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Protective Effect of Naringin on Cartilage Destruction in Osteoarthritis™*
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(Osteonecrosis and Joint Reconstruction Ward, Department of Joint Surgery, Xian Honghui Hospital, Xi'an Jiaotong University Health
Science Center, Xi'an, Shaanxi, 710054, China)

ABSTRACT Objective: To investigate the protective effect of naringin on cartilage destruction in osteoarthritis. Methods: Sixty
7-week-old male SD rats were randomly divided into a sham group, a model group and a naringin group, with 20 rats in each group. The
osteoarthritis model was established in the model group and naringin group by cutting the anterior cruciate ligament of the right knee. Af-
ter modeling, rats in naringin group were given 200 mg/kg naringin solution daily for 4 weeks. The degree of articular cartilage damage
in rats was assessed by saffron O/fast green staining and OARSI score. The expression of p-IkBa and NLRP3 in cartilage tissue was de-
tected by immunohistochemical staining. The pathological microenvironment of osteoarthritis chondrocytes was simulated by inducing
SW1353 cells with IL-1@ in vitro, and SW1353 cells were treated with NF-kB inhibitor (PDTC) or NLRP3 inhibitor (CY-09), respectively.
The expressions of NF-kB, NLRP3, caspase-1, IL-6, IL-10, IL-18, MMP13 and ADAMTS-5 were detected by RT-PCR and Western blot.
Apoptosis was detected by Annexin V-FITC/PI method. Results: Compared with the model group, the OARSI score of the naringin group
was significantly reduced (2.63 vs 0.94, P<0.05). The expression levels of p-IkBa and NLRP3 proteins in the naringin group were signifi-
cantly lower than those in the model group (P<0.05). Compared with IL-1B group, the expression levels of NF-kB, NLRP3, caspase-1,
IL-6, IL-18, MMP13 and ADAMTS-5 in SW1353 cells of IL-1B+naringin group were significantly reduced, while IL-10 significantly in-
creased (P<0.05). PDTC and CY-09 have the same regulatory effect on NF-xB and NLRP3 signaling pathway related molecules as
naringin. Compared with the IL-18 group, the apoptosis rates in the IL-1B+naringin group, the IL-13+PDTC group, and the
IL-1B+CY-09 group were significantly reduced (P<0.05). Conclusion: Naringin can inhibit the progression of osteoarthritis in vitro and in
vivo. The therapeutic effect of naringin on osteoarthritis depends in part on the inhibition of NF-kB and NLRP3 signaling pathways.
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H KT R (osteoarthritis, OA ) 7 42 TH FHE il N HAT B = 1Y
R, IO AN EE AT B RN, F 2 —Fh 5 RE
RRYIBITHICTTENT o BT R IRHIE 21 48 i B AL
HHFEE, JCEB ] SERET IRk E U, T
(Naringin)&—Fh Z2 T REAE YIS B , =25k [ A0 A A Ao Al
TESOKA R IE Ml B T B UL 5B A R3S P L
PRAAEFIP, B T R A i R Th AL 22 b A R 4h M P 7
FA) S 238 LA S OGS AR 5 B TG Ak o foiln , iygg SR 3R A
F -a(tumor necrosis factor-o, TNF-o ) {45 FE 5 AT N B X R
A4k |, %55 5% K NF-kB (nuclear transcription factor-kB, NF-
kB) {553 s T a3 B TS OB B A R IR,
HAWBIFEH O 28 1Al R H oM s O U HER] SR A
X TNF-o Fl NF-«B {553 B 09 10 /5, St ohoe s, Al
BRI RENYIBR R T IR E L TR SRR R
B, il e eI ik BT — S A A A ] caspase {5538
PIHAE ST RECT AT, Xu SEABFREZI, TE 8 G
AR BB rfr Al B RT3 o ek D HiT A1 B 3R E2(PGE2) . — %
LA (NO) (A F 6(IL-6) FIMEIRFE R F -o( TNF-o) (7742
BRAFHURNEY, B4 E TR R A B DG R A e i Frp
BFERPLEI A TRt — 0B . AN BT RRAS A SR LS 1
WAL A % 19 3 (nucleotide-binding oligomerization domain-like
receptor protein 3, NLRP3) RIEIRE S@ IS SN F B R
AR AR, ABIFSR 1 1675 S B 0B OG5 48 R BB 1Y
TRAEIRITAE A, BN A M AR 247 S s ), DA R i
KW R BN ST RIE AR TR S % .
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1.1 #4

