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Chinese Medicine Regulates Knee Osteoarthritis-related Signaling Pathways: A Review
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[Abstract] As the research of traditional Chinese medicine (TCM) on knee osteoarthritis (KOA) is
progressing, researchers have discovered that a variety of Chinese medicines can delay the progress of KOA by
regulating signaling pathways at the molecular level. The Chinese medicines and their active ingredients
mentioned in this article are associated with the signaling pathways in KOA. They can regulate the levels of
targeted molecules via different signaling pathways to inhibit cartilage inflammatory cytokine, apoptosis, and

cartilage matrix degradation and promote chondrocyte autophagy, so as to reduce the synovial inflammatory
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edema and delay cartilage degeneration. This paper systematically reviews the studies about the TCM
intervention of KOA. Baicalein can reduce the inflammatory cytokines and apoptosis and promote the autophagy
of chondrocytes by blocking the phosphatidylinositol-3 kinase/protein kinase (PI3K/Akt) signaling pathway.
Cornuside I can decrease the phosphorylation activity of Janus kinase 2/signal transducer and activator of
transcription 3 (JAK2/STAT3) pathway to reduce synovial inflammation and delay cartilage matrix degeneration.
Salvianolic acid A can reduce inflammation and cartilage matrix degradation by inhibiting the phosphorylation of
the nuclear factor-«B (NF-«B) pathway. Emodin can reduce the activity of Wnt/8-catenin pathway to inhibit the
decomposition of collagen and proteoglycan. Myristicoside can inhibit apoptosis by blocking the p38 mitogen-
activated protein kinase (p38 MAPK) signaling pathway. Akebia saponin D can enhance the activity of nuclear
factor E,-related factor 2/heme oxygenase 1(Nrf2/HO-1) pathway to inhibit oxidative stress in chondrocytes. The
saponins in Achyranthis Bidentatae Radix reduce cartilage matrix degradation by enhancing the transforming
growth factor-B (TGF-B)/Smad signaling pathway. Crocin inhibits the cartilage inflammation and apoptosis
factor increase by stimulating the activity of hippo-Yes-associated protein (Hippo-YAP). Ligustrazine blocks the
Notch pathway to improve the morphology and abnormality of chondrocytes. Oleanolic acid reduces the

destruction and degeneration of cartilage matrix via the estrogen signaling pathway. The above summary aims to

provide references for future clinical and experimental research on KOA.
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IL-18) AN B 85 S AE MR B T, &l 2 ST
b P TR T R (MAPKIKIK) L 22 24 536 AL 3
I8t 3% B (MAPKK ) 5 MAPK = )2 18 i 2% 166 152 107 9t
PONE 15 AR5 9 p38 MAPK HE A M A% i 7 2 HiAth
S AT FIFRY R AEARR AR B . R
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RAESE T, N A AT B K B Nef2 \HO-1 7K, 4
il p6S WML , B IFE R E MR P AT S RIEH .
Frg s 205 o0 & R P ) F R 80 Nref2/
HO-1 B2 b 335 , i/ RAEFI ECM B fif . o, 21
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S R AT AT KOA R BRIC T i I 78 fie it 4R 256 v i
JRCCTX- 1) AR 5 5 5 0 & 1 (COMP) 7 &, i
i Collagen I J # ifil] 48 ¥ A F NLRP3 i 5 #9 40 Jig
PR R P A AL N PR . A e kAT AT e
i B Nrf2 8 H % PEe0 ROS Az i, 30 4 4801k 17 38
J R o PR o 2 3 A 43 AT 58 i 4 5 Nrf2 \HO-1
M BEAR ROS I M, 40 1 F i P %% S i & AU Ak
JOE K, VoK 2 AR R A 4
7 B EKEF-B(TGF-B)/Smad 5 =18 &
7.1 TGF-B/Smad {5 5 i % 5 KOA X & TGF-g/
Smad {5 5 J8 1 #CH ECM & A & 15 W i 45 il 4k
" 200 R ) 8 5 43 A B A o) 2 A A 4 T ) B Y
58 Smad2 B /R 16 15 Tk R 828 B O R R R 5 R
161", TGF-B, il 78 1 # 32 1k e 1 #4 32 (R i 3%
ZARBE B 5 (ALKS) VEF R B0 {8 i Smad
FEHW2/3(Smad2/3) KB, B R L5 1Y
Smad2/3 541k Smadd4 JE i 7 =R IEE &5W, ¥t A
A% N 5 A e S5 R AR AR A B o0 i AR IR
T RO B R RR Y . TGF-B2 77 1 T B % {k
YERTF s 18 ALKS 2RI g &Y, i
1M 5 Smad2/3 . Smad4 & /£ B iR 1 |, #% 5% & F i IS
PS5 BT TGF-B/Smad il % 5 5 , il [ ik KOA
HEJE v Smad2/3 B B2 Ak, 400 ) 91 4 3 e 5 AR A
WA
7.2 25T 1l KOA 5 TGF-B/Smad {5 5@ % 4
S BT BT BU R B G T 0 I R AR
He PN S s T A B BT IR T KOA it & Bt
A R R AR A IL-18 K- {2 E TGF-B8, & ik,
PR R S A I e R A RS T
14 9% TGF-B/Smad {5 5 B 2 b 16 ¥ I 4 Smad2.
Smad3 & 7235, JE KOA KB B 20 1 A 184 5 Bz
YA H AP BE T A . R AR R T B KOA R R B
KB, EE LT TGF-B45 LA F Smad6 . Smad7 i
FEIR AR HE T 2C JCr B & . 1 R 5 46
J¢ 2 ¥ 0] 19 9 TGF-B/Smad #5 12 1k K 7 . b, 4
Fe Z 0T 3 R A KOA K UK 4 iNOS .COX-2 5
PGE-2 ik , fiE 7 W J5E 0 03 40 L ML 300% M2 385 lin i
W TGF-B, . TGF-B, &% f& , il /> ROS My & B 77 AE K
I8 2RORT AR IR HL 37, 305 5% Caspase-3 T, 410 il #5840
MR T PR, b AR v 24 R 3 M A o O T R
i B A B B B T RT BB 8 i I TGF-B/Smad %
TR 4 AR
8 AL (Hippo)/YestHXZEH(YAP)E SiE
8.1 Hippo/YAP {5 5 i i 5 KOA 1) X &
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Hippo

