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Bergamot (Citrus bergamia Risso) Flavonoids and Their Potential Benefits
in Human Hyperlipidemia and Atherosclerosis: an Overview

A.R. Cappello™, V. Dolce™, D. Tacopetta, M. Martello, M. Fiorillo, R. Curcio, L. Muto and

D. Dhanyalayam

A.R. Cappello

Department of Pharmacy, Health and Nutritional Sciences, University of
Calabria, 87036 Arcavacata di Rende (Cosenza) Italy

Abstract: Elevated serum cholesterol, triglycerides and LDL levels are often
associated with an increased incidence of atherosclerosis and coronary artery disease.
The most effective therapeutic strategy against these diseases is based on statins
administration, nevertheless some patients, especially those with metabolic syndrome
fail to achieve their recommended LDL targets with statin therapy, moreover, it may
induce many serious side effects. Several scientific studies have highlighted a strong
correlation between diets rich in flavonoids and cardiovascular risk reduction. In

particular, Citrus bergamia Risso, also known as bergamot, has shown a significant degree of hypocholesterolemic and
antioxidant/radical scavenging activities. In addition, this fruit has attracted considerable attention due to its peculiar
flavonoid composition, since it contains some flavanones that can act as natural statins. Hence, the study of bergamot
flavonoids as metabolic regulators offers a great opportunity for screening and discovery of new therapeutic agents.
Cholesterol metabolism, flavonoid composition and potential therapeutic use of C. bergamia Risso will be discussed in

the following review.

Keywords: Bergamot fruit, flavonoids, hyperlipidemia, atherosclerosis, 3-hydroxy-3-methylglutaryl-CoA reductase enzyme.

INTRODUCTION

The risk for atherosclerosis and coronary heart disease is
increased in patients with elevated serum concentrations of
low-density lipoproteins cholesterol (LDL), total cholesterol
(TC) and triglicerides (TG) [1-5]. Several meta-analysis
studies showed that statin therapy can reduce the 5-year
incidence of cardiovascular diseases, by about one fifth per
mmol/L reduction in LDL cholesterol [6-8].

It is well-known that statins are able to inhibit 3-hydroxy-
3-methylglutaryl-CoA reductase (HMGR) activity, the rate-
limiting enzyme of cholesterol biosynthesis [9]. Statin
administration is one of the most widely used approaches to
lower serum LDL level and to reduce cardiovascular event
rates [10-12]. However, many patients, especially those with
the dyslipidemia associated with metabolic syndrome, are
unable to reach their lipid treatment goals on statins alone
[2]. Furthermore, patients might be statin-intolerant and
experience significant side-effects [3], hence the importance
of finding new drugs acting as statins.

Some foods were shown to possess these therapeutic
properties; in particular, daily consumption of Citrus fruit
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juice was shown to positively influence serum lipid levels
and to decrease coronary heart disease risk [13]. Their
hypolipidemic effects can be due to the presence of
flavonoids, pectins and ascorbic acid, which have a high
antioxidant potential and may interfere with cholesterol
metabolism [14-19].

Flavonoids are aromatic secondary plant metabolites,
having strong antioxidant and radical scavenging activities
[15, 20]. Their intake was associated with a reduced risk for
certain chronic diseases such as cardiovascular disorders and
cancerous processes [21-23]. Flavonoids exhibited antiviral,
antimicrobial and anti-inflammatory activities [23-25],
moreover, they were able to inhibit human platelet aggregation
[26] and to support a correct immune response [27].

Bergamot, the common name of Citrus bergamia Risso,
belongs to the family Rutaceae, subfamily Esperidea and it
has been widespread in the Mediterranean area for centuries.
Over the past few years, thanks to the growing interest in
bioactive compounds, bergamot fruit has attracted attention
for its remarkable flavonoid composition. The first part of
this review will report an overview on cholesterol
metabolism, in the second part, literature data regarding
flavonoid composition and distribution in bergamot fruit will
be analysed. The last part will focus on the scientific
evidence concerning the bioactivities of bergamot flavonoids
and their potential utility for human health as well as their
uses in atherosclerosis and coronary heart disease
treatments.

© 2015 Bentham Science Publishers
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1. CHOLESTEROL HOMEOSTASIS AND REGULA-
TION

Cholesterol body homeostasis is mainly due to the
regulation of its endogenous synthesis, intestinal absorption,
excretion and hepatic conversion (Fig. 1).

Cholesterol de novo synthesis occurs mainly in the liver
and, in human, it accounts for more than 70% of body
cholesterol. Cholesterol intestinal absorption depends on diet
composition. Excess liver cholesterol can be directly
excreted as biliary sterols or converted into bile acids, both
are eliminated via feces.

Cholesterol absorption is controlled by at least two types
of transporters, Niemann-Pick Cl-Like 1 (NPCIL1) as
influx transporter and ATP-Binding Cassette (ABC) proteins
as efflux transporters [28]. NPCIL1 transports cholesterol
from intestinal lumen into enterocytes and it reabsorbs free

Cappello et al.

cholesterol back into hepatocyte from bile [29]. ABCGS5 and
ABCGS reduce cholesterol absorption in the intestinal lumen
and exclude cholesterol from liver to the bile duct (Fig. 1).
ABCG1 and ABCA1 are involved in reverse cholesterol
transport, the pathway by which peripheral cell cholesterol
can be returned to the liver for excretion [30].

Regulation of cholesterol homeostasis is achieved by
proteins such as sterol regulatory element-binding proteins
(SREBPs) and AMP-Activated Protein Kinase (AMPK); by
nuclear receptors such as peroxisome proliferator activated
receptors (PPARs) and liver X receptors (LXRs); by
microRNAs (miRNAs).

SREBPs are key transcription regulators encoded by two
genes, SREBP-1 and SREBP-2. SREBP-1 upregulates the
transcription of some hepatic lipogenic genes [31-35].
SREBP-2 modulates the transcription of some sterol
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Fig. (1). Overview of cholesterol homeostasis and regulation in liver, small intestine, extraepatic tissues, and plasma. The regulation is
indicated with black arrows. © indicates activation while © indicates inhibition. ABCA1, ABCGI1, and ABCG5/G8: ATP-binding cassette

transporters; ACAT: acyl CoA:cholesterol acyltransferase; AMPK:

AMP-activated protein kinase; BA: bile acid; C: cholesterol; CE:

cholesteryl ester; CEH: cholesteryl ester hydrolase; CM: chylomicrons; HDL: high-density lipoprotein; HMGR: 3-hydroxy-3-methylglutaryl-
CoA reductase; LDL: low-density lipoprotein; LDLR: low-density lipoprotein receptor; LXR: liver X receptor; M: mevalonate; miR-33a:
microRNA-33a; MTP: microsomal triglyceride transfer protein; NPCIL1: Niemann-Pick Cl-Like 1; PPARO: peroxisome proliferator
activated receptor delta; SREBP2: sterol regulatory element binding protein-2; VLDL: very low density lipoprotein.



Potential Benefits of Bergamot Flavonoids

biosynthetic genes [36], for instance, when hepatocyte
cholesterol content is low, expressions of HMGR and LDLR
are upregulated [36] (Fig. 1).

AMPK is a critical player in energy homeostasis at both
cellular and whole body levels. An increased AMP to ATP
ratio leads to AMPK activation through phosphorylation by
at least three different upstream kinases [37]; in particular,
when cellular cholesterol content is high, AMPK inactivates
HMGR by phosphorylation (Fig. 1) [38].

