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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

AESTE 5 HRRE 4 I H (No.81904224) 5 713544 proteins were detected. RESULTS Compared with blank
TR BE e W R AT H (No.y2021rc02) 5 S5 T “FHE% T F 4R group, the structure of cartilage tissue in the model group was
i H (No.KIXW2020045)
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4B FIB T EI . L, BRSO T e 4 RS was significantly increased (P<<0.05). The protein expression
IfiPK. E-mail : zhang4462053@126.com of Aggrecan in cartilage tissue and the phosphorylation level of

disordered, the matrix of cartilage layer was lightly stained,

the tide line was distorted or interrupted, and Mankin score
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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.

KEYWORDS Xibining prescription; knee osteoarthritis; AMP-activated protein kinase; mammalian target of rapamycin; cartilage
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2.1 ZYFlE

i BR SCHR 10175 B2 XBN f4 11 B 2538 4k J7 L 451
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B R BBEHL 25 FL4L BRI 4 XBN 41 (12.56
g/kg, 7 Rl R A A5 1) AT XBN+ - F XU (12.56
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e, 2 B Mankin 43 bR fEPEAl < BURCE 41201 s BUE
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FUAAT R 2, 452,37 100 By kil &40 i 00 1 fili
FH B ORI B R B 1 £ B 53 A T S FOK B 5 L T
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BT 25 228 2O B (PO R, ROn B H KRB
KR o
2.5 KBHBALHHHENREHEXEREmRNA FiLK
oY ol

K FH qPCR 5 LA TR . A B LI 3 K B
FEMERCE H A, 2 AT 2405, F R B 4
A RNA, 300 5% 5%}y cDNA., DL cDNA b #E 4 , BT
PCR(PCR 5| #JFHN A=K FEE LR 1) . PCR AR 5
b RS H4 0.4 ul, cDNA 1 uL, 2XSYBR gPCR
Master Mix 10 pL, ddH.O 8.2 uL., PCR JZ Jif &% 14 N
95 °CTiAEME 5 min; 95 °CAEME 10 5,60 °CiE k 205,72 °C
FEAH 20 s, M40 MEFF . L GAPDH NS SR 27
AT HAYIER mRNA B IA K.

=1 PCR3|¥FIIFF=YKE

R IR (53" TRk E b

ADAMTS-4 iif: AACTCACCTGCCAGGCCC 186
Ti: CATTCCCACCGCACACCA

ADAMIS-S 3 AGCCCTAAAGAAGAAAAC 138
i ATCCCATGTAAAAAATCA

MMP3 i CCTGATGTCCTCGTGGTA 156
Tii:GGTCCTGAGAGATTTTCG

MMP-13 [§#:CCCTAAGCACCCCAAAAC 114
i TGCAGACGCCAGAAGAAT

GAPDH 4i#:GGCTCTCTGCTCCTCCCTGT 95

Ti#:CGTTCACACCGACCTTCACC

26 KEHEARPHHERBEIAMPK/mMTOR 55
1 PR HE X 3 BRI K F R

K H] Western blot 7 #F47I . RRZHBEHLE 3 H K
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TR L IR B - B D A IR R A LUK B L L) 5% I AR
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MMP-3 ,MMP-13 , AMPK . p-AMPK ,mTOR , p-mTOR —
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1:2000,1:1000,1:1000.1:1000.1:1000),4 °CH5&
7% 5 LA TBST PR 10 min X 3 ¥, A 0 (B B Ny
1:5000), M E 1 h; L TBST ¥ PG AK 10 min X 3
K, IMACECL & 8, SR FHBE IS BUAR K O R 4¢ s2 ol
K JH Image J v1.53f B Xf 4% 2 25 (1 2%l #4743 #r , A
ADAMTS-4, ADAMTS-5, MMP-3, MMP-13 5 § &
GAPDH JK JE (B 1 L 2 7s H 3k K F 5 L p-AMPK &
AMPK . p-mTOR 5 mTOR 19 JK J& {f Lt {E & 7~ AMPK
mTOR YRR LK T,
2.7 FITEFHE

K F SPSS 20.0 R A% X B 45 2547 48 3 43 #r , A
GraphPad 7.04 #XF2: 5] . BdE LA x £ s 3R, Z 4R LU
SR FH LR R 7 25 0, 4L 1815 5 EL 48R H LSD-£ K6 56
K6 7K «=0.05,,
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BRI, TR i e . XBN+— HBUNRZH K LR o
TR XBN i — s . 25 R WA 1,

