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AR LR RS S LR R e T2 80D RO L 05 112

WO REEELR U, ReRT EE? S ML L ER R
(HAHAEZR PR ABEFRLEMEARRSREELRRET, T 437100;
IR s B v 4, SR 436001)

WE B8 SEOTREEFHIEE (PS-MPs) 55/ RO UG 1E FH BI04 FHLdl. Ak 60 H C5TBL/6 HEPE/NERBEL 5>
HEPEERKA,0.1.1,10 mg/kg PS-MPs 25520 , Bl %: 2K [ DOX 5 mg/ (kg - w) J41 ;40 PH 8 Ji . Ab FRES S I A 25 4/ UL |
OO ENEZS B O WELH U B 22 DO U EZH 21 A4k R bR A5 3 1 420 (ROS) (T3 % (MDA) A H BK (GSH) (4-3 3T
5T (4-HNE) FZ R - E2 AH2CE 7 2 (Nef2 ) 7K, UKL i H oG WL 5 F5 35 90 LR i MB ( CK-MB) FIILES & T(cTnT) |
BRAET ARG B4R I H K S A 4 (GPX4) (TR 41V 2R K MK 7 (SLCTALL) O RKES F (Fe? ) K P, B8 A%
X BRALAH L, PS-MPs 2 78 J5 /1N BRI 7 DL B S8 1) 22 LA L 9 12 108 I B S 27 2 U A5 O LR 3 4 5 4 CK-MB ¢ TT 48 47 7K -
T 5 O NS R EEAR BT & AR R S RS TR K T T . 858 PS-MPs 27 LAE 3 A AL RE L, I

THERILT AR, BV RO L

R R LI ARG BRAC T 5 L LB 5 R T5 ey

FESFES R994.6
XERER A XEHS 1000 - 1492(2025)06 - 1009 - 06
doi:10. 19405/j. cnki. issn1000 — 1492.2025. 06. 005

B GE AT IR FE WA L, T80 8} ( microplastics
MPs ) PR B /N AR | B i 14 R BFF T R B R 1 e
FEEXE S | o AR 25 BR B T B T A S e 5 R
Hor, IR 2,4 MPs ( polystyrene microplastics, PS-
MPs ) J& FREE o A6t 1Y MPs B4 8, [EAR G2,
O ILATRE A MPs 3655 52 5% (0 40 25 1 - 5 R
PS-MPs A]fig .0 JULAH ML T, #F— 20 a0 LT 4
ko Wu et al > 55 % BUAE t 52 5% T PS-MPs Ji5, A]
WELRLO NI AE RN T2 SRTT , PS-MPs 750>
JULAR P B ML AT AS 35 W o

BRACT & —Fh A MR 1 L i T8 1 240 L )
T, SR 2 AV R UIAOC A E EE R A
R B AL 2 A R D R A A, i
SRS IR R IR IE T 5 20 A R AR G
I : Chen et al ' fJf 5 % B o4 0 il MAPK {5514 5
P ERBET S, DT sk o JUL B8 1/ P35 13 463475 5 Fang
et al'™ % BN i BRFE T T LA 42 ] 25 2 ( doxorubi-

2025 - 04 - 23 1

BT  ER A REEI S (5 :42177416) 5 W1 ILRLL 2 B 2 2
FHIF LT 5000 H (45 :2022YKYOL ) 5 33 i BB 3R
T H (42 :2023SFYF095 ) 5 LR 2 e BB 57 141 BA
Tt H (45 :2023T08)

ERFA 8 3, 4, LR A
WA, 40, WL, W S0, £, E-mail s bey_ti-
aopi@ 126. com

cin, DOX) ¥ G190 WL 5. 4417, PS-MPs .0 LR
U RERBE D=2 R A7 47 26 5 3R M R TEAE o TR, 3%
WRSEBERLA R PS-MPs DA HL 2 75 Tl o
asiTed A AW IEN

1 #RSH®

1.1 SLIezh¥  JoheeE k)i ik (SPF) CS7TBL/6 1
PE/NEL(6 ~8 JEIlY IR BT 2y 20 ) W F 1 357K o,
SRS WA IR A Ao KD U FRTEAE 20 ~ 25
CHIS50% ~T70% BRI, FAE S H0 T4 s B
R T d, B iR E RS IR . Lk shPie
PR C IR A Be Se B0 sh W1 PR D1 2w it
3 (5 HBUST-IACUC-2023-028) .,

