inhibited acetylcholinesterase activity. The anti‐
amylase and the strong anti‐glucosidase activity of N‐p‐ 
coumaroyltyramine were confirmed. The obtained data extends the 
chemical library of compounds that can be a potential candidates for 
the treatment of cancer, viral infections, diabetes and Alzheimer’s 
disease. 
 
The second species, Cistanche phelypaea, belonging to the 
Orobancaceae family of plants, was also collected in a desert 
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environment and is widely used in traditional Chinese medicine for its 
innumerable beneficial properties. From this plant, I was able to isolate 
and characterize mainly two classes of compounds: phenyl-ethanoid 
glycosides and iridoid glycosides. Phenolics are the most common 
group of natural products in the plant kingdom. Phenolic compounds 
occupy a privileged position in the life of humans due to their 
widespread applications and are potent antioxidants due to their higher 
chelation efficiency. Phenolic compounds from plants are reported as 
potential sources of new natural medicines, antibiotics, insecticides, 
and herbicides. This study aims to characterize the antioxidant activity 
of C. phelypaea metabolites, in the light of their application in 
nutraceutical and cosmeceutical industries; and the effect of acetoside, 
the most abundant metabolite in C. phelypaea extract, on human 
keratinocyte and pluripotent stem cell proliferation and differentiation. 
Besides its strong antioxidant potential, acetoside appears to preserve 
the proliferative potential of human basal keratinocyte and 
mesenchymal progenitors which is necessary for tissue morphogenesis 
and renewal. The use of stem cells in tissue engineering demands their 
controlled differentiation; hMSCs have great therapeutic potential, 
however, their usefulness is limited by cellular senescence occurring 
secondary to increased levels of reactive oxygen species during their 
propagation in culture. In this respect, acetoside can be of practical 
relevance for the clinical application of human stem cell cultures for 
regenerative medicine.  
Part of my PhD project was dedicated to the revaluation of waste from 
the agri-food industry of our area, using the waste from pomace. Food 
waste such as peels and seeds derived from fruit and vegetable 
processing can also be an important source of bioactive compounds, A 
large variety of compounds from different natural sources (e.g., 
phenolic compounds, dietary fibers, polysaccharides, vitamins, 
carotenoids, pigments, and oils) can have a variety of beneficial 
activities. One way to improve foods, food supplements or cosmetics is 
to add natural metabolites with antioxidant and anti-aging properties. 
Nutraceuticals provide an excellent option to assimilate natural 
substances with numerous benefits for human health. They are also a 
boon for some patients who are reluctant to undergo conventional 
chemical therapy and have gained much attention in the cancer 
research field. Nutraceuticals are known to be effective against age-
related and chronic diseases. Many of these nutraceuticals are rich 
sources of antioxidants and would target signaling pathways related to 
redox-mediated transcription factors. They are also known to moderate 
the endocrine system, the immunological cascade, and inflammation-
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related enzymes. DNA repair and cleavage processes are also 
influenced by such compounds. It has been found that many 
nutraceuticals such as green tea, curcumin, isoflavones, polyphenols, 
lycopene, resveratrol, etc. reverse, prevent, or delay the carcinogenic 
process. The chemopreventive components present in fruits and 
vegetables also have potential anticarcinogenic and antimutagenic 
activities. The demand for nutraceuticals is associated with the 
prevalence of several chronic diseases such as cancer, diabetes, and 
cardiovascular disease. 
During my PhD training I optimized the extraction process from pomace 
waste in terms of sustainability. Moreover, I characterized the extracts 
from their phenols composition which depends on the nutritional 
characteristics of the soil and the atmospheric agents of the place 
where the grape is grown. Catechin and its epimer epicatechin have 
been found among the most abundant polyphenols, in this pomace 
extract. These complex blends of polyphenols have been encapsulated 
in edible formulations based on pectin, also derived from the same 
waste-maximizing recycling, and bivalent ions such as calcium and iron 
ions, to support the demand for these essential micronutrients. The 
calcium ion-based formulation was found to be promising for the 
transport of these powerful antioxidants along the gastrointestinal tract 
and intestinal absorption. 
In conclusion, natural metabolites remain a promising pool for the 
nutraceutical and cosmeceutical industry that can be directly used or 
derivatized to obtain new interesting health-promoting products. 
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APPENDIX I 
Matherials and methods 
 