Mankin PF4325 R 7R, 525 FI AL g, AR AT 4 KRR
Mankin $F43 i 3 FH i (P<<0.05) ; SR oA, & 252
21K B Mankin P53 1 AR (P<<0.05) ; 5 XBN 41 [k
A, XBN+ I XUIRAL K B Mankin 343 . 3 PR AL (P<
0.05), ZERWFE2,

3.2 XBNX#RE K RIKE
sbAl

523 FLA P B2 R R
ﬁé@‘@k%ﬁ%ﬁﬂt&@q 05) .
I K R
[EJ(P<O 05).

ZH #A 1 Aggrecan & B R i%

2 Aggrecan 15
—‘ﬂ%"fﬂ?ﬁ i, &40
H 2 Aggrecan 25 [ A /K- 34 1 35 T
,'ﬁ XBN 41 L #5 , XBN+ - HSUIRZL K F
A K- ) 8 2 (P<

Bl H 4+ Aggrecan 55 H ik
/*5&%@2\%%20

0.05)0

DAPI

Aggrecan

Merge

Az B. %‘"*"Jfﬂ
B2 HHKRRE
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C. XBN#H D. XBN+_FUSUIZH

HRRZE A ] w ) e AT LR AR
gl
@ 1 %Qﬁk LL\.$IX —/\rfi /ll_.\ E{Fd& (%ﬁ O'E

G, %x200)

F2 FHKXR Mankin 5 F3EHRA P Aggrecan FE
ARIZKFMELER (x+s5,n=3)

415 Mankin ¥4 Aggrecan EFIFEKKF
A 1164055 475096
il 833082 3.80+0.89°
XBN41 305061 2419092

XBN+Z A 2.08£0.66° 29921042

a: 52 A4, P<0.05;b: SR HHE, P<0.05;c: SXBN4]
M4, P<<0.05
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3.3 XBNXEEXRKBAHR PSR HHEXER
mRNA RiX B 2500
523 P P BERLAH R RV 2H 2 v ADAMTS-
4, ADAMTS-5 ,MMP-3 , MMP-13 mRNA E‘Ji‘%ljkilzﬂﬁ
ﬁ%ﬁ%‘@q 05) ; GHIAIZ L, & 40 25 K RS
gup Lk #“*WJ(JFYJE%WEE(IKO 05) ;5 XBN 4]
H:f XBN-+ B RUIEH K B 2 iR FE bRk ~F

I8 F AR (P<<0.05), ,n%bli%:s
R3 BAARBKBALADHERSHEXERE mRNA

HIRIZKEMNELER (x+s5,n=3)
415 ADAMTS4mRNA ~ ADAMTS-SmRNA ~ MMP-3mRNA  MMP-13 mRNA
SHY 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00
i 1914008 1614008 257£0.06° 235007
XBN 4l 148007 1372006 191004 162007
XBN+— AL 1234004 1194008 1660.11° 138005

a: G5 41 A, P<0.05;b: AL [L#, P<0.05;c: 5 XBN4
Mg, P<<0.05

34 XBNI#EEARKBALFHBREEXELR
KRR

53 P b SRV R SR 212 v ADAMTS-
4, ADAMTS-5 . MMP-3 . MMP-13 & E{ E‘J FR K-
FH TR (P<<0.05) ; SEAIAL HLER, A4 25 Al R R E 4
AUrh LR R BRI B 2 IR (P<<0.05) 5 5 XBN 41 It
B, XBN+ - HUSUIRZE | 3R 45 i 7k S 1 5 25 B AR (P<
0.05), 4RI 3. %4,

90 kDa

ADAMTS-4

ADAMTS-5 75 kDa

47 kDa

23141 LRI XBNZ]  XBN+HIXUI4L
B3 JHAHAABRKBALARSHBREHHEXEARIENE
K E

F4 BAXRREBALAHSBREEXEBHNRIEK
$:J”\|JZE_n%(xi s,n=3)

MMP-3

MMP-13

GAPDH

Eib] ADAMTS-4/GAPDH ~ ADAMTS-S/GAPDH ~ MMP-3/GAPDH ~ MMP-13/GAPDH
EIEE 0.21£0.09 0.28£0.06 0.53£0.12 0432007
B 1332007 121£0.16° 183£0.11° 1.66£0.07
XBN#A 0481003 0.65£0.07° 1.2540.09° 1.37£0.06°

XBN+—HAL 0.3340.04¢ 0.36%0.06° 0.81£0.08° 0.89+0.13°

a: Ha5HA A, P<0.05;b: SHIRIZ 4T, P<0.05;c: 5XBNZ
H#, P<0.05
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3.5 XBNX#EE! X RIKB AL AMPK/mTOR 55
WX EARIEMNF M

