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ABSTRACT
The objective of this study was to investigate the effects of many citrus flavanones, such as neoeriocitrin, naringin and
neohesperidin, in cartilage degradation. Degenerative joint disease involved degradation of joints, including articular
cartilage and subchondral bone. When bone surfaces become less well protected by cartilage, bone may be exposed and
damaged. The degradation cartilage is mediated by alteration of the balance between anabolic and catabolic processes,
changes in proteolytic enzyme activity, mechanical disruption of the cartilage extracellular matrix (ECM), or a combination of these processes. We examine the capability of neoeriocitrin, naringin and neohesperidin, to inhibit metalloproteinase (MMP)-13, collagenase involved in degradation of cartilage matrix components. Also, we assay the flavonoids effect on reducing of Glycosaminoglycans (GAGs) release, and restore Nitric oxide (NO) levels in explant of human articular cartilage. Our results suggest that neoeriocitrin, naringin and neohesperidin are a potential therapeutic
agent to protect cartilage tissue.
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1. Introduction
Osteoarthritis (OA) is a major debilitating disease and
affects millions of people all over the world. OA is a
slowly progressive disease with multiple etiologies involving biomechanical, biochemical, and genetic factors,
all of which may contribute to the OA lesion in cartilage.
Age, oxidative stress and inflammation are factors determining the onset and the progression of the disease [1].
The medical attention has turned to means of preventing OA, treating symptoms and slowing its progression.
Traditional treatments including non-steroidal anti-inflammatory drugs, or corticosteroids, have had limited success and are often accompanied by significant side-effects preventing long-term use.
Compounds extracted from natural plants or traditional
medicinal plants have drawn increasing attention for their
clinical efficacy with minimal side effects. Different studies demonstrated that plant-derived phenolic compounds
such as flavonoids have antioxidant properties capable of
reducing the risk of developing OA [2]. Other study showed that flavonoids were very reactive towards reactive
oxygen species (ROS), and they inhibited the activities of
Copyright © 2013 SciRes.

many enzymes, such as metalloproteinases (MMPs), nuclear transcription factor kappa B (NF-κB) and also the
expression of genes associated in chronic inflammatory
disease [3].
Based on these considerations, we evaluated the antidegenerative effects of citrus flavanones especially of naringin, neohesperidin and neoeriocitrin, that are known to
exert many biological actions correlated to antioxidant
activity, in cartilage degradation process [4-6].
During the degenerative process of the joints, the physical properties of the ECM become impaired and a loss
of collagen and aggrecan from cartilage occurs. Pro-inflammatory cytokines, such as interleukin-1β (IL-1β) and
other mediators produced by cytokine action, may contribute to this process, accelerating the degradation of cartilage matrix [7]. IL-1β can strikingly upregulate matrix
MMPs expression and induce the progression of OA disease [8]. In particular, MMP-13 is considered the major
collagenase in OA and has been shown to degrade type II
collagen [9]. Moreover, when destructive processes override those of repair, proteoglycans and other related extracellular matrix components of articular cartilage, such
as glycosaminoglycans (GAGs), are released, resulting in
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the loss of load bearing properties of cartilage [10].
IL-1β active inflammatory responses producing abnormal levels of Reactive Nitrogen Species (RNS) and
Reactive Oxygen Species (ROS); this coud has many adverse consequences, either directly or as a result of increasing radical generation by reacting with O2 [11].
In order to evaluate the anti-degenerative profile, in
OA cartilage, of citrus flavanones, neoeriocitrin, naringin
and neohesperidin, we assayed their capability to inhibit
MMP-13. Also, we demonstrated the ability of the tested
flavonoids to prevent IL-1β induced GAGs release and
NO production in a model of cartilage degradation.

2. Materials and Methods
2.1. MMP-13 Fluorimetric Assay
The neoeriocitrin, naringin, neohesperidin were evaluated for their ability to inhibit the hydrolysis of fluorescence-quenched peptide substrate Mca-Pro-Leu-Gly-LeuDpa-Ala-Arg-NH2(Biomol, Inc.). The MMP-13 assays
were performed in 50 mM HEPES buffer containing 5
mM CaCl2, 0.1 mM ZnCl2, 0.05% Brij-35, at pH 7, using
10 nM of proteolytic enzyme (catalytic domains of
MMP-13) (Biomol, Inc.) and 350 nM of peptide. The enzyme was incubated at 25˚C with increasing concentration of the inhibitor and the fluorescence (excitation max
328 nm; emission max 393 nm) was measured for 3 min
after the addition of the substrate using a Varian Eclipse
fluorimeter. Fitting of rates as a function of inhibitor concentration provided IC50 values.
The inhibitor N-isobutyl-N-[4-methoxyphenylsulfonyl]
glycyl hydroxamic acid (Biomol, Inc.) was used as control [12].

