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FE: AW AR HZ caspase #l il 7] Z-VAD-FMK B & 6k %/ & % (hypoxia-reoxygenation, H/R) 4 173 & 57 K B,
HOc2 Lo JULZH M A5 7 PR SR FERE TR, 328 5 P 6 5 ¢ o JUL S5 oL P98 Y 45347 1)V FE WL . >R CCK-8 (cell counting kit-8)
I 20 TG 7 SR R0 SvE A D 4 i s 37 13 o FL IR I &R (lactate dehydrogenase, LDH) F14H i P i 44k 4 15
fL T (superoxide dismutase, SOD); Hoechst 33342/P1 ¢ & k& M 41 f 8 1~ 7 3X; X I DCFH-DA . BBcellProbe™M61 #il
JC-1 45448 VR I 40 it P 3% 1 480 (reactive oxygen species, ROS) . £k i {43 17 1 #% 4t £, (mitochondrial permeability
transition pore, mPTP) FF S FI 4 ki 44 & B A7 (mitochondrial membrane potential, MMP) £47%; ELISA ik Il 48 A 43 it
i8R BE IR o (tumor necrosis factor-a, TNF-a) F14H L /2515 (interleukin-18, 1L-18) Al [ 41 /- -6 (interleukin-6,
IL-6) BTG L, 430 e A Bt e FE 1 1 VR F 119 70 1 ¥E 4% Western blot B AR DG 2 3Rk . 45 SR, S R4 L
B, HIR B4 5 3 IR B 4 40 i 3% 00 F B, F2 7 PR SR BB 26 4 w1, LDH 7K F- F+ 151, SOD 3% P B K, ROS BT 35 3 %,
MPTP JFJ8, MMP F&AIK, TNF-a IL-18 LA B 1L-6 7K1 Ty, T FE & DU Al 750 B8 A0 1 b o5 3 S 6 PR R ARk . 20 70
Pegk BN, M AT A] 5 4B /4S I B (R R & (A BB 11 (calmodulin-dependent protein kinase 11, CaMKII) 45 4 .
Western blot 25 5 i 7, 550 HE 20 BU s, B8 26 411 it p-CaMIK I AN R 4K TR &5 R 45 M3 BE 2 19 (phospho-mixed lineage
kinase domain-like protein, p-MLKL) ik 7K 5 2 Fhimr; SR 2H LU, 01 A X 6 2 1 R I8 7K K. Bk
SERFRBE, I E T RENS (L HOc2 0o JLAT By, 7T it 38 i 3] CaMKI1 757 &0 BR Thr287 i s B ER AL, 30 mPTP i, {3
LR PR T g DABH LEFE P SR SEHEAT, X HIR B33 1697 31 7 2 OB 7t B AT s AE A -
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The mechanism of tilianin against ischemia-reperfusion
injury of H9c2 cells
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Abstract: Z-VAD-FMK was combined with hypoxia-reoxygenation (H/R) injury to establish a necroptosis
model of H9c2 cells to mimic the pathological changes of myocardial ischemia reperfusion injury (MIRI) in vitro
and to study the effect and mechanism of tilianin against myocardial ischemia-reperfusion injury. A cell counting
kit-8 (CCK-8) was used to detect cell viability, and commercial kits were used to detect lactate dehydrogenase
(LDH) and superoxide dismutase (SOD) in the cell culture supernatant. Hoechst 33342/P1 immunofluorescence
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staining was used to detect cell death. DCFH-DA, BBcellProbe™M61, and JC-1 probes were used to detect reactive
oxygen species (ROS), mitochondrial permeability transition pore (mPTP), and mitochondrial membrane potential
(MMP), respectively. An enzyme-linked immunosorbent assay (ELISA) method was used to detect the release of
tumor necrosis factor alpha (TNF-a), interleukin-1 beta (IL-1/), and interleukin-6 (IL-6). The results show that the
cell viability, SOD activity, and MMP of the model group induced by H/R injury decreased, as compared with control
group, but the necroptosis rate, LDH level, and ROS release increased significantly. Furthermore, mPTP of the model
group cells opened, and TNF-¢, IL-15, and IL-6 levels were significantly higher. Molecular docking modeling
showed that tilianin can bind to calmodulin-dependent protein kinase Il (CaMKII), and Western blot results showed
that compared with control group, the expression levels of p-CaMKII and phospho-mixed lineage kinase domain-
like protein increased in the model group, and tilianin could decrease the expression level of these proteins. The
above results indicate that tilianin can protect H9c2 cells by inhibiting the phosphorylation of CaMKII at threonine
287, protecting mitochondrial function, and inhibiting the opening of mPTP to prevent necroptosis. This study has
value for research on new methods to treat H/R injury.
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protein kinase Il; mitochondrial permeability transition pore

