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Mitochondrial oxidative stress in vascular endothelial cell and atherosclerosis
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[Abstract] The injury of vascular endothelial cell function is the beginning of the pathological process of atherosclerosis.
Mitochondrial oxidative stress is closely related to vascular endothelial cell function, which causes the dysfunction of vascular
endothelial cell by inducing mitophagy, reducing nitric oxide production, inflammation, cellular metabolic imbalance and apoptosis.
Meanwhile, vascular endothelial cell could also maintain their homeostasis by regulating mitochondrial oxidative stress. The
molecular signaling pathways of the vascular endothelial cell injury caused by mitochondrial oxidative stress in the pathological
process of atherosclerosis were outlined in this review, which provided reference for further research on the molecular mechanism
between mitochondrial oxidative stress and endothelial damage.

[Key words] mitochondrial oxidative stress; endothelial cell; atherosclerosis; mechanisms of action

LA PAY B2 200 i 4 I A 3 T HE A7) ) B2
B AR, K 078 5 100 e LS AU BT, A
iR AT BAEEAER . DM R G
O 7% VL 9 PR 55 5 RS 1 P B 40 i R S O 9
(ISR) \ HRAE S5 V7 JIr it B F) PAY Bz 240 45 472 50 ok ks
FEREAL AR S WUH AL AR L, N B
MR R B IR S SR T 5 AR A
IIRER e RE, HUCRIEATRERAQUTY, ZokifAs il
IO PR B R L AL A 4 ) i A, T PN Bz 2
PR AT 475 5 | S A0 i A A 5 5 S 5 o AR =R
i, B E AL AS SO R AR Bl KA
FEARE A B A Hp 2o (A S AL IS T P B 240 M
T B o

1 AR SRR
PR Bz 4 e A e AR L85 2L L) 5 B R 98 5 10

[E£WB] FERAABAESEAIA (81730098, 82030110)
[EFEEN] TE&E, G-LOH5E A, W57 . 3hibk ok ke A Ak,
Email: wangdaoxin81@163.com

DEEER] 22X, U, UF50 )5 . 0K i 45 25 2%, Email

cymiao@smmu.edu.cn

BT ML BN 15 L RAE S R DI RE, [ BA
B OFREURLAE A T B N I RE, Z 5 YRS
A A FITIRE Y 5 B K B N PR AR ST 1
JERASAE MR UIRN R4k . SEAE BN FHAR ot
SRAE B R BRSSP B AR 1 4 PN B
TR ML 5K SN S2 408 | ILAE PN Bz SE A A i 1
AR AT T O N B A D RERR A, 2 kst
B A 2 14 B B D DA Y PN B R A Y 3 A AR
(ROS) U PN K A Mg 10473 AN DT RER A, 76 3l ik ot
FEBE AL ) R (A B AR R FE 2R T . ROS ¥
4 ISR 75 L AE 5 2 A1~ 2k A A AE /MA I , fie
T AR T B 20 ) R B 3 4% 2 10 A
SR B ST SN B PN B AR B B R TR 9
Sy UK 96 A 17 301 e 7 2 9 OG5 ROS 515
FIRT DAY B 200 Y0 55 P TS R e B D R B, - S80I VR
I P TR A P R R A 1P LA e, o
VAP0 LA | B TORR R AT iR A, X
— e R L L S0 B0 Jk ok A B A BREBR TS B
AT JEE AT 5 PN B 2 R o P A S R 2 M Ca®
JEC, AL A - T JULER B A, s 2 Bk ks e s 1k
BEPIE R A, A R 20 ) B o 1 R AR A 0 |


https://doi.org/10.12206/j.issn.2097-2024.202205116
mailto:wangdaoxin81@163.com
mailto:cymiao@smmu.edu.cn

2SR S g
330

202346 H25 H 414 el

Journal of Pharmaceutical Practice and Service, Vol. 41, No. 6, June 25, 2023

A 1) Bl Pk o A AL BE SRR, S Sl AT I I
BRI, MR K ERBUO A I HAR L A RE
JRRE R

2 PARARBLRIR SN SR

A O A M 9 A5 B A AP 2 A Y
— R . Lok AL AR R 2 51k IINADH-
CoQ i) . B Ak N4 R ¢ ifJRE) s
KIEH LB B F BRI, B T5 0, )k
N7 7= A AR B B TR 2ok R ROS(mtROS) = 1
FEFHE, A YA (SOD) 1 AL, 2 R
AL (CAT) LA e H K 2 AL Pl (GPx )
¥ T ARG R S, PR AR R ST R ROS A
FROZANM N R BT AR IR TR . mROS/ ™A 51
% 11 0 2 P-4 R 2R A RS S ) T AL
X Bl AT T T S B 2R AR 0 BR  Ak
(LR AR G

ABFRIRZST, PN R A0 A A s P i A% s
KR53 HL 1536 2 A AL R 1h 7 A4 ATP, iX —if 72
o, A AR A B mtROS VR AR 540 1 IR 15 4 i
FITHAENST, {H B ko AR AR AL A 5605 B K 20l 0 i
SN B2 40 B mtROS 1Y K 774k, S Zehi iR A ik
N 1) o S8 A 3 591 7 b i g A Ae ¢
AR 1 AL BRGS0 7 R 9(PCSK9) B3k, #
IR i 5 A5 A T (%) 00 392 -4 B (6 3% ¢ 38 il
Bt ® A 1(UQCRC) [ Rk, T8 b AT =
AR AR IE W A5 3, K it 2 4ok 5L, 175
S K mtROS =04 AhEE (4 R i G
N EZ AR R | B B 38 & A B 1 4(BMP4) A1 Toll
FEZ AR 4(TLR4) B mtROS = A4:1) shlikiste

