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Horr, BIR 24 MPs ( polystyrene microplastics, PS-
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fho Wu et al ™ fF5¢ & L8 0 B % F PS-MPs Ji5, ]
WG UAAEFI AN P T SRT, PS-MPs 75 5.0
JULA 05 O ATL A AT 5 AN 7 AT o

BRAET e — Mg 1 B 24 1) 4 A 1
ST Ir A, SV SRS R DI G AR IR A
A R ZE AL AN Z AN R A D BRI S . i
RS UESE R PRIE T 5 ZFh0 A BIR AL R
B Chen et al " BF7E R B LI ] MAPK {555
WAL T, DT P o WL A5H L/ #4534 T 458 495 ; Fang
et al®! % BUI 8k 50 T AT LA 48 B 5 % ( doxorubi-

2025 -04 -23 2k

FBIH R A RPIEEE (45 42177416 ) 5 WIALBLHE 24 B R
PHIF& U E T H (45 :2022YKYOL ) 5 3 7 i Bh-H 14
Tt (45 :2023SFYF095 ) 5 #1642 2% Be FLF 157 11 BA
Tt H (45 :2023T08)

(NI S O R Rl A EE
BSR4, o, B2 S, Sl {5 AR, E-mail : bey _ti-
aopi@ 126. com

cin, DOX) 35 F 1 L4 o SR 11T, PS-MPs (.0 L4
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1.1 SEEENY JohesE 54 (SPF) CSTBL/6 ff
PE/ANER (6 ~8 JallE IR BT 2 20 ) W | #1 p BT 3K e
SRS A RAE o B/ BRI SR TEAE 20 ~ 25
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1.2 FERAFRLEE PS-MPs g g KA 45 1}
FA R E] s DOX ) B R 74 35 A=y B2 25 BHofy
PRSI 5 BRAE T b i ) F 4 A DG T kot A Ak W il 4
(recombinant glutathione peroxidase 4, GPX4) ,E 41
B 2R Z % 7 ( recombinant solute carrier family 7,
SLC7A11) #ZHF E2 #13< H T 2 ( nuclearrespiratoty
factor 2, Nrf2) 4-F2FLT- 51 (4-Hydroxynonenal , 4-
HNE) LA KU LA £ b 75 99 LR B0 MB ( creatine
kinase isoenzyme-MB, CK-MB) #1Jl55 % H T ( cardi-
ac troponin T, cTnT ) I 4 %5 0K BfF 1 22 ( enzyme-
linked immunosorbent assay, ELISA) iX#F| & H
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TR A2 ) B AR AT BR 2 7 5 45 e H K ( glutathione,
GSH) FN1PA [ ( malonaldehyde, MDA ) k2% 7 &
W 8 P s A ) AR IS T 5 T 4 4 (reactive ox-
ygen species, ROS) £ I 1271250 & W 5 AL 52 3% 7]
I H AR AT BRAF AR B T (Fe' ) Ha kiK1
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1.3 ZWHE K60 H CSTBL/6 HEPE/NFLEEHL
YRS AR 12 2o 3 i A B ER K 4 ((saline
2H).0.1 mg/ (kg - d) PS-MPs F#£ 4 (0. 1PS-MPs
20) .1 mg/ (kg - d) PS-MPs Z=E& 4 (1PS-MPs 41) .
10 mg/ (kg - d) PS-MPs #: &5 4H (10PS-MPs 4H ) .5
mg/ (kg - w) DOX £ (DOX 4{), PS-MPs % 4K
R )i IR 2R 24, B RO I 1 IR, T2 2 B S
HRBFFEEAT 2525, R i DOX 5 mg/ (kg - w) 47
o JUUR A3 T AR, T 4 JR A R 25 24 1 UK, SRR EE 8
JE 1 1) R B S/ BRI T 2
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/s o B R 3l Ik i s I £ JR 4, D) 6 45 2H /)
FRUSC 4 [ ( systolic blood pressure, SBP) %7 5K [ ( di-
astolic blood pressure, DBP) F1°F-4 1Ml & ( mean blood
pressure, MBP) ,

1.5 MFEMAREERBOEE e - KEHHER
Ja /N SR A 100 me/kg R L2 4h . LR AR
FEIBCE R, ##'E 30 min J5 2.0 10 min (25 C |
3000 r/min) . i A BEERIKAF S O J0E 1 48 10% o0
EZH 2L 51 3%, 4% 5 K &0 10 min (4 °C (10 000
v/min) I WAELE, /- AE -80 TN, MT)E
SRR T o
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o, WL 580 LZH 21 435 40 7 4 M T 285 09 el A2, D7 Ak
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son Y (i Lo JIL HP i €8 5 I 4T 4E i DT AR O,
— B LA S A R RE S 2T A O

1.7 BEREEUAREWNUE 1 DCFH-DA %
JEi B E O LH Z  ROS 19 7K-F-, HI GSH i
F g O WZHZ  GSH /K-, I Bradford U3¢ 2
e B B i, BT L% R (TBA ) ¥E 15

MDA ¥ FF (nmol/mg prot) B2y Z 4 : MDA ( nmol/mg
prot) = [ (IE B WOCREE — X B OCREAE) / (bR
HEEWOLREAE — 25 FVE ROGREME) | x b o it ik B2
+ AL PR

1.8 Fe BT s i B & vt B
OBEA L Fe?* i, Fe’ ™ R (umol/kg {5E) =
[ (REABOC (R — 25 FVROGBEE) — Bl 4k A A
BT/ v 2R ) AREE Rt A R R AEAS SR
A (ml) ZZHEGRE & (g) .