1.2 FERAFIRNF PS-MPs Iy H Ky 45 AR
A PR s DOX e B R L% 7Y 35 A= Py B2 25 B Ay
FELS 5 BRAE T A 0 F A5 DG T ikt S A A il 4
(recombinant glutathione peroxidase 4, GPX4)  #Z4
T8 R 2R Z % 7 ( recombinant solute carrier family 7,
SLC7A11) & F E2 #H5&H F 2 ( nuclearrespiratoty
factor 2, Nrf2) 4-#2FLTF- 4% (4-Hydroxynonenal , 4-
HNE) DL K UL 195 45 35 ) WL RR B84 1 MB ( creatine
kinase isoenzyme-MB, CK-MB) L5548 [ T( cardi-
ac troponin T, cTnT) I 4 58 0 B 22 ( enzyme-
linked immunosorbent assay, ELISA) X7 & H
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TR A= W) B AT BR 2 75 48 6 H K ( glutathione,
GSH) FIPN . ( malonaldehyde, MDA ) {k2 i3 &
W B R s A ) RS BT 5 1 M 4R (reactive ox-
ygen species, ROS) 46l £k 7170 & W B b 50 3% F|
SHEFEHBARA BRAF s WARE T (Fe ) B 3512077
& W B R DU SR S R A RO A R A
ELx800 4 K FF bR A 3¢ [ Bio-Tek {{#A7 R
F] 3 5424R K2 R B0 AW B 72 [E Eppendorf 2y
Al ;DP73 WA B H A AR A w5 /N s T
BRIk i LI 5 22 58 BP-2010A W B Jb 5t 3k pE A4
PEARAR A,

1.3 KA Fr 60 H CSTBL/6 HEME/N EBENL
GRS AR 12 Ho 4 i A 3R K 4 ((saline
41).0.1 mg/ (kg + d) PS-MPs %5241 (0. 1PS-MPs
2H) .1 mg/ (kg + d) PS-MPs g5 2H (1PS-MPs 4 )
10 mg/ (kg - d) PS-MPs 5 #24] (10PS-MPs 4) .5
mg/ (kg - w) DOX 41(DOX 41), PS-MPs S5k
RO 1 T IRER 24, B O I 1 IR, 3820 2 B S
BRBFST AT 45 25", R DOX 5 mg/ (kg + w) 47
OB A3 T AR, i 4 JR 3 Rl 25 25 1 UK, SR SE 8
Jl B A g R B s/ BRI B 3

1.4 EZmENE &K IR&G2)50EF24 h,
i F/Nsh iy TE B R 2l ik i s D) 6 3R 4, DU 6 45 21 /)
FR U4 [ (systolic blood pressure, SBP) &5k [ ( di-
astolic blood pressure, DBP) F1°F-4 1Ml & ( mean blood
pressure, MBP) ,

1.5 MFMAREERNEE 5 - KAEHHER
Ja /N I TE ST 100 mg/keg GBS FU2Z2 A I 9 AE
FRACE T, i E 30 min J5E.0 10 min (25 C |
3000 r/min) A= #ER KBS R 5 10% o0
WELHZL 5] 35, 4 51 2% 250> 10 min (4 °C (10 000 r/
min) T AEAE, 70 AE - 80 C o M T4k
FEBR T

1.6 (CHEEVIRARZSN ARG, A E
1E 4% Z R WD, ZERK AtSas Ui 2 4
pm , B 5 ] 95 AKS AR £0 (HE) e 4 i o HE 3¢
0, W50 LA 1 235 48 4 MO 285 19 el A2, 7 Ak
DOX HI PS-MPs i 3.0 JJLAN K 51 0L o it Mas-
son Y i Lo JIL Hh i € 18 B 41 4E i DT AR O,
— PO U S R0 O R B S T AT O

