PED 20265E£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13 = 5095 »

ET MR ZHIRF KRS SLIR IR ITHEZEDE AMPK RS 2 485 S8 & 4R
ETRERLE

ZRE L3S AR L2325 HERL23S TR L3 2 F M L23 FiEM L34S (TR L4
L JTMAREZ RS, 7R T 510405

2. MR EG R E—IGRESRE, &R T 510405

3. TNHERARE: R ESER ARG, TR M 510405

4. THRERGRFE-BER B, TR M 510405

5. HERIEEAEE AL, 4R M 510405

W OE: BH FAEEXE 2R (lipopolysaccharide, LPS) 55 HIHCE M 4 SEfAG . MR (extracellular matrix,
ECM) AR R LA T 0Isem, 4R H S5 IR RS LS B (AMP-activated protein kinase, AMPK) /%K +-xB
(nuclear factor-kB, NF-kB) /NOD Ff5Z R #E [ 45435 3 (NOD like receptor family pyrin domain containing 3, NLRP3) {55
WK R, iR W W AT . R O A S AN AR T I A R AT E T, SR LPS BT AR
HFEPETHA, 4 FFEE (20, 50 umol/L) FiAb## 1 h, Western blotting 16l ECM A< 2 14 I BURJH al & (collagen type
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BB (P<<0.01. 0.001), 40| NLRP3. cleaved Caspase-1 K42 D M N i v Bt (N-terminal fragment of gasdermin D,
GSDMD-N) “FET KGR (P<0.05. 0.001); MtAh, FFEFA R L p-AMPK/AMPK R L4 A FRILHE
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Abstract: Objective To investigate the effect of catalpol on lipopolysaccharide (LPS)-induced inflammatory injury, extracellular
matrix (ECM) metabolic dysregulation and pyroptosis in chondrocytes, and to explore whether these effects involve the AMP-activated
protein kinase (AMPK)/nuclear factor-kB (NF-kB)/NOD like receptor family pyrin domain containing 3 (NLRP3) signaling axis.
Methods Network pharmacology was used to screening the intersection targets of catalpol, knee osteoarthritis and pyroptosis and
enrichment analysis were performed. LPS was used to establish an inflammatory injury and induce pyroptosis model, followed by
pretreatment with catalpol (20, 50 pmol/L) for 1 h. Protein expressions of collagen type II alpha 1 chain (COL2A1), aggrecan (ACAN),
matrix metalloproteinase 3 (MMP3), MMP13 and key molecules in AMPK/NF-kB/NLRP3 signaling axis were detected by Western
blotting. Lactate dehydrogenase (LDH) release assay was performed to assess cell membrane integrity-related injury. The levels of
interleukin-1p (IL-1P) and IL-18 in supernatants were detected by ELISA. The mRNA levels of NLRP3, IL-1p, IL-6 and tumor necrosis
factor-a (TNF-o) were detected by qRT-PCR. The cystein-asparate protease-1 (Caspase-1) inhibitor VX-765 was used as a positive
control, the mechanism was further validated using AMPK inhibitor Compound C. Results Compared with control group, LPS
stimulation could induce a decrease in ECM synthesis and an increase in ECM decomposition, significantly activate the NLRP3 related
pyroptosis pathway (P < 0.001). Compared with model group, catalpol could significantly upregulate the expressions of COL2A1,
ACAN and downregulate the expressions of MMP3, MMP13 (P < 0.05, 0.01, 0.001), while significantly reduce the release of LDH,
IL-1p and IL-18 (P < 0.01, 0.001), and inhibit NLRP3, cleaved Caspase-1, N-terminal fragment of gasdermin D (GSDMD-N) and
other pyroptosis related indicators (P < 0.05, 0.001). In addition, catalpol could significantly upregulate the expressions of p-
AMPK/AMPK and phosphorylated acetyl CoA carboxylase (p-ACC)/ACC (P < 0.05, 0.001), and downregulate the expression of p-
p65/p65 (P <0.001), while downregulate the expressions of NLRP3, IL-1p, IL-6, TNF-a inflammation related genes (P < 0.05, 0.001).
AMPK inhibitor Compound C could partially reverse the above-mentioned effects of catalpol (P < 0.05, 0.01, 0.001). Conclusion
Catalpol may protect the matrix homeostasis of chondrocytes by activating AMPK and promoting downstream ACC phosphorylation,
inhibiting NF-kB/NLRP3 related pathways.
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NLRP3/Caspase-1/GSDMD 4 4 Jz &2 ) 18 5 #5
HAEAREA T W T AR 2 R AL S G IR AR AR
FEROC: $MHNZ AT 7E — € R FE B IR BOR B 5
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Z[H Sigma-Aldrich 2 ] ;0.25%#8 FIB§-EDTA (T
5 25200056). 11 BRJEEE (155 17101015) I H
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(185 8457) WHHEE CST AF; I BKR ol 8
(collagen type IT alpha 1 chain, COL2A1) Fifk (B2
5 PA5-99159). NLRP3 Jipff ($7i5 MA5-23919),
cleaved Caspase-1 $itf& (175 PA5-99390) Il H 3 [H
Thermo Fisher Scientific A 7]; GSDMD Hifk (575
ab219800). GSDMD-N #ifk ($75 ab215203). %
L EHHEW (aggrecan, ACAN) Piik (g5
ab315486). MMP3 Hifk (T5*5 ab52915). MMP13
ifk (125 ab39012). HRP Frid 1L £+ IgG —
Pr(H'5 ab205718) Az 7t —Hi( 555 ab150073)
W HJEE Abcam A H]; HET«B Il EH «
(inhibitor of NF-kB alpha, IkBa) $Hifk (%5 80019-
1-RR) 4 H RN =& AEMEARFIRAF ;. LBEHb
A BALEE (acetyl-CoA carboxylase, ACC) fifk (B2
5 AF6421). p-ACC Hifk (535 AF3421) JWHEIT
TRRBHEY LA R A .
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STRING ##& % (https:/string-db.org/); DAVID
% (Chttps://david.nciferf.gov/ ) ; CNSknowall ¥ &
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Forma Series 3 7K &3 CO, 557744 . Multiskan
GO B4 K Ei R« Applied Biosystems 7500 %51
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/vH]); ChemiDoc MP B Re MBI UL 24 (35
Bio-Rad /A #]); Cytation 5 £ DhEelbriX (3£
BioTek A H]).
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SwissTargetPrediction. PharmMapper ~F- & 1 i2E {713
[ RN, I MR B HGNC ARifEE 155,
PRIF A L 5 81T GeneCards 5 OMIM ¥ A
& “knee osteoarthritis” “pyroptosis” S5 HE 1R 31T,
5 2 38 RODUCE 8, VRN E 8 AR ELAE
W45 (protein-protein interaction, PPD) 5'& 4/ #r
(1) N R4

