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Therapeutic effect and mechanism of Salvia miltiorrhiza polysaccharide
on sodium iodoacetate-induced knee osteoarthritis rats

ZHANG Yang,ZHANG Ning,XUAN Feng-xue, WANG Bo,YU Hai-tao, GUO Zi-heng, LI Gao-feng "

The Second Department of Traumatic Bone Disease, Jilin Provincial People's Hospital ,Changchun 130021 ,China

Abstract : This study aims to investigate the therapeutic effect and potential mechanism of Salvia miltiorrhiza polysaccharide
(SMP) on sodium iodoacetate-induced knee osteoarthritis (KOA) rats. The rat model of KOA was induced by injecting sodi-
um iodoacetate into the knee joint. The rats were divided into a model group,low-dose and high-dose SMP groups (40 and 80
mg/kg) ,and a celecoxib group (20 mg/kg). Additionally,another 12 rats were selected as the sham operation group. Chan-
ges in relevant indexes were assessed after four weeks of continuous intervention. The results indicated that compared to the
model group,rats in both low-dose and high-dose SMP groups exhibited a significant decrease in paw pressure score and gait
score (P <0.05,P <0.01). Additionally , mechanical withdrawal threshold (MWT) and thermal withdrawal latency (TWL)
were significantly increased (P <0.01). The study also found that the pathological morphology of articular cartilage im-
proved ,as evidenced by a significant decrease in the Markin score (P <0.05,P <0.01). Furthermore,levels of cartilage oli-

gomeric matrix protein (COMP) and C-terminal peptide of type I collagen ( CTX-I) in serum,as well as mRNA expressions

ks H #1.2024-05-31 % H11.2024-09-05
BATH WA RHOR TR (YDZ]20220172YS228)
# WAEMEH Tel :86-015843092801 ; E-mail ; ligaofeng8866@ 126. com



1822 KIRF=YIB R 5T K

Vol. 36

of Caspase-3 and B-lymphoblastoma-2 (Bcl-2) associated X protein ( Bax) in articular cartilage were significantly decreased

(P<0.05,P<0.01).On the other hand,osteocalcin (OCN) content in serum and Bel-2 mRNA expression in articular car-

tilage were significantly increased (P <0.05,P <0.01). Moreover, the study observed a significant decrease in the levels of

tumor necrosis factor-a (TNF-«) ,interleukin-18 (IL-18) ,and IL-6 in synovial fluid, along with reduced expressions of phos-

phorylated mitogen-activated protein kinase p38 (p-p38 MAPK) and phosphorylated nuclear factor-«B p65 ( p-NF-xB p65)

in articular cartilage (P <0.05,P <0.01). These results indicated that SMP had a therapeutic effect on sodium iodoacetate-

induced KOA in rats. This effect was achieved through the improvement of bone metabolism , anti-apoptotic properties ,and the

inhibition of inflammation via the MAPK/NF-kB signaling pathway.

Key words: Salvia miltiorrhiza polysaccharide ; bone metabolism ; apoptosis ; mitogen-activated protein kinase/nuclear factor-

