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Abstract
We	summarize	the	effects	of	bergamot	(extract,	juice,	essential	oil,	and	polyphenolic	
fraction)	on	cardiovascular,	bone,	inflammatory,	skin	diseases,	mood	alteration,	anxi-
ety,	pain,	and	stress.	This	review	included	a	total	of	31	studies	(20	studies	on	humans	
with	1709	subjects	and	11	in	animals	(rats	and	mice)).	In	humans,	bergamot-	derived	
extract	(BE)	exerts	positive	effects	on	hyperlipidemia	with	an	oral	dose	from	150	mg	
to	1000	mg/day	of	flavonoids	administered	from	30	to	180	days,	demonstrating	an	
effect	on	body	weight	and	 in	modulating	 total	 cholesterol,	 triglycerides,	 LDL,	 and	
HDL.	Studies	in	animals	confirm	promising	data	on	glucose	control	(500/1000	mg/
day	of	BE	with	a	treatment	lasting	30	days)	are	available	in	rats.	In	animals	models,	
bergamot	 essential	 oil	 (BEO,	 10	mg/kg	 or	 20	mg/kg	 daily	 for	 20	weeks)	 increases	
bone	volume,	decreases	psoriatic	plaques,	increases	skin	collagen	content,	and	pro-
motes	 hair	 growth.	 Bergamot	 juice	 (20	mg/kg)	 is	 promising	 in	 terms	 of	 pro-	
inflammatory	cytokine	reduction.	In	humans,	aromatherapy	(from	15	to	30	min)	does	
not	appear	to	be	useful	in	order	to	reduce	stress,	anxiety,	and	nausea,	compared	to	
placebo.	Compared	to	baseline,	BE	topical	application	and	BEO	aromatherapy	reduce	
blood	diastolic	and	systolic	pressure	and	could	have	a	significant	effect	on	improving	
mental conditions.
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1  | INTRODUC TION

Bergamot is the common name of the Citrus bergamia Risso et 
Poiteau	 plant	 (Navarra,	 Mannucci,	 Delbò,	 &	 Calapai,	 2015).	 The	
fruit	has	a	yellow	peel	and	is	the	size	of	an	orange.	Although	na-
tive	to	South-	East	Asia,	80%	of	bergamot	is	produced	in	Calabria,	
southern	Italy,	where	it	grows	extensively.	Fresh	juice	from	berga-
mot	has	been	studied	to	evaluate	the	polyphenolic	composition	by	
HPLC-	DAD	analysis	and	total	polyphenols	content	by	UV	method	
(Picerno	et	al.,	2011).	Bergamot	essential	oil	 (BEO)	and	bergamot	
juice	 (BJ)	 contain	 up	 to	 93–96%	 of	 volatile	 compounds,	 such	 as	
monoterpenes	 (25–53%	 of	 limonene),	 as	 well	 as	 discrete	 quan-
tities	 of	 linalool	 (2–20%)	 and	 linalyl	 acetate	 (15–40%).	 BEO	 also	
presents	a	variable	percentage	(4–7%)	of	nonvolatile	compounds,	
such	 as	 pigments,	 waxes,	 coumarins,	 and	 psoralens	 (Mannucci	
et	al.,	 2017).	 The	main	 preparations	 used	 are	 bergamot	 extracts	
(BE),	with	high	content	of	 flavonoids,	such	as	neoeriocitrin,	neo-
hesperidin,	 naringin	 (Toth	 et	al.,	 2015),	 bergamot	 polyphenolic	
fraction	 (BPF)	 (Bruno,	Pandolfo,	Crucitti,	Maisano,	Zoccali,	et	al.,	
2017),	bergamot	essential	oil	 (BEO)	 (Watanabe	et	al.,	2015),	 and	
aromasticks with bergamot/sandalwood or frankincense/man-
darin/lavender	 (Dyer,	Cleary,	McNeill,	Ragsdale-	Lowe,	&	Osland,	
2016)	bergamot/vetivert/geranium	(Wiebe,	1998),	bergamot/lav-
ender/cedarwood	 (Graham,	 Browne,	 Cox,	 &	 Graham,	 2003)	 and	
bergamot	juice	(BJ)	(Impellizzeri	et	al.,	2015),	bergamot/boxthorn	
extract	(Shao,	2003)	or	bergamot	essential	oil	plus	other	citrus	es-
sential	oils	plus	grapefruit	 juice	 (Li,	Zhu,	Han,	&	Zhang,	2016)	or	
bergamot	flavonoids	and	other	phytoextracts	(Babish	et	al.,	2016;	
Saiyudthong	&	Marsden,	2011).

Literature	 suggests	 that	bergamot	plays	 an	 important	 role	on	
different	areas	of	interest	as	nervous	system,	cardiovascular	health,	
inflammation,	diabetes	bone	metabolism,	and	skin.	Preliminary	re-
sults	 show	 that	 BEO	 extract	 may	 reduce	 cardiovascular	 disease	
(Lopez,	Mathers,	Ezzati,	Jamison,	&	Murray,	2006;	Nelson,	2013),	
anxiety,	 stress,	 improvement	 of	 the	 cognitive	 function,	 and	 im-
provement	of	the	sleep	(Dyer	et	al.,	2016;	Saiyudthong	&	Marsden,	
2011).

Inflammation also seems to benefit from bergamot administra-
tion	(Impellizzeri	et	al.,	2015,	2016).	Finally,	bergamot	shows	positive	
effects	on	psoriasis	(Valkova,	2007)	and	on	hair	growth	(Shao,	2003).

The	purpose	of	this	review	is	to	summarize	the	previously	pub-
lished	clinical	studies	 in	animals	and	in	humans	where	the	efficacy	
has been evaluated in terms of dosage and timing of administration 
of	 bergamot	 with	 regard	 to	 the	 nervous	 system,	 cardiometabolic	
markers,	diabetes,	inflammation,	bone,	and	skin.

1.1 | Anti- inflammatory and anti- oxidative 
mechanisms of bergamot derivatives

The	 anti-	inflammatory	 potential	 of	 BJ	 has	 never	 been	 evaluated	
after	the	2011.	In	the	study	of	Risitano	et	al.,	2014	has	been	demon-
strated that the flavonoid fraction is able to reduce protein levels of 
pro-	inflammatory	cytokines	(Risitano	et	al.,	2014).

The	 in	 vitro	anti-	inflammatory	 activity	 of	 flavonoid	 fraction	
from	 bergamot	 juice,	 suggesting	 the	 activation	 of	 SIRT1	 and	
demonstrate	 the	 inhibitory	 effects	 of	 BJe	 on	 LPS-	induced	 in-
creases	in	mRNA	transcripts	and	protein	levels	of	pro-	inflammatory	
cytokines	such	as	IL-	8	gene	expression.	(Borgatti	et	al.,	2011;	Xie,	
Zhang,	 &	 Zhang,	 2013).	 The	 antioxidant	 activity	 of	 BJe	was	 fo-
cused	on	the	cytoprotective	ability	of	BJe	against	oxidants,	such	
as	hydrogen	peroxide	 (H2O2)	and	 (Fe2SO4)3,	 that	cause	oxidative	
cell	damage	(Ferlazzo	et	al.,	2015).

Trombetta	 et	al.	 (2010)	 evaluated	 the	 antioxidant/anti-	
inflammatory	 activity	 of	 two	 alcoholic	 flavonoid-	rich	 extracts	 from	
bergamot	peel	on	human	vessel	endothelial	cells	(HUVECs)	exposed	
to	the	pleiotropic	inflammatory	cytokine	TNF-	α,	a	model	of	vascular	
oxidative	stress,	and	they	showed	that	both	extracts	prevented	the	
oxidative	stress	induced	by	TNF-	α,	modulated	the	activation	of	redox-	
sensitive	transcription	factors	NF-	κB,	thus	increasing	the	cell	survival.

1.2 | Effective mechanisms of bergamot derivatives 
on clinical diseases

1.2.1 | Lipid- lowering and cardiovascular risk

This lipid- lowering effect was associated with significant reduc-
tions	in	biomarkers	used	to	detect	vascular	oxidative	damage	(such	
as	malondialdehyde,	oxyLDL	 receptor	LOX-	1,	and	protein	kinase	B	
(PKB)),	suggesting	a	multi-	action	improved	potential	for	bergamot	in	
patients	taking	statins	(Gliozzi	et	al.,	2013).	Furthermore,	its	lipid	and	
glycemic	effects	may	result	 in	a	reduction	of	CV	risk.	Additionally,	
bergamot	protects	against	free	radical	damage	in	the	body,	including	
the	vascular	endothelium,	an	 important	determinant	of	CV	health;	
yet,	bergamot	 initiates	adenosine	monophosphate	 (AMP)-	activated	
PK	(AMPK),	a	central	regulator	of	energy,	and	thus	is	involved	in	glu-
cose	and	fatty	acid	metabolism.

1.2.2 | Reducing the sensation of hunger

Bergamot	 contains	 polysaccharides	and	 a	 fibrous-	woody	 fraction	
that	can	be	used	in	food	integrators	and	in	dietary	products	in	order	
to	 reduce	 the	 sensation	 of	 hunger	 (Giannetti,	 Mariani,	 Testani,	 &	
D’Aiuto,	2010).

1.2.3 | Mechanism of naringin in improving the 
overall insulin sensitivity and glucose tolerance

Few	 studies	 have	 assessed	 the	 effects	 of	 bergamot	 on	 glycemic	
parameters,	 and	 the	 current	positive	 results	 are	not	 to	be	under-
estimated. Together with the finding that naringin improved over-
all	insulin	sensitivity	and	glucose	tolerance	(Mandalari	et	al.,	2007).

1.2.4 | Mechanism on synaptic transmission

Microdialysis	 studies	demonstrate	 that,	 for	 systemic	administration,	
BEO	 increases	 extracellular	 aspartate,	 glycine,	 and	 taurine	 in	 the	
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hippocampus	of	freely	moving	rats	via	a	Ca2+- dependent mechanism; 
in	fact,	in	experiments	carried	out	with	a	cerebrospinal	fluid	devoid	of	
Ca2+,	the	latter	effect	is	suppressed	suggesting	that	the	phytocomplex	
interferes	with	the	exocytotic	release	of	amino	acid	neurotransmitters	
(Morrone	et	al.,	2007).	BEO	stimulates	the	release	of	endogenous	glu-
tamate as well as of [3H]D-	aspartate	from	pre-	loaded	synaptosomes.

Intriguingly	 enough,	 under	 these	 experimental	 conditions,	 mi-
crodialysis	experiments	show	that	BEO	does	not	affect	basal	amino	
acid	levels	in	the	frontoparietal	cortex	(penumbra	region),	whereas	it	
significantly	reduces	excitatory	amino	acid,	namely	glutamate,	efflux	
typically	enhanced	 in	 this	brain	 region	soon	after	occlusion	of	 the	
middle	cerebral	artery	(Amantea	et	al.,	2009).

1.2.5 | Mechanism on wound healing activities

Bergamot	oil	and	its	major	active	components,	namely	limonene,	
linalyl	acetate,	and	linalool,	have	demonstrated	anti-	inflammatory,	
immunomodulatory,	 and	 wound	 healing	 activities	 under	 differ-
ent	 conditions.	 Cilantro	 oil	 and	 its	major	 active	 component,	 lin-
alool,	have	also	been	 reported	 to	possess	anti-	inflammatory	and	
wound	 healing	 properties.	 Of	 note,	 a	 literature	 search	 revealed	
no	published	studies	of	spikenard	or	its	major	active	components	
in	human	cells	or	 their	 anti-	inflammatory	and	wound	healing	ac-
tivities	(Han,	Beaumont,	&	Stevens,	2017;	Han,	Gibson,	Eggett,	&	
Parker,	2017).

