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# OE: BfY Fi Skl e EREEF (ndian hedgehog, 1hh) - 598 A 6% £ R [RIVEAS (glioma-associated
oncogene homolog, Gli) 155 B EITEE %354 (knee osteoarthritis, KOA) HIVEMNLEI. 755% SD kit K RBENL > AR
FARA., BRIH, ZEREM 24 mgke) HMZKFHM. . ®iflE (1.05. 2.10. 420 gke) 4, ®H 10 R RAKRAT
XA VIRBE AL KOA B, 5T 4TT 8 J& 5, ME VU RAE . A BIE &I R J; ELISA Kl i & 585
& JRE AEE-3 (matrix metalloproteinase-3, MMP-3). MMP-13 1 1l B R 4 (type M collagen, ColID) /KF; RAT AR
21 (hematoxylin-eosin, HE) JLE SR FIEASEAMN: KA EHHENBZEHRFEH A (micro-computed tomography,
Micro-CT) 43 HTIE ST I B s #7251k s SR Western blotting R UG Ihhy BEEXEE [ 1 (patched 1, Ptchl). Gli 1 MMP-
BEARE, ER S5HETFREARER, BEAKXREERZHG. B8, R BAFIZREL, BOSTMAm AR
ANGEYRN, A ATFRER, B FEREAR, AN B (AT LR B 3 PR (P<<0.001), ARHBM BEAE /N (P<<0.001), IfiLiEH MMP-
3. MMP-13 /KPR EF = (P<0.05. 0.01), ColIUKFEIZEFEM (P<0.05), MEIET Ihh-Gli /558 B AH G A 1 RIAKF &
EFE (P<0.001). HRHERALE, 238 KRYPCHEEm T, ey e AR5, BB AR &/
WL, A, PR R TS (P<<0.05. 0.001), RHEMAEA K (P<<0.01. 0.001), IMiE+H MMP-3,
MMP-13 KB E K (P<<0.05), Col IUKTFE3ETHE (P<<0.05), ¥ Ihh-Gli 155 @A E A FIAK T L ERIK (P<
0.05. 0.001). £5it Z:kiz@id#0fl Ihh-Gli {55 e B EE, DR EMRS HIES oMb, AR T RE .
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Abstract: Objective To explore the mechanism of Wutou Decoction (3ki%) in treating knee osteoarthritis (KOA) by regulating
Indian hedgehog factor (Ihh)-glioma associated oncogene homolog (Gli) signaling pathway. Methods Male SD rats were randomly
divided into sham group, model group, celecoxib (24 mg/kg) group, Wutou Decoction low-, medium-, and high-dose (1.05, 2.10, 4.20
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g/kg) groups, with 10 rats in each group. The improved anterior cruciate ligament resection technique was used to establish a KOA
model, after eight weeks of drug intervention, mechanical pain threshold, thermal pain threshold and climbing ability were measured.
ELISA was used to detect the levels of matrix metalloproteinase-3 (MMP-3), MMP-13 and type II collagen (Col II) in serum. The
morphological changes of knee joint were observed by hematoxylin-eosin (HE) staining. Micro computed tomography (Micro-CT)
technology was used to analyze the changes in bone microstructure of knee joint. Western blotting was used to detect the expressions
of Thh, patched 1 (Ptchl), Gli and MMP-13 proteins in knee joint. Results Compared with sham group, rats in model group showed
defects and thinning of cartilage surface layer, decreased and disordered cell arrangement, decreased cross-sectional and coronal bone
trabeculae, sparse distribution, decreased bone density, thermal pain threshold and mechanical pain threshold were significantly reduced
(P <0.001), slope angle was decreased (P < 0.001), levels of MMP-3 and MMP-13 in serum were significantly increased (P < 0.05,
0.01), Col II level was significantly decreased (P < 0.05), and expression levels of Ihh-Gli signaling pathway related proteins in knee
joint were significantly increased (P < 0.001). Compared with model group, the cartilage surface of rats in Wutou Decoction group
was smooth, the number of cells was increased, and the morphology was intact. The knee joint cross-section and coronal bone
trabeculae were increased, and the distribution was dense. The thermal pain threshold and mechanical pain threshold were significantly
increased (P < 0.05, 0.001), slope angle was increased (P < 0.01, 0.001), levels of MMP-3 and MMP-13 in serum were significantly
reduced (P < 0.05), level of Col II was significantly increased (P < 0.05), and expression levels of Ihh-Gli signaling pathway related
proteins in knee joint were significantly reduced (P < 0.05, 0.001). Conclusion Wutou Decoction protects articular cartilage by
inhibiting excessive activation of [hh-Gli signaling pathway, reducing abnormal proliferation and differentiation of chondrocytes.