S IR
5517
[EtHE

M

MsrA/Nrf2/Kcapl

circNOL12/miR-6873-3p

)
% ——— circDIP2C/miR-556-5p
itk

———= circBPTF/miR-384

L ——— circ0003204/miR-942-5p

JHPCSK9 ——— #IIUQCRC1

I MEBMP4, TLR4AZ{A

M2 — R’ e ia LRI,

B il Fenton [ )i/

B A 1) 22 R 2 — 2 AR A Gl s o, i K g o
SR TE N B 40 M B, 2R iR N B TP Bk i iz R
2(Mfrn2) i Z k54, Mfrn2 ¥ rh Fe? #5152
bR 25 Fenton I, 3 il mtROS fy 7™ A= 1
] isF, A 5T rh A PR %5 B2 R 25 1 (LDL) #% mtROS &
FRAB Y 1 48 A0 I 235 B IR 2 11 (ox-LDL) -k —
A BRRTE N 20 B 5 BOK i mtROS (197742, T AL
PN Y 5 TR Y N R A A VA Gl

DAL B2 20 6 P 1) — 6 435 3 e, 2ot LR
/b mtROS B 77 A= w1 8 B S8 A Bl 335 1 1) 2 ik
/> mtROS, Bj 1E R AR AN 4, 2 Fp 20 Rs A (n
B W &I, W2 IRk ST, F i R
TR G A(MsrA) TG, 3l 1 38 iz 4+ B2
K F 2(Nrf2) I BERR L, i Kelch FE 31 4 S
FiAH K H F 1(Keapl) B9 ik, Fii CAT. SOD2
ARSI AR ot SR AR A PN K AN R, PN Rz A
AR RS RIS, Hrh PRIk RNA (circRNA)
i 33 4757 microRNA (miRNA) 5 mRNA AH R A7 5
(45 A, SN S RN ST A G B 1 o Y RT3
KB mROS 7= A= WV, J& 8 i AF 52 4405
P9 R 0B EY cireNOL12 38 i 3 A il miR-6873-
3p, LR BLER S A KR T 2 AR 2(FRS2) 1 5%
ik, i mtROS (1477 AU P K 4 Y cireDIP2C
i3 35 AP ] miR-556-5p, b Y S ms g XU
M 2(TET2) B3k, 7] mtROS #5774 2% oy iz
YHAEAY circ0003204 8 TEFHERIH miR-942-5p, T
JHi75F mtROS P AERYZHER 25 LML 9(HDACY)
A 3SR N K2 4 M Y cireBPTF 3 1 55 4 PR 1 1
miR-384, {E{£5F RNA 454 % 1 LIN-28 [A] 54
B(Lin28B) {33k, i mtROS #2422 dyeaf

LDL

K imtROS
ox’—/LDL

LHCAT, sopa | AMbR AL |

_iFIFRS2 I
— [IMTET2 FIlmtROS
FiMLin28B
TIHHDACY

E1 AEMRRESERAE AR REE
LA R G A R 1o 22 b B 75 A B AN 7™ A e P S A IS, Tl 1A B AR A TR — S TR HL AR £ 11 B AR



2EsEk GRS 202346 A 25 H F4a1E el
Journal of Pharmaceutical Practice and Service, Vol. 41, No. 6, June 25, 2023 331

AL, VN B 240 52 5 B PR 2R RO, i SR 2R 1R S
A1 28 ifF mtROS 7 A= 55115 Bk i 3l 2P 14, Bs
1k mtROS AYad 7 A=, 38 51 3 2 Lo (A S AR I 33
HOREN:

3 SRR E LR AR LR AR A5 5 1 AR AL

WF5E 20, PN 2 40 it ity 2 AR S8 AR 0 T8 5 |
TGRS F T RE i 7™ FE P A7, 2 T B M Y
E R VIR A W= % TR L =R A AT sk =9 2l 4
() ROS i i 175 ST RE AR S L ZRbidk A, &
SiE SN AN T . — A R R 2 i ] S
e, TE U A PE RN 46 (&1 2), 30N B2 2
WDy GE A5 15, [RTEE3E fim A R 240 B A AR e oK, =
EXE2 AL ST TIOERS 2284
3.1 P&k EH

LRART Y KT F45 5 % 3] mtROS 14
fRibifh . 2 RBE NS I8 mtROS & LI, Ji sl
[ PN ETiiRvx vyl M & Y €2 N LN AR VA S 1A
Mg 523, mtROS K HAh Py 25 9 8 1l 39 it ot
Hp 3, 2R AT I A Hh 14 2R 2 43 B ROS Ak
NS S € T s A 5 YA N BB e o
ROS 5|24 2 IR IR 1A DNA(mtDNA)
S DRI SR S8 A 38 o, /D 2R AR ) BB B 1T Y
FeIk LKA 53 F15 5 7281k, 3 dohiik

