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(HE] B0 25 A BE % 10 8 35 S 56 35 48 (CIA) /I BUAR B R vb B 7 1 R JEAE AL . 75 3% - R SPF 4%
DBA/1/NER 36 H, BEHLAY 20 9 1E 3 41 BEAIZH  H & MES 2 (MTX) A AT 2 A7 K P il gl 6 4. BRIER 4o, Hig s
A1/ BRCR FH K G e 1AL e CIA B, I 78 /N BRI By 8 B FB P i 224 R 430 7 A= R K, MTX (1.5 mg- kg™, B8 2 00) FTEE
ATERIEE AR R aE (6.3.12.6.25.2 g+ kg d)HE B L AL 2 4 T o ML IE A5 AN B b e R AR Ak T TG B 9 W BRI
FE 7 (ELISA) A 1L 7 v 56 5% 42 J& 25 (1 ¥ -1 (MMP-1) \MMP-3 MMP-9 MMP-13 &t , J5 K E P20 (HE ) 42 (0 00 5 5 56 35 95
PPk S | 7 41 [ 2 e 10 vk LS AR B IR, ZE 00 9 B3 9 (Western blot) K63 /)y BB 56 345 1% 420 R B8 2 (TAK2) /% S5 BTG I 1 3
(STAT3I)fE B E IRk, SR 5IEWALE, BTIA R MW IKE , 17 MMP-1 . MMP-3 . MMP-9 Fl MMP-13 & &t HIER 55
iR 1k (p)-JAK2/JAK2 .p-STAT3/STAT3 [ FE ik /K ¥ B ¥ L F(P<0.01) , IR INE . SEIRIL] L, MTX 4L AR R~ 24
PHIRE AR P 7 o 2 S e N R K JEE (P<0.05, P<0.01) , B {2 P ARG /N BRUUfL 7 MMP-1 . MMP-3 MMP-9 Fll MMP-13 & i
(P<0.05,P<0.01) , 575 55 BEAK SR80 4% , BT 5k 4 I B8R 56 5 p-JAK2/JAK2 Hl p-STAT3/STAT3 [ 75 ik 7K - (P<0.05,P<0.01) ., it
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[ Abstract] Objective: To study the effect of Guizhi Shaoyao Zhimutang (GSZMD) on cartilage
destruction in mice with collagen-induced arthritis (CIA) and its mechanism. Method: Thirty-six DBA/1 mice
in SPF grades were randomly divided into 6 groups, namely, the normal group, the model group, the
methotrexate (MTX) group, the low-dose GSZMD group, the medium-dose GSZMD group, and the high-dose
GSZMD group. Except the normal group, mice in the other 5 groups were used to establish the model of CIA by

secondary immunization. The mice were given normal saline, MTX (1.5 mg-kg"', 2 times a week) , and low,
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medium, and high-doses GSZMD (6.3, 12.6, 25.2 g-kg'+d"') by intragastric administration on the day of the
onset of hind limb swelling for 4 weeks. The changes in the degree of foot swelling of mice in each group were
observed and recorded. The content of matrix metalloproteinase (MMP)-1, MMP-3, MMP-9, and MMP-13 in
serum was determined by enzyme-linked immunosorbent assay (ELISA). The pathological changes in the ankle
joint were observed by hematoxylin-eosin (HE) staining, and the cartilage destruction was observed by red fast
green staining. The protein expression of the Janus kinase 2/signal transducer and activator of transcription 3
(JAK2/STAT3) signaling pathway in ankle joints were detected by Western blot. Result: As compared with the
normal group, the degree of foot swelling, the content of MMP-1, MMP-3, MMP-9, and MMP-13 in serum
and the expression levels of phosphorylation (p)-JAK2/JAK2 and p-STAT3/STAT3 in ankle joints of the model
group were increased (P<0.01), and the joint damage was aggravated. As compared with the model group, the
degrees of foot swelling of the mice in the MTX group and the low, medium, and high-dose GSZMD group
were reduced (P<0.05, P<0.01), and the content of MMP-1, MMP-3, MMP-9, and MMP-13 in serum was
decreased (P<0.05, P<0.01). The pathological joint damage was alleviated, and the expression levels of
p-JAK2/JAK?2 and p-STAT3/STAT3 in ankle joints were decreased in the MTX group and GSZMD groups (P<
0.05, P<0.01). Conclusion: GSZMD can reduce the degree of joint swelling in mice with CIA, inhibit the
expressions of MMP-1, MMP-3, MMP-9, and MMP-13, and alleviate the destruction of articular cartilage. Its
mechanism is related to the JAK2/STAT3 signaling pathway.