SD K K H 7H 42 5838 K27 BE 2= i S 4 3l ) v (SYXK
(8%)2018-001); 60 X 7 J i fitk: SD K B4 220~260 g, -
iy 233.32 14.58 g, KR FURFRAEAREREEE R Z o, FiR
25°C VB 55% JGHR 12 h SGREIEER  RRRTIRE

Bz A A 22 Sigma A F] 26N 98%., ZRKHEE L
JHieVH 1R FELL O / [l e 350 1 A st R R RHEA R
A3 p-IkBo — 1 . I 2EFT % —Hily H 3% [ Santa Cruz Biotechol-
ogy /i) ;NLRP3  caspase-1.IL-6 . IL-10 . IL-18 #1 GAPDH —$i
W 9 9 [E Abcam 23 F) ; 2z FEHAR I (DAB) I 5 R L HE
FHA R R s NF-«B 1155 (PDTOW B Eifg 5 = RAEYH
ARA FRZS 7] s NLRP3 158 (CY-09) | 20 M I =46 12X 57 & (An-
nexin V-FITC/PDI [ 4t 50 H B3 HRHA RA R s NFKCE RIE
240l SW1353 11 [ [ ATCC;IL-1@ Wy [ L i R e A= Wy b4
F PR A ;DMEM 353580 1 il —F A YR A IR A F
IL-1B8 4 H 3£ [F Sigma-Aldrich /A 7] ; RNeasy & 7] & 1% = Qia-
gen A F 5 JRAOK - BHLL(HE) Je 2,355 & SYBR Green I 44k}
W 18 b e 3 e A MR AR BR A 7] ; ImProm-11 (TM) S 8% 58 5
4l A 55 [F Promega 3 ] ; RIPA 22 i W) F b 5038 1 3R ik ]
HARFBRAE A s BCA I Gl 2 8 BTk B [ g3
= RAYHARB R F 2] 5 5% 8 H AR W B 6

BE 2 HAAT BR8] ECL Ah K s it &l B ma atid
MR AE R E AT BRA R A

1.2 ik

121 BELREBMWET KRRV BT ARA R
A A e AL, A 20 o SR SREEA TR , $2 B i
B4 v I R A TR ST A i A8 U HEA T ST R ALY
ST, AR ZE RO R T A R BRI T AR, (R TR K R AT
AT F AR ARSI 38 XA - FEAIS , A 20 KR
BRMEE 200 mg/kg MR, LS 4 /. BT RAM
PRI ZH K R 1 SRR A AR PR K . 2R 24 SERUR , AbSE R RRUIT:
ban] S STEIEAR

122 3HAKRKE - RL(HE) B SLREHUE B4 K RIE
KL, A HIAE 4 wm JREYT R AR T R R R
FHIRARE - HHA (HE ) Y il S 1 (6

123 HFL O/ EZFE KB REBICTHLE 4% R FEE
WP EE 3 K7 10%2 Z M e IES 2 Ja SRR HEE
KA AT, VI 5 wm JEYT R $BAE PR 4
VIR FF4r Of gt geta . U] H Weigert Jefd, 5 min, #KJ5 R
PR AL 15 s, W Uk G PR SR i e £, 5 min, FIS5 PRI TR
PRV 15 s, 4L O R & 5 min, SRSV oK, i W, rhdik
W E B o 385 [ e T R SE 23 (OARSD PEAF PTG 541
KRB EE B R,

124 RBHEANERE A REPCHALUNAR 4 wm A0
Yl SRIGTE Z 2R p S I PR B OB K o TERTIE IR MR
W ETRE, YA S p-IkBa (1:1000) F1 NLRP3(1:
1000)—4i7E 4 CIFE I . H PBS Ykik 3 W KU R 5EY)
Fm Lyt st (1:500) 7 37°C FIFH 30 min, KEH
PBS ik 3 IR U1 Fl — s IR (DAB ) #4725 €5, 3 min,,
G AR N RIS 5 S IEF T A BH M e (o 0 .

