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25 B PR AN 438 55 37 O AN, 25 9 20 0 A 1 #E MR CCK-8 SE 30 E AT PR A% . 43 51 F ¥k B 10,40
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Abstract

Objective: To investigate the effect of curcumin on secondary cartilage damage in rats. Methods:
SD rats were randomly divided into the sham operation group, cartilage injury model group, 50
mg-kg™" curcumin group, and 100 mg+kg™" curcumin group, with 10 rats in each group. A rat model

of secondary cartilage damage was established, different concentrations of curcumin (50, 100
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mg-kg ') were administered for intervention, and after 10 weeks of administration, cartilage tissues
were excised for safranin O-fast green staining, and the staining results were evaluated by the osteoar-
thritis research society international (OARSI) joint pathology score. Chondrocytes were isolated and
cultured in vitro, and the toxicity of curcumin on chondrocytes was evaluated by using the cell count-
ing kit-8 (CCK-8) assay. Cells were pretreated with curcumin at concentrations of 10 and 40 pmols1.7"
for 24 h and subsequently stimulated with ILL-183 for 24 h. Long noncoding RNA ADP ribosylation fac-
tor-related protein 1 (IncRNA ARFRP1) overexpression vectors were constructed and transfected into
cells. Cell apoptosis was assessed by flow cytometry, levels of inflammatory factors were assessed by
enzyme-linked immunosorbent assay (ELISA), ARFRP1 expression was assessed by real-time quanti-
tative PCR (RT qPCR), and protein levels of collagen type Il (Collagen Il ), apoptotic proteins (Cas-
pase3 and caspase9) and JINK/MAPK pathway -related proteins (p-JNK, p-p38) were assessed by
Western Blot. Results: The OARSI score of rats in the 100 mg+kg™"' curcumin treatment group was
3.03, which was significantly lower than the score of 7. 38 in the model group. Curcumin dose-de-
pendently promoted the proliferation of chondrocytes and reduced IL.-1B-induced apoptosis, expres-
sion levels of inflammatory factors, collagen I , apoptotic proteins, as well as pathway proteins.
Moreover, overexpression of IncRNA ARFRP1 or anisomycin, an activator of JINK, was able to in-

hibit the protective effect of curcumin on chondrocytes. Conclusion: Curcumin alleviates secondary

rat cartilage damage by inhibiting IncRNA ARFRP1 expression.
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PEOC T B, L BRR R R O O R R 2
HIPHM LR, & FBPRARE" . REREE
LA B 40 R T 7E OA PR SR . Ik,
S B AR LA T A W b 7R T AR 1 O A BT R Y
T, LA BR OA B0 BRRFAE SO 22 O A J2 90 i i

W Z (curcumin) & N EZ R LB @AY 2 h
PRI — T B LR PR T 2 W T, S 22 v R 4 2 BRAE
FH 6 ME Loy A A R 22 8 K 1 1
AL R 0 5 B KRR A O TR OA R R
PR i o AN I R IR G g R e B IR 2%
R AT SR OA BAE W TR T B F L%
B OGN AR T e, A BLACAIL R ST M . B
A 4% RNA (IncRNAs) R I/ 7E— R IS5 h &
VEHEEEEH. R ER, OA G HL P In-
cRNA ADP-#Z #5546 K 74 ¢ 25 F1 1(IncRNA AR~
FRP1) %k % EiH, @i IncRNA ARFRP1 AJ 4
il LPS 5 5 (9 #0545 . b, g i
7~ INK/MAPK Gl # 5 OA #F & % U1 41 56 , 4 In-
cRNA HOTAIRMI 28 & 1 /9 F 9 38 5 300 INK/
MAPK i #% 73 OA K4 5k DU FUT10 1 £
ik 233 1 B p38/INK-MAPK 3 54 i i M 1M 4T 2%
B 5T M R %6 N T o (tumor necrosis factor a,

Cartilage Damage; Curcumin; LncRNA ARFRP1; JNK/MAPK Signaling Path-

TNF-a) B9 5CH 4B A 40 B 40 5 5T (extracellular ma-
trix, ECM) B g2 M T [, A B 5 4
% ¥ Z ] figal i 85 ARFRP1 %35 #1 INK/MAPK
I T Al G R B o A B 9T R A T R 22
BEE AL P TL-18 9755 09 501 240 MR 4k P 20w 0 1
YR B, W58 22 18 3R X SRR 4 I 45 5 1 5 e O
T 22 8 Z IR YT Ak & P HRCE B3 (cartilage injury, CT)
(1) AT BE ML

