hEERCE R 9535 SOl 2024479
Journal of China Medical University Vol.53 No.9 Sep. 2024 - 827 -

x

~~

~I~
hxz|

4|
&

REHERHIATBShhGI1EEBENBRE XS
RERGEEN

AR ! R, BT
(L. B T B 2 B B B o L A 10 5 6 e R3S 61007552, AT IR X P S P s Aol U 61113053, PR BERl o
R 22 e 0 PR, BEAR 646000)

HE BR Wit EEEH (Evo) B F £ £ (KOA) KRBT MG Hm AR LE AR TR 5602 XKML A 5 &
0 A 20 Evol& 7 Z 4L EvoP /] 248 Evos 7 48 7% 7 (Shh/Glil4E 5 i 3% 7 7 Purmorphamine ) +Evo 2 7] 2 48, A- 2810
A MR RKOABER , FF 3 &2025 T 48 5 25 4 T TR A 40 K R ATAT A F I E Lequesne MGHE 4, AR F 4 (HE) % &4
FHLO0-B 4 F MR R RBR 2295 22 £ AL B Mankini® %, BEIR 72 B M % (ELISA) #m & Za i/~ (IL) —1B.IL-18 I 75 3%
78 F—a (TNF-o) K -F,dUTPH: & K 354732 (TUNEL) &AM 208 sn i o=, e sz a4 246 m T R ik & a (CID) R R4 B
& G BE13 (MMP13) % & %A , Western blotting##Shh Smo \Pich1 \Glil & & £ ik R LHaf R4 ar A M K R EFH
B BB BRI F, Lequesne MG#E4> MankinF 2 IL-18 . IL-18 TNF-a/k F 2B 4m fe A © % MMP13% & 4% i& & Shh Smo
Pichl Glil&Z & R-F B EFI &, CI &G FAKMK (P <0.05) ; SHER AL Evolk . 7 . &7 AR R EDER T AR ZHR
%, Lequesne MG##% \Mankin#® 4> \IL-18.1L-18 \ TNF-a/K -F 4k & 4m 6L 8 == & \MMP13% & & 32 & Shh Smo Ptchl .Glil & & K -F
BEFTH,CI&E &KL G (P <0.05) ;Shh/Glil 13 5 il 383 & 7] 1 # Evody 1 Z X KOA K AR B4 09 BCEAE R 8518 Evo™T
A.38 33 4730 Shh/GLi 142 5 38 24 i 2 KOA K5 K 92 BB Fe 2R B 4w B o=, BCE BB 349 o

KEBIE MR X T K BBy ; R R IA; Shh/GlilfE i %

FESES R684.3 XEkRERD A XEHRS 0258-4646(2024) 09-0827-07

&% AR hitps:/link.cnki.net/urlid/21.1227.R.20240909.1652.006

DOI:10.12007/j.issn.0258-4646.2024.09.011

Effect of evodiamine on cartilage damage in knee osteoarthritis model rats by
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Abstract Objective To investigate the effect of evodiamine (Evo) on cartilage damage in knee osteoarthritis (KOA) model rats and
analyze its mechanism of action. Methods Sixty rats were randomly divided into control, model,low-dose Evo, medium-dose Evo, high-
dose Evo,and activator (Shh/Glil signaling pathway activator purmorphamine ) +high-dose Evo groups,with 10 rats per group. A rat KOA
model was constructed, and the corresponding drug interventions were administered to each group. Behavioral observations and Lequesne
MG scores were conducted among rats in each group. Hematoxylin & eosin staining and safranine O-fixed green staining were applied to
observe the pathological changes and Mankin score of rat cartilage tissue. Enzyme linked immunosorbent assays (ELISA) were applied to
detect the levels of interleukin-1B (IL-18), IL-18, and tumor necrosis factor-a (TNF-a), while dUTP nick end labeling was applied to detect
chondrocyte apoptosis. Immunohistochemistry was applied to detect the expression of type Il collagen (C I ) and matrix metalloproteinase
13 (MMP13) proteins,,and Western blotting was applied to detect the expression of Shh,Smo,Ptcl,and Glil proteins. Results The
rats in the model group showed movement disorders and severe cartilage tissue damage compared with the control group. The Lequesne
MG score, Mankin score, IL-1B,1L-18,and TNF-a levels, chondrocyte apoptosis rate, MMP13 protein expression,and Shh,Smo, Ptcl,
and Glil protein levels obviously increased, while the C Il protein expression decreased (P < 0.05) compared with the model group. The

activity disorders and cartilage tissue damage in rats in the low, medium,and high dose Evo groups were alleviated, the Lequesne MG
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score, Mankin score, IL-1B,IL-18, TNF-« levels, chondrocyte apoptosis rate, MMP13 protein expression,and Shh,Smo, Ptc1,and Glil

protein levels were obviously decreased,the C Il protein expression increased (P < 0.05) ;while the Shh/Glil signaling pathway activator

reversed the improvement effect of high-dose Evo on cartilage damage in KOA rats. Conclusion Evodiamine may reduce the inflamma-

tory response and chondrocyte apoptosis in KOA rats by inhibiting the Shh/Glil signaling pathway , thereby improving cartilage damage.