k0 LAE BE (acute myocardial infarction, AMI)
R FEC R BT NSRS T N R R,
AR, R NATT A 3/ A5 2 T AR R R I /5 45747 A
Je o503 TG 7 THTEAS B 2 3020 | (H L1 v T 0 4
ROk 2% B ME— Tk SR, MR B EE MR
T F FE Y 0 2= 5] R P RN AT AR R A, TR AR O O
L4k 1 7 ¥ 7E 45115 (myocardium ischemia-reperfusion
injury, MIRI), AT 38 AR S8 [ AR, im0 L5477, 21
SECOIIREA R, PRI, T A RO A g B
FRVE T O LA B ) 4, ©RCA 244 BT e

KZHWFEN FANA, FET & R MIRI ) 3 240
FAET B, SR17, Zhou 2508 5T K BH, 7 —FiE 1
TR T 4e At T J7 ——F2 7 1 IR K (necroptosis)
& MIRIFE RS R gl 38 T2 27 Ao B2 7 MR BEAH 5%
FE R T 1E 2 50% M4 st T2, F2 7 MR e EE
T UUE MIRUS O IE AR AR BE, FF5] & IEE 28 .
565 8 2 AR 2R B0 11 (calcium/calmodulin-
dependent protein kinase |1, CaMKII) 7£.0 i # & & 1R
e, HHGE R w50 BB T 5%, A48 MIRITY, i
FUOR L, T 7 1 SR B0 AT 3 i i R 1K CaMIKI ) 75 2 1R
287 A f, 5 3SR AR 8 1 4% e FL (mitochondrial
permeability transition pore, mPTP) K & JF i, £k ki &
Iy g 52 1, & ki 4K JE B3 £ (mitochondrial membrane
potential, MMP) B, A i 1 — 25 3 9 CaMKII /3%
PE, 51O VLA AR R IK R 2, B B, JEBIR
— R Y| RAE xR SRR, SEHED
(cyclophilin-D, CypD) 1E iy mPTP ] — A~ 5% 4k 1f 717
T, M H BV 5 T B CaMKIN 2 5 10 LA
JIRTE, GESE T R IR BE 2 4 H CaMKILi R 1 I 18
i mPTP JF R AT I, CaMKIT A T I FE 7 1 ER

BEA ] R g0 VR0 A SG 8 VA T T LB R B A

H ] F (tilianin) 2 ¥ 5@ " Rk 28 & & =
(Dracocephalum moldavica L.) /) =5 2255 ¥ % 40, J&@ ¥
B A0 A, P T 0 0 LR 20 R YR T, Lk 32
T I HR BT EA A AN SE SN R B T T MIRIAE
FHES, - Jiang SEACE 7t 45 SR B, HH A ] 28 2R KL
& ROS/CaMKII 5 S P i 45 i A2 40 ) O LA DB T
{EL 1 2 75 38 i 40 1) CaMKI1 Thr287 7 £ i 1 1k
FHU mPTP I, RO E 52 MIRI L VL4 5 T
T2 7 P R B0 30 R e S . IR b, AW Fe 3l 3 SR 2
caspase 11/ ] 7] Z-VAD-FMK BX & ik /& % (hypoxia-
reoxygenation, H/R) 1%, & 37 MIRI O JJL 20 g 75 )7 1
AU AR A I b R 7T R 57 HOc2 1O WL 41 D
MIRI 53§ B o

