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New advances in targeting oxidative stress for atherosclerosis treatment
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[ ABSTRACT ]  Atherosclerosis is a chronic immune-inflammatory disease, its early pathological feature involves
abnormal lipid accumulation beneath the vascular endothelium, which subsequently triggers oxidative stress and inflammatory
responses, collectively driving plaque formation and luminal stenosis.  Atherosclerosis has now become the leading cause
of death worldwide, and its incidence continues to show an accelerating upward trend.  An increasing number of studies
indicate that even when blood lipids in clinical patients are effectively controlled, they still face a high risk of cardiovascular
events. This phenomenon highlights the inadequacies of current clinical treatment strategies, particularly their significant
limitations in clinical interventions for oxidative stress.  This review focuses on the unmet clinical needs in the field of an-
tioxidant therapy, analyzes key challenges in the clinical translation of basic research, and aims to provide insights and
guidance for future drug development and overcoming current therapeutic bottlenecks.
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Figure 1. The core mechanism of ROS driving the occurrence and development of As
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Table 1. Summary of clinical trials of major natural antioxidants for the prevention and treatment of As

k7 PRI W4

/T

5%

B Y SEEEAN I PR &5 18 il

e C+ HRAER CoKFMER  BEZRBARLHET AR 4E4E5 €3 g+NAC

ARG 3 RNFEHALS S2EFARLTE R H2zE  [33]

NAC ML BRI, 4k 5 RE SO ER 100 mg/kg(HHK) , HH LT AR 5,30 RIET- R L LR,
eNOS ThE EES R EFRINA i TN I K= g SRl (|

NAC 2 B H KA B
A, EHHERR ROS

e Z C, R AR
HHERE,

A% MR AL TG R R R

R C
g it AR BE R O IR
N AEAE R CKE
PEH SR R,
PR E &N
A APy

THAER =40 4,6 HiEE €500 mg/ K
DI L =3 464K E 600 IU/FEK;
B 1% NE 50 mg/BEK;
FHIBEYT 9. 4 4F
R E+ AR ESREMNA EE=50 Z BEHE 4% E 400 /K
HHE T B A, BE W Ui ,5. 1% JERIAETE 4B 3 € 500 mg/ R 24U
Xk 8 AR

OWAESRE b Gk EEE AL NLRFENRLE  [34]
Bz F a1
EITZ A

FROMEFFEE ERERANHERE, [35]
4R C W RER,

B R B TE R
Atk iR E S Hm

P e RS HE 0 AR G




CN 43-1262/R 1 [E sh ik fb42ids 2026 4F5 34 555 8 1) 803
LR
i A X - . 5%

259 YEHLHI IEIIE Ve RS FELE RFE TR IR ik

FHERAR W e —E AL A B O R HCRAR I % 500 mg, B SPTESLAE ) BA BRI EERU AL [37]

HEH) F 28 B R B O H 3%, #5454 A fRARAS N RE BT BB BB AR B T UK
il Ag BT A A FALYIEE JeWiBRy: P ERAHEA R C T —

Sz g 30 Hik i w-3 PEIER S5 £ 10
FAR RIETR bR, HA —
FERIPLEAL DT As

HAM+  HASHHEKAR BEASERRA  BENHEARSKE GSH W, & B HER 16 A%/ [38]

NAC FIAR, 9% 5 40 j FI(NRERR), OMR 16 B ZOR RS I BR S Wi -B4E A GSH BL= |
GSH 7K -, M i FEAERB HEBRR, b RAEREY B AL 2Rk i T A
LA & FR 2 J# e R EIPL . 5 R N R D AE RS
L A o fil B A ARy Ak LA RS IR AR
TR 5 R HRPT  RAE FH&E .6 min BT EYRFEIIGET B,

SR ¥ RS i LI T AR AL 5 % 4k
R 47

o-3 JRITR B0E N2 B, b EEBEN. Bz o3 B 1 oK FEOMEF M. 0 FELG . GRERMIK, [39-40]
I SOD, GSH-Px &% 50 %, @PE=55 % kT S. 3 4F WIBEZE Aot O RS Bt IS e
PRI 7 B Tl R Y plAmioE-Ror S Rk ATGIT BB
#ik WCE L SR AN O I O WUSEE JXUBS R

