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 E: BM ETRERIEIE QWS (AMP-activated protein kinase, AMPK) /#)/jfH5¢%& [ 1 (dynamin-related protein 1,
Drpl) JEEEE B FH2ER (Danhong Injection, DHI) (3% H9c2 UM ULAN BB A/ BRI ALY 28br AR Bl 77 24 7 - F0H) NOD #£5%
PRI A S5-I A BT 3 (NOD-like receptor family pyrin domain containing 3, NLRP3) /- SHET-HERNLE. Hix KHE
TR RO - ST A (ultra-high performance liquid chromatography-mass spectrometry, UHPLC-MS) %55 DHI 4% 0o il P 545
FIH AutoDock Vina 4% AMPK. Drpl. MAFEELESR A 1 (opticatrophy 1, OPA1). AR KL EREFME-1 (cystein-
asparate protease-1, Caspase-1) 5F#I8 5 DHI B OIE MR AT 40 04 #%E H9c2 A MBS Y, BB IR, 1
A0 . DHI 41. DHI+Compound C (AMPK I3 41. AICAR (AMPK ##h7) 2H. MCC950 (NLRP3 #ifi|5]) LA Mdivi-
1 (Drpl $#I57) 41, KA CCK-8 %0k DHI sef: Tk E; F JC-1 $RES I LRI 47 (mitochondrial membrane potential,
MMP); iz MitoSOX™ I & 28k 4R 7EPE4, (mitochondrial reactive oxygen species, mtROS) 7K>F; 5 B i M Z2 2R b AR
Z5); ORI p-AMPK 5 p-Drpl £ [1%1%; Western blotting #:ill AMPK/Drpl JBESHIICEE (1. ZRRiiAS) T3 AHICE 4
[Zekifh 7% A 1 (mitochondrial fission 1 protein, FIS1). ZRRIARNE I 2 (mitofusin2, MFN2). OPA1]LARAET A REH
[NLRP3. JHTHHKEBESFEE [ (apoptosis-associated speck-like protein containinga CARD, ASC). Caspase-1. JH %% D-N ﬁﬂ“ﬁ)#
B (N-terminal fragment of gasdermin D, GSDMD-NT) ]3£i&; ELISA JU5E A40fi/rE-18 (interleukin-1B, IL-1B)+ IL-18.
BRI’ (adenosine triphosphate, ATP) 7KF. £55 UHPLC-MS %5E H DHI 1 8 PGty (FHHER. KHER B, ﬂ"’%%
WERR . PFSENGE): o FRHEAE RN, SR SURNE I B ) B AT BORSEAN ) o A SR R ER, SERZE AR, DHI 4H4
FIATEAW RS, AMBRESE, ISZEHMXT e, Bomghn, SEPUsEWERIIEY, MMP /1 ATP JhE (P<<0.01), mtROS ¥
/D> (P<0.01), p-AMPK/AMPK {87175 (P<<0.01), p-Drp1/Drpl {& FF#% (P<<0.01), MFN2. OPAl AL LiF (P<0.01),
FIS1. NLRP3. ASC. Caspase-1 f1 GSDMD-NT & HFKIE N (P<0.01), IL-18. IL-18 /KT REEFHE (P<0.01), 5 AICAR.
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Danhong Injection ameliorates mitochondrial dynamics imbalance and inhibits
pyroptosis in H9¢2 cells via AMPK/Drpl pathway
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Abstract: Objective To elucidate the mechanism by which Danhong Injection (F+4L7% &1 ¥, DHI) ameliorates mitochondrial
dynamics imbalance and inhibits NOD-like receptor family pyrin domain containing 3 (NLRP3)-mediated pyroptosis in H9¢c2 cells
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subjected to oxygen-glucose deprivation based on AMP-activated protein kinase (AMPK)/dynamin-related protein 1 (Drpl) pathway.
Methods Ultra-high performance liquid chromatography-mass spectrometry (UHPLC-MS) was employed to identify the core active
components of DHI. Molecular docking was performed using AutoDock Vina software to assess the affinity between DHI core
components and target proteins, including AMPK, Drp1, optic atrophy 1 (OPA1) and cystein-asparate protease-1 (Caspase-1). An H9c2
cell oxygen-glucose deprivation model was established, control group, model group, DHI group, DHI + Compound C (AMPK inhibitor)
group, AICAR (AMPK agonist) group, MCC950 (NLRP3 inhibitor) group and Mdivi-1 (Drp1 inhibitor) group were set up. The optimal
intervention concentration of DHI was screened using CCK-8 assay. Mitochondrial membrane potential (MMP) was measured using JC-
1 probe, and mitochondrial reactive oxygen species (mtROS) level was determined using MitoSOX™., Mitochondrial ultrastructure was
observed via transmission electron microscopy. Immunofluorescence was used to detect the protein expressions of p-AMPK and p-Drpl1.
Western blotting was performed to detect the expressions of AMPK/Drpl pathway-related proteins, mitochondrial dynamics-related
proteins [mitochondrial fission 1 protein (FIS1), mitofusin 2 (MFN2) and OPA1] and pyroptosis-related proteins [NLRP3, apoptosis-
associated speck-like protein containing a CARD (ASC), Caspase-1 and N-terminal fragment of gasdermin D (GSDMD-NT)]. ELISA
was used to determine the levels of interleukin-1f (IL-1), IL-18 and adenosine triphosphate (ATP). Results UHPLC-MS identified
eight active components of DHI, including salvianolic acid, lithospermic acid B, danshensu, caffeic acid, sodium danshensu, etc. The
molecular docking results showed that each target and active ingredient had strong affinity. The in vitro experimental results showed that
compared with model group, mitochondrial morphology in DHI group was significantly improved, with continuous outer membrane
and relatively intact cristae structure, increased quantity, and matrix density restored to near normal. MMP and ATP levels were
increased (P < 0.01), mtROS release was decreased (P < 0.01), p-AMPK/AMPK value was increased (P < 0.01), p-Drp1/Drpl value
was decreased (P < 0.01), MFN2 and OPALI protein expressions were upregulated (P < 0.01), FIS1, NLRP3, ASC, Caspase-1 and
GSDMD-NT protein expressions were downregulated (P < 0.01), and IL-1f and IL-18 levels were significantly decreased (P < 0.01),
consistent with the effects of AICAR, MCC950 and Mdivi-1. Compound C could partially inhibit the above-mentioned effects of DHI.
Conclusion DHI activates AMPK/Drp1 pathway, inhibits mitochondrial excessive division and promotes mitochondrial fusion, reduces
NLRP3 inflammasome activation and pyroptosis, thereby alleviating hypoxia/hypoglycemia induced H9¢2 cell damage.

