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Famiglia: Rutaceae

Sub-famiglia: Mesper'idee
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PHYTOTHERAPY RESEARCH

Phytother. Res. 30: 1404-1411 (2016)

Published online 24 May 2016 in Wiley Online Library
(wileyonlinelibraryv.com) DOL: 10, 1002/ptr.5646

REVIEW
Anti-infective potential of Citrus bergamia Risso
et Poiteau (bergamot) derivatives: a systematic
review

Santa Cirmi, Carlo Bisignano, Giuseppina Mandalari and Michele Navarra®

Department of Chemical, Biological, Pharmaceutical and Environmental Sciences, University of Messina, [-98168, Messina, Italy




FOTOTOSSICITA’ DEL BEO

creme abbronzanti — induttore della melanogenesi

fototossicita in diversi
modelli in vitro ed in vivo

> BrJ Dermatol. 1977 May;96(5):475-82, doi; 10.1111/}.1365-2133,1977.tb07149.x.

s - - Full Tex
A study of oil of bergamot and its importance as a
phototoxic agent. I. Characterization and
quantification of the photoactive component

S T Zaynoun, B E Johnson, W Frain-Bell

PMID: 871382 DOI: 10.1111/}.1365-2133,1977.tb07149.x

bergaptene
————— nell’'uomo...

:“ Journal of Photochemistry and Photobiology B:  [RE=E3
* *,QS Biology l’T

EVIER Volume 7, Issues 24, November 1990, Pages 231-250 =

Phototumorigenesis studies of 5-methoxypsoralen

P UVA tera p i a (CO m bi naz i one d i pso ra Ie n i in bergamot oil: Evaluation and modification of

risk of human use in an albino mouse skin model

[ [ [
e ra I a Z I o n I U VA Antony R. Young, Susan L. Walker, Judith S. Kinley, Stephen R. Plastow, Dietrich Averbeck, Patrice Morliére *, Louis

Dubertret *

trattamento di psoriasi e vitiligine



AROMATERAPIA

THE JOURNAL OF ALTERNATIVE AND COMPLEMENTARY MEDICINE
Volume 25, Number 12, 2019, pp. 1193-1199

© Mary Ann Liebert, Inc.

DOI: 10.1089/acm.2019.0222

Trial of Essential Qils to Improve Sleep for Patients
in Cardiac Rehabilitation

Brenda McDonnell, BSN, RN, CCAP-I, PCCN-K,"* and Patricia Newcomb, PhD, RN, CPNP?
Randomized Controlled Trial > J Altern Complement Med. 2018 Jul;24(7):717-724.

doi: 10.1089/acm.2017.0320. Epub 2018 Mar 22.

Effectiveness of Aromatherapy Massage and
Inhalation on Symptoms of Depression in Chinese
Community-Dwelling Older Adults

1 1

Mei Xiong ', Yanzhang Li ', Ping Tang ', Yuping Zhang ', Min Cao !, Junwei Ni !,

. 1
Menamena Xing '
) : Phytother. Res. 31: 27-39 (2017)
Published online 17 October 2016 in Wiley Online Library
(wileyonlinelibrary.com) DOIL 10.1002/ptr.5734

REVIEW

Clinical Pharmacology of Citrus bergamia: A
Systematic Review

s 1 pos 2 . .1 .1

Carmen Mannucci, Mlchele Navarra, Fabrml() Calapai, Raffaele Squeri,

Sebastiano Gangemi~ and Gioacchino Calapai ™

'Department of Biomedical and Dental Sciences and Morphofunctional Imaging, University of Messina, Messina, Italy
2Department of Chemical, Biological, Pharmaceutical and Environmental Sciences, University of Messina, Messina, Italy
3Department of Clinical and Experimental Medicine, University of Messina, Messina, Italy




PROFILO FARMACO-
TOSSICOLOGICO DEL BEO

FOM HEYA S E ¥ MINI REVIEW ARTICLE
¢ o published: 02 March 2015
PHARMACOLOGY doi: 10.3389/fphar.2015.00036

Citrus bergamia essential oil: from basic research to clinical
application

Michele Navarra' *, Carmen Mannucci?, Marisa Delbo® and Gioacchino Calapai?
' Department of Drug Sciences and Products for Health, University of Messina, Messina, Italy