MREE%

HmEIRF  HEE (HPLC 4T 98%) Hiprisdi &
IR ER X Z3PmiE 7T H i (450 20170805), H AR %
712 ISCHRE), DMEM I 3E 77 41 0.25% JHRG-EDTA,
HyClone /¢ 7 ; fii 2F- IfiL & (fetal bovine serum, FBS) Al
o b% DMEM, Gibco 2wl ; JRE %S, H A =35, Z-VAD-
FMK, 3% [& Selleck 24 & ; Hoechst33342 F1 filt £k 74 me
(propidium iodide, PI), Sigma 7z &) ; mPTP JF A4S I3
&, L ifF BestBio UL {# /E¥); DCFH-DA jif % % ROS
TENCIRET 2R A4 % H A7 A M 77 & (IC-1) - JMRE IR At
[Al ¥--a (tumor necrosis factor-a, TNF-a) [ 41 il /i %
(interleukin, IL)-18+1L-6 #3571 &5 RIPA (5%) LA
FNZE B LS (phenylmethyl sulfonyl fuoride, PMSF),
JE 5 TR PR A w4 48 i A 240 i 25 v A
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7% (cell counting kit-8, CCK-8) A1) 1 i & ity 411
H,EEE L EAY, BCAEAZTERANE, =
Thermo Fisher Pierce A =] ; FLF& it 2l #% (lactate dehy-
drogenase, LDH) 41 fitd 2 1 46 1 X 771 £ A1 SDS-PAGE
BRI HIAT &, 28 o RAEVHEAF R A ), e
YAk (superoxide dismutase, SOD) 71l &, Fg i 2
FAE W) T REAIE 78 BT, CaMKII . p-CaMKII (Thr287) Ak
4 & A5 F I RE B (1 (mixed lineage kinase domain-like
protein, MLKL) Fii{£&, Abcam 2 #]; p-MLKL i £, Cell
Signaling Technology /A 7] ; GAPDH i 44 | 5 AR B b ic
(L1 3Bt B 1gG FNBRAR BEAR 10 1 1L S BT e 196,
S RY et /NS

{LES 48 7% 46 A4 B % 1A 5 Evos FLoid
(3£ [E Thermo Fisher 2 7); £ DhRERFLARKT ML (Bt 1
TECAN SPARK A w]); HLyKAC AT Ik 1% (36 [F Bio-Rad
AAl); ZIRERE RS (EE VILBER A #]); & XM
AR B O AL TGL-16k (15178 A L3 A2 TP R B
FRA D).

Ak R AREE SR R RO UL4E (H9c2) e H
P v R AR R A R A ], 8595 T8 10% FBS 1
DMEM {EHERE 723 oh . M4l A K S b & ik 80%~
90% I, F 0.25% fifi g -EDTA VA IH AL 40 i, 45 H B
F5% CO,.37 °CHE 3= Fa b AT A AR 1S 7%

HRIA MR BEN R4 75 HIc2 41 i
BE AL 23 9 %t B8 2 (control 1) Z-VAD-FMKR2O G £ fit
A AT (model) J H & 45 25 4 (2.5.5 Al
10 pg-mL™Y). H50 umol-L* Z-VAD-FMK A2 24 h,
SHRBE 6 h, S N3 h, M HIR F 5 1Y, DL
L MIRI H HOC2 4 H 2 /7 14 IR B8 1) 9 B AR AY, FH i) 1
AbPRZE AE SRR AT 12 i T 45 2.

YHRESE AN 5 10% FBS ) DMEM ik 4 1%
F5 ¥ HOC2 41 it 1 % Dy 1x104 ANAL, 250 T 96 FLIR
o A RINEE 24 h )5, BELEL S S IONAS TR B F i (2%
JRE W 9 0.625.1.25.2.5.5.10.20 F140 pg-mL?), /¢
24 h)g, FFLIIA 10% CCK-8/DMEM j& 47 100 L,
BT 37 CHE AT E 2 he SLIUG [R5 T 40 i 43
FI LR AR TE 2 0 R4, AR 6 N E L. BEARAX
7E 450 nm % K b I 52 % 2H W' {8 (optical density,
A), FFtn s A XA AE 2 (cell viability, CV).