kB signaling pathway ; knee osteoarthritis
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Be i (415 - DHOOOG , % 4 AR AE W) R A BR A
] ) 3 TRIzol 4557 | 3 % 5% 15 & SE A g it PCR it
5l & (it 5. 15596026CN , K1691 | 11732088, & [
Thermo Scientific /3 &) ) ; 38 5 B 51 JF & 1 ( carti-
lage oligomeric matrix protein, COMP) (fit5 . H211)
I AR C K % ik ( C-terminal peptide of type I col-
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OCN) (b5 : H152 ) K30 &5 ( mg mt gl iz ) TR
W€ T ) 5 TNF-o (it %5 : SP12250) | IL-1B8 (it 5
SP12225 ) J TL-6 (#{t*5- : SP12234 ) 46: I 124050 & ( 27
T AW B4 W) 5 p38 MAPK (45 14064-1-
AP) W5 1k p38 MAPK ( phosphorylated p38 MAPK,
p-p38 MAPK) (#t5:28796-1-AP)  NF-xB p65 (it
5:10745-1-AP) K W5 B2 1t NF-«kB p65 ( phosphoryla-
ted NF-xB p65,p-NF-xB p65) (L2 :82335-1-AP) £
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actin) (1t :30102E840) £ 5 BT 14 K TG (HE45-:
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ELB700 ZfiFR1Y ( 3£ E Bio-Tek /A 7)) ; CFX AU SZ A
£ PCR Y A Trans-Blot % 25 [ Bk R 46 (3%
Bio-Rad /A7) ; ZF-288 AUBE I AR R 45 ( L i 4 G
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7~ KOA BT ST T . KOA KRR AR AL S}
SR T 2 I SRR AT AL, 12 /A Oy ik
Bo12 HOR AR AR T ARG, T4 O 0 1 A 2
50 pL AHER K. FE2 MR i i 2 R Tk
A2 R B0 0 45 40 .80 mg/kg HIFFZZHE K
20 mg/kg M ZEAR AT T ARA LA TIHFEHE 48T
TR AR, BRI K g T4 4.
1.2.2 X% Fhsgieal
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FREE T ILEE R B B S st e TCT s 209 08
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I ABRF-58 e AE R L, RIS T 2 3om
B 1 a3 T2 A0 T~ vt T, D A 00
JE U FAE OIS BE D20 R 2 435 INF 5 2 4h 1, B
A OJE TCR FAB O™ S 2108 3 400 H G sh iy
WMEER BB STV, Horp SR B 514 b DA IE R
WA 0 435 TR Al AR BB AT IO 1 A0 AT
JISZ I fish B b TR v BE AT IE R 2 43 A DT s I b
T REBEATICN 3 48
1.2.3 &IRAT A4

3 L A 0 ML AR e 2 S 3 19 (B ( mechanical
withdrawal threshold, MWT ) K #4 45 & [z S ¥ 4k 1
(thermal withdrawal latency, TWL) PF# 4% 4H K BRL&E
AT R, Herb R RS LA R A I MW'T, /N3l
Py AR AR I TWL
1.2.4 i BB B ARA A

T D RE S PIRAT AR 5 S, R BRURR T
Ji S Zh KB, B0 23 B 0LTH o 76 A 0 el =k LY
IR e B — R 1, R ER O, VS MR BGE A 3
K, R R AT AR O M . RS A4
FI BT B HE
1.2.5 XPRFALRETR SN

FH 4% Z2 5 WPV WORs By ZH 2L 8 7 24 h, 8
RV RIS A A3 T R R
CEERRBE K S0 TR 1S B R 20 4 pm 1Y FCE A
VIR 7% M HE Jeta ) R0 N WSSO 3
HAVRF YL S IF 4T Mankin $743,
1.2.6 s if B AR ARE M

IR A 1 25 2 K BRI , SR FH K 928 W2 o 42
(enzyme linked immunosorbent assay, ELISA ) # il
COMP CTX- I Jz OCN % ifil 35 & 48 b , B4
BRHA ) Ul BT
1.2.7 #¥REMELA AR LR AN

B S0 mg I 5 45 4R 44T, 1A TRIzol i A1
0.5 mL, fIRIRMFE 2 50 AR ILE RNA 3 7% 55 1
cDNA , $iz FESZH 22 1 PCR 20300 &5 1 BH 43 Jic il 4 1é
KR P IR :94 °C,5 min, JEFF 1 K;94 C |
30 5,58 °C .30 5,72 C .50 s, fFFF 35 ¥&k;72 °C,10
min FEER 1Yo SR 279 50 i ik PR 6 AR
%1k, B R E 40 8552 -2 ( B-lymphoblastoma-2 , Bel-2) |
ez R & 1 -3 ( Caspase-3) Bel-2 #H¢ X HH
(Becl-2 associated X protein, Bax) ) B-actin S5 JH T-#H
OCHE RS |9 o bR PR 6 A= ) 20wl 1, BAARAE B
W1,
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Table 1  Primers sequence
£ L2l T
Gene Primer sequence(5'—3") Product length( bp)

