REVIEW

M. Ashraful Alam,3,4* Nusrat Subhan,5 M. Mahbubur Rahman,4 Shaikh J. Uddin,6 Hasan M. Reza,4 and Satyajit D. Sarker7
3
School of Biomedical Sciences, The University of Queensland, Brisbane Australia; 4Department of Pharmaceutical Sciences, North South
University, Dhaka, Bangladesh; 5School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, Australia; 6Pharmacy Discipline, Khulna
University, Khulna, Bangladesh; and 7School of Pharmacy and Biomolecular Sciences, Faculty of Sciences, Liverpool John Moores University,
Liverpool, UK

ABSTRACT

Flavonoids are important natural compounds with diverse biologic activities. Citrus ﬂavonoids constitute an important series of ﬂavonoids.
Naringin and its aglycone naringenin belong to this series of ﬂavonoids and were found to display strong anti-inﬂammatory and antioxidant
activities. Several lines of investigation suggest that naringin supplementation is beneﬁcial for the treatment of obesity, diabetes, hypertension,
and metabolic syndrome. A number of molecular mechanisms underlying its beneﬁcial activities have been elucidated. However, their effect on
obesity and metabolic disorder remains to be fully established. Moreover, the therapeutic uses of these ﬂavonoids are signiﬁcantly limited by the
lack of adequate clinical evidence. This review aims to explore the biologic activities of these compounds, particularly on lipid metabolism in
obesity, oxidative stress, and inﬂammation in context of metabolic syndrome. Adv. Nutr. 5: 404–417, 2014.

Introduction
Epidemiologic evidence implicates Western-style dietary
patterns as 1 of the contributing factors to the development
of cardiovascular diseases, dyslipidemia, and diabetes (1,2).
Recent evidence also suggests that a high-fat diet is responsible for the development of metabolic syndrome both in
animals (3) and in humans (4,5). Metabolic syndrome is a
cluster of diseases, including hypertension, dyslipidemia,
insulin-resistant diabetes, and central (visceral) obesity (6).
Pharmacologic agents have been successfully used for the
treatment of major risk factors, including hypertension
(the angiotensin-converting enzyme inhibitor rimipril, the
angiotensin receptor blocker candesertine, the calcium
channel blocker amlodipine, etc.), plasma cholesterol (statins), and hyperglycemia (metformin, glybenclamide etc).
However, side effects are prominent with those agents,
such as cough, dizziness, headaches, ﬂushing sensation, palpitation, angioedema, liver dysfunction, and myositis (7–9).
Thus, there is a growing interest in dietary bioactive compounds that protect against or mitigate the severity of
chronic diseases without the undesirable side effects. High
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amounts of fruit and vegetable consumption would be beneficial for the treatment of chronic diseases such as metabolic syndrome (10,11). Plant-based dietary nutrients such
as polyphenolic compounds (e.g., flavonoids, anthocyanines, and phenolic acids) were demonstrated to have
potential health benefits for the treatment of obesity, hypertension, cardiovascular diseases, and metabolic syndrome.
Among those bioactive compounds, flavonoids constitute
a large proportion (12). Citrus plants are a good source of
flavonoids. Naringin, naringenin, nobelitin, narirutin, and
hesperidin are the most important flavonoids thus far isolated from citrus fruits (13). These flavonoids were found
to possess strong antioxidant and anti-inflammatory activities both in vitro and in vivo (13). This review focuses on the
biologic activities and molecular mechanisms of naringin
and naringenin in the context of obesity and metabolic syndrome. Moreover, the role of citrus flavonoids on human
health is still elusive due to lack of clinical evidence. Thus,
most of the biologic activities reported thus far originate
from animal or in vitro studies.

Citrus Fruit Extracts and Their Beneﬁcial Effect
on Metabolic Diseases
Citrus fruits such as oranges, mandarins, grapefruit, and
acid citrus fruits, namely lemons, bergamots, and limes,
are notably rich in ﬂavonoid content and possess various
ã2014 American Society for Nutrition. Adv. Nutr. 5: 404–417, 2014; doi:10.3945/an.113.005603.
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Effect of Citrus Flavonoids, Naringin and
Naringenin, on Metabolic Syndrome and Their
Mechanisms of Action1,2

8

Abbreviations used: ACAT, cholesterol acyl transferase; ACC, acetyl-CoA carboxylase; AGE,
advanced glycation end product; Akt, protein kinase B; ALP, alkaline phosphatase; ALT,
alanine transaminase; AMPK, AMP-activated protein kinase; AST, aspertate transaminase;
Bak, B-cell lymphoma 2; Bax, B-cell lymphoma 2 associated X protein; Bcl-2, Bcl-2
antagonist; CE, cholesteryl ester; CPT-1, carnitine palmitoyltransferase I; ERK, extracellular
signal–regulated kinase; GPx, glutathione peroxidase; GST, glutathione S-transferase;
HMG-CoA, 3-hydroxy-3-methyl CoA; HO-1, heme oxygenase 1; HSL, hormone-sensitive
lipase; ICAM-1, intercellular adhesion molecule 1; IRS, insulin receptor substrate; JNK,
c-Jun N-terminal kinase; LDH, lactate dehydrogenase, LDLR, LDL receptor; LXR, liver X
receptor; MAPK, mitogen-activated protein kinase; MCP-1, monocyte chemotactic protein
1; MMP-9, matrix metalloproteinase 9; MOMA-2, monocyte/macrophage marker
antibody-2; mtTFA, mitochondrial transcription factor A; NEFA, nonesterified fatty acid;
NO, nitric oxide; Nrf2, nuclear factor-erythroid 2–related factor 2; OATP, organic anion
transporting polypeptide; PARP, poly (ADP-ribose) polymerase; PDE, phosphodiesterase;
PGC-1a, peroxisome proliferator-activated receptor g coactivator 1a; PKA, protein
kinase A; ROS, reactive oxygen species; SOD, superoxide dismutase; SREBP, sterol
regulatory element binding protein; TIMP-1, tissue inhibitor of metalloproteinase 1;
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concentrations of proinflammatory markers [IL-6, monocyte chemotactic protein 1 (MCP-1), IFN-g, and TNF-a]
in the plasma or liver (23). Similarly, Citrus sunki extract
at a dose of 150 mg $ kg21 $ d21 reduced body weight
gain, adipose tissue weight, serum total cholesterol, and TG
and serum concentrations of aspartate transaminase (AST),
alanine transaminase (ALT), and alkaline phosphatase (ALP)
in high-fat-diet–fed mice and prevented liver steatosis (24).
Hepatic protection and the lipid-lowering effect of dietary supplementation of Citrus sunki extracts are mediated via upregulation of phosphorylation levels of AMP-activated protein
kinase (AMPK) and acetyl-CoA carboxylase (ACC), which are
related to FA b-oxidation (24). Citrus fruit extracts also inhibited
the advanced glycation end product (AGE)– and H2O2-induced
oxidative stress in human adipocytes (25). In a randomized clinical study, fresh grapefruit extracts reduced body weight and improved insulin resistance in obese patients (26). FFA release was
used as an indicator of human adipocyte lipolysis. Citrus fruit
extract at a dose 1.4 g/d increased human adipocyte lipolysis,
probably by inhibiting cAMP-phosphodiesterase (cAMP-PDE)
(27) or by enhancing phosphorylation of cAMP-dependent
protein kinase A (PKA) and hormone-sensitive lipase (HSL)
in mature 3T3-L1 adipocytes (24). These overall beneficial
effects are summarized in Fig. 1.

