[ R 25 B e
AL 11 2025 4F 6 H (A 433 1)

1634

B z5 ¥ mTOR S BB T BEX T R RIR

Research status of traditional Chinese medicine intervention in mTOR signaling

pathway in the treatment of osteoarthritis
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Abstract: Osteoarthritis ( OA) is a prevalent chronic degenerative
condition in clinical settings, marked by a prolonged disease course and
unfavorable prognosis. It imposes a substantial burden on both society
and affected families. Chondrocyte apoptosis is a typical pathological
manifestation of OA cartilage degeneration,and autophagy is a biological
process in which cells are induced by various stressors to activate the
lysosomal degradation pathway, selectively degrade and remove the
organelles and protein aggregates damaged by internal aging, so as to
maintain their own homeostasis. The mammalian target of rapamycin
(mTOR) - related signaling pathway is an important regulatory pathway
for autophagy. The mTOR signaling pathway is involved in the
physiological and pathological processes such as apoptosis and autophagy
of OA chondrocytes, and is one of the important targets for the study of
OA at home and abroad. Based on the relevant literature in recent years,
this paper summarizes the specific role of mTOR in the development of OA
and the mechanism of action of traditional Chinese medicine in regulating
the mTOR signaling pathway in the prevention and treatment of OA.
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Mo PEARIE 2019 4, [ ) OA At 4T ik 1) B it e 2
(1.328142)"" o OA FEBE R id Bt e, AT HR 22 i
g5 D RE ARk , 5 B ST B A8 1 1 IR 8 AN
BT BRED . By T Ak fE R S5 0A
B F IR R 22—, 5 4 R 5 4 A S TR A DG 1Y
S B TE O T R B R AR AR e PR G AR
FIW . WRFE I, A0 E WA OA F) S 42 o 4 i 77
T, TE AR S A2 34 20 M S8 T, T & #8238 XL 1) i 5 4R
FHY . mRL3h Y PG B 2L E] #8 1 ( mammalian target of
rapamycin, mTOR ) J& % Jig Bt JJL I - 3 — 3/ ( phos-
phatidylinositol — 3 — kinase , PI3K ) A 3¢ 184 i 5 1% 14 i
oA 2R A BT RE , A A 0 AR AR L W
TSR AN A AR A 2 U0 R AR R B I
AILEE 3 — {8 ( phosphoinositide 3 — kinase, PI3K) - 4§
FiE M B ( protein kinase B, Akt) — P45 % B &) §1 5
( mammalian target of rapamycin, mTOR ) i [ FY 16 ©
PAESE S OA R AAILHI B DIARSC , W0 S A Mo g 7 1R 28
SRR, B OA B BIIA T A 2 A
ARSCHETF UL AF AR 5 SCHik, B 45 T mTOR 7E OA & Jérh
Y BAAAE ] Bh 259755 mTOR {5538 # Bt OA f91E
FHBLA
1 mTOR E5E%

mTOR J& —Ff 5 PI3K Z % AH G 1Y) 22 2 TR/ 75 2
PR T , TE 200 B 2B 4 A AN R AR A i oA iy b K 4
YRR, mTOR 54 25 1 5 AL, A W 45 b 20 i i
B, mTOR iy HL A5 4L /2 mTORCL I mTORC2 Y
22 TR/ F S IR S AL, G 5 > i 4 i AR i
AREAYAL AT o mTOR S I 40 i A AE 4 44 B (4
SR AE R AR A T AR 1Y R A S KA,
mTOR {5 544 FH & ARV 2 N b

OA 11 A5 JCR A0 LI K L A8 A 2o 2 R AR 240
IFETAT O, 00 A0 A8 7 B R 4 i S B A 2
B AN A L T A Al A R A o g e —
Tl MR A 2R 0, TR g f A, A 2 0 2 o,
YERPAR NP7, B YRS 52 500 A0 L ) Bh R Ji
PRAP T HCE R % OA 9k /R™ . mTOR K 1 18
OA B P BE e 3k, T mTOR. % 5515 4 53 1 e 2w
BRI IERT IR AR s T, PR, s i i) mTOR
B T LABOE B ORGP R A, B (R
7o )5 T 20 g ( bone marrow derived mesenchymal stem
cell,BMSC) 7#7E T & Fl 41 21 vh , BMSC J73Z I T I IR
WF5E, Al ) 3R 40 i o0 A, BAT 2 10 o AL T e S A iF
AL AR OA I EE . AW
78 BMSC 137 A= 40 it (065550 240 0 s 4 i 2 400 i

55) BIARAS R B AT, A WS E BMSC (8] i
B AN oA T R A v 2 S SRR
DA, TR U 2 ik, 72 BMSC 3 Ab 48 vh & 4%
HAATEBAENIEY] A 25 OA KA &k
B AL, BTG OA YR

