Taylor & Francis
Taylor & Francis Group

Pharmaceutical Biology

ISSN: 1388-0209 (Print) 1744-5116 (Online) Journal homepage: https://www.tandfonline.com/loi/iphb20

Therapeutic potential of naringin: an overview

Rui Chen, Qiao-Ling Qi, Meng-Ting Wang & Qi-Yan Li

To cite this article: Rui Chen, Qiao-Ling Qi, Meng-Ting Wang & Qi-Yan Li (2016) Therapeutic
potential of naringin: an overview, Pharmaceutical Biology, 54:12, 3203-3210, DOI:
10.1080/13880209.2016.1216131

To link to this article: https://doi.org/10.1080/13880209.2016.1216131

ﬁ Published online: 26 Aug 2016.

N
[:J/ Submit your article to this journal &

il Article views: 14213

A
& View related articles &'

® View Crossmark data (&'

CrossMark

@ Citing articles: 81 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=iphb20


https://www.tandfonline.com/action/journalInformation?journalCode=iphb20
https://www.tandfonline.com/loi/iphb20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13880209.2016.1216131
https://doi.org/10.1080/13880209.2016.1216131
https://www.tandfonline.com/action/authorSubmission?journalCode=iphb20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iphb20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/13880209.2016.1216131
https://www.tandfonline.com/doi/mlt/10.1080/13880209.2016.1216131
http://crossmark.crossref.org/dialog/?doi=10.1080/13880209.2016.1216131&domain=pdf&date_stamp=2016-08-26
http://crossmark.crossref.org/dialog/?doi=10.1080/13880209.2016.1216131&domain=pdf&date_stamp=2016-08-26
https://www.tandfonline.com/doi/citedby/10.1080/13880209.2016.1216131#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/13880209.2016.1216131#tabModule

PHARMACEUTICAL BIOLOGY, 2016
VOL. 54, NO. 12, 3203-3210
http://dx.doi.org/10.1080/13880209.2016.1216131

Taylor & Francis
Taylor &Francis Group

REVIEW

Therapeutic potential of naringin: an overview

Rui Chen®P<, Qiao-Ling Qi¢, Meng-Ting Wang®®* and Qi-Yan Li*"<

Medical Faculty, Kunming University of Science and Technology, Kunming, Yunnan Province, China; PThe First People's Hospital of Yunnan
Province, Kunming, Yunnan Province, China; “Affiliated Hospital of Kunming University of Science and Technology, Kunming, Yunnan Province,
China; %Yunnan Provincial Key Laboratory of Entomological Biopharmaceutical R&D, Dali University, Dali, Yunnan Province, China

ABSTRACT

Context: Naringin is a natural flavanone glycoside that is found in the Chinese herbal medicines and cit-
rus fruits. Studies have demonstrated that naringin possesses numerous biological and pharmacological
properties, but few reviews of these studies have been performed.

Objective: The present review gathers the fragmented information available in the literature describing
the extraction of naringin, its pharmacology and its controlled release formulations. Current research pro-
gress and the therapeutic potential of naringin are also discussed.

Methods: A literature survey for relevant information regarding the biological and pharmacological prop-
erties of naringin was conducted using Pubmed, Sciencedirect, MEDLINE, Springerlink and Google Scholar
electronic databases from the year 2007-2015.

Results: Naringin modulates signalling pathways and interacts with signalling molecules and thus has a
wide range of pharmacological activities, including anti-inflammatory, anti-cancer activities, as well as
effects on bone regeneration, metabolic syndrome, oxidative stress, genetic damage and central nervous
system (CNS) diseases. Information was gathered that showed the extraction of naringin can be improved
using several modifications. There has been some progress in the development of controlled release for-
mulations of naringin.

Conclusion: Naringin is a promising candidate for further in vivo studies and clinical use. More detailed
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studies regarding its mechanism of action are required.

Introduction

Naringin (Figure 1), a flavanone glycoside that is formed from
the flavanone naringenin and the disaccharide neohesperidose, is
one of the main active components of Chinese herbal medicines,
such as Drynaria fortunei (Kunze) J. Sm. (DF), Citrus aurantium
L. (CA) and Citrus medica L. (CM) (Zhang et al. 2014; Yin et al.
2015b;). It is also present in citrus fruits (Wong et al. 2013) and
imparts a bitter taste to citrus juices (Chtourou et al. 2015).