125 NERBABARM SWI3S3 BIiE%H ANHBNEANE
SWI3S3 ZEBNN T 10%M6 4 i ) DMEM B35 5 F 37%F1
5% CO, 45 FHE5%,3 RAGMA 1R, @it IL-18 H5MES:
SW1353 ZH MR ASTHL B ST RFCE AL AR BROR R .
AN 10 ng/mL A4 IL-1B 4LBH 24 h, SR04 IL-18 51
SW1353 il T 2252 . SW1353 4ifEsyJy 5 40, B I e
(Control, £ FHZ5 Wb #1 ) IL-1B8 75 S: 40 (IL-1B) IL-1B i 5 +
MRz FF2H (IL-1B+Naringin) \IL-1B 55 +NF-kB #1151 PDTC
AbFRLH (IL-18+PDTC) IL-1p 5 +NLRP3 #I3 CY-09 4k
PR (IL-18+CY-09) . ¥ IL-1B 75 A 404351 i F 10 wmol/L
Hl1 K2 15 100 wmol/l {1 NF-kB 1)1l 7] (PDTC) %, 100 pumol/L ]
NLRP3 #1157 (CY-09) b F 48 h,

1.2.6 RT-PCR fii § RNeasy {71 & A R BT FOs 4 410
&% SW1353 g b Bt RNA , i ] ImProm-II(TM) Jiz % 5%
R4 RS — 8 cDNA, {# H§ SYBR Green I 4L 47 52 B
PCR. 15 9750 4% H B EAr ikl GAPDH,, i@ 2+ @
IR SRR X k. AR 1

1.2.7 Western blot  {if FHl & 25 FEHI ] 77 i) RIPA 2 il ¢
AR 2B SW1353 ZHf . fif FH BCA 3050 Gl 2 2 (1 ik
o 4% 30 ng H A 10%SDS-PAGE Hi Jk If-#% %5 5] PVDF Ji
b, KERERE S%AIVE AR A TP EIRE A 2 h, RIEHIRS
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p-IkBa (1:500) NLRP3 (1:500) . caspase-1 (1:1000) .IL-6(1:

500).IL-10  (1:1000) IL-18  (1:1000) MMP13 (1:500),

ADAMTS-5(1:500) #1 GAPDH (1:1000) —#i7F 4C F g & i
x 1 519FIER

Table 1 Primer sequence information

Primer name Primer sequence (5'-3")
F: AACAGACACAGATCTCCTCA
NF-kB2
R: AAGTCCCTCATTCGGTGATC
F: GGCGCTGCTTTTCTGTGG
NLRP3
R: TTGGTGGAGACCGCTCTTG
F: AAGGCAGGATGAAGCGGTTC
IL-6
R: TTACCAGGTCAAGTCCGGG
F: ATGACCAATACTAATGGATGCA
IL-10
R: AAGATAAGGCTGCGTGTAACTG
F: GCCAACGTCGAACCCAATTC
IL-18
R: CGGGATAGCTGGTTACAAGTCACAC
F: GCGAATTTCACGTCGAACCCC
MMP13
R: CGGGACCCAAGTTACACAC
F: GCCAATATCTGTTGGGAACGTCC
ADAMTS-5
R: GTACACCAAACAGCTGGACAC
F: AATCCCTGATCCCGCATAAC
GAPDH

R: AGATAGCTGAGTTTGACGTTGC

& TBST W5, #AES HRP ARICH LB — bt 1gG(1:
1000) %3 FOFE 1 h, B8N ECL fb2 ROGK Mt & #k4 T
8. GAPDH fEH1}%:, Tmagel 41l T RLALAHF AT
1.2.8 GEAA T 40 T 4G I R £ (Annexin
V-FITC/PDFE i XA AAL 10 AR JA T o T 0.1 % B 2 11 Bt
1k SW1353 4 ALE & & b (pH 7.4.2.5 m CaCl,, 140
mM NaCl, 10 mM HEPES 0.1%BSA ), 4 i 7 10° A~4ilfifd/mL,,
100 pL 2B E W fin A 10 wL Annexin V, ¥k & 15 min
J7i K4 10 WL PLYFWAN 380 wL 25422 wh o in 240 Mk v . i
T A SR e £ AT R
1.3 GEitEa i

fili F SPSS 21.0 B4 7 i A7 $icdie . Bt ¥ 387 S F- 1
fEx FRifE2s A RGeS R 75 22 938 (ANOVA) I Tukey
HIF I AT ] LS . P<0.05 FR2E R HA G HEE X,

