1720 B 475 s K224, 2025,47(15) http : //aammt. tmmu. edu. cn

DOI: 10. 16016/j. 2097-0927. 202502021

REZCHERWBERKPEEFTSEAIFEBKRIET

F O X, R OR,REE WK HRBERR A A I TR 2 B, R TR AE S5 K 7 PRI & B e S 0
=, HIR

(FZE] H WREEREHIBE (polystyrene microplastics , PS-MPs) K K7 i 2 75 & B 5 S
AL AN & A AT SRR AL . ik 40 H 8 JEIY CSTBL/6 HEYE /N AR FEHLEC TR L 20l
(n=20) : X BRZH (£ 877K ) AL PS-MPs,2. 5 mg/(kg+d) ], 5 H#EE 1%, 542 1240 H s HE e o K 3%
£ Y €0 ARG T 52 L2 55 R 405 B Fe™ B U D0 5 HL T Gt BB O 5% S L S R A i SR A S
fifi FH /N B LS AN 2R TMAVE B SEARRL, 734 Con 41 (H FILEESE ) Al MPs 41 (PS-MPs, 2. 5 wg/ml) , 2 41
20 it 1 % S b 3 2 5 100X, B T WS A0 i T A5 A8 A s CCK-8 A6 248 Jf 7% 1722 A, 7% M 4 (reactive
oxygen species, ROS) ¥ £ | & k7 74 B8 H, v 8 £ (JC-1) 43 B K I TM4 20 B ROS A1 £k 7 44 B /i {7
(mitochondrial membrane potential , MMP) ; 7] F 3 2 241 A A AG 0 241 B 08 7175 00 5 Fe™ k0] 0 4G 00 400 i Y
Fe’ £ & ; Western blot K610 20 ZUFN 41 i PN 4R AU T G5 70 T 1 B 1 Rk K- &5 PS-MPs (K3 52 5%
Ji, SRR AR LE , b B /) BRSO ZH 2 A 4 AR RS B 25 AR (P<0. 01) , 52 L S 4 I 25t il
> (P<0. 05) ; S AL Z FRAN M SR AR S BUERAE T FRAE PEBCAE | S2 JUZA 2 Fe™ 5 UG N 5 PS-MPs 258 7] T 3
ERFET o727 B H K S AL i 4 (glutathione peroxidase 4, GPX4 ) FlI&k 5 [ 444% (ferritin light chain,
FTL) 8 185K (P<0. 05) o FEARMREA h  PS-MPs KW Y 7 S 50 TM4 4RI 250k 28 76 v B B R AIE
(P<0.05) ,ROS K- . 7+ (P<0. 01) , MMP {2 2 [ (P<0. 05) ; PS-MPs & 85 J5 TM4 4l il A & A= W] 1
PAT (HANHE N Fe® & 5 i 3 T (P<0. 01) ; PS-MPs 282 1] 8 GPX4 Fll FTL K 14 %15 7KF- (P<0. 05)
SV PS-MPs KGR i 2 85 0T LAFS 5 52 U SR A it 2ok (AR 301 405 RN 8L D 38, TS e sE T ik R,
FUNRER LA

(R8BI ] ROROIGHIERE; SEALIT ; S2AL SRR AR s BRAE T

[REESZES ] R339.21;R994.6;TQ325.2 [ XEfkrERG] A

Chronic exposure to polystyrene microplastics induces ferroptosis in testicular

Sertoli cells
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[Abstract] Objective To investigate whether long-term low-dose exposure to polystyrene
microplastics (PS-MPs) induces ferroptosis in testicular Sertoli cells and then leads to testicular injury.
Methods Forty 8-week-old male C57BL/6 mice were randomly divided into a control group (deionized water
group) and a PS-MPs group [2. 5 mg/(kg*d)], with 20 mice in each group. Corresponding agents were gavaged
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once a day for 12 consecutive months. HE staining and Prussian blue staining were used to detect
histopathological damage and accumulation of ferrous ions in the testes. Electron transmission microscopy was
employed to observe the mitochondrial morphology of testicular Sertoli cells. Mouse Sertoli cell line TM4 was
divided into a Con group (standard culture) and an MPs group (2.5 pg/mL PS-MPs). After both groups
underwent continuous exposure and passed up to the 100th generation, morphological changes were observed
under the microscope; cell viability was detected with CCK8 assay, and production of reactive oxygen species
(ROS) and mitochondrial membrane potential (MMP) were detected with a ROS probe and a mitochondrial
membrane potential probe (JC-1), respectively. Flow cytometry, ferrous ion (Fe*") kit and Western blotting
were applied to detect cell apoptosis, intracellular iron ion content, and protein levels of key molecules of
ferroptosis in tissues and cells. Results Long-term exposure to PS-MPs resulted in significantly reduced
diameter and thickness of mouse varicocele (P<0.01), fewer testicular Sertoli cells (P<0.05), with
characteristic ferroptosis alterations in the mitochondria, and increased accumulation of ferrous ions in
testicular tissue. Exposure to PS-MPs down-regulated the key molecules of ferroptosis, glutathione peroxidase 4
(GPX4) and ferritin light chain (FTL) when compared with the control group (P<0. 05). In the cell model,
long-term PS-MPs exposure led to morphological changes and decreased cell viability (P<0.05), more
production of ROS (P<0. 01), and decrease in MMP (P<0. 05) of TM4 cells. The exposure had no effect on cell
apoptosis, but elevated the intracellular content of ferric ions (P<0. 01), and down-regulated GPX4 and FTL
protein levels (P<0. 05). Conclusion Long-term low-dose exposure to PS-MPs induces mitochondrial damage

and oxidative stress in testicular Sertoli cells, activates the ferroptosis pathway, and ultimately leads to

testicular injury in mice.