? Department of Clinical and Experimental Medicine, University of Messina, Messina, Italy
? Italian Medicines Agency, Rome, Italy

458 Brief reports | AM ACAD DERMATOL
I SEPTEMBER 2001

Accidental bullous phototoxic reactions
to bergamot aromatherapy oil

Steven Kaddu, MD, Helmut Kerl, MD, and Peter Wolf, MD Graz, Austria



LA NANOMEDICINA PER RIDURRE
LA FOTOTOSSICITA’ DEL BEO

> Expert Opin Drug Deliv. 2021 Jan;18(1):139-150. doi: 10.1080/17425247.2021.1844180. FULL TEXT LINKS
Epub 2020 Nov 11. ‘v‘ie\y fUﬂHEe;F
Bergamot oil as an integral component of
nanostructured lipid carriers and a photosensitizer
for photodynamic treatment of vitiligo:
Characterization and clinical experimentation %  Favorites

ACTIONS

Mai Shaaban !, Maha Nasr 2, Abeer A Tawfik 2, Maha Fadel 3, Omaima Sammour '

Drug Delivery and Translational Research (2019) 9:1106-1116
https://doi.org/10.1007/s13346-019-00653-y

ORIGINAL ARTICLE '
\\ID

Check for
updates

Novel bergamot oil nanospanlastics combined with PUVB therapy
as a clinically translatable approach for vitiligo treatment

Mai Shaaban' - Maha Nasr' (® - Abeer Attia Tawfik? - Maha Fadel® - Omaima Sammour’



COMPOSIZIONE del BEO

Il BEO contiene circa 350 composti

frazione volatile (93-96 %o)

limonene
linalolo

linalile acetato
a- e f-pinene
p-mircene
y-terpinene
sabinene
p-bisabolene

geraniale
neril acetato
geranil acetato

frazione non volatile (4 -7 %)

psoraleni

coumarine polimetossilati
flavoni

cere

Flavour and

Research Article Fragrance Journal

Received: 27 March 2009; Revised: 31 August 2009; Accepted: 5 September 2009; Published online in Wiley InterScience: 6 October 2009

(www.interscience.wiley.com) DOI 10.1002/ff).1949

Study on the chemical composition variability
of some processed bergamot (Citrus bergamia)
essential oils

Rosaria Costa,” Paola Dugo,” Michele Navarra,” Vilfredo Raymo,*
Giovanni Dugo® and Luigi Mondello™“*



limonene

monoterpene

v’ proprieta corroboranti e stomachiche

v’ potere insetticida ed antiparassitario

v’ spiccate proprieta antiossidanti ed antinflammatorie
v’ ... antibatteriche

v’ ... immunostimolanti

v’ favorisce la detossificazione dei cancerogeni




effetto antidepressivo del limonene

Phytomedicine 83 (2021) 153474

Contents lists available at ScienceDirect E'!:I;ll—r%
: Phytomedicine
Y. -
ELSEVIER journal homepage: www.elsevier.com/locate/phymed
Original Article ..}
Limonene has anti-anxiety activity via adenosine A2A receptor-mediated e
regulation of dopaminergic and GABAergic neuronal function in
t.h.e Striatllm Complementary Therapies in Clinical Practice 39 (2020) 101153
Yunjeong Song % I, Sowoon Seo ™ ], Santosh Lamichhane h, Contents lists available at ScienceDirect X
Hye Jin Cha® , Jaesuk Yun™ g

Complementary Therapies in Clinical Practice

oo

oWt 4
ELSEVIER journal homepage: http://www.elsevier.com/locate/ctcp

ia

The effect of bergamot orange essence on anxiety, salivary cortisol, and
alpha amylase in patients prior to laparoscopic cholecystectomy: A

S e o controlled trial study
PHYTOTHERAPY RESEARCH
Phytother. Res. 31: 812-816 (2017)

Published online 24 March 2017 in Wiley Online Library Nilofar pasyal-"-l’ Masoume Rambod ™ ., Fatemeh Amghl c
(wileyonlinelibrary.com) DOL: 10,1002/ptr.5806 4 ’

Kg(r)rl;;clgr‘mg\etarm edizin Original Article - Originalarbeit
Bergamot (Citrus bergamia) Essential Oil RRERgeS Rk ke nad 0185454