HAZEE T STRING #i#la FER4 22 PP M 2%, )
Fh¥% A Homo sapiens, /)N HAEE(S N 0.4, By
3 PPI W45 3 N\ Cytoscape AFHEAT /I AL, FHK
H CytoNCA Ffif it 5 /- Eh 0P (betweenness
centrality, BC). %% H.0 % (closeness centrality,
CC). JErtaE (degree centrality, DC). HRHE [ &=
b Ceigenvector centrality, EC). 4% Ov
(network centrality, NC) A&~V @ % (local
average connectivity, LAC) 6 TWith$hS5120, DL%

Fabr b A R i BRE AT 2 #e0m ik,
R U B R T 285

V42T SR S5 AELE DAVID ¥ e rfidh A7 3 R A
& (gene ontology, GO) Ihfig S 5 #iIE A 5 BE e 4
H R} (Kyoto encyclopedia of genes and genomes,
KEGG) g E &S, L P<0.05 HEZERE,
ik 5 AR SN A IRAE T B R AR AH DG (1) 2% B
FH T A < i oy - s B B HE S I 28 4 5 f 5
BRI UEFR bR I
22 BERAXBRREHEMNSS. BEFR5LE

HU S B e SD K SN BECT #C i 4H 2R,
PBS ke LR IMIEE A0, SIS IFmA
0.2% IR R JERE, T 37 CIR%IMEAL 4~6 h. TH1k
WAIEM e J5 B OIEAN L, BT ekt
R TR 0T 37 C. 5% CO, 5614 NS
75, MR TEHEEIREL, IR KBRS
HARE R ZRMALAS, B 2~4 A4 T )5 45256
NHETE R AR A, SR WA 3 . e W 5% 4
A, AR S RS Gy (7P ECM oIt
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HREFRHEARE.
2.3 CCK-8 ¥M4pasE

FEE 2~4 ARECE ML 5X10° AN/FLEM T
96 fLAR, 4HHLMGEES 73 0. 5. 10, 25, 50,
75. 100 umol/L FEEEALHE 24, 48h. A CCK-8 T
YE#, FFL10uL, 37 CHFE 1~2h, KA
WE 450 nm PAAEHIBOEE (4) {6, DAKNTHRZH IS
— AT AR RS T
2.4 LPS E1RRE %

