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[(# Z] B BirFEi (Ipr) S/NEAERAR GC-2 83T/, I B B 0T 58 19 7B ML
FEk: KA E (MTT) &E&4&M 0, 0.001, 0.010, 0.100, 1.000, 10.000F1100. 000 ymol-L.~" Tpr
Ah 3 24 WG GC-2 4G . SH GC-2 4008, 42 M2s (XS IRZL . 1.0 pmol-L ' Ipré4l . 2.5 pmol-L
Tpr 41 A1 5.0 pmol- L™ Tpr4l (ALK E R0, 1.0, 2. 581 5.0 pmol- L™ IpriF WAL ¥ 24 h) .
SR FH 9 W 13 B 002 A0 M v i MR AR (ROS) Az R AR B e 07 5 R 1k 771 60 A6 000 8 4 Ak 9 055 A il
(SOD) {HEMEFMMN B (MDA) /K Jid B4 b H ik (GSH) /AR A e H ik (GSSG) i,
Western blotting 2 # ll Tpr 2 85 J5 25 21 GC-2 4fl i v 8k S8 T A DG 2 11 R IA /KPS 9 O 1 K6 T 4% 20
GC-2 4l i i 21 2 & i 1 (HO-1) B AP E . 4R MTT ., 50 pmol-L ' Ipr 4l b,
1.000, 10.000 1 100. 000 pmol-L ™" Tpr 20 GC-2 40 Jitd i ¥ B & B AL (P<<0.01), JERLHs¥k#E 1.0,
2.5H15.0 pmol- L' IprfEH GC-2 4l . 26k, 525 (Xt B4l b4k, 2. 5R15. 0 pmol- L~ IprAb #f
GC-2 40 i ol 42 ¥k ROS 2k BT MR LR AR B A7 5 1.0 pmol+ L' Tpr 21 GC-2 4 g o MDA 7K 3F #l SOD
it e GSH/GSSG ¥ M B Ak, 2R 58X (P>0.05), 2.5H15.0pmol-L ' Ipr4l GC-2
40 i h MDA K-8 & J7F i (P<<0.05 8] P<<0.01), SOD i fl GSH/GSSG A 1 & FF L (P<
0.01). Western blotting %%, 575 FIX B4 L%, FEH 24 hJ5 1.0 pmol-L " Ipr 41 GC-2 41 fg v 43 e 1
MR A AL 4 (GPX4) FERE M ESE 1 (FTHD) HEARBKFHLHB BN, 2REHIT¥E XL
(P>0.05), YEf 24 hJ52.58 5.0 pmol-L ™" Tpr4l GC-2 41l i GPX4 Ml FTH1 2 11 2 1k 7K - 35 17 fk %
it (P<<0.058{P<<0.01), fEfH24hJ51.0, 2.5H15.0 pmol-L ™" Tpr#i GC-2 4 ig Hh HO-1 35 1 %5 K
SEEIIA B TR (P<<0.01) . fyEsetik, Sa @XMl ®, 1.0, 2.5H85.0 umol-L ™" Ipr4i GC-2
AL HO-1 8 H2¢GR BB I 5R . 8538 Tpr R BUNRURS B A GC-2 k8T, HALHRI v g5
HO-1H &KL L I GPX4 M FTHL & 1 #354 X,
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ABSTRACT Objective: To discuss the effect of iprodione (Ipr) on ferroptosis in mouse spermatocyte
GC-2 cells, and to clarify its possible mechanism. Methods: The MTT method was used to detect the
viability of GC-2 cells after treatment with 0, 0. 001, 0. 010, 0. 100, 1. 000, 10. 000, and 100. 000 pmol-1.
