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WE: AW B ARV H 22 AL (effective parts of Dracocephalum moldavica, EPDM) J&8 i 1 i #2 F¢ 14 31
B 388 B ot e 1L P R VA 545 G AR Y B2 4T (human brain microvascular endothelial cells, HBMECs) [ 4# 3 F H
o FHUH] o 72 2 R R & &R AR 1 I 400 il 751) Z-VAD-FMK B¢ & 450 b 3¢ 27 /2 48 (oxygen-glucose deprivation/
re-oxygenation, OGD/R) #5143 it 32 HBMECs #2 5 VESRFEAR Y, DS AU 5 ML PR VB8 2 03 i 2 o 40 i 98 0 % 4 i 2 17
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permeability transition pore, MPTP) FF U1 10t LA J& 2 R A4 JlE Fi. 37 (mitochondrial membrane potential, MMP); BgI %95
W% o Sz 56 A5 0 Fi I8 £ AE K] - (tumor necrosis factor-a, TNF-a) FH 40 ig /2 - lﬂ (interleukin-18, IL-18) A (41l /-6
(interleukin-6, IL-6) B IR l; Fe s BV R VE RS R 7 PE SR JEAH G B Fr ik . 45 LR W, 50 JRZH L, Z-VAD-FMK
1k & OGD/R W] ffi HBMECs % /1 1 [, P2 YRR SE 4 Tt i, LDH B2 U 0, ROS 7 /£ 18 %2, MPTP JT T8, MMP [,
TNF-aIL-18 UL J TL-6 43 WA 388 N, 52 44 #H H./E F 25 19 3 (receptor interacting protein kinase 3, RIP3) £l £k ki {4 22 &
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Abstract: We investigated the ability of Dracocephalum moldavica (EPDM) flavonoids to protect human
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brain microvascular endothelial cells (HBMECs) from necroptosis induced by ischemia-reperfusion injury. To mimic
the process of cerebral ischemia-reperfusion injury, a necroptosis model was established by treatment with the
pan-cysteine aspartic acid protease (caspase) inhibitor Z-VAD-FMK combined with oxygen-glucose deprivation/
re-oxygenation (OGD/R) injury using HBMECs. Cell proliferation and cytotoxicity (cell counting kit-8, CCK-8)
was used to measure cell viability. A Hoechst33342/P1 fluorescent double-staining method was exploited to determine
the rate of cell necroptosis. A commercial kit was used to detect lactate dehydrogenase in the cell culture supernate.
DCFH-DA probes, calcein AM and JC-1 probes were used to measure changes in ROS production, mitochondrial
membrane permeability transformation pore (MPTP) opening and mitochondrial membrane potential (MMP),
respectively. Enzyme-linked immunosorbent assay (ELISA) kits were chosen to detect the release of tumor necrosis
factor-a (TNF-0), interleukin- 15 (IL-15) and interleukin-6 (IL-6). Western blotting was used to detect necroptosis-related
proteins. The results show that relative to control group, Z-VAD-FMK combined with OGD/R injury reduced
cell viability, increased the necroptosis rate and the levels of LDH and ROS in HBMECs. The MPTP of the model
group cells opened and the MMP reduced. TNF-a, IL-1/, and IL-6 levels were significantly elevated. Furthermore,
the expression of receptor-interacting protein kinase 3 (RIP3) and mitochondrial phosphoglycerate mutase 5 (PGAMS)
was significantly increased, accompanied by an increase of phosphorylated mixed-lineage kinase domain-like
protein (p-MLKL)/MLKL. EPDM partially reversed the changes of the above-mentioned factors in HBMECs
induced by Z-VAD-FMK plus OGD/R injury. These results indicate that EPDM may protect HBMECs from
cerebral ischemia-reperfusion injury by inhibiting the RIP3/MLKL/PGAMS pathway and MPTP opening to maintain
mitochondrial function, thereby providing a scientific basis for the use of EPDM in the treatment of cerebral
ischemia-related diseases.
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Tt R S 2 o FL 3 RO R A 40, BRI JI0G S I R V45
5. NI P B2 40 il (human brain microvascular
endothelial cells, HBMECs) A& Ifil fixi 5 [t fr) 3= 2 2H il 3
3, PR R 1 R A A Jo A LR N R i, 3
XA 22 R AR A i i i P RETE B 2 5 8
HBMECs JE 1=, MTT & J5 ML i e B A ] 388 F AR
I, R4 HBMECs % T~ 4E 4 IfiL Jisi 57 B 1) 56 % 1%, 6k 55
I Sk XL P EE VR A A OC EL

