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Abstract

BACKGROUND: Knee osteoarthritis is a common clinical degenerative joint disease characterized by chronic inflammation and oxidative stress. Resveratrol
has anti-inflammatory and anti-oxidative stress biological effects, and therefore it can be used symptomatically and expected to provide a new strategy for the

treatment of knee osteoarthritis.

OBJECTIVE: To investigate the therapeutic effect and mechanism of resveratrol on knee osteoarthritis in rats through the silence information regulator 1 (SIRT1)/

forkhead transcription factor O1 (FOXO1) pathway.

METHODS: Forty Sprague-Dawley rats were randomly divided into control group, model group, low-dose resveratrol group, and high-dose resveratrol group,
with 10 rats in each group. Knee osteoarthritis models were established in the model group, low-dose resveratrol group, and high-dose resveratrol group.

A mixture of 4% papain solution and 0.3 mol/L cysteine solution (1:1 for 0.5 hours; 20 uL) was injected at 1, 4, and 7 days after modeling. Rats in the low-

dose and high-dose resveratrol groups were injected with 25 and 100 mg/kg resveratrol through the articular cavity at 1 day after successful modeling, while
those in the control and model groups were injected with equivalent volume of physiological saline through the articular cavity. After 28 days of treatment,
the maximum knee joint activity was measured; the levels of oxidative stress indicators and inflammatory factors in the synovial fluid of the knee joint were
analyzed by radioimmunoassay and ELISA; the content of collagen fibers in the knee joint was analyzed by safranin O-fast green staining; the degree of arthritic
lesions was analyzed using the Mankin histological score; and the levels of SIRT1 and FOXO1 in the knee joint were detected by western blot assay.

RESULTS AND CONCLUSION: Compared with the model group, the maximum knee flexion and extension angles of rats significantly increased in the low-dose
and high-dose resveratrol groups, and were significantly higher in the high-dose group than the low-dose group (P < 0.05). Compared with the model group,
the levels of superoxide dismutase and glutathione peroxidase in the knee joint fluid of rats significantly increased in the low-dose and high-dose resveratrol
groups. The level of malondialdehyde significantly decreased in both resveratrol groups, and the level in the high-dose resveratrol group was significantly better
than that in the low-dose resveratrol group (P < 0.05). Compared with the model group, the low-dose and high-dose resveratrol groups showed a significant
decrease in the levels of interleukin 1B, interleukin 6 and tumor necrosis factor a in the knee joint fluid of rats, and the levels of these inflammatory factors
were significantly lower in the high-dose resveratrol group than the low-dose resveratrol group (P < 0.05). Compared with the model group, the content of
collagen fibers in the knee joint was significantly increased in both resveratrol groups, and the high-dose resveratrol group showed a higher content of collagen
fibers than the low-dose resveratrol group (P < 0.05). Compared with the model group, the expression level of SIRT1 in the knee joints of rats significantly
increased in both resveratrol groups, while the level of acetylated FOXO1 significantly decreased (P < 0.05). The magnitude of changes was significantly better
in the high-dose group than the low-dose group. To conclude, resveratrol significantly improves the levels of oxidative stress and inflammatory factors in the
joint fluid of rats with knee osteoarthritis and alleviates arthritic symptoms in a dose-dependent manner, possibly through the SIRT1/FOXO1 pathway.
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BRSO IR H WL RAT G, 4 R T H 24
N, VAR N FEEREIR, 6 BRI 3 T DLOGTT NI I A
KA B &R BBERINAE, HEETE
A IE A K TR MAE W2, B RS T8 24 R R L]
MANTEAE . BETRE LR R, BT RIES SR
KT REERE, FFIE BT E H A0S S 5% A
ML AGEE KT 23 T B, S BUR 4 IS SR R
FAL R i — Al AR, BOE NG SEEE, R
RE KRR HEBh IR 55 4 i B AR B H AT
BRI R BNIEIT TR E . AR R — PR AR B P AL T,
BAEZMAYZIE, WIEFCMEREE . ) i i s
SERIME ST IR ORFF MRS, TRETRERE R A SOR &, 4
PUEh B REREAL RN TR 0o SRtk oG v ot i1 P 9
VLB AZ B8 45 X7 1(silence information regulator 1, SIRT1)/
WL ME#E S A7 O1(forkhead transcription factor 01, FOXO1)
AR LR JORE S N R A bR A ke AR T
F B AT 7T $)3 5.7 SIRT1/FOXO1 3@ 2 5 & e % i e i
PO BRSSO R AE BT A ikiE R
A, BEIRAIE TN SIRT1/FOXOL 38 B ER T 1 1 22 7 B h K Bl
BRI RINGITIER, BENRKRIRTTRE ST Rt —&
IR -

1 #EF17A5%E Materials and methods

1.1 &4 BN BN SEE, 2 AR B PSR R R
75N, LI SR LSD V2.