Flavonoid Overview and Naringin
Flavonoids are naturally occurring phenolic compounds
with a diverse range of bioactivities. Approximately 4000
ﬂavonoids have so far been discovered, mainly from fruits,
vegetables, and herbs (28). The basic ﬂavonoid structure
consists of 15 carbon atoms, and 3 rings of which 2 are benzene rings connected with a 3-carbon chain (29). Figure 2
shows the basic structure of flavonoids in which the A
ring originates from resorcinol or phloroglucinol synthesized from the acetate pathway and has a characteristic hydroxylation pattern at the 5 and 7 position (29), whereas
the B ring originates from the shikimate pathways (29). Several types of flavonoids are found in plants, such as flavones,
flavanones, flavonols, isoflavones, anthocyanidins, and flavanols (30). These flavonoids are good scavengers of free
radicals and prevent oxidative stress in vivo (29,31).
Naringin (with the molecular formula C27H32O14 and a
molecular weight of 580.4 g/mol) is a flavanone glycoside
found in grapes and citrus fruits (Fig. 1). It possesses the distinct bitter taste of grapefruit juice. Two rhamnose units are
attached to its aglycon portion, naringenin, at the 7-carbon
position. Naringin contents in various citrus species are
summarized in Table 1. Both naringin and naringenin are
strong antioxidants (32,33); however, naringin is less potent
compared with naringenin because the sugar moiety in the
former causes steric hindrance of the scavenging group. Naringin is moderately soluble in water. The gut microflora
breaks down naringin to its aglycon naringenin in the intestine; it is then absorbed from the gut (34).
Although the average daily human intake of naringin or
ﬂavonoids is not known, the total intake of polyphenols
was suggested as ~1 g/d (35). However, this value is higher
Effect of citrus ﬂavonoids in metabolic syndrome 405
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bioactivities. Citrus fruit extract also inﬂuences the bioavailability of certain drugs by inhibiting cytochrome enzymes or the
uptake process of drugs from the gut (14–16). Organic anion
transporting polypeptides (OATPs)8 constitute an important family of sodium-independent transport proteins. Grapefruit juice
and naringin were found to inhibit organic anion-transporting
polypeptide 1A2 (OATP1A2)-mediated fexofenadine uptake
and reduce the oral bioavailability of the drug (17,18).
Many of the bioactivities of citrus ﬂavonoids appear to affect vascular endothelial cells. Bergamot (Citrus bergamia
Risso), a less commercialized citrus fruit extract, showed potential antioxidant activity in human umbilical vein endothelial cells, and inhibited the activation of NF-kB (19).
Water extracts of sweet orange peel prevented the tert-butyl
hydroperoxide–induced cytotoxic effect of HepG2 cells at
50- to 500-mg/mL doses and inhibited TBARS generation,
increased mitochondrial membrane potential and Bcl-2:
Bax ratio, and decreased caspase-3 activation (20). Citrus
fruit extracts were also observed to offer potential health
benefit in diabetes and obesity. Mandarin fruit extracts
(1% or 3% of the diet) improved the metabolic function of
liver and restored the antioxidant enzymes in streptozotocininduced diabetic rats (21). Citrus unshiu extract (1% or
3% of the diet) administration for 10 wk in type 2 diabetic
Goto-Kakizaki rats improved glucose tolerance (22). Insulin
resistance in type 2 diabetes may also lead to hepatic steatosis accompanied by progressive inflammation of the liver.
The antihyperglycemic effect of Citrus unshiu peel extract
(2 g/100 g diet) supplementation in male C57BL/KsJ-db/
db mice appeared to be partially mediated through the inhibition of hepatic gluconeogenic phosphoenolpyruvate carboxykinase mRNA expression and its activity and through
the induction of insulin/glucagon secretion (23). Mice supplemented with Citrus unshiu peel extract also displayed a
significant decrease in body weight gain and body fat mass
(23). Citrus unshiu extract also ameliorated hepatic steatosis
and hypertriglyceridemia via the inhibition of gene expression and increased activation of lipogenic enzymes and
FA oxidation in the liver (23). These beneficial effects of
Citrus unshiu might be related to increased concentrations
of anti-inflammatory adiponectin and IL-10, and decreased