[Keywords] Guizhi Shaoyao Zhimutang; rheumatoid arthritis; cartilage destruction; collagen-induced
arthritis (CIA) ; Janus kinase 2/signal transducer and activator of transcription 3 (JAK2/STAT3) signaling
pathway
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PESCT R OERAE B MEIE PE B B o P, I 0
A BCE B BN S BOHE AT R R AT G
i, W5 B8 RA BRI R 0.5%~1%, Al LL &
A FEATAT A4 B, BRSO KN . HET L RAM &
S HLHI AT SR AN, B Z R R A ORI ok S
o R 2R RA B850 1 I 2 R AR, i Sk 2 4F , B
2 BOCTT W JE A D) R R AT, 25 41 23 R DU 1Y 1
PR, 3 R kTR O Ak 2k 55 2 ) Rk i 2
WG IRz —3 0 R, JF R RA BCE B IR O AL AF 5T,
WRAYIRIT RAMA Y HA EEE L,

RA J& T H B 7 5 7 45 i s, TUAR K fif
SECE BB ) PRI 3 T HIG KRR, IR
FE XU W TR 2 HOTE Oy 3 I G B R B A R A AT
5 BRI LR TT AR o RERCAT 25 F0BE 7 R A (BT
T ORRED (B XL R (A 22 AT HTRE CH R 9Bk 2
ZH B, T HORR B R R AR XU BH R (B XS XUBR
W, AT 2 HTBE SR BT A B IR 2 O R L AR 2
HE A A b BRI ST UE ST, AL AT 25 M BE 7 %
RA Y7 &8 Y1 A ok 36 RAJR 3 56T TR G b
Ji R AR ™ R S ol R SR B, A OGN S Bk
IR PEAT RA e Z2 AL R 3R R op i
FHAT AR AL i o B B o 3% 0, AT 53 0L 1o

A PN S T R A AT 2 TR 3 6 RA /N BV B 3R
B AR T S HAR FHAILI , hy He gk — 25 B 5% O i 4 it 512
AR

1w
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", 4t 5 4> 9 b ELK2543 , ELK2187. ELK 1263,
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L A2 k%W 50 L, £E 5 min N H B AR AR
W% 450 nm WG BE 4, 88 J5 i VE b o il 2801 55
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FEAE MR [ E W, AT E S E AR 4 um V)
R, VIR U ORI 2K G LB R K, T
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o, SR B 48 e € 5 min, 1% 2, R W bR S 752 %
155,0.1% %L1 O et 5 min, 95% 2% oK 2 B
K, ZHORBEW B BT WM s

2.3.4 S EI ik (Western blot) £ I /)N B BR
&1 p-JAK2 JAK2 .p-STAT3 .STAT3 & (%L {2
B F, BCA W 5 4 vk B2 145 12% 19 43 B9
5% e 4 11, E RIS 80 V HLYK 2 h, 300 mA % JiF
30 min, 5% J g @5 8 3041 2 h J5 i — 4t (1:500) ,
4 °CHF 1t 7% , TBST 2 P& 3 K , &K 3 min, I A
Pt (1:2 000) = # W% & 1 h, Tris-HC1 2% b 5 3% &
(TBST) sk 3 ¥k, 4 ¥X 3 min, i F§ ECL &Gk T %
JE BUAR 53 BT 7 48 RO, SR AR G, g FH 5 1 16D 43
Fr #54F Image Lab 3.0 70 M7 4% 5547 K (A
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I, 4L 18] I EE 2R ] Dunnett's 73 7%, P<0.05 4 2%
RAYIEE L,

3 &R

3.1 X CIA/NROCT P IK EE 52 m B IR
Jo 11~13 d, 3 4 1 AR /I BROBUON B OC 757 T 4 10 B OGS

F1 BERSHNFG CIANREMAKEREFNE (x+£5,1=6)

ZLR0 0 G 5 e RER 43 /N BRUR e i A G
9 B A2 B AR 1 S R A3/ BUB DG H B B
FERAE . SRR A A A AT 2 AN B M MTX
A /N BROC T £0 A s B B, OGRS A E R, R
Jib (A B BH 8 B (P<0.05,P<0.01) . WLFE 1.