Key words: Danhong Injection; AMPK/Drpl pathway; mitochondrial dynamics; pyroptosis; mitochondrial fusion; mitochondrial
fission; salvianolic acid; lithospermic acid B; danshensu; caffeic acid; sodium danshensu; Boc-D-glutamine; D-galactose 1-[2-(2-

azidoethoxy)ethoxyethyl]-2,3,4,6-tetra-O-acetate; guanosine
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XA — HE RIMIREEEIEN. BEE IR 20 % . 2k R AR R HL {2 ( mitochondrial membrane
SR, O 773 P A H a5 T E, Rk potential, MMP) F[& & =R Ix ¥ (adenosine
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RHRARISTo BRI, BRANIR T HL AR AL T A A 20
DA g, 2 2 HCo ML S ATt 7 ) E R S 0

1 P 0 7 38 35 AR A BE AR B Al 2 — 20 L
2111t 1)K T e AR AR L SR AT A L L R
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Ha 71574 (RDERL kRl a5 70 R SN2 4D X
THEFFARARTEA . DR S A A 7S 2 o0 B 28120,
TR, 120138 55O MR, H I
) JIMHIEE A 1 (dynamin-related protein 1, Drpl)
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SEU/BRBIAS TR, BE S R SN 1 0 ) 3 s L A LA
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Ay RAR ST BEIRT, A T 0 7 08 OO UL 2R s
B ) 2 AR AMEE A

B8 1R I T VTR 1 2R B B ( AMP-activated
protein kinase, AMPK) {EA4HMIK AERIKZ 4%, £
W LRLRS) 2 h Iy O . IFFER I,
AMPK/Drp1 i #% 2 5 AR il B - 70 2117 (1) 9%
P, ) AMPK 0E B A RBR 1) « A5 )
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M5 S KR 2R A E PE4 (mitochondrial reactive
oxygen specie, mtROS) HIAEKLP, Ak, mtROS
St P BCRZRAR B AR T AR B, e e i3
PEMIAE, A S5 MMP £ . MMP [ R
WA RIS L ATP [ RE 7)™ B 52 45, 41 e & 1
JS2 R B o R mtROS FR EERL AT MMP (57 7 A
PORERLARI0 B EREbR S, W2 B SR TR 5o
LA, BRI T 42324, NOD #E3Z
R A5 S & 1 3 (NOD-like receptor
family pyrin domain containing 3, NLRP3) # {4:/)MA&
REWG RN BRI LWL Th RERRAGAS 2 Rl G5 5
T O 2 I R OR & R R H -1 (cystein-
asparate protease-1, Caspase-1), {Eff{H &% D
(gasdermin D, GSDMD) & [ A& HRE Al 1 41 i A
#-1B Cinterleukin-1p, IL-1B). IL-18 ZF{E &[T,
R TR IFFBOR O NLIRAE 5 2H 2345145525261,

A VR ZH AT AT AT R S, PR ALV S
(Danhong Injection, DHD) B R4S 140 /)
TEVR K R 2R iR sl 22 e, T REEACE, A
MR C LR E 27, K1, DHI & 5 i %
AMPK/Drp] 8 i H LR Witk 3l 124804, it —20
i NLRP3 SR fars, HIEREHHIA 1
PR [RIE, AT FORAERT I ARG B, RGHE
it DHI % AMPK/Drpl {5 5 Zbik3) /7% seEAX
WA AR T I EIE R, B 7Dy DHI RO R
P F2 AL B 78 73 ) SR 06 AR A AL A1) S
1 #

1.1 4hpE

H9c2 (2-1) KE-OMANMMK ($%5 CL-0089)
Wy | U R A R PR A #]

1.2 Z3m5iti

LG CE 25y 220026866, L5
23042009) T H L ZRFFHAHIZ5H R A s AMPK,
p-AMPK. Drpl. p-Drpl (Ser616). 4245 hE
#H 1 (optic atrophy 1, OPA1). ZRhifRRI&EH 2
( mitofusin 2, MFN2) . &k kR EH 1
(mitochondrial fission 1 protein, FIS1). I T-AHKEEE
MFEE A Capoptosis-associated speck-like protein
containinga CARD, ASC). Caspase-1. GSDMD-N,
NLRP3 —#t (fit570759 AF300361. AF300606-
AF02064.AF01325.AF301461.AF02770.AF14176.
AF04045.AF07185.AFRM9489.20250218) &z ATP,
IL-18. IL-1B ELISA &{5fl& (iit'5 737y AF08511-

A. AF040508-A. AF02923-A) W H#IE &5 44
BHEARAR: K CEE G5 10006818) 1 H H
Bl = 24 56 A PR 2 w5 vl I -3- 2 TR T & Il
( glyceraldehyde-3-phosphate ~ dehydrogenase
GAPDH) —¥t ({it'5 B2901) 114 H 3% [E Immunoway
AT, PBS (JIb'S G4202) W E i FE4E R VR
FA IR~ \] s H9e2 A T FH 35 77 = (45 CM-0089)
W) B s T B R A PR A ] s 0.25% R EGH
il (45 BLS12A) W H Biosharp A F]; ZRkifA
JE R e Bk R & (S C2006) WH LK
VARG IR AT MitoSOX™ LA E A 35
7t (5 M36007) 18 H 55 [E Thermo A 7] ; DMSO
(#t5 67-68-5) i [ 1 [ Merck /A& ; DMEM ik b
BraRdk (5 U21-265B) TWAMEESL (Lifg) A9
FARBMRZA; AMPK ¥i%77 AICAR. AMPK i
7 Compound C (#it5 7378 HY-13417A. HY-
13418) Mg HEE MCE A#); Drpl #4il5) Mdivi-
1. NLRP3 #i#i7] MCC950 (b5 45 A252480.
A110681) 14 H 3 E AmBeed A F] .
1.3 {45

MP3035 BRIy 4EL kA (bt dlUnE e Es A
FRAFD; 1645052 BUHLIKAX (3E[H Bio-Rad A H]);
TE R KR QL ZRBRSEIA A PR A R H1650 2Y
HOHL G =M RARAF);
NIB610-FL B3] B a2 RAse (T Bk a2
HIRAFD; EM ICE & KA HNL (f2E Leica 2
7] ); HERACELL150i/240i 74 40 U5 9544 . Talos
L120C BB S 7 R BE . Forma™ 112 =S5 9%
% (Z£[H Thermo Fisher Scientific A 5] ).
2 FHE
2.1 DHI 753
2.1.1 DHI &4

(1) FEM#HI45: B 1 mL DHI £ 2 mL &3,
A 2% F BRI 20% F EE KGR 220, 1821,
10 000 r/min #5C> 10 min, HY 3, - 0.22 um
TFLUEIESEIT &, N /I R T 34

(2) 4. Acquity UPLC@BEH Cg il
(50 mmX2.1mm, 1.7 pm), FEIAHN 0.05%H
FR KT (A) -50% 2.5 (B), BB : 0~21 min,
0~18%B; 21~27 min, 18%~25% B; 27~36 min,
25%~38% B; 36~39 min, 38%~48% B; 39~44
min, 48% B; 44~54 min, 48%~60% B: 54~60
min, 60%~100% B. ¥ KA 0~37 min, 280
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nm; 37~60 min, 326 nm; #£iE 25 C; AFRAE
0.9 mL/min; #EFFE 20 pL.