ASZER A - AZS YL
AXTIRZ - AZS 4

Hoechst 33342/P1 R & A 1 M 4R A 38 = /5 X
{8 F Hoechst 33342/P1 XU 4% €472 VFAdi 4H B 72 /7 14 48 7E
0L 4 HIc2 O LM L 422 Fh 75 6 FLAR T, 45 L 1x10°
AN4H L, 1% 9% 24 h, 50 pmol-Lt Z-VAD-FMK i 4b ¥

CV (%) =

24 h, DA [ B HE & (20 =R v 2.5.5 Al
10 pg-mL™Y) fEF 12 h 5, s EHE 6 h, T 283 h.
PBS WEZH I 2 7k, 3\ Hoechst 33342 F1Pl. SR )5, ¥
i A B T 37 °CIEIEAH % & 20~30 min, %% B M
SIRHAI. BN ERIRIE GO AIEE SUNFET
PESRZERHE . Image J A 11 H0RE PR PR 20 FH 4 41 B

LDH #1 SOD #0  f HO9c2 41 A 422 Ff T 6 FL AR,
8 ML 23 A o) FR 2E L A TR0 2F R P 6 1 45 24 40 (R IR
582,55 F110 pg-mL?), BRxf R4, HAp &AM A
Z-VAD-FMK 24 h Jg, %18 iR 5 a0 45 2536 8,
AR A M G TR e LI . F IR B P R W 4t i b3
LDH & & (5O R IEAHSS) & 4iHE SOD i /7.

LDH W} 6 B = FERIBOLRE - 5 555 E 0 IR SO

SODJ 77 (U-mgprot™) =

SODHII il #/50% x [z I {4 Z Fi B A 4L
FREIAEAS 2R e B

ROS# M K¢ HIc2 41 g $% 1x10* /ML Fl T 96
FUMR, B8 b aR oy 40 Mo 25 208 A5, 3% 13, T Iy B
FEREVRYH I 2 Yk, BEFLIIN 100 pb F G I v B 9% i #
F& % 10 umol-L* DCFH-DA, 37 °CH - M R il L i &
30 min. FFEEFFRI, PBS gl i 3 K LLFE 4 B AR HEAN
4f Jfo P 1Y) DCFH-DA. & fL A\ PBS 100 pL Ji5, 1 H
Bt A A AE 380 I K 488 nm AT S8 K 525 nm 444 T
I ROS FREF 5 YL o

mPTP FFHGME  # HIc2 40 i 42 Fl - 6 FLAR, [
R 5 H A g 2GR, R A IS, DN PBS Ik
B2, BREFHE AL G, BEFLI0 0.5 mL & i 55 7R & 1k
AL, B0, HBSS YL 2 1k, 35 Bi&. 1%l & i
F L ] BBcellProbe M61 % (& TAE R, B FLINA 5 pL,
FEFERAY, IO K5 pL 2], 37 cCH#E L F
15 min. 1000xg &0»5 min, i, F1 500 uL HBSS &
AN, BEARACTE R 3 K 488 nm AR 5 i 4 525 nm
bR MR R GBS

MMP #&30  # HIc2 41 it % Ff T 6 LR, [A]_Eid
5 ZH 41 i 2 2438 5 )T, 4% ) 6 15 BH R D 1) JC-1 (1%)
Jett, TAEWR, BFFLINN 1 mL 40 3% 72 % F1 1 mL JC-1
(Ix) et TAEWR, JRS), 7E 37 cCUN U s 7 FE i &
20 min. JC-1 (1x) Y i 2 phl e vk 2 R Ja, In N 21 i
R, RO B A I R4

ELISA # M 40 ff £ 55 TNF-a IL-18 F0 IL-6 7K 3
1 HIc2 21 i #2 BF 5L 1x10° A2 80 T 6 fLAR H, [A]_Lid
5 4H 21 ff 45 25 3 5 s, WOAR 40 A 13, 1 000xg 1K i
(4°C) B0 10 min 5, B HIE& M . H, AN K
B ELISA A IR 77 & 7 A DU B3 A TNF-as IL-15 il
IL-6 7K~
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SFXFERAR Al Chem3D Pro 14.0 ##F %t H
BAFHEAT 20 7 1Ak . M\ Protein Data Bank 4/ 2
Hh N O S BE A ) B A S, A Autodock Vina 1.1.2
HEAT 3 F X4, DUREAS W 42 45 R 45 6 Be i I 1A S A
NESEM R . IE47H 55 Ubuntu 18.04 LTS.