17 530 % O 9k Tk B AE I8 9T 40 M A R OR T 4R R A
LU R EEAEH , YAP 2[5 5 % 0
71", Hippo {5 5 £ HLAK I 7 5 At 2E 4 I
ZAEH T BB 8 MST1/2 55 Sav & A BE R 1L L 1%
& T O LATS1/2 35, LATS1/2 5 MOB1A/B #
GG T K RIR R e s T R AL YAP/TAZ BT
L BUE YAP 5 TAZ 5 G 1 40 i 53 A0 R A1
LR SRR YAP LRI 5 2N T
TEA %514 52 Jti i 51 (TEAD 1-4) 45 4 & 35 98 50 %
S R B VR A2 T T R R e s BE SR R
B, YAP/TAZ i 335 1] JH B& TAK1 45 IKKa . IKKg [7]
14 AF 85 2 AL AE T 300 ) I Boe B fif , BH 8T NF-«B {5
AT T LAV R B T R A R R
8.2 "z T i KOA 5 Hippo/YAP {5 Sl i 4T
A& SURR A VO LA, o435 43t i A 28005 M 1 23 i 41
162 ELA YU AL PR E BT MR R R IR DL K B
TG WE PR 55 Z2 Fh 25 BRAE HT B2 A8 2 T4 il KOA K
B A 21 YAP 85 3R GK | 1 p-YAP 2 K F
P 1ML 7% b Ay IL-18. MMP-13 48 ¥4 i, T
Caspase-3 5 i i#f B 21 Jfd itk [ 9% -2 (Bel-2) #H ¢ X &
H (Bax) & A% LA 5R B gl e bt T ka3, 259
W A BT T B B B AT e
2 A DUAE g — Bl 8 19 A 8005 M R 4y, i B o
Hippo/YAP {5 5 i f#% #f iR Ak 1 1 >k BH W7 KOA 11 4k
B HRAE R o

9 Notch{E S8

9.1 Notch{F Sl %5 KOAR X FH Notch g 51k
SRy R BE DR ST ) A e S N 3 % G sk A i R T Y A7 AR
55 e A A0 25 A T 5K U R AH 20 41 i 2 R 1 53 Ak B i
S VAR A W R ) A B B R VT ZEM L S R
Notch i #% 1 Notchl , Notch2 , Notch3 . Notch4 P 4~
Z k5 Jaggedl .Jagged2 , Delta £ i {4 (DI1) 1, D113
5 D4 SASFC AL B HAT I 0 A -7 R
A4 A0 3 B AR K I (EGF) 254, 52 31 908Kk %
EAE 5 GRS Z KM 455, ADAM 0 Rl y 43 W iy
A5 NOTCH 2Z f& 47 WG Ik 24, NICD ¢ ik £
AR v, A 5% S R CSLO AT HAAt [ 145 & i &
R S, Noteh {55 iy K ZHAF £ T X 1)
FCE AN AR R SR RS R B E 1 T, 7E OA
R vk BUER AL B A0 M OE R AR B ol
i) Notch 5 5 & 3 A FI T B0H 40 5 1, 2t 4 1 4
B A VIR R BT A A 43 A 1) Y SF- 4, T Noteh i %
49 1% P 4t SR B S 0 IRORE T R i PR 3R G TR
O A B T R e e R N
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9.2 2§ T Wi KOA 5 Notch {5 53 i F 4
EUTE B KOA K R, & B0 )1 & wk a] 4l
Notch1 A /9 1l 48 %7 A=, b I i 3 38 miR-20b-5p Af
AL N AR R Bk T
s FHL v S 5 00T 2 2 0 Mk AN IR DR T RO
BT R o RS UE R, )1 % i Noteh {5 58
% 2 FEAM ] KOA I 45 38 A4 3400, A 1125 8 75 Ji B 56
W RIBIT RN AN TR T BRI AR
10 EHEESERE
101 M EFSHEE S KOAM LR MHE
(Estrogen) {5 5 il J&% 7F @ A B vh B A5 2 R0 i 1)
AE U ILAE R W AR A B S A 4 R Ak
RYEEBAEH . MER R M Z R (ERRa) 5 HE %
M G 2 A& (ERRy ) 75 ME ¥ Sz o+ (ERE) /E HI
T A5 KOA MR R AR R 45 A, &5 o an i i 4=
5 534k . ERRa %51 40 M 2 A 8L 38 5 7R
ERRa i 3 9 5 58 4046 i SOX-9 A B, £ #F 1 1
A 40 5 Ak B A 0, (0 ERRe 75 4R P A
T 5 F 0% PGE,/cAMP/PKA {5 %5, fini# MMP #
R A B, 1 B B R A R (E,) Bk
% T S B R A B AR, 3 BOC T R R 2
BE 0 W B R X BCE N B S, I e
AR,
10.2 25 T KOA 5 MM EF S Mg R
R R TTIZAAAE TSR e ol SR B A Y
FE =R BT A PR PR PO 5 R s
G 2 A HAER LTl i o ERa B BEAIR
RANK 23k T & , 300 1] 6 -1 240 B 3 A i W i, 4
Fi i o B AQ A . KRR S B AL & W Iz A A
TR b, R Sy A A W) M R R RSO0 TR
PRl 2 O A 5 YR ik B AR Y B 2P
REEEAEM ., REFEM KRGS Y
F A R 24 T B o M R K b R R £
W ERGHE A, Kb RS A 0"l #5 bt
KOA H/NELIL-6 ADAMTS-5.COX-2 {34 fin , i 21>
/N ECM 41 43 B i 035 iy IR A . ok R B
Fid o KOA K UK | 4 i & RE N, B fIK
VEGF 7 f BH Wi i B 20 2 rp iy i A8 15 A= o DL B30 1
B 338 A T T 3 2R3 B BB R ORE 5 R T R
fife , BB KOA &4 o P, v 24 3% 1 Bl 43 i & 44
R FEVER AR HE B, A B 4 58 ERa BE R AL, 982D
PR F B, 1E 22 KOA HE & .
n hNgs5RZ2

KOA 1E 2y —FiB A7 M B S 1 5, R IR &

MR A U AN W . BB BN Ry R A
Bow B2 Her T A AR S SO PR B e A R
FE LIRS . IR EE 2 LUER 25 IR S R Pt R 2
TR Fe T 3R S5 25 W3R JT KOA HE 289 17 i i, il
5% i 5 o3 e R AR AEAE — E W RIE - b2y
VE Ry —Fh & Z2 RGP o SRR A B 259, mT 5 i i
EZMESHEE TR X RO GHRE.,
AHXF T 2L — B0 S 25 ), o 25 2 80 SO SO TR R T
KOA H R8T Hi & AW PUECE A M08 T Bt
SR AR S 0 4 i S R T R A 2 i 2h
PR $Em TR IRIT 2™ . 2Bl SL Al 5258 5 11 IR
N A AIESE T o2 1 KOA F P AR .