Flavonoids are an important group of secondary metabolites
and a source of bioactive compounds in plants (Ghasemzadeh &
Jaafar 2013). An extensive literature survey has revealed that nar-
ingin possesses antioxidant, anti-inflammatory, anti-apoptotic,
anti-ulcer, anti-osteoporotic and anti-carcinogenic properties
(Wang et al. 2013). However, there have been few reports, until
recently, which describe naringin processing.

A relatively simple and high-yield method for the extraction
and purification of naringin that is applicable to agricultural
wastes such as citrus fruit peels, has recently been described
(Kanokorn et al. 2009). Controlled release formulations of narin-
gin could reduce the total dose of medication required (Kim &
Tabata 2015), and these formulations should have high encapsu-
lation efficiencies and stable drug release behaviours (Cordenonsi
et al. 2015). Controlled release formulations of naringin have
been shown to affect bone regeneration and to potentially pro-
mote bone healing (Chen et al. 2013).

The present review focuses on current studies describing the
in vivo and in vitro effects of naringin, highlighting the potential

value of this compound and the diversity of its pharmacological
activities.

Extraction technology

Three steps are needed to isolate naringin from fruits: extraction,
separation and purification (Wang et al. 2010). The naringin
content in fruit depends on a number of factors the time of fruit
collection, the part of the fruit used and if the peel is the source
of naringin, the drying time (Zhao et al. 2015a). The naringin
content of different fruits varies as follows: CA >Immature CA,
Immature Ponciri Fructus > Citri Unshiu peel > Immature Citri
Unshiu peel (Zhao et al. 2015a). A convection oven can be used
to dry the peel more quickly than sun drying and to reduce the
aerial exposure time and to prevent microbial activity, which
could lead to the destruction of naringin and to the contamin-
ation with metabolites (Kanokorn et al. 2009). In previous stud-
ies, CM powder (0.5 g) was extracted with 50% methanol (25mL)
for 30 min using ultrasonication (Zhao et al. 2015b) and CA
powder (100g) was extracted by refluxing with methanol (1L)
for 2h, which can help to retard or eliminate microbial infection
(Zhang et al. 2014). The CA extract achieved a 25.8% naringin
yield, and it was then redissolved in methanol to provide a crude
drug solution with a final concentration of 0.1 g/mL (Zhang et al.
2014). Methanol extraction was followed by crystallization with
water at 25°C, with the addition of 14-15% (v/v) dichlorome-
thane, and resulted in a fivefold higher yield than conventional
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Figure 1. Structure of naringin.

hot water extraction. In this manner, ~ 20 g of naringin (> 98%
purity) was obtained from 1kg of dry pomelo peel (Kanokorn
et al. 2009). After being concentrated, the structure of naringin
was confirmed using ultraviolet-visible spectroscopy (UV-VIS),
Fourier transform-infrared spectroscopy (FTIR), 'H NMR
spectroscopy, mass spectrometry and elemental analysis
(Pereira et al. 2007).

Naringin, until recently, has been shown to exert potential
therapeutic actions by modulating various protein and enzyme
expressions as summarized in Table 1.

Effects on bone regeneration
In vitro

Naringin has been shown to significantly affect osteogenic differ-
entiation and cell proliferation by improving signalling pathway
activity (Zhang et al. 2009; Yin et al. 2015a, 2015b). The effect of
naringin on UMR-106 and MG-63 osteosarcoma cells is dose-
dependent over the concentration range of 1-100 pg/mL (Chen
et al. 2013; Bharti et al. 2014).

In UMR-106 cells, naringin has been demonstrated to aug-
ment osteoblastic activity via inhibition of hepatic 3-hydroxy-3-
methyl CoA (HMG-CoA) reductase (Bharti et al. 2014). Naringin
mimicked the effects of oestrogen by stimulating cell prolifer-
ation as well as modulating alkaline phosphatase (ALP) activity
and OPG/RANKL mRNA expression (Wong et al. 2013).
Naringin (10nM) also stimulates osteoprotegerin (OPG) mRNA
expression and suppresses the expression of the receptor activator
for nuclear factor k-B ligand (RANKL) mRNA, resulting in an
increase in the OPG:RANKL ratio. These findings suggest that
naringin may exert oestrogen-like effects by promoting
osteoblastic  functions and suppressing osteoclastogenesis
(Pang et al. 2010).

