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Research progress on the mechanisms of action of leech and its active components
against atherosclerosis

ZHU Pei', QIAO Mingliang’, ZHAO Chenyi’, WANG Hongwei', WEI Zilong', MENG Yi*"
(1. The Second Clinical Medical College of Henan University of Chinese Medicine, Zhengzhou 450000, China; 2. Henan
Provincial Hospital of Traditional Chinese Medicine, Zhengzhou 450002, China)

Abstract: Atherosclerosis (AS), a vascular disease predominantly affecting large and medium-sized arteries, is the primary
pathological basis for severe cardiovascular and cerebrovascular events worldwide. Based on the traditional efficacy of leeches in
breaking blood stasis, unblocking meridians, and dispelling stasis to eliminate masses, this article systematically reviews the
current research status of leeches and their active ingredients (such as hirudin, recombinant hirudin, and leech extract) in the
prevention and treatment of AS, providing a theoretical basis and research directions for leech-based AS therapy and the
development of novel anti-AS drugs. This study retrieves and reviews relevant domestic and foreign literature in recent years to
summarize, analyze, and synthesize the research progress of leech and its active components in the prevention and treatment of
AS. Leeches and their active components exhibit unique multi-target, multi-pathway, and multi-effect advantages in AS
prevention and treatment. They can modulate AS progression through multiple mechanisms, including inhibiting oxidative stress
and inflammatory responses, regulating lipid metabolism, suppressing vascular smooth muscle cell proliferation, invasion and
migration, exerting anticoagulant and antiplatelet effects, and regulating autophagy, demonstrating significant pharmacological

activity and clinical potential. Leeches and their active components exert anti-AS effects through multiple pathways,
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demonstrating promising application prospects, which can provide important theoretical support for the clinical application of

leeches and the development of novel anti-AS drugs.

Keywords: leech; atherosclerosis; active ingredients; research progress; mechanism of action

B O B I % %2 9K (cardiocerebral vascular
disease, CVD) &2 S b2 fm T8 =K,
[ SPIBET A 2 BISET VDY, Bl ik R A AL
(atherosclerosis, AS) & —Fl LA K Bl ik P 1% 4 4¢
JiEAIG 0T S DU O R B S AR, fERE 2R 4E 40
AU SRHIE R, & CVD W EERE M. KK
AL & N R DhreletG . RRBUIRIE . 40 5
B g SO SIS T S %
PREFEY . AS IR IETT LA AR SR 25 anf T 2
DR, FEEIRT RS R) BUERY B, mT BRI
RS FAHEEE (dow-density lipoprotein cholesterol ,
LDL-C) /K~F, BHIEBREHRBERE, (HE>BFH I
WU Hm b SR RN, RIILRZR AS 15T
RNRIT 4 R .

HER I ASHOOR 44, RAERER AR FL U
CPR I CRLERT CRRET CHr KT SR e sE
AS FREAREZAE, MEMFTIRE R, A7 R, 2
WIGEARN R A, R LS . SR hkiE, &
T 2 AR TERE R R A B A
B AT BVRERG WEER R IR VR AL
], BRAHE WAL, 4 LLRdERiE, DA 54 iR
W2 A7, IEEr AS TR ATBIR AN LS IS 55 Al B
RGP CREE M, KIEHAE S
ggrps I, HERRBUR I, WHBIH T AS VAT .
AR BRI ORI, 7K 2 L3 Ve Rl 23 B
AN ROE RO YRR BTAR . A i
HA G RN PUEt S PN RE I
ST AR A A EAEA, B 2 A
Z I T T AS TR TR IR i o 28 T/KIE BT E AS 5
ENE, AUERGSEHPIAS LS, CUH K
W I R S 5 25t R R R KR 5 2%

1 FKEEFEMER S

TR Ay KU Rt S i . 7 A P
Fr D, T (PRAREZR): “KIER R
FIFEMPE B MR e AL A EA
MIAZ . BT, BANE, #5080,
KBV 2, BERREHS M A4G# ifn, X & A sy
AMIRSr . THER AKRELE MR 8 “KERESE

