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A BRFLREPHIERA OGRS S i3S B HLBIF 58
REE 2 B R E BRROR B 2, R P BRR R
(RALHEFIR BFR I ABEFRIRERR S AEEETELRT, /T 437100;
TKXKRFPHERS EAF, XX 430071)

HWE BHH BERERLEHIEE (PS-MPs) Z 78 BUMEPE /N RN AT P9 R 3405 KA PR s 3 A 8 TR . AR st
FAL R G A AL =R VT HOLE . AiE 432 L C57BL/6 /N (6 ~ 8 il iy ) Bl AL 43y AR 3 4R 7K 40 (saline 41) 0. 1 mg/kg PS-
MPs #7521 (0. 1PS-MPs 41) . 1 mg/kg PS-MPs #7524 (1PS-MPs 41) . | mg/kg PS-MPs+A iR 5 I3 741 (1PS-MPs+Lut 21 ) , 541 8
SUNRL, Geid 8 JE W5 3 aok R 45 200 /IN B 5 6 it L 25 B0 R #4822 850, 32 3 Bk 2 2P0 B2 A0 5 A /0 B B0 bk B AR
FBE(TC) =Bt Hh (TG) e 2 B2 e 21 F A B B (HDL-C) 45 g BT A QI AR OCHE A 5 K 5 PE 20 (ROS) A BE T IR (GSH) (P 1%
(MDA ) %5 50 Ak IS BOAH S48 5 46 000 P9 i 3 (ET-1) . — &AL Z (NO) (i3 P B ZE K B F A (VEGF-A) | Il %8 41 5 Bt o0 11
(VCAM-1/CD106) 4l AL [a] 6 B 53 F--1 (ICAM-1/CD54) 55 9 S THREAHOCHE A, LA R g AR 2% . R Y saline 4141 I, PS-
MPs % 75 5 50/ BLUE SR BRI IS | 5 S VE 2 22808 I & T4 5 B BRI DGHE AR TC TG TR, HDL-C R [, /N BRI o
PRI ZEEL 5 AL AE G HE A% ROS \MDA FH 5, GSH R R, /INBR A P 18 IR AP0 05 5 1A PR B2 AR AE S L35 hm & W ET-1 .VEGF-A |
VCAM-1.ICAM-1 7K F-Fh 5 , &F MY 0T NO R F&, /N BRUMAS N R 3005 . e Ab , i i A 4 24 25 5 W, PS-MPs 2 #3114y
BERIEAFREHE L TN B . AHECT 1PS-MPs 41, AR B 35t 25 06 S Sl ny |, FAIG /N BV P LA 38, 15 AR it
FAL ARBEE N R . &1 PS-MPs il ik AL NLHORIE BT A 5 05 B L AR AT AR A PN B A 1ML A

REIA R LI s AR USR5 5 M0 PN R A 407 5 0 A 20 5 R B B 3R s SR TS e

HESES R99%4.6
NTERARERD A XEHS 1000 - 1492(2026)03 - 0432 - 07
doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 007

O ML 48 952 975 (cardiovascular disease, CVD) H Bij
RAERE RO LR R R 22—, CVD [ A
SIEETS Qe OC ROk B DI ROR SRR
(polystyrene microplastics, PS-MPs)J& ] ¥z v FH T4
WA B AL AR AR R — A B PRI R R L
K38 2 H OGS 2L DR 22528 43 A B PS-MPs , 4 177 A]
G UBUR SN =R C AR G A D ) Ok T
AR FLER (Luteolin) J& T B E AL G4, /2 B AR
P WL RIS Y 2 —  BA B0
PR VE SRR H TR B O T I8 75 Yy (4%
PS-MPs ) 3 S48 A B 458407 J5 A FH A JaR s 25 19 B 11
BITIWE IS IE o R, AR SCER B T R R R 4