In bone marrow stromal cells (BMSCs), there is a delay of
5-7 days between the start of naringin treatment and the burst
of ALP expression, suggesting that naringin has a greater influ-
ence on osteogenic differentiation than on cell proliferation (Li
et al. 2013b). Naringin not only promotes the secretion of bone
morphogenetic proteins (BMPs), but also enhances the prolifer-
ation and osteogenic differentiation of BMSCs (Zhang et al.
2009). However, naringin concentrations >200 ug/mL are toxic
and may lead to cell death (Zhang et al. 2009).

In the osteoclast precursor cell line RAW 264.7, the most sig-
nificant effects of naringin (10 pug/mL) were the decrease in cal-
cium release, suppression of tartrate-resistant acid phosphatase
activity (Li et al. 2014b) and improvement in osteocalcin expres-
sion (Li et al. 2013b). Naringin restrained RANKL-induced

activation of nuclear factor kappa B (NF-kB) by suppressing the
degradation of the RANKL-mediated inhibitor o of NF-xB.
Naringin also controlled RANKL-induced phosphorylation of
extracellular regulated protein kinases (ERK) and perturbed
osteoclast formation by inhibiting RANKL-mediated NF-xB and
ERK signalling (Ang et al. 2011).

In MC3T3-El cells, naringin increased the expression of
osteopontin and OPG and enhanced osteocalcin secretion (Yoon
et al. 2012). Naringin raised osteoblast proliferation by increasing
the BMP-2 expression (Yin et al. 2015a). The increase in BMP-2
expression and heightened osteogenic responses were mediated
by the phosphoinositide 3-kinase, Akt, c-Fos/c-Jun and AP-1-
dependent signalling pathways (Wu et al. 2008).

Naringin has been shown to markedly enhance MG-63 cell
proliferation, differentiation and nodule formation in a concen-
tration-dependent manner (1-100 ug/mL). The most effective
concentrations were 1 and 10 ug/mL; at these levels naringin sig-
nificantly improved osteoblastic cell differentiation by 50% (Chen
et al. 2013).

Thus, naringin promotes cell proliferation and bone differenti-
ation by increasing the OPG:RANKL ratio, enhancing BMP and
osteocalcin expression, and decreasing HMG-CoA, NF-kB and
ERK expression.

In vivo

In both the intact and gonadectomized animals, naringin has a
significant effect on bone repair. It has been shown to increase
bone mineral density (BMD) and bone strength as well as to
inhibit urinary calcium excretion (Wei et al. 2007; Wong et al.
2013). In ovariectomized (OVX) mice, naringin suppressed
OVX-induced enhancement in urinary calcium excretion as well
as losses in bone mass and bone strength, and it improved the
bone quality in the distal femur, proximal tibia and lumbar spine.
Naringin and the DF flavonoid fraction might mimic oestrogen
and suppress osteoclastogenesis by modulating OPG and RANKL
expression in osteoblastic cells (Wong et al. 2013). In young ret-
inoic acid-induced osteoporosis rats, naringin has been shown to
significantly increase plasma insulin-like growth factor 1 levels,
femoral BMD and strength, BMD of the fifth lumbar spine and
bone calcium concentrations of the femur and lumbar spine
(Wei et al. 2007). In OVX rats, naringin (200 mg/kg by oral gav-
ages) has been demonstrated lead to the upregulation of BMD,
bone volume and trabecular thickness and maximum load
(Li et al. 2014a). In gonad-intact aged male rats, naringin has sta-
tin-like effects on reducing lipids and stimulating BMPs, as well
as on the bone-fat mass relationship. However, it only affects the
metaphyseal density, and the diaphyseal region is not responsive
to naringin supplementation (Habauzit et al. 2011).

The efficacy of naringin has been demonstrated in other
research models. In mice with polymethylmethacrylate (PMMA)-
induced osteoclastogenesis, treatment with naringin by oral gav-
age (300 mg/kg daily) for 30 days or by local injection has been
shown to ameliorate the PMMA-induced inflammatory tissue
response and subsequent bone resorption and to significantly
alleviate periprosthetic bone resorption (Li et al. 2014b). In rats
with lipopolysaccharide (LPS)-induced alveolar bone resorption,
treatment with naringin (400 mg/kg) by gastric perfusion for 10,
20 or 30 days improved the regeneration of alveolar bone, but its
effect in vivo was less pronounced than that observed in an
in vitro study (Chen et al. 2011b). In the ten-week-old male
Sprague-Dawley rats, naringin improved the regeneration of



Table 1. The expression and activities of proteins and enzymes modulated by naringin.
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Pharmacological
action