EHRIEE (Western blot) MNIEEEBRE ¥
X H0A K H HOC2 41 i 4 P T 6 FLAR i TE 37 °C
5% 1] CO, At ffu 5 774 15 7% . ¥k H, Il A 50 pmol-L*
Z-VAD-FMK TiAbHE 24 h, IINAS [R5 H & (285 i
WE N 2.5.5F110 pg-mL™Y) EH 12 h &, S BRE 6 h,
SEERE3he. AU B3, T4 PBS ek 2 1K, INA
RIPA (5i) 2R (5 1% PMSF 1 19% 25 14 i % 1 471 1
#) vk _E 22 4% 30 min. 12 000 r-min i ¥ & £ 10 min
Jei, BCA T & I 5E £ B RE IR B2, IR LL B m N 2R
F B REZE P, 95 °C4x @ ¥ & 5 min LUAE A (AR k.
22 SDS- % 5% T4 M Tk Jie 8 JI2 WUk 5, B % %2 PVDF i
o 5% JBE T @k 3= P R S 43 0 i\ — it p-CaMIKIT
CaMKII « MLKL . p-MLKL 1 GAPDH, 4 °CUK# 1% &
. TBST PefE 3 UK, IIAAHR. HRP 4712 /119G — 41t
FEiRIFE 1~2 h, HIEMANZE R F ErE R
AR R G R, 15 3] % A e B AT, JEH
EvolutionCapt 1443 #7257 K ¥ .

GATF o SIS 2 DT 3R AT 52
5, S5 R LAX £ sRoR . HUE b FI4E R H Graph-
Pad Prism 8.0 ¢ i1 ¥ 4F i3k 47 . 2 28] LU B R R &
77 243 1 (one-way ANOVA) 47, P < 0.05 i\ 2% 7
EENES-9'8

R
F&]H A 20 H/R 545 00 HOc2 4RAESE 1
WK 1A Fi7R, 0.625.1.25.2.5.5,10.20 1140 pg-mL™*

A 150

g
]

wn
=
1

Cell viability / %

n—
0 0625 1.25 25 S 1020 40

Tilianin/ug-mL"!

Cell viability / %

FH i) 5 4 FH T HOC2 211 Jf 24 h, i 41 i 77 37 5 251 6 1)
SCMR . O T B e HH D HIR B e 75 B ek
H, A58 H Z-VAD-FMK AE F F H9c2 0 L4 /il 24 h,
S AH R BE 5, HIR B . 45 R P (F1B), 5
Xof JEZE L, R ZE A s 70 W] SR B (P < 0.000 1); 5
BERLZH BE, FH 80 H 0 5T & 2 43l O 25,510, 20 Al
40 pg-mL1EF, 4HHIA7VE R A (P < 0.001), LIk
SR, FH BT AT 03 HIR B34, 13 HOc2 4 g g 1
5o T FE AR 43 1) 9 20 140 pg-mL i, 40 S
771510 pg-mL A LL B G2 L, IR, 5 45
146 F (1 FE 46 J5 BV B2 43 ) 9 2.5 5 #1110 pg-mL2s
2 HEHEHZFEKRBEING H/R 51515 S/ HIc2 48
ok e 37372