2025 -12- 11 $1k

LW K ARBHARESTH (45 :42177416) ; WL R 24 B
[ ~F BMAFE 10 200 H (45 2022YKYO01) 5 51 db 4 ik 7
R A & S0 R S T (445 2023SFYF095) 5
WAL FARBRA 3 4 il T BT R RIS 3 4 F S H (4
5:2025AFD389)

PEE T RAEE L, WA
R T, 4, At WA S0, W S E S, E-mail bey_tiao
pi@126. com

PS-MPs T EUMLAE P K i 5 3 2
1 #MB5F*®

1.1 ##

1.1.1 S%%3h4 32 HSPF % C57BL/6 MEtE/INERL,
6~8 JE I , 1A JFT R 249 18~20 g, 1 W) T 307 3 7 7 1k 52
Bsh YA R A4t SCmsh e i de Rl 42
Be 52 56 3 Wy fe B 25 53 25 o 4t @ o (ID: HBUST-
IACUC-2023-028) . Al FRFRE R E 20~25 °C, AHXS
W 50%~70% , IS A28 12 W RIS, A it &
oK

1.1.2 ZZXAEME  AREH K (Luteolin) 4l
>98% , W [ R HEE VU I8 ) B2 25 B AT BR A W 5 PS-
MPs 14 7 K HE ) g AR 5T AT A RS 7] 5 16 PR AR
(reactive oxygen species, ROS) 5] & W F It 5% 3% £
i H PR 4 AR AT PR 24 ) 5 5 JIH [ B (total cholesterol
TC) . =Bt H i (triglyceride, TG ) | 2 %% i g 25 FH AH [#]
fi (high density lipoprotein cholesterol, HDL-C) ,—%&,
fb A (nitric oxide, NO) , N . [i¥ (malondialdehyde,
MDA) F14% JBE H K (glutathione , GSH) 1k 2218 71 &5 35
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W R AR ) TR SR T 5 4R R A
IR A DA ) AR A BRZA W) 5 N B2 3R (endothe-
lin-1,ET-1) M1 N 2 4 K K A (vascular endothe-
lial growth factor-A, VEGF-A) | 4ff fif [a] % fff 73 + -1
(intercellular cell adhesion molecule-1, TCAM-1/
CD54) A1 IfiL 45 21 it 285 BfF 43 7 -1 (vascular cell adhe-
sion molecule-1,VCAM-1/CD106 ) fiff 5k 5 72 W BRI 2
R & A bR AR AR A A
ELx800 fifi 1A g i 52 [ BioTek 23 Hl ; DP73 {3 453
Il H H 4% Olympus 23 m] s BP-2010 /)N FUIC 01 2 3 bk i
JEI A At 3B LR AR A IR A ) s 5 X%
7R UL H 75 E Eppendorf 23 7] 5 -80 “CYKAH I H
H A SANYO /A ) s HH-42 = T B BV i /K 45 0 1 b
SURPEALER A7

1.2 KB

1.2.1 Sy mA R ST UA [ E B A 55
1A BRI AL g 4 41, B EH 8 o fn s
A BRER K 4 (saline 21 ) .0. 1 mg/(kg-d) PS-MPs % &
ZH (0. 1PS-MPs 4H ) . 1 mg/(kg-d) PS-MPs % &% 4
(1PS-MPs 41 ) .1 mg/(kg-d) PS-MPs+ A 2 55 Z IR 7
2H (1PS-MPs+Lut 41 ) o 4% I8 % & 80 mg/(kg-d) 7
AR R ARIE T 1% 5 F A 2 3% Al
80 mg/kg W TR HIEB A2y, B RMEK
HA R IER S m AR 0 sk #0717 2
oy 4 H S N E AR 25—k, SER TR 8 J L cE IS
REIZINTREN i