2 R

2.1 EHXRIBEXTRENER HE 6

fifp B R BRUBEOG T e B-F 5 RTARCR, 45 R o, (BT AR 4L
R RTDCH , G, MR B o 2 A R A T
B Gl ik ), IR+ A B DIBR i i TR AR 5 R 1
ORI, MR IR T A A (MR B, DA AR B RE A A AE
R, ILIE 1.

HE Q25 R BRI TFARAR RS THEUESIEH , H1:5)
FUIN], R UL AL o AL G R 2 A A e, HEBIERAL, %
PR T P A o T B2 ZH DG R T e LI 2.

Naringin

1 REBEXTNE
Fig.l Rat knee joint observation

Model

Naringin

Fig.2 HE staining of rat knee joint tissue
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AL Of [ZRGL AR, P AR RIS
FIE R, MR ZH R SRR SC YT AR B 41 O R LB GR, J/yil
SERIRIR T E o A B IS B IR AR R U . S

i
34

MY o B SRR
A %

5x Loy
2 X

RTEARHA, BRI K FEA OARSI 4y B 2185 (0.54 vs
2.63, P<0.05). TSALTILLAA L, A i 4L 1) OARST 14 i 3%
F%(2.63 vs 0.94, P<0.05). LK 3.

25 |
2 27
=]
2
=15t
g
S 1} <
& /% 05
CONEY i, . B Sham  Model Naringin

B3 #EEREEXTRARRNRERE
Fig.3 Naringin attenuated cartilage degeneration in osteoarthritis rats

Note: A: Saffron O/ fast green staining (x 100); B: OARSI score; Compared with the sham group, *P<0.05; Compared with the model group, “P<0.05.

23 WHMEEMHBXTRARKEAL P p-IkBa 71 NLRP3
BIRIE

GRS F YA R, BRI R R 48U p-IkBa
FINLRP3 B4 PRIk, A B 14 % PR Y (o 41 i BH 5

Sham Model Naringin

- %

B Sham

8/ (P<0.05), Western blot £ B ES2 , #EAYZH AY p-IkBo Fll
NLRP3 [ Rk /K w2 & T ARA, Wikl 489 p-lc-
Ba 1 NLRP3 £ (H#& A /K V- B E L THEAIZH (P<0.05), WLE4,

Sham

p-IkBa

Model Naringin

-—_—— - -
NLRP3 . s  —

GAPDH "N S — S—

*#

Relative expression of p-IkBa
w

Relative expression of NLRP3
o

Model Naringin Sham

Model Naringin

4 HEEFMHEXTRABRREHLAT p-IkBa F1 NLRP3 fyRIL
Fig.4 Naringin inhibited the expression of p-IkBa and NLRP3 in cartilage tissue of osteoarthritis rats

Note: A: Immunohistochemical staining (x 200); B: Western blot result; Compared with the sham group, *P<0.05;
Compared with the model group, “P<0.05.

2.4 fHEEIBEINEIEE AT NF-«B 71 NLRP3 R4S S
B BRI B AR

RT-PCR %55 /1%, 5%t R4 SW1353 4l a4l e, TL-18 i
S 40 fifg h NF-kB2 NLRP3 caspase-1.,IL-6 . IL-18 MMP13 FI
ADAMTS-5 i mRNA Rk /ACFEI W EF R, 1 IL-10 BEREAL
(P<0.05), 817, 5 IL-1B ZHAH L IL-1R+ fl R 720 HNF-k B2 . NL
RP3 caspase-1.IL-6 IL-18 MMP13 fil ADAMTS-5 ) mRNA
TR BERAL, T IL-10 22T E (P<0.05), Western
blot 45 4. 5 RT-PCR — % ,NF-«B 1 NLRP3 {5 =il & AH 3¢ 43
FHE AR R BEI M FEGA S, WA S,