Naringin increase

Reference

Naringin decrease

Reference

Bone regeneration

Alkaline phosphatase (ALP)

OPG

BMPs

Pang et al. 2010; Li et al.
2013b; Wong et al. 2013;

Pang et al. 2010; Yoon et al.
2012; Wong et al. 2013a,
2013b

Zhang et al. 2009; Habauzit
et al. 2011; Yoon et al.
2012; Li et al. 2013b;

3-Hydroxy-3-methyl CoA (HMG-
CoA) reductase

Receptor activator NF-xB ligand
(RANKL)

Tartrate-resistant acid phosphatase

Bharti et al. 2014

Wong et al. 2013;
Pang et al. 2010;
Ang et al. 2011

Li et al. 2014b

Yin et al. 2015a
Osteocalcin

Yoon et al. 2012
Wu et al. 2008

Osteopontin

Phosphoinositide 3-kinase, Akt,
c-Fos/c-Jun and AP-1-depend-
ent signalling pathways, insu-
lin-like growth factor 1

SOD, Lipoxin A4

Anti-inflammatory Luo et al. 2012

Anti-cancer P21
2013a;
Caspases, p53, Bax and Fas death
receptor and its adaptor pro-
tein, Fas-associated death
domain protein
miR-126
AMPK and its related signalling
pathway, PPARo. gene expres-
sion, PPARy expression
NO Alam et al. 2013;
Alam et al. 2014

Tan et al. 2014
Metabolic Pu et al. 2012

syndrome

HO-1
Brain malondialdehyde

Chen et al. 2015
Golechha et al. 2014

Oxidative stress

CNS diseases Malondialdehyde Sachdeva et al. 2014
Glial cell line-derived neuro-

trophic factor

Jung & Kim 2014

Calmodulin-dependent protein
kinase Il (CaMKII)
autophosphorylation

Wang et al. 2013

Kim et al. 2008; Li et al.

Ramesh & Alshatwi 2013

NF-kB, extracellular-regulated pro-
tein kinases (ERK)

Ang et al. 2011

Habauzit et al. 2011
Wang et al. 2011;

NF-kB, Interleukin 6 (IL-6)
Tumour necrosis factor alpha (TNF-

o) Gopinath & Sudhandiran 2012
Interferon-y (IFN-v) Wang et al. 2011
Inducible nitric oxide synthase Liu et al. 2011;

(iNOS)

Interleukin-8 (IL-8), Leukotriene B4,
Myeloperoxidase

B-catenin pathway

Gopinath & Sudhandiran 2012
Luo et al. 2012

Li et al. 2013a
Vascular cell adhesion molecule-1 Tan et al. 2014

Lewinska et al. 2015
Pu et al. 2012

5-methyl-20-deoxycytidine

Fatty acid synthase, Glucose-6-
phosphatase

HMG-CoA reductase, plasma chol- Baskaran et al. 2015
esterol, LDL, triglycerides, and
hepatic lipid

GSH

SOD, catalase

Dhanya et al. 2015
Mahmoud et al. 2012;
Kumar et al. 2010
GSH, SOD, Catalase, Sachdeva et al. 2014

Acetylcholinesterase
TNF-o Sachdeva et al. 2014;

Jung & Kim 2014;

Jeong et al. 2015
Microtubule-associated protein light Jeong et al. 2015

chain 3 (LC3)

alveolar bone, with the greatest effect apparent on day 30 (Chen
et al. 2011b).

Treatment with naringin for 10-30 days can enhance the
bone regeneration, BMD and bone strength in animal models,
but the effects of the dose and route of administration, as well as
the mechanism of action and side effects, remain unclear.

Anti-inflammatory effects

Inflammation is a part of the complex biological response of vas-
cular tissues to harmful stimuli, such as pathogens, damaged cells
or irritants (Ferrero-Miliani et al. 2007). Although inflammation
is a normal response to tissue injury, if uncontrolled, it can lead
to chronic autoimmune diseases, and anti-inflammatory com-
pounds may be needed to control the inflammatory response
(Benavente-Garcia & Castillo 2008). Plants rich in flavanones,
such as hesperidin, naringin and neohesperidin, have been

traditionally used for their anti-inflammatory properties
(Manthey et al. 2001; Benavente-Garcia & Castillo 2008).