1 MREFE

1.1 Kty

L1.1 #HH5RA LERWANZRRETAH
FR 2> ®] s DMEM 35 37 & G 4= 1 3% 8 3 36 B Hy-
clone 28 Al ; % R -BE® R . 0.25% MR -
EDTA AL [ 3% [F Sigma 23 7 5 % Y1k 7 Lipo-
fectamine®3000 1 H 3¢ [# Sigma /A A ; A -7 [ Cas-
pase3 il Caspase9 — 41 S - $r ¥ H 3¢ [& Santa Cruz
A7 RT-qPCRIAH & RNA 2 HULR & RT 5
s iR & R AR BGER & DL M CCK-8 37 & L An-
nexin V -FITC £ 350 & ¥ 14 A 36 E Millipore 24
Al g1 A B AR TR B RIPA 28 i iy |
[E Beyotime 23 7 .
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1.1.2 £ &M0E &l 9ot i R A W ek
JZ W (PCR) Y (Roche 22 ] , #i 1) , Western Blot £
i (At gt N —AXEE T DYY-7C) , A =A% U 5 3 B0
HLOH A KUBOTA 2w ), 15 it 20 M 35 55 46 ( g )
HI B2 AL 28 23 ), FC-500 % =X 40 M A% ( 26 [/ Beck-
man 2\ F) ), BB BAR S BT A O M B 32 5L 50 i A A
PR E]) , YP5002 B+ KAF (I 8- B ) |, Read-
Max 1900 % F 7 ( b1 [N 3% A= Y RHE ) .

1.1.3 %%z 6 SD KK 50 X, T4
Hh S o S 90 O R AL H SE IR Bl W b 3 I 1 R SR
VA JG Rk (260+410) g AT 305 ; & 9 Ak
TERA S B B i SC s A iR, S
25 ) ) A PR B R 25 B S HE R AT, S0 L R
w1 Bl 4y b B A R i R B T o D) R R gk
JHE 48 B 6 T 4 B S S 58 3 R O 45 R A T
1.2 A&

1.2.1 X RAHCIERGMHE HO0.3mL. 50
mg-kg 'L HE - 4 I T SRR K R 5~20 min.
JER R J5 48 T 5 KRR R, DA R BRI G Sy o
O B NMI T KA 1.5 em. BRI 5 8
AN S 5 4 22 RV IF 1] SO0 BF R i 2 A,
o N i G Ao M Bl S V0BT T 22 SR A R
&0 58 A U)W e R sl 2, 28 A N AL B
5NN SR 20 R LA ST I R
FEIGIEEN . H SR KBRS b K R 4 R
oA By AR , 2 010 K 5T 4, JF AR AH G 5% .
1.2.2 KRKB@mies» B 55 RHTMER
F b A8 K B, JC TR 2510 N 0 B e, U0 25 7
S0 16 o] T 20 20 B ZH 8B 24 1 mm® R/ 5 3%
T W AR SRAS OB AN, A 10% iR 4l
5100 AT (5 % R R R ) 1 DMEM 85 57 52 %
FIRAIEB A 25 e F2 N, T 37 °C.5% CO,1H
B IR A B 9% B 3~4 d IR B IR AL FR A0 Ll
80% LA I, f#i FH 0.25% B HEE/0. 1% EDTA ¥ ft 4f
ffd,1 000 remin B0 5 min, $% 1: 350855, 2440
Mo flA 2 70% B AR HE FENG 25 i )% 18 16 BUA [R]
W 22 # % (0.10,40.80,120 pmol-L ") 43 5l &b
PR M 24 b, R DU KB A0 M TR k. AR A B o2 O
1] 7 8 % (Anisomycin) LA 4 pmoleL " % ¥ B2 45 fin 5
K% b FH R TR INK 5 58 i .

1.2.3 %How ZhYLmsrd 7650 H KR
B AL 355 10 38 Sk - AR 415 ) 4x 40 HR B AT
2 SCA) DD R A 2 A U R TR A, AR A
IR B 34 L, BEHLEEHR 30 H 43R 341, I MR 4

FENG 46" 38 % L 2 mL .50 5 100 mg-kg ' 2% #
ZAL FRAR R R B (B n=10) . Hor, B i A
T 2 A A 24 ) b B 5 50,100 mge-kg ' 35 B K 4 43 4
50,100 mgekg 'ed ' EEEMEH LI, 41
Oy o Al AR SE IR B W xR A K RO A, iR
MR IR 510 pgel A IL-1R15 S 400 B 4 i 451 45 , 1%
FIL-1B5 5 4 5 10 pmol/L 22 8 K Wi Ab BE 1L-18 15
Sl K BACE 4N ME 24 h, %R 10 pmol-L ' % ¥ &
20 ;40 pmoleL ™' 22 # &K T A # 1L-18 15 5 41 K B4k
AN 24 h, BN 40 pmol-L 'EH KL .