1.1 PBK/Akt/mTOR {55iEKE5 OA X &

PI3K/Akt/mTOR {5 51455 OA HF#E 4
T RS LH VR B BT, DL A5 530 5% 14 A
HAERM . 2 S R ( receptor tyrosine kinase,
RTK) fl G & F B 8L Z A& (g — protein — coupled recep-
tors, GPCR) {15 PI3K [ T #&0N T Akt 1 mTORCI1
PI3K/ Akt/mTOR {55-3 #% /) 800G 5 B 15 5 1 B
O E v R, TR OA kR BFstk
W AES R SA Al PIBK/ Akt/mTOR {5 51 #% {2 i
TR B AT AR B A , 2 A 251, S35 o) 1
S T e o R R A O PIBKS
Akt/mTOR {553 % (14 1% R 98l DAL T 1Y A2 DT
it OA R . FAIIEA 3R — 1B (interleukin — 18,
TL = 1) R A 3a 2 4100 <l - 400 MM 19 Wk 0 o 2 2 R
S PR T, AR IL - 18 A 1Y PIBK/AkY/
mTOR Jd % AT 3 A 5B 200 M 9 Wk 0 400 o) 0 280 40
F R TS
1.2 PBBREHBEWNE B ¥ E (adenosine 5' — mono-
phosphorte — activated protein kinase, AMPK )/
mTOR FSEHKS OA HIX &

H A, A Mgt OA BF5E A — A 8 2 J7 [, o
AMPK/mTOR {5 5 18 #4153 1 A WE7E R R 25 00 Y
WG EAE . AMPK 22 5 80CE 40 i A Y 56
SO B A0 A A TR A S R R 2 [m] P
%) 1 (silent mating type information regulation 2 homolog
1,SIRT1) Fl mTOR £54) J5 i 15 fig f AC 8 s mTOR J& H
Wi M 22—, J& AMPK 1 ilf i) 8 245 5 7
¥, AMPK Wi AL 93 Jin 2 0 i) mTOR #9318 7KF,
MG SR L BFST R B, AE OA /N g 4
mTOR {5 5465, WU 4R w7 . AMPK/
mTOR {5 5 i #% & A Wk AH 5 A5 5 3 i, ol i 3300s
AMPK/mTOR {55 18 5 2k 3§ 55 19 W5 19l 2 5 A S
KA IR &5 308 . mTOR B 0B 4 5 e 2%
A R A R A W DA T A R AR OA 1Y
PEJE ; OA HCR R By A GE ] A mTOR gk 2k 2 HiE 2%
OA i, AMPK J&— il BB 5 1% J8 45 1 I Wt 179 1 981 15
A7, Al s AMPK ) i) mTOR % B Wk Y BE
ML BLEBRSEUESS AMPK {0 AT L s e A
p — mTORFZK - 4 35 A Wi, AMPK ] L7 [a] 7 5
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v T R 25 PR gk R

A1 511 2025 4FE 6 T (S 433 1)

mTOR i L2 bR EE , AT 5 4% AMPK/mTOR {55
T PR A WO PRI R A0, BETT R IR OA f kA=
K.

1.3 Akt/mTOR 5S5iEIES5 OA WX &

mTORCI 52 Akt {5555 5 (4 2N IR0 70
MRS Akt ATHE5R Aky/mTOR 55 16 7, 5124
B TE AL FIG P48 (reactive oxygen species, ROS) [t~
A 5 i BEVR R Akt/mTOR i %25 S 208§ 1 D) Ak
SRV, SRR A, s S Ak
mTOR {5544 T P30 01 40 M 3% 3 A5 7K P AR, TR
IFRRAIG 1 28 0E B \ROS 3K By 4304, FF4 ) 1 4wy
A EGE T AORLIR B W, NI B R OA Ry
2 HZATH mTOR HHX(ESEKEE OA
2.1 PI3K/Akt/mTOR {5 Ei& &

AW B HA TR AR E. LU 52 B R B,
F1160 pmol - L™ ARBIEF B N T IL - 18 iFF
Peganiurb ot B 8 PIBK p — Akt . mTOR (iR 1t
K, R B AbEE 24 h 5, TL - 18 5 4i i
b RAE R I R 1 I AR B 20k B, B
4 & 25 H i ( matrix metalloproteinase — 3, MMP — 3 )
FIIL /N 2 W 2R A e 5 2 4 &8 IKTE 5 (a disintegrin
and metalloproteinase with thrombospondin motifs - 5,
ADAMTSS ) Fik/K-F-FEAIG, Wi 5% 1 IL - 1B 75 AU e 4
A —F A A S (nitricoxide synthase, NOS) &4
fitf —2 ( cyclooxygenase —2,COX -2) R RIEH T o
(tumor necrosis factor — o, TNF — ) \IL -6 . IL - 18 A9
FIRK AR BT B0 A0 M e 28 2 1 i kK
SRR, B SR T ZORLIR B W SRR T RCE AR O RO 1Y
BT B B R SR R IR R BIA
OA, FiRHIFFERIT, ARMIEH B ja it #5 PI3K/Akt/
mTOR {5 5 3d@ B 1 5KH B R S R AE 7 A=, PR3
AR OA K&,

T 1 2 (artemisinin, AT ) J& —F M7 18 Hh 52 Ui
ARy BA SR AMGTE TR/, L &2V B
R, AT fEE B3 EI T OA R 4
FHICEE (Beclin - 1) A HHCHE H 1 $25% 3 (micro-
tubule — associated protein 1 light chain 3 ,1L.C3) {31k,
W BERIN T LC3 - I LC3 - [AvEAk, 3m & wa A ik
i AR AT(5 (10 120 wmol « L") 4b 3 i
S PIBK/Aky/mTOR 38 2% b IL — 1B A 6 IR 4
(p-PBK,p - Akt, p - mTOR) 1y #% W2 1k, Jf H
L'y AT b3 4 h J5 F R E B %
(P<0.001) , AT P4 T PI3K/Akt/mTOR {5 538 f%
OO , 1% 1 IL - 1B Y531 OA B Al gk A