N Mt AR 8%, IR 48 W AL fANs, 38 N U IR AR
G, B AUBRIAZ#, AARmEEDR.” IE
DR 48 23 24 rpot It HRERRBURT 2 RE, KIE R H Fia
FrHeM. FRIL B3 AL T B

AR ZGHL TSR FEAE S, 7K 3 3ok 22 ol i i
SRIELGEAER, HZOBNYTAE A2
g RIS WM. EWTERIRSE . BB R
KR R B ARGy, BEKIER . BFER.
W R . AL, HAAEIERMSEDIEE. Pk,
Proe . LRI P R 4 K PR RS, 2 /KIE R AT
AS R B R IEAL . KR R R R RN Z
RIS, AR IE A A 1 i o ) R AR ot e o 71
Al E R TR RS deAh, JKEE A g
WERGAED, TES RS RFAE 5 S & IR R
PN 259 B A AR, $2R 1% 28 R 43 1T B
7K 11 AR R A7/ B R 280 f B2 il
24 CO R A B AR B 11 A 2N Tk A Y
TR 2K R 28 1 27 BB 2 3 ot - e i i I R0 485 0 i
S5, GEA KRR ARG BN, RN IR SR
JR IRAE TR T B A B AL IR i S N S T R
R B, gk BRI, DA B
WAL, PR T KIEPT AS 25 ik at . AR,
E Wb EEEST R PrEM. M. Pkt &Ll
LA ST JUL 20 PR e o 184 B 55 22 A A BE e O T IR N
Ft, HAUAS IR FH B EIZ 0 I .
2 IKEEREIEM RS TFAS B E R IR R R
2.1 R EACE HE K E R

SRR 4T i P AR SR R R, R EUR
B 7 A IR AT B A 77, AT X 41
ML 2% a1 B — PR BRAS 76 AS R A2
SRE/ BT R =) T U N ) S A T S /S
i (malondialdehyde, MDA) 7] LA BL#4F J - 14
WAL I B R R bR, TR AL BB AL
(superoxide dismutase, SOD) J& AWK A —Fh & ¢
HE AN R, JLRE R T LA R
BE 7. ZHMSEIRPIR ], KRR B HE FilAb 3] &
Z A RS E IR B 1 (oxidized low-density
lipoprotein, ox-LDL) 5 5 [ E Wi 48 i b & 4 %
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(reactive oxygen species, ROS) 7K, [FIl L id$t
JA T 5 K B 41 ik 2% -2 (B-cell lymphoma-2, Bcl-2)
MRk . TR T3 E Bel-2 R X & H (Bel-2
associated X protein, Bax) [HIFRIE, M EIRAA
ZIRE M9 (cysteinyl aspartate specific proteinase-9,
Caspase-9) 2 [t 2 IR Rk 4 2 8 5 1 -3 (cysteinyl
aspartate specific proteinase-3, Caspase-3) 751k,
108 3 O 7 4 A A R T 3 % ) SO T AR A 4
WA . SIS S B S I i SR I, K
K3 #5710 2H 35 ] R v i IICRE K BRI 7S A SOD v
P, FRAR IS S AE S MDA 7K F, 3B 7Kg T
1 IS AU AL RLBCIR S 1) AS BT k.