1.2.4 420 BG ke FLLOBWMMLE,S5
WMIRCE R IR AR ERIEENZHL G %
Ol BE BT gL AL s [ SR R R M Lokt 5 & mtE
AR WAL & R R E E T
YRk to . L) R w HUB IS IS, 7E Weigert Y (4
WAL A2=1:1) 12 Y& 5 min, B& 1 43 b Ak 22
30 s, ZER/K G Uk 15 min. B S , o P T 4% % €4 W i
Yo 5 min, 5 BRI B 30 s U EBRIR R Y . &
21O Y {0 W12 44 7 min, 43 5 95% . 100% &, B i
K, HOREM T B R BN AR R A 4R
M . WK R R 3 AN R LT, S B [
R B 565 4 WF 9% 27 2= (Osteoarthritis Research Soci-
ety International, OARST) i #1534 1 7 i JE 21 21
VPR IEDE 43

1.2.5 FXF X®e HHEREFath W
A GAE 5 % Z R AL 5 D
B %X H (hyaline cartilage, HC ) J& i | 4= % # & (total
articular cartilage, TAC) & £ , 2R J5 BV ¥ H T 5
OARSIT4Y .

1.2.5 KRAKF@mprgatn 05K W
2 20 40 M F A AR AL 1< 10° B 25 5 3R T 96 FL A
FHE 109 J6 4 13 9 DMEM 15 37 56 61 7 2041 it =
W, T 37°C5%CO M &M TR, BAHR6A
SAL L A = 80 AlA B, TR YL S 48 him A
20 pL. CCK-8 ¥ - 15 3% 24 h, T HAR X 450 nm &b
G0 WG B (A B . U6 FL AE 50, 4% BT
G 28 A5 A0 B AR X I g - 4 B A X E ) (V) =4k
L A /X IR A X100% .

1.2.6 KRGl 84524 40 1% IR
BAL 1X 104 19 % B 4 Fh 31 6 LA 12 h 5 400, i
1724 h TGS K FR B 15 9% . 10V PBS BRI, I AT
BT5% WA CHEE4Lh LB, BO5 R,
PBS #E% )5 , A 500 pL Binding Buffer & % 48 4 .
Jm A5 pL Annexin V -EGFP ¥ & 15 min, F i1 A
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5 pL AL I BE (propidium iodide, PD R 2] . ik T
HEYE R 5~15 min, F 1 h g, 76 FC-500 it =X 4 2
A {5 FH Beckman CXP #4446 10 241 i@ 98 7= 1% B0 .
1.2.7 XKER-FAFHER  YCELHKRIEE
Ak, 3 000 remin ', 4 ‘CF &0 5 min, W 15,
T —20 CHMIRA & o % & 4R BB 40 i
PBSVEUE,0. 04 g-L "2 F il EJH AL I WL 0 L, T
—20 CH R A7 45 HT o (0 FH Tt BK B 922 W BB 55 56 (en-
zyme -linked immunosorbent assay, ELISA) i 7 &
HEAT AW, R T A YRR S v SN 5 X IR
Wy 1) s 8 AL VR AR 45 6 DR B EE AT AR A R -6
(IL-6) Fl TNF - Ve B f A o #5420 2 4 3 e R
R & 0B B AT A
1.2.8 Lenti-ARFRP1 1% 7% & #/k ed 9 22 R 4
GenBank #1 IncRNA ARFRP1 3 K )5 51 , 5% [ Oligo
6. 0 %3519, 5 DNA oligo—i& i Btk T4
o 5l A Age T BI85, 3351 A EcoR T il
VI a5, 3B KO 8 P 2R i % o 12 B M 2R it AL
B 5 pLenti6. 3_MCS _IRES2-EGFP [ % 4 4K #17
B R W E 2 AL Lenti- ARFRP1 (AR-
FRP1) A I8 Lenti-NC Jfi bz ( Vector) % f£ DH50 J&
AU, T SOC Ky 78 He 3G 37, WU W A7 7 5
B, DT A 1) S B kB 22 A B e 0 P 60
1.2.9 TARBRFEAEERI KT HE KK
200 B A A T Y A% 2 40 B e IR B L 1 X107 1Y 4 B
AT 6 LA, F &% 10% G 4 13 i DMEM 85
7 5 Tl B BP0 B B, B T 37 °CL5 % COL M &R
B, A 6ANEAL, A MK E 80X fl & i,
1 mL &% 10% 6 48 113% i DMEM/F 12 35 5% 5 il
B 9 i T FBE 118 5 e e W, 3 ) IS [ A
15 B0 G e Ak 22 55 9% 24 he DL A S A IR B
(multiplicity of infection, MOT) jii B B YL 41 g . g e
JE 5B 2 K W FE A B RO B IR, e R AR R
WA 37 CHRSERE 5% .
1.2.10 & & Ji %7 i 3% (Western Blot) K il 3 i
48 E A BEE-13(MMP-13) . 1 #1 g J] (Collagen
1) . Ul#l-Caspase3(Cleaved-Caspase3) Fl Cleaved-
Caspase9 [R5 . ¥ 45 4L 9 i 4% IR 4L 1 X 10° 1Y %%
JE B2 R T 6 FLAR , 24 h 5 W 2E AT 0 I By AR L B
Fto 24 hJ5 R BCA #4788 HE &, 4 MU 30 pL
FEA AT SDS-PAGE, il 85 (A6 B B0 5%
EWsAn = R B 1 h, A —$i 2 Bt A Collagen
T (Hi B A5 %0 1:500) | Cleaved-Caspase3 ( Fi B i 54
1: 500) . Cleaved - Caspase9 ( #i B fif %% 1: 250) F