F IGURE  1 Flow	chart	of	the	study
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2  | MATERIAL S AND METHODS

The	 present	 systematic	 review	 was	 performed	 according	 to	 the	
steps	by	Egger,	Davey-Smith,	and	Altman	(2008)	as	follows:

(1) Configuration of a working group: Three operators were skilled 
in	 the	 effects	 of	 bergamot	 in	 health,	 of	 whom	 one	was	 acting	
as a methodological operator and two were participating as 
clinical operators;

(2) Formulation	of	the	revision	question	on	the	basis	of	considera-
tions made in the abstract: “the state of the art on evidence 
regarding bergamot effects on animals and humans studies”;

(3) Identification	 of	 relevant	 studies:	 A	 research	 strategy	 was	
planned,	on	PubMed,	taking	into	account	the	following	varieties:	

(a)	definition	of	the	key	words	(bergamot	OR	citrus bergamia 
AND	skin	OR	cholesterol	OR	triglycerides	OR	 inflamma-
tion	 OR	 glycaemia	 OR	 bone	 mineral	 density	 OR	 stress	
OR	 nervous	 OR	 anxiety	 OR	 osteoporosis	 OR	 cardio-
vascular),	 allowing	 the	 definition	 of	 the	 interest	 field	 of	
the	documents	to	be	searched	and	used	separately	or	 in	
combination;

(b)	 use	of	the	Boolean	AND	operator,	which	allows	the	establish-
ment of logical relationships among concepts;

(c)	 research	modalities:	advanced	search;
(d)	 limits:	 papers	 published	 until	 2018	 in	 humans	 and	 animals;	

languages: English;
(e)	manual	search	performed	by	the	senior	researchers,	as	shown	

in Table 3;

TABLE  1 Bergamot effects on cardiometabolic markers

Article Area of interest
Type of study level of 
evidence Compound Sample Posology and treatment Main results

In human

Toth	et	al.	(2015) Plasma	Lipids Prospective	study	
(level	2)

Bergamot	extract:	Flavonoids	
(neoeriocitrin,	neohesperidin,	naringin)

42 men and 38 
women,	mean	age:	
55	±	13	years

150	mg	of	flavonoids,	with	16%	of	neoeriocitrin,	
47%	of	neohesperidin,	and	37%	of	naringin)	daily	
for 6 months.

Reduced	total	cholesterol	(p	<	0.0001),	triglycerides	(p	=	0.002),	
LDL	cholesterol	(p	<	0.0001);	HDL	cholesterol	increased	
(p = 0.0007)

Bruno,	Pandolfo,	Crucitti,	Cacciola,	
et	al.	(2017),	Bruno,	Pandolfo,	Crucitti,	
Cedro,	et	al.	(2017),	Bruno,	Pandolfo,	
Crucitti,	Maisano,	et	al.	(2017)

Metabolic	parameters	in	subjects	
receiving second generation 
antipsychotics	(SGA)

Open-	label,	prelimi-
nary	study	(level	3)

Bergamot	polyphenolic	fraction	(BPF) 28	(15M/13W)	mean	
age 45.8 ± 11.7 
outpatient patients 
treated	with	SGA

500	mg/day	for	60	days No	significant	differences	in	other	clinical	and	metabolic	
parameters	(total,	HDL,	LDL	cholesterol,	glucose,	systolic	and	
diastolic	pressure)	were	observed	(p	=	NS)

Bruno,	Pandolfo,	Crucitti,	Cacciola,	
et	al.	(2017),	Bruno,	Pandolfo,	Crucitti,	
Cedro,	et	al.	(2017),	Bruno,	Pandolfo,	
Crucitti,	Maisano,	et	al.	(2017)

Metabolic	parameters	in	a	
sample	of	subjects	receiving	
second	generation	antipsychot-
ics	(SGA)

Pilot	study	(level	3) Bergamot	polyphenolic	fraction	(BPF) 15	outpatients,	
(9	M/6	W),	aged	
(44.5	±	9.1),	in	
treatment	with	SGAs

BPF	1000	mg/day	for	30	days BPF	administration	resulted	in	a	statistically	significant	reduction	
of	body	weight	(p	=	0.004)	and	body	mass	index	decrease	
(p	=	0.005).	No	significant	differences	in	other	clinical	and	
metabolic parameters were observed

Mollace	et	al.	(2011) Hypolipidemic	and	hypoglycemic	
activity

Randomized,	
double-	blind,	
placebo- controlled 
(level	1)

Bergamot	polyphenolic	fraction	(BPF) 237 patients with 
hyperlipemia	either	
associated or not 
with	hyperglycemia

BPF	(500	and	1000	mg	daily)	given	orally	for	
30	days

Bergamot	polyphenol	(500	mg)	fraction	(BPF)	reduces	total	
cholesterol,	LDL	cholesterol,	and	triglycerides	and	increases	
HDL,	compared	to	baseline	(p < 0.0001). Differences between 
500	mg	and	1000	mg	dosage	were	statistically	significant	only	
for	HDL	(p < 0.05)

Gliozzi	et	al.	(2013) Hypolipidemic	and	vasoprotec-
tive response in patients with 
mixed	hyperlipidemia

A	prospective,	
open-	label,	parallel	
group,	placebo-	
controlled	study	
(Level	2)

Bergamot-	derived	polyphenolic	fraction 
	(BPF)

77 patients with 
elevated serum 
LDL-	C	and	
triglycerides

Patients	randomly	assigned	to	a	group	receiving	
placebo,	a	group	with	BPF	alone	(1000	mg/daily)	
for	30	days,	given	orally;	and	a	group	receiving	
BPF	(1000	mg/daily	given	orally)	plus	rosuvastatin	
(10	mg/daily	for	30	days)

Oral	administration	of	BPF	(1000	mg/daily	for	30	consecutive	
days)	significantly	reduced	total	cholesterol,	LDL-	C,	triglyceride	
and	enhanced	HDL-	C	levels.	(p < 0.05 vs. placebo)

Babish	et	al.	(2016) Moderate	cardiometabolic	risk	
factors

Pilot	observational	
human	study	(level	3)

Bergamot	Fruit	extract	(BFE) 11	subjects	(3M/8F)	
with moderate 
dyslipidemia

2	capsules	of	Cardiox	LDL,	which	contains	250	mg	
of	BFE	(30%	bergamot	flavonoids),	and	110	mg	of	a	
blend	of	nine	other	phytoextracts	(total	500	BFE	
and	220	mg	phytocomplex	blend),	given	daily	at	
dinner time for 12 weeks

Decrease	noted	in	total	cholesterol,	LDL	cholesterol,	and	
apolipoprotein	B	(p	=	ns).	A	post	hoc	analysis	of	eight	subjects	
with	HbA1c	>	5.4	and	HOMA-	IR	score	>	2	or	elevated	
triglycerides	revealed	in	addition	a	decrease	in	triglycerides,	and	
plasminogen	activator	inhibitor	type	1	(PAI-	1).	(p < 0.05)

Article Main effects
Type of study level of 
evidence Compound Sample Posology Main results

In vivo

Mollace	et	al.	(2011) Hypolipidemic	and	hypoglycemic	
activity

Animal	(level	6) Bergamot	polyphenol	fraction	(BPF) Wistar	rats Administration	of	BPF	(10	or	20	mg/kg/daily	for	
30	days	

Bergamot	polyphenol	fraction	significantly	reduces	total	
cholesterol	(tChol),	LDL	cholesterol	(cLDL),	and	triglycerides	
(TG)	and	enhances	fecal	sterols	excretion	(p < 0.05 compared to 
control rats kept on high- cholesterol diet

Parafati	et	al.	(2015) Nonalcoholic	fatty	liver	disease	
(NAFLD)	outcomes

Animal (level 6) (BPF)	bergamot	polyphenol	fraction RATS BPF	treatment	(50	mg/kg/day	supplemented	with	
drinking	water,	3	months)	with	two	types	of	
diets:	Standard	chow	(SC)	and	cafeteria	diet	
(CAF)(15%	protein,	70%	carbohydrates,	15%	fat).

BPF,	in	association	with	CAF	diet,	reduces	total	cholesterol	
(p	<	0.05),	triglycerides	(p	<	0.01),	LDL	(p < 0.05) and weight gain 
(p	<	0.05),	compared	to	CAF	diet	only.	No	significant	reduction	
of	these	parameters	was	observed	in	SC	+	BPF,	compared	to	SC.
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(4) Analysis	and	presentation	of	the	data:	The	data	extrapolated	from	
the revised animal and human studies were collocated in different 
tables	 representing	 specific	 areas	 of	 interest;	 in	 particular,	 for	
each	study	we	specified	the	author	and	year	of	publication,	study	
characteristics with main results. The flow diagram of narrative 
review	of	the	literature	has	been	reported	in	Figure	1.

3  | RESULTS:  EFFEC TS OF BERGAMOT ON 
CLINIC AL APPLIC ATION: FROM ANIMAL TO 
HUMAN

This	 systematic	 review	 included	 a	 total	 of	 31	 studies.	 In	 particu-
lar,	we	have	considered	20	studies	on	humans	with	1709	subjects.	

Eleven	studies	in	animals	were	considered,	in	particular	for	both	rats	
and	mice.	Figure	1	represents	the	flowchart	of	the	study	selection	
process.

3.1 | Effects of bergamot on cardiovascular diseases

Concerning	 the	 effects	 of	 bergamot	 (BEO,	 BPF,	 BE,	 BJ,	 aroma-
therapy),	the	literature	research	based	on	the	keywords	“bergamot”	
and	 [“cardiovascular”	or	 “cholesterol”	or	 “hypertension”	or	 “hdl”	or	
“tryglicerides”	or	“ldl”	or	“weight”]	retrieved	20	articles.

After	the	screening	process,	15	papers	were	selected	for	full-	text	
revision.	After	applying	the	inclusion	and	exclusion	criteria,	seven	stud-
ies	were	excluded	and	eight	studies	both	on	humans	(6)	with	448	sub-
jects	and	in	animals	(2)	were	selected	for	the	present	systematic	review.

TABLE  1 Bergamot effects on cardiometabolic markers

Article Area of interest
Type of study level of 
evidence Compound Sample Posology and treatment Main results

In human

Toth	et	al.	(2015) Plasma	Lipids Prospective	study	
(level	2)

Bergamot	extract:	Flavonoids	
(neoeriocitrin,	neohesperidin,	naringin)

42 men and 38 
women,	mean	age:	
55	±	13	years

150	mg	of	flavonoids,	with	16%	of	neoeriocitrin,	
47%	of	neohesperidin,	and	37%	of	naringin)	daily	
for 6 months.