(3) JRi KM BmEETE, B fAEFR
MR N FHETEE m/z 100~1 500; BAHE EIE N
IEBT 3.0kV. BT 2.5kV; BHEHIE 40V, T
FESARFIAE 800 L/h; B FIRIRAE 120 C; filff
SRS, MEERE 20~50 V.

2.1.2 DHI ik igH UNIFI #44%) DHI it
7 #r . i it # & PubChem . SciFinder .
Chemicalbook /& UNIFI H 2554 & L 59015 2.,
SEASCRR AT R T AR e S BUEE . R A
UNIFI #4F- 4 % Masslynx SKREER] “raw” #5305
RBHRAT RS0 T

2.2 DHIEMR S 5B ER LA 7 FxisE

FIF PDB %z (https://www.rcsb.org/) £k
T % AMPK. Drpl. FIS1. OPA1. MFN2. NLRP3.
ASC. Caspase-1 fll GSMDM 125 [l = 4E 4544
FIF PyMOL #4428 K 70 1 AAHK 1 I BE R
JRECAA, PubChem %4 Chttps:/pubchem.ncbi.nlm.
nih.gov/) FRIFAZ O UK 8544, FIF AutoDock
Vina #4750 5§ 4%, F Pymol 844K 45 FL3k 47 nl 41
a3 Hrsl,

2.3 {RHMELE

231 TR, IR AR MR EUE
18 HOC2 AR IEE T 37 CoKIGH
Uk, SLRPEEAN BB N 5 mL H9e2 & %775
B O, 1000 r/min 20 5 min J5 72 BIGH
I 5 mL H9e2 & H s IR BRI TIR 21 Ja i N 5%
I, BT 37 C. 5% COy IR FAA T 4k 8215 77
YR IR R ] HOc2 & FIREFRE, 44H
HEIE 70%~90%H, PBS WlIR%HDE 2 Ik, F
Z BIEWL I 500 pL R I EEEEA T AL M40
SEARIFEG, SLEVIINGERF HO9c2 & RE IRk
1EVEAL, 8 MRFTIRA) S, 1000 r/min 2540 S min,
e EIEW. #0102 AT RS, B 2d g
1, DAORIFAN SRS R AP A S0 fo e 14 .

2.3.2 HO9c2 2 A dife S/ op ABE B g 57 5 Sl SN ] i
M e R TR AR R AR Y ) A AR AR G,
B [ ) S SR ) s AT O . O B AR K )
HOc2 4iiffl, F H9c2 £ HkssEER)S, LL2X10°
AL AT 6 B 96 FLARH, BT 37 C. 5%
COy IHIRIEFRM P97 24 h, FRAHHTE 0 MGRE, £
FREER G, BT 0 h ARGk Sk B T 5 B 7240

PRI, HA 5 BRI R R R, N
ik DMEM ¥:7RE, R RIER 2 =S8R
(37 ‘C+ 1%02+ 5% CO2) HHEF7 DML ECIR S o
TSR 24 44 64 8+ 10 h B[] 25 HUH X5 B ) 96
FLAR, B (BgHUR) %o 6 MR AL, KA CCK-
8 VAR AN BRI 77, LAVAk A [ S5l S [ o) 40 v
JIMIRER o LG REZH 20 p v 0 o, gl B AT
R E R HLYERRE 50%~T70%1E NS4/ B p 45
P 2R Ry 1 Th HL AR e 1A T A
2.3.3 CCK-8 Efugnffg /) A CCK-8 it
I HYc2 AHMIE /. FABEARACRT IILE 450 nm KA
IR RE (4D 18, FRHFEE SR 3 R, AR
X 7o

HHAHITE 1= (4 s—A )4 —A 1)
2.3.4 DHI s EREEMITRE K 75 DHI
MRERL 10 MIRFERREE, 737008 04 5. 104 15, 20,
25, 30 40. 60 80uL/L. HUWEAKII HOCc2 41
MR 2] 96 FLtRkF, F HOc2 & HFRKHEE
J&, LA2X 103 AL T 96 LI, IEH KR 24h
BT RS, FERifLNETRI 1 10 447 DHI
MERER ZRIE S Al nE] 96 FLIRH, HHRE 6 ME
fL, 7E=SIEFRMERTTE, ) CCK-8 VRGNS 77
235 Moy SRAERS 452 R Dk
17770, B4R BE S, TSR EER TR, B i
WAL, SRS N 2P FICEE DMEM #5782,
TR 2= =S I FR AT RE TR, DARAD @ A I it
T4 T