[ Key words |

polystyrene microplastics ; testicular injury; testicular Sertoli cell ; ferroptosis

Supported by the General Program of National Natural Science Foundation of China (82073137). Corresponding author: HAN Fei, E-mail: han16897723@

163. com

HAT, AEAEIEC LS AL T A &
B, B IR R SR AT RS AT RER
40%~50%. B98I, A FH IR R R 2T R B 1k
AR E I EE SRR R WORA Dy BA R
S P A AP, A T 5 R ) el DA T BOR
SRR RN FREE R P 0 X A A A
O3 FRRE M 3 S SR} iy 3 E B A R 2R ATHLAR S 0 4
TR R ORRL, Tz A TR, S B
G YL A4 P 3K AT RE G AR AN IR NN S M R 1 ok
TR L UL AR, TR o A P A B ke B ) 5
I TR B T B OCHE o T B (microplastics,
MPs)— i 7 2004 AF 437 1 2524 % THOMPSON %
FE SR BLAR A BE <5 mm 1Y BORBFURE | £F 2 Bl AR
R OIETHIBEL (polystyrene microplastics, PS-MPs) J&
FE PR EE R OB RI . R ARTE A A%
T PS-MPs X M A= FE 0 RS H R 2 0 s filiE 2
PERERION W 5E 45 3L, IR 108 1 2 B AR A 1Y) Bk 2
I LA E , HPSAE R PEALE L iR b B . PR i
BSR4 e ) 5t [40 mg/(kg-d) ] 5 pm K42 HY
PS-MPs 7 60 d 23 E 2L LU UL, 1175 52 7K
S REAR A T B TR, e 2T B0 BRUE P AR 5 D g
BEAS . — TR IE R , PS-MPs J5 11 52 2 J5 75 2

Ry B4R, BB RAEMEE AW B E T,
JULFF AR Ry S AL b LA RN 2 — | RS
G300 22 T 200 0 PR T A RS A0 ) & B SRR B RN
FEW A8 AR AR IE A T R T Y R
M7, PS-MPs 1 J 1 71) £ 2 58 s i 52 AL S R A0 B 2 03 11
S5 A ELAHIL AT AS B A

BRAET S — Fh R AR (0 A0 i R A T K
5 Fe i 38 5 80N S50 R A P R R AR L A )
R AT 2 A RS (b S A3 30005 kA TG
PEEI I A B IE T E R a1 R, H
HI AT AT 52 5 PS-MPs 15 3 1 S2 I 4
C A IR BT, PS-MPs R 0838 £ BRAL T iR A2 52 10 S8 0L
KR e RS E AN AT
TS F A R, AR U A5 2 3k I PS-MPs 7R A5 ]
e AT S BT . A5 A B4R
95 wm TR M R, AR S R fih 46 55 1Y
R [2. 5 mg/(kg-d) [ESE R 124 H 19/
B, A M AR (2. 5 we/mL) 252 100 1A 41 AR
RUFZS A, 355 PS-MPs J&: 5 P B AL 2L W0 Bk s
TFEBU RS S AR R AT, BEN
PS-MPs 755 52 34503 10 ELRAIL il $12 117 R %



1722 Bl A5 22 R R 27241, 2025, 47 (15)

http ://aammt. tmmu. edu. cn

1 #R57FE

1.1 EZM4FR A

PS-MPs (Kif2 5 m, 4 > 98% )W [ 117555444
KRB A BRA T 5 /N B A 40 i R TMA I [ 36
ATCC 20 Jf 5 545 W Y (7 (DAB B 58 32 ) 10 &
M Fe R & A AL 5T RS RHE A FRA 7 5 CCK-8
PG A 7R R AR W R A BR S R 5 SRR
i, {3 (mitochondrial membrane potential, MMP) F1 7 4
A (reactive oxygen species, ROS) AN & H L3 =
KA H AR B A A B2 A 4 bk H K o 1L il 4
(glutathione peroxidase 4, GPX4)HuRNE H T 1824
YR A R A W) 5 88 1 5 85 (ferritin light chain,
FTL) BRI A I — 8 A B AR A B 7 5 520 e
WA B-actin BRI H RIFEGERAEYFRHEA TR AW
1.2 IR

