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JeAk SR BT EE 24 W) /K 8% 2R (hirudin) EEHEFE IR (linoleic acid, LA) 75240 &E H AR 570 Wil iR -/K 15
2 (LA-hirudin, LH) ; Jil i £LAMGHE AXRESET-BOS TG iU 7= W AT 45 A R AE o SR IR0 Hick
KRR -FIR _ 44 R E BRI FUA (hiradin-OVE liposome, HOL) , 5k FIVOGRLEE AL ( DLS ) FliZ 5t i, 1
B (TEM) 48 5 X iR BUA AT FRAE . 2630/ BURK R4S P B2 41 M ( mouse brain-derived endothelial
cells, bEnd3) F1 A& ik 9 2 40 12 ( human umbilical vein endothelial cells, HUVEC) #1740 i 5256,
i ELISA 5 55 8 A0 A A S 20 B 48 i P F TNF-o0 IL-6 i TL-18 7K, DATEHY B BT X 4 o 48 4k 1 3 Fn
RAEIKT- I o R FHAH M 20250 ( CCK-8 ) FZH A AN 52 55 ( Edu ) 25 5205 B4 ) 40 i i 5 Fig
3G FEIE BLA e BN B4 I, 5 28 i A BR BRI BLBEVE T . &5 BmEas SRR W & i T
OVE, ZL A 11 45 SR 2 7Kg 2R M B i B G A5 B IMBR- /K U8 3R o 375 S i B RSOk B A 45 SRk
B it 5 W i BT KON 2R BR0E , HORLAR 3 45 5) P RiA2 S 161 nm, A0 S250 LW, I8 B IR RE A2 2
AW AR AN M S Wb it S A S R AE IR -, B B R B AL B R ME T (P<0.05) o 20 3145 52 56 A
240 B ARSI S5 30 45 SRR W] PR I A R 6% 4100 T 0 3 S50 240 B Ak L a2 b L G2 i LIPS BT | S ) A4 i 3
FEAH] (P<0.01) . FHESLmEs KR, I8 B RERS W3 M CaCl, 753 M BEIML [V (P<0.01) o 85

FTYEA R E SN G Gt A EE BRI R OVE - LASTEEZG Y1 /K 2 3R M OVE il %5 OVE Hii&ENE BT
PR (HOL) iz g BoATE A0 M2 1 FHA REFIPTEL BTRECR JFRA B & HTEHEN .
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Construction of hydrogen peroxide-scavenging liposomes based on vitamin E and

evaluation of its in vitro anticoagulant effect
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[ Abstract | Objective  To construct vitamin E ( tocopherol, VE)-based liposomes with both
hydrogen peroxide-scavenging function and anticoagulant effect, and explore whether they can be used to treat
acute ischemic stroke and then evaluate their in vitro anticoagulant effect. Methods Two molecules of VE
were chemically bonded through peroxalate bond to obtain oxalate vitamin E (OVE). The anticoagulant unit

LA-Hirudin was obtained by amidation reaction by connecting the anticoagulant drug hirudin to linoleic acid
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(LA). The structures of the synthesized products were characterized by using H nuclear magnetic resonance
('"HNMR) and FT-IR spectra. Hirudin-Oxalic acid divitamin E ester liposome ( HOL) was prepared by thin
film dispersion and characterized with dynamic light scattering ( DLS) and transmission electron microscopy
(TEM ). Mouse brain-derived endothelial cells ( bEnd3) and human umbilical vein endothelial cells
(HUVEC) were applied as the object of cell experiments. The levels of H,0,, and cellular inflammatory
factors TNF-a, IL-6 and IL-1B were determined by ELISA to evaluate the effect of the liposomes on the
severity of cellular inflammation. Cell counting kit-8 ( CCK-8) assay and cell proliferation assay (5-Ethynyl-
2'-deoxyuridine, Edu) were used to detect the effects of the liposomes on cell count and proliferation. The
"HNMR
spectrum showed that OVE was successfully synthesized, and the FT-IR spectrum displayed that hirudin and
linoleic acid were successfully bonded to obtain LA-Hirudin. The results of DLS and TEM indicated that the

prepared liposomes were spheroids, in uniform distribution, with an average particle size of 161 nm. The cell

anticoagulant effect of the prepared liposomes was detected by using whole blood of mice. Results

experiments showed that the liposomes significantly inhibited the secretion of H,0, and inflammatory factors,
and exerted obvious antioxidant and anti-inflammatory effects in the model cells ( P<0.05). CCK-8 assay and
Edu proliferation assay proved that the liposomes suppressed the decreased cell count and alleviated the
inhibited cell proliferation caused by LPS (P<0.01). Anticoagulation experiment revealed that the liposomes
had significant inhibitory effect of CaCl,-induced coagulation reaction (P<0.01). Conclusion A hydrogen
peroxide-scavenging function material, OVE is synthesized, and then anticoagulant drug hirudin and OVE are

used to prepare OVE thrombolytic liposomes, HOL. The liposomes have antioxidant and anti-inflammatory
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effects at the cellular level and also have significant anticoagulant effect.