g5 Bk b 2 o 45 O [ A S i ) 2
#5537 ) KOA % #F &, 40 - #i PI3K/AKkt,
JAK2/STAT3 ., NF- kB, Wnt/B -catenin., p38 MAPK,
Hippo/YAP , Notch {5 *5- i ¥ H A7 1 i % ¥ 40 fg
TR AN M T R R T R A AE L Nref2/
HO-1 1 538 & T 8 57 2 & 240 i 401k 1 8 s I
TGF-B/Smad 5 Wi R 15 5 38 P& 7] {2 3E 50 40 i 1
B A0 KR R O A SO IS R A M A o R T
XF F IR AE T A, TP BE 25X KOA 1Y {5 5 48 i
Koy FHLHIAE T BRI, 78 T il KOA i 1 %2
DLAD 25 BF B CBRCFE AL 0 I 1k R LS
TR KOA™ A R 5 55 7 1Y 5 PR s BILAF G I o 3 48
. =-E RS T PI3K/AKHE M REN T 5
YL PR T, PE S B LR R o 5 Y AR R AR
NF-«B 15 5 1 Pk LA /D 0G5 48 0E 15 50 5 Jo e it
4050/ N SN T 7 N Bl N ) < DS ML= Ny NI A & v
2y ) it 94 95 Wnt/B -catenin, p38 MAPK |, Nrf2/
HO-1.TGF-p/Smad 15 M I8 2% i 8% Of 37 #1015 B o .
WA W R B R ety RN R
2 5B 3 AR 2 R 245 6 M LA R A 24 38 A
530 T KOA 43 T HILH , 1 17 38 ] KOA if i | &
WM EAZH Sy A ZIBRENRE, K5
T B EIRIT AR B PR, h 25 ¥ KOA HH
AT 5 10 P 58 AR T s S o3 HE UL 8 5l L R
B kA Rk

MicroRNA (miRNA) Jj& — F 2 Iy &g 4E 4 19
RNA 7 F, B A 22-25 4>ty P9 U5 5 R 4 %) 1) i 31, 3
i1 5 mRNA3'-JE 4 1% X (3-UTR) 1 &5 & 1
mRNA % £ 28 P, 410 i AH G B0 58 R 3 3k, 0 0 R i
S5 TR miRNA ] DLVE b B 900 12 W
FIHE R 0 A Wb A W, A2 R 1T O A B At it 3 7 4
RO ST A N 1 ON PR R R e O B
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A= W) )R8 ¥R AR . miRNA I ] 3 1 3
A 5 3 % R AR 2R A b VR AR R T SR R B i
35 F B i KOA /Y H 9 . 8 1 3@ i
miR-203 . 22 2 Z #I ] miR-143 Fl miR-124 7% 35 BH
NF-«B i % B W2 1k, 2 %5 K 22 8 R [ ik miR-126 7K
- 43 3 i NF-«B 5 p38 MAPK {55 53l # , 57 3IUR
fi I 8 miR-503 33 5 M 380 2% A5 5 0 o, 0F 0hi 40 o R
PE 5 2 fif AR 2608, DAZERR G O 0 R
Ao AMUAMA (exosome) f& HT 21 i 43 W4 14 /)N 41 Jiw A1 XX
W W4 M M, Wb & A B 4 7 mRNA
miRNA & IncRNA %55 5 ¥ i, i@ 1 A & 43 b i 2
T 30T Vi 40 A T3 Sty 4 L S, 58 B AH B T A B A
2 AR IR HE AR miRNA AT 451 OA (1 4 5E faJ2s
LRI TRA DN = 31yl R W o =
A 20 i 1% A Bl B i AR DL R i SR T RE L 0
A H HE O v 2 T TR I 0 A SE I 5T, TR e A
A A 5 3 I A Ok T R B A B 56 YT 4 M 9 9 AL o
EDIOEE LY

v 2 3 o) R R M R YT KOA HA W ek
P ABAPAF A — SE RN e 22 A e, P 2l BT R
ST WL &M S @B REEZ WA, K242
R FAL 51 8 45 v AS B, 0 R R & PR
w24 K HA B 4y T 1 Hippo/TAZ 15 5 J 1 1) BF
% R 5 b 5 3 I () LA FE P e =
WARTE . AR £ A58 &5 (5 538 8% 0F 5% ) B
T2 T EALE b i — 20T & KOA H ) 25 4 $12 {1k 2
WAKHE . Hk, 2800 5545 B8 7E s 4K D9 41 52 56 By
BT o 2 PR AR5 08 I AL ) B AR 00
BeZ T, T EE A AR ek Y A R S R R
AR 22 WG PRAF 5T K, 38 5 Hh 25 76 B I KOA
W7 RS e Ak s Bea, PRI IR W R
W& 5 HUERIR ", KRR TG 25 7 F #0055 B¢
TIE 3y RUAH G5 — , B2 5 vh 25 76 B IR T 567 R b i i
PR SE B /K-

(&% 30k]

[ 1] KULKARNI P, MARTSON A, VIDYA R, et al.
Pathophysiological landscape of osteoarthritis[J]. Adv
Clin Chem,2021,100:37-90.

(2] ®&d WER, 2, 5. WES 6T X
RN IRIT R B AR Meta 23 B [T ], R BL 244
AR—rh 251k, 2022,24(12) :4777-4786.

[ 3] HAWKER G A. Osteoarthritis is a serious disease[J].
Clin Exp Rheumatol,2019,37 Suppl 120(5) : 3-6.

[4] BANNURU R R, OSANI M C, VAYSBROT E E, et

- 238 -

[6]

[7]

[10]

[11]

[14]

al. OARSI guidelines for the non-surgical management
of knee, hip, and polyarticular osteoarthritis [J].
Osteoarthritis Cartilage,2019,27(11):1578-1589.
JANG S,LEE K,JU J H. Recent updates of diagnosis,
pathophysiology, and treatment on osteoarthritis of the
knee[ J]. Int J Mol Sci,2021,22(5):2619.

JONES I A, TOGASHI R, WILSON M L, et al. Intra-
articular treatment options for knee osteoarthritis [ J].
Nat Rev Rheumatol,2019,15(2):77-90.

WANG L, ZHANG X F,ZHANG X, et al. Evaluation
of the
medicine on osteoarthritis: A systematic review and
Meta-analysis [J]. Pain Res Manag, 2020, 2020:
5712187.