General Experimental Procedures 
 
A JASCO P‐1010 digital polarimeter (Jasco, Tokyo, Japan) was used 
to measure the 
optical rotations in CH3OH. Electronic circular dichroism (ECD) spectra 
were recorded on a JASCO J‐815 spectrometer (Jasco, Tokyo, Japan) 
in CH3OH. 400 Anova Advance (Bruker, Karlsruhe, Germany) and 
Inova 500 MHz (Varian, Palo Alto, CA, USA) instruments were used to 
record 1H and 13C NMR spectra in CDCl3 or CD3OD at 400/100 or 
500/125 MHz, respectively. The same solvents were used as internal 
standards. Correlation spectroscopy with a 45° mixing pulse (COSY‐
45), Nuclear Overhauser effect spectroscopy (NOESY), heteronuclear 
single quantum correlation (HSQC) and heteronuclear multiple bond 
correlation (HMBC) experiments were performed using Bruker or 
Varian microprograms. Electrospray ionization (ESI) mass spectra and 
liquid chromatography/mass spectrometry (LC/MS) analyses were 
carried out using the LC/MS time‐of‐flight (TOF) system Agilent 6230B, 

high‐performance liquid chromatography (HPLC) 1260 Infinity. A 
Phenomenex LUNA [C18 (2) 5 um 150 Å~ 4.6 mm column] was utilized 
to perform the HPLC separations. Analytical and preparative thin‐layer 
chromatography (TLC) were performed on silica gel (Kieselgel 60, 
F254, 0.25 and 0.5 mm, respectively, Merck) plates. The spots were 
visualized 
by exposure to ultraviolet (UV) radiation (254) or iodine vapors. Column 
chromatography (CC) was performed using silica gel (Kieselgel 60, 
0.063–0.200 mm, Merck). Sigma‐AldrichCo. (St. Louis, MO, USA) 
supplied all the reagents and the solvents. 
 
Plant Material 
 
C. biflorum 
Bulbs of C. biflorum were collected in Senegal, in the Kaffrine 
department, in December 2018. A senior scientist from the Herbarium 
of IFAN of University Cheikh Anta Diop of 
Dakar taxonomically identified the plant materials. Fresh bulbs of C. 
biflorum were dried at room temperature and then finely powdered. The 
resultant powder (545 g) was extracted with ethanol by Soxhlet 
obtaining a semisolid brown extract (450 mg). The latter was 



88 

 

fractionated by CC eluted with CHCl3/EtOAc/CH3OH (3:1.5:0.5 v/v/v), 
affording eight groups of homogeneous fractions (F1‐F8). The residue 
(102.8 mg) of fraction F1 was further purified by CC eluted with 
CHCl3/isoPrOH (97:3 v/v) yielding ten groups of homogeneous 
fractions (F1.1‐F1.10). The residue (15.8 mg) of F1.3 was purified by 
preparative TLC eluting with CH2Cl2/MeOH (97:3 v/v) yielding 
compound 4 (3.04 mg). The residue (14.3 mg) of F1.5 was purified by 
preparative TLC eluting with n‐hexane/EtOAc (6:4 v/v) yielding 
compound 1 (1.42 mg) and compound 3 (3.52 mg). Compound 1 was 
crystallized from a CHCl3‐isoPrOH 9:1 v/v solution. The residue (6.7 
mg) of F1.6 was purified by TLC eluted with CHCl3/isoPrOH (9:1 v/v) 
yielding compound 2 (1.61 mg). The residue (15.2 mg) of F4 was further 
purified by preparative TLC eluting with CHCl3/isoPrOH (95:5 v/v) 
yielding compound 5 (1.19 mg). 
 