RO NFEZE . WM L MR A &
Z R SR BIKA AE <1.5 B3/ 8 FELE
I7 BB O AR ST BRI

&)

e F D, BZAREER, BT EEFME=50 2 & 4K D 2000 IU/K; FEOLMAAFF. 0 FTEXN.REWEN . E [39]
SRR A =55 %, ORIE S s 5. 3 4R WUEEZE Ao WO 20 48 35 (8 3 6 B 3%
BEADEE 14 OmERL AN =Ry’ It A
P fb 3 A £k, WEL S IEE T L A
N (A 2 T 2 T 4 D I FE TS K4 BT
Pt afbis TR TR E LS

e R K B A I RE
B AR R R
Hm
IPE Wi R T BREZMITRIEBY, IPE2 o BA20GHM FELXA L. OMEL FTELE RERELXE  [41]

A FRE BE BRI
L4 A /N AR
AL S 3% N e
[RCE2 I
PO M AT B

Hz 08 TG KF N
1350 ~4 990 mg/L,
LDLC 7K F 2y 410 ~
1000 mg/L fA.Co I
BIF AR R
B

Fitiifs 4.9 4F

T2 AR BIE L LA
FE ARBIEE A d
ARE ik i3z T AN
FEALL BRI &
298

WELL i 0 ML BT
T AR EE A O LA
S AEBOIEHE A Y
HA%A

Rt MASFET AU ARG 5
At B DA MERES
B, 2R BRI R
E 2Ry v (R R o PR
==t

2.2 WIRMER L EELLY

SOD 5 GSH-Px JEHLIARST AL B 18 5 48 i A% 0
fit} . SOD BEWZ I B 8 A BN 25+, GSH-Px W38 3 7H
FEIRJF RIS e H K, 6 H,0, Fig B A A Ak s
JE SRy AH I £ T2 57K, DT BEL BT R 5 3 4R Ak i =
N, AHRIRBAE IR IT 25 W FEAE R 1R 22 | S P i
PE R 43 ROME LS 35 40 i R R A 7= AR v B 4
Jra B PR T B I R B BRI SN BT R
T HA SOD 5% GSH-Px AL 6 £ B /N AU
HULEY SOD #4049y £ 45 4 J@ b obk L GC4419 45, Tfif
GSH-Px B 0] LA AR A7 i b e LRI Ry 32 AR
F., HAT, XEHBUYITE As AT T IS R 2415

BAAE e A T 20 4 52 6 i B 2 0 A i b 2 e L
A RSB BE Y GSH-Px 44 — T X 2tk
Bt 7 v R R 22 R BUE 6 IR B SR 4l A 302
BB, R IRTT AT R IR 1A H MK A ik
TG W50, 0 3 A H g4 5
FIRGE R P 45 A L PR A 25280 S Al A
XTS5 I B0, A B W B 4 AR e E A PR I
SN, AT ARG B O 0 75 g B A6 90 e 30
BN T T JE T S M IF & B SRR 2, T S
YR AR R i A 2 EI R ik
A ARAT TR A T B2 ALT-2074 ST X IRIR A&
FEFEIR B i s 8 2 v B — 3 s IR 5 2 T 2008



804

ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 8,2026

AESEIR(NCT00491543 ), (HAH AT 58 Kt 18 R 23 IF
KA BRI BER T As RIT I E %
Sl RAESE ATy e i — PR 2R

SOD HFALNY B A A 3 3 5 R0 bE K O Tl AR KA
B I, Fm FoRIEPEZE AR AR TR PR A R,
HEA NN X BT Bt 4T 2R G i ST BR (B FE BT
ST VA 85 A AV 1 240 B b s Tl A EL B (B,
PRI AL, F 5T 46 L 0 ) 2 0 2K SR, H)
M 712k SOD 5 GSH-Px IR EAKRE AW,
RRRE LRI i £ 1 B0 32 e At , ST A Bl N A A S 81
TR RSN PR 2 %, I 2 4 U B ) B SR AR RS
K, I AL BAEL B ) 25 A T S T RE A i, A
AU UE R BT R T
2.3 SALEGHHIF