FE 7 ME YR FE (necroptosis) M ARIRFEPETI T2, f& —
b DXl TR T R B =R R & AR R H B (cysteine
aspartic acid protease, caspase) K ¥t 14 (1] 41 g FE - 7
o FENUAE N, KAETR T I U8 B8 1) 40 J A3 52 21K
FEAS TR, &5 B A% R P i . 32 AR AH AR
FH & 1 3 (receptor interacting protein kinase 3, RIP3) /&
P2 B PE SR SEH B 1 R 845 5 70 7 RIP3 #4330 T i
Iy FIRE T FR U 45 3FE 2R ) (mixed lineage kinase
domain-like protein, MLKL) Ff 1 B2 1k, 5| & 410 g JiE 58

HNVERIR, X AR R AR ) O B D BRPY . iR b
f) MLKL 3K B0 22 R0 4K 22 20 1R/ 75 2 IR 16 1R I8 5
(phosphoglycerate mutase 5, PGAMS), #E ifij 5 3% 2k ki
A ST 325 1 F AX L (mitochondrial permeability transition
pore, MPTP) JFJi, i 4 K 14 me & QU B i, 4%
BN R A e R A v AR T . B AT R B, R P
VERUH 5 S R4l U BE T 20 50% n] DL i PR B AH O¢ 3
A R S 11 2 BEL BT, 115 29 30% AT #4372 caspase 1 #1) 51
Z-VAD-FMK 1 fi] ", 2 WY IR B0 170 A 4 7 5 B o 75 7
VESUITE) A0 1) 2 AR TR DRI, g/ A i A Y R
T R e 1 R S R R BT 9 I P 45 7 ) — A
HETTIH .

T H = (Dracocephalum moldavica 1.) N % B it
SREANE, 2 RTERE T 2B, ek 24 ) 7 25 O
B et 2 5 A1 SV ASORE iy S I FH i 73w ) 2650 o ) b 70 i
0 O BB R DD R B A G AL (effective
parts of Dracocephalum moldavica, EPDM) & M\ H ==
R A B R A ARG AL, HL S AR U 1)
53.06%, £ B iE 1 o 2 R R -7-0-4-D- 76
B I IR K R 55K -7-0-B-D-71 & BE B IR 1 A&
AR IR-7-0-B-D-H %] B BE 2 1 M 3 3K -7-0-B-D-Hi &
PR RR AT R E A IR . W TR ], EPDM W] A7 R0



W EWIAE: & 25 A BN OGD/R 1547 5 5 K NI P B Al B 3 PR SR BE AR P LA 1F -4

i ke L PR 507 J PR ROREZROBG, DRAP IR 2L 2. AR
A SLESR A TT , EPDM I W] sk 55 45/4% 1 25 3 WO 8
1 ¥4 11 (calcium/calmodulin-dependent protein kinase
11, CaMKIT) 4 5t 14 2R R A 08 T2, £ 47 Ao 2 T2 158 Jit 41
Jil % %% H,0, 75 5 (0 S8 A e 8451 . & 20 PRk
43 FE B AT 445 /) J St L P VA 45 40 KBRS 2R ) fi AR AT
PR, e o 2 28 BRSS! A 22 4R Uy T i
S ) 2P 08 e A A o I e LR K B PR 4 1
W Ak, 55 22 5 w0 A BAS [ 52 B A5 B¢ 8 4
I 38 X fi I P B Y A KRR R DR AR Y. R
52, EPDM I il #2 5 11 I8 56 DR 47 fii ffe 1 P 988 ¥ 453 4
FROAIT 78 1 R I 08 o A SCHU N EPDM 1) il 75 Fe 1
INTE f FE, R 158 e o ke of P8 3 B A ) AR A L
], 35 Jy EPDM 6 97 fixi il 1L P4 A 5% 956 o 412 {1k 52
WA o