1.7 BEREEUFEWME (/1] DCFH-DA 3¢
S E O ILH 2 ROS 19 7KF, H] GSH i
F G2 O WZHZ  GSH /K-, ] Bradford I 72 i
e B e, A ERACE L Z R (TBA) VA5

MDA ¥ B (nmol/mg prot) B2y 74 : MDA ( nmol/mg
prot) = [ (& B CRAE — X HAEROCEEE) / (B
WA ROCRE(E — 25 A WOGRE(EL) | x Bm o ol W B2
T HALPRERWE

1.8 Fe" ZBIME 4 B & it vl B
IEA LI Fe® " i, Fe’ ™ $ i (umol/kg {2 H) =
[ (REAROC IR - 25 NG BE(E) — B ith £k A0 A
R /AR I R B RE R x RE LR B  x REAS ST
AL (ml) /2SR E R (g) o

1.9 ELISA W kM ELISA 270 & 45 I i i o
O AREY) CK-MB ¢ TnT 7K, LA K0 JIEZH 21
HFERIET RS 4-HNE \Nrf2 .GPX4 1 SLC7A11 /K
Vo TR R AR A R S U ] AT, Nef2 4-
HNE .GPX4 ,CK-MB ., cTnT {255 & 1 R N 1.0
pg/ml, SLCTATL 370 & Y RN 1.0 ng/ml,
1.10 Zit=x4ab3E ] GraphPad Prism 9. 0 {4
PEETGETH I AR R R . B RS - BIE +
YHEW PR 1R 22 (SEM) , fiff /| D’ Agostino-Pearson
LA RV IR 25 70 A1, B R 3R 07 22 20 B F
LSD Z & WKk W Z 4., P <0.05 g2 57
AHiEE

2 #HR

2.1 NMNREREOERER ORISR EBTH
5 saline 414 It ,0. 1PS-MPs 1 PS-MPs FiI 10PS-MPs
ZH/INER A T H TG P 8 AR 4k, DOX 21 /N FRAA B 2 T
Be(P<0.01) ([ 1A) ;5 saline 4] L%, 1PS-MPs |
10PS-MPs 1 DOX 41/ GU & FR&(F =5. 425,
P<0.01) (& 1B); 5 saline 2H [t %¢,0. 01 PS-MPs .
1PS-MPs Fil 10PS-MPs £[1/)> B JI% I 28 22 B0 R ( F
=8.419,P<0.01) (K 1C) .,

2.2 INBRESBKMEZW 5 saline 41AHLL, 1PS-
MPs . 10PS-MPs 4 SBP . DBP Fil MBP J} & (P <
0.01), R A%t & ;5 DOX 4 [t 4, 10PS-
MPs 4]l SBP(P <0.01) .DBP(P <0.05) .MBP(P <
0.05) Ffik. W& 1,

2.3 PMROLFERONBRGIREDHIKTE 5 saline
A HE, 10PS-MPs 4] CK-MB , cTnT /KFFF & (P <
0.05) ;5 DOX 41 H.,10PS-MPs 4] ¢TnT(P <0.05) .
CK-MB(P <0.01) 7K FLF DOX 41, L3k 2,

2.4 INEBOREER R EN R RS A TEZL
5 saline 41 fH %, 0. 1PS-MPs , 1PS-MPs , 10PS-MPs |
DOX 2] ROS /K- T} & (P <0.01) , MDA 7K - F&AI%
( P <0.01) ;1PS-MPs ,10PS-MPs , DOX 4 GSH 7K 3F-
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Fig.1 The effects of PS-MPs exposure on body weight, cardiac weight and cardiac organ coefficient in mice

A: Change in mouse body weight; B: Change in mouse heart weight; C; Mouse heart organ; a: saline group; b: 0. 1PS-MPs group; c¢: 1PS-MPs

group; d: 10PS-MPs group; e: DOX group;

#=1 PS-MPs X/NGR M EEEMNE(mmHg, n=8,x )
Tab.1 The effect of PS-MPs on blood pressure

in mice (mmHg, n =8 ,x +5)

Groups SBP DBP MBP

saline 102.88 +6.03 70.5 +7.58 81.63 £5.74
0.1PS-MPs  102.38 +8.63 72.75 £15.97 82.88 +13.23
1PS-MPs 119.50£7.30**  88.88+12.69"  99.13£9.05* *
10PS-MPs 129.13 £4.65* **# 91,63 £10.12* ** 104.13+7.96 * **
DOX 145.88 £4.20* *  107.75£10.70* * 115.88 £12.46* *
F value 58.40 11.76 14.57

*P<0.05, ** P <0.01 vs saline group; *P <0.05, *P <0.01
vs DOX group.