PEJELASC, T8 e ¥, e . T R ST AN Y B
HLAS SR AT [J]. v [ 5236 5 50 2% e 3, 2018, 24
(24):201-206.

Brpt Py, 20z R , 55 . BT SCHR 73 A 936 97 TR
BT R 2y N LT [T]. P22 R SRR,
2022,38(4):186-191.

FRPEUE, BT B A A R T RS R AR T R 2y
WO YE I T R SR A8 Y 24 L A M R A T RIE
(], SR HoR — g 2y A AL, 2023, 25(2)
763-775.

JIN Z, CHANG B, WEI Y, et al. Curcumin exerts

therapeutic effect of traditional Chinese

chondroprotective effects
promoting AMPK/PINK 1/Parkin-mediated mitophagy
[J]. Biomed Pharmacother,2022,151:113092.

SONG X Y,ZHAO M,ZHANG P, et al. Cangxitongbi
capsules protect the articular cartilage in the rat knee
through the long non-coding RNA HOTAIR/p38
MAPK pathway [J]. Med, 2022,
10(1):23.

XIE W, QI S, DOU L, et al. Achyranthoside D

attenuates

against osteoarthritis by

Ann Transl

chondrocyte loss and inflammation in
osteoarthritis via targeted regulation of Wnt3a [J].
Phytomedicine,2023,111:154663.

ZHANG Q,LAI S,HOU X, et al. Protective effects of
PI3K/Akt signal pathway induced cell autophagy in rat
knee joint cartilage injury[J]. Am J Transl Res, 2018,
10(3):762-770.

SUN K, LUO J, GUO J, et al. The PI3K/Akt/mTOR
signaling pathway in osteoarthritis: A narrative review
[J]. Osteoarthritis Cartilage,2020,28(4) :400-409.
XUE J F,SHI Z M, ZOU J, et al. Inhibition of PI3K/
Akt/mTOR signaling pathway promotes autophagy of
articular chondrocytes and attenuates inflammatory
Biomed

response in rats with osteoarthritis [J].

Pharmacother,2017,89:1252-1261.



520 B4 22 ] HESZEFFFHRE Vol. 29, No. 22
2023411 A Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023
[17] WANG W, LI J, LI F, et al. Scutellarin suppresses [J]. P E A TR ,2021,25(2):211-215.

[18]

[19]

[20]

[21]

[22]

cartilage destruction in osteoarthritis mouse model by
inhibiting the NF-«xB and PI3K/Akt signaling pathways
[J]. Int Immunopharmacol,2019,77:105928.
SUN K, LUO J,JING X, et al. Hyperoside ameliorates
the progression of osteoarthritis: An in vitro and in vivo
study[ J]. Phytomedicine,2021,80:153387.
TANG Y, LI Y, XIN D, et al. Icariin alleviates
osteoarthritis by regulating autophagy of chondrocytes
PI3K/Akt/mTOR  signaling [J].
Bioengineered,2021,12(1):2984-2999.
ZHANG Y, CAI W, HAN G, et al. Panax notoginseng
saponins prevent senescence and inhibit apoptosis by
regulating  the  PI3K-Akt-mTOR
osteoarthritic chondrocytes[J]. Int J] Mol Med, 2020,
45(4):1225-1236.
CHEN Y, PAN X, ZHAO J, et al. Icariin alleviates
PI3K/Akt/mTOR/ULK 1
Eur J Med Res, 2022, 27

by mediating

pathway  in

osteoarthritis through
signaling pathway [J].
(1):204.

LI J, JIANG M, YU Z, et al. Artemisinin relieves
osteoarthritis by activating mitochondrial autophagy
through reducing TNFSF11 expression and inhibiting
PI3K/Akt/mTOR signaling in cartilage [J]. Cell Mol
Biol Lett,2022,27(1):62.

JIANG R H, XU J J, ZHU D C, et al. Glycyrrhizin
inhibits osteoarthritis development through suppressing
the PI3K/Akt/NF-«B signaling pathway in vivo and in
vitro| J]. Food Funct,2020,11(3):2126-2136.

PAN T, SHI X, CHEN H, et al. Geniposide suppresses
interleukin-18 -induced inflammation and apoptosis in
rat chondrocytes via the PI3K/Akt/NF- kB signaling
pathway[ J . Inflammation,2018,41(2):390-399.

WU D, ZHU X, KANG X, et al. The protective effect
of sophocarpine in osteoarthritis: An in vitro and in
vivo study [J].
145-151.
HUANG B, LANG X, LI X. The role of IL-6/JAK2/
STAT3 signaling pathway in cancers[J]. Front Oncol,
2022,12:1023177.

LI J, YIN Z, HUANG B, et al

Int Immunopharmacol, 2019, 67:

Stat3 signaling
pathway: A future therapeutic target for bone-related
diseases[ J|. Front Pharmacol,2022,13:897539.
CHEN B, NING K, SUN M L, et al. Regulation and
therapy, the role of JAK2/STAT3 signaling pathway in
OA: A systematic review [T]. Cell Commun Signal,
2023,21(1):67.

R, S AL ALE ST, A DRSO 1 T B
SR SRR BRI R A B A 3R 6 A T 109 AP

[30]

[31]

[32]

[33]

[34]

[35]

ZHAO C, ZHAO L, ZHOU Y, et al. Artesunate
ameliorates osteoarthritis cartilage damage by updating
MTA1 expression and promoting the transcriptional
activation of LXA4 to suppress the JAK2/STAT3
signaling pathway[J]. Hum Mol Genet, 2023, 32(8) :
1324-1333.

JIANG M, HE J, GU H, et al. Protective effect of
resveratrol  on osteoarthritis ~ via
JAK2/STAT3 pathway is
independent of SOCS3[J]. Toxicol Appl Pharmacol,
2020,388:114871.

LIN C, SHAO Y, ZENG C, et al. Blocking PI3K/Akt

signaling inhibits bone sclerosis in subchondral bone

obesity-related

alleviating signaling

and attenuates post-traumatic osteoarthritis [J]. J Cell
Physiol,2018,233(8):6135-6147.

JIMI E, FEI H, NAKATOMI C. NF-«B signaling
regulates physiological and pathological
chondrogenesis [J]. Int J Mol Sci, 2019, 20 (24) :
6275.

YAO Q, WU X, TAO C, et al
Pathogenic signaling pathways and therapeutic targets
[J]. Signal Transduct Target Ther,2023,8(1):56.
MARCU K B, OTERO M, OLIVOTTO E, et al. NF-
kappaB signaling: Multiple angles to target OA [J].
Curr Drug Targets,2010,11(5):599-613.

