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Study on improvement effect mechanism of Xibining prescription on knee osteoarthritis model rats based
on AMPK/mTOR signaling pathway

LIAO Taiyang', ZHANG Li', YANG Nan', WEI Yibao', LYU Jingxian', XU Bo’, DING Liang', WANG Peimin',
ZHANG Li'(1. Dept. of Orthopaedics, the Affiliated Hospital of Nanjing University of Chinese Medicine/Jiangsu
Province Hospital of Chinese Medicine, Nanjing 210029, China; 2. Dept. of Orthopaedics, the Affiliated Suzhou
Traditional Chinese Medicine Hospital of Nanjing University of Chinese Medicine, Jiangsu Suzhou 215007,
China)

ABSTRACT OBJECTIVE To investigate the improvement effect mechanism of Xibining prescription (XBN) on knee
osteoarthritis (KOA) model rats based on AMP-activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR)
signaling pathway. METHODS Totally 36 rats were randomly divided into blank group, model group, XBN group (12.56 g/kg),
XBN-+metformin (AMPK agonist) group (12.56 g/kg XBN+100 mg/kg metformin) , with 9 rats in each group. Except for blank
group, KOA model was induced by anterior cruciate ligament transection in other groups. After modeling, each group was given
relevant medicine/normal saline, XBN and normal saline intragastrically, once a day, and metformin intraperitoneally, every other
day, for 4 consecutive weeks. The pathomorphological changes of cartilage tissue in rats were observed and Mankin scoring was
conducted. The expression level of Aggrecan in rat cartilage, mRNA and protein expressions of platelet reactive protein disintegrin
and metalloproteinase with thrombospondin motifs 4 (ADAMTS-4), ADAMTS-5, matrix metalloproteinase 3 (MMP-3) and MMP-

13, and the phosphorylation level of AMPK and mTOR

AESTRE [H5 HRRE 54 % BT H (No. 81904224).y133ﬁﬁ proteins were detected. RESULTS Compared with blank
oS B i W2 R A A I H (No.y2021rc02) 5 95 M T “Bh 0% 10" 45 R group, the structure of cartilage tissue in the model group was
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AMPK protein were all decreased significantly (P<<0.05) ; mRNA and protein expressions of ADAMTS-4, ADAMTS-5, MMP-3
and MMP-13 and the phosphorylation levels of mTOR protein were significantly increased in cartilage tissues (P<<0.05). Compared

with model group, the pathological morphology of cartilage was improved significantly in each administration group, and above

score or indexes were reversed significantly (P<<0.05). Compared with XBN group, the degree of cartilage lesions in rats was

further alleviated in XBN+ metformin group, and the levels of above score or indicators were further improved (P<<0.05).

CONCLUSIONS XBN can ameliorate cartilage injury in KOA model rats, promote cartilage synthesis and reduce cartilage

degradation, the mechanism of which may be associated with activating AMPK/mTOR signaling pathway.
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motifs 4, ADAMTS-4) , ADAMTS-5 , & i 4> J& 25 11 i 3
(matrix metalloproteinase3, MMP-3) \MMP-13 {3 )
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HA (AR BECEHLT —80 °C FRAF4& ) i BT
HE oK vhik, BT 4% 2 R PR [E 2 3~5 d, L
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2.4 KRB HA T Aggrecan FE H FRIAKFAIHE N
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25 KBRMBHELR 5 HEREHEXERE mRNA FikK
S 3ok ol
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FERECE R, AT E 25 | R B CR
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PCR(PCR 5 ¥JF 4 FI= YK BEWLF2 1) . PCR MK 5
S b R4 0.4 uL, cDNA 1 pL, 2 X SYBR qPCR
Master Mix 10 pL, ddH.O 8.2 uL., PCR JZ Jif & 4 N
95 °CHIALZYE 5 min; 95 °CAEM: 10 5,60 °Cil 4k 20 s, 72 °C
FEAF 20 s, H 40 NMEFR . L GAPDH NS, R 27
IS HAYIE R mRNA B9 EKF

#1 PCR3|HFINFF=YKE

M IR -3') 3K b

ADAMTS-4 Ffif: AACTCACCTGCCAGGCCC 186
Fi: CATTCCCACCGCACACCA

ADAMTS-S [-1if: AGCCCTAAAGAAGAAAAC 138
i ATCCCATGTAAAAAATCA

MMP-3 F4if: CCTGATGTCCTCGTGGTA 156
T GGTCCTGAGAGATTTTCG

MMP-13 LJ#:CCCTAAGCACCCCAAAAC 114
FiiF: TGCAGACGCCAGAAGAAT

GAPDH F4i#: GGCTCTCTGCTCCTCCCTGT 95

Fiif: CGTTCACACCGACCTTCACC
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1:2000.1:1000,1:1000,1:1000,1:1000),4 °CH5 5
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3.1 XBNXEE KR EFHRAREFZHESHH