C. phelypaea 
400 g of C. phelypaea’s dried bulbs was milled with a blender and 

extracted with a Soxhlet apparatus using EtOH (1  500 ml, 12 h) 
obtaining 9.3 g of organic extract as an oily residue. This residue was 

dissolved in distilled H2O (200 ml) and extracted with EtOAc (3  200 
ml) obtaining 4.4 g of organic extract that was further fractionated by 
column chromatography on silica gel eluted with CHCl3/isoPrOH (9:1, 
v/v) yielding 11 homogeneous fractions (F1-F11). The residue (695.7 
mg) of F5 was further purified by CC on silica gel, eluting with 
EtOAc/MeOH/H2O (85:10:5, v/v/v), yielding nine homogeneous 
fractions (F5.1-F5.9). The residue of F5.3 (62.9 mg) was further purified 
by preparative TLC eluting with EtOAc/MeOH/H2O (85:10:5, v/v/v) 
affording 20-O-acetylacetoside (2, 20.9 mg) as an amorphous solid. 
The residue (172.1 mg) of F5.4 was purified by CC on reverse phase 
eluted with MeCN/H2O (3.5:6.5, v/v) affording acetoside (1, 30.1 mg) 
and tubuloside B (3, 5.5 mg). The residue (18.3 mg) of F5.8 was further 
purified by TLC on reverse phase eluting with MeCN/ H2O (3.5:6.5, v/v) 
yielding bartioside (4, 14.9 mg). The residue (336.5 mg) of F7 was 
purified by CC on reverse phase eluting with MeCN/ H2O (3.5:6.5, v/v) 
affording five fractions (F7.1-F7.5) 
yielding 6-deoxycatalpol (5, 7.48 mg) and glucuroside (6, 1.50 mg). The 
purification process has been repeated five times to accumulate the 
pure compounds for chemical and biological characterization. 
 
Grape pomace 
1 kg of pomace was first subjected to freeze-drying, to eliminate the 
water fraction. Subsequently the solid phase was extracted by 
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maceration in pure ethanol (2 L), at room temperature and for 12 hours. 
Following the maceration process, the solid phase was separated from 
liquid phase and the solvent was removed using Rotar vapor.  The 
organic extract obtained was further fractionated by column 
chromatography on silica gel eluted with CHCl3/isoPrOH (9:1, v/v) to 
isolate the most abundant metabolites among the flavonoids and 
characterizing the type of pomace. Two metabolites were identified (by 
comparing their 1H-NMR spectra and specific optical power with data 
reported in the literature) and purified through by TLC on reverse phase 
eluting with MeCN/ H2O as (+)-catechin (yield 24 mg/kg) and (-)-
epicatechin (56 mg/kg).  
 
Cell Culture and Reagents 
 
HaCaT, spontaneously immortalized keratinocytes from adult skin, 
were purchased from Service Cell Line (GmBH, Eppelheim, CLS, 
Germany) and cultured as described 
(Amoresano et al., 2010). HeLa cervical cancer cells (CCL‐2) and A431 

(ATCC‐CRL1555) human epidermoid carcinoma cells were from 
American Type Culture Collection (ATCC, Manassas, VA, USA). 
According to the p53 compendium database (http://p53.fr/tp53‐
database/the‐tp53‐ cell‐line‐compendium, 05/05/2021), HaCaT cells 
contain mutant p53 (H179Y/R282W), HeLa have p53 impaired function 
by viral infection while A431 cells contain only one p53 mutated allele 
(R273H). All mentioned cell lines were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM, Sigma Chemical Co, St. Louis, MO, USA) 
supplemented with 10% fetal bovine serum (FBS, Hyclone 
Laboratories, Inc. Logan, UT, USA) at 37 °C in a humified atmosphere 
of 5% CO2. hTERT-immortalized adipose-derived mesenchymal stem 
cells (hMSCs) were purchased from American Type Culture Collection 
(ATCC SCRC-4000; Virginia, USA). Cells (3–4 passages) were 
cultured in DMEM high glucose supplemented with 10% South 
American Fetal Bovine Serum (FBS), 2 mM glutamine, 100 units/ml 
Penicillin/Streptomycin (Gibco), and maintained in a humidified 
atmosphere of 5% CO2 at 37 °C. Media, serum, and antibiotics for cell 
culture were from Thermo Fisher Scientific (Waltham, MA, USA). All cell 
lines were routinely tested for mycoplasma contamination and were not 
infected. 
 