PE AR 15407« IR BN B R R A
(I A S R . ROS B AE % AT 2 A LDL-C 2846 T i
ox-LDL, 5 W IEMEH 515 5 3L [RE0E 18 1 20
R, BREHEAZ-EWRAN SRR . 18k KR R N AL
RO A N K T Relatg e sh K 2, RS H
FREBAL 5 AS AR HE JE 1 G R 1. — TR 5T 45
RUEIR, KT R B AR R (high-fat diet,
HFD) 531 AS /UL A4/ 2 (interleukin,
IL) -6, IL-1B. M98 IR LAl F o (tumor necrosis
factor @, TNF-o)+ 1% F-B (nuclear factor kappa-B,
NF-«xB) FF RKAEHT/KF, NHAMKE FESHS
# #) Al ¥ 3 (suppressor of cytokine signaling 3,
SOCS3) . %1k Janus il 2 (phosphorylated Janus
kinase 2, p-JAK2). EIRIAS 54 3 ik s A
¥ 3 (phosphorylated signal transducer and activator of
transcription 3, p-STAT3) & HKIAK-, /) AS
PESRTIAA, 7R BH AT i 4 SOCS3/JAK2/STAT3
E5EH, HRRETASHRTER . LuE
TR, JKIE 2 Ik PP n] A 45 AR 2 S AL IR 2
e & B % & 1
lipoprotein receptor-1, LOX-1) /X532 & a (liver X
receptor alpha, LXRa) /1 =R %E & G ikic &
1 Al (ATP binding cassette transporter A1, ABCA1)
G518 %, W EME 2P ipopolysaccharide,
LPS) 3 A IL-6. TNF-o %542 4 Kl 17K
-, BERLOX-1 %Kik, i LXRa#1 ABCAI £iX,
F O ATIE I 45 LOX-1/LXRo/ABCA {5 5 i i i3
YRR PR AT 1 4834 o Xu 517K R Tl e AN
AW Ak & T KR ) B B BB K fEY) (pepsin
hydrolysate, PHL), & PHL 7E A & 3 5% M 5 If AH

(lectin-like oxidized low-density

K FRIXFFEHR T, AEA ZEDH TNF-a 7551 A
J7 #%-1 (endothelin-1, ET-1). % S8 —& b & &
% (inducible nitric oxide synthase, iNOS). H.% 4
filu # 1k % -1 (monocyte chemoattractant protein-1,
MCP-1). IL-6 45N D REFEIGHH 5573 7 ) mRNA i
Fik, BoRHPTAS IR HME . AS I RAE [ VAN
A AT i 5 0T OE R R 4 )8 R B (matrix
metalloproteinase, MMPs), MMPs i i [ fif If 5 2
JECHEE RN AT ffd b 25 5T (extracellular matrix, ECMD, i
WM gE M e e, SRR M RS, T
AT LUON S 5 Fik P9 B2 40 (human umbilical vein
endothelial cells, HUVECs) AR 5K, /K
1 25 7] NI MMP-2 [) mRNA R1A, 38 i $0 ) 4% 1 1
FHRIIMMP-2 A K ST, KIETTRAS FE
22 ATPEERKM

JIg Joa AR 25 L 2 AS 1 £ 56 R 25 R 0% B s BELRR
fiE, e B AR RS A B IR A2 S IR URE AR o, AR R
A I oA T[] 5 o0 AR B O T g L]
W e D e 25 L S = B H AR B RS R R
e 1 ox-LDL JE i 29 S NI L YR 4 i TP R 55
ASHIfER IR 2, IS AS R A SRR, 1M
NE W AS KR —NEER R, LHEEE (total
cholesterol, TC). =Mt HH (triglyceride, TG) #
NEHE H/KF5 AS KR B VIR . Bk, 875 HIE
JUEL ] A LAY B2 AR AS R Tl AS HE R B Ay E 2

£ HFD BE & G 5 VR 59 4E 42 25 D, 357 AS KRR
A, ol T e A ) K BRI 2H 23 B A S T A
JIE [i] e gk 3 4% 7% -2 (acyl coenzyme A:cholesterol
acyltransferase-2, ACAT-2) . Jg§ Wi Mg & Bl (fatty
acid synthase, FAS) I 3-F23&-3-H 3 13 — W 4 il A
& JR B (3-hydroxy-3-methylglutaryl-CoA reductase,
HMGCR) [FFRIEK Jdite, J b IR EE . 7R
(RIE B, AT A 2800 1 16 5 A 3 LA B A1 ot i 7S
BRI AT ST R R B, KR W 0 K BRI IR B (1
fE & (lipoprotein lipase, LPL) FlAFHEEE (hepatic
lipase, HL) [ 3% %, [A] B B& K I 3 TC. TG,
LDL-C /K-F, JFv& & % & s & 5 1E [ /% Chigh
density lipoprotein cholesterol, HDL-C) 7K-F, 3%
REACH 8L, BRI MAZ R EEE RS &R R 3E
At N EEE R RIS RS . fE HED i S ApoE”/)h
LAS B, FEARIE R (400, 200 U-kg'-d') 4t
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FHREA s/ R AR, 2 PRKIIE TG A
TC /KPP TiI7E HFD 55 1) i i HAE /) SRS o
KIEZE (3 g-kg) AbFEATFEAK /N B ML ' LDL-C.
TG TC/KF, Fhim HDL-C /K, M\ & 4 T 1
FeE AP, X 3R 0 JE AR R AKIE R B A B T4
HLAS R -
23 WH|foE PRI TA ., R EFER

