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 Background: Low back pain (LBP) is regarded as a frequent disease that causes disability. We aimed to explore the effect of 
naringin on intervertebral disc degeneration (IDD) in IL-1b-induced human nucleus pulposus (NP) cells and its 
corresponding molecular mechanisms.

 Material/Methods: Human NP cells were identified by toluidine blue and Safranin O staining. Cell viability was determined by MTT 
assay. The expression levels of matrix metalloproteinases (MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, collagen II, 
aggrecan), inflammatory genes (tumor necrosis factor [TNF]-a, interleukin [IL]-6), kappa B kinase a (IkBa), p65 
and p53 were determined by quantitative real-time polymerase chain reaction (qPCR) and western blotting. 
Immunofluorescence study was performed to detect the position and expression of p65 protein in IL-1b-induced 
human NP cells.

 Results: Human NP cells were successfully separated from intervertebral disc tissue. We found that naringin could sig-
nificantly reduce the expressions of matrix metalloproteinases (MMP-3, MMP-13, ADAMTS-4, and ADAMTS-5) 
and inflammatory genes in IL-1b-stimulated human NP cells, while collagen II and aggrecan were increased at 
mRNA and protein level. Immunofluorescence showed that naringin pretreatment decreased the p65 protein 
expression in the nucleus and suppressed the phosphorylation of IkBa and p65.

 Conclusions: These results demonstrated that naringin could attenuate matrix metalloproteinase catabolism and inflam-
mation in IL-1b-treated human nucleus pulposus cells via downregulating NF-kB pathway and p53 expression, 
suggesting that naringin has the potential to prevent and treat IDD.
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Background

Low back pain (LBP) is a complicated and frequent disease 
that causes disability [1]. Intervertebral disc degeneration 
(IDD) plays a significant role in the development of low back 
pain [2,3]. Though the physiopathology of LBP remains unclear, 
it has been reported that the nucleus pulposus (NP), the most 
important component of intervertebral disc, is the main region 
where synthetic barrier and degradation of extracellular ma-
trix (ECM) in the NP cell occurs and IDD is induced [4]. ECM is 
vital in disc forming [5–7] and is related to the regulation of 
matrix metalloproteinases (MMPs) and ADAMTS (a disinteg-
rin and metalloproteinase with thrombospondin motifs) [8,9]. 
Thus, to control the degradation of ECM in the NP cells is pos-
sibly an effective strategy to treat IDD.

Previous studies indicated that the inflammatory process in NP 
is responsible for the development of IDD [10]. Some cytokines 
such as interleukin-1b (IL-1b), IL-6, and tumor necrosis factor 
(TNF)-a are associated with inflammatory in NP cells [11-13]. 
IL-1b is a pro-inflammatory cytokine that decreases the most 
significantly the gene and protein level of MMPs and ADAMTS, 
thereby causing the degradation of ECM [14–16]. Decreased 
aggrecan (Agg) and type II collagen (Col II) in NP also contrib-
ute to IDD [17]. Studies have found that pro-inflammatory cy-
tokine IL-1b could regulate the expression of ADAMTS-4 and 
Agg degradation. As a result, reducing the activity of IL-1b or 
IL-1b-stimulated inflammation in the NP cells can ameliorate 
the forming of IDD [18].

Nuclear factor-kappa B (NF-kB) is a regulatory pathway re-
ceptor to inflammatory responses and its activation promotes 
IDD and regulates the overexpression of matrix-degrading en-
zyme [19]. IL-1b can upregulate NF-kB pathway, resulting in 
the activation of relevant protein of NF-kB pathway, which me-
diates the inflammation in NP cells [20]. Studies showed that 
the inhibition of NF-kB signaling pathway reduces the mRNA 
and protein levels of inflammatory cytokines [21], therefore, 
anti-inflammatory drugs such as corticosteroids [22] are used 
for treating IDD, however, they increase the risk of cardiovas-
cular events [23]. In this regard, developing drugs whose com-
ponent is mainly derived from natural plants may be safer for 
the treatment of IDD.