MRIEE%
Y 5IRF  EPDM (GHrsE 25t e i A ), 4tk
5 201804); DMEM {5 §i# 15 77 2 . DMEM JG Hf 3 77 2k
52 L3, Gibeo 24 75 0.25% JHG, TRANS A #l; R
RN B B IR, H A =35 A A Z-VAD-FMK,
2 [# Selleck Chem 2 1) ; Hoechst 33342 Al fi 4t 75 g
(propidium iodide, PI), Sigma A 7] ; FLI& i & EF (lactate
dehydrogenase, LDH) #l 5& i 771 & 3% 14 280 I 22 ik 771
T, P AU R TRERTE FE T SDS-PAGE it i
iR G e s 7 1 e e LA M B, FR m R
HEVIFAR AT LR RAR B AL (mitochondrial membrane
potential, MMP) £ Il i ] & (JC-1). RIPA (5i) £ fi#
VR FN 2K B 2L 3% B & (phenylmethyl sulfonyl fluoride,
PMSF). A JHE SR FE IR T o (TNF-or) B3G5 728 W B S 56
(enzyme-linked immunosorbent assay, ELISA) i 77l £ -
A E A/ %-6 (interleukin-6, IL-6) ELISA it 74, Jb 5t &
KEFHEARA A, NEJFE-1p (interleukin-15, IL-15)
ELISAR7I&, B SiHm R E MR R i A BR A ] T
T Tl TR Wl A o 59, U LAY TREE IR A, A
5E =G & L iYL & I marker, Thermo Fisher Pierce 24
"] ; RIP3 $i f& \MLKL $T & . PGAMS $i 1A, Abcam 2
F]; p-MLKL (Ser358) #ii &, Cell Signaling Technology
24w B-actin HLAA L =EH0/N B IgG/BAR B Fr ic — A0
w2 1 TG/ AR B Ar id — 9, h E A2 S A Al
ECL &6, 35 Millipore 4 ]
{88 HERA cell-150i 4f /it 5 7% 48 . Evos FLoid
2 %A% T AE vk (3 [E Thermo Fisher 24 7]); SPARK
% D Re S LA A (Bt L TECAN 2 ] ); 5806 2
5% (Invitrogen /A 7); FUSION FX6 £ Ifj it i 1% & 4¢

(7% E VILBER A 7)); TGL-16K B U AL (351 B A% 92 56
FEAUETT R A WA A, & E KON Uk i (3R
Bio-Rad A ).

) EC 50 mg & H A ZGE AL K A
DMSO % 1 mL, il B o8 50 mg-mL' & =
AL R . 4 10 mg Z-VAD-FMK Jil A 0.427 8 mL
DMSO il 54 FE 9 50 mmol-L Z-VAD-FMK £} .

YHREtEFE HBMECsE:FR T8 10% 64 ML (fetal
bovine serum, FBS) {) DMEM = ¥ 55 7855, & T 37 °C.
5% CO, 4 i 5 77 46 rh 55 7%, 175 40 M ik & FE Ik 3 90% /e
Hi, F0.25% JREGHE AL 5 T 5 2: 585

HRARBUEN RMALRTE ARSI H A URERIE E A
(oxygen-glucose deprivation/re-oxygenation, OGD/R) J5
20 57 i of P v 45 Y . Z-VAD-FMK X &
OGD/R (Z + OGD/R) % 37 i ifiL 7 #E ¥ 453 173 72 /77 14 38
YT . A EBENL S J9X R4 (control)\Z-VAD-FMK +
OGD/R # 4 240 (model). Z-VAD-FMK + OGD/R +
EPDM iX . 7 & 77 & (25250100 pg-mL™") 41 (model +
EPDM). Z-VAD-FMK + OGD/R # %! 4 | 40 pmol-L"
Z-VAD-FMK" i &b BE 41 1 6 h, 4R J5 N\ TG B 8% 5% 2
TN RS 55 R 0 R RI<F 12 h, B E T
WERE IR 5L, NN S RE 7R 35 IR N 5% CO, B 7-f R 4
2 h. EPDM fii &b 2 6 h & 4= T Z-VAD-FMK Tii &b £
Z 5.

HRETESIME R £ A K B ) HBMECs %
5 000 /LM T 96 FLAR o FE4H BRI EE S, A
[F] 94 B2 EPDM A 24 h, Bd% b i “ 40 f A5 28 3 57 )2 oy
Y27 HEAT YN I R R g ST RN 24 Kb TR . SR R B %
To 41 i % BB 240, (blank) 157G 26 % & 2 (control), 15 7Y 512
B i I T BEOL T2 AL A (model). SR 45 R G, Frkg
7% b3, LI 100 pL & CCK-8 ff DMEM 1EH 1 h,
BRI 3E 450 nm BOGEAE (4), T4 A (1) THE4H
f7% 77 (cell viability).