than found in some recent ﬁndings. Recent evidence suggests that the total daily intake of ﬂavonoids varies among
nations and cultures. The consumption of total ﬂavonoids
ranges from ~20 mg/d (United States, Denmark, Finland)
to >70 mg/d (The Netherlands) (36). Chun et al. (37) estimated flavonoid intake by combining the USDA flavonoids
database and 24-h dietary recall in NHANES 1999–2002
data. The daily mean intake of flavonoids was found from
tea (157 mg), citrus fruit juices (8 mg), wine (4 mg), and citrus fruits (3 mg). Another study, conducted in the Australian
population, estimated a flavonoid intake of 128 mg/d from
15 flavonoids except for isoflavones (38). The ambiguity of
a daily intake value for flavonoids is mainly due to the
lack of comprehensive food composition data for $1 flavonoid subclasses (36).
There are also very few studies performed with a detailed
analysis of the pharmacokinetics of naringin and naringenin. Most of the work reported was mainly conducted in
rat models. Naringenin is rapidly metabolized in the liver
and converted into glucuronide intermediates (14,39,40).
This liver metabolism may limit the bioavailability of naringin in plasma in vivo. It was also reported that a single dose
of naringenin and naringin, administered to rats via an i.v.
bolus and oral route, rapidly underwent conjugation (glucuronoids and sulfates). The serum concentrations of naringenin and naringin sulfates and glucuronides were found
almost exclusively in the bloodstream (41). Moreover, the
concentration of naringenin sulfates was much higher
than that of naringenin glucuronides. A number of other
studies also reported the presence of naringenin in urine
(14,39,40,42,43) and plasma (39,42) after an oral dose of
naringin or grapefruit juice.

hyperlipidemia, hyperglycemia, and insulin resistance were significantly suppressed by lemon polyphenols in mice fed a highfat diet (53). Lemon polyphenols suppressed diet-induced obesity by upregulation of mRNA levels of the enzymes involved
in b-oxidation, such as peroxisome proliferator activated receptor (PPAR) a, acyl-CoA oxidase, FA synthase in liver, and
white adipose tissue in mice (53). Naringenin supplementation
(0.003%, 0.006%, and 0.012% of the diet for 6 wk) lowered
adiposity and TG contents in parametrial adipose tissue in rats
(54). Naringenin-fed animals had a significant increase in
PPARa, carnitine palmitoyltransferase 1 (CPT-1), and uncoupling protein 2 (UCP-2) expression in the liver, which
might be responsible for the reduction in adiposity in rats
(54).
Adipocyte differentiation is a key regulatory step in fat
deposition in adipose tissues. Naringenin promoted gene expression and adiponectin protein secretion from 3T3-L1 adipocytes (55). Naringenin may be useful for ameliorating the
inﬂammatory changes in obese adipose tissue. It was suggested that adipose tissue–derived MCP-1, which exhibits
chemotactic properties in inflammatory cells, is the key factor for inducing macrophage infiltration into adipose tissue
(56). MCP-1 from hypertrophic adipocytes in obese adipose

Effect of Naringin on Obesity
Obesity can be deﬁned as increased energy intake compared
with energy expenditure, which ultimately results in fat deposition and weight gain. According to the guidelines from
the WHO, overweight in adults is deﬁned as a BMI of 25.0–
29.9 kg/m2, and obesity is defined as a BMI of $30.0 kg/m2
(51). High body fat also increases the risk of several diseases
such as diabetes, hyperlipidemia, and hypertension, which
leads to arteriosclerotic disease and metabolic syndrome (52).
Body weight gain, fat accumulation, and the development of
406 Alam et al.

FIGURE 2 Basic structure of flavonoids (I), naringin (II), and
naringenin (III).
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FIGURE 1 Effect of citrus fruits on various
pathologic conditions in human health. MCP-1,
monocyte chemotactic protein 1; PGC-1a,
peroxisome proliferator-activated receptor g
coactivator 1a.

TABLE 1 Various citrus species and naringin concentrations
found in juice
Naringin
content

Reference
(44)
(45)
(46)
(47)
(45)
(45)
(48,49)

15.6
7.0
37.8
84.8
30.8
45.1
(50)
53.0
32.6
21.3
18.2
18.0
31.2

tissue can also trigger macrophage infiltration into adipose
tissue and subsequently activates macrophages to release inflammatory mediators such as TNF-a (57). Naringenin inhibited the production of TNF-a, MCP-1, and nitric oxide
(NO) in a dose-dependent manner in RAW264 macrophages and coculture of 3T3-L1 adipocytes and RAW264
macrophages stimulated by LPS (58).

Effect of Naringin on Hyperlipidemia
Hyperlipidemia is a crucial symptom of obesity and related
metabolic disorders. Plant ﬂavonoids are capable of lowering
increased plasma lipid concentrations (28,59). Naringin
supplementation lowered plasma lipids in experimental
models of hyperlipidemia and obesity (Table 2). Naringin
supplementation also lowered elevated plasma lipid concentrations in high-fat-diet–fed rats (60) and decreased plasma
lipids and cholesterol in high-cholesterol-diet–fed rats (61).
The cholesterol-lowering effect of naringin was observed in
LDL receptor (LDLR) knockout mice (62). Hepatic 3-hydroxy3-methyl CoA (HMG-CoA) reductase activity was significantly reduced in the naringin-supplemented (0.02 g/100 g)
group, whereas cholesterol acyl transferase (ACAT) activity
was unaffected in Ldlr knockout mice (62). A lipid-lowering
effect of naringenin was also seen in male Long-Evans hooded
rats. PPARa expression in the liver and the expression of
CPT-1 and UCP-2, both of which are known to be regulated
by PPARa, were markedly enhanced by naringenin supplementation (0.003%, 0.006%, and 0.012% of the diet for
6 wk) (54).