2.2. Human Articular Cartilage Culture
Human articular cartilage was obtained from patients
with femoral neck fractures undergoing replacement surgery. The isolation procedure was conducted under antiseptic conditions. The cartilage was cut into small fragments and carefully washed using Dulbecco’s Modified
Eagle’s Medium (DMEM) culture medium containing
NaHCO3. The fragments were set in a sterile 24 well
plate, into each containing DMEM (Sigma) phenol red
free (1 mL), fetal bovine serum (FCS, 10 %), glutamine
(10 mM), penicillin (100 U·mL−1), streptomycin (100
μg·mL−1), gentamycin (50 μg·mL−1), and amphotericyn
B (2.5 mg·mL−1). After 24 h incubation at 37˚C, with 5%
CO2 and 95 % humidified air, the medium was removed
and cartilage samples were treated as follows (n = 3 per
group): 1) control medium; 2) IL-1β (10 ng·mL−1); 3)
flavanones (10 or 50 μg·mL−1) combined with IL-1β (10
ng·mL−1). After 120 h the cartilage culture supernatant
was collected for different assays.
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2.3. Determination of Glycosaminoglycans
(GAGs)
The level of GAGs, an index of cartilage damage, was
measured by spectrophotometry with a solution of 1,9dimethylmethylene blue at λ = 535 nm using the method
of Farndale et al. [13]. The amount of glycosaminoglycans was calculated from a standard curve (100 - 500
µg·mL−1) obtained for shark chondroitin sulphate C, derived from shark cartilage.

2.4. Determination of Nitrite
Nitrite was determined by adding 100 μl of Griess reagent (1% sulphanylamide and 0.1% naphthylethylenediamine dihydrochloride in 5% of hydrochloric acid) to
100 μl of samples [14]. The optical density at λ = 570 nm
was measured using a microtiter plate reader. Nitrite concentrations were calculated by comparison with respective optical densities of standard solutions of sodium nitrite standard curve (0 - 120 µM).

2.5. Statistical Analysis
All the present results are means ± SEM of three experiments performed on quadruplicate samples. The Student
t test was used to evaluate the differences between the
means of each group. P < 0.05 was considered to be statistically significant.

3. Results
3.1. Mmp-13 Inhibition of Neoeriocitrin,
Naringin and Neohesperidin
The neoeriocitrin, naringin and neohesperidin were evaluated for their capability to inhibit MMP-13, collagenase over-expressed in different forms of tissue degenation. The assay was performed using a fluorescence—
peptide substrate (Mca-Pro-Leu-Gly-Leu-Dpa-Ala-ArgNH2). Table 1 reports the results of the MMP-13 inhibitory activity of tested citrus flavanones. Out of the tested
compounds, the neohesperidin proved to be the most
potent MMP-13 inhibitor (IC50 = 53.50 µM), followed by
naringin (IC50 = 157.46 µM). Instead, the neoeriocitrin
was not active.

3.2. Effect of Neoeriocitrin, Naringin and
Neohesperidin on Gags Release
The neoeriocitrin, naringin and neohesperidin activity on
GAGs levels was evaluated at different concentrations
(10 and 50 µg·mL−1) in explants of human cartilage, after
120 hours of treatment. IL-1β, pro-inflammatory cytokine, was used at a concentration of 10 ng·mL−1. Figure
1 showed that the untreated control samples released, in
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Table 1. In vitro MMP-13 inhibitory activity of neoeriocitrin, naringin, and neohesperidin.

COMPOUNDS

R1

R2

R3

IC50MMP-13 (μM)

Neoeriocitrin

OH

H

H

n.a

Naringin

H

H

H

157.46 ± 0.5

Neohesperidin

OH

Me

H

53.50 ± 0.25

n.a. = no activity at 100 µM. Representative results of at least 3 independent
experiments are reported.

culture medium, 620 ± 0.3 μg·mL−1 of GAGs. When the
samples were treated with IL-1 β the amount of GAGs
increases (1.380 ± 0.8 μg·mL−1), all the tested flavonoids, in combination with IL-1β, suppressed the IL-1β
induced GAGs release from matrix cartilage and nehoesperidin showed the highest activity, at both concentrations used.

Figure 1. Effect of naringin, neohesperidin and neoeriocitrin flavonoids on GAG release. GAG release (µg·mL−1)
(means ± SEM) in the culture medium of articular cartilage,
stimulated with IL-1β, 120 hrs after the addition of naringin,
neohesperidin and neoeriocitrin flavonoids at 1 µg·mL−1
and 50 μg·mL−1 concentrations. *significantly different from
IL-1β treated samples (P < 0.05).