Cell viability (%) =

A

- A
Drug or Model or Model + Drug Blank
x 100 (1)

ACOntrDl - ABlank

Hoechst 33342/P1 W3 & A 40 N 4R R A2 M IR 5
1B B0 H AR K A A M 4% 2 10° AN /ALEEFE T 6 FLAR
TG B e R VR A . SRR 4 TR A,
FF R B R, PBS PR 2 Wk, 43 N 10 pgrmL!
Hoechst 33342 F11 20 pg-mL™ PT 4%, 75 40 i 5 55 44
9% & 20 min, %< % 5 5 B W 22 40 IR, Tmage J 1T 538
LA A LG 5] . Hoechst 33342 5 41 ff #% 7= A= 5 £ s
PLAN B8 Ik 56 % 1A 4 R, oA FL AT 56 8 41 ff i 17
T 2 A% B T A M R T SR S 4 L ER TRk Ok



< 412 - 222224 Acta Pharmaceutica Sinica 2022, 57(2): 409 —418

JIES () SE 4, PLAT A FL 4 B A% Y 017 77 AR 5 AT 68 75 o o
LDHBHERN R KR 2x 10°44L
FEFR T 6 FUAR 1, 20 A U5 B 5 4% 1 IR 5 5 o I A
S S5 R S, HUAH MR R FR MR 35, 1% HE LDH 48 A e il
TR G U0 AT S 20 E o W2 25 2R BL 450 nm &b
1 AfH% N, LDHWGMHE AL ) #AT7iH5H.
Y -1 — Ay ~ Auim y
LDHi M (U-L") = I
b FK FE (0.2 pmol-mL™" ) x 1 000 )

ROSUE H % E AR K B4 i 4% 2 10° 4>/ LBl
T 6 FLAR T, g0 MU BE J5 ik Jr v oy A, S
PER) R B IR EE A 10 pmol- L' 2,7- & AR &
— 4 MR B8 (2, 7-dichlorodihydrofluorescein diacetate,
DCFH-DA). SEIG45 G, B (LA i Js , I 85
FRILK WAL, H1 A M B, 1000 xg B0 5 min I
LY. PBSTRUR 1 IkJE, H %GB bR XA WUR B &
500 nm &5 K 525 nm A I 41 B P 35 56 Ol 5 FE
(mean fluorescence intensity, MFI).

MPTP FAUE RN 5 30E K A i 2> 10°
ANFLEE T 6 FLAR H, 200 Mo s B 5 4 Rk 7 vk oy 2 i
M. SIG A8 S, W BE 20 Al 45 R I 9 A IS B 7R W
&, 1000 xg F I &0 5 ming F L3, M1 mL &
calcein AM Je (3R 5% YA K7 RIS I 9% iR, 37 °C ikt
FEIFE 30 mine ¥ H 5SS, 1000 xg & 2540 5 min; 1
EEARM, N | mL A 22 il B B Lk R 2 R Y
Bl FEINN 400 pL A I 22 2, 7EIOR 3 K 494 nm,
R 517 nm T, FH A0 AT 2 BRI

MMP R Ff xf $02E K A 40 i 44 2x10° /5L 82
BT 6 FLAR 1, 20 RN B 5 4 ik g vk A 4G AR . TR 3
B FREE, PBS VRS LR, IIN G A IC-1 G+t TAEW (1%)
MRS IR 2 mL, T-40HRE 7246 7 5 20 min. W5 H
g JE, W BiE, FHIC-1 Qg i vk ik s, I
o i B 7R R, 9% B B W 22 9T 40 R, Image JHE
MFI,

SEMEE T RERAORN R A K A 2 2% 10°
AL T 6 FLAR H, 20 i U B 5 3 T IR 7y 32 g AL i
B MRS E, WEANAE iS4 FH . #% ELISA 7
U B ATEE. W52, LMK & 100 pL,
37 °CHEF 90 min; 5] £ LA RAE, I 100 uL £ FE AL
FiAk TAEWE, 37 °CIE & 60 min; YEW 3 UG, M 100 pL
fig 45 59 TAFEW, 37 °CH% & 30 min; ¥E¥ S U, TIA
90 pL I LAWK, 37 °CH¥ H 15 min, FRINA 50 uL 211
W, LRI 2 ThREEEARAE 450 nm KA 2 A 15 .