Effect of Naringin on Hypertension
Naringin supplementation was found to improve hypertension in high-carbohydrate/high-fat-diet–fed obese rats (64)
and stroke-prone hypertensive rats (65) (Table 3). Moreover, naringin significantly increased the production of
NO metabolites in urine and improved the acetylcholinemediated endothelium function using thoracic aortic ring
preparations by NO production (65). A similar vasodilatation effect was also observed in high-carbohydrate/highfat-diet–fed obese rats (64) and streptozotocin-induced
diabetic rats (66). Calcium-dependent K channels are important regulators of vascular relaxation. Naringenin activated large conductance Ca2+-activated K+ currents in a
concentration-dependent manner in rat tail artery myocytes (67).
The proliferation and migration of vascular smooth muscle cells (VSMCs) are critical events in the pathogenesis
of atherosclerosis and hypertension. Naringenin inhibited
TNF-a–induced VSMC proliferation and migration in a
dose-dependent manner (68). It also blocked the increased
reactive oxygen species (ROS) generation induced by TNFa. Oxidative stress and TNF-a may also trigger the activation of mitogen-activated protein kinases (MAPKs), which
are the key regulatory factors for VSMC proliferation. Naringenin prevented extracellular signal–regulated kinase (ERK)/
MAPK and Akt phosphorylation, whereas p38 MAPK and
c-Jun N-terminal kinases (JNKs) were unchanged (68).
This overall effect is probably mediated via the induction
of heme oxygenase 1 (HO-1) and reduction in oxidative
stress.

Effect of Naringin on Cardiac Toxicity,
Hypertrophy, and Remodeling
The cardioprotective effects of ﬂavonoids are well documented (Table 3) (28,73,74). Isoproterenol-induced myocardial infarction was prevented by naringin supplementation
(40 mg $ kg21 $ d21) in rats (70). Naringin supplementation
Effect of citrus ﬂavonoids in metabolic syndrome 407
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Citrus (C.) sinensis
C. aurantium
C. reticulata
C. clementina
C. bergamia
C. paradisi
Phenol Explorer database
Pure juice (naringenin)
Fruit juices/citrus juices (naringin)
Orange (blond), pure juice
Grapefruit, juice from concentrate
Pummelo, pure juice
Grapefruit, pure juice
Grapefruit/pummelo hybrid, pure juice
USDA polyphenol database
Grapefruit, raw (color not specified)
C. paradise (naringenin)
Grapefruit, raw, pink and red, all
areas (C. paradisi) (naringenin)
Grapefruit, raw, white, all areas
(C. paradisi) (naringenin)
Grapefruit juice, white, raw (naringenin)
Grapefruit juice, white, canned,
unsweetened (naringenin)
Grapefruit juice concentrate, white,
frozen, unsweetened, diluted with
3 volumes of water (naringenin)

mg/mL
21.3
19.7
3383.6
8.0
22.3
230.0

A beneﬁcial effect of naringin was observed in LDLR-null
mice fed a high-fat diet (63). Mice lacking the LDLR, when
fed a Western-style diet, displayed many features of insulin
resistance, including VLDL overproduction, dyslipidemia,
and obesity (63). In that study, naringenin (1% or 3% wt:
wt of diet) prevented hyperinsulinemia, leading to a reduction in hepatic sterol regulatory element binding protein
(SREBP) 1c and hepatic lipogenesis in the fasted state (63).
The reduction in hepatic TG availability due to naringenin
supplementation also contributed to VLDL-TG production
and VLDL-apoB secretion and attenuated dyslipidemia (63).
A recent investigation also showed that naringin supplementation in high-fat/high-carbohydrate-diet–fed obese rats ameliorated the increase in plasma cholesterol, TGs, and circulating
FFAs (64). In a clinical trial, naringin supplementation
(400 mg $ capsule21 $ d21) reduced plasma total- and
LDL-cholesterol concentrations, whereas plasma TG and
HDL-cholesterol concentrations remained unaffected in hypercholesterolemic patients (33).

TABLE 2

Effects of naringin and naringenin on hyperlipidemia, body weight gain, and adipose tissue in metabolic syndrome1

Derivative and dose
Naringin
0.02 g/100 g

Cholesterol-fed LDLR-knockout
mice

High-fat/high-carbohydrate–fed
Wister rat

0.2 g/kg of diet

High-fat-diet–fed C57BL/6 mice

0.003%, 0.006%, and 0.012% of
diet for 6 wk

Male Long-Evans hooded rats

100 mg $ kg21 $ d21

High-fat/high-carbohydrate–fed
Wister rat

0.003%, 0.006%, and 0.012% of
diet for 6 wk

LDLR-null mice

Male Long-Evans hooded rats

Experimental outcome

Reference

Hepatic HMG-CoA reductase activity
was reduced
Increases the excretion of fecal
sterol
Decreased total cholesterol, TGs and
NEFAs
Preserved hepatic mitochondrial
respiration
Inhibited the synthesis way and
increased FA oxidation
Upregulated AMPK.
Reduced total TGs and cholesterol
in plasma and liver
Increased expression of PPARa,
CPT-1, and UCP-2.
Lowered abdominal fat deposition
Body weight was not affected,
probably due to increasing
muscle mass

(62)

Increased hepatic FA oxidation
through a PGC1a/PPARa–
mediated transcription
program
Prevented SREBP-1c–mediated lipogenesis in both liver and muscle by
reducing fasting hyperinsulinemia
Lowered adiposity and TG contents
in parametrial adipose tissue

(64)

(60)

(54)

(64)

(63)

(54)

AMPK, AMP kinase; CPT-1, carnitine palmitoyltransferase 1; HMG-CoA, 3-hydroxy-3-methyl coenzyme A; LDLR, LDL receptor; NEFA, nonesterified FA; PGC-1a, peroxisome proliferatoractivated receptor g coactivator 1a; SREBP-1c, sterol regulatory element–binding protein 1c; UCP-2, uncoupling protein 2.