Key words: knee osteoarthritis; Wutou Decoction; Ihh-Gli signaling pathway; joint cartilage; aconitine; hypaconitine; mesaconitine;

paconiflorin; glycyrrhizin; astragaloside IV
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CITIRE) AT, BAEERE KR,
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Hedgehog & H FK R 72— Thh FZHAEKHT
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HKIATT KOA. N T RHARIES Lz LB & A
BRSPS, BAERARTTEIRIT KOA 1
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1 #8
11 w4

SPF ZiiftE SD KER 60 W, 8 EWE, A=
180~200 g, bR RAEMREI G RA
A, SEIG S A AV ATIES SCXK () 2020-0004
BN IR T A B TR 5 B ) S v O i 1 SR
=, LA VFTHES SYXK (3D 2020-007,
fHIRL 25 °C, HMBEFEIOK. shiseitisEe b
TRZERRHNVICHEZRSHE (REMAES
LX201851).

1.2 Zh%t

O (LS 20230123 ). FRE (LS
202303200, FHE (iS5 202301300, HA) (it
20231101) K HE (k5 20230321) KA H i
JEBHERZ A IR AR, SAedbEE TR B S fi 2=
BN ECTNEERSLEEY S K
Aconitum carmichaelii Debx. 1) T 1 REAR 2848 #1) in T
ai REECRLRR 5 BV KRR 5 Ephedra equisetina
Bege. I T/RE 2. GRMAMILF K Astragalus
membranaceus (Fisch.) Bge. [t) T4 . B EEHEYAT
#j Paeonia lactiflora Pall./f) TR LN T 5. &
B H B Glycyrrhiza uralensis Fisch. {14
AMRZELE XN LM, /S (PEZ) 2025
ERRINE -

1.3 AR5

FEREAR (S 202401300 16 [ 35 [F EFq A 7 ;
REEZ48 (5 20230919) I 2 [E Sigma-
Aldrich & w]; EDTA W45 [#t5 CE32(42325)] 1
HIEEREERHEAERL A HFARAR-HA
( hematoxylin-eosin staining, HE) % (it 5
C220604) 4 [ ¥kifg MR AMH ARG IR A F; MMP-
13 ELISA 7l & (k5 20231101). MMP-3ELISA
W& G5 20230919). 1T AIAGJEE A (type II
collagen, Col II) ELISA i{7#& (k5 20231001)
T E A TRERE AT B-actin ik (kS
20231212). BEB & A 1 (patched 1, Ptchl) FiifA (it
5 20231218) W H 3 [F Affinity 27 Gli Fiifk (it
5 20240211). MMP-13 Fiifk (k5 20240118) i
AR LAY TREARAFR; Ihh ik (s
20231212) . HRP #Rid BIEPL/NER =9 (L5

20231203) ) HE N =S AEHARFR AR, HRP
PRCHI PR 8T (S 20231223) T H = RAE
MEARFRAF

14 {4==
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IXZEA R AT]); DB-B2 FUHE il N [ A 3
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FARITAEAT D YLS-13A A /NI A7 1%
(B i IE R K A TR ] )3 NC12775-99 Y 44
22 (3£ North Coast A &]); R2M8 TN Ig = I
WS (R ETREAERA R A D,
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21 B7n0E%