20 pmol -

W AT ) DA T B 2 A B T R i AR B . SR BT AT Bl
OA i 45 PIBK/ Akt/mTOR {55 Bk LB , 12
T A AN I e e 2 SR R A A G

WOE A Z R T, FEAIE R YR 2R
], /INBERR S 7S R 2 R A A ek R I 4 B
TR, 00 T B A B AL 4 A RE S 1 0 495 K
1HT7 OA, LI 25 BF 5y % BH, # 1% i o 410 ] PI3K/
Akt/mTOR {5530 P& A0 , PR 1 ZhifA | s, b7 1k
TR

LR AR 24 A %#Uﬁ@éﬁﬂﬂ@ﬂ%to
HAN 22 598 % 3,25 pmol « L' 1 50 pumol -
MIZZE R T OA KEUECE 45 p - PI3K .p — Akt
p —mTOR {33k B F 4,50 wmol - L™ R FE X i
SRAE LM A I U E L (P < 0. 001) T WA 5C 2
[ (LC3 . Beclin — 1) [ 3235 5. A, 3BDO j& PI3K —
Akt — mTOR 3 & 1350 24 , 22 3 = 7] L5 3T 3BDO 5]
i p - PIBK/PI3K . p — Akt/Akt fil p — mTOR/mTOR
HE AT A K1 L35 R 50 umol - L7122 35 R
Jo, TNF-o 5 5 09 40 M0 M - " 2 b B =
(23.58 £0.60) % , 4B M T- R E & THEE
(17.45 £0.45) % , 8 2@ o A% p - PI3K . p -
Akt Fl p — mTOR ) % {2 b 72 B2 >k #1 #i] PI3K/ Akt/
mTOR (15 555 5, [R) B I 25 38 i 13 wgs 4% %) 550 o ok 1
5 W, PR, 22 F G ] PI3K/Akt/mTOR A5
53 R AR LR 15 DA T 1 B A AR T

FZMAF A (mulberry A, MA) HATHLR FH %1 H
JRIGERE, LU 255 858 K B, A R e B (510,20
140 wmol + L™") [y MA 1 /N B 15 515 4 i,
WS 40 wmol - L™'MA {23 IL - 18 755 (9 5 & 41 i
B BRI 310 ) o A AR R 280 AR, 0 S o T
(¥ P <0.05) ,MA 7EARSN T IL - 13 J35 A 4B 4
A 0 2 75 3 A — 4 A & B (inducible nitric
oxide synthase,iNOS) P48 & — 2 ( cyclooxygenase —

2,COX -2) M RIEXT OA EHLRAEH . MA W% T

IL - 1B5 21K OA k-8 41 ffd b MMP13  ADAMTS4 FiI
ADAMTSS 119 53 it A 26 1 36, 2R 1 00 4t i o
RSO 1) RS 5 R B R v 4 v A A DG S T
R RN (Aggrecan) it 7 & [ ( Collagen 11) &
RAE RN A R R 7K I T R A
A AT MA 145 259800 T8 H p - PIBK | p - Akt
Al p-mTOR R, HAHM, MA B H1 T B WY 1E
BT (A3 | Atg5 | Atg7 | Atgl2  Beclin — 1 1 LC3 -
/1) WEEEE, BT A bES T (p62) , fiE
AN A RO BCE e TRk, X R B MA



Chin J Clin Pharmacol

1637

Vol. 41 No. 11 June 2025 ( Serial No. 433)

AP PI3K — Akt — mTOR {5553 #% 1) 380 K 6 35
TE OA Jg e 330wy KA\ JAE SOV AT W

T (fcariin, ICA) A] DLy B R, 12 10F
BRI A k. CHEN A6 B 5 2 3, FHAS [7] e
(5.10,20.,40 .80 #1100 pmol -+ L~ ") I ICA Ak 1A
PO AN, BE M T MMP -3 il & A JE (L i
TR A TRk, HAh, ICA AT DI 4z 1L - 18 35
S A AE , M TR I IR AR B TR G A [ v
(10.20 F140 ng - mL™") [y IL — 18 ACHRARCEHAUIAETS
RARIH T4. 0% 54. 2% F1139. 5% ,FH 40 ol - L' ICA
ACFRANEIG AN T AN A 3 (P <0.05) o ICA 3%
AWM EEAILC 0/1 .8 4k Em -1
(B - cell leukemia/lymphoma 1,Bcl —1) ] fy ik (1
P <0.05) 5505 S HCE A MR H g, R, ICA af
P 3 N p — PI3K p — Aktl il p — mTOR 7K,
T PI3K/ Akt/mTOR {5538 #& 0 3005 R 22k A
Wit , AT ] OA %0 Ai L AR AL , Biie OA Ay &4 o

e B BAT HUA MU TRk, DAL %60

FERBL, FDGH BRI AL OA Boeg A5 , 40 /2

Jii (extracellular matrix, ECM) A5 3E R 1T B IR R ol
o REFEH R HH 2 W 4 (protein polysaccharides
4,PRG4) & I ZRIA 7K E I ; 52 3 p — mTOR K 1A
KRR, AR AR DG ER 1 (LC3 1T/ T Beclin 1)
FIB K R, IX R WO H B e n] DL E
PI3K/Akt/mTOR {553 J& A 1IN OA $1 -1 4 il 1)
B W, RN T OA KB T 5 1 3R A2
SO, R HREA M T R i .