also reduced lipid peroxidation, improved antioxidant enzymes, and decreased inflammatory cell and fibrosis in hearts
of isoproterenol-treated rats (70). Pretreatment with various
doses of naringin inhibited the doxorubicin-induced decline
in antioxidant status and reduced the concentrations of 8OHdG and the activity of poly (ADP-ribose) polymerase
(PARP) in heart and liver of mice (71). Oral pretreatment
with naringin (10, 20, and 40 mg/kg) in isoproterenol-induced
rats daily for a period of 56 d significantly (P < 0.05) minimized the alterations in mitochondrial tricarboxylic acid cycle
enzymes (isocitrate dehydrogenase, succinate dehydrogenase,
malate dehydrogenase, and a-ketoglutarate dehydrogenase)
and respiratory chain enzymes (NADH dehydrogenase and cytochrome c oxidase) (72).
A high-fat diet induces cardiac remodeling and ﬁbrosis in
experimental animals. In the early stage of ﬁbrosis, massive
inﬂammatory cells, mainly macrophages, inﬁltrate into the
left ventricle of heart (75). This ﬁbrosis starts from the vascular
region of the heart muscle and then disseminates across the left
ventricle. Chamber dilation and ballooning have also been observed due to high-fat-diet feeding. Further echocardiographic
data conﬁrmed the left ventricular dysfunction and increased
left ventricular mass in high-fat/high-carbohydrate-diet–
induced obese rats (75). Naringin supplementation in these
rats improved the inflammatory state and fibrosis, which ultimately reduced the left ventricular stiffness constant (64).
Moreover, naringin supplementation improved many of the
408 Alam et al.

left ventricular functional variables, such as percentage of
fractional shortening, and prevented the cardiac remodeling
in hearts of these rats (64). A recent study showed that naringin (60 and 120 mg/kg) significantly reduced paraquat-induced
pulmonary fibrosis by downregulating TNF-a, TGF-b1,
matrix metalloproteinase 9 (MMP-9), and tissue inhibitor
of metalloproteinase 1 (TIMP-1), which are the key regulators of fibrosis in tissues (76). The mechanism of naringininduced cardiomyocyte protection has been revealed recently.
Naringin (5 mmol/L) attenuated high-glucose–induced (16.7
mmol/L) p38 and p53 phosphorylation, decreased mitochondrial Bax and Bak expression, prevented the release of
cytochrome c, and increased Bcl-2 expression in H9c2 cells
(77). Moreover, it also prevented high-glucose–induced
apoptosis in H9c2 cells followed by inactivation of caspase-3, -8, and -9 (77). In another study, naringin prevented cardiomyocytes due to high-glucose (35 mmol/L
glucose) challenge followed by ROS-activated MAPK signal–mediated pathways (78). Naringin (80 mmol/L) prevented the high-glucose–induced phosphorylation of p38
MAPK, ERK1/2, and JNK and reduced apoptosis in H9c2
cardiac cells (78).

Effect of Naringin on Hyperglycemia and
Diabetes
Hyperglycemia and insulin resistance are common features
of metabolic syndrome. Insulin resistance can be deﬁned
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100 mg $ kg21 $ d21

Naringenin
1% or 3% wt:wt of diet

1

Model

TABLE 3

Effect of naringin and naringenin on hypertension and cardiac function in animal and human studies1

Derivative and dose
Hypertension
Naringin
100 mg $ kg bw21 $ d21

Naringenin
10 mg $ kg bw21 $ d21
—

Naringin (with narirutin)
0.5 L/d (677 mg/L naringin)

Cardiac function
Naringin
100 mg $ kg bw21 $ d21

High-fat/high-carbohydrate–fed Wister rats

Stroke-prone hypertensive rats

Streptozotocin-induced diabetic rats

VSMC proliferation and migration

Reference

Decreased blood pressure
Improved endothelial dysfunction,
probably by increasing bioavailability
of NO
Decreased blood pressure, probably by
increasing bioavailability of NO

(64)

Endothelium-dependent relaxation to
acetylcholine was signiﬁcantly higher in
naringenin-treated diabetic rats
Naringenin inhibited TNF-a–induced
VSMC proliferation and migration in a
dose-dependent manner
Prevented ERK/MAPK and Akt phosphorylation and left p38 MAPK and JNK
unchanged
HO-1 is involved

(66)

(65)

(68)

In patients with stage I hypertension

Sweetie juice was shown to have a significant beneﬁcial effect in reducing diastolic blood pressure

(69)

High-fat/high-carbohydrate–fed Wister rats

Decreased inﬂammatory cell inﬁltration
and ﬁbrosis
Decreased left ventricular stiffness and
improved echocardiographic variables
such as fractional shortening, ejection
fraction, left ventricular internal diameter
in diastole, etc.
Signiﬁcantly decreased the concentrations
of lipid peroxidative products and improved antioxidant status by increasing
the activities of antioxidant enzymes
and nonenzymatic antioxidants
Prior exposure of mice to naringin before
doxorubicin administration signiﬁcantly
reduced serum concentrations of AST,
ALT, CK-MB, and LDH, indicating that
naringin protected against doxorubicininduced cardiotoxicity
Restored the normal mitochondrial
function.
Transmission electron microscopic
observations confirmed the protection
of mitochondrial architecture

(64)

Naringenin inhibited daunorubicin apoptosis of H9c2 cardiomyocytes cells in
vitro

(73)

10, 20, and 40 mg/kg bw,
respectively

Isoproterenol-induced myocardial
infarction in rats

10 mg/kg bw

Doxorubicin-induced cardiotoxicity
in mice

10, 20, and 40 mg/kg

Isoproterenol-induced myocardial infarction in Wistar rats

Naringenin
1024–1025 mol/L

1

Experimental outcome

H9c2 cardiomyocyte cells

(70)

(71)

(72)

Akt, protein kinase B; ALT, alanine transaminase; AST, aspartate transaminase; bw, body weight; CK-MB, creatine kinase-MB; ERK, extracellular signal–regulated kinase; HO-1,
heme oxygenase 1; JNK, c-Jun N-terminal kinase; LDH, lactate dehydrogenase; MAPK, mitogen-activated protein kinase; NO, nitric oxide; VSMC, vascular smooth muscle cell.