GAPDH (% B %0 1:1 000) ,4 CHE&E S . A
HRP #5 ic A9 % ¥t Bl — T (1: 1 000) 37 CHF &
45 min, H ECL W W 5% , i Fl b 2% & 6 ) & 76 1k
2R IGR GRS 45 5 R FH Image-Pro Plus 6 X
PEFEAT B R 250 IR BEAE 23 17, AR B B 5 I 2 I
GAPDH 4 JK B8 LU AR A R 25 1 A AR X Rk i
1.2.11 S8F 3 8% - PCR(RT-qPCR) % i
W12k I TRIzol ik 71 #& B & RNA . PrimeScript RT
Master Mix §"# cDNA, Jx W & & 3 25 pL, K4y
% 12.5 pL ) SYBR Premix Ex Taq 1, EiF 519
0.5 pL,cDNA 1 pL, K —77K 10. 5 pL, PCRF2
¥ .95 CHrgk 155,60 “CHrgk 60 s, Imagemaster
VDS BG4 A1 4 0 5 7= ) 45 I B4 6 2 A .
Bractin E NN S, K 2 2T )5 i35 RNA £ kK
. BN R, IncRNA ARFRP1 F g5 4 : 5 -
GGA CAA TGC TGG GAA GAC GA-3', FiiE5l
¥ .5-GCT GGT CAC CAC CTT CAA AC-3';8-
actin 751 #% . 5'-TGG CAC CCA GCA CAA
TGA A-3', Fi#f51 49 :5-CTA AGT CAT AGT
CCG CCT AGA AGC A-3,,

1.2.12 Zest 542 AR SPSS 22. 03k {4
PEATGE 3207, DL B AR 22 (o ts) ok . P4
] Ll A5 R FH e K 6, 22 2 L A SR FH B IR 38 7 25 43 BT
B Jo 45 4 2 50 0] B P R L R T SNK - A6 562, DA
P<<0.05 A ERA G FE X

2 #R

21 ZEEWNARRBARKRGEIEN T
TRAN 3 B 15 95 B A A, 5 AN 48 ik 22 B R Ak S 4H AR
H, 80 pmol-L ™ 'l 120 pmol-L ' #H E R T 48
41 1t 4 5E B8 77 (P<<0. 05) , 9T LA 3% BOx 48 41 i G
A 4 75 Pk A AR (10 wmoleL ") (1R (40 pmoleL ") ¥
LWEMIG LK . SXRAME, MK ARG
Z AR U TL- 18 5 5 460 005 4001 40 M %) 2% 3
(P<C0.01), H 55 s ARk . e Ah , 28 R 0 &
W PE B AR TL-18 175 5 5 | A 1) ) 40 ML O 1, R
A F (IL-6 . TNF-a) /K F L & ARFRP1 (1) 3 35 /K
VLB EREA G E L (P<<0.05), WA 1,