12 BfEAbE SEEGT 2022 4F 1-12 FAER BRI L
U6 AR 5E

1.3 ##t

1.3.1 sEEGENY) 40 H 8 FEUSHEM: SD KRR, 4 & (200+10)g,
T T BB R R 2 SE B sh Pty s AE =V TE S SCXK
(3)2017-030, % RBEALE FRIEREHL > SR RRAH . PRI
AR BT EAM R, 410 H, WARAERE
18-25 C, iJ¥% 50%-70%, [ K. ST FEAE 1
PR = g 2 COCT 3t 2 5 48 R /R Fe r 3L iR
A 1 e B 50

1.3.2 W52y AR AR (> 99%, %5 SRT501) I
H £ Selleck 2 &]; AJRNE HEG (4% = 98%) I F AL &
SEEAMAMRAR: PR (A600132) 1 H A= T A4 T.
FE( B ) A RA R RE 2 (#fkscs: B
7 H31021724, #it5: 20150506) W F [ ifg b 25350 W0 25
FRARE: A= 1B MR IRIE T a TG Ab A K A 7
B1 ELISA iR 71| & W [ 3£ [# eBioscience 2\ &]; SIRT1(#8469).
FOXO1(#2880) A1 Tubulin(#5568) — HT A1 HRP = HT % — $ii
(#7074) g H 3£ [H CST A m], HAth 7035 8 B 7= 4 A 477
1.4 Z¥7ik

1.4.1 BE RN ROKRBAME 40 K SD KRB/ Xt i
4. WA, AR EAM AR EERR, 4
10 Ko BRXFERZEAL, AR R BIER 1% 13 LG 240 BRI 1 h
Je B EML, RS SCHR R IE SR 254 5 S ST R DR K
BB W, B R D 0 K RS BRI B
WKV EE, 1 mL ka8 T g WO R 7 ke, NEFR &R
G fa) AR 2 RN ST IE N, A IE AR ER 1, 4, 7
RIS 4% AKJNEE FIBFA TS 0.3 mol/L LRI (1 1
JRHE 0.5 h) PVRATR 20 uL, EEALEEE 7 RIFMEIGE KR, 2
W /d, 30 min/ ¥k, ES15d, KR I, EiE.
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B R BRAN AT AR, W FR ) SR R 20 R
e, MR ISR -

AR T 32RO RNIEIRS TR P B MR K B) R

7R

[ ESA

BEREORE WA, M1 mUdER S TR AR D7, NETI R
AR BN, RIS 1, 4, 7 RUEST 4%
ATRE EABEEHCS 0.3 mol/L FBEZ R (1 @ 17RE 0.5 h) 1
TRE 20 uL, @SS 7 RITARMGER R, 2 ¥k /d, 30 min/ K,
4 15d

BB R S4E 40 R SD RRBEHL > Axt IRAL, BIAL, [ B ARG R AL
ik A R R, R 10 W

ERARINTNGE KRBT BN, BAE. 75202 AN T A5 Rl i B
R VIR SR H] R R

REBERSHE LI L AL 22 22 e 5 — I s B2 Btk e

142 BEERTRKRSEMGT SERINE Ld TR
2, AP AR B AR B I v R B K R O i
U A2 2 25 mg/kg, 100 mg/kg®™, RERLAZ 1R, 4245 28 d.
Xof B ZH AR AR 20 28 O I S SR R AR B R K . VRIT A RS
N 5 % 2H K BRI DG s K A A

1.43 FALNBUE AR 45 2 28 d B 1% [ EL LE 2
100 L R R SR o HX 4 AR BRSOG4 BB s/ 1l B
A8 B 45 Ak ) 15 AL T (superoxide dismutase, SOD). P —
W F 2 e Ik A AL WG (glutathione peroxidase, GSH-Px),
K BAR ORI S B AE, AR bR e 28 1H 57 SoD. N i
A1 GSH-Px 7K.