[ Key words |

hydrogen peroxide scavenging; liposome; anti-inflammatory and antioxidant;

anticoagulant effect; oxalate vitamin E; hirudin

Supported by the National Natural Science Foundation for Young Scholars of China (82301516). Corresponding author; ZHOU Zhenhua, E-mail; zhouzhenhua@

tmmu. edu. cn

PR LR 2 s f LA 2 P TR R T B
FEGEBOR R E B TR S R G K
22 B M A o e T a0 RE ZE AR L, M
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R FEGTEERICR . H KR RAEA N 12 2 1, X ™
R T KR R R BT BERCR T N T IR B
TR RIME , 4 T SRl S it i M A vp R AR R R A
H Y SCBREAE T LA R IR T B 11 3 4P & o 7 1, AR O
RUGTHIF L TR T4 R ECEFE, VE) IWEA
AACETE BRI B FERR TR B VE T PR —4EE R E
Mg (oxalate vitamin E,OVE) , §7EM|F OVE, SRV iHER
KR R 7 A AL EUE B OVE HBERR T
1A (hirudin-OVE liposome, HOL) , D444 gt —Fh Bk HE 52
IR A S B, SORT DL BT BEVE T 0 i o
A, Ry PR P A B A F5 e SR B e 4

1 HH5H®

L1 XA 5ME

Jo7K N, N-—"H FLH ki (N, N-dimethylformamide
DMF) . TGk — & W &% ( dichloromethane, DCM) . JG/K —.
FIEEME AR ( DMSO ) | HT | N-8 3 T — it 7 Jie ( N-
hydroxysuccinimide, NHS) | 1-(3-— F KL & FL N 3L ) -3-
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IR — W% ( 1-( 3-dimethylaminopropyl ) -3-ethylcar-
bodiimide, EDC ), 4-— H 41 3 0t B¢ ( 4-dimethyla-
minopyridine, DMAP ) i1 4", 6- "k FE-2-A FL M|k (4
6-diamidino-2-phenylindole, DAPI) Ilj H & Sigma-
Aldrich 2 %] 51, 2- Kt ft-rac-H i -3-BEER IHAL (1, 2-
dipalmitoyl-rac-glycero-3-phosphocholine, DPPC) | JH
it ( cholesterol, CHOL). — B N 3 & # (N, N-
diisopropylethylamine, DIPEA ) | o-4: & W} ( vitamin,
VE) R LA SO iR W B 22 [F aladdin 23 7] ; 7K 8%
R E PR R A A 5 ORI I B AR
T A R R IR AL R E £ B T LR
{ 1, 2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[ methoxy ( polyethylene glycol )-2000 ], DSPE-PEG-
20001 1t A Fiyf: Corden Pharma; Jo/K S ALEKIE A i
Z TEMA ] ELISA 387 & ) B 25 [F Proteintech Group
YNCIRSURE =R ae=k salllbn Wil ko ()= B By e 90 et 7/ MR )
5% I ; BeyoClick ™EdU 21y 58 17 £ ( & Alexa Fluor
488) F1 BCA #H 1 &l E 0 & B BigE = KA
PARARAF  HHER BER R JRF IS (FBS) fls
BB (DMEM) g F S [H Gibeo 23 7] 5 A B ik A
B 0 B A0S U G A PN B A 0 e R e 0 N )
AL I A2 48 21 50 O 1% A ( Spectrum 100) 1y H 3£ [
PerkinElmer 2y ) 5 3 5667 B X ( MALVERN ZEN3690)
W A if 2= Malvern 23 7] 5 i 5 i, 7~ 43452 ( TECNAL 10)
W B fef == Philips 2% w5 i 73 9 B 1 AR 1 3L R X
(Agilent DD2) Ity 5 3£ [E Agilent A F]