as decreased response of the peripheral tissues to insulin
action. Certain inﬂammatory cytokine such as TNF-a
may cause insulin resistance in experimental models of
obesity (85). Moreover, several studies showed that IL-6
and TNF-a concentrations were increased in individuals
with insulin resistance and type 2 diabetes (86,87). On the
other hand, inflammatory cytokines such as TNF-a and IL6 may also cause dysfunction of peripheral insulin receptor

and insulin resistance and ultimately increase glucose concentrations in plasma (88,89). A high-fat diet increased inflammatory cytokines and caused insulin resistance and
hyperglycemia (90,91). The hypoglycemic effect of naringin
is well documented (Table 4) (80,92). Naringin (30 mg/kg) and
vitamin C (50 mg/kg) cotreatment ameliorated streptozotocininduced diabetes in rats by improving insulin concentration
and prevented oxidative stress (79). It also improved insulin
Effect of citrus ﬂavonoids in metabolic syndrome 409
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250, 500, and 1000 mg/kg diet

Model

TABLE 4

A hepatoprotective action of naringin was reported by several
investigators (93–95). Naringin supplementation significantly
lowered the elevated plasma transaminase activity in nickel
(naringin: 80 mg/kg body weight) and cadmium (naringin:
50 mg/kg)–induced liver toxicity in rats (93,94). In addition,
naringenin significantly reduced lipid peroxidation and restored
the levels of antioxidant defense [superoxide dismutase (SOD),
catalase, glutathione peroxidase (GPx), and glutathione
S-transferase (GST)] in the liver (93,94). Naringenin supplementation also restored serum albumin and total protein concentrations and reduced the hepatic concentration of malondialdehyde
in dimethylnitrosamine-induced hepatotoxicity in rats (43). Furthermore, dimethylnitrosamine-induced collagen accumulation
and a-smooth muscle cell accumulation were reduced by naringenin treatment (doses of 20 and 50 mg/kg) (43).
Fructose feeding is 1 cause of developing oxidative stress and
nonalcoholic fatty liver disease (96). Naringin supplementation

Effect of naringin and naringenin on insulin resistance and diabetes in animal and cell studies1

Derivative and dose
Naringin
15 and 30 mg/ kg bw

Model
STZ-induced diabetic rats

0.2 g/kg diet

C57BL/KsJ-db/db mice

15 and 30 mg/ kg bw

STZ-induced diabetic rats

Naringenin
50 mg $ kg bw $ d

50 mg $ kg bw21 $ d21

1

Effect of Naringin on Steatosis and Hepatic
Protection

Experimental STZ-nicotinamide–induced
diabetes

0.5%, 1%, and 2% of the diet

Experimental STZ-nicotinamide–induced
diabetes
Diabetic mice

75 mmol/L

Skeletal muscle cells (L6 myotubes)

Experimental outcome

Reference

Decreased activities of glucose-6-phosphatase
and fructose-1,6-bisphosphatase in liver and
kidney
Increased activities of hexokinase
Hepatic glucokinase activity and glycogen
concentration were both signiﬁcantly
elevated
Lowered the activity of hepatic glucose-6phosphatase and phosphoenolpyruvate
carboxykinase
Increased activity of hexokinase and
decreased the activities of glucose-6phosphatase and fructose-1,6-bisphosphatase
in liver and kidney
Normalized the concentrations of plasma
TBARS, lipid hydroperoxides and vitamin E
and reduced glutathione in diabetic rats

(79)

Signiﬁcantly lowered mean concentrations of
fasting blood glucose and glycosylated
hemoglobin and signiﬁcantly elevated
serum insulin concentrations
Lowered mean activities of ALT, AST, ALP, and
LDH in serum
Naringenin ameliorated hyperglycemiamediated inﬂammation
Naringenin treatments at 1% and 2% of diet
lowered plasma concentrations of glucose
and blood urea nitrogen
Increased insulin concentrations and
creatinine clearance
Decreased production and expression of
IL-1b, IL-6, and MCP-1
No signiﬁcant effect on insulin-stimulated
Akt phosphorylation and signiﬁcantly
increased AMPK phosphorylation/activation
Increased glucose uptake by skeletal muscle
cells in an AMPK-dependent manner.

(80)

(79)

(81)

(82)
(83)

(84)

Akt, protein kinase B; ALP, alkaline phosphatase; ALT, alanine transaminase; AMPK, AMP kinase; AST, aspertate transaminase; bw, body weight; LDH, lactate dehydrogenase; STZ,
streptozotocin.
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concentration and pancreatic architecture in db/db mice at
a supplementation dose of 0.2 g/kg of diet (80). Alteration of glucose-regulating enzyme activities also plays a
crucial role in the glucose-lowering effect of naringin in experimental animals (80). Naringin markedly lowered the
activity of hepatic glucose-6-phosphatase and phosphoenolpyruvate carboxy kinase in db/db mice compared
with control mice (80). Recent investigations also suggested that the hypoglycemic activity of naringin is mediated via uptake of glucose in the skeletal muscle (84).
Maximum stimulation was seen with 75 mmol/L naringenin for 2 h, which was comparable to maximum insulin response in L6 myotubes (84). Increased glucose uptake is
mediated via upregulation of AMPK in skeletal muscle cells
(84). AMPK-activated improvement in metabolic syndrome
was also reported by Pu et al. (60). In this study, naringin supplementation (0.2 g/kg of diet) improved glucose intolerance
and insulin resistance in a model of high-fat-diet–fed mice
(60).