Keywords knee osteoarthritis; cartilage injury; evodiamine; Shh/Glil signaling pathway

& E T R (knee osteoarthritis, KOA) JEH £
Tl PR 2R 5 e R MR AT P DG 0 L T2 I T”?fzf)u
HNRATHCR R PR T B AL I B
BB M ARAE AT R S PEEE’HH$%EQ
PR T AR KOARR) %2 7 36 53 5 0, 7665
% LA ANBEFKOA R A B 180%™ L AFH |
PRI RE B 1 R gt A5 45 D] 3R 1 2 R BKOA R R
1R 5% R B LRI R R HLAR 1 oA o 4 B B9 2
B, 5G9 B IR 1T RE KO AR S A MLl
E BRI SME T (extracellular matrixe, ECM) {R i
ZEALT 1R, SRR SR A, R BT B iR
SECE IR R A T IR R B FIKOA R &
JE . H AT, KOAHR HIRIG 7 J7 i A 46 T AR B e
AR V5 375 B TR B AR W R RO IR AR BT R
2545 (H X B85 7 7 VA AN RE Z2 i il 70 PO L 3 m] g
51 S P A I R o IR, AR R AT RO 2 A A
S HE A T KOA BA 5 X,

S, (evodiamine , Evo) F& 5 4 83 1t 2 A,
oy BAPLR UM SRS Z R A Y e .
IR 2 B, Evo R % 380 1od- 410 1 Vi REE 0 A D 71 7
SHYRELET % . Sonic Hedgehog (Shh) i B 7E I
R A E R A LTS P A AR,
1 5 H.AZ {KPatched (Ptch) 454, #1% Hedgehog (Hh)
5 538 %, TS BLGLZ W £ 15 2 111 (Gli family
zine finger 1, Gli1) ¥ 55 [l 130G AT W0 B A 1Y)

B Shh/GLIUE 5 900k 5 51 R & A 4%,
0 I Shh/GLi L5 5 18 [ v 42 5 0w A B AR A1 0% g,

W S T SR T, EvoXtKOA K B B 8 403 14
S 3 FH 5 Shh/GLE 5 38 2 75 M6, 1 A 58 42

THAE I T, AT A HEKOA R BB, 835
EvoXTKOA K BB 45 03 136 97 VB H e LTI, 4 il
PRIGIT HHER I

1 #MREFE

1.1 SE5shY

6~8JF I TESD K 60 H , {4 F220~250 g, 1 H

BB 2 B A RN A BR 2 |, A2 =4 AT IE 5 SCXK
(J11) 2020-0034 , 3l ) 1) 5 T 1048 v B 245 K77, {1
VFRTIESSYXK (JI]) 2019-0049, & F i ¥ (22 +2)
°C B (55 £ 10) %, Y6 E & 112 bt B 1] . A WF 5T
BRATG AT H B2 245 K S0 S e B 2 DA 2t
1.2 FZY R S5

Evo (43 3 .C19H17N30, 43 T 5:303.36, 4fi i >
98% , K% LA EWHAABRLAF]) s AN FHfE (1
YRR R AT RN ) 5 Purmorphamine (24
RN 3 TR E LY 4 U (hematoxylineosin,
HE) (B VISR A BRA RD ;s 4l iR
(interleukin, L) — 13/ 5k e 2 W BiF (ELISA) 12075 &
FLLO-[ gk (Lt R ERHL AR AR ;1L-18 i
I8 IR BE IR T—a (tumor necrosis factor-a, TNF-a0) (_|
Vi ity B A ) BB BR 23 ) 5 dUTPER K 3 b i
(TUNEL) J8 138550 & O M T Bt M RkHoA BR A
A s—pr 1 B R (collagen type 1l ,C I ) FE
4> J& 5 F 13 (matrix metalloproteinasel13, MMP13),
Shh Glil \Ptchl - 52 /4 £ I (smooth receptor pro-
tein, Smo) F1 =B R —H 1 & i S i (glyceraldehyde-
3-phosphate dehydrogenase , GAPDH) Hi44 (#£[F Abcam
NED s T CGUERERMEA R AT]D) o4 F SR
(3 Eclover A ) 5 62 %% (H ANikonAH]) 3 8
FIHLIKAL CEEAAR AR .
1.3 e LS5