1.2 Fik

L2010 G 4840 S0H BR YA B & S AL %
860 mg(2.0 mmol) a-AFHy.1 293 mg( 10 mmol ) 2§
257 DIPEA A BB A, IFIA 10 mL DCM, $5 z
PIE T oK b AW, Z21% 1 A GEBES 127 mg
(1.0 mmol) o FERTIRI THFE 4~6 h, HIWZE (1%
I S N AR, RN S8 S, TE RBAR & Hom A
1 mL S, S WA K o filf AT 2 R ASUE 2 bR 5 A
BLEHI S, F DCM AL WA o H AT A A AL
D8 ICK MgSO, T4 1 h, LLIECH/ SR &
P (20 1) SRR , R FH A AT 2 47 2 B KL ™ 4y, B
R ORMPIRIE IR OVE . SR & 20 B g 3
PR (PC NMR, "H NMR) U LLAR G35 (FT-IR) X
JT £ BRI S5 R A T RAE

1.2.2 $HLEEH I G M-S RAE PR B il R
(196 mg) , $ H A f# T 10 mL DMF r, fif A 78 mg
NHS 150 mg EDC #/1 25 mg DMAP ¥R EWERE T
i, BRI FE O 3 he BEJSFRIK 311 mg

JKEEZ HHVE T 25 mL DMF oK ig 2 mA ik
BREWERT . AR TR 24 h LB oK
TN 72 h, VR T RISl FR-/K I 28 . M BHI AL
F IR E S LU IS X BB S i T T 3%
fiEo KIERE—FE A TTZ AR, KR ] BCA 3
D B AR K R ) & it o R IR SRV VRV B L
% 0. 50 mg/mL, 4% i BCA 2551 & A I 5] , 38 4ok
RN 562 nm Ab Y 5025 BE B 2 1 SO B, ISR
AR A KR 2R A i

1.2.3 o AL EIEBRYE OVE HUsERg o 14 m il # K
FRAE R PR ZE A sl A B A, i an T K5
FRIC 10 mg EfE (DPPC) (1 mg IH [ FE (CHOL) (2 mg
OVE 2.4 mg #4519 DSPE-PEG-2000 [ 2 2. 6 mg V.
THER-ZKIEZR KR AW E T RO, A =5 H e
LAV A o BB 5K S N L T e 78 R AN g7
PABR 5 A ML, o R s 23y &) R by 1R <™
Ao TR NVAR Z27E SN R 3 51 R L A i
LB FIK. ARG TEIEIRRE T 5 H s L X SO N 254
HATAKAL . KK G WK 29 15 min, JK_F##1T
PRET B 2 min (AR EE 40 W aIFE 1 s) 15593
WED A A R ife— DR AR AR A . Jo S0k g iR & T
i LA 3 500 v/min 2.0 5 min, 2RI A 4
(%) OVE HrEEAR iR (HOL) o A FH A B2 AR I fig
JE A BPRLAR KN DRLAR 3 A A T LAY, R 3 S HL B
WEZ R BRI B3

1.2.4 BRI AP

1.2.4. 1 JIRBRIAZEM LPS RIS | ) 200 138 i 70
[0S & S WA s i D& 1) U (PSR 2O e S

& A 10% (v/v) G4 13 . 100 U/mL ¥ 2 2 Fl
100 g/ m BE% 2R 1Y oM B 77 AL 1 R 40 0, B4 25 1
N 5%C0, 37 C,

HUICH 96 FLAR, TAL A A 100 L &b e 43 57
Sk ¥ REFRR HUVEC £ 96 LAk, 40 i %5 15
FEAL 1X10" A2 5 597 75 2o 0 A0 B U R, XoF A 4 40
A 52 4 Hs F2 3L A0 14 by R0 760 4 20 it ) 52 4 1 5
FEALTH 2 h 5, 0 100 ng/mL LPS ZbF 12 h; H4 4%
o A TR ) Bk #E &R (0, 1,5,10, 20,
40 wmol/L) FALFE 2 h J5 , FEANAFAER &Y LPS, R
F CCK-8 127 & e AMITE 7 o J3 b, W R FIRE YA
e BR R SC Iy SR AL B A A 21 oy S PR R —
H: K E g8 Fi 1A (oxalate vitamin E liposome, OVL) 7K
I Z B HOLOKEE B 20 wmol/L) FIALBE 2 h, FF
IS5 LPS, SR 5 T CCK-8 YA & 4t M1 7