F:TGACTTCTCTCGTCGCTACCGT

Bel-2 R:CCTGAAGAGTTCCTCCACCACC 12
c 3 F.:GGAGCTTGGAACGCGAAGAA 105
aspase- R:ACACAAGCCCATTTCAGGGT
5 F:GCGAATTGGCGATGAACTGG 168
ax R:ATGGTTCTGATCAGCTCGGG
, F.:TCCTGACCCTGAAGTACCCCATTG
B-actin 146

R:GTTGTAGAAGGTGTGGTGCCAGATC

1.2.8 xXFEkf XERFTEZHN

IR 17 5 20 R BB O 19 T WA, 4 IR &l
B A5 AR VEFS R i . ELISA 3543 BIAG I TNF-o \IL-
18 J IL-6 55 44 K+ 5 f o
1.2.9 £ %% Fm MAPK/NF-«kB 12 5id % & &
Fk A m

B 50 mg JBEOCTT R 4L, in A RIPA 24 i)
500 WL, IR AP 22 5 3%, B0 (WG b3 W T I
FA . Bl 10% 5790 Tk e R E , 45 B G L 3
A DA, KRS G A R R O B R R
it IR LGN, 5% A 33 2 h, TBST PEAR 3 ¥,
435I A p38 MAPK (1:1 000) . p-p38 MAPK (1:
500) NF-xB p65(1:1000) .p-NF-xB p65(1:500) K&
B-actin(1:1 000) Z siEdifk, 4 CHFHIROK Lk
—Hr i, TBST FRIRPERR 3 . A 1gG =41, T
FI NIFEE 1 ho IR, RS

1.3 SitZESH

L SPSS 26. 0 3R AF AT G5 40 A, B A LA
PR £ BRvEE (x +5) %5, One-way ANOVA i F
Z A [ B L, T A8 PR LR ¢ ks, P
<0.05 BfRMZEFA LI L,
2 ZBR5HH
2.1 BSESENBMZERMETE KOA KRXTINEE
op-Al

KOA K FUNE V43 S A V45 Rl AR 4 L
B BIGIM(P <0.01) s P+ 2K 5 ) i 2 S 5E
P ST N W) VA A 5 NS 25N A o ST X (R i i e
(P<0.05,P<0.01); P22 m Rl E 4 K BUR
JEVF o M B B s T 2E kR B A4l (P <
0.01) , 455 ULIEN 1, EaREEFULHA , J}2 £t il
CTRENPTEL KOA KB &5 D Re it 4 B A BGE 1k
Mo

34 34
o *%
‘5 dk
] H&&
ﬁ 2 24 R & 2] Hi&&
= 3 #H&& B ]
H 2 ¥ g He&
E & NG
z 1 w 14 o
3
=W
0- 0-
A B C D E A B € D E

Bl A3SEMMZEBAME KOA KRNETHRSHTHHHM (x 5,0 =12)
Fig. 1  Effects of SMP on paw pressure score and gait score of sodium iodoacetate-induced KOA rats(; +s,n=12)
A RT AR B BRI C PSR D. SRR B SR, SIRTFARYLE, " P<0.05," " P<0.01; 5K
HLE,* P <0.05,%P <0.01; 5K EAMA L, P <0.05,%P <0.01; F[E, Notes:A. Sham operation group;B. Model group;C. Low-dose
SMP group; D. High-dose SMP group; E. Celecoxib group. Compared with the sham operation group, * P <0.05, * * P <0.01 ; Compared with the model
group,*P <0.05,%P <0.01 ; Compared with the celecoxib group, P <0.05,%¥P <0.01,the same below.
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2.2 PASESEXNMZBMATE KOA KEMEITH <0.01) ; SRR A 4L HLEL, P2 2GR 410
=210 B MWT B AR ey 7 At 25 K B TML W] 8 A (P <
KOA Kl MWT J TML [Rl % F AR AL R 0.01) ,ifFS L ME R EA MWT T B AL (P >
FEAR(P <0.01) s SHEBIAH LR, IS 2K R 0.05) FERILEN 2, EIREE R, PHS 2 B0 i
A MR G A H KR MWT L TML BR3P ZFREITE KOA KRB BA 2 .
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E2 ASZEEZEBMTE KOA KR MWT & TML B850 (x +5,n =12)
Fig. 2 Effects of SMP on MWT and TML of sodium iodoacetate-induced KOA rats(x +s,n=12)