1.9 ELISA UZE R ELISA 25 & 46 I 1 i
DL E 54 CKMB Tl KT, B2 21
BT PR 4-HNE  Nif2 . GPX4 F1 SLC7AL1 7K
Vo BT R R AR AR R & U B AT, Nif2 (4-
HNE .GPX4 ,CK-MB , cTnT &7 & 1) R 8 E N 1.0
pg/ml,SLCTA11 IRFN &R REUE R 1.0 ng/ml,
1.10 %it=4b38  {#iH GraphPad Prism 9. 0 /4
PTG I AR R 2 o BUE R M +
PHER PR fEIR 22 (SEM) , fii B D’ Agostino-Pearson
R R IR PG IE 25 0 A, B DR 3R 5 22 23 A R
LSD Z & LRk W Z A, P <0.05 25
Ayt E Lo

2 HR

2.1 NMREREVOERER O EEREREBTH
5 saline 2 #f k., 0. 1PS-MPs , 1PS-MPs F1 10PS-MPs
/B BT i To B e A8 4k, DOX 41/ BRI T i T
Be(P<0.01) (B 1A) ;5 saline 41 F %5, 1PS-MPs .
10PS-MPs 1 DOX 41/NGU & TR (F =5. 425,
P<0.01) (K 1B); 5 saline £ FL#5¢,0. 01PS-MPs .
1PS-MPs Fi1 10PS-MPs £1/]> B JI% U 28 22 B0 R ( F
=8.419,P<0.01) (K 1C),

2.2 IMNBREZBKMEZW 5 saline 4HAHLL, 1PS-
MPs, 10PS-MPs 41 SBP,DBP #I MBP J} & (P <
0.01) , =7 A 41t &E ;5 DOX 41 k4, 10PS-
MPs ]| SBP(P <0.01) .DBP(P <0.05) MBP(P <
0.05) FFfk. W1,

2.3 MRILEFOHIRGIREWRIKTE 5 saline
ZHAH L, 10PS-MPs 4 CK-MB , ¢TnT /K F-FF & (P <
0.05) ;5 DOX 41 H.,10PS-MPs 4] ¢TnT(P <0.05) .
CK-MB(P <0.01) /K FAKT DOX 4, W42,

2.4 PROAEAR PR HREWKFEZL
5 saline 20 #H ¥, 0. 1PS-MPs , 1PS-MPs , 10PS-MPs .
DOX 41 ROS 7K F-F 5 (P <0.01) , MDA 7K - &A%
( 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; * P <0.05, ** P <0.01 vs saline group; *¥P <0.01 »s DOX group.

£ 1 PS-MPs /NG I ERI 20 (mmHg, n=8,x +5)
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.

FEAIK (P <0.05) ; 10PS-MPs 41 . DOX 4 4-HNE 7K F-
Th (P <0.05) ,Nrf2 /KF-FEAK (P <0.05) ; 5 DOX
2 AH F, 10PS-MPs 4] 4-HNE , GSH , Nrf2 . ROS 7K -
FEfR(P <0.05) . L33,

2.5 IROBALRFHRIETIHREDNAE 5 sa-
line ZH #H [, 1PS-MPs . 10PS-MPs , DOX 4 SLC7A11
(P<0.01) ,GPX4 (P <0.05) 7K F-F& A%, 10PS-MPs
4 Fe* " /KF-THE (P <0.01) ; 5 DOX 414t , 10PS-
MPs £ Fe* 7K F-FEAK (P <0.01) . GPX4 /K VT &
(P<0.05), L34,

#2 PS-MPs 2F3/NRIMiE CK-MB, cTnT
KEHIEM(n=8,x%5)
Tab.2 The effect of PS-MPs exposure on serum CK-MB

and cTnT levels in mice (n=8,x +s)

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 vs DOX group.

2.6 IDAFERARIBFENE
2.6.1 JRwpEsas HE 26432 WK 2 iR

PS-MPs 28 n] UL {JLZ D S8 25 ek JIK A2 T2 L 23 i A A 2
1A ¢, HAE 10PS-MPs 3 J&& N fi W &5 0. 1PS-
MPs saline 2 JGHH 254k .