12,2 hFfaffislg SRPEHRLERE,
K FU/AN BRUPREE I ) R 513 L BE 2280 (100 myg/
kg) , Uy WE BRI 2 30 min Ji5 250 (25 °C, 3 000
min, 10 min) B PV . /D B3 s KR B 5 5 #%
FTEARFRLE 1(g) 29 (mL) il ATl A BEER 7K 2 5
i, VKU B ) 25 109% ZH 215038 BB 07 1 50 J Tk
AT B AL(4 °CL, 10 000 t/min, 10 min) 5 BT
W IR E T8 R TR I AR DGR o

1.2.3 kA HERNEIKET 4% 2
b e [ E WU K B Y) R BE S
INAKE LR GE , B 7 I 20057 0 U 4%
HE B MOEAZEfL . [R5 Masson 42 (8 W 58 5
B KN I 27 AE TR R BB, VAN G IS /D B 32 30 ik
o BT B I I DL

1.2.4 R FHhkh EnZE KRG ZERFE24 h
W2/ B SN DK I, PR IR B 4EH77E 28 ~ 30 °C
LEERIREE T, AR U I [A) [T 5 o 0 S g2

ﬂq&?ﬁ}%(systolic blood pressure, SBP) &7 5k JE (dia-
stolic blood pressure, DBP) I S 147 1fiL i (mean blood
pressure, MBP) , 22 Uil i f5 BCF- 348, B0 5 1 s
LT

1.2.5 g ftedmsenl  Fshlk EE R T ROS
K DCFH 9EGHREM TR e , 3 o bk 11
FH PBS 2z vl 7 B 10 4% 45 T, 2 648 41 DCFH-DA
e BRSE B B 48 7~ fdi ] PBS 2% vhik %2 1: 10 000 7 B¢
#FH. HAE R &M AP E A R A=,
GSH . MDA i 7 & A% I 2 21 /b GSH 7K - A1 MDA
W

1.2.6 JgfARaftAa sk ag4rm e HERIFRECN R
SfkE RS IR E (o) AR (mL)=1:9 1Y L],
T O 5 LR AR K, vKOK IR I A3 . sk
W TC. TG HDL-C ¥ Ji 4% MR 30 & Ui 1
M E o

1.2.7 AEBGHREHNE RIEELISA KK &
i 7 K XY 3 VR R R E S B bR AR ) ET-
1 .VEGF-A .ICAM-1 . VCAM-1 /K, fir Ay 45 SR 433
R UL E1T . ET-1 R VEGF-A 37 & R BN
1.0 pg/mL, ICAM-1, VCAM-1 & 7] & R #UE 4 1.0
ng/mLo ICAM I 135 W& T NO 7K P ™ 4% 325 57 3
FIFE T D

1.2.8 s F AR #5440 AR saline 4 Al
1PS-MPs 41 FE47 T 1075 AR5 4L 27 (R R 00, A 1 12
FESL T, A 400 wL ¥ B W (g - K=4:1) T
FEG T 2 RS B AR ICE AR, #HE 30 min
JA B0 (4 °C, 13 000 r/min, 15 min) B 15 . AR
0, % — 5t 3% 53 1 (liquid chromatography-mass spec-
trometry, LC-MS) 3% Jf] BEH C18 {4 3% 4 , If J &
0. 1% W IR 1) 7K — 2 157 TN BRI R T sl A 3
FIRBEEVRI . FLARKEIN Jr ik S 2 A i se ™

1.3 ZitZE4E S0 HE 0 GraphPad Prism
9. 0 FRAFHEAT GE T2 20 M 9 4= i 2, D'Agostino-
Pearson ZE G 16 5 K PEAL IE S0 A5 T 00 o W) ik B4l
DLV B 7 B A A b 15 (s ) L 2L R] HE B
HLIRZ ANOVA F1LSD K 5 , P<0. 05 4 25 %A1 4t it