M4 H ROS #Y 3 2K I 4345 NADPH AL il
(NADPH oxidase, NOX) | B "2 % 45 fk [} ( xanthine
oxidase, XO ) FI ## 1 % 1k ¥ B ( myeloperoxidase ,
MPO) GG, T ROS A= g il 7% 14 2 M U Sk B
WAL A B Y 3 SR NOXC 410 1 590 AT 1 ] it
PN 7 RSP LA B NOX A S R S8 Tk A
PSR S B SRR As BRI R I T 5 (H
I JC AR ET R As BYIG R N , AH OG5 275 bk
IR I e i I Je 25 JH b 5 o o A7k X PN e T g
(s, FLE IS — 2 I DR 32E JE 0 . XO 410 1 51
(CAnAEA7 ) AR ) X0 1048 2R G A F EAA B
AR, H AT G RBIF 5T 32 2R A TR XU g R R 1
E A 10 ML B0 1 A B . CARES #F 5%
A A w2 o ML AE BT AU e T R B[R
PRI , XGRS T 5 AR A1 ) A 3 ) M
Ja O M FET A R AR R R R T
KL, XO IR As 520 37 3R 25 41342 4 13, ol
A DR AP 1 P 5 30 e 5™ 9 1) X BRO 6 i — 20 B
fifi, MPO #157] ( 41 mitiperstat) £ 3 AEFXF 5 1L 43
O BRI T v BB R m RAESE B B, (HF 5 vh
RN BN T RE R s

ST 1 A VE S b3 T T Be BT W R 1Y)
PSR , (0 HATE X As fBE 2T FAF I BEHLY Y
IR B Bl = Il AR 2 14 38 T i S B 1 | 22
Ve XA RS 55 22 Bk AR, PR, L R I
b T FRIHER R B, B AR AR FE - UETE SCHF A As
bR IR T T 5
2.4 FBmEkiIik

LARAUE ROS [ FEZORIE, X 4EFRF 1M 45
TS HA TR I RE R AT 51 A 40 B i 1 5
FET | MLAS V-2 JUL A A 5 750 2 46 K 15 gk 4 A A =

WS As BEHRBYIE LS i Je . R, Zeokiik
SR BRI IR OB . SRS YA L, ZokL
TRBE ) 25 ) RE A8 E ORI N B BB S MR, =K
%Eﬁ( triphenylphosphine , TPP) EHEM R RN 2
AIZRL AR AR 2 — A —FiE AR TR P 1,
TPP A Bl 200 0 55 s % PR 58 ] 14 F e 2 s B
VEPEIEIREHE LRI, B T3X — U AREHLE] , MitoQ |
SkQ1 MitoVitE & MitoTEMPO %5 Z 4 A fk 5> F 2
W5 TPP fHEX , B SR L A ] 3%

— TN E RSN 23 24 h AR N SR
AN IR 80 mg LR AL 1] HT A AL MitoQ , AT 22
PR SE LR N B T BE 52 45 1 Hh 28 48 R 14 Y B
ke, X — B AE ARz g 2 h It o 3% . MitoQ
BT AR Ry — b2 B T TR Gl TR B T
REAIC ™ LG HEAT 384312 sh i A BE i — 25
FERW], MitoQ KA YT W] 38 i AL P A5 | )
PRI ox-LDL 7K-F-, AT 035 9 B2 D REJF 4%
LR AR, RS LR IR BT A T T
P ox-LDL F#AK 5 4 B — A AL BN RE e =& B 4%
SRR, L BORLAR ROS [RIH LR A S S Ak T A M4
TS S5
2.5 FBEKET

B ULAERFE T M I ) 40 4E Ferrostatin-1 , Liprox-
statin-1 45, Z ISP N SCHIE S, 0 2R A8 T AT
YA LA LA DR BE , 5 981 i B A i 5 10 Tk
HIE AL B IFSOR T 25254 5 Ferrostatin-
LIRA B IK , ZEPR SN FIR P 52 56 v 247 Je 1 B4 110
PUAsIFRLY S S AR SETTE As S BIR o
C R IR B3R T ) H HRTEE X As B ROER
BT 70l DA 1 0 B AR AT A Ayt = 2 41k v Ak
TlmARF AR I B, A, T =2 REUHER
W As FBERNERIET KA W0bR G, ik RIS
T ST RO L AZ 2] 1 BRI

3 MEMAIET As EIEHNERPkE

Ui AT, LGPt A AR A I RIS T RO
HRUI RS2 07 R . B 5, 2590 LE R A
2, EEAEHIT A ARV B A 5 TR A N
B IIR I 3 o0 A PR FLUK, 5 25 Wk = L 16
M L 7E R 3035 B ROR T IR EE Y, Ah, R
PR 52 2 e AR B2l FY) 1 Pl B B SR s T g
ST, AR S 2 40 o S A I 9 mT R I L
PR AEABE ROS (55 HE 51 A B A R