INRERE RS, BFSE R & BE, mtROS fE | #7835 4
LA DG PR I IO RS o P 8 B Pl 1 DR Y 1R
W 1 2(PACS2) R IE, l o 1 g b i 5
VA5 IO )2 i 5 | ]2 PN D) PR Ca® R i ) 20 e
W2, FERARB Bl (mPTP) JFL ., £k
BB R YT B, btk RE5 TP,
WF5E & B, mtROS fE 18 Z 5 L ki ik 532411 3h 1
A F-1(Drp-1) 9355, F BRI th 41K AT
TE . e 3 EH 1 DR 2548 A8 /N RS G R, U AR
TRANEA 5, S AR HE ARG 32 B R
3.2 Al AR ARG

RER R IL S P I RERFEFE 2 ATP, AN
B A0 B A A PR S A R BE SR A o I A ATP
1 80% ~ 85 % >k H HHEEME, 15% ~ 20 % K H Zhi
WEALBER L . mtROS if it B i S SRR
A A= ) 531 4 P e e Al T FLA S E e —
FI RN [ A AT . BRI B, P 2 40
JiL PN T Al B DT BR A EUR T R 2 R O il R
( SIRT ) J2& — 7t o 5 Frie i M2 4 — 4% 1 1% (NAD+) 9
WA R 2 T I, a1 R S PR T TR RN 2
Pk, 7640 M e i A b R FEOCHEME P, SIRT3
S5 T 4piR ATP BYAE R, HF1&3E8 , P87 &b
PRIFIR BE 25 2 BEAL G SOD2 284 kiR iy k£
BAY SRR, [FRA AR, SIRT3 8@ 1 74 15 %

WL AR A KAy 38

TGk Py R 2k, 7

HECa i3k, mPTPHFik; #4hm
Drp-1H#) ik

NF-kB. caspase3iiiiMMP9, 1J&|
VE-cadherin; Nrf2/HO-1754k 55
VE-cadherin/VEGF Receptor 22 54
H A

Btk
TR

T BE R
Rt

SintrE )il
R

H4HINK/p38 MAPK (B2 AL, |
ADMA/DDAHIIAYIEE, #l#]eNOS
FORFIWERRAL; P ROV A
ONOO-i#% F:BH4%fk., F:3(eNOSfi#
(NS

i BERYEL
AL EN

18 3 A HISIRT1/PGC-1 ol
. SIRT3 K H R U#PFK T
PR

PINK1/TAX1BP 13475 5 £k i
IRESS A LC-311FIp62
AMPK/ULK 137 1 Beclin 1

MIEREDDI/TXNIP/RP3. TLR-
9/NF-«xBifi 6 ; A4 zc. A
TS R B ik

2 mtROS #5747 R BB 2R E

DAY B 240 ) O (A4 A 157 8 5k A2 2 O ML 464 4 40 B ) D0 B, S B809 B A 11 0 o D) BE i

mtROS: ok AT P4



IR SRS 20234E6 H25H F41E el
332 Journal of Pharmaceutical Practice and Service, Vol. 41, No. 6, June 25, 2023

iR TR (PFKO) A 2 IR RN PE, 76 PN K2 20 B e
fiff b & ¥ EE AR FHPY, A B AR B mtROS £
fIG SIRT3 f4 30 Ryt M, 900 o) 200 %) 8 AR 001,
SIRT 3 3 1 ) 3] 7 28 480 Ak 0 il A4 14 3 350 =2 1
y 2P T 1a(PGC-10) B F2 35 FITE M, dEF 2k
EREN AR VANES ¥ TR 2 NI WA ¥ | =R AR 7 L R A O Y
T BE 7= A ) mtROS 3 i % 0i SIRT1/PGC-1o. {5
S, IR SRR RE AT . N B g e R AR
AZ IS, ATP AR s/ 5 3500 B 4 it A= B9 3
(AL, 51 RS P Mg 40 B %) 7 B4 405 N D RE e
33 SEMELEEKRAE

I I A2 24 L P 3 e A % e 2 0 200 L 25 1)
AR GO E AL S RE A% 3 1 P R 41 A A G
158 1%, 3 2 AR T A M A Lok B v, TR
ZILRI AR, AEFFAAR S . 9T R, mtROS [
TRZR AR B 7, 5238 PTEN 1% S8 1(PINK1)
ToikiE AR NI BAREE 456, 2R sh
FRRS E AR B PINK L 38 i Z2 R 1 il 48 5 | i e hr
A A W 5 TR F Tax1 4548 H 1(TAX1BP1)
STYHM N A REAE DG RS A OCE T 1 e 3 T
RI(LC3 1) 4s &, 755 A WE/IMAE ) T W2k hr
RO B IR AL TG B3 12 R % B2 parkin(HL K Ny
p62), W AW MARE S Zpi IS5 55, PINKI
3% mtROS FE M K A7 7E T EORLR ST, A 2
IR TG, FEEORLR B R RO,
1R AZ LA, D IE H A0 2 R R R 1 s v
B, [ EHOHE F AR DGR AR R AR AE T, B R N
2 L 1) 7 S N B RE AR Sy A BE g R,
mtROS 38 2 3% B 1 2 % A6 21 11 U (AMPK) /
unc-51 A H WS B 1(ULKD) B, #4005 Beclin
1A S R M LR iR A . 76X — R v, i
I3 24 B R B R R A AT B A 2R 1 32 -1 (LOX-
1), 210 40 A P9 2k 4 H 0, 378 LOX-1 A i
HESRLA F WA P,
34 HAmMBRKERELE AT