SYIREAL . 40 H 8 JEIE HEME CSTBL/6 /N R AR B i
(22+2) g ] 7 A 5t 28 A AL 2 S He R A BR A A
PTG I AR 1V 2l ) B TPl PR R 1R B/
SR BEAILEL AR VL 43 R (n=20) < X BRAH (25 8 FK)
FAb 20 [PS-MPs, 2. 5 mg/(kg-d) |, 5 H#EH 11k, %
ZEWEE 12/ A #57 PS-MPs 1R N R A {RSZH
T AR TR o1 P 2 S R B T — T 5 AN
KA GIB RS Wi oE , A4 H A 0. 014~
0. 710 g FIRCIRL 5 1E % /NS AR 70 kg IO A
AR R RO 12,3 e A =
T /NERUF) B (mg/kg) = AP FR) o <R o 48 530 R %5, B
14/70%12. 3=2. 46 mg/kg. & MIX —H0 50 LU ], 76/ R
w2 R A N 2 R R R 2. 46~124. 76 mg/(kg+d) o
kT RS K I 5 R T G SRRSO X S 1 5 ), A
FEE PRI ARF) 5 2. 5 me/ (kg d) 1l 5256 R 88 H) & .
JIT A S 50 TG R S S 00 s A BRI, I o E PR R}
KEE S Sl YA BN A 25 51 254t i (TACUC-CQMU-
2023-0458) .

Y AR . TM4 40 B 75 10% i 4R 135 9 DMEM/
F12 85373 F 37 °C.5%CO, B 3256 h 15 5%, 43K Con
A1 CH L33 ) I MPs 41 (PS-MPs, 2. 5 pg/ml) , 2503
EOW B A K A A M . 40 R SE IR PR R 5% T 4
FWrdE" .
1.3 HE#&

XoF 4% 2 /0N B T T S 109 7K A5 G JRR I I e 25
AR FE /N BT UK B S LA 21, SE L VR AT
JE UK E A WIS wm R Y] F, 60 “CHEAR N
¥, HIE UK QBB , JH T HE Qe o B R s

BE N LR SE LA SR AR A . HE YL (05, 20 i 3
TR R A T ARG /N SR, TO0S A e 2 45 i, A A K
L2 59 (51 5l A R 000 T 440 i U000 7 kg S R . 7E
[ — KA BT, REMLIEEREREA ) 5 LT, fiff 4R
Caseviewer B2k Bt T H I il 4005 & 0 AR e KB
S i SR T T 2 R S YA (R EE 0 4
TR

1.4 FHEENRENLLREAIRLEH

W 52 LA UM 58 B, 7 B 2. 5% 13 L [
ELUCE T 4 CHb R e TR 4R AR YR A R
A AT A S LA A
1.5 FHEBBH,H

A ) s 2K (] 52 LA 2 HE B fa) AR
W 0 G 0 BN S U B AT L 8, ZEIRK Pk
JE MR SEA TR BE CBE MK ZH2RGE I, PR
B AEGAE AR TSR BH 4 i L A7)

1.6 T SR BE ) #m

W5 TMA 20 B 42 b oAH S5 80 1) A0 B 96 FL R T, 4%
HE CCK-8 IR S e Ve 2 8, TR Al MG BE J5 ol Al
BN WA RS, 2 10 1 B4R FR HefBPB: DMEM/F12
Fi 97 BE A CCK-8 il R AT T LU IR A0, I k47 46 i 45
fE B 37 CHFE 1~2 h, B4l & 38 1L, ff
FRASG 5 W B [ 0D (450) ME..

1.7 ROS.MMP 7K-F % 4 L ) = #a-m)

W TM4 A Fp T 6 FLAR AL & 3R AL,
HAL A 2 EP A, 2R PBS TR V& 0
(800 r/min, 3 min) . H &AL )5 , i A DCFH-DA 2551
PRER, 37 CHI MG F2 40 F 30 min, i TR & %5
T4 20, A 30 =2 4B ARSI ROS -3 5 5 B
H 2 4110 T4 41 120 45 i 40 i T LR AR L, 41 il
B IR 3] 50% I, AR HE MMP It H] & Ui 45, A JC-1
PREFTE 37 CTF 4 Mu 35 S 46 9% 7 30 min, PBS V1 2 1K
Jo T AL B A WA T LA A O A T S 1 2
Ji A B S B[R] ROS, Jim £ A il ph o0 DG B B K2 A A B
2B AN & SRR, DL S A 3K
1.8 Fe'4&2thm

B TM4 M3 RN T 24 10 em” B F2 LA, WAL IS
WA A, i AR BCRRE P B RRA , E  HR Fe™
R U W A 2D BRI TR A O VR, R AR A
R 2 B e ) Fe™ K, 2 /0 A 3K
1.9 ZA27  ZmfL& & 42 B & Western blot 46