R SLT6 H AN, Zebidk sl 7727 0 D se e il
PR TIE AL, B4, DHI 41. DHI4Compound C
HA AICAR H; FETHHRABRRIINAE Bk 5 4H
Femt ERIn Mdivi-1 4480 MCC950 4, 3t 7 AN,
BARGAIR: OXFEA: K E T Hoc2 £ H
B arEEd, 158 20% O Fil 5% CO, HIH MLk 7246 v
R, OB 40 E T DMEM K ordk
W, RS FRAE TR GDHI AH: HARE T
4 20 pL/L DHI [{kE DMEM E53:%Ed, F=5
R 7R FE 55 7% @WDHIA+ Compound C 2H: W4l E T
% 20 pL/L DHI #1 25 pmol/L Compound C A
DMEM £k, T =S MR GAICAR
. B4R E T 1 mmol/LAICAR MIEHE DMEM 5
FRIEEH, T =AREFRAAERFERY; ©Mdivi-1 41: K4
il B T 10 umol/L Mdivi-1 [{ICHE DMEM #5775,
T=AEEFFAERFRLY; OMCC50 4H: W4 E T
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¥ 1 pmol/L MCC950 FIfiCHE DMEM #5388&rh, T
—AIEFRAEEE AR, HA Compound C /& —FiA 2L
(1) AMPK i PEHIHI5), F T FHET AMPK 15 518
% ; AICAR #&—F AMPK #3051, F T ¥#i% AMPK;
Mdivi-1 72— Fh 8R4 43 R HM G575 S 1 0 )
Drpl =M% H /Kf#EEF (guanosine triphosphate
hydrolase, GTPase) i%ith; MCC950 /& —Ffi 31t
NLRP3 %4 /MA ] 5] o
23.6 EHHEMNE BAHMRERET 3 mm EEAL
20 A S R e Sl ol B it T 2l e i 8 = 21
b LA —H AR RA R BE A 25 pm AR BRAE A 25
F o PRERHRCZ TR TRI B 7S e B SR 78 SR &
AN BT AR, A% R R R B A
RAF HFEMFER RS TRBREEFREE T, R Leica
AFS2 AR B R ARG A R B AR . R
N FEAET-90 CHAF NRIE 48 h, BHJSH 8h B
FEFHEE-60 'C, {#%F 24 h; LA 6 h BETHERE
-30 C, fRiE8h; LL4hFpEFAEE-20 C, iR
4h; L8 h BREFHEIAE 4 C. FEMB NI
3, BER 15 min, AT IR S AR, JeT 37 C
TERE 12h, 5T 65 CTFEE 48h, KEREA &M
BRI A MU T R, R 70 nm JEHESE
DIk, BT 150 H formvar FEELEE 4R L, 7F 120
KV IR T, SRAZES B B W g i .
2.3.7 MMP & L 25uLJC-1 (200X), O 4
mL 4K, JRIERST, A 1 mLIC-1 Jeta g
W (5X), RMREERIN IC-1 e TAER . 5
iE, TN PBS iEYE 2 Ik, WXk PBS, A IR
U8 JC-1 et TAEW, 37 CHEEEIEE 20 min. ¢
FYLIR, F PBS YRIRANIE 3 IR, EBOLRMEBT R
ML RERE . JC-1 FREHELN L MMP #2515 DA
REVIERBEAELRARIET , PP a7,
24 MMP [, JC-1 LR TE XA AE T 405
PR, G R UALL 5O 5 GO0 TREE )
P (2r/2858 6 E) 1E8 MMP FIARXS PR FE R
EUAB B = R s MMP B
2.3.8 mtROS /KPRl B MitoSOX™, JmA 13
pL DMSO, B%2], F#ly 5 mmol/L &, L 5
mL HBSS, JIA 1 pL MitoSOX™ f##& 1 5 uL
Hoechst33342, 75 RA)E AGETAER . 754
MR IR, HBSS ¥ERRAi 1~2 X A 1 mL i
FIIF I gt TAEW, 37 CHIMRE R NS 20
min. F HBSS BEH40M 2 X, I 1 mL HBSS,

TILRAE RS PSR,
2.3.9 Western blotting Ml fHCE AIRIE T 25
mL 255 R AR 55 5F HOc2 4, e A K =%
O, $2 A 7 UL 24 h J5, WS4,
TN 1% 85 1 B 751 0 1% B8l R 1, 25 1 B o )
(1) RIPA 2R G TRIRIEEH, BCA EllE R HHK
f%. SDS-PAGE WK B &, #iE, HiH, &—
Pio ZPUME, BRg, @ik Image J AT
AT REEME, R EE PR RIE KT .
2.3.10 IER LK DRP1 Al p-AMPK & (%A
PRI )T DA AL 240 5, WHS 6 FLAR A 5%
TR, M2 R EEH €€ /v 15 min, PBS 27 3
K, BEHR 5 min, I 0.1% TritonX-100 X 15 min,
PBST ¥ 3 K, &R 5min. i INIEGZEIEH 112
MiE 100~200 uL, =IEFFE 30 min. fEZE AW,
i n 100~200 uL p-DRP1C1 : 200)F1 p-AMPK(1 :
30000 —Pi, T4 CiFFEILER. PBSTIR¥E3 X,
K 5 min, WM Cy3 diclEdif 1gG —4
(1:200), ZIE#EHE 50 min, PBST &%k 5 K,
Y 5min. 3 BT PBS (pH7.4) t, FEMGFRIK
RS 3R, FHR S min. YIRS TS 1E
PN DAPL 44, =BT E 10 mine B E
T PBS i, fEMLERRIK R 3 I, RIS
min. VIR AT G FHPLE GRS ol e U
TROCRME PRI RERIL.
2.3.11 ELISA &l IL-1B F1 IL-18 /K°F  #%ZHE 4151
T LARHRLAREE 24 h Ji5 , Fa HE ) £ 10 B 15 A ATP
IL-1B A1 IL-18 /KT
24 GtESH

iR H SPSS 24.0 BAFHEAT 404, LAX£s 5%
7o PRZELTE] U B 756 IR A 70 AT A 2 7 2255
PE, FIMSIFEAR ¢ K550 AR B, WA
FRAK 36 . Z AR, SR R % 5 2 94
(ANOVA) Pt dH A 2 %, KA LSD faa it fr £ &
LRPEEL A
3 &4
3.1 DHI &5

K H UPLC-Q-TOF-MS A%+ DHI 4k 2% ik
AT T, SRR, IR, B TEAN LR
M ZREERS (B D, & - HRiEEAERS
SCHER SR EERTIE, RILPTER . R B, 12
2 MHERR AT 2 RN 8 P RUiisr /& DHI 2534
W LAl ) B B (R 1D
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5 10 15 20 25 30 35 40 45 50 55
t/min
A-TEE T B-AE PR
A-positive ion mode; B-negative ion mode.
E 1 DHI W FMEIFEILE
Fig.1 Representative base peak chromatograms of DHI
#1 DHI EEUZERH
Table 1 Main chemical components of DHI
e — = —
BB wmin BTHRA AW %jf f’jj”/“)ﬁ (X”ﬁfé) SR _zngj};w k&
1 96 [M+H]" +H,—OH 2461215 2471294 254 CiHsN20s 147.0505 Boc-D-7 2t ik
2 211 [M+H]" +Na 180.0423 203.0318 1.35 C9HgO4 147.042 3 WS
3 226 [M+H]" —OH 198.0528 181.0478 —9.63 CoH0s 163.037 6 A &
4 145 [M+H]" +K 505.1908 544.1553 248 CaoHuNsOw 149.1032 DB 1-[2-(2-B&
CHEIE)CHEE
#1-2,3,4,6-14-0-7,
[l
5 06 [M+H]" +Li 283.0917 2901070 —0.32 CioH1sNsOs 203.061 0, 85.030 6, 4%
145,055 3
6 253 [M+H]" —e +H, +NHs, —OH 718.1534 7181518 -142 CasHnO1s  139.0383,295.2593, £ 4% B
323.054 4
7 203 [M-+H]" +H 4941213 4951276 -2.04 CxHz2010  312.0607 FHR R
8 211 [M+H]* +H,—OH 220.0348 221.0425 199 CoHoNaOs  147.042 3 VAE 5 30|
9 266 [M—H]” —H, +e 4941213 4931136 —0.76 CoH2010  185.0219,295.0589, J1EHHL
321.038 7