WD B T Ik DA B 40 A0 /) B G A2 L 38 PN B
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AR SRR T 12 LB, 37 CIFE . BG4
2 R EORE [R) ¥ b 5 3K (K B8 29 22l 20 pumol/L)
i Edu Je a0 G025 AL M i A7 e, Ge il
WG YRR R, Z R B, DAPL 4L 7 )5
i IO I R AW IR, Zen B0 B KR . E 1T
PECIEMG T 5245 21 A L g 38 BE 7K o
1.2.4.2  JRBURRIHT R ZCR B 12 fLtk, B
FUIA 1 mL Sh e i e 5L, AJBF T Ik N e 40 i
PR T 12 FUMCP AN B R AL 1x10° A2,
BB, 6 BRZH A 58 45 IR R 14 h BRI 4
M58 2GR HEMEE 2 h, 85 A 100 ng/mL LPS 3t
[FBEE 12 hs 53 4h 3 20 40 M 43 ) 1 OVL /K % 3K 5%
HOL(7K#E Z W E 0 20 pmol/L) Tiikb 3 2 h, SR 5 iInA
100 ng/mL LPS SL[A]5EE 12 h, R i A S A ik
FR) ARSI 20 e 3 W A A =K P, SR A ELISA 325
ARSI - 3 VR R RSB R TNF-ou (IL-6 DL S
IL-1B 7K
1.2.4.3 g B 40 BE 550U R ¥ 100 L PBS,
OVE figfifk /K ig R JE & HOL( LA 4 mg/mL 7K i%
FOEHR) A 24 fLESSRILp, 12 37 CAE h i &
5 min, PBS BUM/ERXTIR, SRJG 2 MA 300 wL 4
WAIR B0 T Bk AL 3 2k ) 4, B S A S50 pl
0.2 mol/L CaCl, ¥k . % FRIEGWAE 37 CTIEE
5 min, RIF, ERFRILAY /ML A 15 mL 5+
7K, 37 CHFEFEH 30 v/min $£57 10 min, [M#EERZ AN
CLHMITE B R R AR IS . 78 541 nm LE
FE T ML SR BE o MR IR EN P EE AL BT
EMAELEBEFKPRDOLERE = e &a, RIEUT
3T BE A5 % (BCT) o BE I 45 %0 = (FF 6%
&)/ (A FHGHE R ) x100%
1.2.4.4  JRBURI RS E PE & 2 PE 2 AT
W5 A HOL B g 57 (4% J52 v 43 51 ] A8 B 6 7K
PBS IR S f5 e, &1 4 CukFah Rl 3+
%12345.6.7.8.9.10,11,12,13 14 KEH 5
AT AT PO BE SR R A28 K/ NI R THT LA
DA I 45 il ] 25 M Jo AR I ) A T3 A

UG 96 LAk, FRLINA 100 L mffl o8 235 5%
FE o FEEFR HUVEC 42280 T 96 fLAR  , 4 %% FE
BEFL 1x 10* A4 5 05 75 20 0 15 200 i WG B 45 40 i 4
2, A AMA A F & (2.5,10,20,50 125,250,500,
1 000 pg/mL) i HOL, X B 25 A {0 FH 3 i o¢ 4 45 5%
FEALFA AN, FE 24 h 5, SR CCK-8 o5 &
25 2H 240 B A LS T
1.3 Git oM

Blla L) xxs 27, R SPSS 20. 0 GE it 4 Fidk A7)

Hro A AR LIRS oA (RS 3T 24110 2%
S USRI R 3R T7 220007 . KK ifE «=0. 05,

2 R

2.1 SRACEF R R R A

TEZRIRF DIPEA fERR , W4 74 8 Bl i w0 iR
TR A BUXT PR A5 H 1 H ARk &4 OVE (] 1A)
SRR 81. 3% , kEJ2 BT B 1) = Py gl Ak Js it
TS B 25 3 7, OVE il 4l i 24y 95. 53%,
W = B RE ATr, BARME G Y OVE By F i
914. 74 IR hy 915. 74, FF 5 I FIEFFIE (&1 1B) .
WAt OVE (% 40 5%F 3 B 9 m/z: 914. 74 (100. 0%) .
915.74(66.3%) .916. 74 (22. 1%) 917. 75 (4. 6%) .
918.75(1.0%) ; &4y B Buis B 45 R AT & sk &4
WY FRE oA A, 256w o PRSI (8, F — 20 RAE
OVE Wzt ik Sk i o Wl =00 1B b B A i #14
LW OVE ALY & (8 1C) o BEREikig 45
R (E1D) 8 157 AbiY a A5 OVE fLE W R
P B s 1) 0 o7 ', AR 1) HH S Lt Tl 2 OVE 1)
ZERAFAE, XSS T OVE vy 5L I 58 %) 25 5, 3% W
OVE M45K) IF i, VE 1 OVE fI2L4M G B (&
1E) ,OVE fii F 1 750 em™" b H BB FE A M A e, 5[]
FERE T 2o S R 15 5 1) 2E B BR L LA S, OVE HiAth
FLE T VE JEAR—30; fy it m] LUK OVE (19 182
Bl
2.2 REBFTE LSRG AL