CN 43-1262/R " [E Sl ki 44 & 2026 4F55 34 455 8 M 805

[0 AR i S 5 X 3 S V= E T SE =R ) e
Yibr G, X DL A AR L A A
As R Z R BT PR X R — L &
FEVEFR W90 A9 96 97 40 12 O 22 4 1 151, 9 e
PRI BB AR

2026 4F ACC/AHA Z ¢ 2% I B 5 & 458 g W 1
& X F B2 30 A T VA H 0 = ER A T
14 e RS e Lo SR 3, HEFE A IPE DA — 2D IR
OIS KU ) (AR R A, oD A 3R 28
55 H il = R R IR T R EE, IPE A9l R B R
PUEALIRIT AL T OCH S5 7R - Bl i B Bk R
E BEHLAE 22 38 B R FEAE AR e R AR R UK
A — B [ R BRIR MG MELABELIT As A9 & 2 BE
W2 5 e Ah , IPE (193K 2 A UL T4 2 5 fa 4 1 Bk
ORI AN AR 5 J2 ABE, B0 e 7 3wk
g

PR, Be AL T TG 4K 25 0T BB LA A 1Y S0
P, —J5 T, BU R IR T R 0 e O — 2 B
1. As g — i Mo BT AR 2 75 75 B AR R
A 3 T IO RUE 2 8875 77 B KA fig i AR, 1)
ARFUE, 5 —J7 i, P b+ T Ge0GE H T4
TENHE A AE 2R AL I HORH S0 1 R 4l A
ok o] SR B KR 25, HOE AR 7 iE— 20
. WA, BUEA IR YT V] BE W B A T BL ],
VRSB AW B HEAE . ARk & R £ T %
REEA B SR Y, K 2592 1
AR R ROS A= {5 -5 T HE Y[R, T B g 21
PATER

As JE IR PR TR AT S0 S A s 2
PR 2R BR3P 0 A S B8 ARAE B, HL v SR A Bz
AR AT ] 2490 LA IR I 3R 4 OIS S A 1) G i
TR B, U BT SRR 7 A I PR e AL AT 1 1l 7
Z P, (E 3 o B 1 2 3 K | 2R R D BE R 4 4
A AT BAE AL G R AR IR T B S AL LS BUR HE %
S PIE] B, B R B AR

[ &% 3Ck]

[1] Verma S, Mazer C D, Connelly K A. Inflammation and
cholesterol at the crossroads of vascular risk [ J]. Cell
Metab, 2023, 35(7) : 1095-1098.

[2] Madaudo C, Coppola G, Parlati A L M, et al. Discovering

inflammation in atherosclerosis: insights from pathogenic

pathways to clinical practice[ J]. Int J Mol Sci, 2024, 25
(11) . 6016.

[3] Chen W, Li Z, Zhao Y, et al. Global and national burden
of atherosclerosis from 1990 to 2019 trend analysis based
on the global burden of disease study 2019[ J]. Chin Med
J (Engl), 2023, 136(20) : 2442-2450.

[4] Napiorkowska-Baran K, Schmidt O, Szymczak B, et al.
Molecular linkage between immune system disorders and
atherosclerosis[ J]. Curr Issues Mol Biol, 2023, 45(11) :
8780-8815.

[5] SkaléN K, Gustafsson M, Rydberg E K, et al. Subendo-
thelial retention of atherogenic lipoproteins in early athero-
sclerosis[ J]. Nature, 2002, 417(6890) ; 750-754.

[6] Pozo Girsldez A, Bravo Gémez A, Calmarza P, et al. Oxi-
dative stress and its role in vascular damage and atheroscle-
rosis[ J]. Int J Mol Sci, 2026, 27(2) . 1075.

[7] Li S, Deng J, Sun D, et al. FBXW7 alleviates hyperglyce-
mia-induced endothelial oxidative stress injury via ROS and
PARP inhibition[ J]. Redox Biol, 2022, 58 102530.

[8] Ciccarelli G, Conte S, Cimmino G, et al. Mitochondrial
dysfunction; the hidden player in the pathogenesis of ather-
osclerosis? [J]. Int J Mol Sei, 2023, 24(2) : 1086.

[9] Zhu L, Liao Y, Jiang B. Role of ROS and autophagy in the
pathological process of atherosclerosis[ J]. J Physiol Bio-
chem, 2024, 80(4) . 743-756.