YU R T SOPRRR PR BE T, S 3 R 4 i 4 41 g
HEAFMT X JNE RN A2 I 2R 48 %)
P DXL s 5 R %) L A kg = 1 s Rz, b
BRI, shkierEas b B A rp, P R 0
o RAE S 2 A Bt Fe e A2 R A, T ELATE S & R
) s R E N R A R AL R S R L
M T, 5% mtROS #iG i DNA 15453 S5 1oz 9 15
K7 1(REDD D YE R RAE M sl R, S0 T iiEai A
S R A B AR B A (TXNIP) , TXNIP & —Fh
ROS HURER 15T, 1T LA B ST RS, & 5 R b 4h

P I RE 32 1A 11 3(NLRP3) 48 5iE /MA S5 4 I
HIEALPY, 22 mtROS P4 ISR {55155 NLRP3
PGP NLRP3 38 S22 I R0E A T caspase
LS 4RI IH 7 IL-1B. IL-18 %5, 75 S 40 M R0 S
MR, [RIBH 3 SOD2 1T, S 80™ 5 [ 40
M55, mtROS 5[ mtDNA it &% 2 M3, 3
A PR BIR R 4L CpG AR A toll #52
f& 9( TLR-9) , TLR-9 if5 ‘T #% %% ¢ X ¥ Kappa-B
(NF-kB) I FAZ e, S BUIE RN 1) & A= 0,
mtROS PG LML A P4 B 1) B SR AL B A 7 (MAO-
A), MAO-A fifb 5-HT [ f# it #2, 25 TLR-
9 A IETEY, mtROS T2 N BT W P Ca it 7% 21 iy
I PG ES 5 1B 1(calpain-1), calpain-1 1% 541
M2 ¢ SRR MK, HE A 0 40 i
¢ PG caspase-3, [RIFHMESEHIE R T-25 11 Bax AU
TG B B8 or B 2 1A, S S04 L 0 T B R AR T
mtROS ¥ 1% 1 p38 22 %4 J5 1% 1k 2 11 ¥ i ( p38
MAPK) 12 5 Bax. caspase-3 M7, W58 %
M, mtROS 38 i H S F BRI A E .
JHT15 5 B (AIF) [0 B3R B, 51 & 9 E R, 7]
S 2R AR B AR IR T K F caspase-9, ‘T2 40 L4
T SR SO S PN R A LR R T, DA I
B S5 R BT 0N K 20 M B T e R Y
IRERY KRBT o
3.5 Belk—EBALRE R

PN B 20 B SRR I — S AL L (NO) J2 Il 5
P 7 AR B PR &7 5K T e ) R BT . Ak,
NO i ELA7 4 i) i /)N A 28 48 FURK Bt | 1 By ot 442
B VRS ISP LA A A A DR PN e 240
H NO YA AR T % X 14 N Bz 28— 4R A R
A (eNOS), mtROS g fi E F#IK eNOS 2 iA il
M2 A, W NO iy A= ™, I Ah, mtROS BEfE 5
NO 3z h A s 480 A 32 B 5 F- (ONOO-) ¥
FEE A ) NO, T HL X — 52 03 2o 5 4 310 7l
SOD2 5 mtROS 1y J i F 2 4 Hit SOD2 Y i 1k,
T3 mtROS HTE BRISD, 7= A B G AR 2L FRAI
N 4 NO., 1 ONOO-i%5 S4E K eNOS % B
IR 114 DU S0 A 04 (BH4) E Ak, 3 eNOS fii
WRIT e AL AR AT, SO R ROS (7™ Az, X
3 5510 mtROS i R 3o 22 Fh 3 % 7] 422
S NO YA i, 3806 C-Jun 2K Sirifk il (INK ) /
p38 MAPK EF&BIRIL, ] eNOS Feik SiEHE";
FEARAE X BRI — F SRS 2R (ADMA) [l 338, 3
T RR R W K g 1T (DDAH 1) Y
FEEAEPE, J0H] eNOS B R 1L 1S, 30 il K I i 4%



LS g5

20234E6 H25H 4134 el

Journal of Pharmaceutical Practice and Service, Vol. 41, No. 6, June 25, 2023 333

T R 4% A B (NNT) 76 14, ] eNOS By BEiR L™,
NO VBRI, 5 R A I 4 P B &7 sk D ek fi,
I35 55 Y18 775 R A P B 248 L 285 4 A D e ) 42
A ISR 00/ DN AR P 2R AR I A T LA L g 2 5, A1
T Bl Kok FERE AL BEER BT B
3.6 AAh N R ReY R

mtROS 4[] 5 %5 % 4 57 o 2 S N B
BRI REREAR M R ERE N Z — . R A,
mtROS P (1) NF-xB 75 5 45 S 19 [R1 B, 38755
S 4R E U 9(MMPY) i % 15, mtROS Z:4
M0 2 ¢ iRATIIG ) caspase L BE 175 MMP9 (1)
3K, T MMP9 ) #]| VE-45%5 % 1 (VE-cadherin),
T2 R 441 i ) S5 % i 00 A R 9Y & 3R, mtROS
fEHE Nrf2 A0 B RS A0 204 fa ez, L a2 2o
A 1(HO-1) 933k, HO-1 fig P &AL BEE PE,
[Fi) o i e 55 I A B2 AR A R 7 ACVEGEF-A,
PR R 1045 38 375 M PR ) 1 43, 5 R AR A | VE-
cadherin /VEGF Receptor 2 & & W ) fif 25, 204
JH 1] S5 S AN BB PN R 2 ) R A
4505, 7E S Bkoks R A AL U0 S B0 ) B i A
I8 WL, 5| A 9 A Al 2R 854k TEBE TR
BLZ 5, PR 20 R ) % e (R 7 S BB R AN
FoE A 2L, S BUM AR RIE A