=B 1F ( Panax notoginseng saponin, PNS) HL.A
PR BUAMLFIPLE L 2 AR ZHANG 4577 5%
S F, A F] v BE (100 F1 200 g » mL™") [ PNS %41
HAETE SR A FEM 100 g - mL~"PNS ] OA 4K
AL LA T (5 P <0.05) , 7 PNS AL B )
OA BB i b, WA CEHE H (LC3 I/ 1 \Bel - 1)
AP TEE Bel -2 BRIKKF- 8 E T &, b w] i f
TNF - o 5|2 ) OA B-&F b p - PBK/p — Akt/
p - mTOR[Y & 1 ik, M fE A% PI3K Akt ,mTOR 1)
MRAL(P <0.05) , 1AM, PNS 7E OA R H i 2 1 il
PI3K — Akt — mTOR {5 53 f& 19 0% FR i e 1Y
Rfitt , LA S BEAIR MMP — 3 MMP — 13 7£ OA K E iy
BeE ik, Nmisids OA W RYACE IR, W] PNS B T
] PI3K/Akt/mTOR {2 538 54547 OA R H
JH, DT A 22 OG5 0By W e fide, B 1 18 Wk AH DG 2 El U
B 8 WA ) B R B B W DR AR A0

HE %8 355 R 30,10 .20 F1 40 wmol - L' [

KA Al B R A WEAH CHE H (Bel =2, Bel - 1,
LC3 - M/LC3 - 1), FM IL- 18 i3 0 OA K EUEK
Hf p - PIBK/PI3K . p — mTOR/mTOR 7K 3, Hi
40 wmol « L™ BB FF Ao 3% (¥P <0.05) , H
i_ii':ffl] il PI3K/Akt/mTOR {553 J& ¥ 5 4 b 4 H
W, AR A M AR, X OA B0 4 i i 2] fR 4 1
Fﬁo ZE LA, S i i PI3K/Akt/mTOR 38
B WOE TL - 18 175 S I CE A i Hh i SR A B W, DA
Tl 2 2 A P A5 4
2.2 AMPK/mTOR {Z2i&%
5P (geniposide, GEN) HATHL R HLAM BT
BRI TR SV R P, HUANG 25 BF5¢ &
B ,H 4% Pk B (5.10.25 .50 1100 pmol - L") ()
GEN fEH T A\ OA # e 4ufd, GEN "] DLt #% IL - 18
X R AU D s, R R p6e2 Rk, IR A
M (Bel -1 ,LC3 - 11 .LC3 - 1) ,25 pmol - L
) GEN il IL — 18 AfE R R (¥ P <0.05);
GEN it PR A T R MMP - 13 g9k,
ORI CE A, GEN Sl S B Wk [ 47 OA i
200 ; GEN 3 i f2 # p — mTOR | p62 1 3 3 o %
AMPK f#Ra Ak, LA K F i Bel = 1.LC3 - 1/ T FR
sk, 25, GEN i@ % AMPK 223k il
# mTOR /519 OA KB40 it A Wk
PR REABKMPLRIEN, 10255 25 5@
WUNRZ AT - kB (nuclear factor kappa — B, NF —«kB) |
Akt/mTOR MAPKs [{{5 25 ZHOU 2" szt
7;& FAR[RI¥R B2 (15 (10 .20 .30 .40 F1 50 pmol - L")
R OA /N BUAKCB 4 M, & 305k 40 i rh
p- AMPKE’J%%JiE%iEﬂH,Wﬁ p - mTOR [ KPR ;
2540 wmol - L™ fiY V8 2% 2% Ak A% fin [ W AH 56 2K
Bel - 113256 F1 LC3 - 11 \LC3 [ L%, I 24 h 55
FIEME (P <0.05) , AHSL,p62 HYRIBZ W FEAR, 4l
T BWEREE o S EEEE SR PY R R R 0 A ]
it 5 AMPK/mTOR @A ¢ HhAh, iR RALH 0 3
WA T AR VR R A 1 [ R FRAR, I R
Ji MMP — 13 {3k, R BT PG 2 2% AT O/ 47 20CR 20 i
t ECM [EfEmIVEH . PR 2R E s AMPK/mTOR
0 R R 2R A L O R A ) R 4t L O T R ECM
FEfRBITI6 OA 1 &4
ERAS P9 TR H A PR R BT A AL 2 B4R . MA
SERE T R IR, SRR (7.5.,15.0.,30. 0.,60. 0 I
120.0 pmol + L") AY4R 75 YK T 9 IL - 18 i S
iNOS Fil COX - 2 #4E N+ 5 % 3 m, & 2% 4
MMP — 1385 [/ #3k, FA10 ng - mL™" IL - 18 b FH%K
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FHalE EILH 20254E6 A (K433 1)