FIR IL-1B TNF-o B H H THAL KOA 4
i 4 L B SORE IR B, H AR TR JE AR B A
Musk ATDCS 4R LPS 5T % 4E I fill &
NLRP3-Caspase-1-GSDMD AH T2k HY[27-28],
I, S22 SCRR R A0 28 A BE TR ) T
W, HREEATISLIREE R, X LPS fi LR B k47 0
e FEE 3 ARURACK BRI MR T 6 SR, 40
W4T 04 0.1. 0.5, 1.0+ 2.0 pg/mLLPS 4-FH 24 h.
KH CCK-8 VLA IMAN S 77,  [FII $EEL 40 i A A
RNA, 3K qRT-PCR £ IL-6 F1 TNF-a ) mRNA
Fibk o LRAAMLIE 7178 B 58 0 A O 35k PR i) I 54
FE, ik Jo AR R T AT LPS R B
2.5 RIERBENS5%Z

BRI FOAE SR A e LPS ey F
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W NLRP3 7/ J R Il £ T G 40 F IR ik
IL-1B+ TL-18 B2, K AHE 70K LPS il i A
TN AR SO H 5 FEE T AR B B3 3
ARIFEACK R AR T 6 FLER T, Frdtifum & 2
70%~80%IN AT /02T WA 45 T SRR e 4
Rigedk, WML T8 LPS (1 ng/mL) HREFEE,
FERHISHIEAAE LPS FIBHT e AFERE 20 umol/L Tl
AFE 1 h, BEEIIN LPS (1 ug/mL) k4595 24 h;
FERE ST EAAE LPS BT AFERE 50 umol/L i
AFE 1 h, BEEIIN LPS (1 pug/mL) 4k4:559% 24 ho
FHMPIIAAE 37 C 5% CO R AR R IR
TEAET ARSI HH % & Caspase-1 #1740 :
VX-765 21T LPS FIEHET A VX-765 (10 pmol/L)
THAREE 30 min0-31, [ f5 4% FIR 252 5k 4k B b B
NHEAT AMPK ARBEENLHIGE, 5 E AMPK #]
720 : Compound C #H7E LPS ¥ Al 2 A
Compound C (10 pmol/L) THALHE 1 h; FEfE+
Compound C Z17E LPS FIEHET /S A Compound C
(10 umol/L) FiALHE 1 h, P45 TAEEE (50 umol/L)
TRAREE 1 h, BlJG % IR 25 7 1L 4k S i 3
2.6 Western blotting /] COL2A1. ACAN.
MMP3. MMP13. AMPK. p-AMPK. p-p65. p65+
IkBa. NLRP3. Caspase-1. cleaved Caspase-1+
GSDMD. GSDMD-N. ACC #1 p-ACC BB KX
WA S, Tk hnN & 8 Bl A
TERRBEIHI 1) RIPA 2RISR, 4 C. 14 000
r/min &0 15min, HU_ERiE, KA BCA ENEEA
W PE o B VPR S 481 e S0 1R N - SR8 TR s M e st fe
H¥K, %% PVDF i, BN 5%l 9adt i),
IIAN—41 (1:1000), 4 CHEITR: TBST HfiE
3, R 10min, JIAZH (1:5000), ZEIEH
H 90min; TBST ¥/ 3 X, 45X 10 min, I ECL
BRG], R R SR R g R,
K HH Image J 5 AF 50 b 46 K FEAE
2.7 SREBEWHFEERN COL2A1 Fik

R A A A A 3R AL |, 4% 2 5K i

=1

@ %€ 15 min, 0.1% TritonX 100 i&4K 20 min, 5%
I3 A& AE ] 30 mine %00 COL2A1 Hifk (1:
1000), 4 CHFEII®K, PBS VeI INTE Pt
(1:150) ¥ & 1 h, UL DAPI Z 44z, T8
s P g .
2.8 LDH BELie

W5 3 AREACK B A R T 96 FLAR T,
g G BE J5 oS 1% R4 M R 953, IF
F “2.57 WUR TN . B EIE 120 pL A
v 96 FLAR 1, AEFLINA 60 L LDH &30 TAF ¥,
FEIREEHEE 30 min f5, T 490 nm ME 4 18, I
P 600 nm NS H P AKATIOE KL IE. &1L 4 18
B A EILE, DXIRA 4 HH—fA 1, it
HAHXT LDH B BUKF-.
2.9 ELISA JEXKFEEFKF