XU Z,KE T,ZHANG Y, et al. Danshensu inhibits the

Osteoarthritis:

IL-1B-induced inflammatory response in chondrocytes
and osteoarthritis possibly via suppressing NF- «B
signaling pathway[ J]. Mol Med,2021,27(1):80.
FENG S, CONG H, JI L. Salvianolic acid A exhibits
anti-inflammatory  and
inhibiting NF-«B and p38/MAPK pathways[J]. Drug
Des Devel Ther,2020,14:1771-1778.

WANG X,FAN J,DING X, et al. Tanshinone I inhibits
IL-1B8

extracellular

antiarthritic  effects  via

-induced  apoptosis, inflammation  and

matrix degradation in chondrocytes
CHON-001 cells and attenuates murine osteoarthritis
[J]. Drug Des Devel Ther,2019,13:3559-3568.

LI H,PENG Y, WANG X, et al. Astragaloside inhibits
IL-1B8 -induced

osteoarthritis

inflammatory response in human

chondrocytes and ameliorates the

progression of  osteoarthritis in mice [J].
Immunopharmacol Immunotoxicol, 2019, 41 (4) .
497-503.

LI D, LI G, CHEN Y, et al. Astragaloside IV protects
ATDCS5 cells from lipopolysaccharide-caused damage
through regulating miR-203/MyD88 [J]. Pharm Biol,
2020,58(1):89-97.

+ 239 -



520 B4 22 ] HEXBAFZRS Vol. 29, No. 22
20234E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023
(411 iS00 T8, ke 3, 55 IS R NF-«B p65 Mol Med,2019,44(4): 1541-1551.

[42]

[43]

[44]

[45]

[46]

WL AL XS LPS 55 19 B 5 2% 90 B 400 L 308 1 1 9% i
S A AR D] b [ e o 2 5, 2019,35(2)
181-185.

ZHANG Y, ZHAO Q.

Salidroside attenuates

interleukin-18 -induced inflammation in human
osteoarthritis chondrocytes[J]. J Cell Biochem, 2019,
120(2):1203-1209.

SA L, WEI X, HUANG Q, et al. Contribution of
salidroside to the relieve of symptom and sign in the
early acute stage of osteoarthritis in rat model [J]. J
Ethnopharmacol,2020,259:112883.

FEIKCEE , R, NN, A5 L2 B B Tk 12
o BT HE S LY ] e R 2 2% A, 2021, 36(5)
2869-2874.

HU J, ZHOU J, WU 1, et al. Loganin ameliorates
cartilage degeneration and osteoarthritis development
in an osteoarthritis mouse model through inhibition of
NF- kB activity and pyroptosis in chondrocytes[J]. J
Ethnopharmacol,2020,247:112261.

YU H, YAO S,ZHOU C, et al. Morroniside attenuates
apoptosis and pyroptosis of chondrocytes and
ameliorates osteoarthritic development by inhibiting
NF- kB signaling [J]. J Ethnopharmacol, 2021, 266:
113447.

ZHANG Y, ZENG Y. Curcumin reduces inflammation
in knee osteoarthritis rats through blocking TLR4/
MyD88/NF- kB signal pathway [J]. Drug Dev Res,
2019,80(3):353-359.

QIU B, XU X, YI P, et al. Curcumin reinforces MSC-
derived exosomes in attenuating osteoarthritis via
modulating the miR-124/NF-«xB and miR-143/ROCK1/
TLRO signalling pathways[J]. J Cell Mol Med, 2020,
24(18):10855-10865.

ZHOU Y, MING J, DENG M, et al. Chemically
(CMC2.24)

progression by

modified curcumin alleviates

osteoarthritis restoring  cartilage
homeostasis and inhibiting chondrocyte apoptosis via
the NF-«kB/HIF-2« axis[J]. J Mol Med (Berl) , 2020,
98(10):1479-1491.

YANG X, ZHANG Q, GAO Z, et al

alleviates IL-18-induced inflammatory injury via down-

Baicalin
regulating miR-126 in chondrocytes [J]. Biomed
Pharmacother,2018,99:184-190.

LI Y, MU W, REN J, et al. Artesunate alleviates
interleukin-1B-induced inflammatory response and
apoptosis by inhibiting the NF-«xB signaling pathway
in chondrocyte-like ATDCS5 cells, and delays the

progression of osteoarthritis in a mouse model[ J]. Int J

+ 240 -

[52]

[53]

[54]

[55]

[56]

[58]

S SE, SROGI, aURE A, 55 . 4 Bl SEE B R
SRS A A 25 B A L BE(T]. BV RHEOR 24 22,
2021,39(2):56-61.

i BB, 5 AR AUE R, A B AL ) 2 HIE
FH I R L BIF 5 9E J K B o s 5 ) U S A [0 ].
R 2 ,2022,53(10):3251-3268.
G, SR ARG A LW B3 Y Ak A o B 0 A
To 25 BRAE IR 58 JR (7). v 10 25 44 53, 2019, 28
(3):292-302.

ZIADLOU R, BARBERO A, MARTIN I, et al. Anti-
inflammatory and chondroprotective effects of vanillic
acid and epimedin C in human osteoarthritic
chondrocytes[ J]. Biomolecules,2020,10(6):932.
Wi E LT LM 0,4 TLR4/MyDSS {5 5 il I 1
i G 5 W B A i AR T LD DL v R JB A A%
£,2022,28(11):1690-1694.

FRRL &, AR AR5, 5Kk A B A g RO R G R OR
SR 04 1 S e K AL RN AT S [0 ] SR 2 R —
W 25 A1k, 2023,25(3) 1 1162-1167.

ke e, REL% . FESE I GE I HE S
(% A % R OGO BRU K A AR N A i SRy A R hE
MIRFFELT ). s 252 4 3, 2021,56(23) : 1918-1926.
BGOSR, I BRSO AR L A J0E A i i TLR4
A1 1 NF-B 5 5 38 U 45 R B 0G0 48 A 2 Uit
P Fn Ak TR R (D] % g %% 2Rk, 2021, 37 (2) -
115-121.

TIAN J,GAO S G,LIY S,et al. The B-catenin/TCF-4
pathway regulates the expression of OPN in human
osteoarthritic chondrocytes [J].
2020,15(1):344.

CHENG J,LI M,BAI R. The Wnt signaling cascade in

J Orthop Surg Res,

the pathogenesis of osteoarthritis and related promising
treatment strategies [J]. Front Physiol, 2022, 13:
954454.