7£ EDC F1 NHS (9 /E R, V. 7 9% 8 Ao 1 fre ik 3%
KRR A N H bRk &9 il ER-K g R (K 2A) 51%
SN IR 69. 1%, 1%k S35 i 45 SR = W] B br
GG (B 2B) o S5 G mEEas , #F—3R
fIE T V.38 BR-/K 0 2 L0 MBS . £ AN TSI (
2C) TR FES A IMERTE 1 710 em™ A C=0 (1
PLARHR Bh 0 5 Uiz S /K I 2 AE 3 190 em™ 45 -OH fiy fif
A5 YRS, 16 2 936 em™ HEL T -CH, 2 —CH, {4
PRahig, [FAF 1670 em™ AbH LT RERH C=0 K fi
PR Bl ; WA AR - /K AR ZAE 3 190 em™ I BL-OH FI{h 45
PRahig 75 3 010 em™ AbF = C—H ({45 i s, 1
2928 em™ 4 B - CH, 5 - CH, ¥ i 4i ¥ 5l W&, #¢
1710 em™" HBUFEEHEE P C=0 AR MRS IE, XIE
K I 2R ) 142 4 1) I R b, A4 R & L. BCA
HEE S REH] (8 2D) 18 0. 50 mg/mL ¥ 5 )5
JARTE W, K IE R W R (0. 056£0. 005) mg/mL, JA
A5 2 R K IR R A 7R (11.27£1.06) %,
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Oxalyl chloride

DIPEA, CH,CL,

VE

HA-OVE-04 #3995 RT: 9.21 AV: 1 NL: 1.87E7
T: FTMS + p ESI Full ms [200.0000-1250.0000]
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O~ OH
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AR EERIE LGRS *ER;B: bR -KIE R EREAER ;C. Bk KIEE AR LR -KE LW
29 HGEE ;D BCA 2B OREZ SN T HE

B2 TSRk ER N R AR E R R
2.3 RACAFERE OVE B RRE B GRS Zidy. BT BLTR (18 3B) RUIIR A #92), H

WO B A5 0 (1] 3A) R, PRl & it AU ERIE
PRE)FERLAE N 161 nm , K253 A #45), L2 -30 mV
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2.4 PERARLE FE LPS RIS T 5] AL 6 20 R G 75 37 )

12 ] CCK-8 TEM /K i 2% %o 4 Jfd F4 {2 B4 58 35 e, &
BUAHXT T 40 pumol/L [ /K8 2, ¥R A 20 pumol/L
K 3R B 2k B 245 1 A0 e KR, B8 71 i 9 F R
ks m 25k (B 4A) o Rtk A 20 pmol/L 7K
RN NG L i W . b5 iz CCK-8 PEfy
THE AT 4 fL gk B 52 m (& 4B) , kB OVL
(P=0.011) FyiFEg i 7Kig 2 (P=0.022) fH L, HOL %}
SAEA T AN HLE 8D A S g (R B0 SR

iz FH Edu Yo €243 571 K60 /) BRURG o 10 457 P9 Bz 40 i
NG S8 ) ) DR Ry R WS DO GEAER = i
2 41 6 34 B S e B o] 5 SRR A B TR AL A0 i
B TEPE R S0, 5 HOL i 37F 20 B35 ik AR i 3%
T OVL FliE 25K g R (& 5) o
2.5 RRFAREIR K JE B K F

SR FH 3 S A S T3 7] G A 20 i VG 4R
FUKF- (B 6A) , HOL fE B 5 1% 40 it ok S8 Ak &0 7K
- SRR AH B, HOL 21 1 48 Ak 0 18 7K SF A X g ARG

15 1

50% L) F.(P<0.01), & ELISA &7 & 46 4 i [H
F(TNF-o TL-6 \IL-18 ) /K- (&l 6B~ D) , 15 51 2H 4 Jfg
I T SRE R KT B S T, OVIL i 2 /K 8 2R LA
J HOL ZH 2087 9 4 P F- /K- 25 B g B A1, H. HOL
PRI SAE B 238 7K P 1 /E T S B &2 (P<0. 01)
DA ESAER  HOL 1A i 25 AT AR B T BT R R
2.6 g F kA ] f RS

Prsbim L5 45 R (K 7A) Bor, 5 PBS AL,
OVL Jif kg K L & HOL ¢ #4seg il | CaCl, 5%
AN SN, H HOL AT BERCR S W ko 258+
JKPRIIE 0 1218 6% 45 2 A9 BCT 5 %5 (&
7B) b R, A EL T PBS 4, HOL 4 BCI BH 38 i ( P<
0.01) . UEH] HOL (BT e R B N B .
2.7 RRRUAR 0GR R G A TR