Inhalation Improves Positive Feelings in the
Waiting Room of a Mental Health Treatment

Center: A Pilot Study Effects of Bergamot (Citrus bergamia (Risso)
Wright & Arn.) Essential Oil Aromatherapy on Mood

- States, Parasympathetic Nervous System Activity,
Xuesheng Han,"* © Jacob Gibson,” Dennis L. Eggett® and Tory L. Parker'

id()'l'liRRf\ International, LLC, 389 South 1300 West, Pleasant Grove, UT 84062, USA and sallva ry cortlso' Levels in 41 Healthy Females
“The Green House Center for Growth and Learning, 135 West Center Street, Pleasant Grove, UT 84062, USA ) L ) .
3223 TMCB Brigham Young University, Provo, UT 84602, USA Eri Watanabe® Kenny Kuchta? Mari Kimura® Hans Wilhelm Rauwald® Tsutomu Kamei®

Jiro Imanishi®




proprieta anticancerogene del limonene

> Oncology. 1971;25(1):1-10. doi: 10.1159/000224548. FULL TEXT LINKS

Inhibition of murine subcutaneous and intravenous
benzo(rst)pentaphene Carcinogenesis by sweet
orange oils and d-limonene

F Homburger, A Treger, E Boger

PMID: 5090417 DO 10.1159/000224548
Received: 21 September 2020 [ Revised: 26 February 2021 | Accepted: 26 March 2021
DOI: 10.1002/ptr.7125

REVIEW WILEY

Anticancer activity of limonene: A systematic review of target
signaling pathways

2 Heitor Gomes de Aratjo-Filho' @ | Jucilene F. dos Santos? |
| N N .

Mikaella T. B. Carvalho® | Laurent Picot® | Ingrid Fruitier-Arnaudin® |
Colloids and Surfaces B Biointerfaces 112 (2013) 545-55: Hugo Groult* | Lucindo J. Quintans-Junior™®© | Jullyana S.S. Quintans™?

Contents lists available at ScienceDirect

Colloids and Surfaces B: Biointerfaces

ELSEVIER journal homepage: www.elsevier.com/locate/colsurfb

Anticancer activity of liposomal bergamot essential oil (BEO) (!)Cmmk
on human neuroblastoma cells
Christian Celia®-"!, Elena Trapasso“', Marcello Locatelli?, Michele Navarra®,

Cinzia Anna Ventura“, Joy Wolfram" ¢, Maria Carafa I Valeria Maria Morittu®,
Domenico Britti¢, Luisa Di Marzio**?, Donatella Paolino“*



proprieta anticancerogene del BEO

2015 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 67, pp. 1042-1053
Research Paper

JPP
Journal of Pharmacy

Effects of bergamot essential oil and its extractive fractions
on SH-SY5Y human neuroblastoma cell growth

And Pharmacology
Michele Navarra®, Nadia Ferlazzo?, Santa Cirmi? Elena Trapasso?, Placido Bramanti®,
Giovanni Enrico Lombardo?, Paola Lucia Minciullo®, Gioacchino Calapai‘ and Sebastiano Gangemi““

Departments of *Drug Sciences and Products for Health, “Clinical and Experimental Medicine, University of Messina, "IRCCS Centro Neurolesi
‘Bonino Pulejo’, ®Institute of Clinical Physiology, IFC CNR, Messina Unit, Messina, Italy

BEO BEO-FF BEO-TF BEO FFi  BEO-TFi
/ \ C/ te\of couy(arlr;\md psoralens (g/l) / \
citropten 1.92 _traces 6.13 traces
bergapten 2.07 traces 4.21 traces -
bergamottin 21.68 18.19 39.20 traces -
5- Geranyloxy-7- 1.42 1.29 2.82 traces .
methoxycoumarin —
Vo’latile constitugnts (%)

B-pinene 5.08 4.62 traces 4.85 _fraces
limonene 38.89 37.40 races 36.76 _traces
y-terpinene 5.62 5.25 _traces 4.78 _traces
linalool 6.55 11.86 20.3 11.91 16.79
linalyl acetate 34.0 72 4.5 77

7 ~— ~




bergamottina e 5-geranilossi-7-metossicumarina
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bergamottina e S-geranilossi-7-metossicumarina

% f0xins MbPY

Article
Bergamottin and 5-Geranyloxy-7-methoxycoumarin Cooperate

in the Cytotoxic Effect of Citrus bergamia (Bergamot) Essential
Oil in Human Neuroblastoma SH-SY5Y Cell Line

Alessandro Maugeri 109, Giovanni Enrico Lombardo !, Laura Musumeci !, Caterina Russo -2,
Sebastiano Gangemi 3, Gioacchino Calapai #, Santa Cirmi 1>*( and Michele Navarra !