Reduced	total	cholesterol	(p	<	0.0001),	triglycerides	(p	=	0.002),	
LDL	cholesterol	(p	<	0.0001);	HDL	cholesterol	increased	
(p = 0.0007)

Bruno,	Pandolfo,	Crucitti,	Cacciola,	
et	al.	(2017),	Bruno,	Pandolfo,	Crucitti,	
Cedro,	et	al.	(2017),	Bruno,	Pandolfo,	
Crucitti,	Maisano,	et	al.	(2017)

Metabolic	parameters	in	subjects	
receiving second generation 
antipsychotics	(SGA)

Open-	label,	prelimi-
nary	study	(level	3)

Bergamot	polyphenolic	fraction	(BPF) 28	(15M/13W)	mean	
age 45.8 ± 11.7 
outpatient patients 
treated	with	SGA

500	mg/day	for	60	days No	significant	differences	in	other	clinical	and	metabolic	
parameters	(total,	HDL,	LDL	cholesterol,	glucose,	systolic	and	
diastolic	pressure)	were	observed	(p	=	NS)

Bruno,	Pandolfo,	Crucitti,	Cacciola,	
et	al.	(2017),	Bruno,	Pandolfo,	Crucitti,	
Cedro,	et	al.	(2017),	Bruno,	Pandolfo,	
Crucitti,	Maisano,	et	al.	(2017)

Metabolic	parameters	in	a	
sample	of	subjects	receiving	
second	generation	antipsychot-
ics	(SGA)

Pilot	study	(level	3) Bergamot	polyphenolic	fraction	(BPF) 15	outpatients,	
(9	M/6	W),	aged	
(44.5	±	9.1),	in	
treatment	with	SGAs

BPF	1000	mg/day	for	30	days BPF	administration	resulted	in	a	statistically	significant	reduction	
of	body	weight	(p	=	0.004)	and	body	mass	index	decrease	
(p	=	0.005).	No	significant	differences	in	other	clinical	and	
metabolic parameters were observed

Mollace	et	al.	(2011) Hypolipidemic	and	hypoglycemic	
activity

Randomized,	
double-	blind,	
placebo- controlled 
(level	1)

Bergamot	polyphenolic	fraction	(BPF) 237 patients with 
hyperlipemia	either	
associated or not 
with	hyperglycemia

BPF	(500	and	1000	mg	daily)	given	orally	for	
30	days

Bergamot	polyphenol	(500	mg)	fraction	(BPF)	reduces	total	
cholesterol,	LDL	cholesterol,	and	triglycerides	and	increases	
HDL,	compared	to	baseline	(p < 0.0001). Differences between 
500	mg	and	1000	mg	dosage	were	statistically	significant	only	
for	HDL	(p < 0.05)

Gliozzi	et	al.	(2013) Hypolipidemic	and	vasoprotec-
tive response in patients with 
mixed	hyperlipidemia

A	prospective,	
open-	label,	parallel	
group,	placebo-	
controlled	study	
(Level	2)

Bergamot-	derived	polyphenolic	fraction 
	(BPF)

77 patients with 
elevated serum 
LDL-	C	and	
triglycerides

Patients	randomly	assigned	to	a	group	receiving	
placebo,	a	group	with	BPF	alone	(1000	mg/daily)	
for	30	days,	given	orally;	and	a	group	receiving	
BPF	(1000	mg/daily	given	orally)	plus	rosuvastatin	
(10	mg/daily	for	30	days)

Oral	administration	of	BPF	(1000	mg/daily	for	30	consecutive	
days)	significantly	reduced	total	cholesterol,	LDL-	C,	triglyceride	
and	enhanced	HDL-	C	levels.	(p < 0.05 vs. placebo)

Babish	et	al.	(2016) Moderate	cardiometabolic	risk	
factors

Pilot	observational	
human	study	(level	3)

Bergamot	Fruit	extract	(BFE) 11	subjects	(3M/8F)	
with moderate 
dyslipidemia

2	capsules	of	Cardiox	LDL,	which	contains	250	mg	
of	BFE	(30%	bergamot	flavonoids),	and	110	mg	of	a	
blend	of	nine	other	phytoextracts	(total	500	BFE	
and	220	mg	phytocomplex	blend),	given	daily	at	
dinner time for 12 weeks

Decrease	noted	in	total	cholesterol,	LDL	cholesterol,	and	
apolipoprotein	B	(p	=	ns).	A	post	hoc	analysis	of	eight	subjects	
with	HbA1c	>	5.4	and	HOMA-	IR	score	>	2	or	elevated	
triglycerides	revealed	in	addition	a	decrease	in	triglycerides,	and	
plasminogen	activator	inhibitor	type	1	(PAI-	1).	(p < 0.05)

Article Main effects
Type of study level of 
evidence Compound Sample Posology Main results

In vivo

Mollace	et	al.	(2011) Hypolipidemic	and	hypoglycemic	
activity

Animal	(level	6) Bergamot	polyphenol	fraction	(BPF) Wistar	rats Administration	of	BPF	(10	or	20	mg/kg/daily	for	
30	days	

Bergamot	polyphenol	fraction	significantly	reduces	total	
cholesterol	(tChol),	LDL	cholesterol	(cLDL),	and	triglycerides	
(TG)	and	enhances	fecal	sterols	excretion	(p < 0.05 compared to 
control rats kept on high- cholesterol diet

Parafati	et	al.	(2015) Nonalcoholic	fatty	liver	disease	
(NAFLD)	outcomes

Animal (level 6) (BPF)	bergamot	polyphenol	fraction RATS BPF	treatment	(50	mg/kg/day	supplemented	with	
drinking	water,	3	months)	with	two	types	of	
diets:	Standard	chow	(SC)	and	cafeteria	diet	
(CAF)(15%	protein,	70%	carbohydrates,	15%	fat).

BPF,	in	association	with	CAF	diet,	reduces	total	cholesterol	
(p	<	0.05),	triglycerides	(p	<	0.01),	LDL	(p < 0.05) and weight gain 
(p	<	0.05),	compared	to	CAF	diet	only.	No	significant	reduction	
of	these	parameters	was	observed	in	SC	+	BPF,	compared	to	SC.
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3.1.1 | Effects on humans

Table 1 shows human studies and the effects of bergamot on car-
diovascular	markers.	In	particular,	improvements	in	hypercholester-
olemia,	triglyceridemia,	and	weight	management	are	shown.

Studies	suggest	a	cardio-	protective	effect	of	a	single	daily	dose	
for	6	months	of	BE	 (150	mg	of	 flavonoids,	with	16%	of	 neoerioci-
trin,	47%	of	neohesperidin,	and	37%	of	naringin)	(Toth	et	al.,	2015)	
in	subjects	with	hypercholesterolemia	with	a	reduction	of	total	cho-
lesterol	 (p	<	0.0001),	 triglycerides	 (p	=	0.002),	 and	LDL	cholesterol	
(<0.0001),	while	HDL	cholesterol	increased	(p = 0.0007).

A	recent	2017	study	performed	by	Bruno	et	al.	tested	the	effi-
cacy	and	safety	of	BPF	on	the	 improvement	of	metabolic	parame-
ters	in	subjects	receiving	second-	generation	antipsychotics	(SGA).	In	
particular,	two	subsequent	studies	by	Bruno	et	al.	tested	two	differ-
ent	doses.	In	the	first	study	(daily	dose	of	1000	mg/day	for	30	days)	
(Bruno,	Pandolfo,	Crucitti,	Maisano,	et	al.,	2017),	the	treatment	pro-
duced	a	statistically	significant	reduction	of	body	weight	(p	=	0.004),	
in	addition	to	the	body	mass	index	decrease	(p = <0.05). In the sec-
ond	 study,	 (daily	 dose	 of	 500	mg/day	 for	 60	days)	 the	 treatment	
did	not	show	significant	result	 (Bruno,	Pandolfo,	Crucitti,	Cacciola,	
Santoro,	et	al.,	2017).

In	 2016,	 (Babish	 et	al.	 (2016)	 showed	 that	 a	 250	mg	 dose	 of	
bergamot	 fruit	 extract	 (BFE)	 and	110	mg	of	 a	 blend	of	 nine	other	
phytoextracts	showed	a	decrease	in	total	cholesterol,	LDL,	and	apo-
lipoprotein	B	(p	<	0.05).	A	post	hoc	analysis	showed	other	significant	
effects	only	in	eight	subjects	with	HbA1c	>	5.4	and	HOMA-	IR	score	
>2	or	elevated	triglycerides:	reduction	in	triglycerides	and	plasmino-
gen	activator	inhibitor	type	1	(PAI-	1)	(p < 0.05).

In	two	recent	Italian	clinical	trials	performed	for	30	days,	BPF	at	
a	daily	dose	of	500	mg	or	1000	mg	resulted	 in	reducing	total	cho-
lesterol,	 LDL,	 and	 triglycerides,	 and	 increasing	HDL,	 compared	 to	
baseline	(p	<	0.0001).	Furthermore,	it	showed	a	dose-	dependent	dif-
ference	after	500	mg	and	1000	mg	only	for	HDL	(p	<	0.05)	(Mollace	
et	al.,	2011).

In	a	similar	study	by	Gliozzi,	an	oral	administration	of	1000	mg	
daily	 of	 BPF	 significantly	 reduced	 total	 cholesterol,	 LDL,	 and	 tri-
glycerides,	while	enhancing	HDL	levels,	compared	to	placebo	group	
(p	<	0.05)	(Gliozzi	et	al.,	2013).

3.1.2 | Effects on animal models

In	literature,	there	are	poor	results	regarding	the	effect	of	bergamot	
on	cardiovascular	diseases	in	animals.	A	study	was	conducted	on	rats	
using	BPF	(10	or	20	mg/kg/daily	for	30	days),	reporting	a	reduction	
in	 total	cholesterol,	LDL,	and	 triglycerides,	enhancing	 fecal	 sterols	
excretion,	compared	to	controls	(p	<	0.05)	(Bruno,	Pandolfo,	Crucitti,	
Cedro,	Zoccali,	et	al.,	2017).

Even	 an	 administration	 of	 50	mg/kg/daily	 of	 BPF	 for	 30	days	
in	 combination	 with	 a	 hyperlipidic	 and	 hyperglycemic	 diet	 (cafe-
teria	 diet,	 CAF)	 reduced	 significantly	 total	 cholesterol	 (p	<	0.05),	
triglycerides	 (p	<	0.01),	 LDL	 (p	<	0.05),	 and	 weight	 gain	 (p < 0.05) 
in	 rats,	 in	 comparison	 with	 CAF	 diet	 only.	 In	 addition,	 the	 same	TA
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administration	in	association	with	a	standard	chow	(SC)	regime	did	
not	produce	the	same	effect	(p =	ns)	(Parafati	et	al.,	2015).

3.2 | Effects of bergamot on diabetes

Concerning	the	effects	of	BE,	BPF,	or	BJ,	the	literature	search	was	
based	on	the	keywords	“bergamot”	and	[“DIABETES”	OR	“GLUCOSE”	
OR	“GLYCEMIA”]	and	the	examination	retrieved	five	articles.

After	screening,	four	papers	were	selected	for	full-	text	revision.	
After	applying	the	inclusion	and	exclusion	criteria,	two	studies	were	
excluded	and	two	studies	were	selected	for	the	present	systematic	
review.

In	Table	2,	we	have	included	studies	on	the	effects	of	bergamot	
on	diabetes	for	a	total	of	two	studies	divided,	respectively,	into	(1)	on	
humans	(237	subjects)	and	(1)	on	animals.