M P W4 Be (vascular smooth muscle cells,
VSMCs) & AS B 7 LU B i 1 40 i ok 952, 2L
FiEd RS 5RPTE . E VR4 IR E L K
PR B O AR RS, VSMCs 3851 5 0 T 2 ffi
FEME AS PEHIE B S8 . VSMCs R B 4K,
BABE . TR AS RS AR BRI, X
5 ECM M) & 5 B 54 % . VSMCs Yt 4 & 4
THa-NshEH (a-actin) FIE T, 4T VSMCs
MR ) 25 A B e 4 o MRS 2 A3 A A A 3k T )
W T H5E, FH0 W MMPs, 183 £ ECM
N E EIER KB A A

PSP SR, KR Ry T B3
VSMCs Wi 4 3 AR W) a-actin [ K%, FEAK MMP-
2 M1 MMP-9 3K ik, i i # 4] ECM F% fi, Ik 2>
VSMCs [a] A B BRI 5 38 58, AT 93 68 oA G T
M AS BEHIE . A FIATE AR B, e
AS/NREKIERy T 5,  1M7E &E B+ TNF-o
IKFFRRAR, PEER A VSMCs LL il 2 25 o2, 3R K iz
A E A A R A F ] VSMCs 395, AT H ] AS B
Bt g . SR AECE I HFD B A IR v S 4 AR R
D, @ B AS KB, 4R Box, /KR TC.
LDL-C /KB & FF%, HDL-CFt, FERFEAK
[AF B, (transforming growth factor-B,, TGF-B,) #*
1A, [l Caspase-3 ik, 4% p38 L JFiG b & A
W B (p38 mitogen-activated protein kinase, p38
MAPK) {5 il %, ] VSMCs 1458 . {23 3L
T, R E S KIE ARG IR BUIRIE & PSR
B, UkEE AS HERR . AR R (homocysteine,
Hey) &2 Fiul MR AL i R &, i 44
WA 155 VSMCs 3958 . (2 3F 4R ) B JiF 8
FUE 1 55 & 2 FLH A 5 AS RAE R P, Tk
G PR H DL-E 2R 15 5 100 1 [) 7R 2 e e I I e
AS KRB BT, SR BN, KigR L
i Caspase-3. Bax mRNA #5%, i Bcl-2 mRNA #%
3%, @il Caspase-3/Bax/Bel-2 i T 15 5 1 #% i 3k

Hey 175 S 10 FE 4 FE AR AR T, F 2 VSMCs 158 -
AT, TR IER IR AS IMEH . HE IR
F ApoE /NS R AT Sh W se 5, SRR, EA
K& Z TR PR i A B AE M 4 £ 1 (stromal
interaction molecule 1, STIM1) . 5 R IO 45 1 5
A
protein 1, Orail) . B 52 A B A7IETE 1 (transient
receptor potential canonical 1, TRPC1) HJZRIE, [F{K
MLE MMP-2 7K1, /b BRI AR 5 AR TR, s
FonT R I T TR AR A I A TE, HIH] VSMCs 1Y
W ST, MR ESTASTER .
2.4 wERS R DRER

LB AT R AR AR AL, il /N B e 1 s 5
KA AR BAEH, 25 AS I 2 9E J5 3
W, AR AS BRI R i AR T . & AR I
AN R B T 3240 1 N e AR, 3BT 45
56 B B B SCAS R A B R T, R R
JiE S5 ORI TR 5 AR PRI i 5 I S {1
I D) RETCRE S AF IR D RE PR Q. /NI 7
T B AR T AR TR 6 AS TR A8 it F2 LA OGSk e
L o PR R L AR E R AR R T R R L EAE A