[10] Xu M, Wang W, Cheng J, et al. Effects of mitochondrial

dysfunction on cellular function: role in atherosclerosis
[J]. Biomed Pharmacother, 2024, 174. 116587.

[11] Zhang Q, Liu J, Duan H, et al. Activation of Nirf2/HO-1
signaling: an important molecular mechanism of herbal
medicine in the treatment of atherosclerosis via the protec-
tion of vascular endothelial cells from oxidative stress[ J].
J Adv Res, 2021, 34, 43-63.

[12] Daiber A, Chlopicki S. Revisiting pharmacology of oxida-
tive stress and endothelial dysfunction in cardiovascular
disease: evidence for redox-based therapies [ J]. Free
Radic Biol Med, 2020, 157 15-37.

[13] Zheng D, Liu J, Piao H, et al. ROS-triggered endothelial
cell death mechanisms: focus on pyroptosis, parthanatos,
and ferroptosis[ J]. Front Immunol, 2022, 13 1039241.

[14] Zhang Y, Liu Y, Huang Q, et al. Decoding the diet-in-
flammation nexus: ferroptosis as a therapeutic target[ J].
Crit Rev Food Sci Nutr, 2026, 66(6) : 1102-1122.

[15] Xu X, Xu X D, Ma M Q, et al. The mechanisms of fer-
roptosis and its role in atherosclerosis[ J]. Biomed Phar-
macother, 2024, 171, 116112.

[16] Lee S, Hwang N, Seok B G, et al. Autophagy mediates
an amplification loop during ferroptosis [ J]. Cell Death
Dis, 2023, 14(7) ; 464.



806

ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 8,2026

[17]

[18]

[20]

[21]

[22

[

[23]

[24]

[25]

[26]

[27]

Qian C, You X, Gao B, et al. The role of ROS in athero-
sclerosis and ROS-based nanotherapeutics for atherosclero-
sis; atherosclerotic lesion targeting, ROS scavenging, and
ROS-responsive activity [ J ]. ACS Omega, 2025, 10
(22): 22366-22381.

Kong P, Cui Z Y, Huang X F, et al. Inflammation and
atherosclerosis: signaling pathways and therapeutic inter-
vention [ J ]. Signal Transduct Target Ther, 2022, 7
(1) 131.

Koutsaliaris I K, Moschonas I C, Pechlivani L. M, et al.
Inflammation, oxidative stress, vascular aging and athero-
sclerotic ischemic stroke[ J]. Curr Med Chem, 2022, 29
(34) : 5496-5509.

Blagov A V, Markin A M, Bogatyreva A 1, et al. The role
of macrophages in the pathogenesis of atherosclerosis[ J].
Cells, 2023, 12(4) . 522.

Forman H J, Zhang H. Targeting oxidative stress in dis-
ease; promise and limitations of antioxidant therapy[ J ].
Nat Rev Drug Discov, 2021, 20(9) : 689-709.

KT, WA, TR, . ShkoRREREIL P BTN B
DyReREfFrvayT SRR )], hE S Ik EE AL A4k, 2025,
33(8): 721-728.

Zhang X Y, Xie Z Y, Wang Z A, et al. Progress in the
treatment of endothelial dysfunction in atherosclerosis|[ J ].
Chin J Arterioscler, 2025, 33(8) . 721-728.

Grundy S M, Stone N J, Bailey A L, et al. 2018 AHA/
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/
ASPC/NLA/PCNA guideline on the management of blood
cholesterol ; executive summary: a report of the American
College of Cardiology/American Heart Association task
force on clinical practice guidelines [ J ].
2019, 139(25) : e1046-e1081.

Yan Q, Liu S, Sun Y, et al. Targeting oxidative stress as

Circulation

a preventive and therapeutic approach for cardiovascular
disease[ J]. J Transl Med, 2023, 21(1): 519.

Li S, Liu H H, Xu R X, et al. Probucol; revisiting as a
multifaceted therapeutic agent in atherosclerosis [ J .
Front Pharmacol, 2026, 16 1704983.

Tardif ] C, Memurray J J, Klug E, et al. Effects of succi-
nobucol (AGI-1067) after an acute coronary syndrome: a
randomised, double-blind, placebo-controlled trial [ J ].
Lancet, 2008, 371(9626) . 1761-1768.