3.2.1 | Effects on humans

The	study	by	(Mollace	et	al.	(2011)	on	237	subjects	was	focused	on	
blood	glucose	 levels.	After	 a	daily	 supplementation	of	500	mg	 for	
30	days,	BPF	resulted	in	a	significant	reduction	on	blood	glucose	lev-
els	compared	to	baseline	(p < 0.0001).

3.2.2 | Effects on animals

(Parafati	et	al.	(2015)	on	rats	showed	that	BPF	reduces	significantly	
blood	glucose	levels	only	in	association	with	CAF	diet,	compared	to	
CAF	diet	only	(p	<	0.05),	while	it	has	no	effect	in	association	with	SC	
diet,	compared	to	SC	alone	(p = ns).

3.3 | Effects of bergamot on nervous system

Concerning	 the	 effects	 of	 bergamot,	 the	 literature	 search	 was	
based	on	the	keywords	“bergamot”	and	[“NERVOUS	SYSTEM”	OR	
“STRESS”	OR	“ANXIETY”].	The	search	retrieved	30	articles.

After	screening,	20	papers	were	selected	 for	 full-	text	 revision.	
After	applying	the	inclusion	and	exclusion	criteria,	four	studies	were	
excluded	and	16	studies	were	selected	 for	 the	present	systematic	
review.

Table 3 includes studies on the effects of bergamot on the ner-
vous	system,	for	a	total	of	16	studies	divided,	respectively,	into	(11)	
on	humans	(831	subjects)	and	(5)	on	animals.

3.3.1 | Effects on humans

Literature	shows	several	studies	in	humans	regarding	the	inhalation	
of	bergamot	with	controversial	 results	on	the	nervous	system	and	
mood.

In	particular,	15	min	of	BEO	vapor	inhalation	by	healthy	females	
was	tested	in	comparison	with	water	vapor	inhalation	or	rest	(con-
trol).	 Promising	 results	 showed	 that	 salivary	 cortisol	 (CS)	 after	 in-
halation	was	 significantly	different	 in	 the	 three	groups	 (p = 0.003) 
and CS levels were lower compared to control group in both BEO 

vapor	and	water	vapor	group	(p = 0.004 and p	=	0.0049),	but	CS	in	
BEO	vapor	group	was	not	significantly	lower	than	in	respect	of	CS	in	
water	vapor	group	(Watanabe	et	al.,	2015).

Similarly,	 (Ni	 et	al.	 (2013)	 tested	BEO	aromatherapy	on	preop-
erative	patients	to	evaluate	effects	on	preoperative	anxiety.	In	this	
case,	the	State	Trait	Anxiety	Inventory	(STAI)	scoring	after	30	min	of	
inhalation	was	 significantly	 different	 between	BEO	and	 the	water	
vapor	 group,	 both	 in	patients	without	previous	experience	of	 sur-
gery	 (p	=	0.021)	 and	 patients	with	 previous	 experience	 of	 surgery	
(p = 0.005).

BEO was also tested in comparison with other fragrant non- 
essential	 oil	 aromatherapies.	 In	 the	 study	 by	 (Ndao	 et	al.	 (2012)),	
in	 pediatric	 patients	 poststem	 cell	 transplantation	 (SCT),	 the	BEO	
aromatherapy	experienced	more	anxiety	 (t3:	p = 0.01; t4: p = 0.05) 
and	nausea	(t3:	p < 0.01; t4: p	=	0.03)	after	inhalation,	compared	to	
control group.

Two	other	 randomized	 controlled	 trials	 showed	 similar	 results.	
(Wiebe	 (1998)	 tested	 preoperative	 anxiety	 in	 six	 women	 with	 a	
10	min	aromatherapy	based	on	a	mixture	of	essential	oils	(vetivert,	
bergamot,	and	geranium)	in	comparison	with	a	placebo	group,	which	
inhaled	a	hair	conditioner.	 In	this	study,	anxiety	was	reduced	after	
exposure	to	both	treatment	and	placebo,	with	no	significant	differ-
ences between groups.

(Graham	et	al.	 (2003)	 showed	 that	 in	 patients	 subjected	 to	 ra-
diotherapy	and	the	effects	of	essential	oils	(lavender,	bergamot,	and	
cedarwood),	there	were	no	significant	differences	in	HADS	(hospital	
anxiety	and	depression	 scale)	or	SPHERE	 (somatic	and	psycholog-
ical	 health	 report)	 scores	 between	 the	 randomly	 assigned	 groups.	
However,	HADS	scores	were	significantly	lower	at	treatment	com-
pletion	in	the	non-	fragrant	placebo	group	(carrier	oil	only),	compared	
with	either	of	the	fragrant	arms	(p = 0.04).

Effects	of	bergamot	on	the	nervous	system	were	also	evaluated	
in	terms	of	blood	pressure,	heart	variability,	and	pulse	rate.	In	partic-
ular,	(Liu,	Lin,	&	Chang	(2013)	evaluated	if	BEO	aromatherapy	(2%	di-
luted,	15	min),	in	Taiwanese	teachers,	could	ease	work-	related	stress.	
Compared	 to	 baseline	 values,	 BEO	 reduced	 low-	frequency	 power	
(LF),	 LF%,	 LF/HF	 ratio	 (p	<	0.001)	 and	 increased	 high-	frequency	
power	%	(HF%)	(p < 0.001).

Another	study	by	Chang	&	Shen	(2011)	showed	similar	results	in	
elementary	school	teachers.	BEO	aromatherapy	(2%	diluted,	10	min)	
significantly	modulated	the	autonomic	nervous	system	by	decreas-
ing	systolic	and	diastolic	pressure	(p	<	0.001),	heart	rate	(p	<	0.001),	
LF	 (p	<	0.01),	LF/HF	 ratio	 (p < 0.01) and increasing heart rate vari-
ability	 (HRV)(p	<	0.001)	 and	HF	 (p	<	0.01).	 Finally,	 the	 randomized	
placebo-	controlled	study	by	Hongratanaworakit	(2011)	investigated	
40	healthy	volunteers	through	the	application	of	BEO	and	lavender	
essential	oil	on	skin.	After	the	topical	application	of	the	oil,	1	ml	(10%	
diluted),	on	 the	 lower	abdomen	of	 subjects,	 a	 significant	decrease	
in	systolic	blood	pressure	(SBP)	(p	=	0.014),	diastolic	blood	pressure	
(DBP)	(p	=	0.007),	and	pulse	rate	(PR)	p =	(0.033)	was	observed	in	the	
blended	essential	oil	group	compared	to	placebo	group.	The	subjects	
of the essential oil group compared to the placebo group appeared 
more	relaxed	based	on	a	verbal	scale	(p = 0.021).



376  |     PERNA Et Al.

TA
B
LE
 3
 
Be
rg
am
ot
	e
ff
ec
ts
	o
n	
ne
rv
ou
s	
sy
st
em

Pa
pe

r
A

re
a 

of
 in

te
re

st
Ty

pe
 o

f s
tu

dy
 

le
ve

l o
f e

vi
de

nc
e

Co
m

po
un

d
Sa

m
pl

e
Po

so
lo

gy
M

ai
n 

re
su

lts

In
 h

um
an

W
at
an
ab
e	
et
	a
l.	
(2
01
5)

Ps
yc
ho
lo
gi
ca
l	

st
re

ss
 a

nd
 

an
xi
et
y

Ra
nd

om
 

cr
os
so
ve
r	s
tu
dy
	

de
si
gn
	(l
ev
el
	2
)

Be
rg

am
ot

 E
ss

en
tia

l O
il 

(B
EO
)

41
	W
om
en

Vo
lu
nt
ee
rs
	e
xp
os
ed
	to
	th
re
e	

ex
pe
rim
en
ta
l	s
et
up
s	
(re
st
	(R
),	

re
st
	+
	w
at
er
	v
ap
or
	(R
W
),	

re
st

 +
 w

at
er

 v
ap

or
 +

 b
er

ga
-

m
ot
	e
ss
en
tia
l	o
il	
(R
W
B)
)	f
or
	

15
	m
in
	e
ac
h	
(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

Sa
liv
ar
y	
co
rt
is
ol
	(C
S)
	o
f	a
ll	
th
re
e	

co
nd
iti
on
s	
R,
	R
W
,	a
nd
	R
W
B	
w
er
e	
fo
un
d	

to
	b
e	
si
gn
ifi
ca
nt
ly
	d
is
tin
ct
	(p

 =
 0

.0
03

). 
C
S	
va
lu
e	
of
	R
W
B	
w
as
	s
ig
ni
fic
an
tly
	lo
w
er
	

w
he

n 
co

m
pa

re
d 

to
 th

e 
R 

se
tu

p 
(p
	=
	0
.0
04
)	b
ut
	a
ls
o	
C
S	
in
	R
W
	g
ro
up
	w
as
	

si
gn
ifi
ca
nt
ly
	lo
w
er
	c
om
pa
re
d	
to
	R
	

(p
	=
	0
.0
49
);	
C
S	
va
lu
e	
in
	R
W
B	
gr
ou
p	
w
as
	

no
t	s
ig
ni
fic
an
tly
	lo
w
er
	th
an
	R
W
	(p

 =
	N
S)

H
an
,	B
ea
um
on
t,	
et
	a
l.	

(2
01
7)
,	H
an
,	G
ib
so
n,
	e
t	

al
.	(
20
17
)

M
en
ta
l	h
ea
lth
	a
nd
	

w
el

l- b
ei

ng
A
	P
ilo
t	S
tu
dy
	

(le
ve
l	3
)

Be
rg

am
ot

 E
ss

en
tia

l O
il 

(B
EO
)

57
 p

ar
tic

ip
an

ts
 

(5
0	
W
/7
	M
,	a
ge
	

ra
ng

e:
 

23
–7
0	
ye
ar
s)

15
 m

in
 o

f b
er

ga
m

ot
 e

ss
en

-
tia
l	o
il	
ex
po
su
re
	o
r	d
is
til
le
d	

w
at
er
	a
ro
m
at
he
ra
py
	

(o
ne
-	t
im
e	
in
te
rv
en
tio
n)

PA
N
A
S	
su
rv
ey
	s
ho
w
ed
	n
ea
r	s
ig
ni
fic
an
t	

di
ff

er
en

ce
s 

be
tw

ee
n 

gr
ou

ps
 in

 
pr
ou
dn
es
s	
(p
	=
	0
.0
7)
,	a
ct
iv
en
es
s	

(p
 =

 0
.0

7)
 b

ut
 a

ls
o 

ne
rv

ou
sn

es
s 

(p
 =

 0
.0

6)

N
i	e
t	a
l.	
(2
01
3)

Pr
eo
pe
ra
tiv
e	

an
xi
et
y

A
	ra
nd
om
iz
ed
	

co
nt

ro
lle

d 
tr

ia
l 

(le
ve
l	1
)

Be
rg

am
ot

 E
ss

en
tia

l O
il 

(B
EO
)

10
9	
(m
ea
n	
ag
e	

45
.4

 ±
 1

1.
7)

 
pr

eo
pe

ra
tiv

e 
pa

-
tie
nt
s	
(4
4	
M
/6
5	
F)

30
 m

in
 o

f b
er

ga
m

ot
 e

ss
en

tia
l 

oi
l	a
ro
m
at
he
ra
py
	o
r	w
at
er
	

va
po
r	(
on
e-
	tim
e	
in
te
rv
en
tio
n)