Ipr for 24 h. Additional GC-2 cells were taken and divided into blank control group, 1.0 pmol-L ™' Ipr
group, 2.5 pmol-L ™' Ipr group, and 5. 0 pmol-L ' Ipr group (treated with Ipr solutions at final concentrations
of 0, 1.0, 2.5, and 5. 0 pmol-L ', respectively, for 24 h). Fluorescence microscope was used to observe
the intracellular reactive oxygen species (ROS) generation and mitochondrial membrane potential changes;
Kit methods were used to detect the superoxide dismutase (SOD)activity, malondialdehyde (MDA) level,
and the reduced glutathione (GSH) /oxidized glutathione (GSSG) ratio in the GC-2 cells in various groups;
Western blotting method was used to detect the expression levels of ferroptosis-related proteins in the GC-2
cells in various groups after Ipr exposure; immunofluorescence method was used to detect the fluorescence
intensity of heme oxygenase-1 (HO-1) protein in the GC-2 cells in various groups. Results: The MTT
assay results showed that compared with O pmol+L ! Ipr group, the viabilities of the GC-2 cells in 1. 000,
10. 000, and 100.000 pmol-L~" Ipr groups were significantly decreased (P<C0.01); thus, 1.0, 2.5, and
5.0 pmolL ! Ipr were selected for subsequent experiments on GC-2 cells. The fluorescence analysis results
showed that compared with blank control group, the ROS generation in the GC-2 cells in 2. 5and 5. 0 pmol-L ™!
Ipr groups was increased and the mitochondrial membrane potentials were decreased; there were no
significant changes in the MDA level, SOD activity, and GSH/GSSG ratio in the GC-2 cells in
1.0 pmol-L.~ " Ipr group (P>>0.05) ; compared with blank control group, the MDA levels in the GC-2 cells
in 2.5 and 5.0 pmol-L ™" Ipr groups were significantly increased (P<<0.05 or P<C0.01), and the SOD
activities and GSH/GSSG ratios were significantly decreased (P<C0.01). The Western blotting results
showed that compared with blank control group, after 24 h of treatment, the expression levels of glutathione
peroxidase 4 (GPX4) and ferritin heavy chain 1 (FTH1) proteins in the GC-2 cells in 1. 0 pmol-L "' Ipr group
showed no significant changes (P>>0.05) ; compared with blank control group, after 24 h of treatment, the
expression levels of GPX4 and FTHI proteins in the GC-2 cells in 2. 5 and 5. 0 pmol-L. ! Ipr groups were
significantly decreased (P<C0. 05 or P<C0. 01) ; compared with blank control group, after 24 h of treatment,
the expression levels of HO-1 protein in the GC-2 cells in 1.0, 2.5, and 5.0 pmol-L ' Ipr groups were
significantly increased (P<C0.01). The immunofluorescence results showed that compared with blank
control group, the fluorescence intensities of HO-1 protein in the GC-2 cells in 1. 0, 2.5, and 5. 0 pmol-L
Ipr groups were significantly enhanced. Conclusion: Ipr induces ferroptosis in mouse spermatocyte GC-2
cells, and its mechanism may be related to the up-regulation of HO-1 protein expression and the
down-regulation of GPX4 and FTH1 protein expressions.
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SWEINHE F 1 BT & DNA W 58 80k, 2k + 1