2 #R

2.1 IWNRERE.ETHRFEERMEREH 5sa-
line 2H Fb%% , 0. 1PS-MPs 2H /)y BUA o £ 0 B i 28 1k
1PS-MPs 2H /)N B J5T i 1% T [ (P<0. 05) ; 5 1PS-
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MPs 20 4 Ft , 1PS-MPs+Lut /) BUA 554 BT hn (P<
0.05) (FE 1A) ;55 saline 41 A1 ., 0. 1PS-MPs 21 | 1PS-
MPs 21 /)N B 3 30 Jik 5T 8 55 (P<0. 01) 5 5 1PS-MPs
ZHAH EE , 1PS-MPs+Lut 21 /Iy B 3= ) ik 5 8 I T B
$3T saline 7K (F=7. 531, P<0.05) (K 1B) ; tH%%¢
T saline 41, 0. 1PS-MPs 2 il 1PS-MPs 2H & 5 ik I #%
Z K0 (P<0. 01) 3 55 1PS-MPs 2H AH [t , 1PS-MPs+
Lut 21 3= 3 Bk IE 45 3 % % AIK (F=8. 124, P<0.01)
(F1C),

2.2 HLREFIE

saline ZH A L, 0. 1PS-MPs 2 Fl 1PS-MPs 4 Ifil % B 2
VT 1 TR, I A RE L ) A R A S A H HES KL 20
N 25 Ak ™ B 5 1PS-MPs 41 25 F Lut J5 7 A 50 2% i
PS-MPs 1 5 1 2 sl ik #5345

2.2.2 DR FEFH Pk Masson & WE3IIR, 5
saline ZHAH Lt , 0. 1PS-MPs £ F1 1PS-MPs 24 7] UL BH .
WO R AU, MR HES 2L, LA 4k 0
PR 5 5 1PS-MPs 2H L35, 1PS-MPs+Lut 2 £F 2 b 72
JE B 4G

2.3 MNREDBEKMEZT 5 saline 2041 1L,

2.2.1 PREFHKRHEFELER WK 2R, 5 0. 1PS-MPs 2H #11 1PS-MPs 2H SBP . DBP #il MBP 3] J}
Adr o B 15p . € % 000067 o
o b 20
§28 L ¢ = Aok %D Hk
£ 0 el . S0 " 2 0.0004} "
§24} & s
< é 51 &b 0.0002 |
52} S E
20 L L L L | 0 2 0
0 2 4 6 8 a b c d a b c d

Time (weeks)

E1 PS-MPsZHZX/NRAERE . EFKRER EFNRKBERR REHIZM

Fig. 1 The effects of PS-MPs exposure on body weight, aortic mass and aortic organ coefficient of mice

A: Weight change in mice; B: Weight of the aorta of mice; C: Aortic organ coefficient; a: saline group; b: 0. IPS-MPs; ¢: 1PS-MPs; d: 1PS-

MPs+Lut; “P<0. 05,

"'P<0. 01 vs saline group; "P<0. 05, *P<0. 01 vs 1PS-MPs group.

c d

2 PS-MPs ZRE/NREFIFEEN  HE x40
Fig. 2 Pathological changes in the aorta of mice after exposure to PS-MPs HE x40

a: saline group; b:0. 1PS-MPs group; c¢: 1PS-MPs group; d:1PS-MPs+Lut group; black arrow indicates thickening of the aorta, cell swelling.

c d

E3 PS-MPsRZER/NRENRKFEEZL  Masson x40
Fig. 3 Pathological changes in the aorta of mice after exposure to PS-MPs Masson x40

a: saline group; b:0. 1PS-MPs group; c¢: 1PS-MPs group; d:1PS-MPs+Lut group; The black arrow indicates the deposition of blue collagen fibers.
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B (P<0.05) ; 5 1PS-MPs 20 #H It , 1PS-MPs+Lut 2H
SBP .DBP FI MBP [k (P<0. 05) . WL# 1,