SR FHEOERE BE AR I HOL A B ] 47 5 Ay At 1k
R ING B AR AR BRER K A PBS W 14 d N kL AR
KANFIHLA I AT BB AR ([ 8) o WIZ5IEBH Jr il 4%
R B XS R , AT I (B A7 O T J5 22 S 3ot

A:OVE Ji§ i 4k (HOL) #9 4242 547 ; B HOL #4935 44 & Bp L 5%

3 OVE fERfk (HOL) K RAE

61
3_
0_
10! 10? 10°
B A% mm A
120 -
80 a 2
=
'
2
F 401
0-

PHRAL BORZ] ] 5 10 20 40
TR 2K 4H/(pmol/L)

A

120 1

AL 1%
=

IS
o
1

0 -
XTHEAL B OVL 4L /KEEZR4 HOLYL B

a: P<0.01, 548 41 k45 ;b: P<0.05,5 OVL /K¥E & b4k
A CCK-8 4 R ) 3 B 64 K& & 3t 2m L7 7y 69 %5 71 ;B . CCK-8 4| R 7] 25 # 4k 22 % 4m 6L 7 7 69 % v

4 BEREIHAETE BRI (n=5)



http ://aammt. tmmu. edu. cn i 2 e R 2244, 2024 ,46(21)

100 pm 100 pm 100 pm

OVL 2 IKIEZR A HOL 41

100 um 100 um 100 pm

100.,um
—

A:Edu 2 &R E) 25 4 aF AT N K BB 20 M 09 %A B Edu 3 & LR ) 25 4 3 s 4 e ) R 4w e
¥ E A YR

B S Bt RERRE T VERAE Bk 3t AR &8k ) 5 28 R0 AR i & P9 B2 4B R SR i M B 20 (n=3)




2482 Pl ZEZE R K224k, 2024 ,46(21) http ://aammt. tmmu. edu. cn

6+ 600 -
S
o —~
% 4+ £ 400 4
i e
= a =
I 3
) a <3
%;J 21 a abd E 200 4 2 .
= abd
< a
YIHRZH BURIZH OVLZH KIEZE4] HOLZ4L A XTI BOWZH OVLZH /KiEZEA HOL4L B
800 - 300 -
6004 ~
= £ 200 a
£ =
2 400 = ac
g Q
2 a I
= = 100
- a
200 ab abd
a a

XPHEL] BRI OVL AL /KigEz4] HOL4l C MR BOR4] OVL Y] AKiEZE4] HOL4L D

a: P<0.01, 582864 ; b: P<0.01,c;: P<0.05,5 OVL Z03t4; d: P<0.05,5 KIEF 5K
A mfadE i EiE i RACE AR T B~ D gk £ TNF-o | IL-6 #w IL-18 &%

6 BE B0 I 48 R AE K F A R U BB AKF (n=5)

ozl OVL IKIEZRA HOL 2 150 1
. e
: N
| £ 1001 a  a
¥ 501
T8 b
3 4 A AN R R
N C§v ¥§;% QSV

a: P<0.05,15 PBS 2114k
A Hustf e s B B-20 49 BCL 35 4

B7 REBEHIHEERIR (n=3)

2107 o4 oLk 401
- 4 CPBS
~30 1
£ 180+ z
NG & I
i}‘; E _20- -o- 4 TEEIEEJJ(
kS E -= 4 “CPBS
& 150 1 I
~104
120 T Ll 1 T L 1
0 5 10 15 0 5 10 15
A/ M al/d B

=

AR TA B B AR T AL

B8 OVE figfi{k HOL MiSEMEER (n=3)



http ://aammt. tmmu. edu. cn

Rl 542 8 Kool , 2024,46(21) 2483

iz CCK-8 PEHi g A x4 i i 7 14, & Bk i
N 250 pg/mL IR BRI S AL 7 24 b AR
BT 90% . BRI R BT Bk B ik 1 000 wg/mL, 41
M52 W0 E 24 h Z )5, AT AT 80% (181 9) o
I T 205 1 w5 IR B BAT RAF i A=) 2 4
(EIDRGE R DR L N R A3 T

1204
100

80

ANAF 5%
3

40
204
0_
0 2 5 10 20 50 125 250 500 1000
W B/ (ug/mlL)
B9 BEREMNZEETFMN(n=3)
3 itig