Zeng J, Zhang Y, Gao Y, et al. Biomimetic ginsenoside
Rbl and probucol co-assembled nanoparticles for targeted
atherosclerosis therapy via inhibition of oxidative stress,
inflammation, and lipid deposition [ J]. ACS Nano,
2025, 19(25) : 22968-22987.

Moser M A, Chun O K. Vitamin C and heart health; a re-

view based on findings from epidemiologic studies[ J]. Int

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

J Mol Sei, 2016, 17(8) : 1328.

Rychter A M, Hryhorowicz S, Stomski R, et al. Antioxi-
dant effects of vitamin E and risk of cardiovascular disease
in women with obesity; a narrative review[ J]. Clin Nutr,
2022, 41(7) . 1557-1565.

Rivas-Garcia L, Quintana-Navarro G M, Torres-Pefia J D,
et al. Dietary antioxidant intake reduces carotid intima-
media thickness in coronary heart disease patients: from
the CORDIOPREV study [ J]. Free Radic Biol Med,
2024, 210 221-229.

Sherratt S C R, Libby P, Budoff M J, et al. Role of ome-
ga-3 fatty acids in cardiovascular disease: the debate con-
tinues[ J]. Curr Atheroscler Rep, 2023, 25(1): 1-17.
Lykkesfeldt J, Carr A C, Tveden-Nyborg P. The pharma-
cology of vitamin C [ J]. Pharmacol Rev, 2025, 77
(2): 100043.

Holse C, Aasvang E K, Vester-Andersen M, et al.
Hyperoxia and antioxidants for myocardial injury in noncar-
diac surgery: a 2X2 factorial, blinded, randomized clinical
trial[J]. Anesthesiology, 2022, 136(3) : 408-419.

Cook N R, Albert C M, Gaziano ] M, et al. A randomized
factorial trial of vitamins C and E and beta carotene in the
secondary prevention of cardiovascular events in women:
results from the women’s antioxidant cardiovascular study
[J]. Arch Intern Med, 2007, 167(15) : 1610-1618.
Sesso H D, Buring ] E, Christen W G, et al. Vitamins E
and C in the prevention of cardiovascular disease in men:
the Physicians’ health study II randomized controlled trial
[J]. JAMA, 2008, 300(18) : 2123-2133.

Clifford T, Howatson G, West D J, et al. The potential
benefits of red beetroot supplementation in health and dis-
ease[ J]. Nutrients, 2015, 7(4) . 2801-2822.
Mansouri-Baseri A, Moohebati M, Bahrami L S, et al.
Effect of beetroot extract supplementation on serum fatty
acid profiles and oxidative stress markers in chronic coro-
nary artery disease patients: a secondary analysis of a ran-
domized controlled trial [ J]. Biomed Res Int, 2025,
2025 ; 6654492.

Kumar P, Liu C, Suliburk J, et al. Supplementing glycine
and N-acetylcysteine ( GlyNAC) in older adults improves
glutathione deficiency, oxidative stress, mitochondrial dys-
function, inflammation, physical function, and aging hall-
marks: a randomized clinical trial[ J]. J Gerontol A Biol
Sci Med Sci, 2023, 78(1): 75-89.

Manson J E, Cook N R, Lee I M, et al. Vitamin D sup-
plements and prevention of cancer and cardiovascular dis-
ease[ J]. N Engl J] Med, 2019, 380(1): 33-44.

Manson J E, Bassuk S S, Cook N R, et al. Vitamin D,

marine n-3 fatty acids, and primary prevention of cardio-



CN 43-1262/R 1 [E sh ik fb42ids 2026 4F5 34 555 8 1)

807

[42]

[43]

[45]

[46

[

[47]

[49

[

[50]

vascular disease current evidence[ J]. Circ Res, 2020,
126(1) . 112-128.

Bhatt D L., Steg P G, Miller M, et al. Cardiovascular risk
reduction with icosapent ethyl for hypertriglyceridemia
[J]. N Engl J Med, 2019, 380(1): 11-22.

Sharma A, Yuen D, Huet O, et al. Lack of glutathione
peroxidase-1 facilitates a pro-inflammatory and activated
vascular endothelium[ J]. Vascul Pharmacol, 2016, 79.
32-42.

Yamaguchi T, Sano K, Takakura K, et al. Ebselen in a-
cute ischemic stroke: a placebo-controlled, double-blind
clinical trial. Ebselen study group[ J]. Stroke, 1998, 29
(1) 12-17.