MAEDA K, KOBAYASHI Y, KOIDE M, et al. The
regulation of bone metabolism and disorders by Wnt
signaling[ J]. Int J Mol Sci,2019,20(22):5525.

WU Q, ZHU M, ROSIER R N, et al. Beta-catenin,
cartilage, and osteoarthritis [J]. Ann N Y Acad Sci,
2010, 1192(1):344-350.

HELD A, GLAS A, DIETRICH L, et al. Targeting
[B-catenin dependent Wnt signaling via peptidomimetic
inhibitors in murine chondrocytes and OA cartilage[J].
Osteoarthritis Cartilage,2018,26(6) : 818-823.

DE SANTIS M, DI MATTEO B, CHISARI E, et al.
The role of Wnt pathway in the pathogenesis of OA
and its potential therapeutic implications in the field of

regenerative medicine [J]. Biomed Res Int, 2018,



520 H4 22 1) FESREHFFFELRE Vol. 29,No. 22
20234E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023

[66]

[67]

[68]

[69]

[71]

[75]

[77]

2018:7402947.

DING Q H, YE C Y, CHEN E M, et al. Emodin
ameliorates cartilage degradation in osteoarthritis by
inhibiting NF-«B and Wnt/B-catenin signaling in vitro
and in vivo [J]. Int Immunopharmacol, 2018, 61:
222-230.

LI T,PENG J,LI Q, et al. The mechanism and role of
ADAMTS protein
Biomolecules,2022,12(7):959.

LU J,ZHANG T, SUN H, et al. Protective effects of

family in osteoarthritis [J].

dioscin against cartilage destruction in a monosodium
iodoacetate (MIA) -indcued osteoarthritis rat model
[J]. Biomed Pharmacother,2018,108:1029-1038.

LIU F, LI L, LU W, et al. Scutellarin ameliorates
cartilage degeneration in osteoarthritis by inhibiting the
Wnt/B-catenin and MAPK signaling pathways[J]. Int
Immunopharmacol,2020,78:105954.

ZHONG G, LIANG R, YAO J, et al. Artemisinin
ameliorates osteoarthritis by inhibiting the Wnt/
B-catenin signaling pathway[ J]. Cell Physiol Biochem,
2018,51(6):2575-2590.

SUN Y,LIU W Z,LIU T, et al. Signaling pathway of
MAPK/ERK in cell proliferation, differentiation,
migration, senescence and apoptosis [J].
Signal Transduct Res,2015,35(6) :600-604.
BSOS, Rk, T 208, 45 . p38 MAPK {5 5 18 % 1£
OGBS R Ry R R LD ]. s
72 47 ,2019,25(8) :219-225.

COULTHARD L R, WHITE D E,JONES D L, et al.
p38 (MAPK)
mechanisms to therapeutics [J].
2009,15(8):369-379.

HOSSAIN M A,ADITHAN A,ALAM M J, et al. IGF-

1 facilitates

J Recept

Stress responses from molecular

Trends Mol Med,

cartilage reconstruction by regulating
PI3K/Akt, MAPK, and NF- kB signaling in rabbit
osteoarthritis[ J|. J Inflamm Res,2021,14:3555-3568.
YAN Z,LIN Z, WU Y, et al. The protective effect of
myricitrin in osteoarthritis: An in vitro and in vivo study
[J]. Int Immunopharmacol,2020,84:106511.

RS, SO BTN KL AR SR T p38 MAPK fF 5l
B 23 A 2 2R AR P R R DT S OCTT BCR B LRI (]
o S G U ) 2 2 3, 2021,27(7) 1 169-177.

DING D, YAN J, FENG G, et al. Dihydroartemisinin
attenuates osteoclast formation and bone resorption via
inhibiting the NF-«xB, MAPK and NFATcl signaling
pathways and alleviates osteoarthritis [J]. Int T Mol
Med, 2022, 49(1):4.

LI S,STOCKL S, LUKAS C, et al. Curcumin-primed

human BMSC-derived extracellular vesicles reverse

[79]

[80]

[81]

[82]

[83]

IL-1B-induced catabolic responses of OA chondrocytes
by upregulating miR-126-3p[J]. Stem Cell Res Ther,
2021,12(1):252.

LIU D, TANG W, ZHANG H, et al. Icariin protects
rabbit BMSCs against OGD-induced apoptosis by
autophagy via MAPK
signaling pathway[ J]. Life Sci,2020,253:117730.
LUCAS R M,LUO L,STOW J L. ERK1/2 in immune
signalling[ J]. Biochem Soc Trans, 2022,50(5) : 1341-
1352.

ANSARI M Y, NOVAK K, HAQQI T M. ERK1/2-

mediated activation of DRP1 regulates mitochondrial

inhibiting ERs-mediated

dynamics and chondrocytes [J].
Osteoarthritis Cartilage,2022,30(2) :315-328.
LINTC,LINJN,YANG I H, et al. The combination

and Bletilla

apoptosis  in

of resveratrol striata polysaccharide
decreases inflammatory markers of early osteoarthritis
knee and the preliminary results on LPS-induced OA
rats[J]. Bioeng Transl Med,2023,8(4):e10431.

AR AR S L R SC, 45 . Nef2/HO- 1 {5 53 I e 5 I
B ANE TR VR ) B i 2 T O e ot e (0] v [ S
TR IR R ,2022,28(20) :241-249.

HAN D, CHEN W, GU X, et al. Cytoprotective effect
of chlorogenic acid against hydrogen peroxide-induced
oxidative stress in MC3T3-El cells through PI3K/Akt-
Nrf2/HO-1  signaling
Oncotarget,2017,8(9) :14680-14692.
LOBODA A,DAMULEWICZ M,PYZA E, et al. Role

of Nrf2/HO-1 system in development, oxidative stress

mediated pathway [J].

response and diseases: An evolutionarily conserved
mechanism/[ J]. Cell Mol Life Sci,2016,73(17) :3221-
3247.

WANG L, HE C. Nrf2-mediated anti-inflammatory
polarization of macrophages as therapeutic targets for
osteoarthritis[ J |. Front Immunol,2022,13:967193.
CHEN Z,ZHONG H, WEI J, et al. Inhibition of Nrf2/
HO-1 signaling leads to increased activation of the
NLRP3 inflammasome in osteoarthritis [ J]. Arthritis
Res Ther,2019,21(1):300.

GU M, JIN J, REN C, et al. Akebia Saponin D
suppresses inflammation in chondrocytes via the NRF2/
HO-1/NF- kB axis and ameliorates osteoarthritis in
mice[ J|. Food Funct,2020,11(12):10852-10863.