St
at
e	
Tr
ai
t	A
nx
ie
ty
	In
ve
nt
or
y	
(S
TA
I)	
w
as
	

si
gn
ifi
ca
nt
ly
	d
iff
er
en
t	b
et
w
ee
n	
gr
ou
ps
	

bo
th

 in
 p

at
ie

nt
s 

w
ith

ou
t a

 p
re

vi
ou

s 
ex
pe
rie
nc
e	
of
	s
ur
ge
ry
	(p

 =
 0

.0
21

) a
nd

 
pa
tie
nt
	w
ith
	a
	p
re
vi
ou
s	
ex
pe
rie
nc
e	
of
	

su
rg
er
y	
(p

 =
 0

.0
05

)

Br
un
o,
	P
an
do
lfo
,	C
ru
ci
tt
i,	

C
ac
ci
ol
a,
	e
t	a
l.	
(2
01
7)
,	

Br
un
o,
	P
an
do
lfo
,	C
ru
ci
tt
i,	

C
ed
ro
,	e
t	a
l.	
(2
01
7)
,	

Br
un
o,
	P
an
do
lfo
,	C
ru
ci
tt
i,	

M
ai
sa
no
,	e
t	a
l.	
(2
01
7)

C
og

ni
tiv

e/
ex
ec
ut
iv
e	

fu
nc

tio
ni

ng

O
pe

n-
 la

be
l p

ilo
t 

(le
ve
l	3
)

Be
rg
am
ot
	p
ol
yp
he
no
lic
	

fr
ac
tio
n	
(B
PF
)

20
	o
ut
pa
tie
nt
s,
	1
5	

(M
)	a
nd
	5
	(W

).	
A
ge
d	
20
–5
8	
ye
ar
s

BP
F	
at
	a
n	
or
al
	d
ai
ly
	d
os
e	
of
	

10
00

 m
g/

d 
fo

r 8
 w

ee
ks

BP
F	
su
pp
le
m
en
ta
tio
n	
si
gn
ifi
ca
nt
ly
	

im
pr
ov
ed
	W
is
co
ns
in
	C
ar
d	
So
rt
in
g	
Te
st
	

(W
C
ST
)	“
pe
rs
ev
er
at
iv
e	
er
ro
rs
”	

(p
	=
	0
.0
04
)	a
nd
	s
em
an
tic
	fl
ue
nc
y	
te
st
	

(p
 =

 0
.0

04
)

Li
u	
et
	a
l.	
(2
01
3)

W
or
k-
	re
la
te
d	

st
re

ss
N
on
ra
nd
om
iz
ed
	

co
nt

ro
lle

d 
tr

ia
l 

(le
ve
l	2
)

Be
rg

am
ot

 e
ss

en
tia

l o
il 

(B
EO
)

29
 T

ai
w

an
es

e 
el
em
en
ta
ry
	s
ch
oo
l	

te
ac

he
rs

 
(3
M
/2
6F
),	
m
ea
n	

ag
e 

41
.4

 ±
 4

.

15
 m

in
 o

f b
er

ga
m

ot
 e

ss
en

tia
l 

oi
l	d
ilu
te
d	
to
	2
%
	a
ro
m
at
he
r-

ap
y	
(o
ne
-	t
im
e	
in
te
rv
en
tio
n)

A
ro
m
at
he
ra
py
	tr
ea
tm
en
t	w
ith
	b
er
ga
m
ot
	

re
du
ce
s	
lo
w
-	f
re
qu
en
cy
	p
ow
er
	(L
F)
	

(p
	<
	0
.0
01
),	
LF
/H
F	
ra
tio
	(p
	<
	0
.0
01
),	
an
d	

LF
%
	(p

 <
 0

.0
01

) a
nd

 in
cr

ea
se

s 
hi

gh
- 

fr
eq
ue
nc
y	
po
w
er
	%
	(p

 <
 0

.0
01

)

D
ye
r	e
t	a
l.	
(2
01
6)

Im
pr

ov
in

g 
sl

ee
p

Pr
os
pe
ct
iv
e	

St
ud
y	
(le
ve
l	2
)

Be
rg
am
ot
	(C

itr
us

 
be

rg
am

ia
) a

ro
m

as
tic

ks
65
	p
at
ie
nt
s,
	1
1	
(M
)	

m
ea
n	
ag
e	
(5
2)
,5
4	

(F
)	m
ea
n	
ag
e	
(8
4)

U
se
	th
e	
ar
om
as
tic
k	
fo
r	a
	

m
in

im
um

 o
f t

w
o 

ni
gh

ts
.

64
%
	o
f	p
at
ie
nt
s	
sh
ow
ed
	a
	im
pr
ov
em
en
t	

of
 a

t l
ea

st
 o

ne
 p

oi
nt

 in
 s

le
ep

 fo
llo

w
in

g 
th

e 
us

e 
of

 a
n 

ar
om

as
tic

k

(C
on

tin
ue

s)



     |  377PERNA Et Al.

Pa
pe

r
A

re
a 

of
 in

te
re

st
Ty

pe
 o

f s
tu

dy
 

le
ve

l o
f e

vi
de

nc
e

Co
m

po
un

d
Sa

m
pl

e
Po

so
lo

gy
M

ai
n 

re
su

lts

H
on
gr
at
an
aw
or
ak
it	
(2
01
1)

A
ut
on
om
ic
	

pa
ra

m
et

er
s 

an
d 

em
ot

io
na

l 
re

sp
on

se
s 

in
 h

um
an

s 
fo

l-
lo

w
in

g 
tr

an
sd

er
m

al
 

ab
so

rp
tio

n

N
o	
ra
nd
om
iz
ed
	

tr
ia
l	(
le
ve
l	2
)

Es
se

nt
ia

l o
il:

 b
er

ga
-

m
ot

 a
nd

 la
ve

nd
er

40
	h
ea
lth
y	

vo
lu
nt
ee
rs
,	1
7	
(M
),	

23
	(F
).	
M
ea
n	
ag
e	

(2
4.
95
	±
	6
.6
7)

1	
m
l	o
f	a
	1
0%
,	w
/w
,	s
ol
ut
io
n	

of
 b

le
nd

ed
 e

ss
en

tia
l o

il 
w

as
 

ap
pl
ie
d	
to
pi
ca
lly
	to
	th
e	
sk
in
	

of
 th

e 
lo

w
er

 a
bd

om
en

 o
f 

ea
ch
	s
ub
je
ct
	w
ith
	a
	

se
l- m

as
sa

ge
 o

f 5
 m

in
 

(o
ne
-	t
im
e	
in
te
rv
en
tio
n)

W
as
	o
bs
er
ve
d	
a	
si
gn
ifi
ca
nt
	d
ec
re
as
e	
of
	

sy
st
ol
ic
	b
lo
od
	p
re
ss
ur
e	
(S
BP
)	(

p	
=	
0.
01
4)
,	

di
as
to
lic
	b
lo
od
	p
re
ss
ur
e	
(D
BP
)	

(p
	=
	0
.0
07
)	a
nd
	p
ul
se
	ra
te
	(P
R)
	

p 
=	
(0
.0
33
)	i
n	
th
e	
bl
en
de
d	
es
se
nt
ia
l	o
il	

gr
ou

p 
co

m
pa

re
d 

to
 p

la
ce

bo
 g

ro
up

. 
Th
e	
su
bj
ec
ts
	o
f	e
ss
en
tia
l	o
il	
gr
ou
p	

co
m

pa
re

d 
to

 th
e 

pl
ac

eb
o 

gr
ou

p 
ap
pe
ar
ed
	m
or
e	
re
la
xe
d	
ba
se
d	
on
	a
	

ve
rb
al
	s
ca
le
	(p

 =
 0

.0
21

)

N
da
o	
et
	a
l.	
(2
01
2)

A
nx
ie
ty
,	n
au
se
a,
	

an
d 

pa
in

 in
 

pe
di

at
ric

 
pa

tie
nt

s 
po

st
st

em
 c

el
l 

tr
an

sp
la

nt
at

io
n 

(S
C
T)

D
ou
bl
e-
	bl
in
d,
	

pl
ac

eb
o-

 
co

nt
ro

lle
d 

ra
nd
om
iz
ed
	

st
ud
y	
(le
ve
l	1
)

Be
rg

am
ot

 e
ss

en
tia

l o
il 

(B
EO
)

37
 p

ed
ia

tr
ic

 
pa
tie
nt
s,
	1
0	
(F
),	
27
	

(M
),	
m
ea
n	
ag
e	

(1
3.
8	
±	
4.
9)

Fo
ur
	d
ro
ps
	o
f	d
iff
us
ed
	

es
se

nt
ia

l o
il 

pe
r h

ou
r 

(d
ur
at
io
n:
	3
	h
) 

Th
e 

pl
ac

eb
o 

w
as

 a
 n

on
- 

es
se

nt
ia

l o
il-

 ba
se

d 
sc

en
te

d 
sh
am
po
o.
(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

Sp
ie
lb
er
ge
r	S
ta
te
-	T
ra
it	
A
nx
ie
ty
	In
ve
nt
or
y	

(S
TA
I)	
w
as
	u
se
d	
to
	re
po
rt
	a
nx
ie
ty
,	w
hi
le
	

V
isu
al
	a
na
lo
g	
sc
al
e	
(V
A
S)
	w
as
	u
se
d	
to
	

re
po
rt
	N
au
se
a.

 
Pa
tie
nt
s	i
n	
tr
ea
tm
en
t	g
ro
up
	e
xp
er
ie
nc
ed
	

m
or
e	
an
xi
et
y	
th
an
	c
on
tr
ol
	g
ro
up
	a
ft
er
	

tr
ea
tm
en
t	(
t3
:	p

 =
 0

.0
1;

 t4
: p

 =
 0

.0
5)

 
A
lso
	n
au
se
a	
re
m
ai
ne
d	
gr
ea
te
r	a
m
on
g	

tr
ea
tm
en
t	g
ro
up
.	(
t3
:	p

 <
 0

.0
1;

 t4
: p

 =
 0

.0
3)

C
ha
ng
	a
nd
	S
he
n	
(2
01
1)

A
ut
on
om
ic
	

ne
rv
ou
s	
sy
st
em
	

re
gu

la
tio

n

N
on
ra
nd
om
iz
ed
	

tr
ia
l	(
le
ve
l	2
)

Be
rg

am
ot

 e
ss

en
tia

l o
il 

(B
EO
)

54
	e
le
m
en
ta
ry
	

sc
ho

ol
 te

ac
he

rs
 

(2
5M
/2
9F
)	a
ge
d	

>3
5

Be
rg
am
ot
	e
ss
en
tia
l	o
il	
2%
	fo
r	

ar
om
at
he
ra
py
	s
pr
ay
	fo
r	

10
	m
in
	(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

A
ro
m
at
he
ra
py
	s
ig
ni
fic
an
tly
	d
ec
re
as
es
	

bl
oo
d	
sy
st
ol
ic
	a
nd
	d
ia
st
ol
ic
	p
re
ss
ur
e	

(p
	<
	0
.0
01
),	
he
ar
t	r
at
e	
(p
	<
	0
.0
01
),	

lo
w
-	f
re
qu
en
cy
	p
ow
er
	(L
F)
	(p
	<
	0
.0
1)
,	a
nd
	

LF
/H
F	
ra
tio
	(p

 <
 0

.0
1)

