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[Abstract] Objective: To investigate the regulatory effects of Bugu ointment on the adenosine monophos—
phate —activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) signaling pathway in knee
osteoarthritis (KOA) rats, and to evaluate its impact on chondrocyte autophagy and apoptosis. Methods: Totally
40 rats were randomly divided into normal group, KOA group, agonist group, and Bugu ointment group. KOA
rat model was established through bilateral knee joint cavity injections of papain combined with persistent
drawer—like motion, followed by 8—week oral gavage administration of corresponding medications. Histopatho—
logical morphology was assessed using Hematoxylin—eosin (HE) staining and Safranin O-Fast Green staining.
Chondrocyte apoptosis was evaluated by TUNEL staining, and autophagy was observed via transmission electron
microscopy (TEM). Synovial fluid levels of interleukin—1f (IL-18), IL-6, tumor necrosis factor-o (TNF-at), matrix
metalloproteinase =3 (MMP-3) and MMP-13 were quantified by enzyme-linked immunosorbent assay (ELISA).
Immunohistochemistry (IHC) detected the positive expression of phosphorylated adenosine monophosphate—activated
protein kinase (p—AMPK) and MMP-13 in cartilage tissues. Western blotting analyzed the relative expression
levels of AMPK/p—AMPK, microtubule—associated protein 1 light chain 3 (LC3)- I /I, mTOR, autophagy effector
protein 1 (Beclinl), and Caspase-3 in cartilage tissues. Result: In the normal group, the morphological structure
of rat cartilage tissue was normal, and the tidemark was intact. The safranin and fast green staining results
were normal in normal group. In the KOA group, the cartilage tissue of rats showed formation of fissures, and
the tidemark was damaged. The cell arrangement was disordered, and there was local or full-thickness loss of
articular surface cartilage in KOA group. The safranin staining was uneven or lost in KOA group. In the agonist
group and Bugu ointment group, the tidemark of rat cartilage was basically intact, with a small amount of
hyperplasia visible. The safranin staining was slightly uneven or lightly stained in agonist group and Bugu
ointment group, and the degree of cartilage damage was lower than that in the KOA group. The KOA group
showed lower number of autophagic vacuoles in chondrocytes than normal group (P<0.01), while higher apoptosis
rate of chondrocytes than normal group (P<0.01). The agonist group and the Bugu ointment group showed
higher number of autophagic vacuoles in chondrocytes than KOA group (P<0.01), while lower apoptosis rate of
chondrocytes than KOA group (P<0.01). The KOA group showed higher levels of MMP-3, MMP-13, IL-1p,
IL-6 and TNF-o in the synovial fluid than normal group (P<0.01). The agonist group and the Bugu ointment
group showed lower levels of MMP-3, MMP-13, IL-1B, IL-6 and TNF-o in the synovial fluid than KOA
group (P<0.01). The Bugu ointment group showed higher level of MMP-13 in the synovial fluid than agonist
group (P<0.05), while lower levels of IL-6 and TNF-o than agonist group (P<0.01). The KOA group showed
lower positive expression level of p—AMPK protein in the cartilage tissue than normal group (P<0.01), while
higher positive expression level of MMP-13 protein than normal group (P<0.01). The agonist group and Bugu
ointment group showed higher positive expression level of p—AMPK protein in the cartilage tissue than KOA
group (P<0.01), while lower positive expression level of MMP-13 protein than KOA grou (P<0.01). The Bugu
ointment group showed higher positive expression level of MMP-13 protein in the cartilage tissue than agonist
group (P<0.05). The KOA group showed lower ratios of p—AMPK/AMPK and LC3 II/I than normal group,
while higher relative expression levels of mTOR, Beclinl and Caspase-3 proteins than normal group (P<0.01
or P<0.05). The agonist group and the Bugu ointment group showed higher ratios of p~AMPK/AMPK and LC3
/1 than KOA group (P<0.01), while lower relative expression levels of mTOR and Caspase-3 proteins than
KOA group (P<0.01). The agonist group showed higher relative expression level of Beclinl protein in the cartilage
tissue than KOA group (P<0.05). The Bugu ointment group showed lower ratios of p~AMPK/AMPK and LC31I/1
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than agonist group (P<0.01 or P<0.05). Conclusion: Bugu ointment may enhance the autophagic ability of