Naringin did not inhibit cell proliferation but did restrain the
production of regulated upon activation normal T-cell expressed
and secreted (RANTES) via inhibition of the nuclear transloca-
tion of NF-xB in a human epidermal keratinocytes cell line
(HaCaT cells) (Habauzit et al. 2011). Tumour necrosis factor
alpha (TNEF-o)/interferon-y (IFN-y) have been shown to modu-
late RANTES at 24 and 48h. An increased amount of RANTES
is released from HaCaT cells stimulated by TNF-o/IFN-y at 48h
compared with that at 24h (Wang et al. 2011).

Naringin has been shown to be effective in reducing the
expression of signalling factors associated with the inflammatory
response, e.g., interleukin-6 (IL-6), interleukin-8 (IL-8), inducible
nitric oxide synthase (iNOS), nuclear factor erythroid 2-related
factor 2 (Nrf2) and TNF-a, in animal models of inflammation.
In the 20-month-old male Wistar rats, treatment with naringin
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potentially stopped an improvement in serum IL-6 during
aging-related inflammation (Habauzit et al. 2011). In addition,
naringin inhibited LPS-induced iNOS expression and NO pro-
duction in macrophages (Liu et al. 2011). In a guinea pig
model of chronic bronchitis, naringin reduced the concentra-
tions of IL-8 and leukotriene B4 in bronchoalveolar lavage fluid
(BALF) and decreased myeloperoxidase activity in both the
BALF and lung tissue. It also increased the superoxide dismu-
tase (SOD) activity in lung tissue and enhanced the lipoxin A4
level in BALF (Luo et al. 2012). In rats with 3-nitropropionic
acid (3-NP)-induced experimental Huntington’s disease, narin-
gin may reduce 3-NP-induced inflammation through the modu-
lation of Nrf2-driven ARE gene expression and the reduction of
TNF-0, COX-2 and iNOS expression. Nrf2-mediated upregula-
tion of gene expression confers the protective effects of naringin
in 3-NP-induced inflammation by reducing the deleterious pro-
duction of pro-inflammatory mediators (Gopinath &
Sudhandiran 2012).

Naringin has been shown to form a 1:1 complex with Cu (II),
in which the Cu (II) ion is coordinated via positions 4 and 5 of
naringin. The naringin-Cu (II) complex showed higher anti-
inflammatory activity than free naringin without reducing cell
viability (Pereira et al. 2007).

Painopowder is an ancient Chinese medicine that contains
naringin, paeoniflorin, neohesperidin and platycodin-D. In a
model of acute inflaimmation, the maximum anti-inflammatory
effect was observed with the four-ingredient combination but,
among the four ingredients, naringin was shown to have a dom-
inant contribution to the effect (Chen et al. 2011a).

Anti-cancer effects

Suppressing, blocking and transforming agents have been used in
attempts to control cancer. Suppressing agents prevent the for-
mation of new cancer from procarcinogens, blocking agents stop
carcinogenic compounds from reaching critical initiation sites
and transforming agents facilitate the metabolism of carcinogenic
components into less toxic materials or prevent their biological
actions (Benavente-Garcia & Castillo 2008). Naringin can act
both as a suppressing and blocking agent.

Naringin has been shown to inhibit cell proliferation and to
promote cell apoptosis in tumour cells, including triple-nega-
tive breast cancer (TNBC) cells, human cervical cancer (SiHa)
cells and bladder cancer cells. In TNBC cells, the pro-apoptotic
activity of naringin results from Gl-phase cell cycle arrest.
Suppression of the growth of breast cancer cells by naringin is
mediated by inhibition of the P-catenin pathway, leading to a
significantly increased p21 level and decreased cell survival (Li
et al. 2013a). Naringin acts by a similar mechanism in SiHa
cells, which exhibit apoptotic cell death, internucleosomal DNA
fragmentation, morphological changes and a decline in the
mitochondrial transmembrane potential through both death-
receptor and mitochondrial pathways. Treatment with naringin
also enhance the expression of caspases, p53, Bax and Fas
death receptor as well as its adaptor protein, Fas-associated
death domain protein. Naringin decreases SiHa cell prolifer-
ation in a dose-dependent manner in the 0-2000uM concen-
tration range (Ramesh & Alshatwi 2013). In chondrosarcoma,
naringin is not an anti-tumour agent and does not possess
pro-apoptotic activity; instead, it acts as an anti-migration
agent that reduces the migration and invasion of chondrosar-
coma cells. It downregulates vascular cell adhesion molecule-1,
which is associated with metastasis, by increasing miR-126

expression (Tan et al. 2014). In the DU145 prostate cancer
cell line, the 5-methyl-20-deoxycytidine level is significantly
decreased after naringin treatment, indicating that naringin is
a DNA hypomethylating agent that has the potential to modu-
late gene expression. In the 20-50uM concentration range,
naringin causes a decrease in DNA methyltransferase activity
(Lewinska et al. 2015). Another study showed that naringin
inhibits the proliferation of 5637 bladder cancer cells and
induces G1 arrest by upregulation of p21 (Kim et al. 2008).
Numerous fundamental studies have shown that naringin
inhibits cell proliferation and induces apoptosis in a majority of
tumour cells and that it also plays a role in cell motility by
reducing the migration and invasion of some tumour cells.