 
 
 

http://p53.fr/tp53‐database/the‐tp53‐
http://p53.fr/tp53‐database/the‐tp53‐
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MTT Assay 
 
Cell viability was evaluated by measuring the reduction of 3-(4,5-
dimethylthiazol-2) 2,5- diphenyltetrazolium bromide (MTT) to formazan 
by the mitochondrial enzyme succinate dehydrogenase (Van Meerloo, 
Kaspers, & Cloos, 2011). Briefly, cells were seeded at 105/cm2  in 96-
well plates and exposed to different concentrations of total extract or 
purified metabolites at indicate concentrations for 48 and 72 h. 
MTT/PBS solution (0.5 mg/ml) was then added to the wells and 
incubated for 3 h at 37 °C in a humidified atmosphere. The reaction 
was stopped by removal of the supernatant followed by dissolving the 
formazan product in acidic isopropanol and the optical density was 
measured with Sinergy H4 microplate reader Gen5 2.07 (Thermofisher, 
Waltham MA, USA) using a 570 nm filter. Under these experimental 
conditions, no undissolved formazan crystals were observed. Cell 
viability was assessed by comparing the optical density of the treated 
samples compared to the controls. Values shown in the plot are mean 
± SD of sixfold determinations. Mean and the standard deviation was 
calculated on biological triplicates using GraphPad Prism8 software 
(GraphPad, San Diego, CA). 
 
Trypan blue assay 
 
1 part of 0.4% trypan blue and 1 part of cell suspension were mixed. 
The mixture was allowed to incubate for 3’ at room temperature. The 
mixture was loaded into a Bürker chamber and the dead cells and the 
total number of cells were counted to evaluate the percentage of viable 
cells (Strober W., 2015). 
 
Cell proliferation analysis 
 

A total of 6  104 HaCaT and A431 cells were seeded in a 12-well plate; 
cells were serum-starved for 24 h; after starvation, total extract or 
acetoside of C. phelypaea were added at different concentrations. 

Every 24 h cells were gently rinsed with 1PBS, trypsinized, and 
counted. The count was confirmed by Scepter 2.0 analysis (Millipore, 
Burlington, MI, USA). 
 
Differentiation protocol 
 
For HaCaT differentiation, cells were seeded in an RMPI medium. The 
day after seeding, the medium wad changed in RMPI without FBS, and 
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cells were treated with Ca2+ at 2 mM until the cells reach confluence. 
For osteogenic differentiation, the previously stored cells were plated at 

8  103 cells/cm2 on 0.2 μg/cm2 human collagen I coating (Corning) in 
a growth medium for 3 days at 37 °C, 5% CO2 in a humidified incubator, 
changing the medium after 2 days, before replacing the growth medium 
with osteogenic media (StemPro Osteogenesis Differentiation 
Kits_ThermoFisher Scientific) and maintaining for up to 18 days, with 
media changes every 2–3 days. 
 
Detection of DNA Damage 
 
Cells were seeded in 35 mm dishes on micro cover glasses (BDH) and 
treated with the metabolites of C. biflorum at a concentration of 10 μM. 
At 48 h after treatment, cells were washed with cold phosphate‐buffered 

saline (PBS) and fixed with 4% paraformaldehyde Sigma‐ Aldrich 
(Merck Life Science, Milan, Italy) for 15 min at RT. Cells were 
permeabilized with ice‐cold 0.5% Triton X‐100 for 5 min and then 

washed with PBS. Cells were then incubated with phospho‐histone 
H2A.X (Ser139) antibody (from Cell Signaling Technologies 9542, 
Boston, MA, USA) for 1 h, followed by DAPI (Sigma‐Aldrich) for 3 min 
and washed with PBS/0.05% Tween. Coverslip was mounted with Ibidi 
mounting medium (Ibidi GmbH, Martinsried, Germany). Images were 
taken with a Zeiss confocal laser‐scanning microscope Axio Observer 
(Zeiss, Ostfilden, Germany) (scale bar, 20 μm). A 40Å~ objective was 
used and image analysis was performed using Fiji ImageJ open source 
software project (https://imagej.net/imaging/). All the images were 
taken with the same setting (Vivo M. et al., 2017). 
 