Toxins 2021, 13, 275. https:/ /doi.org/10.3390/toxins13040275 https: / /www.mdpi.com/journal /toxins

ZIP synergy score: 1.411
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proprieta antinflammatorie ed
antinocicettive del BEO

plants M|

Article
Mechanisms Underlying the Anti-Inflammatory
Activity of Bergamot Essential Oil and Its

Antinociceptive Effects T

Giovanni Enrico Lombardo !, Santa Cirmi ', Laura Musumeci "2, Simona Pergolizzi 1,
Alessandro Maugeri I Caterina Russo 12, Carmen Mannucci 3", Gioacchino Calapai 3 and

Michele Navarra 1*

Plants 2020, 9, 704; doi:10.3390/plants9060704 www.mdpi.com/journal/plants



frazione volatile (93-96 %o)

limonene
linalolo

linalile acetato
a- e f-pinene
p-mircene
y-terpinene
sabinene
p-bisabolene

geraniale
neril acetato
geranil acetato

frazione non volatile (4 -7 %)

psoraleni

coumarine polimetossilati
flavoni

cere

Il succo contiene

(Gattuso et al., 2007)
flavonoidi:

neoeriocitrina
naringina
neoesperidina
melitidina
naringenina
esperetina

A

A/
o @

zuccheri ed coumarine:
acidi grassi: bergamottina
acido oleico bergaptene

acido linoleico
acido palmitico

Il pastazzo contiene

(Mandalari et al., 2006)
pectine



pastazzo di bergamotto
molecules moPy

Review

The Second Life of Citrus Fruit Waste: A Valuable Source of
Bioactive Compounds *

Caterina Russo 1>#, Alessandro Maugeri '+, Giovanni Enrico Lombardo ', Laura Musumeci !
Davide Barreca 1), Antonio Rapisarda (0, Santa Cirmi ¥3*( and Michele Navarra 1'*

s

Molecules 2021, 26, 5991. https:/ /doi.org/10.3390/molecules26195991 https:/ /www.mdpi.com/journal/ molecules

«... the state of the art of a circular economy that can revolve around Citrus processing
waste, highlighting how the recycling of seeds, exhausted peels, pressed pulp, leaves and
juice from second pressing can become a source of substances to be reused in the
cosmetic, pharmaceutical, food and packaging industries»

el e R

polifenoli pectine fibre



DERIVATI del BERGAMOTTO

il succo contiene

flavonoidi:

neoeriocitrina
naringina
neoesperidina
melitidina
naringenina
esperetina

zuccheri ed acidi grassi:

coumarine:
acido oleico bergamottina
acido linoleico bergaptene
acido palmitico
Peak Compound Symomyms Quantity mg/g
1 Apigenin 6,8 di C-glucoside Lucenin-2 1161
. . . . Lucenin 24>~
2 | Diosmetin 6.8 di C-glicoside L ethex 1029
3 | Eriodictyol 7-O-rutinoside Friocitrin 889
4 | Eriodictyol 7-O-nechesperidoside Neoeriocitrin | 51.73
5 5, 7-dihydroxy-4' methoxyflavone 7-O-mutinoside | Poncirin 1841
B} . . Orientin 4*
6 | Diosmetin 8-C glucoside tether 14.85
7 | Naringenin 7-O-nechesperidoside Natingin | 91.90
= 3 Apigenin 7-O-nechesperidoside Rhoifolm 1996
o 9 Hesperetin-7-O-ntinoside Hesperidin 75
. 10 Quercetin-3-f-ghicopyranozide Isoquercitrin 25
» 11 | Hesperetin 7-O-nechesperidoside Nechesperidin | 985
| | 12| Diosmetin 7-O-nechesperidoside Neodiosmin 1239
“|'| 13 | Apigenin7-O nechesperidoside 4° ghucoside | Roiolm 4™ 255
plucoside
14 | Naringenin-7-O-rutinoside Narirutin 497
- 15 I;::Tngenm 7—[2”—u—ﬂnmmmy_l—6]”—[3“”—hydr(my— Melitidi 29,47
e Hesperetin 7-[2”-g-shamnosyl 6" [3 hydroxy- A
| [ " | 3 mefiylghitaryl] pghucoside] Brutieridin 36
3 17 z;'ltdihydr(my—z{4—hydrmyphenyl)dnm4— Naringenin 4148
(8)-2,3dihydro-5,7-dihydroxy-2(3-hydroxy4- ]
; 18 VARL1 Hesperetin 53.84
n 5,7-dihydroxy-2-(3-hydroxy-4- s .
. = iy Diosmetin 1236