BEAl, ARHFFEIE 53508 F NF-kB )1 7] PDTC Fl NLRP3

I CY-09 SAb38 IL-18 531 SW1353 4iifift, 4521 Sl iz
TFX) NF-xB I NLRP3 {551 HAH G T RO — 2. 3
Al Jg 2 1 5 R 75 NF-xB 1 NLRP3 {75 518 1% ok 40 1l 4
IBRAE R JAE SN . UL 6 FHE 7,
2.5 M FIBL IS B AR NF-«B 1 NLRP3 K= S
SChz B E b

2 MO TR I 25 R O, S B2 AR L L IL-1B 2H Y
SW1353 2 jd (i JA 7% i 2 T+ 1= (P<0.05) , 1 5 IL-1@8 ZHAH L,
IL-1B+ #ilt i #5240 | IL-1B+PDTC £H 1 IL-1B+CY-09 ZH fi% 41 fifs )
TR B AR (P<0.05), LA 8,
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o Control  IL-1p IL-1p+Naringin
<ZC , mControl ®WIL-1B IL-1p+Naringin pIkBa | = - GEED em—
né 6 * . NLRP3 s G
s 5 b . caspase-1 e NS _——
=
o *

24 L6 e A —
L *
a 3 r *4 * ,
S O VRN R F « i N 10 - —
o i & h T
% L ,:# [L-1§ "= > w———
£ 0 ! . . ! . . ! MMP13 s @D

v ™ N ° Q S > b,

by 8 o & N N > &

P o < & & & ADAMTS-5 = o —

&) 33 A A

S S 5
h o GAPDH s S S—
B 5 T SW1353 4 NF-xB #1 NLRP3 %14 S @B XS FRIEHNZMN
Fig.5 Effect of naringin on the expression of NF-kB and NLRP3 inflammasome signaling pathway-related molecules in SW1353 cells

Note: Compared with the control group, *P<0.05; Compared with the IL-18 group, “P<0.05.

® Control ®IL-1B IL-1p+PDTC Control IL-1p IL-1g+PDTC
E 6 r p-lkBa —— e  —
[
E 5| . NLRP} e - ==
[
5]
S 4 } * caspase-1 e S —
- — t#
g 3t I L — —
g "
5 2} 1 IL-10 - -~ ——
°>) #
g 1 F IL-18
o
& 0 L MMP13 = G
D
é«& & %Q N \\f \\*' $§‘ é&% ADAMTS-5 === e —
\og
N GAPDH <ES - =

& 6 NF-«B #%I#] PDTC % SW1353 4Affish NF-«B #1 NLRP3 #{4{{5 S B BEX S FRIZMZMN
Fig.6 Effect of NF-kB inhibitor PDTC on the expression of NF-kB and NLRP3 inflammasome signaling pathway-related molecules in SW1353 cells
Note: Compared with the control group, *P<0.05; Compared with the IL-13 group, *P<0.05.

mControl  WIL-1B IL-1B+CY-09 Control  IL-1§ IL-16+CY-09
<Zt 7 p-IkBa -_— -
% 6 . NLRP3 == aED eaup
*
“5 5 = caspase-1 = s S ———
=] * *
g 4 * . IL-6 | s . —
8 3 *4
é I o - 4 g [L-10 S o am—
s 2 % b ] = z I s
2 E & *# [L-1§ = S w—
] .=
<
2 0 i i i . Il . . . MMP13 e S S—
W % N © Q S < 5
L &8 & VY Y & & ADAMTS-5 | Se—SS—
S Sf S
N GAPDH "B -
&l 7 NLRP3 #J#1%] CY-09 Xf SW1353 ZAAIsR NF-«B #1 NLRP3 #4415 Si@ BIAX S FRIEH M

Fig.7 Effect of NLRP3 inhibitor CY-09 on the expression of NF-kB and NLRP3 inflammasome signaling pathway-related molecules in SW1353 cells

Note: Compared with the control group, *P<0.05; Compared with the IL-13 group, “P<0.05.
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T ML T A 7 R R e B T 8 1 = B B
AFARIY AR H RTELAEYIEE 250 T ARSI D &2
FF R A58 3 TC 0 ik 336 AR, B 2 R I R HT 25
ST KT 96 Al B2 (Naringin) Jt—Fh /e 25 75 R 8 AR