Table 1 Effect of Guizhi Shaoyao Zhimutang (GSZMT) on swelling volume of CIA mice (¥+s,n=6) mL
2H 5 il /g kg EADN AR ENPN 10K EARPS
IEH A 0.47+0.10 0.62+0.23 0.72+0.26 0.82+0.27 0.82+0.31
AL 4.77+0.41" 4.15+0.85" 4.47+0.43" 4.63+0.55" 4.85+0.49"
P e 04 2] 0.0015 4.13£0.78 4.13+0.68 4.30+0.82 3.90£1.34 3.65£1.00
FEABLAT 25 1837 A7) 2 6.3 3.63+1.03 3.98+0.84 4.17+0.68 4.00+1.79 3.78+1.71
FEBLAT 2 837 vh 7 i 21 12.6 4.00+0.91 3.63+1.31 3.97+0.89 3.23%1.51 2.82+1.70”
AR AT 25 11 37 v 7] 2 4 252 4.07+0.77 3.40+1.26 3.67+0.52% 2.93+1.11% 2.67+1.51"
2151 il /g kg 16K 19K H22°K %25k 928K
EHA 0.83+£0.41 0.83+0.31 0.92+0.41 0.900.46 0.93+0.52
R 4] 4.67+0.41" 4.50+0.66" 4.33+0.53" 4.30+0.46" 4.32+0.45"
P 2 B8 4 2] 0.001 5 3.03+1.327 2.83+1.42Y 2.65+1.417 2.62+1.34Y 2.38+1.13Y
Tl A A 2 1R 1 I R R 4 6.3 3.62+1.50 3.63+1.50 3.52+1.48 3.45+1.41 3.5240.45%
TR A A 2 SR 3 Tho R 4 12.6 2.78+1.56” 2.47+1.617 2.42+1.56” 2.38+1.50” 2.25+1.25Y
TRl A A 2 1R 3 e 0 R 4 252 2.50+1.22Y 2.00+0.89" 1.87+0.77% 1.80+0.75> 1.67+0.82%

TE S IE#ALILE VP<0.01; 5 B2 45 2 P<0.05,3 P<0.01(FE 2 F1FE 3 [a])

3.2 % CIA /N MMP-1 . MMP-3 MMP-9 #1 MMP-
13FREMFEmE  5IE W4, %84 MMP-1,
MMP-3, MMP-9 fl MMP-13 % it & # I 7} (P<

0.01) ; SRR 2] P g, H 0008 4 21 R A R A5 2 0 B
AL L E R B 4 MMP-1. MMP-3 . MMP-9 #1
MMP-13 2 ik B i F& % (P<0.05,P<0.01), W32,

K2 ERAHHMEFHN CIANR MMP-1.MMP-3 . MMP-9 #1 MMP-13 RiX 1800 (X+s,n=6)

Table 2 Effect of GSZMT on MMP-1, MMP-3, MMP-9 and MMP-13 expression of CIA mice (x+s5,n=6) ng-L'l
21 51 il /g kg MMP-1 MMP-3 MMP-9 MMP-13

EH 4 141.22434.19 324.92425.99 502.32+49.73 283.44429.45

F L2 672.88+67.77" 1041.73+99.82" 1249.20+81.32" 422.41+34.67"
R e 21 0.001 5 590.82+22.93% 873.91+54.51 987.23+93.47Y 358.03+£37.55”
FRE A AT 2 0B 3 1K 57 4 6.3 587.23+30.26% 801.39+76.22% 902.21+45.89" 334.36+35.76
FE A AT 2 0B 37 TP R 4 12.6 348.45+25.76" 698.12+48.21Y 872.33+39.42% 301.82+56.83%
FE A AT 2 0B 3 1 9 4 25.2 235.93+29.019 532.23+39.87" 678.48+45.98" 268.96+39.01°

3.3 X CIA /) BUBR 599 i B8 9 52 0 T 401
ZIN BRSNS AL o8 B I B ROR WL A R L R
i 2 IR, O B TG B B R B 8
ST L@, B A RO E R A S . B
/N BUBR OG0 45 4 5L, 0 A AE 40 9 T B
A5 55 8, 90 0 T M 1 T N AR R B R T
o 210 W] S s D, T O AT B SR T AR A
M o A A 24 R i i R 2 B HY R 4 R

R B IO AR A A B A, TE W W ORI AR . DL
SRS

3.4 XTJAK2/STAT3 {5 5@ B sz 5IER 4k
A B 4] p-TJAK2/JAK2 Fll p-STAT3/STAT3 % ik it
Z LTH(P<0.01); SECRIA o, H 2 0 n4 2 R RE A
AT B AR A e 4L Y T BB R U p-JAK2/
JAK2 Hl p-STAT3/STAT3 Ay £ ik /K °F (P<0.05, P<

0.01). WE3.%3,
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TE AR 2 BRI C TP ZUES 4 D BB AT 25 1 B 1%
70 ek 2 B AR AT 25 JRE U b ek 2 5 BB RAT 25 R 3 e R k2
(28 3 1)
B1 HEBSHNBFIHCANMNRBATHRELTHNEZMN
(HE,*100)
Fig. 1 Effect of GSZMT on pathological changes of ankle joint in
CIA mice (HE, x100)

B2 ERSHMFHN CIANRBRXTHREREH I (FL
4, x100)