PRI 10 mg (9S24, 200 w25 14 22 fift T 241
WA A A2 HLAE K EARTER T RS 52 L1 4L, vk
KRR 2 UK, BRI S min, 7E4 °CTF 2L 12 000 r/min &0



http://aammt. tmmu. edu. cn Bl 2225 152 R4, 2025,47(15) 1723

15 min, WCAE 135 RIS RO 2 1 5K T4 48 L E2 7
6 cm’ B FR LA, 40 5% B 3K 51 909% I, PBS #5103 it
T TC A1 240 b S0, P A0 PR 1 )T A PRk TR vl
T EPE T, UK [ 24#% 10 min, 754 °CF LA 12 000 r/min
B0 15 min, JCE F R EDARBUNEH . RAIBCA
0 B S2 LA SR TMA 41 i 28 vk OB SR L AE
100 “C3& 15 min 8Pk o ARHE 8 AR 201 R /it B
AN B 1) B v 400 43 B K B 1% 25 PVDIF JBE 1 JBE R
A 2 h, —PUiEE S, IXTBST ¥ 3 1K, =4t
FIURIFE 1 h, IXTBST P& 3 WK, f Ak 22 K ik gt
SR WS, S 2/ b H A 3R
1.10 %it o4

s GraphPad Prism 9. 5 BAFATS T T,
TH o PR I U ks Foom , AT L B /D H A
3R ABRAS -2 MH, 2 21 10) LR i o 56, 22 40 1) HL s
KB 2 25081, B P<0. 05 Jy 22 5 B Giit o

=9

2 FHR
2.1 PS-MPsBHEEFHIRAFLAZRBELS
]

0T W PS-MPs X M1 A= 58 22 GE w9 52 05, it
‘ X-J‘Hﬁéﬂ JUSLIE]

XTRRAL  abEal

HE G o E AT 340 B, 25 R R, 5 BRALAH L, b
A 22 A SURBIE S & A T IR U i AR
A HES AR 25, SRR AN M K A 2 W AR T SRR
R CAE (BT LA il ARG 78 B A% RN 32 I 35 B AR (P<
0.01, F 1B.C) , S5 20 i i B e 208 /b (P<0. 05,
Kl 1D),
2.2 PS-MPs1% MR EFFF U L BF @R A

Bk A E AL

S B EE R B R, X R e, AbER A S
B ] /0By TR NGBS RTE L (TS ¢ R N S ON VN IUN
A S O AN (L 2A) o N E
PS-MPs 435 S2 AL SUK & BB 00, RIS - X
LA LI AT Y BB B, AL B2 B2 AU ] LS
20 B B H A 20 A Fe™ B TH 7, BN SR AL R A
R ZE M Z (K 2B) . Western blot 455 i 7w : 5%t
HEZH M B, A P 2 52 AL 20 20 N BRBE T G4 4 F GPX4
FFTL 25 1 2 357K i 2 B IR (P<0. 05, K 2C~E) , 4&
7 PS-MPs 2 78 1] i 2> T30 GPX4 36 , B K A7 4k
A 77 FAAR , DT 5 B SR ALPT AL B T AR Ui B Fe™ 84
I FEERIET . LU LSRR, PS-MPs K
Rl B EE T RES S T S AL A R A AT

100 =

©
S
1

HAIRE 4 BLA%/um

gl AbRRgl B

15 =

SCRPANMOE A
=
1

w
1

C XTRRAL  AbFHZE D

a:P<0.05,b:P<0. 01,5 % BB 20 b4
AP RFHALHE L ELERE ZEF k. T e 5k, mlmih s A2, EEXFF k. T~y & 2A,;

B~D:wrfath g A2 W E R A e L MR T RITER

E1 PS-MPsEMRENEZENALRREBRGOW



1724 B 475 s K224, 2025,47(15) http ://aammt. tmmu. edu. cn

X AL : Ab TR

‘SOdnm5 -

Rl

1.5 1.5

B—aCtin(42 o= -

Ga
|

[

—

FTL(19%10%)—

GPX4(20x10%)— |
|

GPXAHE A Feik it
o —_
W [=}
1 1
o
FTLZE (A ik it
o =
w [=}
1 1
: U-‘

——
—_—
B-actin(42x10%)— “

FE— C

0- 0
XHHRZE AbFEA D XA 4bHEZ] K

a:P<0.05,b:P<0. 01,5 xR 28 pbdx
A FHRAREH VLR SEiFk . FREMREMIK, ZEAT L TEBERBEN LB FAAREES LI HELER L e
kT EA L F ML ;C~E: Western blot# M F M L4 = (42 5T GPXAFTLER QWAL R R B oM LR

2 PS-MPsEMRTBEE ARG R GFEL

2.3 PS-MPs %M 3 & - TM4 20 o T% A5 B tm o7& M0 HHEE , MPs 20 40 Hu 3% ) 12 35 AR (P<0. 05, €1 3B) .

B 2.4 PS-MPs %3 5 J5 20 B ROS . MMP 7K P Fo 2 L
Oy BE— 25 Wl PS-MPs < SR f2 22 58 X TM4 4 TR T A
JHL R A RN, D A T MR A M A, S5 R i — 2B GY TMA 40 B TS 7 A 2 7 5 24k 4k

7N, 5 Con ZHAH EV , MPs ZH 40 it 2% J 0t /0 , 40 Ji it 1 2% DIREREATAT 5, SR I =X 4 B AR X 41 ffg P ROS 7K~ it
oI (I 3A) . CCK-8 A& 20 g i 4 & BR , 55 Con 2H ARSI . A 25 S R, 5 Con 4HAH EL , MPs 41/ ROS

ConZf] MPs41

4
a - Con4l
34 - MPs4l
s
2 2
S
14
T T T
‘ 0 24 48 72
& A IR /B B

A: BB TRURMIATHSG T ek T8, B: CCK-84M 4m i 0D(450)14  a:P<0. 05,5 Con 40 I4%
3 PS-MPs{E2M4ERE TM4 AR SFIEEER



http : //aammt. tmmu. edu. cn Bl 2225 152 R4, 2025,47(15)