Effects on metabolic syndrome

In mice fed a high fat diet (HFD) for 20 weeks, naringin has
been shown to significantly ameliorate mitochondrial dysfunc-
tion by restoring the mitochondrial matrix metalloproteinase
activity and reactive oxygen species (ROS) and ATP levels in
mitochondria (Wang et al. 2015). In addition, long-term
administration of naringin to mice fed a HFD has been
reported to reduce the risk of metabolic syndrome via upregu-
lation of adenosine monophosphate (AMP)-activated protein
kinase (AMPK) and its related signalling pathway (Pu et al
2012). The activation of AMPK upregulates peroxisome prolif-
erator-activated receptor-a (PPARa) gene expression, downre-
gulates fatty acid synthase and significantly decreases PPARYy
expression (Pu et al. 2012).

In low-density lipoprotein (LDL) receptor knockout mice,
naringin (0.02 g/100 g bw) has been shown to significantly reduce
HMG-CoA reductase activity and to increase production of NO
metabolites in the urine. In thoracic aortic ring preparations,
naringin improved endothelial function via acetylcholine-medi-
ated NO production (Alam et al. 2014). In rats fed a HFD, narin-
gin improved metabolic syndrome to a similar extent as rutin or
quercetin. Naringin enhanced NO production, improved endo-
thelial function and decreased the cerebral thrombotic tendency
(Alam et al. 2013). In diabetic rodents, administration of narin-
gin resulted in the downregulation of key gluconeogenic enzymes
including  glucose-6-phosphatase and  phosphoenolpyruvate
carboxykinase (Pu et al. 2012). In rats fed high-fat and high-
cholesterol diet and in rabbits fed high-cholesterol diet, naringin
has been demonstrated to ameliorate hypercholesterolemia and
atherosclerosis, inhibit HMG-CoA reductase, and decrease
plasma cholesterol, LDL, triglycerides, and hepatic lipid levels
without altering the high-density lipoprotein cholesterol level
(Baskaran et al. 2015).

Thus, naringin reduces metabolic syndrome by upregulating
AMPK and downregulating the expression of key gluconeogenic
enzymes. It also reduces HMG-CoA reductase activity and
increases the production of NO metabolites.

Effects on oxidative stress

Phenolic phytochemicals are thought to promote health partly
via antioxidant activity and free radical scavenging -effects
(Johnson & Loo 2000). Disturbances in the normal redox state of
cells can lead to toxicity through the production of ROS and
free radicals, which damage all of the components of the cell
(Li et al. 2015).

Naringin has been shown to have dose-dependent radical
scavenging activity against 1,1-diphenyl-2-picryl-hydrazyl and



tetraethylammonium chloride radicals (Rajadurai & Prince
2007). At concentrations of 5-2000 M, naringin showed anti-
oxidant activity and reduced the frequency of DNA damage by
H,O, in Chinese hamster fibroblast (V79) cells (Bacanli et al.
2015). In L6 myoblast cells subjected to oxidative stress, pre-
treatment with naringin (3 or 24h) reversed the decrease in
glutathione (GSH) and increases in both intracellular free radi-
cals and glucose uptake. Naringin (100 pM) also led to a reduc-
tion (~40%) in protein glycation (Dhanya et al. 2015). In the
rat glomerular mesangial cell line HBZY-1, naringin (10 pM)
obviously activated the Nrf2 signalling pathway and enhanced
the expression and activity of its downstream target, HO-1
(Chen et al. 2015).