32 OFXEER

Jyitt— L1 B DHI % AMPK/Drpl {55 i@ # |
LIRS F7 2R ¢ R R4 £ T A TR AE TR HL
i, XH AutoDock Vina 7) T X HeHAR, X}k
ERTAR EEAER S5 AMPK. Drpl. OPAl X
Caspase-1 25 ¥R [ 45 G R J1HEAT 40T - 45 R n 1
2 fizn, DHI H&A U85 IR 53R I H 5%
SRINEEGoRM ), HREBR B fE 205 ERILH
BRI EWENE, 5 Dpl KIS GRemTE (—9.2

kcal/mol, 1 kcal/mol=4.182 kJ/mol), F: /A OPAL
(—9.0 kcal/mol ) Caspase-1(—8.7 kcal/mol) & AMPK
(=8.5 kcal/mol) o 73T XA 34T (B 3) AT AL,
LHR B £5 Drpl. OPAl. Caspase-1 & AMPK &4
G, BiReimid S, B BAE MRS 2 MR
AR A BRI AR, SRR LT RETE it e
MR &Y. UL B RERYRERR B W] REEN 2 40 A
IRl A 2Rl &P ReEACIARAS,
T 00 1) 4 L 5 T ) A2
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Fig.2 Molecular docking results heatmap
van der waals
Sy
’ A . : A5 == conventional hydrogen bond
P “'B" o @‘;‘Zm‘ . carbon hydrogen bond
s ) ;i - P &gs& uvfavorable hydrogen bond
I > A Pi-alkyl
! W um
o D A3 5% "L'Ey',_\\:'ﬁs
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Drpl-4£ %% B
oy van der waals
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% b o 7 RS8R gum, - Pi-PIikTishaped
“ A o “ e Pi-al
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Fig.3 Representative molecular docking diagram
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3.3 EREATES DHIRE R TFIE

3.3.1  ANEGRERANGT HOc2 AHAIE SRt
Kl 4 FivR, SXTREZH A, o R AUt 1] (1 36 o, &4
s 12K (P<<0.05. 0.01), HREFIHE 8 h
ST AH I BRI, T 6 h A ARE )
EH(63.32%), Kl B 6 h A4 g B A B
PEAEAY

332 ANFEIVKREE DHI X H9c2 4 i /1 1 52 i
H9c2 A e H A RGO T 9% 6 h Ja, ST
Fbi, 5~80 uL/L DHI %F H9c2 i G /1 B &5
Wi, FH 5~80 pL/L DHI X4 i 6 W B F 1 .
1M H9c2 At T oA SIEIE L TR 6 h 5, 5
SR ZH L #E, 10~30 uL/L DHI & 2 32 7% H9c2 41
%71 (P<<0.05. 0.01), HH 20 uL/L N &,
I, SR 20 pL/L DHI $HT J5 82525 .

A 1501

YIS 71/%
|_4
|_4
H
L
H
»
|_|
}_|
4
|_|

wn
(=]
1

10 15 20 25 30 40 60 80
DHI/(uL-L 1)

W s

150 1

[a—

(=1

S
F*

LS 71/%

W
(=}
1

## #i#
#Hit i
X HE 2 4 6 8 10

FRAEUT ) /h

A EE: *P<0.05 #P<0.01, 5.
#P<0.05 *P<0.01 vs control group, same as Fig. 5.

4 AEEREATEXT H2 LRBRE HRI SN
(Xxts,n=6)
Fig. 4 Effect of different hypoxia times on viability of
H9c2 cells (X +s,n=06)

B 2001
#
150
AE T T &
° T T T
Eloo
=
&
501
iR 5 10 15 20 25 30 40 60 80
DHI/(uL-L )

E5 DHIEM (A) RRETFHRERE B)(X+s,n=6)
Fig. 5 Cytotoxicity (A) and optimal interventionconcentration screening (B) of DHI (X + s, n=6)

3.4 DHI iBiZi##E AMPK/Drpl @IR{RIFLRIIK
Inge

N T VM DHI SRR 3] 772 K Dy ge i se e,
VEE R, B4, DHI 41, DHI+Compound C
1 AICAR 4T 20 H7
341 FAMMEMMP KT R IC-1 REHRIN &
24 HYc2 #fiffl MMP 84k, LR B KA T REIRES o
SERWE 6 B, xR, HAIHYIHA
T RIRES, GOROCIR, /85 0l B %
ik (P<<0.01), FEIRGRAEHRE KM BN A LK
1, MMP 7K F-BI 2 B SR LLEE, DHI T
JE AR SRR, /R E R
T (P<<0.01), W DHI g 2| B s 5
SRR A, PER L B A B B Rk

R 1EH . AMPK #3171 AICAR ZH7RFRILH AL
sk, AEBOEIEER. SHOTIRES, A/45E
BEFE (P<0.01), #7x DHI 5 AMPK #U&{E
DRe RN B —#. AMPK #1#5§] Compound
C REH 514159 DHI %F MMP /£ H (P<<0.01),
FKIUNL BT CIRETT . L0/6896H F . DL g
F W], DHI o3& 28k vk Thise 1) /E FH AT Rg il il Bos
AMPK/Drpl 15 58 B 528

342 HAANME ATP KF W 7 Fior, XA
Fei, #RAYZH ATP KT B2 IR (P<0.01); S5
RIZ b, DHI ZHA1 AICAR 4 ATP 7KV 5.3 T
(P<<0.01), AMPK #lIil3f] Compound C f& B %! 1| 55
DHI X} ATP 7K-FRISEEH (P<0.01).

3.4.3 FAHME mtROS 7K°F KH MitoSOX™ 41
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101

84 T
=2
K
gﬁ, - *k
o 4 s ##

24 AA

" #it
T

PO R i DHI DHI+ AICAR
Compound C

50 um

X e BER DHI DHI+Compound C  AICAR

HX AL *P<0.05 *P<001; SHBANKE: “P<0.01; 5 DHI4HE: “P<0.05 **P<0.01, FHERM.
#P<0.05 ™P<0.01vs control group; **P < 0.01 vs model group; “P<0.05 “**P <0.01 vs DHI group, same as below figures.