4 N

L LR, 2R R S AL AR ) i 443 1A
R, il Z R R IE R AR S T RAE SN . 4iiE
P A AR R, BN N B RE R
B o XX — o B R v S TR AT,
R A 22 P LA A ST I 07 S PN B2 A A8 £
FH IR I3 105 T8 5 A0 A B2 40 i X 2R A 2 A B 3
AP AIL A 0l P D, A BT xRk (A S A
093 1A B2 40 AL A P DA SEURIT L e Sl Jbk ok Ao B A
It R, I NATAGA A5 X 2R 2 ik sl bk ok i B AL
MR BA ENS%E . (HERAFLHRIER
P RT3 P Bz AR AL AR A4 TRT I, B SR A
SEALBIF I S AN A2, A PR B il B 4A Al
VRTS8 P B2 290 M 4L by 27 2 1) 2 10 A 0 20 A
FZMYEER, WA Z . At — L 05T g
il ROS Rt ™ Azl 25 i 4 P [T A5 P4 b R 40
HET LA EAL NI FFHERF N Bz 4R 25+
DIRESE BN AT T IR, R LR A S AL LI A
PRIGY T Sl K A A e Ei 40 A, il P B 240 M P
T HERR I REAR BB RAE AL R A AR R

[ &% 3K]

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

KAIH H, WU Q Y, YIN R H, et al. LncRNA NORAD pro-
motes vascular endothelial cell injury and atherosclerosis
through suppressing VEGF gene transcription via enhancing
H3K9 deacetylation by recruiting HDAC6[J]. Front Cell Dev
Biol, 2021, 9: 701628.

FUSTERJ J. Integrated stress response inhibition in athero-
sclerosis[J]. J Am Coll Cardiol, 2019, 73(10): 1170-1172.
ZENG J F, TAO J, XIA L Z, et al. Melatonin inhibits vascular
endothelial cell pyroptosis by improving mitochondrial func-
tion via up-regulation and demethylation of UQCRC1[J]. Bio-
chem Cell Biol, 2021, 99(3): 339-347.

KLUGE M A, FETTERMAN J L, VITA J A. Mitochondria and
endothelial function[J]. Circ Res, 2013, 112(8): 1171-1188.
DYMKOWSKA D. The involvement of autophagy in the main-
tenance of endothelial homeostasis: The role of
mitochondria[J]. Mitochondrion, 2021, 57: 131-147.

YAO G H, QI JJ, ZHANG Z Y, et al. Endothelial cell injury is
involved in atherosclerosis and lupus symptoms in gld. apoE-/-
mice[J]. Int J Rheum Dis, 2019, 22(3): 488-496.

ZHANG X H, LU J Y, ZHANG Q H, et al. CircRNA RSF; reg-
ulated ox-LDL induced vascular endothelial cells proliferation,
apoptosis and inflammation through modulating miR-135b-
5p/HDACI axis in atherosclerosis[J]. Biol Res, 2021, 54(1):
1.

LIU X Y, XU Y L, CHENG S B, et al. Geniposide combined
with notoginsenoside rl attenuates inflammation and apoptosis
in atherosclerosis via the AMPK/mTOR/Nrf2 signaling path-
way [J]. Front Pharmacol, 2021, 12: 687394,

BIAN W H, JING X H, YANG Z Y, et al. Downregulation of
LncRNA NORAD promotes Ox-LDL-induced vascular en-
dothelial cell injury and atherosclerosis[J]. Aging, 2020,
12(7): 6385-6400.

MAY Y, LIANG X R, LI C, et al. 5-HT 2A receptor and 5-HT
degradation play a crucial role in atherosclerosis by modulating
macrophage foam cell formation, vascular endothelial cell in-
flammation, and hepatic steatosis[J]. J Atheroscler Thromb,
2022,29(3): 322-336.

DIKALOV S, ITANI H, RICHMOND B, et al. Tobacco
smoking induces cardiovascular mitochondrial oxidative stress,
promotes endothelial dysfunction, and enhances
hypertension[J]. Am J Physiol Heart Circ Physiol, 2019,
316(3): H639-H646.

JIANG W, GENG H Z, LV X Q, et al. Idebenone protects
against atherosclerosis in apolipoprotein E-Deficient mice via
activation of the SIRT3-SOD2-mtROS pathway [J]. Cardiovasc
Drugs Ther, 2021, 35(6): 1129-1145.

KATTOOR A J, POTHINENI N V K, PALAGIRI D, et al. Ox-
idative stress in atherosclerosis[J]. Curr Atheroscler Rep,
2017,19(11): 42.