; i
nc

re
as

es
 h

ea
rt

 
ra
te
	v
ar
ia
bi
lit
y	
(H
RV
)	(

p 
< 

0.
00

1)
 a

nd
 

hi
gh
-	f
re
qu
en
cy
	p
ow
er
	(H
F)
	(p

 <
 0

.0
1)

W
ie
be
	(1
99
8)

Pr
eo
pe
ra
tiv
e	

an
xi
et
y

A
	d
ou
bl
e-
	bl
in
d,
	

ra
nd
om
iz
ed
	

tr
ia
l	(
le
ve
l	1
)

Es
se
nt
ia
l	o
ils
:	v
et
iv
er
t,	

be
rg
am
ot
,	a
nd
	

ge
ra

ni
um

66
 w

om
en

10
	m
in
	o
f	a
ro
m
at
he
ra
py
:	

es
se
nt
ia
l	o
ils
	v
et
iv
er
t,	
be
rg
a-

m
ot
,	a
nd
	g
er
an
iu
m
	(t
re
at
m
en
t)	

or
	a
	h
ai
r	c
on
di
tio
ne
r	(
pl
ac
eb
o)
	

(o
ne
-	t
im
e	
in
te
rv
en
tio
n)

A
nx
ie
ty
	m
ea
su
re
d	
w
ith
	a
	v
er
ba
l	s
ca
le
	w
as
	

re
du
ce
d	
af
te
r	e
xp
os
ur
e	
bo
th
	in
	

tr
ea
tm
en
t	a
nd
	p
la
ce
bo
	g
ro
up
,	w
ith
	n
o	

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
be

tw
ee

n 
gr

ou
ps

 
(p

 =
 n

s)

G
ra
ha
m
	e
t	a
l.	
(2
00
3)

A
nx
ie
ty
	d
ur
in
g	

ra
di
ot
he
ra
py

Pl
ac
eb
o-
	

co
nt

ro
lle

d 
do

ub
le

- b
lin

d 
ra
nd
om
iz
ed
	

tr
ia
l	(
le
ve
l	1
)

C
ar

rie
r o

il 
w

ith
 

fr
ac
tio
na
te
d	
oi
ls
,	

ca
rr
ie
r	o
il	
on
ly
,	o
r	p
ur
e	

es
se

nt
ia

l o
ils

 o
f 

la
ve
nd
er
,	b
er
ga
m
ot
,	

an
d 

ce
da

rw
oo

d

31
3 

pa
tie

nt
s 

(1
63
	M
/1
50
W
)

Th
re

e 
dr

op
s 

of
 o

il 
w

er
e 

ap
pl
ie
d	
to
	th
e	
bi
b,
	th
e	

du
ra
tio
n	
of
	e
xp
os
ur
e	
w
as
	

15
–2
0	
m
in
	(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

Th
er

e 
w

er
e 

no
 s

ig
ni

fic
an

t d
iff

er
en

ce
s 

in
 

H
A
D
S	
(h
os
pi
ta
l	a
nx
ie
ty
	a
nd
	d
ep
re
ss
io
n	

sc
al
e)
	o
r	S
PH
ER
E	
(s
om
at
ic
	a
nd
	

ps
yc
ho
lo
gi
ca
l	h
ea
lth
	re
po
rt
)	s
co
re
s	

be
tw
ee
n	
th
e	
ra
nd
om
ly
	a
ss
ig
ne
d	
gr
ou
ps
.	

H
ow
ev
er
,	H
A
D
S	
an
xi
et
y	
sc
or
es
	w
er
e	

si
gn
ifi
ca
nt
ly
	lo
w
er
	a
t	t
re
at
m
en
t	

co
m

pl
et

io
n 

in
 th

e 
no

n-
 fr

ag
ra

nt
 p

la
ce

bo
 

gr
ou
p	
(c
ar
rie
r	o
il	
on
ly
),	
co
m
pa
re
d	
w
ith
	

ei
th
er
	o
f	t
he
	fr
ag
ra
nt
	a
rm
s	
(p

 =
 0

.0
4)

.

TA
B
LE
 3
 
(C
on
tin
ue
d)

(C
on

tin
ue

s)



378  |     PERNA Et Al.

Pa
pe

r
A

re
a 

of
 in

te
re

st
Ty

pe
 o

f s
tu

dy
 

le
ve

l o
f e

vi
de

nc
e

Co
m

po
un

d
Sa

m
pl

e
Po

so
lo

gy
M

ai
n 

re
su

lts

In
 v

iv
o

Sa
iy
ud
th
on
g	
an
d	
M
ar
sd
en
	

(2
01
1)

A
nx
ie
ty
-	r
el
at
ed
	

be
ha

vi
or

s 
an

d 
st

re
ss

- in
du

ce
d 

le
ve

ls
 o

f p
la

sm
a 

co
rt

ic
os

te
ro

ne

A
ni
m
al
	(l
ev
el
	6
)

Be
rg

am
ot

 e
ss

en
tia

l o
il 

(B
EO
)	a
nd
	d
ia
ze
pa
m

In
 ra

ts
In

ha
la

tio
n 

of
 B

EO
 

(1
%
/2
.5
%
/5
%
)	f
or
	7
	m
in
	a
nd
	

in
je
ct
io
n	
of
	d
ia
ze
pa
m
	(1
	m
g/

kg
,	i
.p
.)	
(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

Bo
th
	B
EO
	2
.5
%
	a
nd
	d
ia
ze
pa
m
	e
xh
ib
ite
d	

an
xi
ol
yt
ic
-	li
ke
	b
eh
av
io
rs
	(o
pe
n	
ar
m
s	

tim
e,
	p
	<
	0
.0
1	
an
d	
en
tr
ie
s,
	p

 <
 0

.0
5)

 a
nd

 
re

du
ce

d 
pl

as
m

a 
co

rt
ic

os
te

ro
ne

 
(p
	<
	0
.0
5)
.	B
EO
	1
%
	a
nd
	5
%
	d
id
	n
ot
	

re
du
ce
	p
la
sm
a	
co
rt
ic
os
te
ro
ne
.	(

p 
= 

ns
)

A
m
an
te
a	
et
	a
l.	
(2
00
9)

Pr
ev
en
tio
n	
in
	

gl
ut

am
at

e 
ac

cu
m

ul
at

io
n 

an
d 

ne
ur

op
ro

te
ct

io
n

A
ni
m
al
	(l
ev
el
	6
)

Be
rg

am
ot

 e
ss

en
-

tia
l	o
il	
(B
EO
;	C
itr
us
	

be
rg
am
ia
,	R
is
so
)

In
 ra

ts
Be
rg
am
ot
	e
ss
en
tia
l	o
il	
(B
EO
)	

0.
1–

0.
5 

m
l/

kg
 g

iv
en

 
in
tr
ap
er
ito
ne
al
ly
	1
	h
	b
ef
or
e	

in
du
ce
d	
is
ch
em
ia
	(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

M
ic
ro
di
al
ys
is
	e
xp
er
im
en
ts
	s
ho
w
	th
at
	B
EO
	

(0
.5
	m
l/
kg
)	d
id
	n
ot
	a
ff
ec
t	b
as
al
	a
m
in
o	

ac
id
	le
ve
ls
	(p
	=
	n
s)
	b
ut
	s
ig
ni
fic
an
tly
	

re
du
ce
d	
ex
ci
ta
to
ry
	a
m
in
o	
ac
id
	e
ff
lu
x	
in
	

th
e	
fr
on
to
pa
rie
ta
l	c
or
te
x	
(p

 <
 0

.0
5)

La
ur
o	
et
	a
l.	
(2
01
6)

In
hi

bi
tio

n 
of

 
m

or
ph

in
e 

to
le

ra
nc

e

A
ni
m
al
	(l
ev
el
	6
)

Be
rg
am
ot
	p
ol
yp
he
no
lic
	

fr
ac
tio
n	
(B
PF
)

M
al
e	
m
ic
e

In
je
ct
io
n	
of
	d
iff
er
en
t	d
os
es
	o
f	

BP
F	
(5
,	2
5,
	a
nd
	5
0	
m
g/
kg
)	

tw
ic
e	
a	
da
y,
	fo
llo
w
ed
	b
y	
a	

su
bc
ut
an
eo
us
	in
je
ct
io
n	
of
	

m
or
ph
in
e	
(2
0	
m
g/
kg
)	f
or
	

5	
da
ys
.	A
t	f
ift
h	
da
y,
	m
or
ph
in
e	

in
je
ct
io
n	
w
as
	3
	m
g/
kg
.

C
o-
	ad
m
in
is
tr
at
io
n	
of
	m
or
ph
in
e	
w
ith
	B
PF
	

(5
–5
0	
m
g/
kg
)	i
nh
ib
ite
d	
th
e	
de
ve
lo
pm
en
t	

of
 m

or
ph

in
e 

to
le

ra
nc

e 
in

 a
 d

os
e-

 
de
pe
nd
en
t	m
an
ne
r	(

p 
< 

0.
01

 fo
r 5

 m
g/

kg
 

an
d 

p	
<	
0.
00
1	
fo
r	o
th
er
	d
os
es
,	c
om
pa
re
d	

to
 m

or
ph

in
e 

al
on

e)

Ro
m
bo
là
	e
t	a
l.	
(2
01
7)

A
nx
io
ly
tic
/

se
da

tiv
e-

 lik
e 

ef
fe

ct
s

A
ni
m
al
	(l
ev
el
	6
)

Be
rg

am
ot

 e
ss

en
tia

l o
il 

(B
EO
),	
be
nz
od
ia
ze
pi
ne
	

di
az
ep
am
	(D
ZP
)	j
oj
ob
a	

oi
l

M
al
e	
ra
ts

In
tr
ap
er
ito
ne
al
	in
je
ct
io
ns
	o
f	

BE
O
	(1
00
,	2
50
,	o
r	5
00
	μ

l/
kg

) 
D
ZP
	(1
.2
	o
r	5
	m
g/
kg
)	o
r	

jo
jo
ba
	o
il	
(5
00
	μ
l/
kg
).	
Fo
r	t
he
	

lo
w
es
t	d
os
es
	o
f	b
er
ga
m
ot
	o
il,
	

th
e	
to
ta
l	v
ol
um
e	
in
je
ct
ed
	w
as
	

50
0 

μl
/k
g	
by
	a
dd
in
g	
jo
jo
ba
	

oi
l,	
an
	u
ns
ce
nt
ed
	o
il	
us
ed
	a
s	

ve
hi
cl
e.
	(o
ne
-	t
im
e	

in
te

rv
en

tio
n)

BE
O

 2
50

 μ
l/

kg
 a

nd
 5

00
 μ
l/
kg
,	c
om
pa
re
d	

to
	jo
jo
ba
	o
il,
	re
sp
ec
tiv
el
y,
	d
ec
re
as
es
	

gr
oo
m
in
g	
in
	ra
ts
	(p

 <
 0

.0
01

/p
 <

 0
.0

00
1)

 
an
d	
in
cr
ea
se
s	
im
m
ob
ili
ty
	

(p
 <

 0
.0

5/
p	
<	
0.
00
1)
.	A
	s
ta
tis
tic
al
ly
	

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 is
 a

ls
o 

ob
se

rv
ed

 a
t 

5 
m

in
 b

et
w

ee
n 

BE
O

 5
00

 μ
L/
kg
	a
nd
	D
ZP
	

1.
2	
m
g/
kg
	(p

 <
 0

.0
5)

Ro
m
bo
là
	e
t	a
l.	
(2
00
9)

G
ro
ss
	b
eh
av
io
r	

an
d	
EE
G
	

sp
ec

tr
um

A
ni
m
al
	(l
ev
el
	6
)

Be
rg

am
ot

 e
ss

en
tia

l o
il 

(B
EO
)

M
al
e	
ra
ts

Sy
st
em
ic
	a
dm
in
is
tr
at
io
n	
of
	

BE
O
	1
00
,	2
50
,	5
00
	μ

l/
kg

 
(o
ne
-	t
im
e	
in
te
rv
en
tio
n)

Sy
st
em
ic
	a
dm
in
is
tr
at
io
n	
of
	in
cr
ea
si
ng
	

vo
lu

m
es

 o
f B

EO
 w

as
 fo

un
d 

to
 in

du
ce

 
do

se
- d

ep
en

de
nt

 a
ct

iv
e 

be
ha

vi
or

 a
nd

 
EE
G
	b
ac
kg
ro
un
d	
ac
tiv
ity
	in
	th
e	

hi
pp
oc
am
pu
s	
an
d	
in
	th
e	
co
rt
ex
.