Effect of Naringin on Atherosclerosis
The accumulation of cholesteryl ester (CE) within the arterial intima is an initiating factor in atherogenesis (100). Inﬂammation of the vessel wall, activation of the vascular
endothelium, and increased adhesion of mononuclear cells
to the injured endothelial layer are the early manifestations
of atherosclerosis in metabolic syndrome. In response to
this inﬂammatory state, LDL can enter into the arterial
intima and is able to make plaque followed by foam cell
formation (101). Citrus ﬂavonoids including naringin
showed an inhibitory action on LDL-cholesterol oxidation
(102).
Proliferation and migration of VSMCs are initial events
in the atherogenesis process (103). Vascular endothelial growth
factor (VEGF) stimulates the proliferation of VSMCs and
increases the expression of proinﬂammatory and prothrombotic molecules in atherosclerotic plaques (104). Naringin
(500 mg $ kg21 $ d21) significantly reduced fatty streak formation and neointimal macrophage infiltration in vessel
walls of cholesterol-fed rabbits (105). Antiatherogenic activity of naringin in hypercholesterolemic rabbits was induced
by inhibiting intercellular adhesion molecule 1 (ICAM-1)
expression in endothelial cells (105). Similar antiatherogenic
effects of naringin and naringenin were found in highcholesterol–fed rabbits, downregulating the expression
levels of vascular cell adhesion molecule 1 (VCAM-1) and
MCP-1 in aortas (106). A recent study showed the consistent
antiatherogenic effect of naringin in wild-type mice fed a
high-fat/high-cholesterol diet and in apoE-deficient mice
fed a purified diet (107). Hepatic overproduction of apoBcontaining lipoproteins is a characteristic feature of dyslipidemia associated with insulin resistance. In Ldlr2/2 mice,
the uptake of lipoprotein particles was impaired; thus, the

mice became dyslipidemic and insulin resistant and developed atherosclerosis after being fed a high-fat Western-style
diet (108). Naringenin inhibited apoB100 secretion by activating signaling cascades in HepG2 cells (109,110). Moreover, naringenin supplementation (3% of diet, wt:wt) reduced
the infiltration of MOMA-2–positive leukocytes in lesions
and reduced extensive collagen deposition in plaques of
Western diet–fed Ldlr2/2 mice, suggesting antiatherogenic
activity (111).

Effect of Naringin on Inﬂammation
Obesity, metabolic syndrome, and diabetes are strongly
correlated with inﬂammatory response. Inﬂammation is a
complex process. In obesity, inﬂammatory processes are
characterized by inﬁltration of inﬂammatory cells (generally
macrophages, mast cells) in inﬂamed organ/tissues, especially
in adipose tissue (112,113). Adipose tissue itself is considered
an endocrine organ and secretes various adipocytokines such
as TNF-a, IL-6, and leptin (114). Various reports also suggest
that inflammatory cytokine concentrations are higher in individuals suffering metabolic syndrome and obesity (115–117).
Among the cytokines released in obesity, TNF-a is the most
common inflammatory cytokine found in plasma of obese
individuals. TNF-a is responsible for insulin resistance (118)
and b-cell damage in islets of the pancreas (119). TNFa–mediated impairment of insulin signaling is probably due
to activation of Ser/Thr kinases, which act on insulin receptor
and insulin receptor substrate (IRS) molecules, making them
poor substrates for insulin-mediated tyrosine phosphorylation
(114).
Flavonoids are strong anti-inﬂammatory compounds (120).
There is evidence that naringin shows anti-inﬂammatory activity in an air-pouch model of inﬂammation in which this
ﬂavonoid normalized the elevated TNF-a concentration and
normalized inflammatory cell infiltration (121). Liver is known
to be affected by the proinflammatory secretion of adipose
tissue. Chronic activation of NF-kB by cytokines has been
directly linked to the development of insulin resistance
(122). LPS-induced TNF release followed by liver injury
was investigated in rats. Naringin supplementation decreased
TNF release and improved liver injury (98). Enhanced expressions of the cell adhesion molecules in human umbilical vein
endothelial cells due to high glucose were significantly attenuated by pretreatment with naringin (10–50 mg/mL). In that
study, naringin suppressed a high-glucose–induced increment of NF-kB expression (123,124). Nuclear factor-erythroid
2–related factor 2 (Nrf2) mediated regulation of cellular antioxidant production, and the anti-inflammatory mechanism plays an important role against various degenerative
diseases. Recent evidence suggests that naringin upregulates
NAD(P)H:quinone oxidoreductase 1, HO-1, GST P1, and
g-glutamylcysteine ligase mRNA expression followed by
activation of Nrf2 and decreased expression of proinflammatory mediators such as TNF-a, cyclooxygenase-2, and inducible NO synthase in 3-nitropropionic acid–induced rats
(125).
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improved the oxidative and nitrosative stress in livers of
fructose-fed rats (96). High-fat-diet feeding is another cause
of developing liver steatosis and nonalcoholic fatty liver disease (97). Naringin supplementation (0.2 g/kg diet) reduced
the high-fat-diet–induced liver steatosis in rats (60). The
hepatoprotective nature of naringin in a high-fat-diet–fed
rat model was partially mediated by activating the AMPK,
which restored the antioxidant enzymes and prevented inflammation (60). LPS-induced TNF release followed by liver
injury was investigated; naringin supplementation decreased
release of TNF and improved liver injury (98). Moreover, in
diabetic male Wistar albino rats fed a high-fat diet, naringin
increased PPARg expression in liver and decreased expression of liver X receptor (LXR), SREBP-1c, and SREBP-1a
in hepatic steatosis (99). In our recent investigation, we
also found that naringin prevented the increase in hepatic
marker enzyme activities (AST, ALT, and ALP) and reduced
the accumulation of lipid deposition and fibrosis in the liver
of high-carbohydrate, high-fat-diet–fed obese rats (64). Naringin supplementation also improved the mitochondrial
respiration in these rats, suggesting an improvement in mitochondrial compartment dysfunction and rapid energy expenditure by liver tissues (64).