VR, 108 M0 A B, Wi PR b 5 2R FH BL I A 24
Yy Ny TR L BT R 25 SRR T T e X
SeZ ) HA R N s B0 A AR E TR 2E R
JFRCRAT LA B 1) 2 S e o PR 68 R 5
HERY i 2 R GUR R 25 WL E AN 2 B TR —Fif 7 I
R IR M o SR, BRAT 1Y) 3 24 2R G BT AR X A
2% A A Ry, B 1) R R B ey, HL AR R i 2
RN T FLI R A O MEE ™ R T ST b
A, AT — R A AL Ty R A A Ay LA [ s
15 (R 245 R G0 TR YT IR B o

LA R P AP 5 e S TP R 24 W A 0
TEMUARTE G e, i AL A5 MR AL,
i RE AR A B4 L/ AR AT A AL, i — AP fle
IATERL " % T e S S i R T A 1
e ABEEE T 3T 4R R E Rl S RIS PR
FHREE OVE, S 7GR b i T BE 25 Mk g %, 36
TR PRI B i 7 1 o SR AL S BRAE DTSRRI i
258y R BUATE MU TR Hh A SR S 17 P
RS2, B R R HE TR, OVE JK iy VE KRS R4
AP 5 TR 0 i A 670 280 ) 7K ot 3 7 M A A5 2 4 L
PUBEAFE T 3 A Bip R4 AT RE S AR BRI LA
AL . 5 EA MR , AT SE T KR R R R
AR E R TR BRI IR AR SO . %
i A 5 FRT 2R, HUBEAE P AR, ELAR O BT S A0 4544

Hoilm R s it 7 n REPE

OVE il 5 Bufg B4, i 1 S AL K VE, OVE
AT LMESN VE M52, BB AE ST R U A AER, A
o T — 20 M A 5 JHOGF 8 i 1 A8 A 0 ORE DB 3
ST UIRE s X iz DA 0 i PR AL B AL T 58 ) R 1)
] o[RBT, 48 B LA B, ARSI TR R B
DSPE-PEG, T — 528 n] LA X%t DSPE-PEG E47 # [5]
FITEM, WM ARG Bk 5| A F s B0, S g
JoT AT A 7 ) 32 S B8 [, i — 2D PR e DR B A B iR
SRR o ST AR I 2H B 43, 38 W] DA 3 % T A A
()77 AERR BUAR R 1 5 AR R i SE AT Il e =22
FH 2T 2T 2 B 3 LA B I /DN S5 A4 R [T o A4 T B
VAL W S M0 A8 PN B A0, PN BT T D 2 R 5 L/ MR T
TE B 1 3ok R R I/ RO 5 55 40, IR R 2 5
I IR | e 2E fe SR 21 2 3 1 Y A Ao It A ) 2 B
UL S5 AT S R4 TR R AR R B AT T4 11
EZ SR A=W 1 11 o0 € 708 A S 20 R e
Tty EF4EEE S5 DL S rb PR 4 i S T LAAE D I
PRI BT BR A L 1Y A AR , X 48 51 3R AT 5 42
BT 22 DR 0] 25 90, DT 1 — 20 SR s R
253k . AN X B ARG Y T R -/K 08 R 1 24
FRAEA R FRAT G ST TR N4 5 A, IR AR XS
IR GO 5 11 5 M I 5 08 A RRR 1), DA B n o] ik — 25
W05 PR O A A P R ol L A HE BRI A T I 7™ A A 1) 4
B X HES R G S S . BEE AR AR 245 3 3%
5 PR PR R L RO LA 59 9 HTL ) P A DRI R AHR
5%, AR RE A S IR TR 25 Wk s 9z
FHT AR IR 7 H o

SE

[1] CAMPBELL B CV, DE SILVA D A, MACLEOD M R,
et al. Ischaemic stroke[J]. Nat Rev Dis Primers, 2019, 5
(1):70. DOI; 10. 1038/s41572-019-0118-8.

[2] WINSTEIN C J, STEIN J, ARENA R, et al. Guidelines for
adult stroke rehabilitation and recovery: a guideline for
healthcare professionals from the American Heart Association/
American Stroke Association[ J]. Stroke, 2016, 47(6) : e98—
el69. DOI:; 10. 1161/STR. 0000000000000098.

[3] SALEHI OMRAN S, HARTMAN A, ZAKAI N A, et al.
Thrombophilia testing after ischemic stroke: why, when, and
what? [J]. Stroke, 2021, 52(5): 1874-1884. DOI. 10.
1161/STROKEAHA. 120. 032360.

[4] MEINEL TR, WILSON D,
Intravenous thrombolysis in patients with ischemic stroke and

JAMA

et al.