160 L FRBERL 23> % BRZL AL A EvofIL
AL Evor Fl 4  Evors 7 41 L 380% 1 (Shh/Glil
{5 5 18 [ 0 7 Purmorphamine) +Evors 7 /& 4, 4
2110 H B HUBR X R AL A1 1450 HUOK BUR FIAOREE (A
B AL T K O AR Y ) 8549 A TICER 1 BEV 450,03
mol/LAYL—2 Bt & e #2189 L iR & )5 , H0.2
m LA IR R G 4030 3 28 K A TR DG i , il
TER L ARNTRES, F3YK X B ZH 132 S5 A0 ] 57 2 1Y
Az R K R R IR EE Bl ) B 3, £ 2 i i, 2
JE KB I 5% 57  OCTTELI 3 B Akl Gy
WA A e SRR A 1)



SOW] WRALIRAE. S BBLIATT Shh/GliL {5 5@ 0T i 1T R FR BRI s i - 829 -

TR I, KT Evoffk | v i 571 5 2 R
153 50 45 T 25 T B, B R8T, Evofik L v, i 5 it
24T 45 LK BL10 20140 me/kg EvoltE ', i
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F1 KHKXRLequesne MGIESEEE: (x+s, n=10)
Tab.1 Comparison of Lequesne MG scores of rats in each group (x+s, n=10)

Lequesne MG scores

Group
Before intervention After intervention

Control 0.10 +0.01 0.20 +0.01

Model 8.21 = 1.04" 8.15£0.86"
Evo-L 8.05 +0.98" 537 +0.59”
Evo-M 8.14+0.87" 4.26 +0.48”
Evo-H 8.23+0.96" 2.07 +0.29”
Activator+Evo-H 8.09+0.91" 6.68 +0.70"

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. Evo-H group.

A, control group; B, model group; C, Evo-L group; D, Evo-M group; E, Evo-H group; F, activator+Evo-H group.
E1 BHEXRRBARHERELER x200
Fig.1 Hematoxylin and eosin staining of rat cartilage tissue x 200

FLLO-[H Lk G (A R B , X IR B 20t
T, Qe 5] A SE B NTTE M B B R 2 A
JeH, RIMASH 240, Qe R, AU I, A A

T Evoflk P B AL CE R R oG, e
AR X457, 1 28 AR Ko 52 4 300 77+ Evo s 771 5 41 A
HF Evors 21 5B A 78 i, L2,

A, control group; B, model group;C,Evo-L group; D, Evo-M group; E,Evo-H group; F, activator+Evo-H group. The dotted line shows the position of the

tidal line.

E2 FHAXRRURBAARBFIO-EFRREBER x200

Fig.2 Soft safranin O-fast green staining of rat cartilage tissue x 200

X HEZH AR 20 Evofik ., v i 5 2 2H R0 TS
F+Evorss #  2H BMankin 434K ¥ 4 (0.30 +£0.01)
3. (8.86+1.14) 43 (472 £0.51) 43 (3.25 £ 0.38)
3. (2.19 £0.25) 43, (7.35 +0.86) 43, 5 %F M 41 4
ke, AR 20 K f MankinbF23 . 35 7185 (P < 0.05) 55
FERTZH AR LY, Evofl . P | &5 57 4 2 Mankin - 43 1. 2
TFE(P<0.05) s SEvory Rl Il L, B R+ Evors
Al 2H MankinPF-43 i & 5 (P < 0.05) &

2.3 Evokt £ 4 K BIL-18 . IL-18 FITNF-a/K - it 5%
M)
550 REZH AR L, AR 20 R FRIL- 18 1L-18 \TNF-at

KB ETHE (P < 0.05) 5 SHFILZHAHEL , Evofik 1
TR 2 K BUL-18 \IL-18 \ TNF-a/K - B R (P <
0.05) 5 5 Evores il L ZHAH 1L , 3 7+ Evoss 7 f 2 K
FRIL-1B.IL-18 . TNF-a7K - 8 3 F i (P < 0.05), L&
2.
2.4 EvoX #5241 K B 40 T i s e