ZENG J F, TAO J, XI L Z, et al. PCSK, mediates the oxidative

low-density lipoprotein-induced pyroptosis of vascular en-


https://doi.org/10.3389/fcell.2021.701628
https://doi.org/10.3389/fcell.2021.701628
https://doi.org/10.1016/j.jacc.2019.01.015
https://doi.org/10.1139/bcb-2020-0279
https://doi.org/10.1139/bcb-2020-0279
https://doi.org/10.1161/CIRCRESAHA.111.300233
https://doi.org/10.1016/j.mito.2020.12.013
https://doi.org/10.1111/1756-185X.13458
https://doi.org/10.1186/s40659-021-00335-5
https://doi.org/10.3389/fphar.2021.687394
https://doi.org/10.18632/aging.103034
https://doi.org/10.5551/jat.58305
https://doi.org/10.1152/ajpheart.00595.2018
https://doi.org/10.1007/s10557-020-07018-5
https://doi.org/10.1007/s10557-020-07018-5
https://doi.org/10.1007/s11883-017-0678-6

334

2SR S g

202346 H25 H 414 el

Journal of Pharmaceutical Practice and Service, Vol. 41, No. 6, June 25, 2023

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

dothelial cells via the UQCRC1/ROS pathway[J]. Int J Mol
Med, 2021,47(4): 53.

CHOY K W, LAU Y S, MURUGAN D, et al. Paeconol attenu-
ates LPS-Induced endothelial dysfunction and apoptosis by in-
hibiting BMP4 and TLR4 signaling simultaneously but inde-
pendently[J]. J Pharmacol Exp Ther, 2018, 364(3): 420-432.
WANG D C, YE P, KONG C H, et al. Mitoferrin 2 deficiency
prevents mitochondrial iron overload-induced endothelial in-
jury and alleviates atherosclerosis[J]. Exp Cell Res, 2021,
402(1): 112552.

CHEN L, HU L Q, LI Q, et al. Exosome-encapsulated miR-505
from ox-LDL-treated vascular endothelial cells aggravates ath-
erosclerosis by inducing NET formation[J]. Acta Biochim Bio-
phys Sin (Shanghai), 2019, 51(12): 1233-1241.

WU Y, SONG F, LI Y D, et al. Acacetin exerts antioxidant po-
tential against atherosclerosis through Nrf2 pathway in apoE-/ -
Mice[J]. J Cell Mol Med, 2021, 25(1): 521-534.

LIS Z, HAO M H, WU T S, et al. Kaempferol alleviates hu-
man endothelial cell injury through circNOL12/miR-6873-
3p/FRS2 axis[J]. Biomed Pharmacother, 2021, 137: 111419.
HU F D, CHEN X, GAO J, et al. CircDIP2C ameliorates oxid-
ized low-density lipoprotein-induced cell dysfunction by bind-
ing to miR-556-5p to induce TET2 in human umbilical vein en-
dothelial cells[J]. Vascul Pharmacol, 2021, 139: 106887.

WAN H, YOU T, LUO W. Circ_0003204 Regulates Cell
Growth, Oxidative Stress, and Inflammation in ox-LDL-In-
duced Vascular Endothelial Cells via Regulating miR-942-
5p/HDACY Axis[J]. Front Cardiovasc Med, 2021, 8: 646832.
ZHANG W, SUI Y. CircBPTF knockdown ameliorates high
glucose-induced inflammatory injuries and oxidative stress by
targeting the miR-384/LIN28B axis in human umbilical vein en-
dothelial cells [J]. Mol Cell Biochem, 2020, 471(1-2): 101-111.
MARCHIO P, GUERRA-OJEDA S, VILA J M, et al. Target-
ing Early Atherosclerosis: A Focus on Oxidative Stress and In-
flammation[J]. Oxidative Med Cell Longev, 2019, 2019:
8563845.

FILOMENI G, De ZIO D, CECCONI F. Oxidative stress and
autophagy: The clash between damage and metabolic needs[J].
Cell Death Differ, 2015, 22(3): 377-388.

PATERGNANI S, BOUHAMIDA E, LEO S, et al. Mitochon-
drial oxidative stress and “ mito-inflammation” : Actors in the
diseases [J]. Biomedicines, 2021, 9(2): 216.

YU S J, ZHANG L P, LIU C, et al. PACS, is required for ox-
LDL-induced endothelial cell apoptosis by regulating mitochon-
dria-associated ER membrane formation and mitochondrial Ca,
+ elevation[J]. Exp Cell Res, 2019, 379(2): 191-202.

HUANG M J, WEI R B, WANG Y, et al. The uremic toxin hip-
purate promotes endothelial dysfunction via the activation of
Drpl-mediated mitochondrial fission[J]. Redox Biol, 2018, 16:
303-313.

MAIESE K. Harnessing the power of SIRTI and non-coding
RNAs in vascular disease[J]. Curr Neurovasc Res, 2017,
14(1): 82-88.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

HE X C, ZENG H, CHEN S T, et al. Endothelial specific SIRT3
deletion impairs glycolysis and angiogenesis and causes diastol-
ic dysfunction[J]. ] Mol Cell Cardiol, 2017, 112: 104-113.

WU J, DENG Z Y, SUN M M, et al. Polydatin protects against
lipopolysaccharide-induced endothelial barrier disruption via
SIRT3 activation[J]. Lab Invest, 2020, 100(4): 643-656.