Western Blot Analysis 
 
Western blot was performed as previously reported (di Martino et al., 
2016). Briefly, 30 μg of whole cell extracts were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS‐PAGE), 
subjected to Western blot and incubated overnight at 4 °C with 
antibodies. Antibodies against p21WAF, Poly [ADP‐ribose] polymerase 
1 (PARP1) and actin were from Cell Signaling Technologies 9542, 
Boston, MA, USA;  antibodies against  Cytokeratin (VIK-10) and 
Cytokeratin (K1207) were from CellSignaling Technologies (Boston, 
MA, USA), and ΔNp63α from Abcam (Cambridge, UK). Each 
experiment was run in triplicate. Signal intensities of Western blot bands 
were quantified by Quantity One analysis software (Version Number 2, 
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Biorad Laboratories, London, UK) and analyzed by GraphPad Prism 
8.0.2 software (GraphPad, San Diego, CA). 
 
DCFDA Assay 
 
Antioxidant activity was measured for the following metabolites or 
extracts: N‐p‐coumaroyltyramine of C. biflorum), metabolites 1–6 of C. 
phelypaea, total organic extract of grape pomace or the same released 
extract from beads, at indicate concentrations. It was measured using 
2′−7′dichlorofluorescein diacetate (DCFDA), a non‐fluorescent 
compound permeable to the cell membrane, which can be oxidized by 
reactive oxygen species (ROS) giving a fluorescent compound. Cells 
were seeded at 2.5 Å~ 104 in 96 well and pre‐treated with N‐
pcoumaroyltyramine or 1-6 C. phelypaea metabolites at 50 or 100 μM 
as indicated. The medium was removed after 4 h and 1 mM (3%) H2O2 
was added for 45 min, 1.5 and 2.0 h. Cells were washed with PBS and 
a fresh medium with DCFDA (30 μM) was added for 45 min, then 
DCFDA was removed by washing in PBS and the cells were harvested. 
The measurement of ROS was obtained using the Sinergy H4 
microplate reader (Gen5 2.07, Thermofisher, Waltham MA, USA. The 
fluorescence emitted from the cells treated with DCFDA was compared 
to the untreated cells. Trolox was used as a positive control in all 
assays. Values shown in the plot are mean ± SD of sixfold 
determinations. The mean and the standard deviation were calculated 
on biological triplicates using GraphPad Prism 8.0.2 software 
(GraphPad, San Diego, CA). 
 
Pseudotyped HIV‐1GFP Infectivity Assay 
 
The anti‐HIV‐1 activity of compounds 1–5 of C. biflorum was evaluated 

using VSV‐G pseudotyped NL43GFP infection of human monocytic 
THP‐1 cells. THP‐1 and NL4–3GFP were generously provided by 
Lionel Berthoux and Amita Singh and are described in Ka et al. (Ka S. 
et al., 2021). THP‐1 cells were seeded at 2.0 x 104 cells per well in 96 

well‐plates. The next day, cells were treated with 4 concentrations of 
each compound (12.5, 25, 50 and 100 mM) and then infected with 
HIVGFP at a MOI of 1. After 72 h, cells were stained with propidium 
iodide (PI, 0.5 mg/mL) and both PI+ and HIV‐1GFP+ infected cells 
frequencies were assessed on a FC500 MPL cytometer (Beckman 
Coulter, Inc., Mississauga, ON, Canada) and analyzed using FlowJo 
software (FlowJo LLC, BD Biosciences, Ashland, OR, USA). Matched 
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concentrations of dimethyl sulfoxide (DMSO) were used as negative 
controls. All infection assays were performed in triplicate. 
 