1725

B EIEN(P<0. 01, F 4A) ;3 1 ROS 2 334 hi
PRI AL RGN AR e 8 M , S B MMP /K- (B 35 B
& (P<0.05,K14B) . NHfisE PS-MPs 3] TM4 21 il 14 5
S S YN T A G SR A AR XS TM4 4H LR T
PATRE BT, BTl SR R, MPs 2 4 it I i B

RPN Fe™ Fr i B35 FF 5 (P<0. 01, Bl 5A) , Western blot
ZE IR, 5 Con ZHAH Y, MPs 2H 40 Jifs PN 2k A6 T- 585
+ GPX4 Fl FTL £ [ 28 1k 7K - i 3 B I (P<0. 05, &
5B~D). 45HAEIR , PS-MPs 23175 5 TM4 21 il A i1 25
L, AR AT S AT 3, R AR BTN

ST RN (F 4C) o A EE5 RN (K] i PS-MPs
KR FHOTMA 4005 SRR T e S 8RBT 1
PR RERE A ¢, T FE h 4 T 8.
2.5 PS-MPsBHREBmMIBET &5 RN T £4E
F o FA T
Fe & A I 45 3 & L, 55 Con ZHAH L, MPs ZH 41

3 Wig

PS-MPs {E b —Ff g BLy5 Y, iz W F&1745
v AT AR R AR A R G E N A
IR BUR I R Gz —" T RE T 45 5 % %] PS-MPs f
B, BEAERFIY £ 1 T PS-MPs K5t 201tk 2 52 )

A
I/ 15000 =
Con4l / \ .
e X .
e % 10 000
MPs4i EE]
®
Ry
B 5000
B XS B2
R B | LR Rl | MR b | L AL | L R | T O—
10° 10! 10? 10° 10* 10°
FITC-A Con#l  MPs#i A
FHAEXT HE 20 Con# MPsZ
&
O
= 50
pum 0.05 =
- 0.04
Ry o
- a
- ;{ 0.03 -
B8l 50 um 50 pm 50 um R
Ej 0.02 -
&
0.01
7 0=
50 pm 50 pm Confil MPs4l B
== e on4 SZ
0.06 =
Con#i MPsZH
':9 < Q1-UL(1.12%) Q1-UR(1.80%) Rg o Q1-UL(1.04%) Q1-UR(1.43%)
e % % 0.04 -
3 b 2
8o, ] 8] 5
[ T El|
E (0.02 +
Q1-EL(9""4 97%) Q1-LR(2.11%) o1iL(95' 57%) * Q1-LR(1.96%)
1'04 165 1‘05 1‘07 11)4 1'05 11)5 1'07
Annexin VFITCFITC-A Annexin V FITC FITC-A 0 -

ConZl MPsZil C
a:P<0.05,b:P<0.01,%5 Con4ALi&
A28 L ROS K -F A& Geit 45 #7;B: 28 L MMP K -F & %o it 947 5 C: da B = K -F & %o it 947

E4 PS-MPsE4REE TM4 AR AT RATIER



1726 Bl A5 22 R R 27241, 2025, 47 (15)

http ://aammt. tmmu. edu. cn

0.00 008 =

ConZl MPsZfl

0.00 006
GPX4(20%10%)—> [

g0 [

FTL(19%10%)— [s

0.00 004 <

Fe2 M4

0.00 002 -

Con#fl  MPs4l A

04 B-actin(42x10%)— El B

1.5 = 1.5
g ]
% 1.0 o % 1.0 -
& &
£ @ B
= =
e = b
54 054
£ =
3

0= 0=
Confl  MPs4 C ConZfl MPs# D

a:P<0.05,b:P<0. 01,15 Con 48 b4k
AN Fe™ 4% ;B~D: Western blot 4% 56 =4 GPX4 Fo FTL & & 09 £ A B2 S oM 46 %

Bs5 MESEFEERSIETXEBI THEARIAKE

SEFLAARA T (K N AR S A v A0 )
ARIR] T AS AR5 SR BN A2 6 0 65 S 1
BRI A AR SEPRIGOL, SEALS AN
A g S8 FUAR 003 ) T A L, Sy £ B 0 L B 3 3 B
SR PRSP S S R A M D R ST 1 BE A% S e kG
TR, FEBEA TS TR T, [
S5 Y ) PS-MPs 5 S SALIR AL i 14 oA 58 4
W, AR, AT B R S 5 T (45 BB TE A
/T 22 05 14 2% S 1 L, SR T 75 PS-MPs JIF B S8 AL #51
Pivh  BRFETBIBLE i RIS EI S BF S . ST LR
e ARBREEST TR S wm I PS-MPs K 11 5 5 (1
e FRURE 750 1 S8 LS HR AN R TMA AL L R AT
¢ % B PS-MPs T i izt 4 A B ok A 1 4
BRI A B R 55, R AT % 18 PS-MPs £33
T AR AL I SR 7R S BT T R AR DA T 3 A
I B, 7 PS-MPs K 1 52 52 fr i BUASE R0 A1
ORI AR RAE 52 T R BE T K A L 45 SRR, PS-MPs K
W92 57 20 i Y PE TR AR S B LSS A M,
HE— LR IY PS-MPs X HE A5 58 28 45 10 75 M 000 B L
IR T 7 0 B
3.1 4T AEPS-MPsBHEEHRFLFGTLEE