TSAI K L, HUNG C H, CHAN S H, et al. Chlorogenic acid
protects against oxLDL-Induced oxidative damage and mito-
chondrial dysfunction by modulating SIRT1 in endothelial
cells[J]. Mol Nutr Food Res, 2018, 62(11): €1700928.

FANY Z, CHENG Z L, MAO L J, et al. PINK,;/TAX1BP;-dir-
ected mitophagy attenuates vascular endothelial injury induced
by copper oxide nanoparticles[J]. J Nanobiotechnol, 2022,
20(1): 149.

NINGR H, L1Y, DU Z, et al. The mitochondria-targeted anti-
oxidant MitoQ attenuated PM 2.5-induced vascular fibrosis via
regulating mitophagy [J]. Redox Biol, 2021, 46: 102113.
WANG W, WU Q H, SUI Y, et al. Rutin protects endothelial
dysfunction by disturbing Nox4 and ROS-sensitive NLRP3 in-
flammasome[J]. Biomed Pharmacother, 2017, 86: 32-40.

QIN X, ZHANG J, WANG B, et al. Ferritinophagy is involved
in the zinc oxide nanoparticles-induced ferroptosis of vascular
endothelial cells[J]. Autophagy, 2021, 17(12): 4266-4285.
HOU X H, YANG S B, YIN J. Blocking the REDD1/TXNIP
axis ameliorates LPS-induced vascular endothelial cell injury
through repressing oxidative stress and apoptosis[J]. Am J
Physiol Cell Physiol, 2019, 316(1): C104-C110.

TANG Y S, ZHAO Y H, ZHONG Y, et al. Neferine inhibits
LPS-ATP-induced endothelial cell pyroptosis via regulation of
ROS/NLRP3/Caspase-1 signaling pathway[J]. Inflamm Res,
2019, 68(9): 727-738.

INCALZA M A, D'ORIA R, NATALICCHIO A, et al. Oxidat-
ive stress and reactive oxygen species in endothelial dysfunc-
tion associated with cardiovascular and metabolic diseases[J].
Vascul Pharmacol, 2018, 100: 1-19.

DING Z F, LIU S J, WANG X W, et al. Oxidant stress in mito-
chondrial DNA damage, autophagy and inflammation in athero-
sclerosis[J]. Sci Rep, 2013, 3: 1077.

GONG L L, LEI Y Y, LIU Y X, et al. Vaccarin prevents ox-
LDL-induced HUVEC EndMT, inflammation and apoptosis by
suppressing ROS/p38 MAPK signaling[J]. Am J Transl Res,
2019, 11(4): 2140-2154.

CHEN HI, HU W S, HUNG M Y, et al. Protective effects of lu-
teolin against oxidative stress and mitochondrial dysfunction in
endothelial cells[J]. Nutr Metab Cardiovasc Dis, 2020, 30(6):
1032-1043.

BAIL N, YANG J H, ZHANG H, et al. PTB domain and leu-
cine zipper motif 1 (APPL1) inhibits myocardial ischemia/hyp-
oxia-reperfusion injury via inactivation of apoptotic protease ac-
tivating factor-1 (APAF-1)/Caspase9 signaling pathway[J].
Bioengineered, 2021, 12(1): 4385-4396.

(T4 % 392 W)


https://doi.org/10.3892/ijmm.2021.4886
https://doi.org/10.3892/ijmm.2021.4886
https://doi.org/10.1124/jpet.117.245217
https://doi.org/10.1016/j.yexcr.2021.112552
https://doi.org/10.1093/abbs/gmz123
https://doi.org/10.1093/abbs/gmz123
https://doi.org/10.1093/abbs/gmz123
https://doi.org/10.1111/jcmm.16106
https://doi.org/10.1016/j.biopha.2021.111419
https://doi.org/10.1016/j.vph.2021.106887
https://doi.org/10.3389/fcvm.2021.646832
https://doi.org/10.1007/s11010-020-03770-2
https://doi.org/10.1038/cdd.2014.150
https://doi.org/10.3390/biomedicines9020216
https://doi.org/10.1016/j.yexcr.2019.04.002
https://doi.org/10.1016/j.redox.2018.03.010
https://doi.org/10.2174/1567202613666161129112822
https://doi.org/10.1016/j.yjmcc.2017.09.007
https://doi.org/10.1038/s41374-019-0332-8
https://doi.org/10.1002/mnfr.201700928
https://doi.org/10.1186/s12951-022-01338-4
https://doi.org/10.1016/j.redox.2021.102113
https://doi.org/10.1016/j.biopha.2016.11.134
https://doi.org/10.1080/15548627.2021.1911016
https://doi.org/10.1152/ajpcell.00313.2018
https://doi.org/10.1152/ajpcell.00313.2018
https://doi.org/10.1007/s00011-019-01256-6
https://doi.org/10.1016/j.vph.2017.05.005
https://doi.org/10.1038/srep01077
https://doi.org/10.1016/j.numecd.2020.02.014
https://doi.org/10.1080/21655979.2021.1954841

IR SRS 20234E6 H25H F41E el
392 Journal of Pharmaceutical Practice and Service, Vol. 41, No. 6, June 25, 2023

33 BTN
AR 132 25 I R 2R LA TR B A TR 38
WF, R st E L GE T ansk 2.

*2 RGBEARFHMRIREILE (1=32)

BIFAR BRAE (%)