2.3 ASEZEMBMIBMAE KOA XRXTRE WA AR BE, Kb P2 2R
LR ASH R FIER G A HBCR e W dik o Markin P73 4553
PIZZ PR CRRENITE KOA REBEETH 7, KOA KB Markin PFI3 R FARZH tbﬁ%ﬁziﬁ%bﬂ

HHLURBIE SRR, A 3 Fin. BPARAKR (P <0.01); A2 il 4 R FR B4R

BRI AL T T R DE T, PO MRS B SR B B Markin P70 BB R W] 8 B AR (P < 0. 05, P <

RUZH B A AN RIHLES BB RS2 0.01) s HIER A2 LU HL, FH 2 2 WG B 2 K B

AL, PO R s S 2K R A 4L ZE Markin PSR BB IN (P <0.05) | 1 P+ 5 24 =

KB AR LB, MM HR B, g 4 4] Markin PP R B AZ (P >0.05)

##

Markinif4»
Markin score
w

A B C D E

3 ASSENBMZBINETE KOA XRXTRBHEARERSHEM (x25,n=3)
Fig. 3  Effects of SMP on pathological morphology of knee articular cartilage of rats(x £5,n=3)
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2.4 ASSEXEZERMNE KOA XRMESR
SRR A B2 0T

P2 Z XL TR AT KOA K R v B 1K
R COMP CTX- T K& OCN & & i 52 M, W 4
e SF AR L, KOA KR ME COMP
CTX- I St 3ghn (P <0.01) ,0CN & & W & %
flR(P <0.01) ; SR A, 2 2RI 8 7 i

2

=
o
)

*k
8 #H&&

'S
L

#H& m

COMP (ng/mL)
oy

CTX-I (ng/mL)

o
o

A B C D E A B

2H Je FER AT KB MTE COMP Je CTX- [ & 1]
WL (P <0.01) ,0CN F il 3 (P <0.01);
5 IR B AL, FFZ 2B Lm0 2 4 K BULE
COMP Jx CTX-1 & HEMHEM®IN(P <0.05,P <
0.01),1fif OCN & &L F+Z Z B 24 3B B
25 (P<0.01),

6,
3 W
H&& §D4. B8
#H&& g Kk
#oOE
3
0
C D E A B C D E

4 A5 EEZEMATE KOA XRME COMP.CTX- [ & OCN & BHBM (x +5,n=12)
Fig. 4 Effects of SMP on serum contents of COMP,CTX- ] and OCN of sodium iodoacetate-induced KOA rats(; +s,n=12)

2.5 PRSZENMZEBMETE KOA XKRXTHRE
HLFTHEXERRENZ T

P+ Z WX TR T B KOA KRG oy
HERF T AR IL RN Bel-2  Caspase-3 I Bax mRNA 3
IKHYSZI, W S R, S5RTFARH L, KOA K
BROCTT B ZH 2 Bel-2 mRNA RIKUI B TR (P <
0.01) , Caspase-3 F Bax mRNA FiEH BT E (P <