B 24 h 52 INOS fl COX -2 RAE [ F 5 7 3%
Jin,60 pmol + L™ HyAR A A EE T Fi%t iNOS F1 COX -2
HAM AR e K (P <0.05) o FRAT YR8 3 T i
iNOS .COX =2 1 MMP - 13 [ 32353483 ATDCS %%
B AN Sz IL - 1B 55 (1 2 4E 5 [Al B AT 1150 ATDCS
A H p - mTOR , mTOR | LC3 — 1 i p62 3R
ik, Hrp p - mTOR F1 p62 Ay IEREAR, T [ BEAH G &
F LC3 - TARIBIG M (3 P <0.05) , R4S R &
BRAY TR AT AR OB 4 B . p - mTOR Ay 3RiA
AR AT R, R A N TR 2 AMPK/mTOR S #% s
55815 )5 Bk LT R ( post — traumatic ostarthritis,
PTOA) K EAECE INOS Fl COX -2 /K. FRA N g
TG, KR A 1A S R 7= 1 B Dt C R
sk I1 ARSI C AR v B Jir R 4 3 SR R S A (1 1Y)
IOV 34 1 2 BEAR (34 P < 0.05) o AT N iR GE o
AMPK/mTOR 3 &3l %5 o iNOS 1 COX -2 B
Hy3e 3k, FEREAR I G h ECM 1y % fi /K F B 16 OA
W R

2.3 Akt/mTOR {528 &

LWEBATRMBA T ER . YAO 25
FERI, 200 wg « kg~ FI400 pg - kgAY TR R AL
FEOA KEVE , KEUECE 1 miR - 34a /KFFEAK, Akt/
mTOR {5515 Fl /b, B RGN, 22 Z W R RITH
K HVEASCHE 1 Beclin — 1 A1 LC3B By Kk i %
(P <0.01), Sl 2 E RS LC3B 3£
KR ERE TR RN ZERLEI(P < 0.05), 1AM
BRI miR - 34a WK, BEAK p62 .p — Akt Fl p -
mTOR [} H FRIEK M Akt/mTOR {15515 5 (1
P<0.01), ZEETHImR -34aif5 31 K BFECE T
MMP -2 F1 MMP -9 3Rk, 355 1 KBRS g
MMP -2 F1 MMP — 9 () & 25 38 i, 410 41 % 15 40 e o
T-. Hk, WS T HCE4iid b Akt/mTOR ()
G555 L HWENIR OA ALK E,

AL S8 (oxymatrine, OMT ) HAHT R 55 %
PR R A B TR OA My &Ll . pFsE 3
WY, OMT S 2 978 15 %K B 4 B 0 410 1 A B 4 B 26 B FE
OA FRFEARIER , LLAh, OMT i& 3@ i+ il NF — kB
Sl AR MR R A R R Y 8 OMT
XF OA BAWMTERAITAEM . Akt/mTOR ji g% & —Ff
ARSI SR B WA OCAF = 30, B0 5 2 s H
LU 450 526 % 9, I AS [A) vk B (0. 25,0. 50 A1 1. 00
mg + mL™") iy OMT kbR IL - 1B iS5 K BRAY KB
S, TL - 13 75 5 00 40 A 8 0 A9 40 A 43 B 0l A
(46.23 +0.57)% i 2 A% 5] (39.53 +0.06)% .

(19.03 £0.31)% F1(1.23 £0.06) % , 5% T 4% 4
ff 3z B A6, FRAK T ROS (1 7= A=, AS [R] v B 40031
FITRET 48.4% 39. 6% F134.6% (P <0.05) , KI5
HE 2R B SNy, 2 TE S OA 52 1)
B v A AR AT /D, OMIT S8 1 e S 1 1 e 2R
PRSI F#A% T MMP - 13 B2 (1K Fo [l i, Akt
mTOR {55538 [ 5 50 240 B A 40 B 0 T 18 s A
LRSI NEK A, OMT #Ii ] T IL - 13 By p - Akt/
Akt Al p-mTOR/ mTOR b 3 3 & & 3% Jn (¥
P<0.05), #Hh,IL - 1B AR T AWM S EH LC3
AL, IR INT p62 AYKF-, T OMT JU ¥ % 1 1L.C3
MEE A R Gh, X S pF 5T R W], OMT il i FEAIL Ak
mTOR {55 @ R0 1L - 18 4b I 4R A0 1 H
Wk , T8 3 TS R DR A R 0 i AT X OA SR AR 4
YER

B8 1 (rhoifolin, ROF ) HLA HT A AL A4 4y
Mo A RIWFFE R0, ROF 38 1 il 22 54 36 1k 25 1
1 ( mitogen activated protein kinases, MAPK) F1#Z% Al
¥ — kB (nuclear factor kappa - B, NF — kB) 1§ 5 i I
B SR VR 55 0 A R VA RS . YAN 5T
W& B, LA [l B (05,1020 pmol - L71) fy
ROF 4k HIL — 13355 AY K SRR 40 1 ) DLAT 2T
RIEAHELHE F (INOS ,COX -2) [5R35 , ROF 7] i 15
S MMP - 13 i RS E S T EE, ik
LW, ROF X 1L - 18 355 A R BRUBK 41 i AR A S
R E A DR VE T . BWRAE OA b i d %
YERT,TL — 1B Ab B3I 3 AR R BB At i b B ek G
) Beclin — 1 3350 K LC3 11 /LC3 1 (Y HLAH, 1
20 pmol - L™" ROF 45 2y nJ L) & 3 3 4% 53X Fl 2 1k
(P <0.05), /] ROF 4bFR 5, 75 515 4 i v WL ¢ 3] 1
Z 1 B BRI 3 R K, ROF AL 31 wT 2% 22 fi
IL - 1B175 5 19 K BV 40 s B w49 20 . Akt/mTOR
PR OA K JEH Y S B LA B W sy JEAH G, AR 05
U IL - 18 B¢ ROF 43, ROF 7] L) i 25 BH By Akt
AIBERRAL , JSUAIG 1L — 18 72 5CH 41 g 75 5 ) mTOR
K- (P <0.05) . FIRZEIREH], ROF ] 1 IL - 18
J5 1Y Akt/mTOR {5558 3 30T , DR 37 508 0 i,
PO B, BTG OA IR E .