PPARs are members of nuclear hormone receptors
superfamily that act as ligand-dependent transcription factors
[39, 40]. PPARa directly upregulates the transcription of
genes involved in cholesterol catabolism [41]. PPARYy
integrates the control of energy, lipid and glucose
homeostasis [42-44] and its activation also redirects effluxed
cholesterol from liver toward adipose tissue uptake via
scavenger receptor type-BI [45]. PPARS activation elevates
serum HDL levels by increasing the expression of ABCA1
[30], it can reduce cholesterol absorption by decreasing
NPCIL1 intestinal expression [29] and it also potentiates
fecal neutral sterol secretion by increasing transintestinal
cholesterol efflux [46].

LXRs play a primary role in reverse cholesterol transport,
modulating the expression of several target genes as
ABCA1, ABCGI1, ABCG4 ABCGS5, ABCGS and apoE [47-
50]. In the liver, when cellular cholesterol content is high,
LXRs activation induces cholesterol excretion and/or efflux
[50, 51].

MicroRNAs promote the down-regulation of their target
genes by binding to specific regions located in the 3° UTR of
their target mRNA [52]. MIR-33a is believed to minimize
cholesterol export by the post-transcriptional repression of
ABCA1 transporter (Fig. 1) [53, 54].

2. FLAVONOIDS IN BERGAMOT TISSUES

Plant flavonoids are a large group of very different
compounds sharing the common feature of phenolic moieties
[55]. The presence of a relatively large number of flavonoids
is the result of many different possible combinations among
polyhydroxylated aglycones and a limited number of mono-
and disaccharides. The most commonly found sugars are
hexoses, such as glucose, galactose and rhamnose or
pentoses such as arabinose and xylose. They are, with a few
notable exceptions, plant metabolites deriving from the
shikimate pathway and the phenylpropanoid metabolism
[56]. In recent years, flavonoids have attracted tremendous
attention due to the protection that they provide against some
types of cardiovascular diseases [57]. As a consequence,
many studies have been directed to the characterization of
the flavonoid fractions and to the isolation of the most
representative flavonoids present in the most common Citrus
species, as well as of flavonoids present in many local
species such as C. bergamia Risso [58, 59]. Bergamot fruit
presents an external part, epicarp or flavedo yellow coloured;
a middle part, mesocarp or albedo, that is a spongy white
inner layer and an inner part, endocarp or pulp. Albedo and
flavedo peeled off together are called peel. Bergamot
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essential oil is obtained from this fraction by cold press; it is
composed of a volatile (93—96%) and a non-volatile fraction
(4-7%).

The classes of flavonoids present in C. bergamia Risso
fractions are flavanones and flavones. Flavanones are present
as flavanone-O-glycosides, recently, flavanones diglycosides
carrying the 3-hydroxy-3-methylglutaric acid (HMG) moiety
have also been detected [60-62]. Flavones are present as
flavone-O-glycosides, flavone-C-glycosides or polymethoxy-
flavones (Table 1).

A comparative study on flavonoid composition in fruit
tissues of different Citrus species has been reported by
Nogata et al. [59], showing that bergamot fruit has a peculiar
flavonoid composition. In particular, it contains neoeriocitrin
in exceptionally large amount (288 mg/100 g fresh weight)
and it is relatively rich in neohesperidin, naringin, poncirin,
rhoifolin, and neodiosmin (590, 438, 1240, 43 and 33
mg/100 g fresh weight, respectively) with respect to the
other Citrus fruits analyzed. Furthermore, it contains very
little amount of hesperidin (2 mg/100 g fresh weight).

Table 1 lists structure and tissue distribution of
flavonoids, in C. bergamia Risso as described in literature.

Flavanone-O-glycosides are present in all the analysed
parts, in particular the most abundant are naringin,
neoeriocitrin, neohesperidin and poncirin, whereas hesperidin
and neoponcirin have been detected in a very low amount
[59]. They are also present in the peel, but it could be noted
that when it is splitted into albedo and flavedo, these
compounds are mainly present in albedo [59]. Moreover,
poncirin, which is present in huge amount in hand-squeezed
juice, is absent in industrial juice, this may be due to the
pressing process used to extract industrial juices [58]. In
addition, three acylated flavanones, which seem to
correspond to di-oxalate derivatives of neoeriocitrin,
naringin and neohesperidin, have been identified in bergamot
juice [63]. The HMG-conjugated flavanones, brutieridin,
melitidin and HMG-neoeriocitrin have also been detected at
different concentrations depending on the ripening stage;
they may be found in bergamot fruit either in juice or in
albedo and flavedo [60-62].

Flavone-O-glycosides  present a different tissue
distribution. All these compounds are present in the peel,
with the exception of chrysoeriol 7-O-neohesperidoside,
chrysoeriol 7-O-neohesperidoside-4’-glucoside and rhoifolin
4’- glucoside [59, 64]. Diosmetin mono-glucoside, diosmetin
mono-rthamnoside and apigenin mono-glucoside/mono-
rhamnoside has been detected in bergamot peel [64] but not
in albedo and flavedo. It could be explained because,
according to this author, bergamot peel is a mix of seeds,
pulp and deoiled flavedo after essential oil and juice
extraction. Furthermore, rutin, that is absent in albedo, has
been found in large amount in flavedo [64]. All these
compounds have been revealed in the juice [58, 59, 63, 65-
67], with the exception of diosmetin mono-rhamnoside and
diosmetin mono-glucoside; this latter has been detected in
industrial juice, probably because fruit industrial processing
leads to juices contaminated with peel constituents [58].
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Table 1. Flavonoids identified in bergamot fruit.

Flavanone-O-glycosides Peel Albedo Flavedo Juice In(;:isct:ml
Ry
. Rs
[58-60,
R o [59, 84, [59, 60, [59, 60, ]
\(I 92] 79] 79] 6‘;96]7’ [58]
]
OH ©
Eriocitrin (eriodictyol 7-O-rutinoside)
X X X X X
R,=O-rutinose, R,=OH, R;=0OH
Eriodictyol mono-rhamnoside
X
Most likely 7-O-substituted
Hesperidin (hesperetin 7-O-rutinoside)
X X X
R,=O-rutinose, R,=OH, R;=0CH;
Hesperetin mono-rhamnoside
X
Most likely 7-O-substituted
Naringin (naringenin 7-O-neohesperidoside)
X X X X X
R,=0O-neohesperidose, R,=H, R;=OH
Naringenin mono-rhamnoside
X X X X X
Most likely 7-O-substituted
Narirutin (naringenin 7-O-rutinoside)
X X X X
R,=O-rutinose, R,=H, R;=OH
Neoeriocitrin (eriodictyol 7-O-neohesperidoside)
X X X X X
R,=0O-neohesperidose, R,=OH, R;=0OH
Neohesperidin (hesperetin 7-O-neohesperidoside)
X X X X X
R,=0O-neohesperidose, R,=OH, R;=0CH;
Neoponcirin (isosakuranetin 7-O-rutinoside)
X X X X
R,=O-rutinose, R,=H, R;=OCH;
Poncirin (isosakuranetin 7-O-neohesperidoside)
X X X X
R,=0O-neohesperidose, R,=H, R;=0OCHj;
Neoeriocitrin di-oxalate
X
R,=0-neohesperidose -di-oxalate, R,=OH, R;=OH
Naringin di-oxalate
X
R,=0-neohesperidose-di-oxalate R,=OH, R;=OH
Neohesperidin di-oxalate
X
R,=0-neohesperidose -di-oxalate R,=OCHj3, R;=OH
Brutieridin (hesperetin 7-2”’-a-rhamnosyl-6’’-3""’-hydroxy-3’""’-methylglutaryl)-f3-
glucoside) X X X
R,=0-rhamnosyl-HMG, R,=OH, R;=OCH;
Melitidin (naringenin 7-2”’-a-rhamnosyl-6’’-3’""’-hydroxy-3"""’-methylglutaryl)-f} -
glucoside) X X X
R,=0-rhamnosyl-HMG, R,=H, R;=OH
Neoeriocitrin HMG conjugated X X X
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(Table 1) Contd....