E X

BRBETAE g — o B e AT T R 7
BRGHLEI IS R B AR RN, AR
FRLE R FN] AR F 1) PS-MPs K R RS S 302
YU A , A 35 AR 5 JE 3 0 B AR e, SR
RN G A E L RTAT T R R w1 e N
SRR, BN Fe IS i A AN Y T AE
S AR A D, SR S SR S, Ay
BRRa s, DR IR 5T S A0 M e A i R T
P e 0 ISR S B A P B T e

BURESET- M EZERIE . ILAh, 3 ST A BE - 52 5]
PS-MPs < 1 5 5% J5 /1N 52 AL SRR 48 M A Sk 1A 45 1
3, RIS I Fe” & T S AR AR 5
Ko GPXAJEERIET KA B HLE , GPX4 [
RFRGTET R FTL & 4 H WA 8 8 T 10
T4k 2 P, 3 3k 445 4 W B R TR Y R 9 40 A ) FTL
F IR AR 23 5| B 40 L it 2k e T B AIK , GPX4 Rl FTL 7E
A7 240 L oA AR A I JEORT R ARG A R DG BREAE H , HE
FEIR KT RE S AR 4 1l Sl &/ JA DR 2R 098 T 400 L )
FET AR ARBFEHIE A4 R RN, AL 4P ek
FET-CHEER 1 GPX4 FTL IR BB AL, [akgs
JEPEIR PS-MPs 18 1 % #8 19 ifE FL 52 AL 41 20 B T Bk
BT
3.2 L EARHRKE L TM4 4 edi4h 28 % ta #
Ry it — 20 B iE PS-MPs 18 1 5% 58 X6 52 AL S5 240
IS, AT ST EE S T PS-MPs 12 1 %2 52 1Y TM4 24 Jits
B, 25 R R, 5 Con 2 Eb , IG5 5 119 PS-MPs 31
7 8 23 BUTMA 41 M %% 2 R AIG, 200 0 P 25 Y 18, 4
WG 1 R e BF5E 2 W PS-MPs 2258 A L) 51 & AL 1
W SR K T R i 2 B ROS TR B £ | kT
Je SAMLAE T, T SRR AE S Ak N 3 2 v R 4 A% O
PR [RS8 2k R T 20 A s R ) A3 i 72
R AR, DR ok I T BB RS S R BE TG
ZHYICY AW RS Bk 8, SR A
() FH D F6 b & A BH B A8 4k, 61 4n ROS 7K JF /& , MMP
IRV FEARERAE R T 40N Fe™ &5, 40 M b AR 2 451
i — L B HURAL N WK KAl . AT DEIEAR Rk
TIRERE RS 5 A M T A R B R AR S
D7 20 WL R T O AEF 58 245 S it — 20 3R I SR AA 5
L ZE R N A B X 0 A T | 26411 o5 e o -l 1
TF 5% 45 4 & 30 PS-MPs 1 0 22 5 J5 TM4 21 Jifd 4k sE T



http://aammt. tmmu. edu. cn Bl 2225 152 R4, 2025,47(15) 1727

KHEEE 1 GPX4 FTLIEE F13RA 3 B & K. Mutnl
UL AR 2 ) PS-MPs K 940 B TM4 A0 0, il A 1 A%
WL, TR N Fe™ 1 28, Ak N oK e 7 A=
(1t i ROS 5 8040 M R iR 0 47, fe & 5 R R AE T 1Y
Ko

AHFFE i 1 PS-MPs 18 4 52 @2 I RS2 4140, &
BRAET 3R A% 1T fiE 2 SCSEAL A W SC ML 22—
BE AR, 3 RS A A R 3 — AR R & LR R B0
SN E AN A ST R AR R R AR .
AR FAMAFAEA R Z AL - OBRIET 3 258 5 A
FGAE S S A A5 10, (HAHIF 9T HOGTE T b iR 481k
AR AT , A K PS-MPs 1 8B S8 E F W 5 8RBT 2
6] Y 5 28 s QAR K ar 1 S8 I RR 4 T™M4 18
T R BT T AE SEALZH S0 - i Yt mT DL O
FEE AN AN -5 1) 5 40 B T B (R FE AR BE T DL
Ji 6230 T B — DRI B PS-MPs 4 1 5% 58 X A=
240 B R ) S5 40 B R BE T A 2 W K T REMIL AR s DA
FEBA INRIET A BEHEAT T30, DA B 0 72 43 Uk 5
PS-MPs i/ 3 (10 ARIET- N F . &8 L rd  ARAfF 5
a7 T PS-MPs K 1% ) o 5 5 0] 1 A 52 AL S R A it
Fe B R I 5 | e S (A S P 17 S 1T 76 52 S 15 4
Ji % A R AET . SR, PS-MPs i i 5 | 52 L S 540 i
BRAET 3 5 SR AL 7 1 ELAR AL 8 75 1 — 2P b TR A
0l
FEHR A P AR 25 vh 58

SE k-

[1] SKAKKEBAEK N E, RAJPERT-DE MEYTS E, BUCK
LOUIS G M, et al. Male reproductive disorders and fertility
trends: influences of environment and genetic susceptibility
[J]. Physiol Rev, 2016, 96 (1) : 55-97. DOI: 10.1152/
physrev.00017.2015.