2.6.2 R SELAL Masson EELER WK 3 BT
77 1PS-MPs . 10PS-MPs . DOX £H ] I 0> JJL 246 2 o
38 JE 4T 2 B 1A 0. 1PS-MPs . saline 2 TG H i

22

£3  PS-MPs BRI AR P E LR HAFRIBI (0 =8 ,x+5)

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 " ** 21178.63 +1525.9* ** 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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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

B3 PS-MPs Z2EZEF/MNROFHLRFBEITH  Masson x20
Fig.3 Histopathological changes in the heart of mice after PS-MPs exposure Masson X 20
A saline group; B: DOX group; C: 0. 1PS-MPs group; D: 1PS-MPs group; E: 10PS-MPs group; scale: 100 wm; The blue arrow indicates blue

collagen deposition.

x4 PS-MPs REM/NROMARPHRIET
KEHENE (n=8,x £5)
Tab.4 The effect of PS-MPs exposure on ferroptosis

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

SLC7AL1 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.

3 g

A 5E P AN [ e B ) PS-MPs (0. 1,110

mg/kg) SEFEHART PS-MPs 155/ Bt WL 5 T i
SrTHUR, 45 5], PS-MPs 2522 SR SA M,
BAEThREY O WUR G5AR 5 9K P i3 DA 7 041
ZURT PR O, 323 /N BUC JIE 77 A B0, HLTE 10
mg/ (kg - d) VT e Wi, [ IS 5 DOX 2 £ 3
FEABL, 357 I ] 7 2 5 T S0 BRE FE O ML 45
R fe . ABFFE 38 % T PS-MPs %5 S0 LI 4 1
HiEAR, BE A E A BT 2P TR AR S0 L
Bili. WP S % Ye et al " BFSEER] | mg/kg
Y J BRI AR Xt

DOX Z—K B LPUm 254, DOX £ FHR
A5OSR 2] DOX B & .0
TR S RAE T A . BRI, A BFSE 3] DOX fE
S BAEXT B, ST R DOX 410 IR 457 2k
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Y O BT R DOX AR FR /N R B
R LA A 8 2 2 A A () 1) B ™ R RO LT 4
P8, i 5 /i ABFFE 45 B — ., Bt 4h, 10PS-
MPs 5% J5 22U AR 5 DOX 445 SRAH L, $m
PS-MPs % & 5| 2 /) e L3

TEREFRL2AAT 5T, WE 2% R ECH T T SO0 28 B 1Y
BERE" . AW R, B8 T PS-MPs 11/
(R0l 2 BT saline 41, 3% B PS-MPs 0] GEX 0>
IEEA RN, THIOIE AT i, B, BF
WFFE B, IR AT AR & O WL A , HE T S
BT, AHI 58 45 B, 10PS-MPs 2 % 41 /)N
B d? 35 AR, 3 AT fE S PS-MPs 2 5 /1 50 JIE
PG TE R K o I PR 05 0 A 2 4 ( CK-
MB ,cTnT) 340 J7 ZE38 S0 U AR o ARF
5% KB PS-MPs 5% Al LA FH 5 CK-MB ¢TnT /K-, H.
7€ 10PS-MPs 4 45 %2 5 DOX 411, X iF B T 10
mg/ (kg + d) ¥ T Al LUE S0 LR 05,
DOX 44z,

WF 5 F B MPs 2 #% v] DL 5| & 401k 0 3, an
Zhang et al'"™ B PS B R 0] L5 &0 WL AL I 3L
F ROS H#, REE KM, ABFFLE R BIR, PS-
MPs 282 )5 , 5 saline Z0AH L, 0 JLEH 4L H 4-HNE |
MDA F1 ROS 7K B i+, Nef2 #1 GSH Hi 4 4k 7k
ST PE T S R AT, 4R AR B R A X ST
g kB —3

AN A O A Ry S A AT T Y T2 B
T AR T . BRBE T LA A0 P g ROS S
% ot AT IR EY . BN BIET BT
RRRA O, 2 XC - RG22 b
FIRG ML, T SLCTALL {3518 &4 XC
— RGN e SR 1 R A, 5 B0 b 2R A 1Y
GSH b 584k Wy il 7% MR R AIG L AR AR 2 IR, DTG & A= 8k
FET- L ARSIG B AE RS FaR R BB, Y R
#2 PS-MPs J5i, SLCTA11 %3k F 8, H.7£ 10PS-MPs
i h B, 5 DOX IAH 2 50 W M X UESE
T PS-MPs &5 23 RGP T- i 15, GPX4 24k
FET- LT F 2 — A A ERBET A h R
K, FEZIE T rh R FEE 2R, Ml e T &
A= A F ] PS-MPs 415 DOX 2037 5§ %
Ik GPX4 [1)323% , {H PS-MPs 415 DOX 2 AH H [ A%
FREERE 535 GSH & sk GSH #Ki ) GPX4
Bl e, B P 0 A B A A A 2 T Bk S T
(Fe " ) - S Z5 0 ( Fenton ) S A4k , MU 72 A K
B ROS, e & FEIET-" . AWF5E W, PS-

MPs 415 DOX 41 ¥y 0] & 3 #4 i Fe®* ik, {H PS-
MPs 25 DOX ZHAH L nRR BE #5082, 3 itF — 20k 5k
T PS-MPs BEESHFEILT LA

25 E iR Z W9 K W] PS-MPs 285 25 R 3
O L5455 T R A 3 48 F 17 98 R AR B T 3 4% S 3
(14, 3% A PS-MPs 5 .0 E s PSR T T i LA 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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