Flavone O-glycosides and C-glycosides Peel Albedo Flavedo Juice In(;:isct:ml
[59, 84, [59, 60, [59, 60, [654?-663 58]
92] 791 791 79]
Apigenin
pig X
Mono-glucoside/mono-rhamnoside
Chrysoeriol 7-O-neohesperidoside
X X
R,=H, R,=H, R;=0-neohesperidose, R,=H, Rs=OCH;, R=OH
Chrysoeriol 7-O-neohesperidoside-4’-glucoside
X X
R,=H, R,=H, R;=0-neohesperidose, R,=H, R;=OCHj;, R(=0-glucoside
Diosmetin mono glucoside X X
Diosmetin mono rhamnoside
Diosmin (diosmetin 7-O-rutinoside)
X X X X
R,=H, R,=H, R;=0-rutinose, R,=H, R;=OH, R;=0OCH,;
Neodiosmin (diosmetin 7-O-neohesperidoside)
X X X X X
R,=H, R,=H, R;=0-neohesperidose, R,=H, Rs=OH, R,=0OCH;
Rhoifolin (apigenin 7-O-neohesperidoside)
X X X X X
R,=H, R,=H, R;=0-neohesperidose, R,=H, R;=OH, R=0H
Rhoifolin 4'-glucoside (apigenin 7-O-neohesperidoside 4’-glucoside)
X X
R,=H, R,=H, R;=0-neohesperidose, R,=H, R;=OH, R;=0-glucoside
Rutin (quercetin 3-O- rutinoside)
X X X
R,=O-rutinose, R,=H, R;=OH, R,=H, Rs=OH, Rc=OH
Isovitexin (apigenin 6-C-glucoside)
X X
R,=H, R,=glucoside R;=0OH,R,=H, R;=H, Re=OH
Luteolin
X
Mono-glucoside/mono-rhamnoside
Lucenin-2 (luteolin 6,8-di-C-glucoside)
X X
R,=H, R,=glucoside, R;=OH, R,=glucoside, Rs==OH, R,=0OH
Lucenin-2 4’-methyl ether (diosmetin 6,8-di-C-glucoside)
X X X
R,=H, R,=glucoside, R;=0OH, R,=glucoside, R;=OH, R,=0OCH;
Stellarin-2 (chrysoeriol 6,8-di-C-glucoside)
X X
R,=H, R,=glucoside, R;=OH, R,=glucoside, R;=OCH;, R&=OH
Scoparin (chrysoeriol 8-C-glucoside)
X X
R,=H, R,=H, R;=0H, R,=glucoside, Rs==OCH;, R=OH
Orientin 4’-methyl ether (diosmetin 8-C-glucoside)
X
R,=H, R,=H, R;=0H, R,=glucoside, Rs=OH, Rc=OCHj,
Vicenin-2 (apigenin 6,8-di-C-glucoside)
X X
R,=H, R,=glucoside, R;=OH, R,=glucoside, R;=H, R&=OH
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(Table 1) Contd....
. Industrial
Polymethoxy flavones Peel Albedo | Flavedo Juice juice
[59, 84, [59, 60, [59, 60, [654?663 58]
92] 79] 79] 79]
Sinensetin (3’ 4°,5,6,7-pentamethoxyflavone) < <
R,=H,R,=H, R;=0OCH;
Nobiletin (3’ 4°,5,6,7,8,-esamethoxyflavone)
X X X
R,=H, R,=0CH;, R;=0OCH;
Tangeretin (4°,5,6,7 8-pentamethoxyflavone)
X X
R,=H,R,=0CH;, R;=H

Flavone-C-glycosides are mainly present in the juice,
similarly to flavanone-O-glycosides some of these compounds
lack in industrial juice [58, 63, 65-68]. In bergamot essential
oil (data not showed) only two flavonoids have been
detected: sinensetin and tetra-O-methylscutellarein. This
latter has been detected in essential oil [69].

3. HYPOLIPIDEMIC AND ANTIATHEROSCLERO-
TIC PROPERTIES OF BERGAMOT DERIVATIVES

Hypolipidemic effects of Citrus species are due to
several components, such as flavonoids, pectins and ascorbic
acid. Flavonoids are believed to inhibit LDL oxidation and to
increase LDL reuptake, furthermore, they can interfere with
fecal excretion of bile acids and with HMGR, LDLR and
FASN functions [14, 70-72]. In particular, naringin seems to
be active on atherosclerosis, as demonstrated by animal
studies [73], neoeriocitrin is believed to strongly inhibit LDL
oxidation [74] whereas, HMG-flavonoids could be able to
inhibit HMGR [60]. These observations have provided the
rationale to investigate the protective hypolipidemic effect of
bergamot extracts in animal models and in human patients.

Miceli et al. [75] demonstrated that daily administration
of bergamot juice to hypercholesterolemic rats caused a
significant reduction in TC, TG and LDL levels, an increase
in serum HDL levels and a protective effect on hepatic
parenchyma. In addition, fecal output of total bile acids and
neutral sterols was enhanced in the bergamot juice treated
group in comparison with the hyperlipidemic group. These
results are in agree with previous studies, which
hypothesized that pectins and flavonoids were able to lower
serum cholesterol levels by modulating hepatic HMG-CoA
concentration. It could be noted that in this study, the
potential side-effect due to bergamottin presence in bergamot
juice was not investigated. Bergamot juice is rich in
bergamottin (ranging from 18 to 61 mg/L) [63, 66], a
furanocoumarin compound that inhibits cytochrome P450
34A enzyme activity, significantly increasing the oral
bioavailability of several drugs metabolized primarily by this
cytochrome [74, 76].

This problem was overcome by Mollace et al. [77], that
analyzed the hypolipidemic effect of a defurocoumarinizated
bergamot-derived polyphenolic fraction supplemented with
ascorbic acid on animal models of diet-induced
hyperlipidemia and in patients suffering from metabolic
syndrome [77]. They found that oral administration of this
fraction both in animal and in patients, caused a significant
reduction of TC, TG and glycemia with a concomitant
increase of HDL levels. In particular, in 59 patients with
metabolic syndrome a 30-days treatment period with
bergamot-derived polyphenolic fraction, administred at the
dose of 1 g/die, reduced the serum levels of TC, LDL and
TG by 30%, 33% and 41%, respectively [26]. This effect
was associated with a significant improvement in vascular
reactivity in patients with both hyperlipidemia and
hyperglycemia, suggesting a potential protective role for the
use of bergamot-derived polyphenolic fraction in these
patients.