IEEABRE T, IR E B AR A
(thromboxane, TXA») BA 58 Z AU 4 if & A1 2 2k
I /NBRCREGEAE 5 i 2 B I PN R A B D
B3 % (prostacyclin 1, PGI2) Ul 68 % 1 il 1L /N AR
RE, ZHMAEMNGEREIA P, LR EE
WPk 5 IE W BRI Th ER. S EE 2R A X
Ji2 75 5 1) /0N BRSOk L A A 2R R AT B S, 4
xOWH, EHAHKIE R K B M (A
(prothrombin time, PT), &350 PGL, A4l 2141
g IS Y (tissue plasminogen activator, t-PA) [f]
K, AR TXA, AT 34 Bl S5 0S40 61 R 7 -1
(plasminogen activator inhibitor-1, PAI-1) [ /K ¥,
10 3 5 M) A5 e I 2R G 2 gk 210 ) e AR Y PG
5 TXA VR Gl . PLiil /DR EAE ] . Liu
LD KB 1) K BRI 4 28 Al Ak 5 15 B — Flog Bt
MARE (WP-30), BFFTER, WP-30 fEM SRRk +%
P 00 1) o I P P L /MR SR B, O SR R R A 1
i FEAR AR VR A, 38 WP-30 B ik £V ST
IR AN B AR T A H -
25 AT mRg A

H 2 BT R S SR DR AP AL, B Wk ) 3 s B

(calcium release-activated calcium channel
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T 2 RN, FHASBEERTE A, 46 /N BE BT AR
MR SE AS [ JE, 1T E W0 B R sz 4, )
S TR 90 SN, R BT B O, /E HFD 15 %
() AS /IR BBk AL A, 78 AT B AR /D BRI
IL-6. IL-1B+ TNF-a 55 2 GE K 7 /KF, HAE/NRE:
KPS R J WA O 2, H W SR E Beclin-1.
LC3 [IRIE F i, $Eom /K& n] 38k o 5 5 He 3 41 i
H WK, B EIPLAS FIERY. B AP HiAA,
B B R TR 1 R R VR A T L P SR A 2 AS R
Ji S S0 AL T IR

g b, KR R R M oy AT A R %
hiE RRARET. PRI EE. B Kk RS E
AN AS KRERERIA T, BAARIE “Z -2
(P R R R
3 RE

R RGO T E A AT 7Kg R H i 1 oy
1BIT ASTERINLEI BRI FL, R gh tH 7Kg B FvE PR R A3
A JE A ) A SIS 2 IR R I AR
PO P A0 B e . R BRI . Bit S Bt
ML NBCE A T A SR 2 AN T, 2R AL
LM, LRI AS. WA, FEA
TKIEIRIT AS ) Z AR E FARLE, S Fim R R A
TR AS AL T FSMKIE S 7T ] o

SR, IAWHRAEAR: B, MIEIKAE
M, EHKERIT AS BAAIT AT, EIAH5R
Z R PR T4 M S A S, 7 v o B PR I DR T gk
—BIIE; B, KER/NE, HAKRER, i
S BT IR R, A IR 2 IS T
T BA B MG S R AR AR DL 11 R & 2
2y; =, KIERSE R T IE Mo il I £ g R
CRVGIEATHE LA, A SRATE 70 S 5R FR K I rh g 555 |
FREREE N TG, LU BH 25 200 o = itk B 4t
BNV -

SE K

C1] Bk ok BT Ak o G B B v X IL 1R (2021 A [T]. W E
PHRESE A 2 ,2022,42(3):287-293.

[2] BJIORKEGREN J L M, LUSIS A J. Atherosclerosis: Recent
developments[J]. Cell, 2022,185(10): 1630-1645.

[3] BREEM, 35 5, B8 — 0, 55 . ik A7 TR B0 ok ot A it
FBLT]. FPBESLE,2022,63(16) :1532-1537.

(4] Z= 52k . Ha 2 v 25 50 20 Jikools A R A 1) 4 B sl E R ).
AT E A, 2017,52(2) 1 154-155.

[5] EZxZ . P NRICAEZ . — M. Jb5t:
= 25 R SR Rk 5 2025.