1.4.4 ELISA R JRE R 7 HU 4 20K BRUBECHT¥, 12 000 r/min
BT RIS, RIS . B R AR
bRl 2k, BE S AN RA. FRAETL. FREESFL. 7E
L3 AN IR TR b DA D) 1WA g AT o B T TR S o
5 E T 37 CUEE 30 min, FTWE, L0 100 pL ¥k
BRI, Ve 3 G FRRRFLINNEEAR 7 50 uL, 7S FFLERSE,
3 DR S BT 37 CHEE 30 min, TR, LN
100 uL YEV, ##E 30 s R FAVRERI, JELRVEG 3 I &AL
TIN5 AS0 uL, FEIA G 7R B 50 uL, 3221,
37 CHEG R 15 min, RAZKIERA LR GEEA A,
7E 450 nm AN AT OG FEAEL, AR A v il 4 v B A E A
T AN 2 1B FAM 3 6 MBI IER - o Rk K-
145 L O- FEBP IR P RIEA4ESE 4 HK
ROPRBEALAE f5, R OGB4, R R AR 7 %1 10% H
MEIE T, AT s oK, ARG, BRoKetEe, ik
TR H 1% SRR AW 504k, ERIK PG, 0.02% [H £k G414 3-
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5min, KERZRPM, BRHELA; 0.1% FL Y 1.0-
2.0 min, KPEEZRIM: 1% EERE 0, Kbk AR 4
95% MIJC/K LEEMLK, —HZRIEH, AR

1.4.6 JREKAT Mankin ZHZU%0F 5 TR/ O- G EF,
K FH Mankin 20 23 229743 43 BT 25 2 K BB 1 9635 R AR FE 1
PEARAEL R T B S IEW 04y, REAMN 145,
M ST BRI AN 2 4, RBE N )Z 3 50, R
HNFRHE 4 75, RBEENEE 5 55, 4558 2R 6 7
B 1EH 04y, SRigMEgufaigin 14y, JSiBaniuy
B2 4y, gHHEH BRI 3 4y THRE Rt FHO
Iy, BFEW/D 1 Gy, PR 24y, B 3y, LEG
44y Il w80, WMmEMA 15, 408
A Mankin PEor45 5, rdobkm, OR R AR R R
1.4.7 &A% EIE (Western blot) £ 1 SIRT1, FOXO01 3
EAKE 4 AR BRRIEALSE S, BURSCTTH, IANH AR
R, SIFRAXGR A 219K, VK E 2% 30 min J5, 12 000 r/min
B0 20 min, YA BiE, SR BCA R Sl e B AR IR
HY 30 pg 247 (4 347 SDS-PAGE, 4& )5 % F2 & PVDF Jii I,
K F 5% i fIg @k 5 11 2 b, 7 A Tubulin, SIRTL #11 2 Bt 1k
FOXO1 —#i (1 : 1000) &%, WH PBST ¥k 3 K, i
F HRP i —Hi =R % & 2 h, PBST ¥eik 3 XJ5, N ECL
KA, B, KH Image ) A AT KEEME T, HME
FFRIEKFRH B 8 A K AE A Tubulin K FEE 2 tEERIR .
1.5 EBIESEAR  NE S ERRBCT R B MAE; R
FH S SRF Gr2E 1 R ELISA YA I e 5 5 R 4R A 7 8 HB A R 2
JiE KT 7K T AT O— [H Sk G 0 70 M IR 50 5 R R 47 4 35 &5
Mankin 2021 2247 73 73 BT e B 90 19 40 AR F2 )% Western blot
K 515 SIRT1 Al FOXO1 ik /K.

1.6 %it3 o4 K H GraphPad Prism 8.0 B {47 45114y
Br, HHEPORI xts FoR, 241 ELECR A BE R 7 £ 00T
YA PP LA LSD 1%, P<0.05 NZERH B FHIER L. L&Y
T A R 2 e 25— BB R B Tk e i 2 B R d .