Naringin is a flavonoid extracted from natural plant and has 
special pharmacological properties such as antiarthritic, anti-
cancer, anti-oxidant and anti-inflammatory activities [24–27]. 
Moreover, previous studies have reported that naringin could 
exert anti-inflammatory and anti-oxidative effects through 
downregulating NF-kB signaling pathway [21]. Studies proved 
that naringin reduces the expressions of aggrecan, BMP-2, 
and Sox6 and it also inhibits the expressions of TNF-a and 
MMP3 in human NP cells [28]. However, whether naringin 

exerts anti-inflammatory effects on nucleus pulposus cells is 
still unknown [29-31]. Therefore, in this study, we investigate 
the effects of naringin on IL-1b-induced human nucleus pulp-
osus (NP) cells and the corresponding molecular mechanisms.

Material and Methods

Ethics statement and specimen source

The experiments were approved and supervised by Shanxi 
Provincial People’s Hospital Review Board and written informed 
consents were obtained from patients. Human intervertebral 
disc tissues were collected from the patients (4 male and 4 
female patients, aged between 28 and 60 years) who were 
diagnosed with III–IV grade lumbar disc degeneration between 
May 2018 and December 2018 in Shanxi Provincial People’s 
Hospital. The intervertebral disc degeneration classification 
was determined according to the Pfirrmann grading scale [32].

Human nucleus pulposus (NP) cell isolation and culture

Human nucleus pulposus (NP) cells were isolated from inter-
vertebral disc tissue samples as previously described [28]. 
The isolated NP cells were suspended in DMEM/F12 (12500062, 
Gibco, USA) containing 10% fetal bovine serum (FBS, 16140071, 
Invitrogen, USA), 1% penicillin and streptomycin (15070063, 
Gibco, USA), NP cells were cultured at 37°C in 5% CO2 atmo-
sphere, and the medium was changed every 3 days. After hu-
man NP cells attached to the wall, the cells were trypsinized 
by 0.25% trypsin-EDTA (Gibco, Invitrogen) and passaged, then, 
NP cells at passage 3 (P3) were used for further experimen-
tation. Naringin was dissolved in dimethylsulfoxide (DMSO) 
as a stock solution at 2 mM, stored at –20°C, and the experi-
ment was conducted before the temporary defrost preparation. 
The NP cells were stimulated with IL-1b (10 ng/mL; PHC0813, 
Gibco, USA) for 24 hours, and then treated by different concen-
trations of naringin (0.4, 0.8, 1.2, and 1.6 μM) (71662, Sigma-
Aldrich, USA) for 24 hours.

Cell proliferation (MTT) assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT, M6494, Invitrogen, USA) was dissolved in 10% phos-
phate-buffered saline (PBS; 20012043, Gibco, USA) and col-
lected at 4°C for downstream applications. The NP cells were 
treated by different concentrations of naringin (0.4, 0.8, 1.2, 
and 1.6 μM), and then MTT assay was conducted to determine 
the cell viabilities. The NP cells were added into MTT solution 
(450 μM) and incubated at 37°C for 4 hours and then 10% 
sodium dodecyl sulfate (SDS, AM9823, Invitrogen, USA) were 
added. The microplate was cultured at 37°C for 24, 48, and 
72 hours, and the absorbance was read at 570 nm.
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RNA isolation and quantitative polymerase chain reaction 
(PCR)

Total RNA was extracted from human NP cells according to 
the protocol of TRIzol reagent (15596026, Invitrogen, USA) and 
RNA was reverse-transcribed using SuperScript cDNA synthesis 
kit (18080300, Invitrogen, USA). Forward and reverse primer 
sequences of MMP-3, 13, ADAMTS-4, 5, TNF-a, IL-6, AGG, and 
Col II are listed in Table 1. The polymerase chain reaction (PCR) 
amplification was carried out in a Bio-Rad detection system 
(185-5196, Bio-Rad, China) with SYBR dye-based master mix 
(AB1220A, Thermo Scientific,USA) under the following condi-
tions: initial denaturation at 95˚C for 5 minutes, followed by 
30 cycles at 95°C for 90 seconds and at 60°C for 45 seconds, 
and extended at 72°C for 90 seconds. GADPH served as en-
dogenous control for the data and 2–DDCT method was used to 
calculate the expressions of target genes.