(6] B 3CHE, UL A KM B H i [T]. a4y, 1991(2)
18-19.

L7] e, @3 X, FLE . KR A 27 il oy B 24 R AR F ) F 9 ik
JELY ] 23 E0R,2017,24(1) : 76-80.

(81 =Kk, R4, X U, &5 . /KU RO M i SE W 2 AL 2 By
LG EAR IO e e LY ). P B R 25 2% 35, 2022, 47 21D
5806-5816.

[9] XIEY,LAN F,ZHAO J,et al. Hirudin improves renal inter-
stitial fibrosis by reducing renal tubule injury and inflamma-
tion in unilateral ureteral obstruction (UUO) mice[J].Inter-
national Immunopharmacology,2020,81:106249.

[10] QIU J,LINGNA W, JINGHONG H, et al. Oral administra-
tion of leeches (Shuizhi) : A review of the mechanisms of
action on antiplatelet aggregation [J]. Journal of Ethno-
pharmacology,2019,232:103-109.

[11] LIU J, WANG L,DUAN W, et al. Traditional uses, chemi-
cal constituents, pharmacological activities and toxicology
of Chinese medicinal leech (Shuizhi) : A comprehensive
review[J]. Journal of Ethnopharmacology,2026,355(Pt A):
120634.

[12] SHAO R, CHEN R, ZHENG Q, et al. Oxidative stress dis-
rupts vascular microenvironmental homeostasis affecting
the development of atherosclerosis[J]. Cell Biology Inter-
national, 2024,48(12):1781-1801.

[13] LU J, CHEN X, XU X, et al. Active polypeptides from
Hirudo inhibit endothelial cell inflammation and macro-
phage foam cell formation by regulating the LOX-1/LXR-
o/ABCA1 pathway[J]. Biomedicine & Pharmacotherapy ,
2019,115:108840.

L14] mMEAH , = e, SREAL , 55 . 7KKy X e IR HILAAE K AR 3l ik
SO REREAL T L RE I T FHL I LT ], ki, 2014,36(9)

1962-1965.

[15] B2, ATENE . BIBKHREREAGINY 20 BB RHE Sz LT ).
Hh [E B BRI 4 5 2022,30(4) :304-312.

L16] {1, I 5K = B i, 5 . 2T SOCS3/JAK2/STAT3 i
FEER TS KX AS /N B EIFE FIALEILT ], SR 2 H R -
R 25 ARAL ,2026,28(1) : 145-152.

[17] XU L, LI X, ZHANG E, et al. The effect of leech extracts
on endothelial cell coagulation-related factors and endothe-
lial dysfuction-related molecules [J]. Clinical and Experi-
mental Hypertension,2019,41(3):220-230.

[18] AMIN M, PUSHPAKUMAR S, MURADASHVILI N, et
al. Regulation and involvement of matrix metalloprotein-
ases in vascular diseases[J]. Frontiers in Bioscience,2016,
21(1):89-118.



+ 1134 -

KEPEIFFR E4R L9 202649 A

L19] Ef, skAE 7R, BEERE , S5 7R S A T bk P 2 4
BT 4 A AR I BE-2 (AR L BOE A LT ] AR AR R
2004, 26(4) :409-412.

[20] JIANG H,ZHOU Y, NABAVI S M, et al. Mechanisms of
oxidized LDL-mediated endothelial dysfunction and its
consequences for the development of atherosclerosis [J].
Frontiers in Cardiovascular Medicine,2022,9:925923.

[21] WU J, YANG Q. Effect of leech on lipid metabolism and
liver in hyperlipidemia rats[J]. Zhongguo Zhong Yao Za
Zhi,2018,43(4):794-799.

[22] BIMEAL. KR LAl ks R AL A AL ORI SELD .
R REERIR,2014.

[23] st R, 2 B, AR%E , % . B4 I8 X ApoE /N3l
ik SRR A A P AR R I/ BB F 2 [T ). AR =
25 124,2024,40(19):3241-3247.

[24] F3305%, PLAME, 5071, 55 | /KIE Z00 i fig 75 5 /0 B f
HEAC R AR B RE M LT]. A58 5 (@ B2k &, 2023,40(3)
236-239.