2 K B 25 728 2O R S
fn, érk%*/ﬂai'%}:';‘ﬁ:(%ﬂ% BCH G R BLEEHES 2 b
AL R N RS, R T RE R IR, AR
éﬂjtudﬁk %ﬂ%*’]ﬁ%}m%ﬂ ORI AR T2 3K
B IZ WA H A R RIZAE T, g 2 R TR Y
B 20 i HES 2L (%Ji@itﬂﬂ#ﬂﬂﬁqujﬂfﬁ e Tﬁ”‘%
BEEMELLIX 43 . XBN AR BRCE B RN T2 H
H G Z ], 3CE R R B RO B B

SER O 2B R TE T, L R Y A B A i HES

B HIN] LR i SRR . XBN+ H RUIZE A B A
AR EAS XBN ALk — 200 . S5 R WLIR 1,

Mankin FE43 45 5 R, 525 HAL Heds, AR ZH KRR
Mankin P43 5 35 FH 5 (P<0.05) ; SRR i, & 452
£H K B Mankin 3531 12 2 FAIR (P<<0.05) ; 15 XBN4H [
A, XBN+ - HIXUIR4L K B Mankin 343 i 3 P& AR (P<
0.05), 45RWF%K2,
3.2 XBN X 1= E K FR#
oA

a3 A e BRI K U 421 Aggrecan £
kKO 2 AR (P<<0.05) . SHRIRIZH LA, & 4
R RURCE A1 8 Aggrecan 8 R A K3 i 2 7
1 (P<<0.05) . 5 XBN 4] HA: , XBN+ B OSUIZ K B
BB 4D Aggrecan 8 H R IA K B E TR (P<
0.05). Z5RULE 2. %2,

B 4H 4 Hh Aggrecan & B R iX

DAPI

Aggrecan

Merge

AU B #5742

B2 HAEAKXRHKEAE
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C”XB‘I\'I ’/Ji: D. XBN+;‘E‘PX)’(HJL{Z‘J11
PORRE A DR AR e LR St B
2L
Bl &AXREKE
R, %200)

_,\rfﬂﬁﬁlu%iif“&lg (%ﬁ O-E

F2 FLHKFR Mankin ¥4 FIEEHLAF Aggrecan &
BRIAKFENEL %(xis,n:?))

ik Mankin 4 Aggrecan F 1Ak

SHA 1164055 4754096

bl 833+082 380+089

XBN4 3254061° 2419£092

XBN+ZHUIE 2.08£0.66° 29921042

a: 52 A, P<0.05;b: SR AL, P<<0.05;c: S XBN4L
He#5, P<<0.05

C. XBN4{

D. XBN+_ I AU

ZAZA Aggrecan & A RIZRI IE T E (x200)
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3.3 XBNXMEEXBRRBAEALFHBRIFHEELER
mRNA RiERI M

525 HA T, B2 K BRBCE 2401 ADAMTS-
4. ADAMTS-5 . MMP-3 . MMP-13 mRNA it 55 /K F- 15
T (P<<0.05) s SR LA, 45 45 265 241 K R
AL FIRFE R AT 34 1 3 PR (P<<0.05) s 5 XBN 41
b A, XBN+Z HSUIRAE K BRI dH 2 rh R FR bRk
P8 E R (P<0.05), Z5RILES,

®3 BAHAARUREALAFHHENEEXERE mRNA
HIRIZKFUESER (x£5,n=3)

4 ADAMTS-4mRNA ~ ADAMTS-SmRNA ~ MMP-3mRNA ~ MMP-13 mRNA
EEE 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00
Fel 191£0.08 161£0.08 2.57£0.06° 2232007
XBN4L 1484007 13740.06° 1.9140.04° 1.62+0.07°
XBN+— AL 1231004 1.19£0.08 166£0.11° 138£0.05¢

a: 5 AR, P<0.05;b: SR i, P<<0.05;c: 5 XBNZL
Lt , P<<0.05

3.4 XBNXEE KRR BARTHBREEXLEAR
KRR

55 V2 A B2 R Ui 8L ADAMITS -
4 . ADAMTS-5 . MMP-3 . MMP-13 % [1 19 £ 5K -1 B
T (P<<0.05) ; SR RILH HL#, 4% 45 2 4H R U 4
gl IR FEFR AT 35 3 FEIR (P<<0.05) ; 5 XBN 41 I
A, XBN+Z HOSUICZ | AR 4 A 7K - 35 B 2 PR AR (P<
0.05), Z5HRULIE 3 K4,

ADAMTS-1 | e SHEENEES SR —— ),
ADAMTSS | — D WN— o— 15 D:
s | — o
ivip-1s | ' D:

IR HAIZH XBNZH  XBN+ I
B3 JHAABRKBALATSBREHEXERRIENE
Kk E
F4 BAXBRRBAR/DHBRGEHEXEIRNRIEK
FMELER(x+s,n=3)