3.3. Effect of Neoeriocitrin, Naringin and
Neohesperidin on NO Production
The results obtained after 120 h, at the concentration of
10 and 50 µg·mL−1 of tested flavonoids, are reported in
Figure 2. It can be observed that the untreated controls
produced a low amount of NO, (4.2 ± 0.5 µM) mainly
due to the activity of the constitutive NO synthase. A
remarkable increase in the production was observed after
the treatment of the sample with IL-1β at concentration
of 10 ng·mL−1 (28 ± 0.7 µM). All the tested flavanones,
at both concentrations used, when combined with IL-1β,
exhibited a significant reduction in NO release compared
to the samples treated with IL-1β.

4. Discussion
OA is a degenerative process of the joints, which is characterized by the progressive destruction and erosion of
cartilage. IL-1β has been shown to sustaining cartilage
damage by promoting excessive cartilage destruction and
by activating the expression of genes for MMPs. MMPs
are key enzymes involved in the destruction of articular
cartilage in OA [15]. MMP-13 (collagenase-3), a highly
expressed collagenolytic MMP in developing bone and
cartilage, has been assigned a role in the joint tissue destruction that is a major feature of various forms of human arthritis [16]. Thus, the MMP-13 inhibition reduces
Copyright © 2013 SciRes.

Figure 2. Effect of naringin, neohesperidin and neoeriocitrin flavonoids on NO production. NO production (measured as nitrite, µM) (means ± SEM) in the culture medium of
articular cartilage, stimulated with IL-1β, 120 hrs after the
addition of naringin, neohesperidin and neoeriocitrin flavonoids at 10 µg·mL−1 and 50 µg·mL−1 concentrations. *significantly different from IL-1β treated samples ( P < 0.05).

cartilage degradation associated with the progression of
OA in animal models [17]. Studies on the effects of flavonoids on collagen synthesis have progressed to the
point of suggesting the potential therapeutic use of these
plant derived compounds in the treatment of various medical conditions centered on disrupted collagen metabolism, for example, delayed wound healing, skin aging
and OA. Moreover, flavonoids of subclass proanthocyanidins display high affinity for collagen and elastin fiber
in addition to preventing their enzymatic hydrolysis by
MMPs [18]. Basid on these considerations, the present
study was carried out to evaluate the effects of naringin,
neohesperidin and neoeriocitrin, many citrus flavanones,
on cartilage degradation. The initial experiments estabJBNB
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lished that the tested flavanones inhibit MMP-13 in different manner (Table 1). The highest activity was exhibited by nehoesperidin, and this could be caused by the
methoxyl group. It may be hypothesized that the O-methylation, changing hydrophobicity and molecular planarity, could modify the interaction with the MMP-13
pocket site.
A most important event in joint diseases is structural
components of cartilage loss. Articular cartilage is composed of an extracellular matrix (ECM), made up largely
of aggrecan, which in turn consists of sulfated proteoglycans and collagen. During the development of OA, the
physical properties of the ECM become disrupted and a
loss of collagen and aggrecan from cartilage occurs [19].
The in vitro effect of neoeriocitrin, naringin and neohesperidin on the GAG release (Figure 1), showed that all
the tested compounds reduced the degradation cartilage
process. In particular, nehoesperidin are the most potent
flavanones, according to the results of inhibition of
MMP-13. Whereas, the behavior of naringin and neoeriocitrin could be reasons to the intervention of other mechanisms in the degenerative cartilage process. NO is
another critical regulator down stream of IL-1β, have
long been demonstrated to be catabolic factor that push
forward the progression of OA disease by suppressing
collagen and proteoglycan synthesis and inducing MMPs
synthesis. Inhibition of NO production represents an experimental therapeutic approach in the treatment of inflammatory joint diseases.
In this work we have demonstrated the ability of naringin, neohesperidin and neoeriocitrin to prevent IL-1β
induced NO production. Therefore, these interesting in
vitro results, indicates a potential modes of action of tested citrus flavonoids on lowering cartilage tissue degradation.

5. Conclusions
In conclusion, degenerative cartilage process involved different factors: oxidative stress, imbalance between anabolic and catabolic effects on chondrocyte, inflammation,
mechanical stress, etc.
Our results showed that many citrus flavonoids may
prevent the degradation of cartilage, acting on different
aspects of the pathological process; starting from inhibition of proteolytic enzymes, in particular MMP-13, preventing the GAGs release and reducing the structural and
mechanical loss of cartilage. Therefore, naringin, neohesperidin and neoeriocitrin have confirmed their known
role as scavengers of free radical species, here expressed
as inhibition of the NO production.
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