53 WIS 69, MK 9g. TR 9g. AA
99. &H®9 gk WHIIIZ6g, A 420 mL
Aok, ARG GETER, E# 15 h, A
KT AR, GREIRE 15 h, BE. JEEMA
336 mL 41K, FIREIE 15h, B8, A3F2 ik
W, PR 8 B A 25uEATIE S . IS, TR
BT, RS RIMREIE], R4
RACGHATHRAS . 53L& 29 Pl senisr, H
S, RSk B SkE. AT, HEE .
HRHERRESZ D58 (0.006 0£0.001 2),
(0.011 40.002 00 (0.020 4£0.002 1) (0.067 6+
0.0008). (0.02000.003 8)+ (0.000 60.0003) %.
B TR A P [ DA Sl UK Sl B T % Skl ) s
EitIRESEN (0.0378+0.0023) %, 54 (h
[E 258 2025 4ERFE -

22 EFNERR. HE5%%

BEALEL 10 RORRAENBFARLA, Ha 50 K
SR 2 R BT X W) VIFRF R Canterior cruciate
ligament transection, ACLT) #4% KOA fEAII415],
KBRS, PIBHFARST, VIR,
FIFFORATHE, BT Xy, it i e
BHE -4 7 565 e F8 6 RN KOA R ST il Tl
KOA KR FH B3R5 WA A | FE ok A1
(24 mg/kg) ALK F . m7AE (1.05, 2.10,
420 g/kg, HIFHSTIGRAER 0.5¢ 1. 2 %)
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H, F4 10 X, Bk ig ANFEFTERE (0.105.
0.210. 0.420 g/mL) M %:3kiz (10mL/kg), FERKEF
A ig DLARF KT ] ) 8K B AR VA, X I 2 AN A
HH ig SRR, 1 d, BE%Z 6d,
LRy 8 J . RPN, AR SRR
FRES . BHRIEEN. B M. B, Pk,
FEE KA S D
2.3 TAFEE

SRS 2RI JE 1 d I e R AT AT
SEHS, S HTRE K B E T A AN IER. 15 min, fF
KRZE, A EATHYUIRBE . PR BE N E &
RHE S
2.3.1 MR BENE KM Von Frey A& I
JE 2 2R BRI BAE, A5 UK BRAK ICE T ] 2
g 4 KR Von Frey MAF- &, 195 M/NEIK
IR, A2 g MRREEFFAG, %R BRI B A
HEATIE
232 PURBMENE KA YLS-6B B BEHARAX
M5 B 2H K R A BRE, S ATHT R B AR AT 5%
T, B EE N 49.6 C. ¥ RRE T B HERIAX
W, —FibE 7, B RRBEH, —FaBHE
T T #k b, 4RGN [RIN & Hh, 4% T 8
THI, B OIS ILRR R AT PR AR ], s
KB, R C 3% A B s 1]
233 RIEERES BT IEURMRSEIGET, BORRE
T 40° FRHE L, IGEN 1 min, ZJELL5° M
BRI AR A . MK R ATE—
AR EIREE 5 s HAME NGRS MABR A B, B
2 RRIEE LR FIREE Ss, TOERER 5s Bibn
W 5 IR REIRAF 5 s BIIREUD T 3 k. &
10 SRR BRUIT g R 5 R e KA B
2.4 B

BAEER G, KR ip I AR, TR
TR A M BEREAS, 3000 r/min 20 5 BU_ETE R,
RAFT-80 Co RIfLJa, FIE KA G RERT A H
IR, DISRBE B ARG, HRTTE T
ZRFRERCPE 2 24 h, TGS .
2.5 ELISA #&AR M&E+ MMP-3. MMP-13 0
Col I1 7K

B4 K BRI , 4% 18 ELISA 5477 & i i 4530
£ MMP-13. MMP-3. Col I /KF-.
2.6 HE LEBNEBRATHOHESETL

B R BTN EDTA i85 () EP &,

EEREHLAP BT, R CEAEBUK, Ak
I EVIRGE 3T R HE Jeta, T R5E
LI
27 WM EHEEFH ( microcomputed
tomography, Micro-CT) 375 XTI B LS