Recent prospective studies, led on patients with
hyperlipidemia demonstrated that administration of a
defurocoumarinizated bergamot-derived polyphenolic fraction
was able to reduce TC level by 31%. In the same conditions,
rosuvastatin administration (10 mg/die) caused a similar
reduction of TC content (30%). Their association produced a
considerable enhancement of rosuvastatin hypolipidemic
effect, causing a reduction of TC level by 38%, normalizing
the serum lipid profile [78].

The authors suggested that the observed hypolipidemic
effect could be mainly due to the presence in bergamot-
derived polyphenolic fraction of melitidin, brutieridin and
HMG-neoeriocitrin. This hypothesis was investigated by Di
Donna et al. [79] in a hypercholesterolemic rat model, by
measuring the effects on lipid profile of administration of
HMG-flavanones enriched fraction (62% of brutieridin, 14%
of melitidin and 15% of HMG-neoeriocitrin), extracted from
bergamot fruit, in comparison with simvastatin. HMGR,
LDLR and FASN transcription levels and their correlated
protein amounts were evaluated.
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In this study, simvastatin and HMG-flavanones enriched
fraction singularly administrated reduced levels of TC (30%,
20% respectively), TG (32%, 20% respectively), VLDL
(33%, 28% respectively) and LDL (24%, 40% respectively),
whereas an increase of 20% in HDL content was observed
exclusively in rats treated by HMG-flavanones enriched
fraction [61]. Furthermore, according to the previously
published data, HMGR, LDLR and FAS transcription levels
were found up-regulated. An increased amount of their
corresponding proteins was detected [80]. Genotoxicity and
toxicity were not observed by testing HMG-flavanones
enriched fraction in vitro. The authors hypothesized that
HMGR inhibition leads to a reduction of endogenous
cholesterol level which, in turn, is responsible of HMGR and
LDLR transcriptional up-regulation, as well of the higher
LDLR exposure within the hepatocytes membrane, through a
compensatory mechanism based on SREBPs pathway.
Furthermore, it was highlighted that cholesterol depletion
below a certain threshold is known to be responsible for
FASN genic transcription increase, via SREBPs activation,
which is one of the observed effects. It was suggested that
transcriptional up-regulation of these genes and the
corresponding increased protein amounts could be occurred
via SREBPs pathway (Fig. 2).

Beside the already described hypolipidemic effect,
flavonoids, in particular naringin, have received considerable
attention because of their antioxidant/radical scavenging
properties [15, 20]. Increasing clinical evidences support the
hypothesis that phospholipid oxidation products may play a
role in atherosclerosis. This was firstly suggested by
demonstrating that mildly oxidized LDL proatherogenic
activities were present in the fraction containing oxidized
phospholipids. Subsequently, phospholipid oxidation products

hepatocyte
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were reported to accumulate in hyperlipidemic plasma,
atherosclerotic lesions and in several diseases that predispose
to stroke [81-83].

Trombetta et al. [84] reported that two flavonoid-rich
extracts from bergamot peel, endowed with radical-
scavenging properties and lacking genotoxic activity, were
able to prevent alterations induced by the pleiotropic
inflammatory cytokine tumor necrosis factor-a (TNF-o) on
human umbilical vein endothelial cells (HUVECs). This
study was led by monitoring intracellular levels of
malondialdehyde, reduced and oxidized glutathione levels,
superoxide dismutase activity and the activation status of
nuclear factor-xB. To clarify the mechanisms involved in
flavonoid protective activity, flavonoid-rich extracts were
tested in vitro for their ability to inhibit cyclooxygenase-1
(COX-1) and cyclooxygenase-2 (COX-2) activity, in a
human whole blood model. Conversely to literature data
[85], authors excluded that the protective effect of bergamot
peel extracts against TNF-a-induced changes in HUVECs
might be due to their capability to inhibit COX-1 or COX-2
pathways, because these phytocomplexes were unable to
modify prostaglandin E2 and tromboxan B2 release when
they were tested on human whole blood.

Several investigations suggested that phospholipid oxidation
products may play a pathogenic role in progressive renal
damage [86, 87]. A prominent mechanism probably involved
in the deleterious effects of hypercholesterolemia on the
kidney was an increased formation of reactive oxygen species.
In addition, oxidized LDL particles were injurious to
renal tubular epithelial cells and they might contribute to
tubulointerstitial damage and glomerulosclerosis [88].
In an experimental model of short-term diet-induced
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Fig. (2). Model depicting HMG flavanones enriched fraction effects on lipids metabolism elicited in rat hepatocytes (from Di Donna et al
2014 [61]). Black arrows indicate HMG flavanones enriched fraction effects on genes, enzymes and metabolites levels. © indicates
enzymatic inhibition. ACAT: Acyl-CoA:cholesterol acyltransferase; CE: cholesteryl ester; CEH: cholesteryl ester hydrolase; FASN: fatty
acid synthase; HDL: high-density lipoprotein; HMG-CoA: 3-hydroxy-3-methylglutaryl-CoA; HMGR: 3-hydroxy-3-methylglutaryl-CoA
reductase; LDL: low density lipoprotein; LDLR: low density lipoprotein receptor; SREBPs: sterol response element binding proteins; TG:

triglycerides; VLDL: very low density lipoprotein.



8 Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0

hypercholesterolemia [89], a significant decrease in renal
lipid peroxidation was observed after bergamot juice
administration, as shown by the low malondialdehyde levels
found. Furthermore, analysis of kidney histopathological
sections supported the biochemical data, indicating a
protective effect of bergamot juice on the development of
kidney injury induced by the hypercholesterolemic diet. The
authors hypothesized that the beneficial effect on renal
parenchyma was due to the great abundance of flavonoids in
bergamot juice, believed to reduce oxidative damage in vivo.

CONCLUSION

HMGR inhibitors (statins) are the most -effective,
practical and largely prescribed class of drugs for reducing
LDL concentrations [10, 11]. Nevertheless some patients,
especially those with metabolic syndrome do not achieve
their recommended LDL targets with statin therapy [77, 90].
Moreover, statins may induce many side effects, including
myalgia, myopathy, liver diseases and rhabdomyolysis [91].
Many studies demonstrated a relationship between the intake
of flavonoid-rich foods and a reduced risk for cardiovascular
disease [13]. Bergamot fruit is very rich in many peculiar
bioactive flavonoids compared to other Citrus fruits [15-18],
hence their evaluation as metabolic regulators might
represent an attractive strategy in drug discovery. The aim of
this review is to provide an overview on all flavonoids
detected in C. bergamia Risso and on the current knowledge
of their hypolipidemic effects [58-69], summarizing the
results obtained from different in vivo studies [61, 75, 77, 89].

All data reported suggest that C. bergamia Risso
flavonoids might be used in nutraceutical products or in
functional foods, even if additional studies are needed to
fully reveal their interaction with upstream mediators of lipid
metabolism pathways. Furthermore, since only few studies
on flavonoids administration in humans are available, further
clinical studies are required to focus on dose, bioavailability,
efficacy and safety of this class of flavonoids in humans.