2 258 Results

21 KRR ERRSEIS R, A, 3 A
BAM AR S EASE 1 RO RREE R
12, (HRHAET, WMRARNLNERE. HAdREP %A
REIIR A R P

22 ALK REAF ST LTI 4 KRR, &
10 H, @RS RNIET, RERL, SFHENLERI
23 ZAXBMEXT AT SXIRAE, BRH KR
& IEHT Mankin 743 7t 5 (P < 0.05); SRR LA, HEEM
T EE, 790 52 2L R 25 79 4 Mankin 3E40 B 5 R 1%, HoEnfl &4
W AR TR AL (P < 0.05), SxfHE4IELE:, BAILLA R
R f R A B Bk /N (P < 0.05); SRRV LR, H
077 ARG ) 2 2L R v 71 R £ O B DY S i e 7 55 S Y
K, HEfEHAE K FRFEH (P<0.05), W& 1,



HREZ PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
F1 | FEXRXTEEITI R KB RBELLE (xts, n=10) o EEARHGES  ERE R

Table 1 | Comparison of joint function score and maximum flexion and
extension angles of rats among groups

415 Mankin 3173 R (%)
IR 0 143.98+11.09
A2 3.40£0.70° 103.1845.09°

SE =yt iS ] 2.500.53" 114.55£10.09"
A s e ) 2L 1.80+0.63" 128.13+6.17"

Ferk: LAIRALELEE, P <0.05; SHUMALLLEL, *P<0.05; 51 RS R EHAIEA
tb#s, “P<0.05.

24 ZAKBEXTREMZHIEFN  SXIRALE,
F5E R 20 K R T R SOD Al GSH-Px /K 2. 2% i, T A
K RGN (P < 0.05). SR LR, AR R
2 4R e 7 2K BRI ST VR SOD R GSH-Px 7K - i 25 3
b, WA EEKCERE R, B AR R R 2T
A4 (P<0.05), W% 2.

*®2 | FEXRENEIEIRLER (xts, n=10)

Table 2 | Comparison of oxidative stress indicators of rats among groups

2H 5 A % (nmol/L) SOD(U/L) GSH-Px(nmol/L)
payiiei:| 2.32+0.16 280.88+19.39 15.74%1.49
TR 4.0740.77° 111.17+16.34° 5.43+1.26°
FEEPECR A 3.37:0.34° 160.73+18.24" 8.83+1.02°
AR R4 2.81£0.18% 218.38+17.00™ 12.68+1.32"

Rk SRHEALILE, P <0.05; HHUBMLILE, "P<0.05: b4 R AL
HE, P<0.05, SOD AILIIELALNG: GSH-Px S92t H cis L fk .

25 BIKRAMRTRICEFRAFSAT  EXTHALIIE, R
R BB RO R T H A 3R 18 H U & 6 A
IR SED T o KPR (P < 0.05); SIEMAIELEL, H
B AT R LA R R 2K B SRWAE R 1 AR R
1B E4NHS R 6 AMIRIASEA T a AKPII R TR, HE%E
R AL BAR TSR R AL (P<0.05). W3 3.

#3 | BEKRRBEXTRIAERTFKEELE (xts, n=10, nmol/L)
Table 3 | Comparison of inflammation factor levels in the joint fluid of
rats among groups

2153 FI4EA % 1B F4ENE 6 JRE IR AL T o
R ZH 19.58+2.37 13.301.74 13.2242.03
A 93.9348.19° 60.55+6.97° 77.908.59°
FEE PRI EA 72.87413.81% 40.64+5.96" 51.6445.89™

H R AL 43.7127.577 30.0447.54™ 38.1945.63™°

FiE: GXTEUILE, P <0.05; SERBAILLE, P <0.05;
Lk, P<0.05.

26 SRR AXTEBUASKRR T L4 G4
Lbig, AT K R OC T IR IR 41 4 & W1 & T F% (P < 0.05);
SRR b, A8 B AR i A AT s A K R ST e
JREFAES B, H A2 i m R B A TGN R A
(P<0.05), WE 1.

2.7 AR K B kB4R 2R SIRTL = LB FOXOL Rk K-F s 5
TR LG, AR AH K BRI O 1T R 41 41 SIRTL SRk /K {2
E W, LB FOXO1 /K330 (P < 0.05); SR L
B, R AR A AN R B 2K SRR DG R 4 2 SIRTL
Lk B ERIN, 284k FOX01 /KT 53 TR, HEZS
it v 711) B 2H 8 A i 2 R THIGGRI &4 (P < 0.05). WL 2.