[2] MACLEOD M, ARP H P H, TEKMAN M B, et al. The
global threat from plastic pollution [J]. Science, 2021, 373
(6550): 61-65. DOI: 10.1126/science.abg5433.

[3] COLE M, LINDEQUE P, HALSBAND C, e dl
Microplastics as contaminants in the marine environment: a
review [J]. Mar Pollut Bull, 2011, 62 (12) : 2588-2597.
DOI: 10.1016/j.marpolbul.2011.09.025.

(4] THOMPSON R C, OLSEN Y, MITCHELL R P, et al. Lost at
sea: where is all the plastic? [J]. Science, 2004, 304
(5672): 838. DOI: 10.1126/science.1094559.

[5] STEER M, COLE M, THOMPSON R C, et al. Microplastic
ingestion in fish larvae in the western English Channel [J].

Environ Pollut, 2017, 226: 250-259. DOI: 10.1016/].

envpol.2017.03.062.

[6] LUCS, LIANG Y H, CHENG Y, et al. Microplastics cause
reproductive toxicity in male mice through inducing apoptosis
of spermatogenic cells via p53 signaling [J]. Food Chem
Toxicol, 2023, 179: 113970. DOI: 10.1016/j. fet. 2023.
113970.

[7] JEON B J, KO Y J, CHA J J, et al. Examining the
relationship between polystyrene microplastics and male
fertility : insights from an in vivo study and in vitro Sertoli cell
culture [J]. J Korean Med Sci, 2024, 39(38) : €259. DOI:
10.3346/jkms.2024.39.€259.

[8] MRUK D D, CHENG C Y. The mammalian blood-testis
barrier: its biology and regulation[ ] ]. Endocr Rev, 2015, 36
(5): 564-591. DOI: 10.1210/er.2014-1101.

[9] JIANG X J, STOCKWELL B R, CONRAD M. Ferroptosis:
mechanisms, biology and role in disease [J]. Nat Rev Mol
Cell Biol, 2021, 22(4) : 266-282. DOI: 10.1038/541580-
020-00324-8.

(10] #aFhm, ST, BAER, 55 BRAET-7E AU NS DO RE it

HEHLEI AT TSR ). e T R, 2022, 28(11):
1044-1048. DOI: 10.13263/j.cnki.nja.2022.11.013.
JIAO D L, MA B Z, ZHAO C, et al. Mechanism of
ferroptosis in regulating testicular spermatogenic dysfunction:
progress in research [J]. Natl J Androl, 2022, 28 (11) :
1044-1048. DOI: 10.13263/j.cnki.nja.2022.11.013.

[11] ZHANG Q P, XIA W T, ZHOU X Y, et al. PS-MPs or their
co-exposure with cadmium impair male reproductive function
through the miR-199a-5p/HIF-1a-mediated ferroptosis
pathway [J]. Environ Pollut, 2023, 339: 122723. DOI:
10.1016/j.envpol.2023.122723.

[12] WANG Y, WU J, ZHANG M M, et al. Cadmium exposure
during puberty damages testicular development and
spermatogenesis via ferroptosis caused by intracellular iron
overload and oxidative stress in mice [J]. Environ Pollut,
2023, 325: 121434. DOI: 10.1016/j.envpol.2023.121434.

[13] SENATHIRAJAH K, ATTWOOD S, BHAGWAT G, et al.
Estimation of the mass of microplastics ingested—a pivotal
first step towards human health risk assessment (7.1
Hazard Mater, 2021, 404: 124004. DOI: 10.1016/j.
jhazmat.2020.124004.

[14] NAIR A, MORSY M A, JACOB S. Dose translation
between laboratory animals and human in preclinical and
clinical phases of drug development [J]. Drug Dev Res,
2018, 79(8): 373-382. DOIL: 10.1002/ddr.21461.

[15] ORWE, M, T . BRI R U IE S AE BB
BEAFFELC 1 R B oA 2 5 LR e AR R R 2 AR
TIRAYHOR )R S VTN R DL ARG
JE17, 2023: 20-21. DOI: 10.26914/c.cnkihy.2023.071229.



1728

Bl 242 K22 41, 2025, 47(15)

http ://aammt. tmmu. edu. cn

[16]

[17]

(18]

[19]

[20]

[21]

[22]

SONG Y, XIAO T, BIAN Q. Toxic effects of polystyrene
microplastics on intestinal inflammation[ C J//In: Proceedings
of the 9th National Youth Science and Technology
Conference of the Chinese Society of Toxicology & the 2nd
Academic Conference of the Biotech Drug Toxicology and
Safety Evaluation Committee. Xiamen, 2023: 20-21. DOI:
10.26914/c.cnkihy.2023.071229.