GENSICKE H,

recent ingestion of direct oral anticoagulants [ J].



2484

Bl 4222 R K24, 202446 (21)

http : //aammt. tmmu. edu. cn

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

Neurol, 2023, 80 (3):
jamaneurol. 2022. 4782.
STARK K, MASSBERG S. Interplay between inflammation
and thrombosis in cardiovascular pathology [ J]. Nat Rev
Cardiol, 2021, 18(9): 666-682. DOI. 10. 1038/s41569-
021-00552-1.

SHIKB, TIAN D C, LI Z G, Global brain
inflammation in stroke[ J]. Lancet Neurol, 2019, 18(11):
1058-1066. DOI. 10. 1016/S1474-4422(19)30078-X.
SAPOSNIK G, BUSHNELL C, COUTINHO J M, et al.

Diagnosis and management of cerebral venous thrombosis: a

233 - 243. DOI. 10. 1001/

et al.

scientific statement from the American heart association[ J].
Stroke, 2024, 55(3). €77 -€90. DOI. 10. 1161/STR.
0000000000000456.
MENDELSON S J, PRABHAKARAN S.
management of transient ischemic attack and acute ischemic
stroke: a review[J]. JAMA, 2021, 325(11) . 1088-1098.
DOI; 10. 1001/jama. 2020. 26867.
NTAIOS G. Embolic stroke of undetermined source: JACC
review topic of the week[J]. J Am Coll Cardiol, 2020, 75
(3): 333-340. DOI; 10. 1016/j. jacc. 2019. 11. 024.
KANSZ S, ELCIN Y M. Advanced

Diagnosis and

liposome  and
polymersome-based drug delivery systems: considerations for
physicochemical properties, targeting strategies and stimuli-
sensitive approaches[ J]. Adv Colloid Interface Sci, 2023,
317. 102930. DOI: 10. 1016/]j. cis. 2023. 102930.
KOUDELKA S, MIKULIK R, MASEK J, et al. Liposomal
nanocarriers for plasminogen activators [ J ]. J Control
Release, 2016, 227. 45-57. DOI. 10. 1016/]. jconrel.
2016. 02. 019.

NANCE E, PUN S H, SAIGAL R, et al. Drug delivery to
the central nervous system[ J]. Nat Rev Mater, 2022, 7
(4):314-331. DOI. 10. 1038/s41578-021-00394-w.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

SU D, CHEN Z, AN X, et al. MicroRNA-195 liposomes for
therapy of Alzheimer’ s disease [ J]. J Control Release,
2024, 365: 583-601. DOI. 10. 1016/j. jconrel. 2023. 12.
003.

HEISE M, SCHMIDMAIER G, HUSMANN I, e al. PEG-
hirudin/iloprost coating of small diameter ePTFE grafts
effectively prevents pseudointima and intimal hyperplasia
development[ J]. Eur J Vasc Endovasc Surg, 2006, 32
(4). 418-424. DOI. 10. 1016/j. ejvs. 2006. 03. 002.
SIEPEN B M, SEIFFGE D J, FISCHER U. Anticoagulation
after stroke: persistent uncertainties [ J ].
2022, 35(1): 55-61. DOI; 10. 1097/ WCO. 0000000000001009.
LIST, ZHANG K, MA Z Y, e al

Curr Opin Neurol,

Biomimetic
nanoplatelets to target delivery hirudin for site-specific
thrombolysis and preventing
venous thrombus formation [ J ]. Small, 2022, 18 (51):
€2203184. DOI. 10. 1002/smll. 202203184.

ALCALA M, SANCHEZ-VERA I, SEVILLANO J, et al.

photothermal/photodynamic

Vitamin E reduces adipose tissue fibrosis, inflammation, and
oxidative stress and improves metabolic profile in obesity
[J]. Obesity, 2015, 23(8): 1598-1606. DOI. 10. 1002/
oby. 21135.
PASTORI D, PIGNATELLI P, CARNEVALE R, e al.
Nox-2 up-regulation and platelet activation; novel insights
[J]. Prostaglandins Other Lipid Mediat, 2015, 120; 50-
55. DOI: 10. 1016/j. prostaglandins. 2015. 03. 010.
D’ AMICO A, CAVARRETTA E, FOSSATI C, et al.
Platelet activation favours NOX2-mediated muscle damage in
elite athletes: the role of cocoa-derived polyphenols [ J].
Nutrients, 2022, 14 (8 ). 1558. DOI. 10. 3390/
nul14081558.

(W F5 :2024-04-12; f& 8 . 2024-05-13)

(m#EE R3gir)