5 ARG A

Bl 1 | FEXRBRXTBEAREL 0- ERLBELLE (x200)
Figure 1 | Safranin O-fast green level of synovial tissue of rat knee joints
(x200)

2.5 EESIRT1
[CTAc-FOX01
1 2 3 4 2.0
-
- " | sirT1 f:} 15
®
- . e Ac-FOXO1 =10
=
0.5
- e s s | Tubulin

BIVE: 1-4 359 x IR . BN . 3 20 B AICT) s 2H B 1 2 7 I s 1)
. SHBALLE, °P<0.05; SHEMALLE, °P<0.05; AR
IEFIEAH L, P<0.05, Ac-FOXO1 A Z.fi4k FOXO1,

B2 | SEKXRKBEL SIRTL MBI FOXO1 FIAKTFLLER

Figure 2 | Comparison of the expression levels of SIRT1 and acetylated
FOXO1 in cartilage tissue of rats among groups

3 ifif Discussion

W R e — PP N LRI, RURO 3 =
PRk, A, MREEN T EENEERE Y, AT R
BRI R AL AT A HRTIRIRIE ST e T R
AR N, EERAAEREREZGY), ToikA s i
R, HEARRMBK, 097 R A RO %
i DR TR TR IR 1 DG 1T R R R R B R I, DAtk
L 7 30 L BT 5 0 R R S Y R VAT R U i B A
PR AR R, R R ER Z k &
v, RERY, AZSERAIEL. Bik. bz Ry
TR S Bl A S I B IR P B AT B DR T R A
AU, Tk, SO0 T ) % R OGO B
B, G0 AP EERT IR O R TT AR FH AL

WG Y TR A T B BV TS > B SRRV R S
SERRE O R, B RO OGN RIGIRAEIR,  HARAE
JPVETRI R, AT H TR B AR L gL EOR,
JE AR K BRI TR TG Bl 2 T BE, REH KR
RATZA, ML T BB O SRR, A4E AN 18, A
UM 6 MHRSRSE R T o WK E B RAEH T, B
BT S R A R R R e B AR TR 1 A
A 7 Pt J i S A R AR A R R R AR E AR
PR A T P A P A & P, HKCT R R R Ak
ffE Zg s ", SOD JE4N M — 4 B B A 1 BT
SAAGEE, v DUBE S B ER S A IR 45 4%, 1T GSH-Px 8 A& —
P4t i B L BT EGEE,  RERE A G B I S A W Id A AR I R
fmEk, A1 SOD A MiEFE A i3 = R 28 0 e
KRR KASG, RECE AL N B R,
SOD Fl GSH-Px 7K~V % 35 N1, Ut W B 96715 48 S8 Ak B K
PO LKA FER ) AV P RER YT I, M DR R AR
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K7 A2 18 T4 3 6 AR IR FE R 1 o 7K
B TR, BEREA N BKF B3 T, mitEikiE
b SOD FI GSH-Px ik /K7 U & 3 11, e (22 P i il i
ARG 20 i OG5 2R B R

B 2R S O N A 2 BB RO Ay,
SRS RRE MRS A T RE M E R A B (HR R T
RRAETFES, AT A 2R FOKE R E G, BB
ST Thae e, 2 s shshhearg s ®, vt 7t iE
I F 2T O [ 4 Gt R IR 1 OG5 2 K BRI S 2 4 75 & W0 3%
T, SOCERIRIE B LK FUCR A AT IR T )R
RO, PR A4 2w A 25 R 3R 38 Iz v, Ui B
P22 7 R I oG R AU R R AL AR (B 2 R R I,
EBVRI T HIER

WY L — R B 2 P REIR T MR OSTT R L
fil. SIRTL B &35 I ME G RARY AL, X FhAED) 5 AE
FH BT B 2B s P BFCRE, BOE SIRTL A
Ol JORE . PRI TR AL I, IR AL LB P SIRTL/
FOXO1 JE % 1 A G565 4 e 26 R 1k Fg 1%, mi w78 o
(I3 PR — S 3 BRSO SIRTL, AT LA SIRTL (AL 9%
PEo BLIRAHFUR I, RIS RAE AL SIRTL Rk /KF 3~
W, SEEHEY T FOXOL LB /KT B 1N, HEmifei
Pl R B AP RERIT IS, SIRT1 RIA/KF 23 Fif,
FOXO1 LMtV K-35 TR, JF 2 AR, BB 2 i
F B SIRT1/FOXO1 J8 #% 7 615 2 vh R AR

Mz, EEAEET L SIRTL £ik, T i FOX01 Z %
K, SOHIEE T RAZIE R TR, dERRA 2V b
BT, DRI B HR B, B T RIS
Ao (HILIRIEFRARAAAE — @ R IR, (UNTESIYIKF L bt
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