6 FLHMA MMP K (X200; X+s,n=3)
Fig. 6 MMP level of cells in each group (x 200; X+s,n=3)
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S S
o S S
S
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PONiGR i DHI DHI+ AICAR
Compound C

E7 ELEMH ATP KF (Xts,n=06)
Fig.7 ATP level of cells in each group (X +s,n=26)

MitoSOX™

DAPI

Merge

AR E R I &2 HOc2 41 Al mtROS AE I o
ZERWE 8 Fin, SXFIRA R, BAIH L Yk
TEM G, mtROS FHTOLREREE (P<
0.01), /R B BLREALFE S SRR E AT
ROS &M, SRS, DHI 4181 AICAR
H mtROS 7KF &35 P (P<0.01), %J6HE 5 I
55, KB DHI Refs A 8 E A S 2% 14 N
mtROS A= i, M A A S5 4% - 11 Compound
C A& FEHEHT DHI % mtROS HIIHHIE, £IAN
ARSI S D1 = M s E S/
DHI k228 R R S8 A0 BN IR AT AMPK. 15
5 3 B IR

i
FN R
ﬁ 10 "
K
Ray sk
i #
g T
E Hesk
[]

Xt % DHI  DHI+ AICAR
Compound C

DHI DHI+Compound C  AICAR

8 FLHLMAE mtROS 7KF (X200; X+s,n=3)
Fig. 8 mtROS level of cells in each group (x 200; X+s,n=3)
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344 FAMPHEMES L REEH TR
TS24 H9c2 Al LR 1A PRI BE T 5 A A2 A
SR 9 . WIRAZeR AT, HEF
. AMEESOUHE, WEHTEMTRIL, B,
NIEFERARTERS . BT A0 2R AT A5 7 B 7
WL RIUONYIR I AR RO . R ST,
A LIRS, IRk SR R AL P S B A

A o
DHI+Compound C

SERITEE AN SR, DHI AZRiAEE
B RO, AMBLESE, LSRN e, BERn,
R Jof 5 W S AT IR K - AICAR 41830 H AR AL 7
BGE, ARG EEL X 4 . DHI 5 Compound
C LG G, ZoRiRfifife s DHI A=,
3 U T 22 K 2 A AT T L, 278 AMPK {5 5 18 % (1)
N2 H155 DHI b AR LR 3 1E A o

DHI

AICAR

W LR MK Bk, LR IOR A AL, B ORAOR G MR ST DhRErE ALk i .

Blue arrow represents swollen mitochondria, red arrow represents mitochondrial vacuolization, white arrow represents mitochondria with relatively intact

structure and improved function.

E9 ZLHMEBMEHETL (X20000)
Fig. 9 Changes in ultrastructure of cells in each group (x 20 000)

3.4.5 WK AMPK/Drpl i@ AHCE AR
& Nt I8AE DHI @it AMPK/Drpl {55 1%
T RAA D BRAIHLE, SR o d% 5 G LA il
%40 H9c2 4l p-AMPK 5 p-Drpl IR IEK .
R E 104 11 Fros, Sxtid e, A0
W p-AMPK 1% 6(5 5 B3I (P<0.01), ##»
BB N AMPK R b KT R % [HI, p-
Drpl [ 50 B 5 2 150 (P<<0.01), %M Drpl it
FEWEIR AL T BRI FE 4y 2 . SR LLHL, DHI
AR SE4NML P p-AMPK {55 B 23858 (P<<0.01),

1M p-Drpl ¢G50 E 3 I (P<<0.01); AICAR 4
RO IS, 5 DHI AR BCERME, 3R
DHI 7] A %0iE AMPK {55 -4 Drpl i JE w5
1, T 4ERF RN )5 P47 eAh, 440 [
i %52 Compound C 5 DHI Bt & 4bFERS, p-AMPK

KF4: DHI 41 F[%, p-Drpl RiEFRFE, FH
AMPK 155 FH W AT & 4> #5451 DHI F{R51E A

3.4.6 Western blotting £l AMPK/Drpl i@ #% DA K
BRARTN J1F AR EERIE K Western blotting
TERTIN -2 HOC2 4iififirF AMPK/Drpl 15 5 %
LRRIARBN AR A (OPAL. MFN2., FIS1) )
FikAk, SRWE 12 fE 2 PR, SXHEAL
B, FALH p-AMPK/AMPK i 2% T R (P<<0.01),
p-Drp1/Drpl B & TF (P<0.01), [FIH £ b A il
AMFEH OPAl 5 MFN2 RikBERIL (P<
0.01), 434K A FIS1 RIAH B = (P<0.01),
PORBMEBIEAE S AMPK 15 538 BE3Z2 240, 28
AR S) 112 P RTR, BRI EHERES. 5
PRI 2 LA, DHI T 15 p-AMPK/AMPK {H & % Tt
B (P<<0.01), p-Drpl/Drpl 18 % FIS1 ik & # %
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Fig. 10 Expression of p-AMPK protein of cells in each group (x 200; X+s,n=23)
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E 11 FEMAE p-Drpl EEFRIE (X200; X+s,n=3)
Fig. 11 Expression of p-Drp1 protein of cells in each group (x 200; X+s,n=3)

p-AMPK - —_— ey e—— ey )10

AMPK 4 - 6.2X104
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- =
p-Drpl == — —— _—  e— 8.0X104
al e 380Xx10°

FIS1 | = — 1.7X10*
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OPAl oy e—— 8.5Xx10*

v

i )
- @ .
p—
GAPDH wiilie wilis e b —

3.6 X104

X fi7% DHI  DHI+ AICAR
Compound C

12 &{AYMAE AMPK/Drpl B8R RE&ERIATN HFHEEE
SEIv
Fig. 12 AMPK/Drpl pathway and mitochondrial
dynamics-related protein expressions of cells in each group

& (P<<0.01), Tifii OPA1 5 MFN2 [k B2 Fiff
(P<<0.01); AICAR ZH7FERIHEULILER, 5 DHI
AL aA—5, F W DHI oA 80855 AMPK 15
S, (ERERRARRA . PIHS R, T 4E
FrLR RIS 71288845 . SR H Compound C )5,
DL EFabn g R fridid%, KW DHI @ id B
AMPK/Drpl {5 %18 %, R &btk & &G
(OPA1.MFN2) L, #7024 8 H (p-Drpl. FIS1)
REERIL, I SRR D) 125 KA, RIFAH
R EH
3.5 DHI j&iTiE#E AMPK/Drpl i#i&3#] NLRP3
N 5H) HOc2 MApREE TS

NT B3PI E DHI 51T NS, 38Xt
FRZH. #7ZH . DHI 44, DHI+Compound C 4H.
AICAR 4. Mdivi-1 4481 MCC950 ZH3EAT 7347 -
3.5.1 Western blotting #illl NLRP3. ASC. Caspase-
1 A GSDMD-NT HEHEE W& 13 F1%k 3 fiow,
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*2 B AMPK/Drpl BERER AN NFEREBRE (X+s,n=3)