W% H B 3% EVE W, 1500 r/min 250> 10 min
FBRANAREF, %08 ELISA X771 & i B il 5E 1L-
1B A1 IL-18 7KF.
2.10 gRT-PCR &0 NLRP3. IL-18- IL-6 TNF-a
mRNA Rix

WA S H A, SR TRIzol iRXF 42 ELA RNA,
Frill RNA 268 SikEEIG, A8 R salim & A ik
cDNA, X SYBR Green & £##47 qRT-PCR 43#/T .
YIFER: 95 CHiAEM:, 95 C. 15s, 60 C. 60s,
I 40 MR B L5 S AT A A 2R 2 A LU
WRERE. Bl B-actin NNZ: KA 272 LR
NLRP3. IL-1B+ IL-6 M8 A FE A o (tumor necrosis
factor-o, TNF-a) FHXRIEE, 51975 WE 1.
211 Gt ZEath

G LLX s For, K SPSS 25.0 #AFHEAT 4t
22047, {8/ GraphPad Prism R {HAEE. RH]
Shapiro-Wilk f %6 P 245 IEAS 1, Levene %6 v
fli 77 2255 . 5 R R IES M 577 250, A
[F] bR B R 8 5 22931 (ANOVAD, R LA
KH Tukey FHJE ka5 ; £ 2 LS AE T ZA5%,
R Welch 12 1E /0 — 7677 2293 H7» K FH Dunnett’s

514FF5

Table 1 Primer sequences

B LSS (5-3) NHESIEAI (5°-37)
NLRP3 GAGCTGGACCTCAGTGACAATGC ACCAATGCGAGATCCTGACAACAC
TNF-a CCACGCTCTTCTGTCTACTG GCTACGGGCTTGTCACTC
IL-1B ACAGCAGCATCTCGACAAGAGC CCACGGGCAAGACATAGGTAGC
IL-6 TCTGACAGTGCATCATGGC CCAGTTGCCTTCTTGGGAC

p-actin CCAGATCATGTTTGAGACCTTCAA

GTGGTACGACCAGAGGCATACA
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3.1 WERHEFOH

311 FERAHSKRHER Mk i SwissTarget

Prediction. PharmMapper ~- & 35 HUREBE 78 71 B 5 3

897 A~; LL “knee osteoarthritis 7 Jfy 5 8 {7 M

GeneCards.OMIM #(#s i R KOA H <AL 17 4 525

A; LA “pyroptosis” Jy oSBTk A £ T AH S HE

M2 013 A, MEFZEST] 65 MRS (8

1o $EORFERE TR 65 /Mikidk # 5 im ik 4n i =

-2 5ii# KOA ##%.

3.1.2 PPl Mt %7 65 DA, 1E

STRING V- & #EAT 8 BAEBUR IFf 2 PPT 4%
( 2-A), BfiJ5 % PPI %% 5 N\ Cytoscape i3k

AT (P 2-B) o BEARI 25 5 i BB AOR S, 1

FERE KOA

3646\
(56.4%) |

;675
(10.4%)

|1 1246
\ (19.3%) /
[ 7
O 4
\\ /
AT

1 #EE. KOA RMpETHHXEFE IS 3ZE Venn &

Fig.1 Venn diagram of overlapping gene targets

associated with catalpol, KOA and pyroptosis

A-PPI %%, [EJEAY ORI TERBE R A, TR Z A AL i 2 RN FE IR R B-PPI 451 Cytoscape PIRLALES R, 9 ki K/ LB B IR
RS HEEMG, (BRI ML PIAXALTEEE; C-JE T CytoNCA #4124 (BC. CC. DC. EC. NC. LAC) #{7 2 % uE/E B2

(ISR E LN

A-PPI network, circular nodes represent putative target proteins, and edges indicate interactions among targets; B-Cytoscape visualization of PPI network,

where node size and color intensity correlate with degree values (higher degree indicates stronger hub properties in the network); C-core subnetwork after
two rounds of filtering based on CytoNCA topological parameters (BC, CC, DC, EC, NC, LAC).