MA T,JIA L,ZHAO J, et al. Ginkgolide C slows the
progression of osteoarthritis by activating Nrf2/HO-1
and blocking the NF-«xB pathway[]]. Front Pharmacol,
2022,13:1027553.

JIN J, LV X, WANG B, et al. Limonin inhibits
IL-1B8 -induced catabolism in

- 241 -

inflammation and



5529 55 22 ] HESZEFFFHRE Vol. 29, No. 22
20234E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023
chondrocytes and ameliorates osteoarthritis by between Hippo-YAP pathway and innate immunity[ J].

[92]

[93]

[94]

[96]

[97]

[99]

[100]

[101]

[102]

[103]

activating Nrf2 [J]. Oxid Med Cell Longev, 2021,
2021:7292512.
WAk, AL, ) 2 4 45 . 205 K il 0T N2/
HO-1 38 F% 80 5% KOA I B 18 72 (1 7 T AL ) IF 50
(V). HES R R —rp R 25 AU IR, 2023, 25(4) -
1408-1415.
LING H, ZENG Q, GE Q, et al. Osteoking decelerates
cartilage degeneration in DMM-induced osteoarthritic
mice model through TGF- B/smad-dependent manner
[J]. Front Pharmacol,2021,12:678810.
LIU J, CHEN Q, ALKAM E, et al. Association
between gene polymorphisms of TGF-B and Smad3
and susceptibility to arthritis: A meta-analysis [J].
Expert Rev Clin Immunol,2020,16(9) :943-954.
HE J, CAO W, AZEEM 1, et al. Epigenetics of
osteoarthritis: Histones and TGF- g, [J]. Clin Chim
Acta,2020,510:593-598.
DUAN M, WANG Q,LIU Y, et al. The role of TGF-8,
in cartilage development and diseases [J]. Bone Joint
Res,2021,10(8):474-487.
ROMAN-BLAS J A, STOKES D G, JIMENEZ S A.
Modulation of TGF-beta signaling by proinflammatory
cytokines in articular chondrocytes [J]. Osteoarthritis
Cartilage ,2007,15(12):1367-1377.
NG L XUIH L0 . A TR T SR I G  R
Bl HEUE B BOCHT P IL-18 . TGF-B, % i [
B [V] w25 T 25 5 PR 25 1, 2016, 27 (3) -
321-326.
g PN AL AR R 2R R B G
R A Smad2 3 FIBMBISELT]. E T h R
Zh4 447 ,2014,34(2):209-213

B — WL, R, A R R AR ORI R R K
1 Smads H K /2 1 R kKT TR T]. hAgh
5 2% F,2018,36(11):2667-2671, J5 1 1.
WP, SRR R A L R R T 48
K B % BMP-2, Smadl J2 BMP-2 mRNA ., Smadl
mRNA FEWY W [T]. A BTsi A 4 &, 2018, 24
(6):727-731,825.
HU Y,GUI Z,ZHOU Y, et al. Quercetin alleviates rat
osteoarthritis by inhibiting inflammation and apoptosis
of chondrocytes, modulating synovial macrophages
polarization to M2 macrophages [J]. Free Radic Biol
Med,2019,145:146-160.
SU S,JIANG W, WANG X, et al. Resolvin D, inhibits
osteoarthritis  fibroblast-like
synoviocytes through the Hippo-YAP
pathway [J]. BMC Musculoskelet Disord, 2022, 23
(1):149.
WANG S, ZHOU L, LING L, et al. The crosstalk

the proliferation of

signaling

- 242 -

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Front Immunol,2020,11:323.
YIN F, DONG J, KANG L I, et al. Hippo-YAP
signaling in digestive system tumors[J]. Am J Cancer
Res,2021,11(6):2495-2507.

DENG Y, LU J, LI W, et al. Reciprocal inhibition of
YAP/TAZ and NF-«B regulates osteoarthritic cartilage
degradation[ J]. Nat Commun,2018,9(1):4564.
XEHTHE BT AR 2 . L0 AL R IR 1 Hippo-YAP 5 %5
S N e SR N e R N G R S =
JREI M A4 75 ,2023,29(4) : 538-543,598.

SPRINZAK D, BLACKLOW S C. Biophysics of
Notch signaling [J]. Annu Rev Biophys, 2021, 50:
157-189.

GARIS M, GARRETT-SINHA L A. Notch signaling in
B cell immune responses [J]. Front Immunol, 2020,
11:609324.

SHEN W, HUANG 1,
significance of NOTCH signaling strength [J]. Front
Cell Dev Biol,2021,9:652273.

ZIEBA J T, CHEN Y T, LEE B H, et al. Notch
signaling in skeletal development, homeostasis and
pathogenesis[ J]. Biomolecules,2020,10(2):332.
B4, B R L5 IS B L 5K miR-20b-
5p T T 0T O T S8R R O L R R
TR R AR 2 A AR [T ] R 2T AR
7%,2023,27(2):237-245.

FUENTES N, SILVEYRA P. Estrogen

WANG Y. Biological

receptor
signaling mechanisms [J]. Adv Protein Chem Struct
Biol,2019,116:135-170.

ROMAN-BLAS J A, CASTANEDA S, LARGO R, et
al. Osteoarthritis associated with estrogen deficiency
[J]. Arthritis Res Ther,2009,11(5) :241.

FENG C, XU Z, TANG X, et al. Estrogen-related
receptor a: A significant regulator and promising target
in bone homeostasis and bone metastasis [J].
Molecules,2022,27(13):3976.

CORCIULO C, SCHEFFLER J M, HUMENIUK P, et
al. Physiological levels of estradiol limit murine
osteoarthritis progression[]]. J Endocrinol, 2022, 255
(2):39-51.

XIE B P, SHILY, LIJ P, et al
inhibits RANKL-induced osteoclastogenesis via ER
alpha/miR-503/RANK
RAW264.7 cells [J].
117:109045.
R0 SR, MR AR L AR S R 28 A0 G W 1 2 B
RSB LI]. B 2528, 2013,22(12) 1 1415-
1420.