TIZENTE R HAE KA fu 4% 2% 10° N /L Ff
T 6 FLAR F, 4 0 BE 5 3 T IR U5 vk G . i

MEAEH )G, PBS JE V40 M 2 1k, TN 1% 5 (1 W R g
01 41 77 F1 1% PMSF [¥) RIPA (98) 24 i, vk b 24 i
30 min Jii, T4 °C.12 000 r-min™ &> 20 min. & k
7, BCAEAE R, I Ix EFEZ M, &R &
A, 4 WIEAEAE-20 °C. R M FE SR 4 SDS-PAGE i
i Bk G, ¥ 2 PVDF I, FH 5% WAR Wk = 30 7 2 he
TBST ¥ 3 4%, 43 AN LA TBST #% 1:1 000 # F 1)
RIP3 Hi4& .MLKL $i & .p-MLKL #1/& . PGAMS5 44 A1l
p-actinPiik, 4 °CHEE IE B . TBST Peidk 31K, IIAFH N
P07 E 2 h, ECL KGR R, K 2 ThRe g &
SN, Tmage J 70 M7 85 45 I K FEAE

HARAIE  SAUHEEEE L x + s £, AT 3 OBAL
SESG . BdE K GraphPad Prism 7 ZLFEAIE B, 22 41 1a) %
PR BR Z T 22007, N P < 0.05 BB GHHER .

R
EPDM %f HBMECs 1 Z-VAD-FMK + OGD/R 1

151558 HBMECs & 118982

K H CCK-8 far Il 48 L v& 77« CCK-8 #£ HL F %K,
P 1E R AT B 40 fi 4 00 A Hp ) — L i SRR L R
A BSORE € 1) HH BE (formazan) . 2 A 1 B B 22 BB, B
R R, Rk, Ari@E e A i E A . 4
B BN, E 625~ 100 pg-mL" ¥ fF 35 B N, EPDM
X} HBMECs ¥ /176 # fi 521, 1] 200 pg-mL" EPDM M|
{4 s f) 25 T & (1A). BB &5 R R, 5%
HEZHAH L, A58 2 HBMECs ¥7f 77 2 2 P (P < 0.000 1);
SRR ML, b w77 E EPDM A f#f HBMECs i /7 &
FTFE (P <0.000 1), H EPDM & 77 & 41 24 3% 48 i 3%
FIIRE ST LR R R 4L 58 (P < 0.05). X484k IR,
EPDM ¥ 2 ¥ Z-VAD-FMK + OGD/R i 5 [ 48 il 45
14, 55 HBMECs i /7
2 EPDM %t Z-VAD-FMK + OGD/R % 15 1% S i
HBMECs 12 F M 31 58 B 2201

K ] Hoechst 33342/PT X 4 4 v k6 I 40 o 72 /5
PEIRZEAE L . 40 &l 2A P 7, Hoechst 33342 0] 3%
HBMECs [ 41 B #% e i 5 €0, PT ARG FE - PR SR A0 40 A
FR) 4 A G J 4T €8, 40 3 40 i EE 2R By HBMECs ()
FEFHESRAE % . B 2B 45 R, 5 B4 AH B, AN
Z-VAD-FMK [¥] OGD/R 472 7 ¥R FE4H i £ H 520, T
BT Z-VAD-FMK ] OGD/R £H #¢ 7 1 3K 4E 41 o %5 &5
EWZ (P <0.000 1); 5EA AL, EPDM H | & 57
AT PRI HBMECs [N 7 TR BEE (P < 0.05).
3 EPDMX{Z-VAD-FMK + OGD/RIMFESHBMECs
B LDH B E RS2
11 o J 5 R A P R IR R T 1 TR B A ) R AE
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Effective parts of Dracocephalum moldavica (EPDM) on the cell viability of human brain microvascular endothelial cells
(HBMECs) uninduced (A) and induced (B) by Z-VAD-FMK + OGD/R. n = 3, ¥ £ 5. " P < 0.000 1 vs control group; """P < 0.000 1 vs

ARAA

Figure 1

model group; ""P < 0.000 1 vs model + 25 pg-mL" EPDM; °P < 0.05 vs model + 50 ug-mL" EPDM; OGD/R: Oxygen-glucose deprivation/

re-oxygenation

A Z-VAD-FMK - - + * + +
OGD/R - + + + + +
EPDM/pg-mL! 0 0
Hoechst
33342

i --
B 40 —

Merge

Total necroptosis rate/%

Z-VAD-FMK - - + + + +
OGD/R - + + + + +
EPDM/pg-mL-! 0 0 0 25 50 100

Figure 2 Effects of EPDM on the necroptosis in HBMECs induced by Z-VAD-FMK + OGD/R. A: Cell nuclei double-stained by Hoechst