Chen X, Wang R, Du Y, et al. Reactive oxygen species-
responsive coating based on Ebselen: antioxidation, pro-
endothelialization and anti-hyperplasia for surface modifi-
cation of cardiovascular stent[ J]. Colloids Surf B Bioint-
erfaces, 2025, 245, 114314.

Liang M, Wang Q, Zhang S, et al. Polypyridiniums with
inherent autophagy-inducing activity for atherosclerosis
treatment by intracellularly co-delivering two antioxidant
enzymes[ J]. Adv Mater, 2024, 36(46) ; €2409015.
Sylvester A L, Zhang D X, Ran S, et al. Inhibiting NAD-
PH oxidases to target vascular and other pathologies: an
update on recent experimental and clinical studies[J].
Biomolecules, 2022, 12(6) : 823.

Okafor O N, Farrington K, Gorog D A. Allopurinol as a
therapeutic option in cardiovascular disease[J]. Pharmacol
Ther, 2017, 172 139-150.

Ghang B Z, Lee ] S, Choi J, et al. Increased risk of car-
diovascular events and death in the initial phase after dis-
continuation of febuxostat or allopurinol: another story of
the CARES trial[J]. RMD Open, 2022, 8(2) : €001944.
Popovic D, Reddy Y N V, Omar M, et al. Acute effects
of myeloperoxidase inhibition on exercise hemodynamics in
heart failure with preserved ejection fraction: a randomized
clinical trial [ J]. Mayo Clin Proc, 2025, 100 (9):
1495-1505.

Liu Y, Luo N, Xi X, et al. Mitochondrial dysfunction
and applications of mitochondrial-targeted delivery systems

in atherosclerosis[ J]. Drug Deliv, 2026, 33(1) : 2627639.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

(LS

Fields M, Marcuzzi A, Gonelli A, et al. Mitochondria-
targeted antioxidants, an innovative class of antioxidant
compounds for neurodegenerative diseases: perspectives
and limitations[ J]. Int J Mol Sci, 2023, 24(4) . 3739.
Carlini N A, Harber M P, Fleenor B S. Acute effects of
MitoQ on vascular endothelial function are influenced by
cardiorespiratory fitness and baseline FMD in middle-aged
and older adults[ J]. J Physiol, 2024, 602(9) : 1923-1937.
Murray K O, Ludwig K R, Darvish S, et al. Chronic mi-
tochondria antioxidant treatment in older adults alters the
circulating milieu to improve endothelial cell function and
mitochondrial oxidative stress [ J]. Am J Physiol Heart
Circ Physiol, 2023, 325(1) . H187-H194.

Rossman M J, Santos-Parker J R, Steward C A C, et al.
Chronic supplementation with a mitochondrial antioxidant
(MitoQ ) improves vascular function in healthy older
adults[ J]. Hypertension, 2018, 71(6) ; 1056-1063.
Chen Y, Cui Y, Li M, et al. A novel mechanism of ferrop-
tosis inhibition-enhanced atherosclerotic plaque stability
YAP1 suppresses vascular smooth muscle cell ferroptosis
through GLS1[J]. FASEB J, 2024, 38(15) : €23850.
Yang Y, Chen Z, Song D, et al. Inhibition of ferroptosis
alleviates atherosclerosis and foam cell formation by regu-
lating lipid metabolism via AMPK activation[ J]. Int Im-
munopharmacol, 2025, 153, 114553.

Chen Y, Li X, Wang S, et al. Targeting iron metabolism
and ferroptosis as novel therapeutic approaches in cardio-
Nutrients, 2023, 15(3) . 591.
Feng Q, Jia S, Zhou H, et al. An atorvastatin/ferrostatin-

vascular diseases[ J].

1 codelivered hybrid exosome/liposome system for combi-
national ferroptosis inhibition, inflammation suppression,
efferocytosis promotion, and macrophage reprogramming in
atherosclerosis treatment[ J]. ACS Appl Mater Interfaces,
2025, 17(25) ; 36542-36556.

M Davies A, G Holt A. Why antioxidant therapies have
failed in clinical trials[ J]. J Theor Biol, 2018, 457
1-5.

Demirci-Ceki¢ S, Ozkan G, Avan A N, et al. Biomarkers
of oxidative stress and antioxidant defense[ J]. J Pharm
Biomed Anal, 2022, 209, 114477.

CEI