TA
B
LE
 3
 
(C
on
tin
ue
d)



     |  379PERNA Et Al.

A	recent	study	by	Han,	Gibson,	et	al.	(2017)	evaluated	the	effects	
of bergamot on mental health through the use of approved tests: 
BEO	aromatherapy	effects	on	mental	health	and	well-	being	in	com-
parison	with	 distilled	water	 aromatherapy	 (15	min)	 in	 57	 subjects.	
Positive	and	Negative	Affect	Schedule	(PANAS)	survey	showed	near	
significant	differences	between	groups	in	proudness	(p	=	0.07),	ac-
tiveness	(p	=	0.07)	but	also	nervousness	(p = 0.07).

Another	study	by	Bruno,	Pandolfo,	Crucitti,	Cedro,	et	al.	 (2017)	
showed	significant	effects	in	cognitive/executive	functioning	in	psy-
chiatric	patients	with	an	oral	dose	of	BPF	(1000	mg/day	for	8	weeks)	
that	significantly	improved	Wisconsin	Card	Sorting	Test	(WCST)	“per-
severative	errors”	(p	=	0.004)	and	semantic	fluency	test	(p = 0.004).

Bergamot was also tested in terms of sleep improving using ber-
gamot/sandalwood or frankincense/mandarin/lavender essential oil 
aromasticks	 for	a	minimum	of	 two	nights	 in	 rooms.	About	64%	of	
patients showed an improvement of at least one point in sleep fol-
lowing	the	use	of	an	aromastick.	(p =	NR)	(Dyer	et	al.,	2016).

3.3.2 | Effects on animals

Several studies investigated the effects of bergamot on mental 
health	and	nervous	system	in	vivo	using	BEO	(diluted	1%,	2.5%	and	
5%)	and	showed	different	 results.	BEO	2.5%	and	diazepam	 (1	mg/
kg)	both	exhibited	anxiolytic-	like	behaviors	in	rats	(open	arms	time,	
p	<	0.01	 and	 entries,	p < 0.05) and reduced plasma corticosterone 
(p	<	0.05).	 BEO	 1%	 and	 5%	 did	 not	 reduce	 plasma	 corticosterone	
(Saiyudthong	 &	 Marsden,	 2011).	 Rombolá	 et	al.	 (2009)	 studied	
modifications	 in	male	 rats’	gross	behavior	and	EEG	spectrum	with	
a	systemic	administration	of	 increasing	volumes	of	BEO	(100,	250,	
500 μl/kg). It was found that this administration schedule induced 
dose-	dependent	active	behavior	and	EEG	background	activity	in	the	
hippocampus	and	in	the	cortex	(p = ns).

Intraperitoneal	 injections	 of	 BEO	 (250	 and	 500	μl/kg),	 com-
pared	 to	 jojoba	oil	 (500	μl/kg)	 (Rombolà	et	al.,	 2017),	 respectively,	
decreased	 grooming	 in	 rats	 (p < 0.001/p < 0.0001) and increased 
immobility	(p < 0.05/p < 0.001).

Amantea	 et	al.	 (2009)	 tested	 BEO	 (0.1	 and	 0.5	ml/kg)	 to	 pre-
vent	 glutamate	 accumulation	 and	neuroprotection	 in	microdialysis	
experiments.	BEO	0.5	ml/kg	did	not	affect	basal	amino	acid	 levels	

but	significantly	reduced	excitatory	amino	acid	efflux	in	frontopari-
etal	cortex	(p	<	0.05).	Injections	of	different	doses	of	BPF	(5,	25,	and	
50 mg/kg) also inhibited the development of morphine tolerance in 
a	dose-	dependent	manner	 (p < 0.01 for 5 mg/kg and p < 0.001 for 
other	doses,	compared	to	morphine	alone)	(Lauro	et	al.,	2016).

3.4 | Effects of bergamot on bone

Concerning	the	effects	of	bergamot	extracts	on	bone,	the	literature	
search	was	based	on	the	keywords	“bergamot”	and	[“BONE”	or	“os-
teoporosis”	or	“osteoclasts”	or	“osteoblasts”	or	“osteopenia”].

Literature	retrieved	two	articles.	After	screening,	one	paper	was	
selected	for	full-	text	revision.	After	applying	the	inclusion	and	exclu-
sion	criteria,	only	one	study	was	selected	for	the	present	systematic	
review.	Table	4	shows	the	study	description	with	main	results.

3.4.1 | Effects in animals

The	oral	administration	of	Bergapten	(BEO)	at	10	or	20	mg/kg	daily	
for	 20	weeks	 was	 able	 to	 significantly	 increase	 bone	 volume/tra-
becular	volume	ratio	 (BV/TV),	 trabecular	 thickness,	and	trabecular	
number	(p < 0.01 for 10 mg/kg and p	<	0.001	for	20	mg/kg)	(Li	et	al.,	
2016).

3.5 | Effects of bergamot on inflammation

Concerning	the	effects	of	bergamot	extract	on	inflammation,	the	lit-
erature	search	was	based	on	the	keywords	“bergamot”	and	[“inflam-
mation”	or	“ESR”	or	“CRP”	or	“citokine”].

Literature	 retrieved	 five	 articles.	 After	 screening,	 four	 papers	
were	selected	for	full-	text	revision.	After	applying	our	inclusion	and	
exclusion	 criteria,	 two	 studies	 were	 excluded	 and	 two	 studies	 (in	
vivo)	were	selected	for	the	present	systematic	review.	Table	5	shows	
results of the studies selected process.

3.5.1 | Effects in animals

Animals	 studies	 show	 that	 a	 daily	 oral	 administration	 of	 BJ	 ex-
tract	 (20	mg/kg)	 in	mice	subjected	 to	experimental	colitis	 reduced	

TABLE  4 Bergamot bone effects

Paper Main effects

Type of 
study level 
of evidence Compound Model Posology Main results

Vivo

Li	et	al.	
(2016)

Improve of 
diabetes- related 
osteoporosis

Animal	
(level	6)

Bergapten	(bergamot	
essential oil + other 
citrus essential oils 
+grapefruit	juice)

C57/B6 mice 
(n = 102)

Bergapten	orally	
administered 
10 mg/kg or 20 mg/
kg	daily	for	
20 weeks

Bergapten increases Bone 
volume/trabecular 
volume	ratio	(BV/TV,	
trabecular thickness and 
trabecular number) 
(p < 0.01 for 10 mg/kg 
and p < 0.001 for 20 mg/
kg)
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colon	levels	of	TNF-	α,	IL-	1ß	(p	<	0.01),	NK-	kb	p65	(p	<	0.01),	p-	JNK	
(p	<	0.01),	 and	 the	 degree	 of	 positive	 staining	 for	 nitrotyrosine	
(Impellizzeri	et	al.,	2015).

Similar	results	were	found	when	studying	a	BJ	extract	intraperito-
neal	administered	(20	mg/kg),	which	reduced	myeloperoxidase	(MPO)	
activity,	TNF-	α,	and	IL-	1β	(p < 0.05) levels compared to placebo in in-
testinal	ischemia/reperfusion	(I/R)	mice	(Impellizzeri	et	al.,	2016).

3.6 | Effects of bergamot on skin

Concerning	 the	 effects	 of	 bergamot	 extract,	 the	 literature	 search	
was	based	on	the	keywords	“bergamot”	and	[“PSORIASIS”	OR	““OR	
“UVB”	OR	“SKIN”].

Literature	review	retrieved	five	articles.	After	screening,	four	pa-
pers	were	selected	for	full-	text	revision.	After	applying	the	inclusion	
and	exclusion	criteria,	 two	studies	were	excluded	and	two	studies	
were	selected	for	the	present	systematic	review.

In	Table	6,	studies	on	the	effects	of	bergamot	on	skin	were	in-
cluded,	for	a	total	of	two	studies	divided,	respectively,	into	1	on	hu-
mans	(193	subjects)	and	1	in	vivo.

3.6.1 | Effects in humans

The	clinical	 study	on	subjects	with	psoriasis	 that	 received	a	 treat-
ment	 with	 UVB	+	BEO	 applied	 on	 the	 psoriatic	 plaques	 30	min	
before	 the	 procedures,	 three	 times	 weekly,	 showed	 a	 significant	
reduction	of	Psoriasis	Area	and	Severity	 Index	 (PASI)	compared	to	
baseline	 (p < 0.001) and a reduction in the number of procedures 
compared	to	UVB	treatment	only	(p	<	0.05)	(Valkova,	2007).

3.6.2 | Effects in animals

As	 regards	animal	 studies,	 the	 topical	 application	of	bergamot	ex-
tract	 for	 42	days	 increased	 the	 activity	 of	 superoxide	 dismutase	

(p	<	0.05)	 and	 the	 collagen	 content	 (p	<	0.001),	 and	decreased	 the	
content	of	malondialdehyde	(p < 0.05) in the skin of mice. It also pro-
moted	hair	growth	significantly	(p	<	0.001)	(Shao,	2003).

4  | DISCUSSION

This	systematic	review	was	performed	in	order	to	elucidate	the	main	
pharmacodynamic	activities	of	bergamot	both	in	animals	and	in	hu-
mans.	We	know	that	bergamot	contains	several	bioactive,	 such	as	
monoterpenes,	linalool,	linalyl	acetate,	and	nonvolatile	compounds,	
or	pigments,	waxes,	coumarins,	and	psoralen,	but	the	real	efficacy	in	
humans	and	animals	represents	an	important	key	point	for	develop-
ing future new target remedies in different areas.

The main areas of interest in which literature suggests berga-
mot’s	 beneficial	 effects	 are	 the	 nervous	 system,	 cardiovascular	
health,	inflammation,	diabetes,	bone,	metabolism,	and	skin.

This	review	focuses	attention	on	the	pharmacodynamic	aspects	
of bergamot in dosage and timing of supplementation in the form of 
juice,	polyphenolic	fraction,	extract,	or	oil	(intraperitoneal	adminis-
tration,	systemic	administration,	or	aromatherapy).