α‐Glucosidase and α‐Amylase Inhibitor Assay 
 
α‐glucosidase and α‐amylase inhibitor screening kits (colorimetric) 
were purchased from Biovision (Milpitas, CA, USA). In total, 10 mM of 
stock solution of all the tested compounds were dissolved in DMSO and 
serially diluted in the assay buffer of each kit. Experiments were 
performed according to the manufacturer’s protocol. Briefly, for the α‐
glucosidase assay, 10 μL of serially diluted compounds of C. biflorum 
at the corresponding concentration (10 nm—1 mM) were added into 
designated wells of clear 96 well‐plates. Subsequently, 10 μL of the α‐
glycosidase enzyme was added to each well and volume was adjusted 
to 80 μL and plates were incubated for 15‐min at room temperature in 

dark condition. Then, 20 μL of α‐glycosidase substrate mixture was 
added in all wells and kinetic of reaction was measured at OD: 410 nm 
for 60 min at 2 min intervals by using a multiplate reader, Biotek 
instrument, Inc., Canada. Enzyme control (no inhibitor), background 
control (no enzyme), solvent control (DMSO) and inhibitor control 
(acarbose) were included in the plates. For the α‐amylase assay, 50 μL 
of serially diluted compounds (3.25 μM to 500 μM) were added into a 
clear 96‐well plate with 50 μL of assay buffer and 50 μL of α‐amylase 
enzymes. The plate was incubated at room temperature in the dark for 
10 min. Then 50 μL of the α‐amylase substrate was added in all wells. 
The kinetic of reaction was measured at OD:410 nm for 26 min at 
intervals of 2 min by using a multiplate reader. Control α‐amylase 
inhibitor was provided by the manufacturer, enzyme control, 
background control and solvent control were all included. Enzyme 
inhibition was calculated according to Zhang et al. (Zhang, J. et al., 
2014). In summary, ODs were plotted according to the time for each 
sample. Areas under the curve (AUC) were calculated, and enzyme 
inhibition was measured as 100−(AUCcompound/AUCenzyme) Å~ 100 
for each dilution of each compound. 
 
Anti‐Acetylcholinesterase Assays 
 
In vitro acetylcholinesterase (AChE) activity was assessed exactly as 
in Ka et al. (2020) 
following Ellman’s colorimetric protocol (Ellman, G. L., et al., 1961) with 
the Acetylcholinesterase Assay Kit (Abcam Inc., Boston, MA, USA). 
Briefly, 50 μL serial dilutions (3.9–500 μM) of C. biflorum compounds 
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1–5 were prepared in Tris‐HCl pH = 7.9 buffer into designated wells of 
a clear 96 wellplate. A total of 5 μL of DTNB was added in each well, 
then 50 μL of diluted acetycholinesterase was added. The plate was 
incubated for 10 min in the dark. Matched concentrations of DMSO 
were used as a negative control. Kinetic of reaction was measured in a 
multiple plate reader at 410 nm in kinetic mode for 40 min at room 
temperature. The percentage of anti‐AChE inhibition was calculated 
according to the following formula: 100 − [((E − S)/E) Å~ 100], where E 
is the activity of the enzyme with matched concentrations of DMSO and 
S is the activity of the enzyme with the test sample. 
 
RNA extraction, cDNA preparation, and qRT-PCR 
 
Total RNA was extracted using TRIzol reagent (Invitrogen) and cDNA 
was synthesized using iScript cDNA Synthesis kit according to the 
manufacturer’s instructions (Bio-Rad, Hercules, CA, USA). 1 μg of total 
RNA was used for each cDNA synthesis. Primer 3 software 
(http://primer3.ut.ee/) was used to design the oligo primers setting the 
annealing temperature to 59–61 °C for all primer pairs. Oligo 
sequences are reported in Table. For gene expression analyses, 25 ng 
of cDNA was used for each PCR reaction with each primer pair 
(forward/reverse primers mix: 0.2 μM, in a final volume of 25 μl). Real 
time-qPCR analysis was performed using the iTaq™ Universal SYBR® 
Green Supermix (Bio-Rad, Hercules, CA, USA) in a 7500 Real-Time 
PCR System (Applied Biosystems, Foster City, CA, USA) under the 
following conditions: 2 min at 50 °C, 10 min at 95 °C, followed by 40 
cycles of 15 s at 95 °C, and 1 min at 60 °C. The GAPDH probe served 
as a control to normalize the data. The gene expression experiments 
were performed in triplicate on three independent experiments and a 
melting analysis was performed at the end of the PCR run. To calculate 
the relative expression level, we used the 2 DDCT method. 
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Structural analysis of pectin-based particles 
 