BT AR R B R P R BRI B (XU B AL B0 il B B4
O 457 SR B -7- MR, 07U
C27H32014, 431~ 80.53 ,7F 1928 4 Asahina F1 Inubuse 7'
UK A B R A4k 07 B R — P2 DI REAE W2 B
i, = 2K A A AR A ARG AR, Al i e A
FE PR BUMH T DU DAL R IR R R RO
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IO M PRAPE IO, SR AT /R Al B AT R B A
TR RAE T TR T, i B2 Z2 BB 976 L o

Control IL-1p

1.34% ": 16.57%

LA G AR AT 577 THT , SR 1 AN T A Ak B X
KT RIAT AL o

IL-1p+Naringin

5.56%
20

18 *

.
0* 23 _v 7S
1 ]

B B

. 2
0 W’ w‘ m‘ w' w i)

PI

IL-1p+PDTC
5.14%

IL-1p+CY-09

']

10°q

16
14
12 +

Apoptosis rates(%)
]

(= S )

Annexin V-FITC

[ 8 Al EIEE M SW1353 4HAEH NF-xB F1 NLRP3 #1445 S-58 B4 H 4 pA =
Fig.8 Naringin inhibited apoptosis by inhibiting NF-kB and NLRP3 inflammasome signaling pathways in SW1353 cells

Note: Compared with the control group, *P<0.05; Compared with the IL-18 group, *P<0.05.

ASBIF S 3 3 B W K BR A TR G 14 A SR T TR R
T GAGEY SR 5 A B A IRYT R R 4 J8 /4L O / [ Lk Yt
TIE ST A B X T R R BB G AT R AL U AR A R
OARSI PF4345 51, 158 B Al B 1 BH S0 1 IR BRUA) G i 46
GiRRIE . T 2 M B TR YT B ST R IR VI B, AHF
522K PG 8 A Sk 22 Y A I T oK B L 21 p-IkBa I
NLRP3 ({335 . B T* NF-kB {5538 B 40E SN Y M 7R 42,
NE-wB {5538 #% 1) ST T 1715 8- 200 0 K1~ 35 o fe il L
TR T B 38 70 T, NF-xB 5 HAMHI 3 1 IkBa LATGIE
P SAEAE T4, 24 NF-«B {5 B IS 5, 1610
NF-kB #4057 FI#% N 5 HAH 9 DNA JEFF R 454 315 T At
1Ry S22 NF-kB A5 538 [ ) S0 T 3 B0 e, St F
FER IR B A AR R O U AR B R AR o NF-kB 55
T HA P HIVE O, Ran 28 AT KB, B 05 FEFK B il
it NF-kB {55 Bk ZHRIGI T W RER M, AWK
BB T RK RACE 44U p-IkBa (635K - B2 T, T
ol Rz AT dk S A p-IkBox A 63A . $ 70 il Hz AT A ot )
NE-«B {5538 B F 0T R R3O s R PR

WA TR 45 5 5 R ACLE M BURE 32 1A 26 11 3(NLRP3) 4 HiF 14
TS 50 ST T R R R NLRP3 48P (4 it
PA R PRI A R T A AR B A BRI S 5 & R O R BIR Y
K R o an, G P T AR T AR b NLRP3 1)
KO8 % FF 7 B9, NLRPI Al NLRP3 £ 5 4/ % I§ £ B
(Lipopolysaccharide, LPS )i S A i T 4 FE 1 AN A A T, 310
il NLRP1 71 NLRP3 1] BH 55 101l 8 7 A G 40 it Y 9 38 25 27,
B RS, 263 R el — B 3 Sl ad 4 NLRP3 44
AT 5 30 B SRAM ] S AE R FE B AT R E S, ARIESE &
PR, T 2 K B 24 NLRP3 [ 383Kk 8 3 7 L 1
ol Bz A AT S R IC NLRP3 A58 . 457 Al i 1 7T A a4 )
NLRP3 A4 (555 38 A ] S E S o

RIEFAEH R R R R R REESZ/EMN, 2R
R T O A IR I 58 R TP B4R R A B R
TNFa  IL-6 F1 IL-10 (47K B 55 2 BRIt , S-S0 HL T S 0 383
T EEA B P H B G RESR R . sk m SR A Rk
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