FAIG (P <0.05) ;10PS-MPs 41 .DOX #H 4-HNE 7K
FHE (P <0.05) ,Nrf2 7KF-FEAK (P <0.05) ; 5 DOX
ZHAH Ft, 10PS-MPs 4 4-HNE . GSH ,Nrf2 . ROS 7k -
FEAR(P <0.05) , W43,

2.5 IROBHELPFHEETIHREDNKE 5 sa-
line 2 #H [t., 1PS-MPs . 10PS-MPs , DOX #f SLC7A11
(P<0.01) ,GPX4 (P <0.05) 7K F-F&AK, 10PS-MPs
40 Fe’ " KT (P <0.01) ;5 DOX 4040 K, 10PS-
MPs 4 Fe** K FEREAL (P <0.01) .GPX4 /KFEFH 5
(P<0.05), L4,

** P <0.01 vs saline group; ¥P <0.01 us DOX group.

&2 PS-MPs £2Z&XI/NR ;5 CK-MB,cTnT
IKFEIRZM (n =8 ,x =)
Tab.2 The effect of PS-MPs exposure on serum CK-MB

and ¢TnT levels in mice (n =8 ,x £5)

Groups ¢TnT (pg/ml) CK-MB (pg/ml)
saline 217.03 £6.40 139.61 +10.96

0. 1PS-MPs 233.26 +17.22 154.08 +5.29
1PS-MPs 228.64 +8.51 148.42 +11.50
10PS-MPs 233.75 £12.00** 154.25 +14.63*#
DOX 263.31 +13.29 174.73 +13. 44

F value 12.320 8.863

* P <0.05 vs saline group; *P <0.05, #P <0.01 »s DOX group.

2.6
2.6.1

OB R TR IR 2 R
DR IR HE &2 % WK 2 fiR .

PS-MPs 21 7] UL.C> LA A {2 35 b K AR I | 25 i fb A4
Wi 2, FL7E 10PS-MPs 3 i 82 % 51 . 0. 1PS-
MPs saline 2 JCHH 8 284k .

2.6.2

PNRCREL L Masson F &, 45 % WK 3 Fr
75 1PS-MPs . 10PS-MPs . DOX 41 a] I, 0> L4 21

e
1A

615 J5 £F 4 5 % U5 0. 1PS-MPs saline 41 6 H 2.

o

%3 PS-MPs B3RO AEALR PR RIHAKTEHRM(n=8,525)

Tab.3 The effect of PS-MPs exposure on oxidative stress levels in mouse heart tissue (n =8 ,x +s)

Groups 4-HNE (pg/ml) Nif2 (pg/ml) ROS (fluorescence intensity) MDA (nmol/mg prot)  GSH ( umol/g prot)
saline 34.81+1.2 2 581.67 +85.21 13 318.67 +152.44 0.10 £0.05 19.76 +1.82
0. 1PS-MPs 35.70 £2.57 2512.22 £207.44 15 125.38 +406.05 * 0.66 £0.03" " 16.71 £2.34
1PS-MPs 36.09 +1.95 2 499.72 £109.70 16 032.00 £1 578.5* * 0.70 £0.17* 17.24 +2.77"
10PS-MPs 38.41 +3.39** 2 140.56 +38.75* ** 21 178.63 1 525.9* ** 0.66 £0.11*~ 16.91 +0.89 **
DOX 41.40 £2.16" " 2362.22 +158.82" 19 346.50 +2 685.64 * * 0.70 £0.10* " 14.11 £0.39 " *
F value 7.458 8.552 26.930 39.910 7.008
*P<0.05, **P<0.01 vs saline group; *P <0.05 vs DOX group.
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E

B2 PS-MPs REM/NROMARFEETUHHM HE x20
Fig.2 The effect of PS-MPs exposure on cardiac histopathological changes in mice HE x20

A saline group; B: DOX group; C: 0. 1PS-MPs group; D: 1PS-MPs group; E: 10PS-MPs group; Blue arrows indicate vacuolation, cell swelling,

or rupture; scale: 100 pm.