Western blot analysis

Total protein was extracted from NP cells using radioimmuno-
precipitation assay lysis buffer (Beyotime Institute of 
Biotechnology). The protein concentration was measured us-
ing Pierce BCA Protein Assay Kit (23225, Thermo Scientific, USA). 
Antibodies used against the proteins were anti-MMP-3 antibody 
(ab53015, 1: 500, Abcam, UK), anti-MMP-13 antibody (ab39012, 
1: 3000, Abcam, UK), anti-ADAMTS-4 antibody (ab185722, 
1: 500, Abcam, UK), anti-ADAMTS-5 antibody (ab185722, 1: 500, 
Abcam, UK), anti-AGG antibody (ab36861, 1 µg/mL, Abcam, UK), 
anti-ColII antibody (ab34712, 1: 5000, Abcam, UK), anti-p53 
antibody (ab32389, 2 µg/mL, Abcam, UK), anti-p-IkBa anti-
body (#5174, 1: 1000, CST, USA), anti-IkBa antibody (#9242, 
1: 1000, CST, USA), anti-p-p65 antibody (#3039, 1: 1000, 
CST, USA), anti-p65 antibody (#8242, 1: 1000, CST, USA), and 
anti-GADPH antibody (#5174, 1: 1000, CST, USA). A number 
of NP cell proteins were separated on precast gel sodium lau-
ryl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

4–20% (ab119209, Abcam, UK) and transferred onto polyvi-
nylidene difluoride (PVDF, ab133411, Abcam, UK) membranes, 
which were blocked by 5% non-fat milk at room tempera-
ture for 15 minutes and incubated with primary antibodies 
at 4°C and then with specific anti-IgG secondary antibod-
ies (ab150077, Abcam, UK) at room temperature for 3 hours. 
The membranes were immersed in enhanced chemilumines-
cence solution (Millipore, WBKLS0100, USA) at room temper-
ature in dark for 1 minute and visualized under a ChemiDicTM 
Imaging System (Bio-Rad, USA). GADPH were used as a stan-
dard for target protein bands.

Immunofluorescence

The NP cells were plated on slides and immersed in PBS (#12528, 
CST, USA) for 3 minutes, stimulated by IL-1b for 24 hours and 
then pretreated with naringin (1.6 μM) for 24 hours. Next, 
the NP cells were fixed by paraformaldehyde (4%) for 20 min-
utes and then washed by PBS. After that, the NP cells were per-
meabilized by 0.5% Triton X-100 for 20 minutes at room tem-
perature, washed by PBS 3 times and incubated with anti-p65 
antibody (1: 400) overnight at 4°C. Next, the NP cells incu-
bated with anti-rabbit secondary antibodies (#7074, 1: 2000, 
CST, USA) for 1 hour at 37°C the next day. The NP cells nu-
clei were stained by DAPI (#4083, CST, USA) and the images 
were observed and captured by a fluorescence microscope 
(Nikon, Japan).

Statistical analysis

The data were shown as mean±standard error. Statistical anal-
ysis was performed using SPSS v.18.0 software. Comparison 
between quantitative variable were conducted using one-
way ANOVA. P<0.05 was a considered statistically significant 
difference.

Gene Forward (5’-3’) Reverse (5’-3’)

IL-6 GCTGAGTACAAAAGTCCTGATCCA CTGCAGCCACTGGTTCTGT

TNF-a TCTCGAACCCCGAGTGACAA TGAAGAGGACCTGGGAGTAG

MMP-3 GCTGTTTTTGAAGAATTTGGGTTC GCACAGGCAGGAGAAAACGA

MMP-13 ATGCAGTCTTTCTTCGGCTTAG ATGCCATCGTGAAGTCTGGT

ADAMTS-4 ACTGGTGGTGGCAGATGACA TCACTGTTAGCAGGTAGCGCTTT

ADAMTS-5 GCTTCTATCGGGGCACAGT CAGCAGTGGCTTTAGGGTGTAG

AGG TGAAACCACCTCTGCATTCCA GACGCCTCGCCTTCTTGAA

Col II GTCACAGAAGACCTCACGCCTC TCCACACCGAATTCCTGCTC

GADPH CGGAGTCAACGGATTTGGTCGTAT AGCCTTCTCCATGGTGGTGAAGAC

Table 1. Primers of targeted genes.
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Results

Degenerated human NP cell culture

NP cells were isolated from IDD patients and cell morphology 
was observed using an inverted microscope, and the results 
showed that the NP cells had limited adherence to the plate 
after 24-hours cultivation, while the NP cell nuclei were big and 
round, short fusiform, with fluent cytoplasm, and had protru-
sion connection at the 7th of culture (Figure 1A). The results 

of Toluidine blue showed that the NP cell nuclei were stained 
blue and the cell matrixes were rather light, indicating that 
the NP cells could secrete glycosaminoglycans. The image of 
Safranin O stain indicated that the NP cells were stained red, 
oval or short fusiform, proving that NP cells produced proteo-
glycanase (Figure 1B). The results showed that degenerated 
human NP cells were successfully separated from NP tissues.