SR 2R B R DA A R RE DR T B RBE i, JTANG
SESEE  B, OA K BB 4 I H 1 A 6 2 1
[ HWEAHe3E A 5 (autophagy — related gene 5,ATGS) |
ATGT \Bel -1 LC3 ] 1) mRNA K7 2 B A%, tb4h, 5
TEH 4 M AR L, OA 4 i v 35 BT AH O¢ MMP - 3 FiI
MMP - 135 mRNA 38 B3 Bl SR Rk (5,



Chin J Clin Pharmacol

1639

Vol. 41 No. 11 June 2025 ( Serial No. 433)

10,2025 50,100 #1200 wmol « L") it S He A ik ik B
J& ,MMP =3  MMP - 13 mRNA 7K F ¥, # T
MMP -3 MMP - 13 {8 &k, AR T B WA
HI1 ATG5 , ATG7 . Beclin — 1 | LC3 & (1 i £ ik (15
P <0.05) , SERHRASHE AT LASD ] 85 B2 b Akt ,.mTOR f1y
P35, W0 Akt/mTOR 38 #% B 7 (1 iIn A AR AR 17T 7
W& ATGS, Beclin — 1 ) [ £ ik, &
L™ SRRl AE TS Akt mTOR [ 335 2
PR, HA WA XE D (ATGS . ATGT , Beclin -1,
LC3) kP32 B (3 P <0.05) . biRg5 R
W, S R 255 B 3k 400 1) R B OA %0 440 i b 11 Ak
mTOR {5515 R BE A WM ZZf# OA,
3 g

nmmw%MvL%fﬁ%xfl?ﬁ@%m
FI I 2 R TP B e B A A el i R
FaA b OB AT A 2L A, P45 mTOR *Haéﬁ
S T G OA RS . HETXF OA 3R
I7 UG R 5 FE AR S5 7R S0 R 25 i iRFEHH v 3L
SOFBREN U B P45, B AR AT DL ) R RE PR 1 7
A B R RPIR AR A DE TR B T X e 2 A 4
i SO B R RS IURE B TR A R E E A
YA R o H s 25 1 Ry AL ] 2 2 1) i 2 A T
5y I G TR IR LB, AT 8 (A R
kiﬁ&ﬁﬁmE§MMEﬁmﬁlmm*@%
1RYT OA 5B PEIR AT 5L [ o

BB, Ak 225 3 Dhrp R 24 BRI IR R0
ﬁ&%@%ﬁiﬁﬁﬂ%ﬂﬁ%ﬁﬁiﬂmﬁaﬁ
2 HHMZE 5 AR 27 ST R ) W SR A
TREHRR,IESE T FE 25184 mTOR K55 L%
Biiih OA (A &t S AR FIALE] . HR, 56 F 2B
& OA LA R MAEAE — A, YT Z X &
BT RN AR ST S LN OA {5538 [t ik PR 3% 3k 45 U 1
PN B FE . Ak, K Hh 24 1 R A A0, 2 F
w2 T 20 AT T 2 R s TR v 2 ST 1 A
FRRES, (02T W BIF 5 R) R AH 6 3h 4 55 56 B4
FEAEA WA D38 14 245 3000 T A FH A s FATL T, b2k 1)
FR BRI T R 2 2 kR, RIS T H TR E
2 25 SRR AS S I R A B e o SR
Z ARG R B AR L, Ak R 4k £k 75 43
FABARALAF 78 T8, it — 25 WA g P 2 25 )73 OA 1B T
B, HE Sl B 24 K98 6 A, O A St Bk i o 2k
I WL AR Y R 252525

S 3k :

[ 1] LONGH,LIU Q,YIN H,et al. Prevalence trends of site — specific

50 mol -

(7]

[10]

(1]

[12]

[13]

[14]

[15]

osteoarthritis from 1990 to 2019 ; Findings from the global burden of
disease study 2019 [J] . Arthritis Rheumatol, 2022,74 (7).
1172—1183.

ABRAMOFF B, CALDERA F E. Osteoarthritis;

Med Clin North Am 2020,

Pathology,
diagnosis,and treatment options [ J].
104(2) :293—311.

HAN X, CUI J, CHU L, et al. Abnormal subchondral trabecular
bone remodeling in knee osteoarthritis under the influence of knee
alignment [ J]. Osteoarthritis Cartilage ,2022,30(1) :100—109.
CASTROGIOVANNI P, RAVALLI S,MUSUMECI G. Apoptosis and
autophagy in the pathogenesis of osteoarthritis [ J].
2020,33(9) .874—2875.

ABOU - EL - NAGA I F.
phosphatidylinositol 3 kinase ( PI3K)/Akt/mechanistic target of

J Invest Surg,

Review: Schistosoma mansoni

rapamycin ( mTOR ) signaling pathway [ J/OL]. Comp Biochem
Physiol B Biochem Mol Biol,2021,256:110623.2021 - 06 - 10
[2024 - 11 - 01 ]
34119651/.