N TR FE G HIR 545 HO9e2 41 i FE e 1
INBE (PR, A SE 56 K A Hoechst 33342/P1 X 4
EHAT AN G . TR P PSR AU (0 40 B e R PR AE R
L B IR, T 9 Hoechst 33342 4y i % 15 €1, T PI ekt
AN BE HE N 41 A B e ) IE A AR RN R T A A
IR BEA0 B T 4 PR G B A . W 2 FoR, 5
Xt &2 L, AN Z-VAD-FMK 1) H/R 25 76 B 2 38 ZE 40
Jia, 15 0 Z-VAD-FMK ] H/R 2H YK 56 40 o % B S 18 %2
(P < 0.000 1), it H] Z-VAD-FMK 7] i 5 H/R #5115 1 21
MR PR AE . ST (+ Z-VAD-FMK) L, &0t
£ 2.5~10 pg-mL-t 3 [ P9 0] 71 & 4K 1 Hh sk 2> HO9c2

iR AE AR (P < 0.01),
3 HE&EE H/R TG I HIC2 ZHAE LDH F1 SOD 7k F
AL

K H1 LDH F1 SOD & 71 &1 /5 ¥ VP Adi 41 i 453 175 72
JE . WK 3AFTR, X4, BRI+ LDH &
A E THE (P <0.000 1); 17 S5 BRZH B, FH & E G
o e T R 2 4 ) S5 3 PR AIC LDH JK S (P < 0.01), 3t

1509

100+

HiHH

“ [ >
P R

Tilianin/pg-mL"'

Figure 1 Protective effect of tilianin on Z-VAD-FMK-H/R H9c2 cells. A: H9c2 cells were treated with tilianin (0, 0.625, 1.25, 2.5, 5, 10,
20, and 40 pg-mL*) for 24 h, respectively, cell viability was determined by CCK-8 assay; B: The effect of tilianin on the survival rate of
H9c2 cells injured by Z-VAD-FMK-H/R. n = 6, X £ s. *#P < 0,000 1 vs control group; “*P < 0.001 vs model group. H/R: Hypoxia-reoxy-

genation
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Figure 2 Tilianin dose-dependently inhibits necroptosis in H9c2 cells injured by Z-VAD-FMK-H/R. A: Cell nuclei stained by Hoechst
33342/PI, bar: 100 um; B: Total necroptosis rates by Image J based on the cell nuclei images. n = 3, x + s. **P < 0.000 1 vs control group;

P < 0.01 vs model group
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Figure 3 The protective effects of tilianin on H9c2 cells injured by Z-VAD-FMK-H/R. A: Lactate dehydrogenase (LDH) level; B: Super-
oxide dismutase (SOD) level. n = 3, X % s. *#P < 0.000 1 vs control group; ~P < 0.01, *"P < 0.001, “™P < 0.000 1 vs model group

A FH ] 3 B8 % 0k 5 5 VK & HOC2 40 M 1) H/R #5345« 4l
B 3B fitow, 5 oxf IR ZH L, 455710 40 40 il SOD v 4 2 25 F%
ik (P < 0.000 1); 17545 A 4 L, FH 4 g 771 B 45 25 4.
(1 SOD W& M 235 ETF (P < 0.001). %45 B H, H &
HHEDS 18 HIc2 41 ig 1 (1) SOD & 1k .
4 HETEHIFH/R #5458 HIc2 287 ROS B AL

N T 0 VAl R A SLIBORE 7, AR HITE A A
DCFH-DA Jy#R &1 X H/R 45 4% H9c2 41 Jitd P ROS % it
AT TR . S5 RRI (K 4), SXTIRZ LG, BRI
i L )9 ROS % & &2 3% J+ = (P < 0.000 1), {H 43 7 i
A 2.5.5F110 pg-mL* H & f5, 4058 N ROS /KP4