24 h 7 d

Toluidine blue Safranin O

200×

200×

24 h 48 h 72 h

Control
Naringin 0.4 μM
Naringin 0.8 μM
Naringin 1.2 μM
Naringin 1.6 μM

1.0

0.8

0.6

0.4

0.2

0.0

OD
 va

lue
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Figure 1.  The cultivation, identification and naringin treatment on the human degenerated nucleus pulposus (NP) cells (A) Left image 
is primary NP cells cultivated for 24 hours, while right image is degenerative nucleus pulposus cells cultivated for 7 days 
(magnification 200×). (B) Toluidine blue and Safrain O stain of cultured human NP cells (magnification 200×). (C) MTT assay 
for the detection of cytotoxic effects of human NP cells pretreated by naringin (0.4, 0.8, 1.2, and 1.6 μM).
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Figure 2.  Effect of naringin on the nucleus pulposus (NP) cells matrix metalloproteinases (MMP-3, 13, ADAMTS-4, 5, Agg, and Col II). 
(A, D) The picture of western blots showing protein expressions of MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, Agg, and Col II 
treated by IL-1b and different concentrations of naringin (0.4, 0.8, 1.2, and 1.6 µM) for 24 hours in NP cells. (B, E) Western blot 
analysis on the protein levels of MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, Agg, and Col II in NP cells stimulated by IL-1b and 
treated naringin for 24 hours, respectively. * Versus control, * P<0.05, ** P<0.01; # versus IL-1b, # P<0.05, ## P<0.01. (C, F) qPCR 
result showed the mRNA level of MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, Agg, and Col II in NP cells stimulated with IL-1b and 
treated naringin for 24 hours, respectively. * Versus control, * P<0.05, ** P<0.01; # versus IL-1b, # P<0.05, ## P<0.01.
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Effect of naringin on the NP cells viability

Human NP cells were treated with different concentrations of 
naringin (0.4, 0.8, 1.2, and 1.6 μM) and cultured at 37°C for 
24, 48, and 72 hours. Then, we detected the effects of narin-
gin on cell viability, and found that the OD value of the NP 
cells increased from 0.5 to 0.8 after 72-hour culture, and there 
was no obvious effect on cell viability compared with negative 
control group at 48 and 72 hours of co-cultures (Figure 1C) 
with naringin at different concentrations. Therefore, naringin 
at a certain concentration range does not have toxic effect 

on the NP cells, and 1.6 μM naringin was selected for subse-
quent experiments.

Effect of naringin on the NP cells matrix metalloproteinase

To explore the effects of different naringin concentrations 
(0.4, 0.8, 1.2, and 1.6 μM) on the NP cells induced by IL-1b 
(10 ng/mL) for 24 hours, the expressions of matrix metallo-
proteinases (MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, Coll II, 
and Agg) were determined at mRNA and protein levels by qPCR 
and western blotting analysis, respectively. We found that the 
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Figure 3.  Naringin decreases the mRNA expressions of TNF-a and IL-6 in the nucleus pulposus (NP) cells. (A) The mRNA expression 
of TNF-a and IL-6 was analyzed by qPCR. * Versus control, * P<0.05, ** P<0.01; # versus IL-1b, # P<0.05, ## P<0.01. 
(B) Immunofluorescence staining of nucleus (blue) and P65 proteins (red) was labeled with DAPI.
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IL-1b significantly upregulated MMP-3, MMP-13, ADAMTS-4, and 
ADAMTS-5 at mRNA and protein levels compared to the con-
trol group (P<0.01), whereas the levels of collagen II and aggre-
can were downregulated (P<0.01, Figure 2). Compared with the 
IL-1b treatment group, naringin significantly decreased MMP-3, 
MMP-13, ADAMTS-4, and ADAMTS-5 but increased collagen II 
and aggrecan at mRNA and protein levels (P<0.01, Figure 2). 
Moreover, under increased concentration of naringin treatment, 
we observed that high concentration of naringin (1.6 μM) exerted 
an effect more strongly on matrix metalloproteinases than low 
concentration of naringin (0.4 μM). The result showed that IL-1b 
could upregulate the expression of matrix metalloproteinases 
(MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5), while NP cells 
pretreated by naringin had opposite results.