D

E

3 PS-MPs REZES/MROFALARKET  Masson x20
Fig.3 Histopathological changes in the heart of mice after PS-MPs exposure Masson x20
A saline group; B: DOX group; C: 0. 1PS-MPs group; D: 1PS-MPs group; E: 10PS-MPs group; scale: 100 pm; The blue arrow indicates blue

collagen deposition.

F4 PS-MPs REX/NROHEARPLKIET
KEHIFM(n=8,x +5)
Tab.4 The effect of PS-MPs exposure on ferroptosis

levels in mouse heart tissue (n =8 ,x +s)

SLCTALL Fe?* GPX4
Groups

(ng/ml) ( wmol/kg wet weight) (pg/ml)
saline 130. 38 +4. 65 50.04 £4.78 620.67 £50. 11
0.1PS-MPs  122.15 +5.60 52.33+9.71 579.81 £21.69
1PS-MPs 112.11£4.93%*  54.67 +1.90 553.69 £11.21**
10PS-MPs 110.74 £6.95* *  60.22 +2.58 * ** 580.93 +14.84 **
DOX 107.65 £5.89 % *  68.58 £2.27**  541.83 £9.9*
F value 14.430 14.530 6.867

*P<0.05, **P<0.01 vs saline group; *P <0.05, *#P <0.01
vs DOX group.

A 5E P IS [R] e B2 19 PS-MPs (0. 1,110

mg/kg) FFERLETT PS-MPs 15 T/ O LR 5 P
Oy THLE, 45 W], PS-MPs 2552 SRR LI,
BAETAREY) O WU A b5 25 K S 08 L 0 4
SURT B A, B2 /N B JIE 77 2R B, ELTE 10
mg/ (kg - d) VT B W 8, [ 5 DOX 2 %M
FEARL, 3575 K I i) 725 2 5 T ) PR H 0 1L 55 0
Rk . ASEFE 3R % T PS-MPs 75 S0 LB 5 1
HEAR, BE A A A OO 2R P TR AR S0 L
. R T S% Ye et al " HFREIT 1 mg/kg
VR R AR Xt

DOX J&—2E R LB 254, DOX £ FER
A LR, A R 2] DOX B & .0
TR S RAE T ARG . BRI, ABFSE e DOX fE
SBAHERT IRZL . %S B DOX 410 LI kT &
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Y3 A2 HT s DOX ARHG /N B
tE o AL 200 S 2 22 40 4t G ) ] B4 RO LT 4
eI 0, 3% 5 i ABE ST 45— 8. At 10PS-
MPs 25 J5 2L 2% FE ek Ar 5 DOX 045 - AR, 27
PS-MPs % & 5| 2/ FoC L3

FEREFL2EOT 5T b, WE 2% R AR H T ROV 28 B 1Y
BERE" . AU ER, 5T PS-MPs (/0K
MO R T saline 4, i FEH] PS-MPs 0] §EXF.0»
IEEAFMHER, TIOEM A/, B4 BF
WFgE " T, e I T LA A O LA A, 3 T
OO NER A, AW 5T 45 R 3 B, 10PS-MPs 2 # 4 /)N
BRI e 3 AR, 3 R RE 2 PS-MPs 5% #5450 JIE
PG TE R K o e PR % 0 0 A 7 4 ( CK-
MB cTnT) $FA%.0 1 5608 KU L s R et o A
5% KB PS-MPs Z& & 0] LA Tt CK-MB c¢TnT 7K, H.
7£ 10PS-MPs 41 45 % 5 DOX 41 A0/, 3% iF B T 10
mg/ (kg + d) ¥ BT AT LA S0 UL 2 05, 41
DOX i 5845 o