LIST OF ABBREVIATIONS

ABC = ATP-Binding Cassette

AMPK = AMP- activated protein kinase

COX-1 = cyclooxygenase-1

COX-2 = cyclooxygenase-2

FASN = fatty acid synthase

HDL = high-density lipoprotein

HMG-CoA = 3-hydroxy-3-methylglutaryl-CoA
HMGR = 3-hydroxy-3-methylglutaryl-CoA reductase
HUVECs = human umbilical vein endothelial cells
LDL = low-density lipoprotein

LDLR = low-density lipoprotein receptor
LXRs = liver X receptors

microRNAs

miRNAs

Cappello et al.
NPCIL1 = Niemann-Pick Cl-Like 1
PPARs = peroxisome proliferator activated receptors
SREBPs = sterol regulatory element-binding proteins
TC = total cholesterol
TG = triglicerides
TNF-a = tumor necrosis factor-a
VLDL = very low-density lipoprotein

CONFLICT OF INTEREST

The author(s) confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENTS

We thank Dr. Bela Oszvari for critical reading of the
manuscript.

SUPPLEMENTARY MATERIALS

Supplementary material is available on the publisher’s
web site along with the published article.

REFERENCES

[1] Balbisi, E.A. Management of hyperlipidemia: new LDL-C targets
for persons at high-risk for cardiovascular events. Med. Sci. Monit.,
2006, 12(2), RA34-39.

[2] Maxfield, F.R. Tabas, I. Role of cholesterol and lipid organization
in disease. Nature, 2005, 438(7068), 612-621.

[3] Gielen, S.; Sandri, M.; Schuler, G. Teupser, D. Risk factor
management: antiatherogenic therapies. Eur. J. Cardiovasc. Prev.
Rehabil., 2009, 16 Suppl 2(S29-36.

[4] Stamler, J.; Neaton, J.D.; Cohen, J.D.; Cutler, J.; Eberly, L.;
Grandits, G.; Kuller, L.H.; Ockene, J.; Prineas, R. Group, M.R.
Multiple risk factor intervention trial revisited: a new perspective
based on nonfatal and fatal composite endpoints, coronary and
cardiovascular, during the trial. J. Am. Heart Assoc., 2012, 1(5),
¢003640.

[5] Stamler, J. Neaton, J.D. The Multiple Risk Factor Intervention
Trial (MRFIT)--importance then and now. J4MA4, 2008, 300(11),
1343-1345.

[6] Baigent, C.; Keech, A.; Keamey, P.M.; Blackwell, L.; Buck, G;
Pollicino, C.; Kirby, A.; Sourjina, T.; Peto, R.; Collins, R.; Simes,
R. Cholesterol Treatment Trialists, C. Efficacy and safety of
cholesterol-lowering treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials of statins. Lancet,
2005, 366(9493), 1267-1278.

[7] Boekholdt, S.M.; Hovingh, G.K.; Mora, S.; Arsenault, B.J.;
Amarenco, P.; Pedersen, T.R.; LaRosa, J.C.;, Waters, D.D.;
DeMicco, D.A.; Simes, R.J.; Keech, A.C.; Colquhoun, D.; Hitman,
G.A.; Betteridge, D.J.; Clearfield, M.B.; Downs, J.R.; Colhoun,
H.M.; Gotto, A.M., Jr.; Ridker, P.M.; Grundy, S.M. Kastelein, J.J.
Very low levels of atherogenic lipoproteins and the risk for
cardiovascular events: a meta-analysis of statin trials. J. Am. Coll.
Cardiol., 2014, 64(5), 485-494.

[8] Boekholdt, S.M.; Arsenault, B.J.; Mora, S.; Pedersen, T.R.;
LaRosa, J.C.; Nestel, P.J.; Simes, R.J.; Durrington, P.; Hitman,
G.A.; Welch, KM.; DeMicco, D.A.; Zwinderman, A.H.;
Clearfield, M.B.; Downs, J.R.; Tonkin, A.M.; Colhoun, HM.;
Gotto, A.M., Jr.; Ridker, P.M. Kastelein, J.J. Association of LDL
cholesterol, non-HDL cholesterol, and apolipoprotein B levels with
risk of cardiovascular events among patients treated with statins: a
meta-analysis. JAMA, 2012, 307(12), 1302-1309.

[9] Goldstein, J.L. Brown, M.S. Regulation of the mevalonate
pathway. Nature, 1990, 343(6257), 425-430.



Potential Benefits of Bergamot Flavonoids

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[25]

Ross, S.D.; Allen, L.E.; Connelly, J.E.; Korenblat, B.M.; Smith, M.E.;
Bishop, D. Luo, D. Clinical outcomes in statin treatment trials: a
meta-analysis. Arch. Intern. Med., 1999, 159(15), 1793-1802.
Scharnagl, H.; Schinker, R.; Gierens, H.; Nauck, M.; Wieland, H.
Marz, W. Effect of atorvastatin, simvastatin, and lovastatin on the
metabolism of cholesterol and triacylglycerides in HepG2 cells.
Biochem. Pharmacol., 2001, 62(11), 1545-1555.

Stone, N.J.; Robinson, J.G.; Lichtenstein, A.H.; Bairey Merz, C.N.;
Blum, C.B.; Eckel, R.H.; Goldberg, A.C.; Gordon, D.; Levy, D.;
Lloyd-Jones, D.M.; McBride, P.; Schwartz, J.S.; Shero, S.T.;
Smith, S.C., Jr.; Watson, K.; Wilson, P.W.; Eddleman, K.M.;
Jarrett, N.M.; LaBresh, K.; Nevo, L.; Wnek, J.; Anderson, J.L.;
Halperin, J.L.; Albert, N.M.; Bozkurt, B.; Brindis, R.G.; Curtis,
L.H.; DeMets, D.; Hochman, J.S.; Kovacs, R.J.; Ohman, EM.;
Pressler, S.J.; Sellke, F.W.; Shen, W.XK.; Smith, S.C., Jr.;
Tomaselli, G.F. American College of Cardiology/American Heart
Association Task Force on Practice, G. 2013 ACC/AHA guideline
on the treatment of blood cholesterol to reduce atherosclerotic
cardiovascular risk in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation, 2014, 12925 Suppl 2), S1-45.

Assini, J.M.; Mulvihill, E.E. Huff, M.W. Citrus flavonoids and
lipid metabolism. Curr. Opin. Lipidol., 2013, 24(1), 34-40.
Gorinstein, S.; Leontowicz, H.; Leontowicz, M.; Krzeminski, R.;
Gralak, M.; Martin-Belloso, O.; Delgado-Licon, E.; Haruenkit, R.;
Katrich, E.; Park, Y.S.; Jung, S.T. Trakhtenberg, S. Fresh Israeli
Jaffa blond (Shamouti) orange and Israeli Jaffa red Star Ruby
(Sunrise) grapefruit juices affect plasma lipid metabolism and
antioxidant capacity in rats fed added cholesterol. J. Agric. Food
Chem., 2004, 52(15), 4853-4859.

Gorinstein, S.; Leontowicz, H.; Leontowicz, M.; Krzeminski, R.;
Gralak, M.; Delgado-Licon, E.; Martinez Ayala, A.L.; Katrich, E.
Trakhtenberg, S. Changes in plasma lipid and antioxidant activity
in rats as a result of naringin and red grapefruit supplementation. J.
Agric. Food Chem., 2005, 53(8), 3223-3228.

Monforte, M.T.; Trovato, A.; Kirjavainen, S.; Forestieri, A.M.;
Galati, EM. Lo Curto, R.B. Biological effects of hesperidin, a
Citrus flavonoid. (note II): hypolipidemic activity on experimental
hypercholesterolemia in rat. Farmaco, 1995, 50(9), 595-599.
Srinivasan, S. Pani, L. Antihyperlipidemic effect of diosmin: A
citrus flavonoid on lipid metabolism in experimental diabetic rats.
Journal of Functional Foods, 2013, 5(1), 484-492.