BRBRAM FEER2sE, ERTRAER, RE
SEREEORTT S JE I, 12k BB T K23 T Micro-
CT, KH Micro-CT B4 # % % (bone mineral
density, BMD). ‘E&F14% (bone volume/tissue
volume, BV/TV). &/NE4H (trabecular number,
Tb.N). ‘H/NGEJEE (trabecular thickness, Tb.Th).
H/NEEAE (trabecular separation, Tb.Sp) FlH /)
RERIEASE (structure model index, SMID.
2.8 Western blotting # % XT5 Ihh-Gli 558
BHEXEARIE

HUR BRI ST 421 100 mg, IR S
WS E A, KA BCA W5I&E N E &AW A
an 28T R IR IR RN - B M I R I Uk, R A
PVDF i, HHEDMMA—$, 4 CHELR;
MAZH, =ZEME 2h J5, A ECL (%R J6iR
A, TREACPEE. B8, KA Image T 845
iR ASE 3 I
29 GHESH

K SPSS 26.0 BAFHEAT G AT KT
BT, ZHBIRIBCR T Z 0. HRRE T
ZEF1E, R ISR /B 3 22 A (LSDD, AN
JEIS ] Dunnett T3, X T it 280k, BIANH 2 IEZS
S AFITT 255, KR AESER R
3 45
3.1 5% KOA KR—RIE LRS00

SEEGIAE], BHRRAR KA, ToimiE. Hh
B RO MR ETE B EEIR, R
FOKIEFEE I PRFFFEE « RIAFEARSLIE BT R FH 11
FIEMG AT, S3kizA gk K R R 14 5
PEEEME N .
3.2 53573 KOA KRITAZE

WK 1 s, BITE, SIRTARAE, A
0 KRR R I B R AL AR BB S PR IR (P <
0.001), R AR/ (P<0.001). 4Z51EYT 8 i
Ja, SR AL, 5 3ki7 o5 5 B A K R AR R E
FIRUBRE IR (B35 S 357 (P<<0.05. 0.001), A4 A
JEAER (P<<0.01. 0.001); ZERF A 20 K B e i ()
RETHE (P<0.00D), FPMAREAK (P<0.001).
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EEEY
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B
B
2 4= Hitt
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TR B8 iél% 1.05 2.10 420fFAR B Z£k 1.05 2.10 4.20
B Bkdmigke™) B 53k/(gke™)
0.0207 = AT R
B 5T )R
0.0154
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)
Eoom-
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5
0.005 * .
Hitt Ill s
S e W M
BRFEAR BiR 2k 1.05 2.10 420 FA B 28k 1.05 2.10 4.20
o %kE(gkg ) A 53kE(gke™)
H5EFARALE: *P<0.05 #P<0.01 *#P<0.001; HHEAHNK: "P<0.05 "P<0.01 *P<0.001, TEH.

"P<0.05 "P<0.01 " P<0.001vssham group; "P < 0.05

&1

P <0.01

**P < 0.001 vs model group, same as below figures.

5373 KOA KERATHEMEN (X+s,n=5)

Fig.1 Effect of Wutou Decoction on behavior of KOA rats (X + s, n=35)

33 553 KOA KR MEF+H MMP-3. MMP-
13 #0 Col 1T 7K F B9 820

WK 2 fiw, SEFARGE, A KR
i&H MMP-3. MMP-13 /K FEEFHE (P<0.05.
0.01), Col II K PFRFRMIL (P<0.01); SR
b, B3k m i E AR R ILIE  MMP-3. MMP-
13 KPR ERK (P<0.05), Col II KT BETHE
(P<<0.05), #2785 3kiz ] seid i ] MMP ¥ 145k
IR TR

34 537% KOA KERBEXTHRIET RIS
wHE 3 for, BEARAKRBBERTRERZER

B, SREEERG OS], YL, E
RHF RN, 25 ZA0HE ST A At5], ToRHE
BB R B A IR s B IR TT A R IR Bk
i A, A, HAZHE, B RARAD

L, BES, ARBEEARZ: BkBIK Fi)
BRI AT el e AR G R R AL
NV, WEERRE, MpiEgE, BEBE.
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— FESTFN mm ki 1.05 gkg !
0.4 # = A B % ki% 2.10 gkg!
R JEK A EX % 3ki7 4.20 gkg!