El2 ##E2. KOA RAMAETHIEER PPI LK ILK % OEERIHiE
Fig.2 PPI network of target genes related to catalpol, KOA, pyroptosis and screening of hub genes
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Fig.3 GO (A) and KEGG (B) enrichment analysis of target genes associated with catalpol, KOA and pyroptosis



« 5102 «

PED 20265£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

3.2 {RHPSRIEER

321 EFEARKBRTEHREE HFEME TR
RPREFRN P MM EE K, TS LZ MR
WIEAE, UMD FEW . 5], &R
B 4 M TR S HRAE (B 4-A) o Bl R i e (b
R M R P RS TR (F4-B), 1R
INIAMELE £ R Z sy . F 2RI I et
BREM, REsRER (F4-0), RPRCE MR
A A RS B . RSO s R
wo~, COL2A1 PHIEZRIE, TN T EE /A0 T4
P A e AR X I, 5 DAPI Yeiz% BUE & 5
INZ B %A COL2AT (B 4-D). COL2A1 )
FIK B BB R BRI, 25 R AR

100 um

COL2A1

A-JEARPCEHIENIAIERS: BRTALE B G (0

100 pm 100 pm

DAPI

Y B AR AR . SR AR SRR & T A
. BRI BT S R AR et DL COL2AT s
A R TR R AR A B FER A, A&
Ji& 5 SRR AL S5 ) B At

3.2.2 LPSEREMME Wi 5-A Fros, LPS Ab#E
24hJE, BeEdE ) 2N EES, i 2.0 pg/mL
LPS S Z IS /) (P<<0.01), B Bk
(1) LPS TR B R aifuthif. qRT-PCR 4554 (]
5-B. C) &7, LPS n]FlE AR - 1L-6 F1 TNF-
o FRAIRIER LI, Hrfr 1.0 pg/mL LPS RS
BRI RIER N (P<0.001). ZEEME 5%
SEFH LR R, 1 pg/mL LPS A 26 AN B B 4 iy
TEJIE L RS I T 0O RN, N SRIE R A

C

t,:v(‘;',"" .7 A\fi
,f/# 3= g A

Merge

C-FZEGHE Y s D-SE v Y BRI COL2A1 FRIE (X 100D,

A-bright-field morphology of primary chondrocytes; B-alcian blue staining; C-toluidine blue staining; D-COL2AI1 expression detected by

immunofluorescence staining (x 100).
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Fig. 4 Identification of primary rat chondrocytes
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A-chondrocyte viability after 24 h treatment with different concentrations of LPS; B, C-relative gene expressions of /L-6 and TNF-o in chondrocytes after

24 h treatment with different concentrations of LPS; *"P < 0.01

***P < 0.001 vs control group.

5 LPSERFMHHFE (XLs,n=3)
Fig.5 Screening of LPS modeling conditions (X £ S, n =3)
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Fig. 6 Effect of catalpol on viability of chondrocytes (X £ s, n =3)
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A —E-expressions of COL2A1, ACAN, MMP3 and MMP13 in chondrocytes detected by Western blotting; F-COL2A1 expression detected by

immunofluorescence staining (x 100); *#P < 0.001 vs control group; “P<0.05 ""P<0.01 " P<0.001 vs model group.
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Fig. 7 Catalpol alleviates LPS-induced ECM imbalance in chondrocytes (X £ s, n =3)
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Fig. 8 Catalpol inhibits inflammatory stimulation-induced pyroptosis in chondrocytes (X £ s, n=3)
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Fig. 9 Catalpol suppresses NF-kB/NLRP3 signaling axis by activating AMPK (X £ s, n=23)
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H ¥ B 8 B (Ca®'/calmodulin-dependent protein
kinase B, CaMKKB) /5. BEAEWF 7N, 7EH K
TR BEERMMIGFA T, HEdft LKBI
5 AMPK VEPEW] [FEP R FE; @K LKB1 22 Hi 55
AMPK i1, FF 18558 IL-1p/TNF-a % 5 1) NO . MMP-
3 J& MMPI13 &0 R RN HAE TR,
LKBI/AMPK #3855 A] #1] NLRP3 #RE/IMATE
IR R AR T BhAh, 2B AE e i
&5 REEE AMPK J5, AT#0If] NFa«B #3% g1,
FRAIR 9 E (Rl 15 56 B AR AR DG 7 3R IE, AT
FERCE PRI E D713, 5 i[RI, ACC & AMPK
SRR —, H Ser79 AL BEERILHE 1E N
AMPK TGRS EE R, OAERTRK
B 4 B AR DS TR A A p-AMPK. AT p-
ACC Fik, PASRXT AMPK 8 H 35 4k i) — S0 3
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£y AMPK I FIBEAT AR ERAE, RAEZLED
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W FE S Fo Ik £ A R, 7T 401 2 F 4 AMPK
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