5725 HALH#, BRI R FRUECE 4141 AMPK 85 H
B R AL /KT B 3 AR (P<<0.05) ,mTOREEl IwER Ak
JKAF- 3 TR (P<<0.05) 5 SAALA] HLg , & A 25 4K L
L7 ¢= ,/\L¢?E$T7k¥i’3ﬁ%ﬁ%(P<o 05); 5 XBN
ZH HE3E , XBN+ HOBUIRA K B4R 21 21 AMPK 2R [
MBI AT 25 T8 (P<<0.05) , mTOREE MIwEIR AL

TR B 2 AR (P<<0.05) ., 45 ILE 4 .35,

AMPK 62 kDa

p-AMPK 62 kDa

-— ——

ioR | A —

289 kDa

p-mTOR 289 kDa

GAPDH

2 HU REAIZH XBNZL  XBN+ IRz
B4 SAHAKXRRKBALH AMPK/mTOR 5 S i# 818
KEARIEHBIKE

R5 BHARBLBHLH AMPK/mTOR 15 5 1# 8
XEAMBEBUKEUNELER (x+s,n=3)

4151 p-AMPK/AMPK p-mTOR/mTOR
Zh4 1.98+0.13 0214003
fRRIR 0324005 256%0.09°
XBN# 0714007 1624009
XBN+— AL 1.19£0.06° 0.88+0.11°

a: 55 HA L, P<0.05;b: SHBIRIZ HEHE, P<0.05;¢: S5 XBN4
b4z, P<<0.05

4 it
KOA FJ& T = B UE " Bk B i 453
WE AL A AR S, B AN I A, WIE TR A SO MR
bRt XBN BEA #b o JEE R HOE R R )
A AT A ST R, XBN X KOA HA 3T
BRI VE R B EARAE DL 224 i oK 58 4 el B
ARSI X KOA BRI B 4001 2 8Lk T 7 21 O- [
SR, 525 AL L, BER A K R 41825
I3 )= EE L RV, a3 A AR 5] 3R 22
IR Gy, W2k BB TP W, H Mankin P50 8 & T s &ad
XBN & XBN+ OB $U5 , K B4R i s el s
00 el HMankmﬂ:év\EﬁEF%Eo X ] XBN fig
HH S 2 R R B L 2 o B 7
KOA mﬁ%ﬂ’ﬂﬁﬁﬁﬂﬂkwﬂéw B R A
IRARFIBIR , Fe B0 R B 2 G B i o ik A o
TR, DT S B030C Je J 0 A8 e A A 3 PR A
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Wbt , T 2R 25 TR R B9 AR W2 Thae" . AT i A

WA 2H R R ORI A3 i A R B e B, AU 2 O B

gl b A IR AR Aggrecan £ 13RIk KV B 3

FEAG, 231 AR5 R ADAMTS-4 . ADAMTS-5 . MMP-3 ,

MMP-13 4 1 Fl mRNA [R5 KV 34 1 75 . 40

XBN 5 XBN+ SIS , K BUERCE 4 ks

PRk 34 8 2 3 o 3X 156 HH XBN AT AE 1 4RCE 5 B Ag-

grecan, JE/HH AR , AN A 47805035 KOA FOFET .

AMPK & — R4 57 57— SRR 0 , AeiE
S 240 L A A 22 01 4R 20 M RE e R P
AR AR Y ETFF O RN RE RSz 2 7 AR
ST WR /N BUR OGS I 2 R i L rh 3%
ELE] AMPK T R B BEAR™ . 76 S8 N g A 85
R BPERT R 20 vT 0% AMPK, BH BT mTOR (1)
WAL, 38 1 A 1A% S R w B/ATTER S B 7 1
SE(E T, AR A 4 A R 6 R IRAE R F o S5 R AE
K735, PR AP 350 4 ML T i ™. — H BU —
Filt AMPK 3030 7] , 9 UF W] 7T 38 52 95 #% AMPK/mTOR {5
S WIS BN A2 ) R R RS OR S R ST B Tl
WO, ARBFFEEEHE R, 48 XBN 5 XBN+ - H WK T 15
Ji, REECE 4 AMPK 8 F BB R 1L K F 2 3% T
=, mTOR & [ Y BERR AL KV R . X KB, XBN
A 3E 3 B AMPK/mTOR {5518 B 24035 KOA .

25 TR , XBN A i3 KOA A7 R BUAYECE i 477,
PR R, D8 R B AR, VR R ML AT 8 5 3005
AMPK/mTOR {55 538 %A ¢
S5 3k
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