chondrocytes by activating the AMPK/mTOR signaling pathway, thereby inhibiting the apoptosis of chondrocytes,

reducing the release of pro—inflammatory factors and the degradation of the cartilage matrix, and alleviating the

pathological damage of the cartilage tissue in knee osteoarthritis.
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EWHA 10 100mL/(kg'd) 9141£13.67  28.06+651
KOAZH 10 100mL/(kg'd) 42.19+838"  83.80+11.96°
HWEFIH 10 796 mg/(kg d)  69.18+11.46" 3521 +10.58"
WEEHE 10 252¢(kg d) 59.93+15.68"  48.67 +10.34"

F 39.747 54.827
P 0.000 0.000

5 B 4E, P<0.01; 5 KOAZ LA " P<0.01; 5 %
LA 4R, P<0.05
26 AMRABAELLp-AMPK/AMPK.LC3 1/ ZmTOR.
Beclinl . Caspase-3%& @ 4874 & ik b4 KOAH K RHEH
Hp—AMPK/AMPK & LC3 11/ T flF 1E % 41 ( P<0.01) ,mTOR .
Beclin1 . Caspase—37& [ HHXF F2 1k 1 5 T 1E % 41 ( P<0.013% P<
0.05) ; ¥ 70 4 KA E B AR BRUKCE 41 2 p— AMPK/AMPK
LC3 11/ 1 ¥ FKOALL(P<0.01),mTOR .Caspase—335 A HH YT
TR EHETKOAH (P<0.01) 5 BRI K BRER B 2H S Beclin]
XS T T KOAZL (P<0.05) s #ME B 41 K Bl 4l
Hp-AMPK/AMPK . LC3 T/ T AT #3h512H ( P<0.013P<0.05 ) »
(W15 .F4)

AMPK =] el Sl s | D,

p-AMPK | I P R 2 1Da

mTOR Pr—

O ~v=e e o0

Lc3 1

— — 16 kDa

Buliil | W— A — — .

Caspase-3 | Wi—_— D W— — s D),

G| S aSierme GRS GLSSRSS | 0T
IEH 4L KOAZL  #shmldl  #MFHA
B 5 &HAXRBBHLA AMPK,p-AMPK.mTOR.LC3 [ .
LC3 II \Beclin1,Caspase-3 8 H#3IE Western blotting
x4 BAKRBHBALSR p-AMPK/AMPK.LC3T/ I &
mTOR . Beclinl ,Caspase3 HAX RIEELLE  (xxs)
W 0 BHKE p-AMPKAMPK  wlORGAPDH LC3I/T Bechnl/GAPDH Caspase-3GAPDH
EH#E 10 100nLiked) 0875008 009:004 124203  025:008 028004
KOME 10 100mihgd) 0485012 0932005 0932016 038008 0832006
B 10 96mylked) 1242025 026006 312602 030£005 047008
WA 10 B520ked)  090£017° 052006 18040 045:015  047:009
F 14809 B4 0 uR 3506
P 0000 0000 000 000 0000
i 5 R 4L EL,P<0.01,"P<0.05; 5 KOA 28 bL 4%, P<
0.01,9P<0.05; 55 # 3 7 28 )b %5, *P<0.05, 'P<0.01
3 i i
KOAJE 225 “ IR e e M FE LA, B i, M 3t
U A NRAE ISR, R &, B A R R

O o B SR o T BOK A Sz A A, kI i RS K T IR R
ZRFUIE A TR UG IR N P, DU S A
KATHEIR , TG ST 180, N B S KOA YR BELSE Al , b P
TEIRTE B P FIRTTKOA o/ BIFFE 103 B M B9 7 P IR 78
SRS H E KOA BN o it AR A © LB AH G e 2
H P JE RN, AR AR TR YT RN, SR I B BN A
JTKOA M BRI TS IR TR 6 B9 —Fh ELA #1BF fa g
YERIRT 7 5 i i LLBE Py f R S B e 2
HNEFIERS LR A S H P A R R AR e L BE R BH L B
HRBH"Z 40 102G S IR T ORISR 2, {025
S LBl F AN G R 2ZAR B2k | B2 R Ak
B R B R A2 R BT B PR RR AR B SR I 4
FF BT M 2, T R By D HE 5 B R SR e b
AN o 407 IR IR1IG , ST , 324 KOA NGB W , B A A
222, PARE T AR S S RN, BRARIEIR T I 2EAR
EAE AME B TEKOARYIBYT AR B FH 2 AF, I RT3 T 58 AR
W EE R M T ALK RO HLUE S IAE 7 812k
FEAGERE B BRI T KOAZL, WM B W ZMKOA
BeF SRR