KAPNICK S M, MARTIN C A, JEWELL C M. Engineering
metabolism to modulate immunity [ J/OL]. Adv Drug Deliv Rev,
2024,204.115122. 2023 - 11 —05[2024 - 11 - 01 ]. https://
pubm ed. nchi. nlm. nih. gov/37935318/.

ABOUDEHEN K. Regulation of mTOR signaling by long non -
coding RNA [ J/OL ]. Biochim Biophys Acta Gene Regul Mech,
2020,1863 (4) :194449. 2019 - 11 - 18[2024 — 11 —01]. https.//
pubme d. ncbi. nlm. nih. gov/31751821/.
WANG B W, JIANG Y, YAO Z L, et al.

. https://pubmed. nc  bi. nlm. nih. gov/

Aucubin protects
chondrocytes against IL — 1B - induced apoptosis in wvitro and
inhibits osteoarthritis in mice model[ J/OL]. Drug Des Devel Ther,
2019,13:3529—3538. 2019 —-10 -09 [2024 - 11 -01]. https://
pubmed. ncbi. nlm. nih. gov/31631977/.

YLA — ANTTILA P. Autophagy receptors as viral targets[ J]. Cell
Mol Biol Leit, 2021, 26(1) :29.

FENG K,XIE X, YUAN J,et al. Reversing the surface charge of
MSC - derived small extracellular vesicles by ePL — PEG — DSPE for
enhanced osteoarthritis treatment [ J/OL ]. J Extracell Vesicles,
2021,10(13) :e12160. 2021 -11 -01[2024 —11 - 01 ]. https.//
pubmed. ncbi. nlm. n ih. gov/34724347/.

LI H,LI D,MA Z,et al. Defective autophagy in osteoblasts induces
endoplasmic reticulum stress and causes remarkable bone loss[ J].
Autophagy,2018 ,14(10) :1726—1741.

SUN K, LUO J, GUO J, et al. The PI3K/Akt/mTOR signaling
pathway in osteoarthritis; A narrative review[ J/OL]. Osteoarthritis
Cartilage ,2020,28 (4 ) :e400 — e409. 2020 —02 - 18[2024 —11 -01].
https://pubmed. ncbi. nlm. nih. gov/32081707/.

TANG Y, LI Y, XIN D, et al. Icariin alleviates osteoarthritis by
regulating autophagy of chondrocytes by mediating PI3K/Akt/mTOR
signaling[ J]. Bioengineered 2021 ,12(1) ;2984—2999.

CHENG Q,CHEN M, LIU M, et al. Semaphorin 5A suppresses
ferroptosis through activation of PI3K — Akt — mTOR signaling in
rheumatoid arthritis[ J]. Cell Death Dis,2022 ,13(7) :608.
CHEN W ,ZHANG H. Elucidating the mechanism of IL - 18 -

mediated piezol expression regulation of chondrocyte autophagy



1640

v T R 25 PR gk R

FHalE EILH 20254E6 A (K433 1)

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

and apoptosis via the PI3K/Akt/mTOR signaling pathway [ J/
OL]. Tissue Cell,2024,86:102291.2023 - 12 - 19[2024 - 11 -
01]. https://pubmed. ncbi. nl m. nih. gov/38134572/.

MEI R,LOU P,YOU G,et al. 178 — estradiol induces mitophagy
upregulation to protect chondrocytes wvia the SIRT1 - mediated
AMPK/mTOR  signaling pathway [ J/OL ].
(Lausanne) ,2021, 11:615250.2021 - 02 - 03[2024 — 11 - 01].
https : //pubmed. ncbi. nlm. ni h. gov/33613450/.

GE Y,ZHOU S,LI Y,et al. Estrogen prevents articular cartilage

Front  Endocrinol

destruction in a mouse model of AMPK deficiency via ERK — mTOR
pathway[ J]. Ann Transl Med ,2019,7(14) :336.

LIU L,BAI H,JIAO G,et al. CF101 alleviates OA progression and
inhibits the inflammatory process via the AMP/ATP/AMPK/mTOR
axis[ J/OL]. Bone,2022,155:116264.2021 — 11 -23[2024 - 11 -01].
https ://pubmed. ncbi. nlm. nih. gov/34826631/.

FUJINO T,GOYAMA S,SUGIURA Y et al. Mutant ASXLI induces
age — related expansion of phenotypic hematopoietic stem cells
through activation of Akt/mTOR pathway[ J]. Nat Commun,2021,
12 (1) :1826.

LU R,HE Z,ZHANG W, et al. Oroxin B alleviates osteoarthritis
through anti - inflammation and inhibition of PI3K/Akt/mTOR
signaling pathway and enhancement of autophagy [ J/OL]. Front
Endocrinol ( Lausanne ) , 2022, 13 1060721.2022 - 12 - 01
[2024 —11 —01]. https://pubmed. ncbi. nlm. ni h. gov/36531454/.

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.

LI M, TIAN F, GUO J, et al. Therapeutic potential of Coptis
chinensis for arthritis with underlying mechanisms [ J/OL]. Front
Pharmacol ,2023 ,14.1243820. 2023 -08 — 11 [2024 - 11 -01].
https://pubmed. ncbi. nlm. nih. gov/37637408/.