TODA T,SUGIOKA Y,KOIKE T. Soybean isoflavone

Oleanolic acid

signaling

Biomed Pharmacother, 2019,

pathway in



520 H4 22 1) FESREHFFFELRE Vol. 29,No. 22

2023411 A Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023
can protect against osteoarthritis in ovariectomized rats potential and role of miRNA, IncRNA, and circRNA
[J]. T Food Sci Technol,2020,57(9) : 3409-3414. in osteoarthritis [J]. Curr Gene Ther, 2019, 19 (4) :

[119] WANG W, YANG R, ZHANG M, et al. Glycitin 255-263.
suppresses cartilage destruction of osteoarthritis in mice [124] PERTUSA C, TARIN J J, CANO A, et al. Serum
[J]. Inflammation,2020,43(4):1312-1322. microRNAs in osteoporotic fracture and osteoarthritis :

[120] LIU F C, WANG C C, LU J W, et al A genetic and functional study [J]. Sci Rep, 2021, 11
Chondroprotective  effects of genistein  against (1):19372.
osteoarthritis  induced joint inflammation [J]. [125] CHENG X, ZHANG G, ZHANG L, et al
Nutrients, 2019, 11(5):1180. Mesenchymal stem cells deliver exogenous miR-21 via

[121] A53RC, 25610 , B, 45 . JLSC it e i (i Bk & exosomes to inhibit nucleus pulposus cell apoptosis
Ak 8§ AR BT R 253R 97 EE O R RIF5E [T ], rh sl 52 and reduce intervertebral disc degeneration[J]. J Cell
905 M2 447 ,2023,29(15) : 110-118. Mol Med,2018,22(1):261-276.

[122] #h—, XS0k, AR, 45 . A I ALy SR X B ey [126] EXNR, LB, KM AP WMRTE B 0T R &0 ik
2 5% W L RE g HE R LT]. b B S U5 R A AR AR, 7 o AR T AL 5 (D). o AR R A e Ak
2023,29(2):212-221. 2022,32(18):63-69.

[123] WU Y, LU X, SHEN B, et al. The Therapeutic [REHRE FhNAMN]

- B

) A R s ) ARG N R L SR I 2 1 M ) )
VPRI JLIR R 25 29 S T 5 91 )

SCRAE 9 T B DA R RE SR A DL S A i DA g i R ST R A, e PR I 0 L SR e M,
DA A WK 998 ) ) S I PR 2 B o g I ™ R ) AR L2 A A e g R I TV W 9 A R, R LY B 02 Al R P T Y
RO o SR 8 SR LA 2R BT 15 B M A AR IT I S AR BB R AR R RS DU S S A W
I A — R bR L IE W A K R F )™ d I AT A M 2R i o AT R TS /N JL S A T AR S Sk 0 W 9k 2 B G A A
PR32 B8 55 T A 3 oy 3 ) 55 010 B 6F g [) JE IE4F f , B 23 <5 BRI e AN I TR L 28 08/ JL S A8 i 48 f) s, )
JR A i A o SUAE T SURR/IN I I 4, S LR B S LY — O I R SR, R B4l LA T BB R, L BAR RS
PR ) i O % s 3 R 0 X, 00 A VR ) RE AR AN 75 B R SR B TIC S, 7 B 4 L R ROIR 2SN AR R AR RO TR AR A A R
To s WA A AR IE T, X A2 W7 5367 2 4l L B 5 A BRI T

C/N LI % 25 252 S5 ¥ ok 5 1) 6 7 ) ol 90 s %, 45 R R 2 4, IR ILZ B RURE 202248 11 73 R A 30 I S il A5 11 PR 52
B U4 &, I DI IR B2 97 5 et %, A7 o 91 2490 B T 1 PR AT op ) ELSS 491, HLAT BL S T Ve AR A S A o 5
BEASR AR IR TR S R TR B R b RA AT TSR i LS Wi BB . IR T AL SR RO O U B AR A G KR
W AR U 98 0 35 T 0] B2 A 2, A T o st 52 LR I TR R 9 ) JB X R R ] o SR T 8 0 il R BB R
R J 1) B 45 Wfes P 12 TR Az 5 1 5 ) =0 5 i By R AS: 2y 3R B A BULAL T A J2 PP IR S TR S IR PR 12 W A A i — Fif
I, AN 2% R OLTC A A R IR TR, JU R X 47 % He A8/ S8 LI PR A2 W A2 rh A R 35

V0 TS o A 2 T ) 2 2l L Sy REAGL I 5 vk, 3 T AR R AR A SR LN R, /N LR IR B B A 2 AT LA
SCE A BELZE , FF 7 T /N LA A i 1 TR BE Wil D BE I T, R T R B I B LA I PR R o T B il ) RE A A AR
JLNT: AL 3 e ] 2 RN T SO AR Z L, B9 AT S 8 G /1N JLIVE W 1) BEL IR B0, 5 S U8 Ml ¢ s JL T I 3% 4 B 9 — i A 2 A4
W BB LI R ST RE ML RS AT ¢ o ol T RRLACIE A S A B Y TS RO A I EL 20 WA AR G Ml A i BT L
B BILET Bas S e REAR LU, T LAY A 48 B H B BT RE A i A6 A 7 0 W 0 A O I B, T AL 2 A i AR R A
DU, B AR A T 0 D BE AR SC 8 AR B AT I IR X SR LR S AT BT o AN A B 5 i — i AT A B 101 2 D A U A
LSS T A CXE T 200 B IR K26 R 2, A LV BE S T LR B A 18 I PR A2 W id 72 v 4R B 2 4 i IR IR 22460 . 5 el
R, X SR 051, 2 5 3 A B K MO SCRR, PR IEAE 1S IR U 7212 W IR T A5 T T R B WSS R . AR T N AURTRL, 207
A gt 32 T LA IR R 2R 8 ) S afl e T 101, Sy BRBR T 22 it JL AR I R AR 9 5 ) B M I AR () I PRI TR BE T L A R IR R 2R
KRB AR R PR I2 1 AP R 3t — 5 0 B o I O A 0 A 0 W S A i AL B e 5 A L2 L B ZE A A A AL L B
FERR L TE L HA E B S5 M, X LK SR B0 o B A A 50005 BRI PR 1 S A A8, 38 205 o P T 228 4l JL e Wy S Al 46 119
W ANA ST 8L AT T I A ) RE I A |, Sl A B AR AL, FE B R AL b R AR U T

/N LI 1% 2% 258 5 X T 5 )i BT DV BE DA T R LR I A S I 2 T e ) I PR A2 6 o ) IR 1 0T L 20555 491, AR -5 A 12 17 5
TRIT R AL BRI B2 rh — SO i R o AR AT B0 RBE S S A PR BE 2R R AR D) SE B 2T K B AR 2 5 45 O IR
B 2 1Y LR P I 5% 8 53 0 1) ST e K T AE A I PR A2 TR RE T L 4 IR R IR A 4R it — g i 5 Bl

(EHma® mkth AZFERXS WEER,FF/E4 010059)

+ 243 -