Effect of naringin on TNF-a and IL-6 in NP cells

We determined whether naringin regulates the mRNA level of 
pro-inflammatory genes (TNF-a and IL-6) in the IL-1b-induced 
NP cells by qPCR. The data showed that IL-1b stimulation in-
creased the mRNA expressions of TNF-a and IL-6, while narin-
gin inhibited such effects (P<0.01, Figure 3A).

Effect of naringin on the p65 expression in NP cells

The localization and expression of p65 in NP cells were detected 
by immunofluorescence, and the result showed that in IL-1b 
treatment group, p65 protein was mainly expressed in the nu-
clei of the NP cells, while p65 protein was shown in cytoplasm 
in the control group. When cells were treated by 1.6 μM narin-
gin, IL-1b, p65 protein was high-expressed in the cytoplasm 
of NP cells but was low-expressed in the nuclei (Figure 3B).

Effect of naringin on NF-kB pathway and p53 expression 
in NP cells

We explored the effect of naringin on NF-kB pathway and p53 
expression by western blot, compared with the control group, 
IL-1b treatment significantly enhanced the phosphorylation 
of IkBa and p65 and upregulated the expression level of p53 
(P<0.01, Figure 4A, 4B). The phosphorylation of IkBa and p65 
was significantly lower in the IL-1b+naringin group than in IL-1b 
group, and p53 expression was found decreased. The protein 
ratio of p-IkBa/IkBa to p-p65/p65 was higher in IL-1b-treated 
NP cells (P<0.01, Figure 4C), while under naringin treatment, 
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Figure 4.  Naringin inhibits NF-kB pathway and p53 expression. (A) The picture of western blot showed that phosphorylation of IkBa, 
p65 and IkBa, p65, p53 protein expressions after IL-1b treatment for 24 hours in nucleus pulposus (NP) cells. (B) Western 
blot analysis demonstrated the effects of naringin on the phosphorylation of IkBa, p65 and IkBa, p65, and p53 protein 
expression by IL-1b treatment NP cells. (C) The intensity ratios of phosphorylation of IkBa to IkBa and phosphorylation of 
p65 relative to p65. * Versus control, * P<0.05, ** P<0.01; # versus IL-1b, # P<0.05, ## P<0.01.
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the protein ratio was consistent to the control group (P<0.01), 
suggesting that naringin could limit the effect of NF-kB sig-
naling pathway-related protein phosphorylation. The results 
indicate that naringin significantly inhibits the activation of 
NF-kB signaling pathway.

Discussion

In this study, we investigated the effects of naringin on IL-1b-
induced human nucleus pulposus (NP) cells and found its cor-
responding molecular mechanisms. The results suggest that 
naringin could attenuate the effect of IL-1b on NP cells by 
downregulating NF-kB pathway and p53 expression, mean-
while, causing significant decreases of matrix metalloprotein-
ases and inflammatory genes.

Intervertebral disc degeneration (IDD) is a main cause to the 
development of LBP [33] and nucleus pulposus (NP) is respon-
sible for the IDD [34]. Our studies found that certain dose of 
naringin (0.4, 0.8, 1.2, and 1.6 μM) did not produce -toxicity 
to NP cells viability, whereas previous studies focused on nar-
ingin at a concentration range between 1 to 100 μg/mL and 
cells may die when treated by naringin over 200 μg/mL [35]. 
In in vivo research, feeding rat models with 200 mg/kg naringin 
daily or even 400 mg/kg for 20 to 30 days through oral gavage 
could ameliorate the bone repair [36,37]. Thus, the function 
of naringin in animal is realized in dose-and time-dependent 
manners. Though the effects of naringin concentration and its 
mechanism still remain unknown, further research can focus 
on the optimization of naringin concentration and diet treat-
ment. In addition, it remains to be investigated whether higher 
doses of naringin have more beneficial effects on NP cells.