&1 PS-MPs Xt/ ILERI 2200 ( mmHg, n=6,x+s )
Tab. 1 The effects of PS-MPs on blood pressure

of mice (mmHg,n=6,%+s)

Group SBP DBP MBP
saline 96. 50+6. 72 68.33+5.32 81. 00+6. 23
0. 1PS-MPs 107.83+10. 72" 76.83+6.97"  94.50+7. 74"
1PS-MPs 120.33+10. 31" 96.50+7.37"  115.00+13. 43"
1PS-MPs+Lut 108. 00+9. 06" 88.33+4. 18" 100. 50+4. 23"
F value 6.529 24.920 16. 060

"P<0. 05 vs saline group; *P<0. 05 vs 1PS-MPs group.

2.4 MREFBPENNBEREDKEENL 5
saline ZL 4 [t , 0. 1PS-MPs 41 Fl 1PS-MPs £ ROS T} &5
(P<0.01) , MDA FF & (P<0.01) , GSH &% {i% (P<
0.05) ; 5 1PS-MPs 41 #H [t , 1PS-MPs+Lut 21 ROS .
MDA [ (P<0. 05),GSH J155 (P<0.05), W32,

F2 PS-MPsZEX/NREZNERA LR P AU HAREY
KFEHIFN (n=6,%+s)
Tab. 2 The effects of PS-MPs exposure on the levels of

oxidative stress markers in the aortic tissue of mice (n=6, x+s)

MDA
ROS (fluorescence )
Group (pmol/mg GSH level
intensity )

prot )
saline 11 554.17+1 490.88 1.68+0.94  1.01+0.57
0. 1PS-MPs 15 410. 1742 253. 68" 3.91+1.42" 0.50+0. 16"
1PS-MPs 16 852.33+2 674.76™ 4.31+1.707 0. 33+0. 15"
1PS-MPs+Lut 13 535. 17+1 660. 92% 2. 19+0. 69" 0. 82+0. 43"
F value 7.373 6.313 4. 006

'P<0. 05, “P<0. 01 vs saline group; *P<0. 05 vs 1PS-MPs group.

2.5 BEBRAKERMER SsalineZdAHH,0. 1PS-
MPs £ Fll 1PS-MPs 21 TC . TG F} 5 (P<0. 05) , HDL-C
FR&(P<0.05) ; 5 1PS-MPs ZHAH L, , 1PS-MPs+Lut 21
TC. TG [% {i% (P<0.05) , HDL-C F} & (P<0.05) .
L3,

2.6 MBEARIMERMER 5 saline 4 L%,

#3 PS-MPsHEZX/NRAENAKALR PR
IKRFHIFME (n=6,x=s)
Tab. 3 The effects of PS-MPs exposure on lipid levels

in the aortic tissue of mice (n=6, ¥+s)

TC TG HDL-C

Group
(mmol/g prot)  (mmol/g prot)  (mmol/g prot)

saline 0. 13+0. 08 0. 24+0. 09 1. 44+0. 96
0. 1PS-MPs 0. 54+0. 28" 0. 62+0. 17 0. 45+0. 14
1PS-MPs 0. 710. 26 0. 70+0. 36 0. 34+0. 18"
1PS-MPs+Lut 0.33+0. 12* 0. 33+0. 14* 1.28+1. 02
F value 9. 146 6. 286 3.739

"P<0. 05 vs saline group; “P<0. 05 vs 1PS-MPs group.

0. 1PS-MPs 21 11 1PS-MPs 21 ET-1 ,VEGF-A \VCAM-1
FITCAM-1 T+ (P<0. 05) ,NO F#{K (P<0. 05) . HH#K
T 1PS-MPs 41 , 1PS-MPs+Lut 41 ET-1, VEGF-A
VCAM-1 I ICAM-1 F F& , NO JF & (P<0.05) .
WA 4.