Thermogravimetrical analysis were performed using a 
thermogravimetric analyzer TGA/DTG Perkin-Elmer PyrisDiamond, 
equipped with gas station. A 3–4 mg sample was placed in an open 
ceramic crucible and heated from 25 °C to 600 °C at a speed rate of 10 
°C/min, under nitrogen at 30 mL/min.  
 
The UV-vis spectra of the unentrapped fraction of grape pomace,in 
order to evaluate loading efficiency, were recorded using a 
spectrophotometer V−570 Jasco, double beam system with a single 
monochromator, Easton, Van Nuys, LA, USA. Calibration curve was 
calculated at five different concentration (0.5-2.5mg/ml) reading 
absorbance at 560nm. 
 
Morphological analysis were performed by scanning electron 
microscope (SEM) (Quanta 200 FEG, 338 FEI, Eindhoven, The 
Netherlands). Surfaces were coated with a homogeneous layer (18 ± 
0.2 nm) of Au and Pd alloy by means of a sputtering device (MED 020, 
Bal-Tec AG, Tucson, AZ, USA). The micrographs were performed at 
room temperature, in high vacuum mode. By means of energy 
dispersive X-ray spectroscopy (EDS), it was possible to perform the 
chemical analysis of selected microscopic regions. EDS was performed 
in the SEM by means of an Oxford Inca Energy 250 System equipped 
with an INCAx-act LN2-free detector, using an accelerating voltage of 
20.0 kV. 
 
Statistical analysis 
 
Statistical analyses were carried out using the GraphPad Prism version 
8.1.2 (https://www.graphpad.com/scientific-software/prism/). Data were 
represented as the mean standard deviation and analyzed for statistical 
significance using ordinary one-way analysis of variance (ANOVA) and 
multiple comparisons. For all tests, p < 0.05 was considered to indicate 
a statistically significant difference. 
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▪ Guarino, A. M., Di Mauro, G., Ruggiero, G., Geyer, N., Delicato, 
A., Foulkes, N. S., ... & Calabrò, V. (2019). YB-1 recruitment to stress 
granules in zebrafish cells reveals a differential adaptive response to 
stress. Scientific reports, 9(1), 1-14. 
 
▪ Roscetto, E., Masi, M., Esposito, M., Di Lecce, R., Delicato, A., 
Maddau, L., ... & Catania, M. R. (2020). Anti-Biofilm Activity of the 
Fungal Phytotoxin Sphaeropsidin A against Clinical Isolates of 
Antibiotic-Resistant Bacteria. Toxins, 12(7), 444. 
 
▪ Sangermano, F., Delicato, A., & Calabrò, V. (2020). Y box 
binding protein 1 (YB-1) oncoprotein at the hub of DNA proliferation, 
damage and cancer progression. Biochimie. 
 
▪ Masi, M., Koirala, M., Delicato, A., Di Lecce, R., Merindol, N., 
Ka, S., ... & Evidente, A. (2021). Isolation and Biological 
Characterization of Homoisoflavanoids and the Alkylamide Np-
Coumaroyltyramine from Crinum biflorum Rottb., an Amaryllidaceae 
Species Collected in Senegal. Biomolecules, 11(9), 1298. 
 
▪ Delicato, A., Montuori, E., Angrisano, T., Pollice, A., & Calabrò, 
V. (2021). YB-1 Oncoprotein Controls PI3K/Akt Pathway by Reducing 
Pten Protein Level. Genes, 12(10), 1551. 
 