Treatment with naringin (25, 50 or 100 mg/kg) significantly
and dose dependently resisted all of the biochemical and molecu-
lar alterations caused by cisplatin in aged rats (Chtourou et al.
2015). In pentylenetetrazole-induced seizure rats, naringin
reduces oxidative stress by binding free radicals and regulating
the GSH level. Pretreatment with naringin for several hours has
been shown to significantly attenuate pentylenetetrazole-induced
elevations in the brain malondialdehyde and TNF-o level and to
conserve GSH (Golechha et al. 2014). In diabetic rats, naringin-
reduced diabetes-induced lipid peroxidation and ROS accumula-
tion in sperm and curbed the reduction in the GSH:oxidized
GSH ratio (Bakheet & Attia 2011). In HFD/STZ-induced diabetic
rats with hyperglycemia-induced oxidative damage, naringin
enhanced the activity of the antioxidant defence system and
thereby conferred protection by decreasing the activities of hep-
atic SOD, GSH reductase, GSH peroxidase and catalase
(Mahmoud et al., 2012). In D-galactose-treated mice, chronic
administration of naringin for a period of 6 weeks attenuated
oxidative damage via decreases in lipid peroxidation and the
nitrite concentration and restoration of the reduced GSH level as
well as SOD, catalase and GSH-S-transferase activities (Kumar
et al. 2010).

Effects on genetic damage

Some reagents and medicines (e.g., H,O, and lomefloxacin)
cause DNA damage that, if unresolved, can lead to genetic muta-
tions and/or genomic instability (Lewinska et al. 2015).

In V79 cells, naringin has antioxidant properties and confers
protection against H,0,-induced chromosome breakage and loss
and DNA damage. Naringin may avoid H,0,-induced oxidative
damage not only by decreasing DNA damage but also by increas-
ing the DNA repair capacity (Bacanli et al. 2015).

Pretreatment with naringin has been shown to attenuate
lomefloxacin-induced genomic instability in mice. A dose-
dependent effect was observed at concentrations of 5-50 mg/kg
and naringin significantly reduced cell proliferation, chromo-
somal aberrations and micronucleus formation in bone marrow
and increased mitotic activity (Attia 2008). In male Wistar rats,
naringin has been shown to modulate the production and expres-
sion of oxidative mediators and to reduce DNA damage to
relieve the symptoms of inflammatory bowel disease (Kumar
et al. 2014). In diabetic rats, administration of naringin for
4 weeks significantly decreased the rate of DNA strand breaks.
The anti-genotoxic effect of naringin is mediated by the inhib-
ition of hyperglycemia-induced generation of free radicals
(Bakheet & Attia 2011).

Naringin exhibits anti-genotoxic activities and reduces DNA
damage by modulating the expression of oxidative mediators and
generation of free radicals.
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Effects on central nervous system (CNS) diseases

Naringin has beneficial effects on many CNS diseases, including
Alzheimer’s disease, Parkinson’s disease and epilepsy (Saaby &
Jager 2011).

In rats treated intracerebroventricularly with streptozotocin
(ICV-STZ rats), naringin has been shown to result in significant
increases of the malondialdehyde and nitrite levels and marked
reductions in the GSH level and enzymatic activities of SOD and
catalase in the brain. Naringin also results in the suppression
of acetylcholinesterase activity and TNF-o levels in the brains
of ICV-STZ rats (Sachdeva et al. 2014). In a rat model of
Parkinson’s disease, intraperitoneal injection of naringin protects
the nigrostriatal dopaminergic (DA) projection by increasing glial
cell line-derived neurotrophic factor expression and decreasing
TNF-o expression in DA neurons and microglia (Jung & Kim
2014). In kainic acid (KA)-treated mice, naringin treatment sig-
nificantly reduced seizure. Moreover, it protected hippocampal
CAl neurons in the KA-treated hippocampus, ameliorated
KA-induced autophagic stress, decreased microtubule-associated
protein light chain 3 (LC3) expression and attenuated an
improvement in the TNF-o level (Jeong et al. 2015). In mice that
were fed a HFD for 20 weeks, oral administration of naringin
significantly improved learning and memory, as evidenced by a
52.5% improvement in the recognition index, 1.05-fold increase
in the crossing-target number and amelioration of mitochondrial
dysfunction (Wang et al. 2015). In a mouse model of
Alzheimer’s disease, naringin (100 mg/kg/day) was shown to raise
Thr286 phosphorylation by 47% compared with untreated
APPswe/PS1dE9 mice, indicating that naringin enhances cal-
modulin-dependent protein kinase II (CaMKII) autophosphoryla-
tion and function (Wang et al. 2013).