Ricerche correlate
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THE ANTICANCER EFFECTS OF BERGAMOT JUICE
(BJ) IN DIFFERENT EXPERIMENTAL MODELS

Delle Monache S. et al.,
Mechanisms underlying the
anti-tumoral effects of Citrus

bergamia juice.
Plos One 2013
e o t
Ferlazzo N. et al., 'n V’ ro
NF-kB mediates the
antiproliferative and
proapoptotic effects of
bergamot juice in HepG2

cells. Life Sci, 2016. Visalli'G. et al.,

Bergamot juice extract
inhibits proliferation by
inducing apoptosis in human
colon cancer cells. Anticancer
Agents Med Chem, 2014 .

Navarra M. et al.,
Effect of Citrus bergamia juice
on human_neuroblastoma cells
in vitro and in metastatic
xenograft models.
Fitoterapia, 2014.

in vivo
Navarra M. et al.,

A flavonoid-rich extract from
bergamot juice prevents
carcinogenesis in a genetic model
of colorectal cancer, the Pirc rat
(F344/NTac-Apcomi137),

Eur J Nutr, 2019 .



% MTT reduction

TO-PRO 3 APC-A

TO-PRO 3 APC-A

BERGAMOT JUICE REDUCES

SH-SY35Y CELLS PROLIFERATION
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Delle Monache et al., Plos One, 2013



BJ DECREASES
SH-SYS5Y CELLS
ADHESION
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ANTI-METASTATIC ACTIVITY OF BERGAMOT
JUICE IN A XENOGRAFT MODEL OF
SPONTANEUOS NB METASTASIS FORMATION

® SK-N-SH Lung metastasis 8 LAN-1 Lung metastasis
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BJ REDUCES PROLIFERATION AND

INDUCES APOPTOSIS IN HepG2
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BJ INDUCES APOPTOSIS IN
HepG2 CELLS
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BJe INHIBITS HT-29 CELL GROWTH AND INDUCES
APOPTOSIS BY MULTIPLE MECHANISMS
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lower BJe concentrations suppressed MAPK
pathways and modulated some apoptotic proteins

2.5
P - — ———— M=t
P38 ——— e ~— o i as¥ Bax § a
P-Erk 1/2 s S . s — v — = BC|-2 é |
Erk 1/2 v st SN S :: : : Ec/lc)::; 5 .
0 05 1 25 0 05 1 25 N tLILIL ]
BJe (mg/ml) : Bone (mg/r;) 20 BJe (mg/ml) s

higher BJe raised ROS, leading to loss of MMP and
DNA oxidative damage

160 | 140 -
S 140 | |
5 ~ 120 ctrl 0.5mg/ml  1mg/ml 2.5 mg/ml
o 120 4 o
8 £ 100 |
S 100 | S 72 hs
< S 80
S 80| 5
(7)) (=) 4
T 60 %
% 20 | 3 40
o) | 20 |
S 20

0- 0- HDNA906 +1.2 HDNA918%+1.1 HDNA71+15 HDNA468+21
0 0.5 1 2.5 0 0.5 1 2.5

BJe (mg/ml) BJe (mg/mi) Visalli et al., Anticancer Agents Med Chem, 2014



EFFECTS OF BJe IN PIRC RATS (F344/NTAC-APCAM1137)
A GENETIC MODEL OF COLORECTAL CANCER
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nuovo flavanone del BJ
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