2.7 MERWAFER HAETEEDH R
LC-MS Kl °F- £ #E47 saline 41 1 1PS-MPs 41 /1N BLIfil
T Y AESE 1] AQBHLH 2 0 A (R 4 PATREA 36 8
AFEA) o XA YRR ET 20000 3B (prin-
cipal component analysis, PCA) £ 8 : O 241 N FEA 1Y
AT R, 2R ) 22 S A Ge it R (KT 4A) 5
1PS-MPs ) 2 5 %F /IN BT HP AR AT AR 25 A 32
M , KL P A 5 ) 22 S AR, LSRR TP T
WA, A7 ) a0 o3 B AR S 5 (181 4B) o AR 22
S0 AT : HMDB $idla R AL 5 W o0 2R 4551 W, 2 ke
it A 3 2 S AU O A LR 28 AT A2 0 2K Cor-
ganic acids and derivatives lipids) . 28 I§ 43 ¥ (lipid-
like molecules) F1 47 HIL 4% ¥ 1k 5 ¥ (organoheterocy-
clic compounds) ([#14C) o AU #% 73 7 - R T
KEGG 177 ¥E 7 Hr 45 L IRl A7 7 W 25 22 S i AR G
K5, P< 0. 05) , LA & i Se A 12 2 s A n g8
AR FE 2R (4D) 280 3 B A5 1
FRIE P4 (citrate cycle) | & 2 FR X} (tyrosine metabo-
lism) . a- K FiR X 1] (alpha-linolenic acid metabo-

&4 PS-MPs FFEX/NRIMLE MR INBERIRM (n=6, x+s)

Tab. 4 The effects of PS-MPs exposure on the vascular endothelial function of mice (n=6, x+s)

Group ET-1 (pg/mL) VEGF-A (pg/mL) VCAM-1 (ng/mL) ICAM-1 (ng/mL) NO (pmol/L)
saline 133.56+12. 80 321.52+37. 17 253.86+24. 33 435.82+106. 80 2.56x1.39
0. 1PS-MPs 172. 03+27. 76" 442.09+52. 65™ 298.92+17. 76" 550. 61+110. 95" 1.47+0. 53"
1PS-MPs 187.22+37.21" 478.79+97. 29" 299.29+15. 35" 650. 95+51. 08 1. 27+0. 38"
1PS-MPs+Lut 152.83+17. 13* 334. 82+64. 18* 265.77+25. 13* 489. 56+64. 74* 2. 44+0. 67*
F value 4.986 8.234 7.277 6. 698 3.681

"P<0. 05, “P<0. 01 vs saline group; *P<0. 05 vs 1PS-MPs group.
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lism) . C5-52 8% — IR IR 4] (C5-branched dibasic acid
metabolism) 14 2 18 Fl Jifi 24 2 18 4 (arginine and
proline metabolism) . 3% 2L (AFT 15 IR 11 31
Fies MR AU ) ' 42 3R W] PS-MPs 3 1o fig J5 I 4Lk B
T A R

3 itig

PS-MPs 3 %238 o B )58 AR S A AN
PRE NS B RHURLST- B R 1. 6 wg/mL,
BN PS-MPs 24 19. 10 mg/ AAE", A B 58 5
i 2 TR B2 T Y BE ) 1 mg/kg S PREEAH
KA, AR R RIR LAY, DS H
FEQRP O M A 7 A EEAEH™ . A ERM,
PS-MPs % & 7] 1 4t 14 184 5% 1 45 42 405 , 5 S Ak L
MR A AL G . BEE YRR R, /N R
A P9 ROS S AK I 0K SRR 5 3 S8 AL 28 7= ) MDA
BT R, GSH HTU AL K B iR . AR R

A Scores(PCA) plot
300
® 1PS-MPs
®@saline
200
100 |

PC2 (20.60%)
o
T

-200

_300 1 1 1
-100 -50 0 50 100
PC1 (47.70%)