RS 2H B 2 A i L, 10 pg-mL’l FH % £ #1 1] ROS
ROR B AW R (P <0.000 1), iXb4E BALIR, H &) 1F
A3 3 40 1) ROS B TSR BT HIR 75 5 1 20 i 44 2 38
SN
5 HEE X H/RIRBAEIHIC2 ZRAE mPTP FFA 8IS0
N TP mPTP JF AU L, 7 5258 2 R H BBcell-
Probe™M61 R £ 5 10 41 i, 28 J5 FH B bk 45 Aar I 2 7%
FEBRIE . mPTP R, 5% 6 K 7 HE N 26 b i A 4R
7 6 FE U 55, RSP 35 7¢ 6 5 B (mean fluorescence
intensity, MF1) {5 F#{%. 455 (K15) KB, 534 L,
15578 2H 241 s MFIE B& A%, U mPTP JFji% (P < 0.000 1);
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Figure 4 Inhibitory effects of tilianin on reactive oxygen species
(ROS) release in H9c2 cells injured by Z-VAD-FMK-H/R. Expres-
sion of ROS was detected in H9c2 cells by DCFH-DA fluorescence
probe. n = 3, x = s. #*P < 0.000 1 vs control group; P < 0.05,
P < 0.001, P < 0.000 1 vs model group. MFI: Mean fluores-

cence intensity

SR ZH b, A OR 47 AT {8 H9c2 4 il MFI{E T
1, 22 B mPTP #3843 < 11
6 HEEXTH/R #5589 HIc2 40 A 2% il 4 R BE 3L A9
AL

T VR SRR T B, X 2R R A AT 33E 4T JC-1
FRice JC-1 A& —Ff) vz FH T 40 s 4 8 F Ao (1) 38 AR
PECIREL o 16 LWL IS FL AT 55 R B, JC-1 SR AR TE £ L
PREET 6 BLAL (5 0 3 A2 SOk R e i A7 4
RIS, JC-1 LA AA g1 sUAFAE, A e 58 AR 7E 4R 14 ik I
W, REE LGB N N T . LLEE TR B 5]
FH SR A7 2 R A LA A Ak . 1 6 R I, 5 X IRZH L,
Z-VAD-FMK 5 H/R 5 5 [ A5 784 21 40 Jif 21 ¢4, 5% ot 1) 4
O RS, LR A I LA PR AR (P < 0.000 1); L5 4574
S LE, FH 8] TIOR3 P 98D 41 (8 5 [ SR R L B
A LR R AR B AL T (P < 0.01)

H/R+ Z-VAD-FMK - * *

Tilianin/pg-mL"' ] - 2.5

mPTP

> 5 5 @
e & X

Tilianin/jig-mL "

Figure 5 Effect of tilianin on the opening of mitochondrial per-
meability transition pore (mPTP) in H9c2 cells injured by Z-VAD-
FMK-H/R. The mPTP opening rate was assayed in H9c2 cells by a
kit of mitochondrial permeability transition pore. n = 3, X % s.
##p < 0.000 1 vs control group; *P < 0.01 vs model group
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Figure 6 Effects of tilianin on mitochondrial membrane potential (MMP) in H9c2 cells injured by Z-VAD-FMK-H/R. A: Cell images
stained by the lipophilic cationic probe JC-1. Red signal indicates JC-1 in mitochondria, and green signal indicates cytosolic JC-1. Scale bar:
125 um; B: Quantitative analysis of MMP based on the cell images stained by JC-1. n = 3, X + s. ##P < 0.000 1 vs control group; “P < 0.01,

.

P < 0.000 1 vs model group
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Figure 7 Inhibitory effects of tilianin on tumor necrosis factor-a (TNF-o, A), interleukin-18 (IL-15, B), and interleukin-6 (IL-6, C) in

H9c2 cells injured by Z-VAD-FMK-H/R. The secretion of TNF-¢, IL-1/, and IL-6 in the supernatant of H9c2 cells was measured by ELISA.
n=3,x%s. *P<0.01, *P < 0.001 vs control group; P < 0.05, P < 0.01 vs model group
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Figure 8 The results of molecular docking between tilianin and calmodulin-dependent protein kinase 1l (CaMKI|I)
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Figure 9 Tilianin inhibited the activation of p-CaMKII protein in H9c2 cells injured by Z-VAD-FMK-H/R. A: The expression of CaMKII
and p-CaMKII protein; B: The expression of MLKL and p-MLKL protein. n = 3, X + s. **P < 0.001, **P < 0.000 1 vs control group; "P <
0.05, "P < 0.01, ™P < 0.001, P < 0.000 1 vs model group. CaMKII: Ca?/calmodulin dependent kinase II; MLKL: Mixed lineage kinase

domain-like protein
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