415 ADAMTS-4/GAPDH ~ ADAMTS-5/GAPDH ~ MMP-3/GAPDH ~ MMP-13/GAPDH
A4 021£0.09 028%0.06 053£0.12 0434007
A 1332007 1212016 1832011 1.66+007
XBN# 048+003° 065£007° 1254009 137£0.06°

XBN+Z RS 0334004 0.3610.06° 0.8140.08 0.89+0.13¢
a: 52 A4 HE, P<0.05;b: SHIRIZ L, P<0.05;¢: 5XBN4]
A, P<<0.05
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35 XBNX#EE KR ETHLE R AMPK/mTOR 55
B X E A RIENZI

525 LA g AR A R BB 4 40 AMPK 2R 1
TR 1E KT i A (P<<0.05) , mTOR & [ 19 1k
KB TR (P<0.05) ; SR LA, 45 4h 25 2R BR
Mol A E IR TR bRk 3 1 2 (P<<0.05) 5 5 XBN
21 LA, XBN+ H XU KBRS 418 AMPK 25
HIRERR 1K 25 THEs (P<<0.05) ,mTOR %5 [ iR 1k
I 5B E AL (P<0.05), 455 ILE 4 %5,

AMPK | — A S — | ) |,
p-AMPK ' —— — 62 kDa
mTOR | - — A —
p-mTOR -m 289 kDa

EEE| L EEi XBN4L  XBN+HIXUIRAL
E4 HHXREBHLAH AMPK/mTOR {5 S iE #1H
KEBRIEHAEIKE
®5 [HKXBRHKBHLH AMPK/mTOR {5 S i& #1H
KXEEBBRULKFNEER (x£s,n=3)

4151 p-AMPK/AMPK p-mTOR/MTOR
A 1.98£0.13 021£0.03
il 0324005 256009
XBN4i 071£007 1624009
XBN+— 4L 1.19£0.06° 088£0.11°

a: 5 A HE, P<0.05;b: SHIRIL] AL, P<0.05;c: SXBN4]
M, P<<0.05

4 it

KOA VA & FHp I “SBHIE " gk i 3 il 448
Wi AL A AR S A I AR KR A IMZ
AR, XBN HA 0236 I E IR 2 HTE R ISR A
U AR FT I 5 R, XBN X KOA HA 547
FOTRYTAE FHN M AR B T AL 28 4 i oA 58 4= B A
AW X KOA BEHY K U ARCE 4 U T 41 O- [
sRY e R, 5 AU H, B2 R B A1 21 454
OYJRETL, RV, T A A AN 5] s 25
JRVR Y, i 2k H B0 A W, H Mankin 1740 10 38 5 s &80
XBN 5l XBN+ U5 , K BRACE s As
I G 984 , H Mankin PF53 W FEAIK . 3 R W] XBN fGE
HH 0 3 R BB A R B A

KOA fz .73 1975 FRAR A5G 3B i =X 1 R
RS FIRBIR , 2 I R 2001 26 1 G BB Ul /0 77 e g K
TN, DT ST S50 e D0 AR 2 A A, e P JRE A i
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cAst , HETI 2R 2B B A DI RET o AR WS E A A
25 20 R B 5 BN 3 A R b A B, A 2 R B
WEH 8 A AR TS bR Aggrecan 25 [ ik K F B 3
WA, 20 AC 5 AR ADAMTS-4, ADAMTS-5 MMP-3 ,
MMP-13 4 1 Fl mRNA [ R 5K i T s . 2
XBN = XBN-+ FXUIFFiUs , R BUECR 8 kg
PRoKF-34 0 i o X B XBN Al S 4CE-5 il Ag-
grecan , Ja /B B NI & 15 24035 KOA FIFET .

AMPK & — PRy Y 57 50— SRR EE 1 e, Akid i
SN0 ML B A 2D R AR AN e R P A
BEFR g AR BT 2" R B i IR SZ 2 71 AHOG
WFFE 7R TR/ BRUE TS SRR A2 28 R 00 2 Hh 4
WL F] AMPK I PR RRAR"™ . 78575 0 ) SRS
REEATT , 8R4 mT 0% AMPK, BHIET mTOR Y
BERRAL , I8 W5 R e S X « B/UUR (R BT A 1~ 1
SR T, FRAR A0 2R 6 MR IR SEIN T o SR R AE
R 23k, ORAP B ML R 28 RE™ . — FBUICR: —
it AMPK ¥ 51 71, 9 1k B AT 3 3o 8 4% AMPK/mTOR {5
T3 B, DR /N B A ) B R R AR T ) G R i
W, AR I EE T R, 42 XBN 5 XBN+ - HOWUK T 15
Je KRR 2 AMPK 2R 1 0 5 18 Tk K OF 835 T
f , mTOR 3 F B BERR ALK F PR AR . 1X 560, XBN
A3 i3 AMPK/mTOR {5518 F# 43 KOA .

ZE LRk , XBN A 38 KOA R K LB 145
LR I, R i, AR FIAILAR AT BB 5 0
AMPK/mTOR {558 A 5%
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