Table 2 AMPK/Drpl pathway and mitochondrial dynamics-related protein expressions of cells in each group (X £ s, n=3)

il 7l & p-AMPK/AMPK  p-Drp1/Drpl FISI/GAPDH MFN2/GAPDH  OPA1/GAPDH
pagit — 0.9240.07 032+0.09  032+0.13  1.1140.22 1.03£0.09
Y — 0.41+0.07%  0.76£0.04* 0.94+021% 0.28+£0.07" 0.29+0.09%
DHI 20 pL-L! 0.71£0.05"  04940.04* 0.572£0.15* 0.64+0.13#" 0.55+0.08%"*
DHI+ Compound C20 pL-L™'425 pmol-L™! 0.38+0.11#4  0.6740.08%4 0.81£0.10¢  0.13+0.03*44  (2440.06%44
AICAR 1 mmol-L! 0.90+0.10"  04240.03* 0.3240.09" 1444021 0.87+0.08"

SXPERALLLE: *P<0.05 *P<0.01; SHALLE: “P<001; 5 DHIALLE: “P<0.05 **P<0.01, %3, 4.
#P<0.05 #P<0.01 vs control group; *"P < 0.01 vs model group; “P<0.05 **P<0.01 vs DHI group, same as tables 3, 4.

NLRP3 WD S A - —  w— 118X 10°
ASC — — - — — 2.20%X10*
Caspase-1 - ey - D WP e s 450X10°
3.50 X104

GSDMDNT wm  py welt W B = e

r

GAPDH WS e TP T TS T & 360x10°

paficy A DHI DHI+

Compound C

E 13 HEMAE AMPK/Drpl B R &R NFHEXERRIL
Fig. 13 AMPK/Drpl pathway and mitochondrial dynamics-related protein expressions of cells in each group

AICAR Mdivi-1 MCC950

Fz3 ELEYM AMPK/Drpl B RERAFINFHEXERRE (X+s,n=3)

Table3 AMPK/Drpl pathway and mitochondrial dynamics-related protein expressions of cells in each group (X +s,n=3)

ZH frili=s NLRP3/GAPDH  ASC/GADPH  Caspase-1/GAPDH GSDMD-NT/GAPDH
payict — 0.23+0.09 0.18+0.05 0.16£0.04 0.13£0.01
it — 0.78+0.04* 0.85+0.07* 0.82+0.05% 0.83+0.07#
DHI 20 pL-L! 0.43£0.02# 0.58£0.16%" 0.38+0.06"** 0.50£0.09%**
DHI+Compound C20 pL-L'4+25 pmol- L™ 0.60+£0.05%*A4  (08440.10%4 (.61 +0.04"**44 (8140, 12/44
AICAR 1 mmol-L™! 0.42+0.02# 0.46+0.10%* 0.47+£0.01# 0.52+0.04%**
Mdivi-1 10 pmol-L™! 0.43+£0.01#" 0.34+0.05" 0.29+0.01#"* 0.30+0.02%**
MCC950 1 pmol-L™! 0.24+0.07" 0.30+0.05" 0.28+0.02#"* 0.18+0.02"*

X EA L, RS NLRP3. ASC. Caspase-1 A1l #%-4H HOc2 ZiJifd IL-1p A1 IL-18 /K-F, LAPEfEAET:

GSDMD-NT £ FHFREEE Eil (P<0.01); HHH
k%, DHI 4P f5 NLRP3. ASC. Caspase-1 Fll
GSDMD-NT & ARZEEE N (P<0.01), 5
AICAR (AMPK #Zh7)). MCC950 (NLRP3 i
A\ Mdivi-1 (Drpl 55D fHRIEH—2. A
M, F Compound C FiACEE f5#] 7 DHI 1) _LIRfE
H . A Egh kB DHI fgisid #% AMPK/Drpl i@
0| NLRP3 S HI4ffET.

3.5.2 ELISA &l & ERF/KF KM ELISA &

FRRREKF . GRNEK 4, SxPHEAE, B
4 IL-1p 5 IL-18 /KPR E T (P<0.01), R
A O AR S T T R SO R N ST
4 R R SR A A, DHI 25 301 TL-
1B 5 IL-18 B (P<<0.01); AICAR 5 Mdivi-1
FILH 5 DHI AR #1258 (P<0.01), MCC950
PE R BH T BR R AR 22 R = # K (P<0.0D).
H2, Fl AMPK 41117 Compound C ] LA 43k /1>
DHI T 28 hE I HI/E A -
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R4 BEMK IL-1p A IL-18 KF (X+5,n=6)
Table 4 IL-1p and IL-18 levels of cells in each group (X £ s, n =6)
21 53 Gk IL-1p/(pg-mL ™) IL-18/(pg-mL ")

X et — 78.31%6.65 307.70+£17.70
e — 116.00+11.35% 592.41+£41.12%
DHI 20 uL-L! 92.70+8.08#" 386.11 +18.55%"
DHI+ Compound C 20 puL-L'+25 umol-L™! 108.50+10.33##4 A 496.32 434,03 AA
AICAR 1 mmol-L™! 85.35+6.86™ 389.02 +62.79#**
Mdivi-1 10 pmol-L™! 87.80+6.03" 417.99 £35.18#*
MCC950 1 umol-L™! 82.65+6.11" 343.20+31.09"

4 Ve Shidy, WL M AMPK [R5 . v WAL &4 4

DHI & B+ 2 FZL A6 52 BT s ) — b o 25 1)
A, BAEIALRHS . 8K E 25 R B3, BiAR 23
FHTFLR Y], DHI GeA R MR FH SR R, 16FR
A, I NMECREE, YT A R A AE
IO NERT S s, SO = EHA, NS0T
RER436), RAF5TIET UHPLC-MS $AR %52 i DHI
TAMH0EE . RER B, ISR MHRAPTS R
S 8 PG R 7o 7 TR R B R, EIRTE
535 AMPK. Drpl. OPA1 A Caspase-1 55 SCHE#E
EAWEARRNE AR HPEHER B 5%
S AT R R, 454G UHPLC-MS 3R15 &
TEUEAT FEEAE S, KRR B B FEER S, it
— DU ERR B 4 DHI B2 R5)- 1
FHRHE AR, KHEIR B BA BEMHtEfbigtt,
FAUAT] SO SRR W R R W R AT i
15, PEEEENYELEE (superoxide dismutase,
SOD) Fllist S Ak S B 14, BaARRCo J LR I/ P 452
AR — B (malondialdehyde, MDA) 7KF, [
K c-Jun 3K b P4 3 (c-Jun N-terminal kinase 3,
INK3) ¥EPE, /b O T,  4E R0 N4
MMP, 3% ATP G, ke B /B 2% S IRE
RIS SEIEMC), 45 &, DHI ol fg 2@t
R B RIF R ERARZN 7125741 X NLRP3 %
PEANMRTEAL, T RAE QIR E