CHARTRES N, COOPER C B, BLAND G, et al. Effects of
microplastic exposure on human digestive, reproductive,
and respiratory health: a rapid systematic review [J].
Environ Sci Technol, 2024, 58(52) : 22843-22864. DOI:
10.1021/acs.est.3¢09524.

GAO L K, XIONG X, CHEN C, et al. The male
reproductive toxicity after nanoplastics and microplastics
exposure: sperm quality and changes of different cells in
testis [ J]. Ecotoxicol Environ Saf, 2023, 267: 115618.
DOI: 10.1016/j.ecoenv.2023.115618.

ERST, FEGRIG, T SRR T AR T SR )
Al K Va4 ML BIF S R (0], b IR 7 e s, 2024, 60
(12) : 85-90. DOI: 10.19556/j. 0258-7033.20231101-03.
WANG Q Y, QI X L, LONG C. Research progress on the
key functions and regulatory mechanisms of Sertoli cells in
spermatogenesis[J]. Chin J Anim Seci, 2024, 60(12): 85-
90. DOI: 10.19556/j.0258-7033.20231101-03.

FRANCA L R, HESS R A, DUFOUR J M, et al. The
Sertoli cell: one hundred fifty years of beauty and plasticity
[J]. Andrology, 2016, 4 (2) : 189-212. DOI: 10.1111/
andr.12165.

LEICHTMANN-BARDOOGO Y, COHEN L A, WEISS A,
el al. and iron

Compartmentalization regulation  of

metabolism proteins protect male germ cells from iron
overload [J]. Am ] Physiol Endocrinol Metab, 2012, 302
(12): E1519-E1530. DOT: 10.1152/ajpendo.00007.2012.
ZANGENE S, MOROVVATI H, ANBARA H, e al
Polystyrene microplastics cause reproductive toxicity in male
mice [ J]. Food Chem Toxicol, 2024, 194: 115083. DOI:
10.1016/}.fct.2024.115083.

R SC . A i 2R R R e e o b At A A
DNA 45055 S HEPE AR SRR VE (D ). B AL ZBIERL R,
2023. DOI: 10.26921/d.cnki.ganyu.2023.000657.

HU L W. Co-exposure of microcystins and microplastics
induces male reproductive toxicity through mitochondrial
damage and DNA damage [D]. Hefei: Anhui Medical
2023. DOI: 10.26921/d. cnki. ganyu. 2023.

University,

[24]

[25]

[26]

[28]

[29]

[30]

[31]

[32]

000657.

LIJ, CAO F, YIN H L, et al. Ferroptosis: past, present
and future [J]. Cell Death Dis, 2020, 11(2) : 88. DOI:
10.1038/s41419-020-2298-2.

FOUAD Y, PALMER M, CHEN M J, et al. Redefinition of
fatty liver disease from NAFLD to MAFLD through the lens
of drug development and regulatory science [J]. J Clin
Transl Hepatol, 2022, 10(2) : 374-382. DOI: 10.14218/
JCTH.2021.00408.

YANG W S, SRIRAMARATNAM R, WELSCH M E, et al.
Regulation of ferroptotic cancer cell death by GPX4 [J].
Cell, 2014, 156 (1/2) 317-331. DOI: 10.1016/).
cell.2013.12.010.

KOTLA N K, DUTTA P, PARIMI S, et al. The role of
ferritin in health and
understandings [T]. Metabolites, 2022, 12(7): 609. DOI:
10.3390/metabo12070609.

MOU Y H, WANG J, WU J C, et al. Ferroptosis, a new
form of cell death: opportunities and challenges in cancer
[J]. J Hematol Oncol, 2019, 12(1) : 34. DOI: 10.1186/
$13045-019-0720-y.

EAER, 0, BRCh - SR JE WAL, B ROR LR
RFEUENE /I B A S5 B BB T A E T AL [T ). 8
Bl B2, 2025, 42(2): 224-231.

WANG J B, LI R, SETINIAZ N, et al. Mechanisms of

disease: recent advances and

reproductive toxicity and ferroptosis induced by polystyrene
microplastics in male mice [J]. T Environ Occup Med,
2025, 42(2): 224-231.
LIU J, KANG R, TANG D L. Signaling pathways and
defense mechanisms of ferroptosis [J]. FEBS J, 2022, 289
(22): 7038-7050. DOI: 10.1111/febs.16059.
WANG H, LIU C, ZHAO Y X, et al. Mitochondria
regulation in ferroptosis[J]. Eur J Cell Biol, 2020, 99(1) :
151058. DOI: 10.1016/j.ejcb.2019.151058.
TANG D L, CHEN X, KANG R, et al. Ferroptosis:
molecular mechanisms and health implications [J]. Cell
Res, 2021, 31(2): 107-125. DOI: 10.1038/s41422-020-
00441-1.
LINDSAY J, ESPOSTI M D, GILMORE A P. Bel-2 proteins
and mitochondria—specificity in membrane targeting for
death [J]. Biochim Biophys Acta, 2011, 1813 (4) : 532-9.
DOI: 10.1016/j.bbamer.2010.10.017.

(M7 :2025-02-08 ; & [8] : 2025-05-15)

(B3 k%)