[25] GABUNIA K, HERMAN A B, RAY M, et al. Induction of
MiR133a expression by IL-19 targets LDLRAPI1 and
reduces oxLDL uptake in VSMC [J].Journal of Molecular
and Cellular Cardiology,2017,105:38-48.

(261 i3 AN AN ML~ 3 VAN M 72 Sl Tk SR o s A It B
T R b B A R LT o [ 30 ik s 4k % 355 2018, 26 (7))
649-654.

[27] ROSS R. Atherosclerosis--an inflammatory disease [J].
New England Journal of Medicine, 1999,340(2) : 115-126.

[28] YU Y,CAIY,YANG F,et al. Vascular smooth muscle cell
phenotypic switching in atherosclerosis[ J]. Heliyon,2024,
10(18):€37727.

[29] ZEPEE, BT, AR AL . /KK Yot 20y ik o83 4 A O Bl L
LR A LT ). i, 2016,38(4) : 894-898.

[30] BREH:, #EBH, B, 55 . /KIS #1882 O B 2R ik R 3)
JHk S R A B B (s [T ], iR 28 5 (R 22 1RO
2013,34(3):344-347.

[31] R, v, 2507, 55 . /KIE @ p38MAPK 15 51 i
X FL B0 bk O RERE AL K R VSMCs g2 M L], wp [ 24
Zi&,2017,42(16):3191-3197.

[32] FBE, =l AR ET, 45 iy A 20 2 e S R IR —— 0 i
MR 1 fa B R T[T, AR RS BRS 28 &, 2002(3)

210-213.

[33] ESSE R,BARROSO M, TAVARES DE ALMEIDA I, et al.
The Contribution of homocysteine metabolism disruption
to endothelial dysfunction: State-of-the-art [J]. Interna-
tional Journal of Molecular Sciences,2019,20(4):867.

[34] F4kas, 07200, F4ete . K 2w E 4 2 b & K iR
IR -8 LR B R s e [ ], 5 B 24,2023, 18 (10D -
1374-1378.

[35] HEMR, BATL, B, &5 EAUKER N B EH BA
ERI B /0N B K B A R A BEBR IR e B LB L ], o [ e
PR 4 A 4 ,2015,35(2): 198-203.

[36] WANG L, TANG C. Targeting platelet in atherosclerosis
plaque formation: Current knowledge and future perspec-
tives [J]. International Journal of Molecular Sciences,
2020,21(24):9760.

[37] CAUGHEY G E,CLELAND L G,GAMBLE J R,et al. Up-
regulation of endothelial cyclooxygenase-2 and prostanoid
synthesis by platelets. Role of thromboxane A2[J]. Journal
of Biological Chemistry,2001,276(41):37839-37845.

(381 # SC#, 275 . H 41 /K UE 2 10 B i 4 2 B A ) B AL
il LI, o S A 222 2, 2018, 34(4) :371-374.

[39] LIU X, WANG C,DING X, et al. A novel selective inhibi-
tor to thrombin-induced platelet aggregation purified from
the leech Whitmania pigra[J]. Biochemical and Biophysi-
cal Research Communications,2016,473(1) :349-354.

[40] PANKRATZ F, HOHNLOSER C, BEMTGEN X, et al.
MicroRNA-100 suppresses chronic vascular inflammation
by stimulation of endothelial autophagy [J]. Circulation
Research,2018,122(3):417-432.

[41] MENG Q,PU L, LU Q, et al. Morin hydrate inhibits ath-
erosclerosis and LPS-induced endothelial cells inflamma-
tory responses by modulating the NFkB signaling-
mediated autophagy [J]. International Immunopharmacol-
0gy»2021,100:108096.

[42] whfEfh, W 2525, I =, % . KEE X ApoE™ ) fik ok Ff i
/N B AR ], P IR 25 B A 247, 2024,40(5) «
688-692.

[43] WEBER C, NOELS H. Atherosclerosis: current pathogen-
esis and therapeutic options [ J]. Nature Medicine, 2011,
17C11):1410-1422.

GRESREE: & M\ WHRABAHE: 2026-05-1D