-0.05 0
Ratio

0.05 0.10 0.15 0.20 0.25

TN T T2 AT i 25 /L 1 PS-MPs Y 2 20 241 A I
ROS FIl MDA & & , 4 725 GSH & H5 , 7 1) i 52 (o 08 k)
V5 YL TN B IR RO . G SR AR AT, S R
HEANRIEN G R Sk MBP &4 T 71, &F ik
I8 29 5 NO B 7 B /b | I 8 e 4 IR 7 ET-1 4
fno R B i A N B2 SE A AR ) VCAM-1 DL K
ICAM-1 225 L, 1 B /N BRI s A i R 2
BN SRE ARG, X P B Al T — o R Y
P50 I A R B2 22 J DRI A /)N Bt e FAAEG
NO UL Bz ET-1 B0H Yk & 1E % 7K F , IF 5 if fe fif
VCAM-1 ) K ICAM-1 ZU{H 1] 3] 1EH JE N . x4
5 Jia et al "I EE RASF . LI R BN, KRR
ZA[ e LA (547 PS-MPs 1 /88 Bz 845 19 VE o

I AT 2 B, B oA 35 L 2 18 oo il
FR R AR, EEER IR TG FI IR [ B Y 5 22
L L YR SE 50 1 PS-MPs % 58 41/ B TC Fl TG 7K -
Thi B Re A 25 AL, N R 4 M E a3 RN, B

B 1PS-MPs vs saline.volcano
12
10 |
5 87
2 Significant
S @ Up(187)
QL @ Nosig(1 370)
S 6 @ Down(449)
<
)
) V[l-;)
S .
T4 F .12
025
®37
2 -
0 1 1 1 1 1 1
-1.5 -1.0 -0.5 0 0.5 1.0
Log,FC
D KEGG Topology Analysis(1PS-MPs vs saline)
3.5
30F P value
Citrate cycle (TCA cycle) 0.4
L .-0.3
2.5
) 0.2
= Tyrosine metabolism o1
= | )
s 20 =,
s 1.5F
éﬁ . alpha-Linolenic acid metaboliam| IT%ag;
©0.08
L 1.0r ®0.14
C5-Branched dibasic acid metabolism| @ 0-20
05 Arginine and proline metabolism
1 1 1 1 1 1 1 1 1 1
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0.30 P

B4 RiEZHM

Fig. 4 The effects of metabolomics

A: PCA score plot of saline and 1PS-MPs groups; B: Volcano plots of saline and 1PS-MPs groups; C: Proportion of differential metabolites be-

tween saline and 1PS-MPs groups; D: KEGG topology analysis.
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J AR M i e MAE N . T HDL-C 7K F-R#AIK,
PR N A MIAE S RE T N . A E IR L4 2%
1) 77 vk e o T R R 2 nT 3 A ek D g T B A
1o B IR 1 B /N BRI R A A B AR 25 AL i 5
ARG AR — 3, KRR 2T A T 15 , TCF TG
IR 42 3 AR, HDL-C 7K1 & OE 8 K, R
JER L 22 A] R 38 1 VB A S L ORI A N B
B AR T LR RS R A e AR S
45 0. 1PS-MPs 21 F11 1PS-MPs 2H 3= 50 bk JJF 2§ 2 %%
P 751 38 284 T 34 155, X 2 I PS-MPs %% 58 1] RE X 145
VA B 20 BELAT S D 200 3 a5 1 38 m L 1PS-MPs 41
TNAAR B B R 5 nTFRAR 2= IE W KT HeAh, i)
Bl SR A B K 21 3 3h kG BE M R 9
RHIIEA G, RAE S 0 15 MG 0, 1PS-MPs 2 4
f s oA i . FLREE TG0, Masson Y (6 i
O LT ORI &, A R AT . RRRRRIA
I7 2 AT P S A, U £F AL R X —