Fig. 2 Effect of GSZMT on pathological changes of ankle joint in
CIA mice (red solid green, x100)

4 itig

RA 11 567 9 B 80 AR o 1 B L I A8 B8 1, JOF
T B OCTT BRCE R R B T R S BOC T I
&M RE e, 80 Y0 & AR HLI R B BFgR R,

RA 1) H 2 2 Hh 7 )5 248, NIt , RA &R T
- 56 -

PIAK2 e M S M S 130 KDa

130 kDa

JAK2

p-STAT3 88 kDa

STAT3 88 kDa

- actin 42 kDa

A B C D E F
B3 &4Ap-JAK2.JAK2,p-STAT3.STAT3 & H&RiX Bk
Fig. 3 Electrophoresis of p-JAK2, JAK2, p-STAT3 and STAT3

protein expression
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EAERABIAGFHMRT EEMNEE ., AT
HIEEZ 10 8 T (4 B 2% ), & A 2R T RA Y 28
05 W R Rz, 4 LA A (BT L RR B AR IR
2yl F L BB E (R BLOIFE T R ORIR R
1L BRI IR 28 BOTE Oy 3, ARG B R Y 2
s X R AR 2 R A5 SR 1S LA
224 19 If PR S B R S 580 R 9 E S, A A AT 2 R U
IRIT RA BT Ho AR R 3407 R AT 25 1 B vl
35 B RA R I PR RE IR | B3 A 48 JE 48 A5 4 il
UU . C-J I 2 3R 3k IR G RIG Zh B, 2 v 8
H AL T (0 R T RA HOH BE IR 19 LB
AN, WFo R SRR A b, O S K
FEAL AT 25 1 B 17 45 7 = 41, 78 Jk 2> CTA /) B I ik
JE R BRCE BEIR OC 8 48 AR MMP-1, MMP-3
MMP-9 F1 MMP-13 ¥ 47 RAF R . B H G LI,
T B AT 24 B 3 e ) AT R A T R A AT 24
A AL R R AL R AR DT IR YT RA S K
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A R VE A IR I R R A B A R i, G
R 6 R, T 41 [ S e £ v B 3R RO K
TP B LT G (0 F A T A ) B
EH O BOR B 48 R FE R AT 25 1 BE U X CIA
AN BRUPCE B IR B IR YT RO . S R
H HIAYT RA (B0 RGR 2 /R T 25, AR F o 9L,
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*3 BERAHMEFHI CIANR p-JAK2/JAK2 F1 p-STAT3/STAT3 Rk B B0 (¥+s,n=3)
Table 3 Effect of GSZMT on p-JAK2/JAK2 and p-STAT3/STAT3 expression of CIA mice (x+s,n=3)
a1 —— p—JAK‘Z JAK? p-JAK2 p—STAil"S STAT}3 p-STAT3
/B-actin /B-actin /JAK2 /B-actin /B-actin /STAT?3
R4 1.00+0.12 1.00+0.08 1.00£0.02" 1.00+0.23 1.00+0.13 1.00£0.10"
BRI ZH 4.63+0.32" 1.04+0.21 4.56+1.02" 5.14+1.05" 1.02£0.09 5.01+1.17"
e 4 0.0015 1.39+0.18" 0.98+0.17 1.44+0.43" 1.310.34” 1.02+0.12 1.25+0.52"
R AT 245 143 AR 5] 44k 4 6.3 3.01+1.027 1.10+0.25 2.93+1.217 3.43%1.04” 1.04+0.17 3.3241.26”
BB AT 25 143 7 ) 12.6 2.05+0.98 1.01£0.19 2.08+0.84" 2.54+0.68 1.05+0.09 2.430.77"
BB Mg R 252 1.21£0.53” 0.99+0.21 1.22£0.75" 1.62+0.53" 1.10+0.23 1.45+0.63"
TE 25 H b BLAG B K [ 5 | 8 R A 40 i o 5 o 4 (&% k]
B P HE K B SRR L 7E RA LW B R bRl % [1] HUANG J, FU X, CHEN X, et al. Promising
VEFH . — 75T . MMPs 19 5 J i 405 & 1 e i iR 78 therapeutic targets for treatment of rheumatoid arthritis
120 0 1 25 K 0 D R 0T 5 L ek L R O R [J]. Front Immunol,2021,12:686155.
"f%‘lﬁiﬂﬁ MMPs ) 1% 1 gl@ﬁﬁg*fﬁ[ﬂ@ﬂf#ﬂ}@z [2] SMOLEN J S, ALETAHA D, BARTON A, et al.
A ’ " Rheumatoid arthritis[ J]. Nat Rev Dis Primers,2018,4:
VR, G0 B4R 1 M A e — ok I TR L5001,
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