X REZH B ZH Evofik . Hh . iy R o 2 RN
)+ Evo e 71 1 21 B ERCE AL PR T3 00 500 oy (4.28 =
0.57) % (23.85 +2.58) % (16.73 £ 1.82) % (10.07 +
1.24) % (7.39 + 0.83) %, (18.37 + 2.06) % . 5%t R4
AL BRIZH R B E AR T3 B 2 T (P < 0.05);
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SR A H, Evof& P R A R BB M I R+ Evorsn 77 4 2H R LA 40 i U T ZROK O
FT R B E T (P <0.05) ; SEvorgflmdiAl L , 3 FH& (P<0.05), WIKI3,

F2 HHKRIL-1B. IL-18. TNF-okFEEEE: (pg/mL, n=10)
Tab.2 Comparison of IL-1B, IL-18, and TNF-a levels of the rats in each group (pg/mL, n=10)

Group IL-1B (pg/mL) IL-18 (pg/mL) TNF-at (pg/mL)
Control 4537 £4.82 92.35+9.64 107.39 + 12.58
Model 92.47 +10.13" 173.91 + 17.26" 282.57 +30.65"
Evo-L 72.38 +7.67” 142.36 + 15.24” 216.42 +23.91”
Evo-M 61.03 + 6.25” 128.47 + 13.08” 165.83 + 17.24”
Evo-H 50.28 + 5.49” 10539 + 11.28” 124.63 + 13.59”
Activator+Evo-H 83.58 + 8.64” 155.83 + 16.92” 235.88 +24.17”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. Evo-H group.

A, control group; B, model group; C, Evo-L group; D, Evo-M group; E, Evo-H group; F, activator+Evo-H group. Arrow indicates apoptotic cells.
E3 HEXRKEMADATIER x 200
Fig.3 Chondrocyte apoptosis of the rats in each group x 200

2.5 EvoXI£4H ARG T . MMP13%E H 235 M52 KA B T8 5 T, MMP13 45 F R 18 [
E X REAAR b, B R FRC T B 3R BRAIK, MK S Evorsy 1 & 2 AH HE , B0 1+ Evors 71 1 2 KR
MMP13% [ F ik T SRR AI L, Evofi . 8 C IR I FaRFRAE, MMPI3ZE (I A THE , WLKl4.

Control Model Evo-L Evo-M Evo-H Activator+Evo-H

MMP13

:
R

F

').”%'-?i‘m-', : %

Fig.4 Expression of Cll and MMP13 proteins of the rats in each group x 200

2.6 EvoXf £ 41 K BSh/CLUE Sl B I RIA M Evoflk, . i 7 2 41 K flShh .Smo . Ptch1 . Glil £ [
A FBWEFEIR (P <0.05) ; 5 Evory Al AAH L,

55 %5 B2 AH LY, #7821 K B Shh . Smo Ptchl | Fl|+Evors ¥ 5 24H K B Shh .Smo . Ptch1 \Glil 45 F & ik
GHIE M FB B ET = (P<0.05) ; SHEAAME,  BEFE(P<0.05), K3 K5,
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®3 FAKXRShhGI1EESEBEEARIKILE (x+s, n=5)
Tab.3 Comparison of the Shh/ Gli1 signaling pathway protein expression of the rats in each group (x +s, n=5)
Group Shh Ptchl Glil
Control 0.35£0.04 0.52 £0.06 0.43 £0.04 0.22£0.03
Model 0.88 £ 0.09" 1.28 +0.13" 1.03 £0.10" 0.83 £0.09"
Evo-L 0.61 0.06” 0.93 £ 1.08” 0.85 £0.09” 0.65 £ 0.07”
Evo-M 0.50 = 0.06” 0.75 £ 0.08” 0.62 0.07” 0.42 0.04”
Evo-H 0.39 £ 0.04” 0.57 £ 0.06” 0.48 0.05” 0.28 £ 0.03”
Activator+Evo-H 0.75 £ 0.08” 0.82 £0.09” 0.88 £0.09” 0.68 + 0.07"

1) P < 0.05 vs. control group;Z)P < 0.05 vs. model gr011p;3)P < 0.05 vs. Evo-H group.

1 2 3 4 5 6

Shh  — — c— — — —
Gl e o oo e e o
Pleh]l o - o c— — —
SO — . G — — —
GAPDH = eams aams s e o

1, control group;2,model group;3,Evo-L group;4,Evo-M group;5,
Evo-H group; 6, activator+Evo-H group.
E5 &EShhGIESEBREARIE
Fig.5 Shh/Gli1 signaling pathway proteins in each group
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