33342/PI, bar: 125 um; B: Total necroptosis rates by Image J based on the cell nuclei images. n = 3, ¥ £ 5. “P < 0.000 1 vs control group;

P <0.01,""P<0.001 vs model; "P < 0.01, P < 0.001 vs model + 25 pg-mL"' EPDM

YW, LDH ZAFTE T MR 1) — P, 76 20 i i 52 A #4316 5 Z-VAD-FMK + OGD/R % 5 [ 41 i F2 ¢
Pk 2 WO . R LDH W 5 350 G A 4 i MEIRAE, ek 59 % 40 i A e B P O AR

B % 1 3F H LDH R i & AT TR) 2 e i 2 B 1) 52 40 4 EPDM X%t Z-VAD-FMK + OGD/R i 515 & 1Y
R w3 pros, 50 REALAE b, #5284 24 LDH 7% HBMECs [ ROS =4 520

P TS (P < 0.000 1); 5 8R4 AH L, EPDM & X H DCFH-DA 1 i 14 S0 Wl ¥R 41, DCFH-DA
7 & 4 LDH 3% 1 & 2 P& K (P < 0.001), 275 EPDM A BKA %, HAHEBEN . DCFH-DA —Hi#EA
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Figure 3  Effects of EPDM on the lactate dehydrogenase

(LDH) activity of HBMECs induced by Z-VAD-FMK + OGD/R.
n=23%xs "™P <0000 1 vs control group; =~ P < 0.001 vs
model group; P < 0.001 vs model + 25 ug'mL" EPDM; °P < 0.05
vs model + 50 ug-mL" EPDM

A, W A0 R K N 2, 7- R AR R (2,7
dichlorodihydrofluorescein, DCFH). 7T i 4 45 A7 7E i,
DCFH nJ i R A A B 237 240 M L Fr) B 4 €5 e )
JR72',7- &K (2',7'-dichlorofluorescein, DCF), H.
DCF % 58 MFL S5 48 ffd 4 ROS 7KV 2 1ELL. Wi E 4
Fiiw, 5 %0 M4 A L, 2L 2 ROS /K 1 & 35 7t &
(P <0.000 1); SR AL, EPDM I H w751 e AR
350 OGD/R 2H ROS /K- 2 FEAIK (P < 0.000 1),

60 000 =
#Hid

40 000 =

MFI

20 000 =

X S
& ¥ » o N
&

EPDM/pg-mL"!
Figure 4 Effects of EPDM on the reactive oxygen species (ROS)
production in HBMECs induced by Z-VAD-FMK + OGD/R. ROS
in HBMECs was detected by DCFH-DA fluorescence probe. n = 3,
X £s. "™ P < 0.000 1 vs control group; " P < 0.000 1 vs model
group; P < 0.05 vs model + 25 ug-mL" EPDM; **P < 0.001 vs
model + 50 pg-mL"' EPDM

5 EPDM Xf Z-VAD-FMK + OGD/R i 15 1% & #9
HBMECs 2 {4 B3 1815 M 5% L 7L FF i 0 =2 i

N T VEA MPTP () FF I8 0, 4% 5258 2K H calcein
AM % YR % bR ic HBMECs, i 7 20 4 it 4SCAs: l) JH
PWIGEEIE . Calcein AM A & 3% % e, #EN 4T 5 7T

5 200 L PN P T K AR, 2B BB A R I E ) AR T R
YLkl 45 3 4k 3R (calcein), 15 4 i 53 60 95 28 0 1R 25 20
PREE LA . CoCl, E AR KT ¥R K M J5 A 1 2 €508 o o
IEH BT, R4 F MPTP /& 5% 11, CoCl, Tt ik ik
N, BRI, MPTP 56 A I 26 R0 0 (1 2 S AN B K . Y
MPTP JF I, 2 R0 AR 2 't K 43 350 40 B 42 3 v K
BRI I, ] P ST 2 9% )l 38 B MFT J e 28 ki 4% MPTP JF i
L. Wil s Fs, S5 IR L, BiA 4 MFI & 2 BF
i, B MPTP 4% JT i (P < 0.000 1); 54 B2 4H L,
EPDM Tl &4 il fi MFUE Ft &1, $&7%, MPTP #3643 %
] (P < 0.000 1),
6 EPDM Xt Z-VAD-FMK + OGDR i 515 S 1
HBMECs MMP #9820