%k

N
I

##

Becl-2 mRNA
bl

4&& &

Caspase-3 mRNA

* %k

o
o

A B C D E A B

0.01) ; SEEHILE AL, FH25 2 WK 5 ) i 41 b 28
K A 4K B Bel-2 mRNA Rk B g I+ (P <
0.05,P <0.01), Caspase-3 } Bax mRNA ik g
TFE(P <0.05,P<0.01) ; IR EMALLLE, F12
ZBHIL B R 4] Bel-2 mRNA 360 B TR (P <
0.05,P <0.01), Caspase-3 J Bax mRNA FiKkI i
= (P <0.05,P <0.01),

#HH&&
#H&&

Bax mRNA

C D E A B '€ D E

5 ASSEMBMZBINATE KOA XBREWRB AR Bel-2,Caspase-3 B Bax mRNA FkBIZM (x 5,1 =3)
Fig. 5 Effects of SMP on mRNA expressions of Bcl-2,Caspase-3 and Bax in knee

articular cartilage of sodium iodoacetate-induced KOA rats(x +s,n=3)

2.6 PSESENBMIEINTE KOA KRXTBR
RRIEEF S 2R

KOA K BT W TNF-a IL-18 J¢ IL-6 %
HNE P F B i W R 4L A B B (P <
0.01) ; FF5 2 W | e 77 4 4 B ZE 0k 5 A3 4 K R OG
T TNF-a \IL-18 K 1L-6 &5 B A% TAR U 21
(P <0.05,P <0.01) ; PFZZ 0K 5 7 a2 21 R BROC
T TNF-o IL-18 J TL-6 & i B i i T2k

(P <0.05,P <0.01) , 55 WK 6,
2.7 ASSERNBMTEMETE KOA XBRXTHRE
4H40 MAPK/NF-«B 15 220

H5BFARL i, KOA KR HRE 4L p-
p38 MAPK J p-NF-«B p65 ik B3 B Tk (P <
0.01) ; 5HBIAVZ LA, P12 2K 5 R i 4 % %8
KB AT LR BROCT 3 441 p-p38 MAPK J¢ p-NF-
kB p65 R 1FE L BREL(P <0.05,P <0.01) ;5
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Fig. 6 Effects of SMP on contents of TNF-a,IL-18 and IL-6 in synovial fluid of

sodium iodoacetate-induced KOA rats ( xEs ,n=12)

SR AL OB, FH 5 MR 5 AL L 4
IS p-p38 MAPK J p-NF-xB p63 2 12635 ] i
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B et S 3T LA i e
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TR IDE U 070, X 14 50 2 i
SRR 0 BRI TS, 5
O\ KOA (R FZE PR, FLERAE 136 X8 2 4 013
HE/ S KOA B2 LM o S A6 o 1
BUR 25, 25 RE I ) SR LG 2 1 £ TR A H
USRI 26 1, ELEUAS 10 B 2 0,
TR T KOA f FIZE, 2RI e Bl B Xt

M2yt LZFRBNTEL KOA K R& M3 20 K&
FEREA T WG, TEE5r B 5 8 3F 5 F e, MWT
K TML #8111, Markin P43 A%, $27R P15 Z 80T LA
TR T DRI P G B S U B E
A UESZHA R B KOA HARITFIEH .

B ACETA JCJR ] 5 | R ARCE 25 R e AR, J& KOA
RN T B BT, ORI B AR AT 2 IR YT
KOA A & ms "> . COMP CTX- 1 J% OCN & &
AV AT AT RO BB B A K, SR I R A
PR R R bR, WP R B S
MRS Y P IR B KPS 20 G Y121
A ¥ EA M EACEACER ST . AR S5 R R
FERIN, PE2 Z e e BRI TR A T B KOA KR
I3 COMP J¢ CTX- T &4, 30 OCN & &r, R P
Z 2t BA S KOA KEEEH .

BT S KOA ™ HE R BB YA ¢, fEH

p-p35 MAPK [ S S 3¢ D:
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P-NF-xB p65 | A S S 5 D
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