Marounek, M.; Volek, Z.; Synytsya, A. Copikova, J. Effect of
pectin and amidated pectin on cholesterol homeostasis and cecal
metabolism in rats fed a high-cholesterol diet. Physiol. Res., 2007,
56(4), 433-442.

Lappano, R.; Rosano, C.; Madeo, A.; Albanito, L.; Plastina, P.;
Gabriele, B.; Forti, L.; Stivala, L.A.; Iacopetta, D.; Dolce, V.;
Ando, S.; Pezzi, V. Maggiolini, M. Structure-activity relationships
of resveratrol and derivatives in breast cancer cells. Mol. Nutr.
Food Res., 2009, 53(7), 845-858.

Burda, S. Oleszek, W. Antioxidant and antiradical activities of
flavonoids. J. Agric. Food Chem., 2001, 49(6), 2774-2779.
Peterson, J.J.; Dwyer, J.T.; Jacques, P.F. McCullough, M.L.
Associations between flavonoids and cardiovascular disease
incidence or mortality in European and US populations. Nutr. Rev.,
2012, 70(9), 491-508.

Garcia-Lafuente, A.; Guillamon, E.; Villares, A.; Rostagno, M.A.
Martinez, J.A. Flavonoids as anti-inflammatory agents:
implications in cancer and cardiovascular disease. Inflamm. Res.,
2009, 58(9), 537-552.

Kim, H.P.; Son, K.H.; Chang, H.-W. Kang, S.S. Anti-inflammatory
plant flavonoids and cellular action mechanisms. J. Pharmacol.
Sci., 2004, 96(3), 229-245.

Yin, D.; Li, J.; Lei, X.; Liu, Y.; Yang, Z. Chen, K. Antiviral
Activity of Total Flavonoid Extracts from Selaginella
moellendorftii Hieron against Coxsackie Virus B3 In Vitro and In
Vivo. Evid. Based Complement Alternat. Med., 2014,
2014(950817.

Mandalari, G.; Bennett, R.N.; Bisignano, G.; Trombetta, D.; Saija,
A.; Faulds, C.B.; Gasson, M.J. Narbad, A. Antimicrobial activity of
flavonoids extracted from bergamot (Citrus bergamia Risso) peel, a
byproduct of the essential oil industry. J. Appl. Microbiol., 2007,
103(6), 2056-2064.

[36]
[37]
[38]

[39]

[40]

[46]

[47]

Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0 9

Tijburg, L.B.; Mattern, T.; Folts, J.D.; Weisgerber, U.M. Katan,
M.B. Tea flavonoids and cardiovascular disease: a review. Crit.
Rev. Food Sci. Nutr., 1997, 37(8), 771-785.

Peluso, I.; Miglio, C.; Morabito, G.; Ioannone, F. Serafini, M.
Flavonoids and immune function in human: a systematic review.
Crit. Rev. Food Sci. Nutr., 2015, 55(3), 383-395.

Matsuo, M. ATP-binding cassette proteins involved in glucose and
lipid homeostasis. Biosci. Biotechnol. Biochem., 2010, 74(5), 899-
907.

Jia, L.; Betters, J.L. Yu, L. Niemann-pick Cl-like 1 (NPCIL1)
protein in intestinal and hepatic cholesterol transport. Annu. Rev.
Physiol., 2011, 73(239-259.

Attie, A.D. ABCAIl: at the nexus of cholesterol, HDL and
atherosclerosis. Trends Biochem. Sci., 2007, 32(4), 172-179.
Sampath, H. Ntambi, J.M. Polyunsaturated fatty acid regulation of
genes of lipid metabolism. Annu. Rev. Nutr., 2005, 25(317-340.
Santolla, M.F.; Lappano, R.; De Marco, P.; Pupo, M.; Vivacqua,
A.; Sisci, D.; Abonante, S.; Iacopetta, D.; Cappello, A.R.; Dolce,
V. Maggiolini, M. G protein-coupled estrogen receptor mediates
the up-regulation of fatty acid synthase induced by 17beta-estradiol
in cancer cells and cancer-associated fibroblasts. J. Biol. Chem.,
2012, 287(52), 43234-43245.

Dolce, V.; Capobianco, L. Cappello, A.R. Mitochondrial
tricarboxylate and dicarboxylate-tricarboxylate carriers: from
animals to plants. [UBMB Life, 2014, 66(7), 462-671.

Dolce, V.; Cappello, AR.; Lappano, R. Maggiolini, M.
Glycerophospholipid synthesis as a novel drug target against
cancer. Curr. Mol. Pharmacol., 2011, 4(3), 167-175.

Cappello, A.R.; Guido, C.; Santoro, A.; Santoro, M.; Capobianco,
L.; Montanaro, D.; Madeo, M.; Ando, S.; Dolce, V. Aquila, S. The
mitochondrial citrate carrier (CIC) is present and regulates insulin
secretion by human male gamete. Endocrinology, 2012, 153(4),
1743-1754.

Goldstein, J.L. Brown, M.S. The LDL receptor. Arterioscler.
Thromb. Vasc. Biol., 2009, 29(4), 431-438.

Steinberg, G.R. Kemp, B.E. AMPK in Health and Disease. Physiol.
Rev.,2009, 89(3), 1025-1078.

Steck, T.L. Lange, Y. Cell cholesterol homeostasis: mediation by
active cholesterol. Trends Cell Bio.l, 2010, 20(11), 680-687.
Desvergne, B. Wahli, W. Peroxisome proliferator-activated
receptors: nuclear control of metabolism. Endocr. Rev., 1999,
20(5), 649-688.

Braissant, O.; Foufelle, F.; Scotto, C.; Dauca, M. Wahli, W.
Differential expression of peroxisome proliferator-activated
receptors (PPARSs): tissue distribution of PPAR-alpha, -beta, and -
gamma in the adult rat. Endocrinology, 1996, 137(1), 354-366.
Bensinger, S.J. Tontonoz, P. Integration of metabolism and
inflammation by lipid-activated nuclear receptors. Nature, 2008,
454(7203), 470-477.

Chawla, A.; Repa, J.J.; Evans, R.M. Mangelsdorf, D.J. Nuclear
receptors and lipid physiology: opening the X-files. Science, 2001,
294(5548), 1866-1870.

Bonofiglio, D.; Santoro, A.; Martello, E.; Vizza, D.; Rovito, D.;
Cappello, A.R.; Barone, 1.; Giordano, C.; Panza, S.; Catalano, S.;
Tacobazzi, V.; Dolce, V. Ando, S. Mechanisms of divergent effects
of activated peroxisome proliferator-activated receptor-gamma on
mitochondrial citrate carrier expression in 3T3-L1 fibroblasts and
mature adipocytes. Biochim. Biophys. Acta, 2013, 1831(6), 1027-
1036.

Francis, G.A.; Fayard, E.; Picard, F. Auwerx, J. Nuclear receptors
and the control of metabolism. Annu. Rev. Physiol., 2003, 65(261-
311.

Toh, S.A.; Millar, J.S.; Billheimer, J.; Fuki, I.; Naik, S.U.;
Macphee, C.; Walker, M. Rader, D.J. PPARgamma activation
redirects macrophage cholesterol from fecal excretion to adipose
tissue uptake in mice via SR-BI. Biochem. Pharmacol., 2011,
81(7), 934-941.