MMP J2& B T 4 R0 A A 7 0 o7+ B G Atk 28 1
AN FR 43 A 35 D, MMP 22 16 5 MPTP 0% U A
Ko AT IF MMP 4k, SR JC-1 %% Y R 41 Arid
HBMECs, J FH % 't . 1ol 53 I 82 40 M 52 e s s o IR
4 il MMP #5551, JC-1 2% JE AR 18 4 b A4 1 B I v, T
FEEE N, PR AL O, 2 MMP BRI, JC-1 LLER
WRTEAFTE, N RE T RRARFET b, 7= AR 7R
Fo LLEERU AN LA 1 FH >R MMP 7354k, 2
Bl 6 Fiw, 50T IR AR b, 15 1Y 20 S €076 e 3 ik, 41 %
¢ e AR X EE AR BE A, MMP F£{ (P < 0.000 1); 5
ZAH LG, EPDM 1 | &1 77 & TIUOR 47 ] % €8 2 O 1
P, A2k 5 A X T AR IZ T T =, MMIP 7R 14 i T
B (P <0.0001).
7 EPDM X} Z-VAD-FMK + OGD/R 1% 15 % &
HBMECs %M EF R = /5200

K FH ELISA 055 & A6 46 1 ] 7 TNF-a . IL-18 F1
IL-6 BERUIE L. Wl 7 Fros, 5% B AH L, BE8Y 20
TNF-a. IL-18 1 IL-6 B¢ & B % (P < 0.01); 51
Y2 AH B, EPDM =R B 45 24 2H W] {8 TNF-o B 58U 2
2 PEA%; EPDMAIR S H Ry A BE 45 25 35 TL-18 R T
32 35 A, EPDMIK 1y 94K B2 25 24 20 D)4 TL-6 i i\
FEAG. EiR4E BiER, Z-VAD-FMK + OGD/R 5| %
() £ B R 3 M SR BE R 5§ HBMECs & 4= 48 0E I, T
EPDM HJ #4448 i 2
8 EPDM X} Z-VAD-FMK + OGD/R 1 15 1% &
HBMECs 2 M IRE X ERRENF M

WE 8 Fiar, 5%t FRAL AR LL, #AL4H RIP3 (P < 0.05)
1 PGAMS (P < 0.01) & H/KF &% F &, p-MLKL/
MLKL FELAE IR B 2 THE (P < 0.001); SHEAIAIMILE, =ik
% EPDM H] ffi HBMECs 4 RIP3 (P < 0.01) A1 PGAMS5
(P <0.01) HARIELZE K, p-MLKL/MLKL LA 7R &
FHIK (P < 0.05).
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Figure 5 Effects of EPDM on mitochondrial permeability transition pore (MPTP) in HBMECs induced by Z-VAD-FMK + OGD/R.
A: Control group; B: Model group; C: Model + 25 ug-mL" EPDM; D: Model + 50 pg-mL" EPDM; E: Model + 100 ng-mL" EPDM;

F: MFI percentages of A to E groups. n =3, x + 5. P < 0.000 1 vs control group; P < 0.000 1 vs model group
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Figure 6 Effects of EPDM on mitochondrial membrane potential (MMP) in HBMECs induced by Z-VAD-FMK + OGD/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. Bar: 125 um;

B: Quantitative analysis of MMP based on the MFI ratio of red to green. n =3, x 5. P < 0.000 1 vs control group; ~"P < 0.000 1 vs model
group; P < 0.000 1 vs model + 25 ug-mL"' EPDM
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Figure 8 Effects of EPDM on the expression of necroptosis-related proteins in HBMEC induced by Z-VAD-FMK + OGD/R. A:

Representative images of protein expression; B: The expression of receptor interacting protein kinase 3 (RIP3) protein relative to f-actin; C:
The expression of phospho-mixed lineage kinase domain-like protein (p-MLKL) relative to MLKL; D: The relative expression of
phosphoglycerate mutase 5 (PGAMS) relative to f-actin. n = 3, X = 5. "P < 0.05, P < 0.01, P < 0.001 vs control group; ‘P < 0.05,

“P <0.01 vs model group
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