M R L
RG] 30 94
ARG ERCE 23 72
A O RsR S #E A 20 63
BT LA 3 9
RYAT W) T2 LA 32 100

2t 3k DA A B R G B T 255
K25 250 T AR g o el % B it [l A A TR A
T, EEARIAT] Y[R REAE T AE I8 Lh A R 1 2Y
Ui, 280 5, TR T A B2, X TR A
AT AL A —E B HER OB, 5 28 22 i (]
BHHE N RGERE . T3 AME A5 24 i ML 2 R v
AR A, A M, TR, HaE A AT
imfE R
4 g

2015 4F E K & 2y B sy sk 2ok <2016 4F 1 H
1 H J5 Az ™ B 24 b i 700 0 A3 43R IAS 7, 2019 48
4 719 H, B 5B EHERER LA T (5
T EALIE R R AR T ) A (2 36 B AL 4 i 2
KO PEITZ 5 A7 B AIE B R PR U, Gt A B D0 8
T 20 057 WA IR AD AT 7 A8 2 bR R B A S
1SO FH G = Pramaf, 15 2 A5 553 24 b BE T W 4
A S, EEXEER 122 E A
919 Fi2y ShEAT T 41T, A 58% MY 24 Fh AL A i
1, H 73% (2] e BN A W A5, AR T3 5
T 79% W2 o R 25 SEFE R TR, WA RS 2
112 B R 2R 93.8%., ANAEFIRGH 25 5 1%
SREEBEHIFR L IR R 2, AR 2y
TS, T EA MR TAE . X FIE
B il 300, AT LA R T VA A 24 A e
il iy 25T A5, oAt 24 5 75 BEAE S bR T AE rh AT il A%
XF, it —2 85 G TAEI G h BE A i S0R REHE =
TERRI %

N HZ K 25 B R G0, o 0 2 A KR

b, Bk 22 A W] D, EL S R 22 R AT AR A
1E. ERFPIE BRI R gL T2 — 2T,
EJE 250 TARBOX R, 5540 1T A BRI, &
JRERR TR R A AR R B2 I )
AERH, LA 2522 B A2 N 2R

M2 KB RGBT T 2500 % 25 T A
AR, THRE . RGN 0T
AE, BERE S 1AL T B B 2800008 PN 28 52 IR 5555
IHRERLTR, [ iof 2SR B 2 [1] SCAR A <7, o] AR Fhs
KB AU o AL I7 S AR HRAE SRR 24 i i B
ST A5 AR, BEAEE— 2D R RRORT 24 i 19
T, W ORI B2V 52 o ¥ RV B B A (3 )y 245 i [l
A R TR Y [R], desidl T 25 0m il 55 e T, A
By PR m 2 Ar . Z9UiE R RE ST AU T), WA Bl
T R G R A

TR Y R e 24 28 Gt R R 2 HERA 38 T A 3
Tor Z Z AR B 5 | R e g IR, B2y
PG st 2RI i | A A IR 2 BRI,
AT A 2y R v R AR A SR A
UL, dE9 T B, O i 2 B RE AT a3 A
AR, B SALAL T 2522 255, 48
19 1R 2GR, X2 s ik R R 2

(2% 30HK]

(1] FRE, #BA. GSIARMESFRIN: BEY7 ¢ i Ig: 45 =+ fm Ebr
By g2 BT AR (0], R A ShiRBIEE A, 2016(6):
43-54.

(2] XUBE, AR, TR, &5, PRGBS v 20 Fas R e
SRS R[], 4 H 242, 2019, 29(4): 278-282.

(3] B2, FHabaik, BiRot, 55 R B F ISR K112
24 G AL 24 i VA0 22 B S B T2 20 S A m A 0] R
2457, 2017, 28(28): 3956-3960.

[4] BERMAN A. Reducing medication errors through Naming, la-
beling, and packaging[J]. J Med Syst, 2004, 28(1): 9-29.

(5] ZEWAEN. 1225 Ak Jr 2255 0 UL DR Bt o [, v E A
2511, 2012, 6(9): 135-136.

(6] ZHFIR. [ 1122 P & 2 2555 43 B Msck £ it [T]. b [l rh e 2
PUCIEFEHF, 2017, 15(7): 46-47.

(7] SRFV=, ki d, 14 %. (12255 B Bl 4 KA i JR N 5 ok
X (31, 5% K 2%, 2013, 21(2): 192-193.

(8] 13t B HE H b k2 RGEAE KB 1122 s is 5 44 (7],
Il A PRI 244, 2019, 12(23): 172-173.

[WFmBH] 2021-06-01 [fEEIBHA] 2021-07-16
[AXHE] FHE


https://doi.org/10.12048/j.issn.1674-229X.2019.04.016
https://doi.org/10.6039/j.issn.1001-0408.2017.28.19
https://doi.org/10.6039/j.issn.1001-0408.2017.28.19
https://doi.org/10.1023/B:JOMS.0000021518.60670.10
https://doi.org/10.3969/j.issn.1673-9523.2012.09.119
https://doi.org/10.3969/j.issn.1673-9523.2012.09.119
https://doi.org/10.3969/j.issn.1672-2779.2017.07.021
https://doi.org/10.3969/j.issn.1672-2779.2017.07.021
https://doi.org/10.3969/j.issn.1673-6567.2013.02.181
https://doi.org/10.15887/j.cnki.13-1389/r.2019.23.117