2.2 IncRNA ARFRP1 3 = & & I #) 2k B 40 B 3
IR0 K12 0% 3 UK Lenti-ARFRP1 % ¢ T
IL-1R 95 5 401 405 1 R BB 4 i b, 45 % 40 pmol
L' Z W EIRIT . 788K Lenti-ARFRP1 #8645 &
FAL I ARFRPL 3K KF 4 L 08 772 | 92 E 7K F
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1 ZEEWNKARREBERBGENENZN

A AN T R R 2 5 30T 9 20 M 1) B ARSI 5 B COR-S A I AS [ ¥ &2 22 8 2 % T -1 475 450 005 199 20 40 e 1% 394 70 B 0 1052 )5 C. = 4

P ASCARSE W00 AN T vk 22 95 2 008 TL-1 R 78 40 03 %1 400 6 7% 00 B 0 5200 5 D A0 IR T R i GE I E. ELISA Kl S8 4 I F IL-6 /K F  F. ELI-
SA K 99 K F TNF-a K ¥ ; G. RT-qPCR Kl ARFRP1 3£ 357K ¥ . 5 0 pmol/L 22 5 R 41 /X% BALAH L ,"P<<0.05,"P<<0.01; 5 IL-1p 41

AL, 7P<<0.05,77P<C0.01

F1 Collagen [ ik 7K (P<<0.01) , 9 il K B 4K &
4 35 5 (P<<0.01) o 1Al 28 RIRIT )5, AR-
FRP1 kK 40 M T2 % | 42 E 7K F 1 Collagen
T 23k KF 1 3 B AR (P<<0. 01) , I 4 2k 4515 40 il
WagE, 25 BA G E L (P<<0.01), lLIE 2,
2.3 EZEZEXINK/MAPK BN F i %
PER BRI VA R TN T 22 5 3 X INK/MAPK 3 #% 7
AR LH AR B, IL-18 5 3 4l INK/
MAPK i #% 41 5 8 H p-JNK Fl p-p38 ik KT 7
(P<<0.01), 2 22 ¥ 2 b 35 2 i B AR (P<<0. 01)
1M Lenti-ARFRP1 %% Yt 3 % 142 i 1 38 % 2 1 1y 3%
K (P<<0.01), WK 3.

2.4 JNKEEFAMZEZNEREHRBRG A
Mg R INK 38 #3576 57 Anisomycin ¥ i 21 15 77 3
Wi SO INK KT i MAPK Gl 5% . 25 1 WoR
Anisomycin 4t ¥ 4 INK/MAPK i # # 3¢ & A
p~JNK Fl p-p38 M RIX K IL-13 1 F AU B EH &
(P<<0.01), 4 F 40 pmol-L '2% i % 4b ¥ J5 B L %
K, B2 R BA g% 3 L (P<0.01). A, INK
i e TG AR A BT - 1R 9 5 A0 Y KRR 4 e
Ja o, AN M A TS M R E B F WK BT &
(P<<0.01), 1M 45T 40 pmol-L. '3 £iGJr )5 Lk
RBKPHBERMK, BERBASITHE X
(P<<0.01), i W] 22 8 & Al 3 o INK/MAPK i #%h
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E 2 IncRNA ARFRP1 3% 2 % 5= # il 48 B 40 B #5345 B9 =2
A. RT-qPCR A ARFRP1 9 2 357K - B. CCK-8 45 M 4 B 20 g 34 58 B8 77 5 C. 3t =X 200 JE £SCRS: Y00 26 B 400 B U T 6B s D A A T2 % e it
&l E. ELISA K 9 5iE 1 F 11.-6 1 TNF-o /K- ; F. Western Blot 1l Collagen [T (%4 112635 ;G. Collagen [l 2K FS T E . S5 R4A
e, P<<0.01; 5 IL- 184 b 4%, P<C0.01; 5 IL- 18-+ ARFRP14H [ 4%, ““ P<<0.01
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A. Western Blotfs Ml 8 2 1t INK & 11 (p-INK) & INK & 11 (JKN) (B2 1k p38 & 11 (p-p38) . & p38 F 1 (p38) 19K ik /K F; B. p-INK 55
INK HA ,pp38 5 p38 LM M GE 3T . 5% BRZA 4%, " P<<0.01; 5 IL-18 40 LA, ¥ P<<0.01; 55 IL-1p+ 2 ¥ 2 41 4%, 4 P<C0.01
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