Effect of Naringin on Oxidative Stress and Free
Radical Damage

Clinical Findings for Citrus Fruit Juices and
Their Active Component Naringin
Most beneﬁcial effects found for citrus ﬂavonoids were
mainly based on animal and in vitro cell culture studies,
which may be relevant in explaining mechanisms of the bioactive components present in citrus fruits. However, very
limited clinical studies have been conducted on citrus ﬂavonoids or various citrus fruit juices in relation to possible

FIGURE 3 Transcriptional regulation of fat
metabolism and mitochondrial biogenesis via
AMPK-PGC-1a–mediated pathway. PGC-1a, in
combination with the nuclear hormone
receptor PPAR-g, promotes the expression of
NRF, UCP-1, mtTFA, and components of the
respiratory chain complex. mtTFA translocates
to mitochondria where it regulates the
expression of mitochondrial genes and
mitochondrial DNA replication. AMPK, AMPactivated protein kinase; mtTFA, mitochondrial
transcription factor A; NRF, nuclear respiratory;
factor; pAMPK, phosphorylated AMPK; PGC-1a,
peroxisome proliferator-activated receptor g
coactivator 1a; ROS, reactive oxygen species;
UCP-1, uncoupling protein 1.
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Citrus fruit extracts possess large amounts of ﬂavonoids and
show potent free radical scavenging activity (126). Naringin
and naringenin both are strong scavengers of free radicals and
prevent lipid peroxidation (127). Both superoxide and hydroxyl
radicals are scavenged by these ﬂavonoids in vitro (127). Xanthine oxidase enzymes are physiologic sources of superoxide anions in eukaryotic cells. Naringin was found to signiﬁcantly
inhibit the xanthine oxidase activity in vitro (128). It also showed
strong antioxidant activity in vivo in different disease conditions.
A protective effect of naringin was seen in diabetic rats; naringin
supplementation improved antioxidant enzymes such as SOD,
catalase, and GPx in diabetic animals (79,92,129). It also improved the antioxidant enzyme status in cholesterol-fed
rabbits (129). TBARS concentrations were not altered in highcholesterol–fed rabbits treated with naringin (129). Similar antioxidant effects were also observed in isoproterenol-induced
cardiotoxicity in Wistar rats (70). Naringin supplementation reduced the lipid peroxidation product and hydroperoxides in the
plasma and heart of isoproterenol-induced Wistar rats (70).

cardiovascular and obesity beneﬁts. In 1 study, bergamot extract given orally for 30 d to diet-induced hyperlipemic Wistar rats and in 237 patients suffering from hyperlipemia that
was either associated or not associated with hyperglycemia
(130). Bergamot extract reduced concentrations of total
and LDL cholesterol (an effect accompanied by elevation
of cholesterol bound to high density lipoprotein) and TGs
and signiﬁcantly decreased blood glucose concentration
(130). Moreover, bergamot extract inhibited HMG-CoA reductase activity and enhanced reactive vasodilation in hyperlipidemia patients (130). Another randomized controlled
trial was conducted to evaluate the role of grapefruit in reducing body weight and blood pressure and in promoting
improvements in lipid proﬁle in 74 overweight healthy
adults (131). Supplementation of one-half of a fresh Rio
Red grapefruit with each meal for 6 wk did not signiﬁcantly
decrease body weight compared with the control condition
(131). However, supplementation improved blood pressure
and lipids, which warrants further studies conducted on
grapefruit in the context of obesity and cardiovascular disease prevention. A similar beneﬁcial effect on lipid variables
was also observed in a study that showed that long-term orange juice consumption (480 mL of orange juice/d for at
least 12 mo) lowered concentrations of total cholesterol,
LDL cholesterol, and apoB and the LDL/HDL ratio in comparison with the nonconsumer counterparts (132). However, the percentage of abdominal obesity among orange
juice consumers did not differ from that of nonconsumers
(132). In addition, a previous study showed a positive effect
of orange juice on HDL-cholesterol concentrations with the

Summary and Future Directions
Vitamin C and vitamin E appear to be the most effective antioxidants in biologic systems and prevent oxidative damage
(135,136). Several large trials on supplementary antioxidant
vitamin therapy failed to produce clinically relevant beneﬁcial effects. The Heart Outcomes Prevention Evaluation–The
Ongoing Outcomes (HOPE-TOO) trial reported that patients with vascular disease or diabetes prescribed 400 IU vitamin E showed a higher risk of heart failure and an
increased number of hospitalizations (137). Similarly, in
the GISSI (Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico)-Prevenzione study, vitamin
E treatment was associated with a 50% increase in the development of heart failure (138). Vitamin E has been suggested
as a pro-oxidant in the absence of coantioxidants and failed
to augment antioxidant defenses in vivo (139). Moreover, vitamin E has no effect on certain ROS, such as hypochloriteinduced oxidation (139). Another study was conducted to
evaluate the effect of long-term vitamin E or vitamin C supplementation on major risk of cardiovascular events among
men. In this randomized, double-blind, placebo-controlled
factorial trial, vitamin E or vitamin C supplementation did
not reduce the risk of major cardiovascular events (140).
These frustrating outcomes of vitamin E or vitamin C studies open up new doors for studying other bioactive flavonoid
molecules for the prevention of cancer, diabetes, obesity, and
cardiovascular diseases.
Naringin and naringenin supplementation has proven
to be efﬁcacious for the treatment of metabolic syndrome
and obesity in animal models (60,111). The dose used in animal studies may not be achieved in human trials, however,
and emphasis should be given to establish a dietary recommendation of citrus fruit consumption or for the pure

compound naringin. Most of naringin’s observed biologic
activities are related in some part to its potent antioxidant
nature. However, several other molecular signaling pathways
modified by naringin were also revealed recently. In metabolic
syndrome, obesity, and related cardiovascular complications,
naringin influences AMPK-, PPARa–, and CPT-1–mediated
fat utilization and preserves mitochondrial function. Moreover, naringin also prevents the TNF-a–mediated inflammatory process and tissue damage in liver and vasculature.
Figure 3 shows a proposed mechanism for increased mitochondrial biogenesis by naringin. Another consideration for
oral administration of naringenin/naringin should be the
contraindications of taking certain drugs such as statins
and calcium channel blockers because of the inhibitory
effects on intestinal CYP450 enzymes. Moreover, further
clinical investigations should be carried out with naringin
in metabolic diseases.
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