▪ Tirri R., Ciccia F., Mauro D., Calabrò V., Delicato A., Ciancio A. 
(2022). Vexas sindrome challenges and opportunities. Reumatismo 
 
▪ Delicato A., Masi M., de Lara F., Rubiales D., Paolillo I., Lucci 
V., Falco G., Calabrò V. & Evidente A.. (2022). In vitro characterization 
of iridoid and phenylethanoid glycosides from Cistanche phelypaea for 
nutraceutical and pharmacological applications. Phytotherapy 
Research, 1-12. 
 
 
 

https://onlinelibrary.wiley.com/journal/10991573
https://onlinelibrary.wiley.com/journal/10991573
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Congresses and activities 
 
 
▪ XV FISV Congress September 18-21, 2018. Sapienza 
University of Rome, Italy. Andrea Maria Guarino, Giuseppe Di Mauro, 
Gennaro Ruggiero, Concetta Sozio, Antonella Delicato, Nicholas 
Simon Foulkes, Daniela Vallone and Viola Calabrò. YB-1 recruitment to 
stress granules in zebrafish reveals a differential adaptive response. 
 
▪ Cold Shock Protein Symposium, 2019. University of 
Magdeburg, Germany. Antonella Delicato, Andrea Maria Guarino, 
Felicia Sangermano, Rima Siauciunaite, Elio Pizzo, Andrea Bosso, 
Nicholas S. Foulkes, Daniela Vallone, Calabrò Viola. YB-1: a bridge 
between the circadian clock and cell cycle control.  
 
▪ AGI-SIMA Cogress, Semptember 2019. Cortona, Italy. 
Antonella Delicato, Andrea Maria Guarino, Nicholas S. Foulkes, 
Daniela Vallone, Girolama La Mantia and Viola Calabrò. YB-1: a bridge 
between the circadian clock and cell cycle control. 
 
▪ Salk cell cycle meeting, 22-25 June 2021. Antonella Delicato, 
Eleonora Montuori, Viola Calabrò. Y box binding protein 1 (YB-1) a 
multifunctional protein orchestrating cell proliferation, DNA damage, 
and cancer progression. 
 
▪ AGI-SIMA Congress, 22-24 September 2021. Antonella 
Delicato, Eleonora Montuori, Tiziana Angrisano, Alessandra Pollice, 
Viola Calabrò. YB-1 Oncoprotein Controls PI3K/Akt Pathway by 
Reducing Pten Protein Level. 
 
▪ 58° Congresso nazionale Società Italiana di Reumatologia, 
24-27 November 2021. Daniele Mauro, Antonella Delicato, Antonio 
Ciancio, Viola Calabrò, Francesco Ciccia, Rossella Tirri. Sindrome 
Vexas: sfide e opportunità. 
 
▪ XVI FISV Congress 2022. 3R: Research, Resilience, Reprise. 
14-16 September 2022. Reggia di Portici (Naples), Italy. Antonella 
Delicato, Ida Paolillo, Antonio Pezone, Giuliana Napolitano, Viola 
Calabrò. Involvement of Y-box binding protein 1 (YB-1) in DNA damage 
and repair mechanisms. 
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▪ PLS (Progetto Lauree Scientifiche). Polymorphisms and DNA 
detection. University of Naples Federico II. 11 February 2019, 
theoretical lesson; 14,16, 17, 24 February2019, laboratory experience 
(3h each). 
 
 

▪ XXXV Futuro Remoto. Transizioni. 23 November to 3 
December 2021, Naples. 
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APPENDIX III 
 
Experience in foreign laboratory 
 
P.I. Dr. Nicholas S. Foulkes, 
nicholas.foulkes@kit.edu 
 
Institute of Biological and Chemical Systems – Biological Information 
Processing (IBCS-BIP), Hermann-von-Helmholtz-Platz 1, 76344 
Eggenstein-Leopoldshafen, Germany. 
 

• From 4 October 2021 to 4 April 2022. 
 
During my period abroad I’ve got the FELASA Federation of European 
Laboratory Animal Science Associations certificate following the 
International Zebrafish and Medaka Course (IZMC). 
 
 
 
 
 
 
 
 
 
 
 

mailto:nicholas.foulkes@kit.edu
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