Pharmacokinetics and toxicology

Naringin was quickly absorbed into serum and the first concen-
tration peak at 15min and another at 3h after oral administra-
tion of a naringin monomer; 480 min after dosing, it could not
be detected (Li et al. 2013d). The plasma concentration-time
curves show that the AUC 0-24h value for oridonin following
oral administration was approximately three times larger than
that of naringin, while the dose of naringin was nearly four times
larger than that of oridonin, suggesting that the absorption of
oridonin in rats is much higher than naringin (Jin et al. 2015).
When the lower limit of quantification of naringin was
2.10ng/mL, the main pharmacokinetic parameters in both male
and female rats had no significant difference (Lu et al. 2015).
Naringin (15mg/kg) was shown to inhibit the function of P-gp
and significantly increase the intestinal absorption of CDS by 3.2
times using in-situ single-pass intestinal perfusion technique
(Surampalli et al. 2015). After naringin administration via duo-
denal cannula (600 and 1000 mg/kg), the average C,,x of narin-
gin in portal plasma occurred at 18.8 +3.8 min (determined the
concentration reached at f, in portal plasma), while the
absorption ratios of naringin in portal plasma and lymph fluid
were approximately 95.9 and 4.1, respectively. This shows narin-
gin could be primarily absorbed by portal blood rather than by
mesenteric lymph fluid and could be eliminated through bile
excretion with only a small amount entering systemic circulation
after hepatic metabolism (Tsai & Tsai 2012).

Membrane toxicity studies, naringin did not cause any serious
membrane damage or toxicity to the intestinal mucosa at the
concentration (15mg/kg, w/w) used; however, it negligibly
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enhanced the release of protein from the intestinal membrane
(Surampalli et al. 2015). The acute and sub-chronic toxicology of
naringin was shown to be practically nontoxic for SD rats in oral
acute toxicity study and the no-observed-adverse-effect-level
(NOAEL) of naringin in rats was greater than 1250 mg/kg/day
when administered orally for 13 consecutive weeks (Li et al.,
2013c) or 6 consecutive months (Li et al. 2014). There was no
intestinal membrane damage observed in the presence of narin-
gin by measuring the release of protein and ALP (Surampalli
et al. 2015).

Controlled release formulations

Controlled release formulations maintain drug levels over a long
time period to maximize therapeutic efficiency, increase the dur-
ation of action and reduce the total dose needed for efficacy
(Kim & Tabata 2015).

GGT composite is a porous biodegradable composite that is
obtained by combining genipin, cross-linked gelatin and trical-
cium phosphate. In a previous study, naringin-GGT (GGTN)
composites were prepared by mixing GGT composite with prede-
termined concentrations of naringin. The abilities of GGT and
GGTN to repair bone defects were then evaluated. Radiographic
analysis revealed greater new bone in-growth with the GGTN
composite group compared with the GGT composite group at
the same implantation time point (Chen et al. 2013). Naringin
has also been incorporated into electrospun nanoscaffolds con-
taining poly (e-caprolactone) (PCL) and poly (ethylene glycol)-
block-poly (e-caprolactone) (PEG-b-PCL). PEG-b-PCL signifi-
cantly improved the hydrophilic properties, drug release behav-
iour and material degradation rate of the scaffolds (Ji et al.
2014). Naringin has been reported to exhibit 80.90% association
with Eudragit® E, a controlled release material formed from syn-
thetic pharmaceutical excipients. After 42 days at 60 °C, naringin
had degraded by ~12%, and this level of degradation was main-
tained until day 82. Only a small amount of the drug was lost in
the aqueous phase, resulting in a high encapsulation efficiency
(Cordenonsi et al. 2015).

Conclusions

Naringin shows promise for treating a range of diseases because
of its wide availability, low cost, variety of pharmacological
actions and long history of use. Naringin, or combination ther-
apy with naringin and other drugs, may be useful for treating
diseases in which oxidative stress plays a role, such as
Alzheimer’s disease and diabetes. The largest obstacle to the use
of naringin as a novel therapy is the lack of in vivo data. The
majority of published studies have only described in vitro experi-
ments, and there are few detailed analyses of the pharmacokinet-
ics of naringin. A 1:1 complex of naringin and Cu (II) shows
higher antioxidant activity, anti-inflammatory activity and cyto-
toxicity towards tumour cells compared to naringin itself (Pereira
et al. 2007). Exploration of the biological activities of complexes
containing naringin and essential trace elements, such as Ca, Fe,
and Zn, may provide a new direction for naringin research. The
outcome of such research may provide convincing support for
the future clinical use of naringin.
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