HAN G,ZHANG Y,LI H. The combination treatment of curcumin
and probucol protects chondrocytes from TNF - « induced
inflammation by enhancing autophagy and reducing apoptosis via the
PI3K - Akt — mTOR pathway [ J/OL]. Oxid Med Cell Longev,
2021,2021 :55 58066. 2021 - 06 —24[2024 — 11 - 01 ]. https://
pubmed. ncbi. nlm. nih. gov/34257809/.

LU R, WEI Z, WANG Z, et al. Mulberroside;: A alleviates
osteoarthritis via restoring impaired autophagy and suppressing
MAPK/NF - kB/PI3K — Akt - mTOR signaling pathways[ J/OL].
iScience 2023 ,26(2) :105936.

CHEN Y, PAN X, ZHAO ], et al. Icariin alleviates osteoarthritis
through PI3K/Akt/mTOR /ULKI signaling pathway[ J]. Eur J Med
Res,2022,27(1) :204.

DAI J,ZHANG Y,CHEN D, et al. Glabridin inhibits osteoarthritis
development by protecting chondrocytes against oxidative stress,
apoptosis and promoting mTOR mediated autophagy [ J/OL]. Life
Sei,2021,268:118992. 2021 —03 —01[2024 - 11 - 01 ]. https://
pubmed. ncbi. nlm. nih. g 0v/33417956/.

ZHANG Y, CATI W, HAN G, et al. Panax notoginseng saponins
prevent senescence and inhibit apoptosis by regulating the PI3K —

Akt - mTOR pathway in osteoarthritic chondrocytes[ J/OL]. Int J

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Mol Med, 2020, 45 (4 ): el225—el236. 2020 - 02 - 06

[ 2024 -11-01 ] . https://pubmed. ncbi. nlm. ni  h.go v/
32124939/.

HE J, HE J. Baicalin mitigated IL - 1 - Induced osteoarthritis
chondrocytes damage through activating mitophagy [ J]. Chem Biol

Drug Des,2023,101(6) :1322—1334.

HUANG J,CHEN Z,WU Z,et al. Geniposide stimulates autophagy
by activating the GLP — 1R/AMPK/mTOR signaling in osteoarthritis
chondrocytes[ J/OL ] . Biomed Pharmacother, 2023, 167 115595.
2023 =09 -26[2024 —11 -01 ]. https://pubmed. ncbi. nlm. nih.
gov/37 769389/.

LI J, JIE X, LIANG X, et al. Sinensetin suppresses influenza a
virus — triggered inflammation through inhibition of NF - kB and
MAPKSs signalings[ J]. BMC Complement Med Ther,2020,20(1) :
135.

ZHOU W, SHI Y,WANG H,et al. Sinensetin reduces osteoarthritis
pathology in the tert — butyl hydroperoxide — treated chondrocytes
and the destabilization of the medial meniscus model mice via the
AMPK/mTOR signaling pathway[ J/OL]. Front Pharmacol 2021,
12.713491. 2021 - 07 - 16 [ 2024 - 11 - 01 ]. https://
pubmed. ncbi. nlm. nih. gov/34335275/.

MA T,LV L,YU Y, et al. llobalide exerts anti — inflammatory

effects on chondrocytes through the AMPK/SIRT1/mTOR
pathway to attenuate ACLT - induced post - traumatic
osteoarthritis in rats [ J/OL ]. Front Pharmacol, 2022, 13 ;

783506. 2022 -02 -23[2024 -11 -01].
nchi. nlm. nih. gov/35281931/.
YAO J,LIU X, SU Y, et al. Curcumin — alleviated osteoarthritic

https://pubmed.

progression in rats fed a high — fat diet by inhibiting apoptosis and
activating autophagy via modulation of microRNA - 34a[]J]. J
Inflamm Res ,2021,14:2317—2331.
MOHETAER D, CAO L, WANG Y. Oxymatrine protects
chondrocytes against IL — 1 - triggered apoptosis in viiro and
inhibits osteoarthritis in mice model [ J/OL ] . Evid Based
Complement Alternat Med, 2022, 2022 ; 2745946. 2022 - 09 - 27
[2024 - 11 - 01 ]. https://pubmed. nih. gov/3
6204118/.

LU J, BIAN J, WANG Y, et al.

nchi. nlm.

Oxymatrine protects articular
chondrocytes from IL - 1B - induced damage through autophagy
activation via Akt/mTOR signaling pathway inhibition [ J]. J
Orthop Surg Res,2024,19(1) :178.

LIAT S, SONG F,FENG W, et al. Rhoifolin ameliorates titanium
particle — stimulated osteolysis and attenuates osteoclastogenesis via
RANKL - induced NF - kB and MAPK pathways [ J]. J Cell
Physiol ,2019,234(10) :17600—17611.

YAN J,NI B,SHENG G,et al. Rhoifolin ameliorates osteoarthritis
via regulating autophagy [ J/OL ]. Front Pharmacol, 2021, 12,
661072. 2021 - 05 - 28 [2024 — 11 - 01 ]. https://pubmed.
nebi. nlm. nih. gov/34122080/.
JIANG J, LI J, XIONG C, et al. Isorhynchophylline alleviates
cartilage degeneration in osteoarthritis by activating autophagy of
chondrocytes [J]. J Orthop Surg Res,2023,18(1) ;154.
(W75 B #A 2024 - 12 - 10)