AR R, FEATERRIG AR AL . C5-328E ot
R AR A28 DA RORS R A i = R 1 il is 148 3 Fh ik 42
T AR LA R S R R i . TR AR T 20 L R
T RARCEHIE R A A B R, R
BARMFACH AL F AR A — e R LR T
ES TN I3/ O (N 5 W RN LR = i A A o1 B oA D
b 2 AT B AR A, & A i B PS-MPs
() BEPE AL HE T A 0 B v e oI5 2t
FORFEY RBEA IR LR L, g — 25 1 AR AR
H2E BRI bRV A AR W bR iR ) B B AT 56 E
FRABHR .

g Lk
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Protective effects and mechanisms of luteolin on vascular injury

induced by polystyrene microplastics
Zhu Deyu'?, Huang Qi'?, Liang Xiao’, Wei Zhuangzhuang'?, Bao Xinyu®’, Ma Ping’, Wu Yang®, Bao Cuiyu’
('School of Pharmacy , *Key Laboratory of Environmental Diseases and Whole Health , School of Basic Medical

Sciences, Hubei University of Science and Technology , Xianning 437100; *Department of
Cardiovascular Medicine, Zhongnan Hospital of Wuhan University, Wuhan — 430071)

Abstract Objective To explore the vascular endothelial injury in male mice caused by exposure to polystyrene
microplastics (PS-MPs) and the intervention effect of luteolin on vascular remodeling. Additionally, to investigate
the mechanism through the oxidative system and metabolomics. Methods Thirty-two C57BL/6 mice (6-8 weeks
old) were randomly divided into the saline group (saline group), the 0. 1 mg/kg PS-MPs exposure group (0. 1PS-
MPs group) , the 1 mg/kg PS-MPs exposure group (1PS-MPs group) , and the 1 mg/kg PS-MPs + luteolin treatment
group (1PS-MPs + Lut group) , with 8 mice in each group. After 8 weeks of intervention, the body weight, blood
pressure, aortic organ coefficient, and aortic histopathological changes of mice in each group were detected ; the to-
tal cholesterol (TC) , triglyceride (TG) , and high-density lipoprotein cholesterol (HDL-C) lipid metabolism-
related indicators in the aorta of mice were detected ; the reactive oxygen species (ROS), glutathione (GSH), and
malondialdehyde (MDA) oxidative stress-related indicators were detected; the endothelin (ET-1) , nitric oxide
(NO) , vascular endothelial growth factor A (VEGF-A) , vascular cell adhesion molecule-1 (VCAM-1/CD106) ,
and intercellular adhesion molecule-1 (ICAM-1/CD54) endothelial function-related indicators and serum metabolo-
mics were detected. Results Compared to the saline group, exposure to PS-MPs resulted in pathological thicken-
ing of the mouse aorta, increased aortic organ coefficient, and elevated blood pressure. Lipid metabolism-related
indicators, including TC and TG, were elevated, while HDL-C was reduced, indicating lipid metabolism disorder
in mice. Oxidative stress markers such as ROS and MDA increased, whereas GSH decreased, demonstrating oxida-
tive damage. Vascular endothelial inflammation and injury markers, including ET-1, VEGF-A, VCAM-1, and
ICAM-1, were upregulated, while the vasodilatory substance NO was downregulated, confirming endothelial in-
jury. Furthermore, serum metabolomics results revealed that PS-MPs exposure induced endothelial damage by dis-
rupting metabolic pathways such as the citrate cycle. Compared to the PS-MPs group, luteolin significantly re-
versed these effects, attenuating oxidative stress and lipid metabolism disorders, and effectively repairing endothe-
lial injury. Conclusion PS-MPs induce vascular toxicity through oxidative stress and lipid metabolism. Luteolin
effectively alleviates endothelial damage and vascular remodeling.

Key words polystyrene microplastics; oxidative stress; vascular toxicity; vascular endothelial injury; vascular
remodeling; luteolin; environmental pollutants
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