IL-1b is a highly inflammatory cytokine involves in disk matrix 
degradation and proteinases (aggrecan and collagen II), and it up-
regulates the expressions of matrix metalloproteinases [38,39]. 
In the current study, IL-1b improved the matrix metalloprotein-
ases in the gene and protein and upregulated the expressions 
of inflammatory cytokines IL-6 and TNF-a in NP cells, which 
was consistent with the previous research [18,20]. The expres-
sions of IL-1b and its receptor inhibition were proved to pro-
mote ECM repair and prevent IDD [40]. IL-1b has the ability to 
affect MMP-3, ECM at the gene level and in catabolic media-
tors [41]. Therefore, inhibiting the action of IL-1b or its recep-
tor antagonist may be effective in preventing or even revers-
ing the intervertebral disc degeneration.

The degradation and reduction of ECM forms intervertebral 
disc degeneration, in which the loss of proteoglycan (mainly 
aggrecan) and collagen components occur [42]. Aggrecan and 
collagen maintain water and contain a network for NP, while 
a series of stressors such as inflammatory reaction, oxidative, 

and environmental factors could promote the reduction of 
metalloproteinase-mediated ECM, resulting the progression 
of IDD. Maintaining matrix homeostasis in balance through 
improving anabolism or reducing catabolism is a more promis-
ing strategy to ameliorate the loss of the ECM in the NP cells, 
and some previous studies reported that inhibiting the expres-
sions of MMPs and ADAMTS could be a novel strategy to alle-
viate the progression of intervertebral disc degeneration [43]. 
Our research demonstrated that naringin could upregulate 
the levels of aggrecan and collagen components by decreas-
ing ECM relative enzyme MMPs and ADAMTS, showing that 
the IDD could be alleviated by naringin [8]. IL-6 and TNF-a are 
inflammatory cytokines that appeared in IDD [44] and the re-
duction in matrix synthesis leads to the inability to maintain 
intervertebral disc hydration, causing an increase of inflam-
matory cytokine level during disc degeneration [45]. In our 
research, the mRNA levels of IL-6 and TNF-a were downreg-
ulated by approximately 2 times after naringin treatment com-
pared with stimulus in the NP cells. Therefore, we speculated 
that naringin could reduce the reduction of ECM in which en-
zymes including MMPs, ADAMTS, and proinflammatory cyto-
kines were involved.

Nuclear factor-kappa B (NF-kB) is a common regulatory path-
way receptor that plays a major role in cell injury and inflam-
mation [46] and remains inactive state in cell cytoplasm, how-
ever, it will be translocated into cell nucleus under certain 
stimulation to control the transcription [47]. Previous studies 
reported that NF-kB is the main regulatory factor in the pro-
gression of IDD [48,49]. In our study, we found that stimula-
tion such as IL-1b could translocate the NF-kB into the nucleus 
of the NP cells, meanwhile, phosphorylation of IkBa and p65 
and p53 expression were significantly increased, while narin-
gin reversed the effects on the protein compared with control 
group, suggesting that the activation of NF-kB signaling path-
way was alleviated by naringin treatment. However, the role 
of NF-kB pathway in IDD remained unknown. Therefore, our 
research suggests that naringin could be used as a therapeu-
tic target for treating IDD. Previous studies have found that 
p53 regulated MMP-14 promoter activity by competitively in-
teracting with the transcription factor Sp1 at the MMP-14 
promoter [50]. In the current study, the mechanism of p53 reg-
ulating matrix metalloproteinases and inflammatory genes re-
mains to be further investigated.

Naringin belongs to the flavonoids can be used as an effective 
pharmaceutical component to treat IDD as it has the ability to 
inhibit the expressions of matrix metalloproteinases and its ef-
fective anti-inflammatory ability has also been proved [29,51]. 
Our observation of naringin treatment decreasing matrix me-
talloproteinase and inflammatory genes (TNF-a and IL-6) is 
consistent with a previous study [21,34]. Though NF-kB sig-
naling pathway was reported to inhibit IL-1b-Induced NP cells 
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in a previous report by some plant extract including celas-
trol [20], mori folium [8], and baicalein [18], emphasis was 
still laid on its anti-inflammatory activity. However, the exact 
mechanisms of plant extract naringin regulating NF-kB signal-
ing pathway are still unknown. Further studies are required 
to explore the role and mechanism of naringin in disc nucleus 
pulposus degeneration.

Conclusions

In this study, we demonstrated that naringin attenuated ma-
trix metalloproteinase catabolism and inflammation in IL-1b-
treated human nucleus pulposus cells through the downregu-
lation of NF-kB pathway and p53 expression. Naringin may be 
an effective therapeutic agent for treatment of IDD.
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