AMPK J&—Fh oGt i BE IR N g, | ARAE T
FRZAY T, fEGEM R B AR A s 2 OCE
ERMER B4, AMPK 2 — MR = RAEE AW,
H 3 MERALHR, 208 o WHAL (C ifiEfl
O\ BILERAL ChIAIZED Fy WAL (N i
IO, HA a-MEEE N o E 1 MR L AR/ 5
ZA MR (Ser/Thr) X, A 1 MR 17572 5K (Thr-
172) fLgL, 157 AMPK BB AT . B
AL ER R IR G, 25 AMPK S8 Y

AN BREE 451 2 (calmodulin, CaM) 4541k,
XL LE R ] LLZE S AMP F1 ATP, 1fif AMP HI45 4
& AMPK 0 (OGP BRA-441, AMPK 7l 2 53|
LRRLARZN )2 (R4 481, @ik AT Drpl 1R
1k, RIFSGESRED) RERRASIAER, Ser616 72
Drpl b/ HE22 5 IRIEIRIAL KL, 24 Ser616 IR
AR REXE N Drpl ¥ 1. [RIE% AMPK L) Thr172
KSRGS, 514 AMPK WAk, #0043 Drpl
11 Ser616 £ si R 1L, AT 2 I3k B 2 R Ak 73
A, MR RIRS) )RR e -0, YERFLERLA )
J12E RS R AR L R I 8 A= B D) R A Stk o i
HEEE T IREGERAE N AN, Wik 5)
1143 24 47 538 B 32 4000 40 HAR 3k B b A4 B 1
— HX—3h&- PR, W1 Drpl /S 7 R RRLE
W5, 3 BRI 25 5 B R Bk o i BRI R
AR LIPS GV AR RAG, 0 T etk
SRR R, 5 S K& mtROS [14E
22, b, mtROS A £ 23— 35 W LR Wi AR i i
JRFNER 15T, 0 e 3 1 1) 2%, %530 MMIP
RS, MMP IRRIREIRE 2Rk & i ATP I RE
JIPEE A, A ReE AL HILEHL. mtROS Hyid
FERR BRI MMP 157 AU WA A5 47 1) B A
&, WRENET R B, ST

A B 152
KWFURIN, HBIZH HOc2 4 M L br A i i 5
BRI, DhREARNIRM], SXHRAME, %

T MMP 7K T &K, mtROS 7K P52 1n, £
BRARAFAE E AL BRI AR RAG . Western blotting
SRR, LRk ZAH K EH p-Drpl. FIS1 HHH
FikEE FiF, p-AMPK Ffh &M %EH OPAL.
MFN2 ik 535 T, B sE R 5 T fil &
LRI o> - G ARSI AT, BRI GE IR D) RE K A
W, SERERAMREL. DHI TG, ZhiAr
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SYIENGEE, MMP KPR ZERGE. mtROS BNE
kb, HERE AICAR (AMPK BsIFD —5, %
] DHI X Eobiftk BAA GRIER, A AMPK 41l
71 (Compound C) AbFE 5 Hil 55 DHI X8 R4 1) £
YEH, W] DHI X 2R K TR 28 AT RE 8 4
5 AMPK S <. Spew e R MU, DHI
F1ii5 p-AMPK %1k EFt. p-Drpl RKIAFFAG, HEs
R5 AICAR fERIZRUR I, KH] DHI X 2Rk z)
TR T RE S AMPK BUE A 2%, AMPK 1
75 DHI B & 1EH T4 )5, p-AMPK H1iE 1052 2|
0], TR Drpl A THE, XS T )
OB AT RS , 32— U T DHLIE I 0% AMPK/
Drp] I8 #% AT 2 IEZRAAR S 7 7 2 L

ARLAS) J1 5 R A S B Bk, sl 2
BLENEGE NLRP3 R PEMAE. H5E, b BULIZRi ik
FEA KB mtROS, A EEAEAE Z(E SR
NLRP3 SRS, HIK, MMP (1 5t F G pr {4 e
BN AL TR, 2248 mtDNA ke 31 40 i 57
t. mtDNA AE 2y — Mg K 42 45 #H 5k 73 7 B2
(damage-associated molecular patterns, DAMPs), fig
A1 PN PO BT 5 - Fl 5 Bl - 0 3R R R 3
T (cyclic GMP-AMP synthase-stimulator of
interferon genes, cGAS-STING ) i % B H % #%
NLRP3 WUl ATy 98 P /NS R 20 28 R0 S ik o
A 77 BIE4531, NLRP3 R/ IMAREGE G, =5
#3kHEH ASC 5 pro-Caspase-1 JEFRIHEE & HE
B, ZE ARG 5B VIS Caspase-1150571, —
B0, Caspase-1 K IE X E RN : B ARAE
HIARZHIE AT pro-IL-1B I pro-IL-18 i, & H
BRI T AR R GSDMD. GSDMD 4§
JERETIU B N St b3, RS LR AL, AT ads
AR, TERALEHELEE AR AL, X
Tl B 25 K PR ABUR B 25 2 SO IR AR, R TBU )
IL-1B A1 IL-18, ATTROK JR 8 )5 28 4 B 1) 9 [ o
AW FAE O NLAH M IESECY, Drpl R BEBOE IE 2
R T LR R 7 R D RERRRS , 31T H0E NLRP3
RYEPMENFIET, RAFEBCON. BT
W, AMPK i #lifi] Drpl i PER4ERF ARiikz) /)
FhAE, HESUAMUETORFBEEACH, HAETE
Iok BEL BB 2 R A4 - 98 P AMA TS - B T X — B
W, KIE T ORE ORI ER .

ARG REKY, SXHRALE, BEAMA
NLRP3. ASC Fll Caspase-1 % 431k i, IL-18 Al

IL-1B KT SR A, DHI 41 NLRP3,

ASC. Caspase-1 [ HFIE N, IL-18 A1 IL-1p 7K

SRR, W] DHI f8A R8s RAEMAE T, HALH

5] NLRP3 RME/IMAFA DI, i

BREAHE ST 1O VLA PR . 6 AICAR AbRE

J&, B NLRP3. ASC. Caspase-1 f1 GSDMD-NT 41

JR TR H R E KPR T, X5

DHI 5 Mdivi-1 #F FIBCRAHIL - 98110, A AMPK

HOfIFIAL S H0E] T DHI 0 BIRER . DL R gE SRR

7~ AMPK/Drpl #4425 7 KAEH T T DHI Xf

NLRP3 43 (40 A Tl A
z¢ I, DHI figilid 45 AMPK/Drpl JB#, 24

SBRREDNJ1%, $EE MMP, [#{% mtROS A HAl

FORE PR T30S, k] T NLRP3 JEALAIERTS,

FAELRAF LA A
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