WF 5% F B MPs 2 #% v] DL 5| ik 40 1k 3, an
Zhang et al'™" LB PS B 0T LT %0 WL AL
1 ROS W#, REE MR M, ABFREE R BN, PS-
MPs 2% )5, 5 saline Z{AH L, 0 L 21 4-HNE |
MDA F1 ROS 7KF-H] & Ft755, Nef2 1 GSH Hi 58 fk /K
SR R I SRS, B R AR B R R X ST
i B —8

AN A R DA R A A A T 1 EE S B
T ARERAE T BRAE TS LA R Y ROS 4
% oA TR EY N . BN BIET B
QAR O, 2 XC - RGEAZ TS AR b
IR A, T SLCTALL 13 3K38 2 il XC
- RGN e 2 82 0 W, 3 B0 D 2 R AR Y
GSH b S0 A0 Bl 0 P R A1 L APk 2R 0, DT e A 48k
PET-tT S ARSI RIS R Rk 5k, Y
#Z PS-MPs J5i, SLCTA11 %3k F 8, H.7£ 10PS-MPs
il B3, 5 DOX ZUAH b 22 53 0 8 3 M, IXHIE 52
T PS-MPs 288 S EEIET ik 5., GPX4 &8k
FETI FE B R F 2 — AE BB T 1 o R
HF g T R E AR, M s T i &
A= U1 A HFFE 2] PS-MPs 4155 DOX 2144 7] 25 [%
Ik GPX4 (#3255, {H PS-MPs 415 DOX 2 A H B A%
FREEEE ; 535 B GSH 4 sk GSH i i1y GPX4
Bl s, B P Y R BT A A Ak A 2 O Bk S T
(Fe* ") A S 50 ( Fenton ) [z R AtEAL , MTHT ™ £E K
B ROS, e & SR T . AT, PS-

MPs 2155 DOX £ ¥y ] & 3 4 fin Fe®* ik, {H PS-
MPs 415 DOX 410 b3 i i st , ixX b — A5 UE 5
T PS-MPs @ &1HSFHICT- L L .

25 LIk Z R W] PS-MPs 88 25 R B
O LB A3 AT i 2 3 2o S A 7 98 B Ak AE T i A S B
[, 3% K PS-MPs 515 0o JIE R B L 1738 10 DL fi o
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Polystyrene microplastics induce oxidative stress and

ferroptosis and cause myocardial damage in mice
Huang Qi'*, Zhu Deyu', Liang Xiao™’, Wu Jinling”, Qin Wengui’, Ma Ping’, Wu Yang’, Bao Cuiyu’
('School of Pharmacy ,”Key Laboratory of Environmental Related Diseases and One Health,,
School of Basic Medicine, Hubei University of Science and Technology, Xianning 437100
*Fankou Branch of Ezhou Central Hospital ,Ezhou  436001)

Abstract Objective To investigate the effect of polystyrene microplastics( PS-MPs) on myocardial injury in mice
and its molecular mechanism. Methods A total of 60 male C57BL/6 mice were randomly divided into normal sa-
line group, 0.1, 1, 10 mg/kg PS-MPs exposed group, and doxorubicin [5 mg/(kg « w) ] group treated for 8
weeks. After treatment, we measured blood pressure, cardiac organ coefficient, cardiac histopathological changes,
oxidative stress markers reactive oxygen species ( ROS), malondialdehyde ( MDA ), glutathione ( GSH), 4-
hydroxynonenal (4-HNE) and nuclear factor E2-related factor 2 (Nrf2), serum centroid injury markers creatine
kinase MB ( CK-MB) and troponin ( ¢TnT) , ferroptosis marker recombinant glutathione peroxidase 4 ( GPX4 ),
Recombinant solute carrier family 7 (SLC7A11) as well as ferrous ions (Fe’* ). Results Compared with the neg-
ative control group, vacuolation, inflammatory infiltration and collagen fiber deposition were evident in the hearts of
mice after PS exposure. The levels of myocardial injury markers CK-MB and ¢TnT significantly increased. Cardiac
organ coefficient decreased, blood pressure increased, oxidative stress markers and ferroptosis markers increased.
Conclusion PS-MPs exposure can induce oxidative stress and activate ferroptosis pathway, resulting in myocardial
injury in mice.

Key words polystyrene microplastics; oxidative stress; ferroptosis; myocardial damage; environmental contami-
nants
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