KOAYER —FR AT M50 , H R I bIL il 5 5B 4i Al 2B A
Vol e A0 L A0 R ST A R A 56, e A e S R T A
KOA KAz & i b HAG SCHRAE R, 18 WA S — b 48 A ORAP AL
il T BE B M B A7 40 A A MO 25 0 P 4 (reactive oxygen
species, ROS) M5 R IT & R 145, A Bl T4 Fr 4 i g 2 L h;
AR B2 7R AR RS B A0 A T S5 35t Ak T ah A
SRR, A HKOE T BYAN AR T AT B AR DI RIS
FEFRELRAS T, #0E AN RT3 20 5 20 e 30 o A A 0 1
VLAERG -7, APLE B EOIE R IR T, L B WK AN JE LAY
BRAZ 3 A M 2%  ROSSE | DT 5 RS 01 200 i 3ot J38 Rl 1, Jin
KOA K A2 it -4, AMPK/mTOR {518 B 2 5 4 i i i
AR A T L, [ R R [ WY T 5 s R
S A O 32 B T R Ak A AMPROR T I I 55 1A
mTOR AN, AT 52 i 4B 400 B 98 109, LC3 Al Beclind f& H
WEA SRR ME SR 1 LC3 IR LC3 [ FILC3 I AW AITE A
03 T AR A ALC3 T AN WS 3 A bR ks
LC3 /LC3 T B S AWK T2 IEAHIE, Beclin 152 H WEATE
J AR e B 3T SR R A T R 1 S B
RS ARG R B, KOAZH K BV A 40 3 e/ IMAE /b
p—AMPK/AMPK .LC3 1T/ I Ak, — @ 2R ERIPIKOAR R
BRI A WERE T I 5 MR LR BB L 2T p /MR
BEi %, Hp-AMPK/AMPK \LC3 11/ 1 J+# , mTORZEE F1 34
FEARG , 2 WM 7Y 1T A 43 38075 AMPK/mTOR {5 538 42 5
KOA K FRUPCHE 2 F ERE 1, S M OGRS 45 SR A — 3

PO A TR KOA & A K JE 0 SRR , DR e 4 1 4k
B A TR AT KOA A U5 2 AW 5E &k SRKOA 4]
KERECE MR T BT, WIESE T Bl s, I LKOA4]
KB HL Caspase-3 AR KK T o Caspase-38 N K
SRR T AR BY VIR, vl E R TR S RS LS
KD FE AP AN E T UGS, K RERCE A TR R
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[% , H Caspase—3%8 I FRIBIKFREAR, RIS B Al — 2 2
EAHIKOABCE AT . 55 Ah  KOA B 4l it v A 1 sk
SN R I ] S B A A W AR AR R FTMMPs 3 2, (7]
2 FECEBRIE R T I RE T TR, S 2R (o i 56 5 m
T R 1 AR WE 5T K B, 4N BB AR BT i MMP-3,
MMP-13 . IL-1B .IL-6 . TNF-a/K 44 F ¥ , 32 B #h -8 mr 38
TRKOAR RACE AR A WERE ), TR A OC T i A 2 BB
5 N R g 9 ]

ZE LR AN R I R A T, A R
TR I 2 B 2 S WA, DA T U R KO A 0 L U B8 47 ,
ML AT 58 -5 4% AMPK/mTORA{ 538 [, WA I 348 5 51 400 i
A WERE A 5C AR 4B B I RIA 7 KOASRE T — 2 1
SHEME NP EZNRIT R AR 25848 2SR R
IR T E— A VR AIFT LA N 4 1 b e 7 H B TR KOA Y R
FHLE,
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