In	particular:	 as	 regards	 the	effects	on	hyperlipidemia,	 this	 re-
view	summarizes	that:

Treatment	 should	 involve	 at	 least	 an	 oral	 dose	 of	 150	mg/day	
of	 flavonoids	 (Bergamot-	derived	extract)	 for	6	months	 (Toth	et	al.,	
2015)	or	an	oral	dose	of	bergamot	polyphenolic	fraction	(BPF)	from	
500	 to	 1000	mg/day	 for	 30/60	days	 (Bruno,	 Pandolfo,	 Crucitti,	
Cacciola,	et	al.,	2017;	Gliozzi	et	al.,	2013;	Mollace	et	al.,	2011;	Toth	
et	al.,	2015)	for	a	reduction	of	body	weight	or	decrease	in	total	cho-
lesterol,	 triglycerides,	LDL	and	an	 increase	of	HDL.	Studies	 in	ani-
mals	confirm	these	encouraging	results,	but	only	in	animals	kept	on	
a high fat diet.

The effects of bergamot on cardiovascular outcomes were as-
sessed	in	eight	studies	(four	with	level	of	evidence	3;	one	with	level	

TABLE  5 Bergamot effects on inflammation

Paper Main effects

Type of 
study level 
of evidence Compound Model Posology Main results

Vivo

Impellizzeri	
et	al.	(2015)

The	effects	of	BJE	
in	mice	subjected	
to	experimen-
tal colitis

Animal	
(level	6)

Bergamot	juice	
(BJe)

Mice	
subjected	
to 
experimen-
tal colitis

BJe	was	
administered 
daily	orally	(at	
5,	10	and	
20 mg/kg) for 
4	days

Bje	20	mg/kg	reduced	in	a	
dose- dependent colon levels of 
TNF-	α	and	IL-	1β	in	DNBS	injected	
mice	(p	<	0.01).	Furthermore,	BJe	
20 mg/kg reduced the degree of 
positive	staining	for	nitrotyrosine	
(p	<	0.01),	levels	of	NK-	kB	p65	
(p < 0.01) and p-	JNK	expression	
(p < 0.01)

Impellizzeri	
et	al.	(2016)

Modulation	of	
ileum inflamma-
tion	caused	by	
intestinal 
ischemia/
reperfusion	(I/R)

Animal	
(level	6)

Flavonoid-	
rich frac-
tion of berga-
mot	juice	(BJe)

Adult	CD1	
male mice

BJe	administered	
intraperito-
neally	20	mg/
kg	(one-	time	
intervention)

BJe	treatment	decreases	
Myeloperoxidase	(MPO)	activity,	
TNF-	α	and	IL-	1β levels compared 
to	placebo	in	I/R	mice	(p < 0.05)
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of	evidence	1;	one	with	level	of	evidence	2,	and	two	with	level	of	
evidence	6)	with	a	total	of	448	subjects	enrolled.	This	resume	sug-
gests	 that	 there	 is	not	enough	one	study	of	 level	1	 to	state	 that	
there is wide scientific evidence of effectiveness of bergamot on 
reduction	of	total	cholesterol,	LDL	cholesterol,	and	triglycerides.

As	regards	the	effects	on	diabetes,	this	review	summarizes	that:
Only	 one	 study	 in	 literature	 found	 a	 significant	 effect	 of	

500/1000	mg/day	 of	 BPF	 on	 reducing	 blood	 glucose	 levels	 in	
humans,	 with	 treatment	 lasting	 30	days	 (Mollace	 et	al.,	 2011).	
Promising	data	on	glucose	control	are	also	available	in	rats	with	oral	
administration	of	BPF	with	a	treatment	of	50	mg/kg/day,	but	only	in	
concomitance	with	a	high	fat	diet	(Parafati	et	al.,	2015).

This resume suggests that there are not enough two studies of 
level 1 to state that there is wide scientific evidence of effectiveness 
of	bergamot	on	reduction	of	glycaemia.

As	regards	the	effects	on	nervous	system,	this	review	summa-
rizes	that:

Effects	of	bergamot	on	the	nervous	system	are	controversial.	
Aromatherapy	(from	15	to	30	min),	involving	BEO	vapor	inhalation,	
appears	to	be	significantly	useful	in	order	to	reduce	stress	(salivary	
cortisol)	 compared	 to	 rest	 only	 (Watanabe	et	al.,	 2015)	 or	 to	 re-
duce	anxiety	compared	to	water	vapor	inhalation	(Ni	et	al.,	2013).	
Other	 studies	 report	 that	 a	 10	min	 aromatherapy	 based	 on	 ber-
gamot	and	other	essential	oils	does	not	significantly	 reduce	anx-
iety	 compared	 to	 a	 placebo	 (hair	 conditioner)	 inhalation	 (Wiebe,	
1998).	Furthermore,	one	study	in	literature	shows	that	BEO	vapor	
aromatherapy	appears	to	be	less	effective	in	reducing	anxiety	and	
nausea	 than	 a	 scented	 non-	essential	 oil	 shampoo	 aromatherapy	
(Ndao	 et	al.,	 2012).	 In	 addition,	 another	 study	 concluded	 that	 a	
20- min inhalation of bergamot/lavender/cedarwood essential oil 

is	 less	 effective	 in	 reducing	 anxiety,	 compared	 to	 a	 non-	fragrant	
carrier	 oil	 inhalation.	 (Graham	 et	al.,	 2003)	 Accordingly	 to	 these	
evidences,	we	can	affirm	that	BEO	aromatherapy,	compared	to	pla-
cebo	group,	does	not	appear	to	be	useful	in	order	to	improve	any	
aspect of mental health.

On	the	other	hand,	10–15	min	of	BEO	aromatherapy	shows	ef-
fects	like	reducing	low-	frequency	power,	increasing	high-	frequency	
power,	 and	 increasing	 heart	 rate	 variability,	 which	 are	markers	 of	
a	 prevalence	 of	 parasympathetic	 activity	 (Chang	 &	 Shen,	 2011;	
Liu	 et	al.,	 2013).	 It	 was	 also	 observed	 that	 BEO	 application	 on	
skin	 reduces	 blood	 diastolic	 and	 systolic	 pressure	 and	 heart	 rate	
(Hongratanaworakit,	2011).	The	power	of	 these	studies	 is	 low	be-
cause	they	compare	results	to	baseline	and	not	to	a	placebo	group.	
Studies in animals suggest potential effects on reducing plasma cor-
ticosterone	 (Saiyudthong	&	Marsden,	 2011)	 and	 excitatory	 amino	
acid	efflux	in	frontoparietal	cortex	(Amantea	et	al.,	2009).

The	effects	of	bergamot	on	nervous	system	were	assessed	in	
16	studies	 (three	with	 level	of	evidence	3;	 five	with	 level	of	ev-
idence	 1;	 three	with	 level	 of	 evidence	 2,	 and	 five	with	 level	 of	
evidence	 6)	with	 a	 total	 of	 831	 subjects.	 There	 are	 five	 studies	
with level of evidence 1 that underline that there is a good scien-
tific	evidence	regarding	effects	of	bergamot	on	nervous	system.	
In	particular,	studies	with	level	of	evidence	1	agree	that	bergamot	
essential	 oil	 aromatherapy	has	no	effect	on	mental	 health	 com-
pared	to	other	fragrant	oils	and,	in	certain	situations,	appears	to	
be	 less	 effective	 than	 non-	fragrant	 oils	 in	 reducing	 anxiety	 and	
nausea.

As	regards	the	effects	on	bone,	this	review	summarizes	that:
In	animals	models,	the	oral	administration	of	BEO	(10	mg/kg	or	

20	mg/kg	daily	for	20	weeks)	plus	other	compounds	increases	bone	

TABLE  6 Bergamot effects on skin

Paper Main effects

Type of study 
level of 
evidence Compound Model Posology Main results

In human

Valkova	
(2007)

Treatment of 
psoriasis

Randomized	
controlled 
trial	(level	1)

Bergamot 
oil

193 patients 
(119M/74W)	
mean age 
40.9 ± 0.9

UVB+	bergamot	oil	
applied on the psoriatic 
plaques	30	min	before	
the procedures. 
Sessions held three 
times	weekly.	(dura-
tion : from 5 sessions if 
no significant improve-
ment,	up	to	17	sessions)

Treatment	with	UVB	+	oil	signifi-
cantly	reduces	Psoriasis	Area	and	
Severity	Index	(PASI)	compared	to	
baseline	(p < 0.001) and number of 
procedures	compared	to	UVB	
treatment	only	(p < 0.05)

In vivo

Shao 
(2003)

Effects on 
skin and 
hair growth 
in mice.

Animal	(level	6) Bergamot 
and 
boxthorn	
extract

In rats The skin on the back of 
mice was shaved 
topically	and	smeared	
with bergamot and 
boxthorn	extract	for	
42	days

Compared	with	control	group,	the	
extract	from	bergamot	and	
boxthorn	increases	the	activity	of	
superoxide	dismutase	(p	<	0.05),	
the	content	of	collagen	(p < 0.001) 
of skin and the growth of hair 
(p < 0.001). It decreases the 
content	of	malondialdehyde	
(p < 0.05) in the skin of mice
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volume/trabecular	volume	ratio	 (BV/TV),	trabecular	thickness,	and	
trabecular	number.	These	data	must	be	verified	in	human	studies	(Li	
et	al.,	2016).

This	resume	suggests	that	there	is	not	enough	one	study	of	level	
6 to state that there is wide scientific evidence of effectiveness of 
bergamot	on	increase	in	bone	mineral	density.

As	regards	the	effects	on	inflammation,	this	review	summarizes	
that:

BJ	extract	(20	mg/kg)	for	30	days	was	tested	by	both	oral	and	in-
traperitoneal administration in animals. The results are promising in 
terms	of	pro-	inflammatory	cytokine	reduction	and	may	represent	an	
aid	for	the	treatment	of	inflammatory	bowel	disease,	but	currently	
no	 studies	 in	 humans	 have	 been	 made	 (Impellizzeri	 et	al.,	 2015,	
2016).	This	resume	suggests	that	there	is	not	enough	one	study	of	
level 6 to state that there is wide scientific evidence of effectiveness 
of bergamot on humans.

As	regards	the	effects	on	skin,	this	review	summarizes	that:
The	BEO	application	 combined	with	UVB	 therapy	on	psoriatic	

plaques	(30	min	before	the	procedures	three	times	weekly)	reduces	
Psoriasis	Area	and	Severity	Index.	In	animals,	the	topical	application	
of	bergamot	extract	for	42	days	increased	skin	collagen	content	and	
promoted	hair	growth	significantly.

It	seems	that	a	topical	application	of	Bergamot	oil/extract	 in	
a	certain	dosage	could	play	an	active	role	in	the	skin	and	in	pro-
moting	hair	growth	(Shao,	2003;	Valkova,	2007).	Further	studies	
in humans are needed to confirm this effectiveness and to set a 
dosage.

The real effects of bergamot in humans must be better eluci-
dated with further large clinical trials.

The	key	points	that	must	be	addressed	for	better	comprehension	
of	bergamot	potentiality	are	the	timing	of	supplementation,	the	for-
mulation	and	source	of	the	compound	(juice,	extract,	oil,	or	aroma-
therapy	etc.),	and	the	fitting	area	of	efficacy.

The effects of bergamot on skin were assessed in two studies 
(one	with	 level	 of	 evidence	1	 and	one	with	 level	 of	 evidence	6)	
with	a	total	of	193	subjects.	At	the	current	state,	there	is	a	poor	
scientific evidence of effectiveness of bergamot on increases in 
the	activity	of	superoxide	dismutase	and	the	content	of	collagen	
of skin.
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