Vrins, C.L.; van der Velde, A.E.; van den Oever, K.; Levels, J.H.;
Huet, S.; Oude Elferink, R.P.; Kuipers, F. Groen, A.K. Peroxisome
proliferator-activated receptor delta activation leads to increased
transintestinal cholesterol efflux. J. Lipid Res., 2009, 50(10), 2046~
2054.

Kennedy, M.A.; Venkateswaran, A.; Tarr, P.T.; Xenarios, I;
Kudoh, J.; Shimizu, N. Edwards, P.A. Characterization of the
human ABCGI1 gene: liver X receptor activates an internal



10 Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0

[54]

[61]

[67]

promoter that produces a novel transcript encoding an alternative
form of the protein. J. Biol. Chem., 2001, 276(42), 39438-39447.
Wagner, B.L.; Valledor, A.F.; Shao, G.; Daige, C.L.; Bischoff,
E.D.; Petrowski, M.; Jepsen, K.; Baek, S.H.; Heyman, R.A.;
Rosenfeld, M.G.; Schulman, I.G. Glass, C.K. Promoter-specific
roles for liver X receptor/corepressor complexes in the regulation
of ABCA1 and SREBPI1 gene expression. Mol. Cell Biol., 2003,
23(16), 5780-5789.

Laffitte, B.A.; Repa, J.J.; Joseph, S.B.; Wilpitz, D.C.; Kast, HR.;
Mangelsdorf, D.J. Tontonoz, P. LXRs control lipid-inducible
expression of the apolipoprotein E gene in macrophages and
adipocytes. Proc. Natl. Acad. Sci. U S 4, 2001, 98(2), 507-512.
Repa, J.J.; Berge, K.E.; Pomajzl, C.; Richardson, J.A.; Hobbs, H.
Mangelsdorf, D.J. Regulation of ATP-binding cassette sterol
transporters ABCG5 and ABCG8 by the liver X receptors alpha
and beta. J. Biol. Chem.,2002,277(21), 18793-18800.

Peet, D.J.; Turley, S.D.; Ma, W.; Janowski, B.A.; Lobaccaro, J.M.;
Hammer, R.E. Mangelsdorf, D.J. Cholesterol and bile acid
metabolism are impaired in mice lacking the nuclear oxysterol
receptor LXR alpha. Cell, 1998, 93(5), 693-704.

Shukla, G.C.; Singh, J. Barik, S. MicroRNAs: Processing,
Maturation, Target Recognition and Regulatory Functions. Mol.
Cell Pharmacol., 2011, 3(3), 83-92.

Najafi-Shoushtari, S.H.; Kristo, F.; Li, Y.; Shioda, T.; Cohen, D.E.;
Gerszten, R.E. Naar, A.M. MicroRNA-33 and the SREBP host
genes cooperate to control cholesterol homeostasis. Science, 2010,
328(5985), 1566-1569.

Rayner, K.J.; Suarez, Y.; Davalos, A.; Parathath, S.; Fitzgerald,
M.L.; Tamehiro, N.; Fisher, E.A.; Moore, K.J. Fernandez-
Hernando, C. MiR-33 contributes to the regulation of cholesterol
homeostasis. Science, 2010, 328(5985), 1570-1573.

Harborne, J.B. Williams, C.A. Advances in flavonoid research
since 1992. Phytochemistry, 2000, 55(6), 481-504.

Vogt, T. Phenylpropanoid biosynthesis. Mol. Plant, 2010, 3(1), 2-20.
Benavente-Garcia, O. Castillo, J. Update on uses and properties of
citrus flavonoids: new findings in anticancer, cardiovascular, and
anti-inflammatory activity. J. Agric. Food Chem., 2008, 56(15),
6185-6205.

Gattuso, G.; Barreca, D.; Gargiulli, C.; Leuzzi, U. Caristi, C.
Flavonoid composition of Citrus juices. Molecules, 2007, 12(8),
1641-1673.

Nogata, Y.; Sakamoto, K.; Shiratsuchi, H.; Ishii, T.; Yano, M.
Ohta, H. Flavonoid composition of fruit tissues of citrus species.
Biosci. Biotechnol. Biochem., 2006, 70(1), 178-192.

Di Donna, L.; De Luca, G.; Mazzotti, F.; Napoli, A.; Salerno, R.;
Taverna, D. Sindona, G. Statin-like principles of bergamot fruit
(Citrus bergamia): isolation of 3-hydroxymethylglutaryl flavonoid
glycosides. J. Nat. Prod., 2009, 72(7), 1352-1354.

Di Donna, L.; Tacopetta, D.; Cappello, A.R.; Gallucci, G.; Martello,
E.; Fiorillo, M.; Dolce, V. Sindona, G. Hypocholesterolaemic
activity of 3-hydroxy-3- methyl-glutaryl flavanones enriched
fraction from bergamot fruit (Citrus bergamia): “‘In vivo’’ studies.
J. Funct. Foods, 2014, 7(558-568.

Sindona, G.; Di Donna, L. Dolce, V. Natural molecules extracted
from bergamot tissues, extraction process and pharmaceutical use.,
April 15,2010, WO/2010/041290 A1(WO/2010/041290 Al).
Gardana, C.; Nalin, F. Simonetti, P. Evaluation of flavonoids and
furanocoumarins from Citrus bergamia (Bergamot) juice and
identification of new compounds. Molecules, 2008, 13(9), 2220-
2228.

Mandalari, G.; Bennett, R.N.; Bisignano, G.; Saija, A.; Dugo, G.;
Lo Curto, R.B.; Faulds, C.B. Waldron, K.W. Characterization of
flavonoids and pectins from bergamot (Citrus bergamia Risso)
peel, a major byproduct of essential oil extraction. J. Agric. Food
Chem., 2006, 54(1), 197-203.

Dugo, P.; Presti, M.L.; Ohman, M.; Fazio, A.; Dugo, G. Mondello,
L. Determination of flavonoids in citrus juices by micro-HPLC-
ESIUMS. J. Sep. Sci., 2005,28(11), 1149-1156.

Gattuso, G.; Barreca, D.; Caristi, C.; Gargiulli, C. Leuzzi, U.
Distribution of flavonoids and furocoumarins in juices from
cultivars of Citrus bergamia Risso. J. Agric. Food Chem., 2007,
55(24),9921-9927.

Gattuso, G.; Caristi, C.; Gargiulli, C.; Bellocco, E.; Toscano, G.
Leuzzi, U. Flavonoid glycosides in bergamot juice (Citrus
bergamia Risso). J. Agric. Food Chem., 2006, 54(11), 3929-3935.

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(85]

Cappello et al.

Caristi, C.; Bellocco, E.; Gargiulli, C.; Toscano, G. Leuzzi, U.
Flavone-di-C-glycosides in citrus juices from Southern Italy. Food
Chem., 2006, 95(3), 431-437.

Dugo, P.; Mondello, L.; Dugo, L.; Stancanelli, R. Dugo, G. LC-MS
for the identification of oxygen heterocyclic compounds in citrus
essential oils. J. Pharm. Biomed. Anal., 2000, 24(1), 147-154.
Barreca, D.; Bellocco, E.; Caristi, C.; Leuzzi, U. Gattuso, G.
Flavonoid composition and antioxidant activity of juices from
Chinotto ( Citrus x myrtifolia Raf)) fruits at different ripening
stages. J. Agric. Food Chem., 2010, 58(5), 3031-3036.