R/ (pg-mL )

SIS S
AENRRARNARNARTN
LS LSS

MMP-3 MMP-13 Col IT

2 537% KOA KR I1ES MMP-3. MMP-13 F1 Col IT JKEHIEME (X +5s,n=5)
Fig. 2 Effect of Wutou Decoction on levels of MMP-3, MMP-13 and Col II in serum of KOA rats (X £S,n=5)

153 1.05 g-kg ™ V2

3.7 2.10 g-kg”

5375 4.20 g-kg !

FERFRE LB AW, AR, BATN, BESZEAIETERL, RES M, ARBEEANRE.
Arrow indicates defects, thinning and reduced cellularity in cartilage surface layer, along with vacuoles. The overall arrangement of cells across all layers

is disorganized, with clustered distribution and fissures extending into the deeper layers.

El3 5375 KOA KRBEXTHEZELHFNE (HE)
Fig. 3 Effect of Wutou Decoction on pathological changes of knee joints in KOA rats (HE)
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35 BiAx KOA KREXTEMENETLR
A

WK 4 Frox, SEFARAE, BEAH KR
R G Tt A T AR AR T /N SRS, A s
TR LA, 25 25 245 2H K BRI 5 77 A Bk 1) R e bR
M/ NE L, pa%E. mE s fis, SHEFAR
MR, BERAH KRBT BMD. Tb.N. Tb.Th.
BV/TV &2 &% (P<<0.001), Tb.Sp 1 SMI &3
T (P<0.001); SRR, K424 KK
&< BMD. Tb.N. Tb.Th. BV/TV # &8 EF 5

BRFEA sl

(P<0.05. 0.01. 0.001), SMI Il Tb.Sp i 2% P&{%
(P<0.01),
3.6 5373 KOA KREXT Ihh-Gli 55 1#E
X ERFTIEHEN

miE 6 fin, SEFARALE, BRHKRE
5% Thh. Gli. Ptchl. MMP-13 & #ik/KF 2%
FhE (P<0.001); SR LE, ZEREMANY
Kz mEfE AR BRI hh Gli. MMP-13
%k KT B PR (P<<0.001), &-452454H Ptchl
HHRIEK R K (P<0.05. 0.001).

3% 1.05 g-kg™! 53037 2.10 gkg™!

53037 4.20 g-kg™!

BEl4 5373 KOA XEBXTIBMERELaIRNm

Fig. 4 Effect of Wutou Decoction on changes in bone microstructure of knee joint in KOA rats
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00 -
1.05 2.10 420 RFA B ZEk 1.05 2.10 420

r{v%‘}ﬁ/(g'kgfl) AR r@%k?%/(g-kg")
151 i
S |
§ % 1.0
§ 0.5
X
N

A FEk 1.05 210 420
A SBkisgke™)

G Ni=
1.05 210 420 fRFAR

5 5373 KOA XEBRXTBEMERSHEMm (Xts,n=5)
Fig. 5 Effect of Wutou Decoction on bone microstructural parameters of knee joints in KOA rats (X +s,n=5)
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53k %/(g-kg™)
BFEAR R ZEREM 105 2.10 4.20

Ihh’- RS omar  EPEED RS e ‘4.5><104

— D w G - — 210

Ptchl’- D e GEe e e 230

Gli

MMP-13 | S w— O — — 40X 10"
AR ST R W SR 00

B-actin

1.5 9 = RESEZN I L% 1.05 g'kg!
B A BR 2347 2.10 g'kg™!
e Hith ER ZEk A 1539 4.20 g'kg™!
1 1.0 ) i
x| 5
#®
=y
=
ﬁ .3:3’ .
0.5 H ’S ?E
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| N 5
2 NN =
0o = T ]

Thh/B-actin Gli/p-actin

Ptch1/B-actin MMP-13/B-actin

6 53573 KOA KREEXTS Ihh-Gli [FSBEBEEXERRIENEM (X£s,n=5)
Fig. 6 Effect of Wutou Decoction on expressions of Ihh-Gli signaling pathway related proteins in knee joints of KOA rats
(Xts,n=5)
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