Morin, B.; Nichols, L.A.; Zalasky, K.M.; Davis, J.W.; Manthey, J.A.
Holland, L.J. The citrus flavonoids hesperetin and nobiletin
differentially regulate low density lipoprotein receptor gene
transcription in HepG2 liver cells. J. Nutr., 2008, 138(7), 1274-1281.
Kou, M.C.; Fu, S.H.; Yen, J.H.; Weng, C.Y.; Li, S.; Ho, C.T. Wu,
M.J. Effects of citrus flavonoids, 5-hydroxy-3,6,7,8,3'4'"-
hexamethoxyflavone and 3,5,6,7,8,3',4'-heptamethoxyflavone, on
the activities of macrophage scavenger receptors and the hepatic
LDL receptor. Food Funct., 2013, 4(4), 602-609.

Choe, S.C.; Kim, H.S.; Jeong, T.S.; Bok, S.H. Park, Y.B. Naringin
has an antiatherogenic effect with the inhibition of intercellular
adhesion molecule-1 in hypercholesterolemic rabbits. J.
Cardiovasc. Pharmacol., 2001, 38(6), 947-955.

Yu, J.; Wang, L.; Walzem, R.L.; Miller, E.G.; Pike, L.M. Patil,
B.S. Antioxidant activity of citrus limonoids, flavonoids, and
coumarins. J. Agric. Food Chem.,, 2005, 53(6), 2009-2014.

Miceli, N.; Mondello, M.R.; Monforte, M.T.; Sdrafkakis, V.; Dugo,
P.; Crupi, M.L.; Taviano, M.F.; De Pasquale, R. Trovato, A.
Hypolipidemic effects of Citrus bergamia Risso et Poiteau juice in
rats fed a hypercholesterolemic diet. J. Agric. Food Chem., 2007,
55(26), 10671-10677.

Paine, M.F.; Criss, A.B. Watkins, P.B. Two major grapefruit juice
components differ in time to onset of intestinal CYP3 A4 inhibition.
J. Pharmacol. Exp. Ther., 2005, 312(3), 1151-1160.

Mollace, V.; Sacco, I.; Janda, E.; Malara, C.; Ventrice, D.; Colica,
C.; Visalli, V.; Muscoli, S.; Ragusa, S.; Muscoli, C.; Rotiroti, D.
Romeo, F. Hypolipemic and hypoglycaemic activity of bergamot
polyphenols: from animal models to human studies. Fitoterapia,
2011, 82(3), 309-316.

Gliozzi, M.; Walker, R.; Muscoli, S.; Vitale, C.; Gratteri, S.;
Carresi, C.; Musolino, V.; Russo, V.; Janda, E.; Ragusa, S.; Aloe,
A.; Palma, E.; Muscoli, C.; Romeo, F. Mollace, V. Bergamot
polyphenolic fraction enhances rosuvastatin-induced effect on
LDL-cholesterol, LOX-1 expression and protein kinase B
phosphorylation in patients with hyperlipidemia. Int. J. Cardiol.,
2013, 170(2), 140-145.

Di Donna, L.; Tacopetta, D.; Cappello, A.R.; Gallucci, G.; Martello,
E.; Fiorillo, M.; Dolce, V. Sindona, G. Hypocholesterolaemic
activity of 3-hydroxy-3- methyl-glutaryl flavanones enriched
fraction from bergamot fruit (Citrus bergamia): ‘‘In vivo’’ studies.
J. Funct. Foods, 2014, 7(558-568.

Kong, W.J.; Wei, J.; Zuo, Z.Y.; Wang, Y.M.; Song, D.Q.; You,
X.F.; Zhao, L.X.; Pan, H.N. Jiang, J.D. Combination of simvastatin
with berberine improves the lipid-lowering efficacy. Metabolism,
2008, 57(8), 1029-1037.

Lee, S.; Birukov, K.G.; Romanoski, C.E.; Springstead, J.R.; Lusis,
A.J. Berliner, J.A. Role of phospholipid oxidation products in
atherosclerosis. Circ. Res., 2012, 111(6), 778-799.

Bochkov, V.N.; Oskolkova, O.V.; Birukov, K.G.; Levonen, A.L.;
Binder, C.J. Stockl, J. Generation and biological activities of
oxidized phospholipids. Antioxid. Redox Signal, 2010, 12(8), 1009-
1059.

Berliner, J.A.; Leitinger, N. Tsimikas, S. The role of oxidized
phospholipids in atherosclerosis. J. Lipid Res., 2009, 50
Suppl(S207-212.

Trombetta, D.; Cimino, F.; Cristani, M.; Mandalari, G.; Saija, A.;
Ginestra, G.; Speciale, A.; Chirafisi, J.; Bisignano, G.; Waldron,
K.; Narbad, A. Faulds, C.B. In vitro protective effects of two
extracts from bergamot peels on human endothelial cells exposed
to tumor necrosis factor-alpha (TNF-alpha). J. Agric. Food Chem.,
2010, 58(14), 8430-8436.

Kim, Y.S.; Ahn, Y.; Hong, M.H.; Joo, S.Y.; Kim, K.H.; Sohn, 1.S.;
Park, H.W.; Hong, Y.J.; Kim, J.H.; Kim, W.; Jeong, M.H.; Cho,
J.G.; Park, J.C. Kang, J.C. Curcumin attenuates inflammatory



Potential Benefits of Bergamot Flavonoids

(87]

responses of TNF-alpha-stimulated human endothelial cells. J.
Cardiovasc. Pharmacol., 2007, 50(1), 41-49.

Scheuer, H.; Gwinner, W.; Hohbach, J.; Grone, E.F.; Brandes,
R.P.; Malle, E.; Olbricht, C.J.; Walli, A.K. Grone, H.J. Oxidant
stress in hyperlipidemia-induced renal damage. Am. J. Physiol.
Renal Physiol., 2000, 278(1), F63-74.

Chade, A.R.; Rodriguez-Porcel, M.; Grande, J.P.; Krier, J.D;
Lerman, A.; Romero, J.C.; Napoli, C. Lerman, L.O. Distinct renal
injury in early atherosclerosis and renovascular disease.
Circulation, 2002, 106(9), 1165-1171.

Stulak, J.M.; Lerman, A.; Porcel, M.R.; Caccitolo, J.A.; Romero,
J.C.; Schaff, H.V.; Napoli, C. Lerman, L.O. Renal vascular
function in hypercholesterolemia is preserved by chronic

Mini-Reviews in Medicinal Chemistry, 2015, Vol. 15, No. 0 11

antioxidant supplementation. J. Am. Soc. Nephrol., 2001, 12(9),
1882-1891.

Trovato, A.; Taviano, M.F.; Pergolizzi, S.; Campolo, L.; De
Pasquale, R. Miceli, N. Citrus bergamia Risso & Poiteau juice
protects against renal injury of diet-induced hypercholesterolemia
in rats. Phytother. Res., 2010, 24(4), 514-519.

Jones, P.H. Expert perspective: reducing cardiovascular risk in
metabolic syndrome and type 2 diabetes mellitus beyond low-
density lipoprotein cholesterol lowering. Am. J. Cardiol., 2008,
102(12A), 41L-47L.

Joy, T.R. Hegele, R.A. Narrative review: statin-related myopathy.
Ann. Intern. Med., 2009, 150(12), 858-868.

Received: 22227772, 2015

Revised: ?2?27?7?,2015

Accepted: ??727227722,2015


https://www.researchgate.net/publication/279990567