W, WESE " RW . BERER TN AW TR AL PR ASZAERE ) . TEARZ TS Y, BRIk
(endocrine disrupting chemicals, EDCs) # 1A N J& (iprodione, Ipr) #f b —F K¢ 5k (1 EDCs XJ 3l %) 41
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1 MBE5FE

L1 s 22&XAFNE /DB GC-2
Wy [ 2E E ATCC 4 i % o fq 2F 1w o i A b
VivaCell A7), @b fRi iy A i s 2k YRk
B A FRA R, BAR S E ALY rEbR i =Pt (L3¢
bt PN WA RS EYE AR
PR, Tprie [ 5By T A AR A A BR 2
A, AP R S AL 4(glutathione peroxidase 4,
GPX4) ¥tk B &8 IE e AW HE AR A R A FA,
BRAEHTESE 1 (ferritin heavy chain 1, FTH1) 4 H
#® W ABclonal 24 ®, Il £L F fn A W 1
(hemeoxygenase-1, HO-1) # 3-fl & H H (B-
tubulin) FLIRM B 5% [# Proteintech 23 1), ROS 51l
WA & &R A GSH/AA A AL BEH R (oxidized
glutathione, GSSG) il il & . 2 kLK 5 {7
o A R G R A R AR fk ) B AR B (superoxide
dismutase, SOD) &l 7] & W H i3 = KB
WHEARARR A F, N (malondialdehyde, MDA)
Fa 3k R & W A % B Biosharp 2 F] o, BE MR E
(methylthiazolyldiphenyl-tetrazolium bromide, MTT)
Wy H K EMCE A A, WP s et — 9 A
FH Jackso AN o CO, M3 32460 [ 25 & Thermo
Fisher Scientific A, SYNERGY H1 % Z g iitr
0 [ 35 Bio Tek 2w, 5804 R %1 i 3 v Vi B O L
W A E Eppendorl /A &, AI600 &l fh 27 & 6 BE e A
1540 1 3% E General Electric A 7], NISElements %
WO R AR BRI A H R Nikon 24 7]

1.2 GC2@mpmiitiham GC-2HMH
FRMEA 0% (A M 1% &5 -5 % E W&
BB FR 3k, T 5% CO,. 37 ‘CHI ML H: 3= 40 M HE 7%
T 40 J AR 1 % 80%6~90 % B, HEAT 4 Bl A% A% i 52
Brdet . GC-240MBENL 7 = BIXF IRA O AT
AEER) L R RARHE 1,37 MTT 525 45 5 5 B
1.0 pmol-L " Ipr 4. 2.5 pmol-L "Ipr 4 i
5.0 pmol-L ' Ipr4l.

1.3 MTT &N REHNZ prdEE GC-2 &0
EH TR B A KN GC-24 i, DRIt
AX 1O A0 ML I 5 BE D T 24 FLAR MRS S ple AL
BT 500 pl K 7% H b 50 BE 15 5% . 43 ST 248k

0. 0.001, 0.010, 0.100, 1.000, 10.000 FI
100. 000 pmol-L ™" 4 Tpr % W 4b BE 40 fid 24 h, &L
JMASO pL¥E RS g L' MTT W, +FiEiR
SIS A AR LR R E 4 h, BRI IR, Sl
A 600 pl. — B %R
DMSO) W, & THIK FEEGHRS 15 min, i/
R AN 22 P K 570 nm AR RO (A) B, 2%
K A 630 nm, B Ipr b HUE GC-2 40 3% 7k .
M tE= (LRBAE - AHE) / (X
MAAE - 1A AE) X100% ., ZEREER
FH T80 5 0098 00 25 ) b 31 5%) &
1.4 EHAExAMNEHAGC-2mHF SOD & K
BE WAL X ECE KW GC-2 4 e, LR = T
AX 10 4 L 1) 25 B2 $ 70 T 6 FLA M B b v, B
LA 2 mL 58 4 55 R 5, o) o I BE B AR . i R
“1.27 WPk oy K G PG AL B 24 h, WS R R SR
5, FH A Y B IR £ 2% v (phosphate buffered
saline, PBS) VE&40M 3k . H:ALINA 150 pL
A SOD B fh il % W, VK 2% 30 min, 7450 %
il A B, IO A 40 M AR, 4R IR BCA Bk
T 7 G0 R R R R . SOD [ IE I E -
FE 96 FL AN 35 SR A b, B AL 20 pL 38 5> R
B BE i FIT 160 pl 7K ¥ P U me £ -8 (water-soluble
tetrazolium salt-8, WST-8) /B TYEW , #)a & fL
PN A 20 pL SR 3k, 37 “CIEF 30 min, F]
FH B AR A 9% K 420 nm Ab 05 45 FL A {E, R EIK
) & Uk BB TS A AL RE S SOD 1 # E 4 R R
g iG vk M A= (ST AME AR
Af) / (ZHAMBIAMB -SHAME2AM) X
100%; SODVWEME (U-pg ) =WHlaS%/ (1—m
il 43R X (Cu X V) o Cou: B SE (mg-171),
Ve ERERRI(pL) .
1.5 A &Eh &4 GC-2 M+ MDA K
TE AL T X BAE KW GC-2 4 i, DL A 2 Tt
A X104 i 1) 25 B H2 Fp T 6 LA M B b v, B
LA 2 mL 58 4 K5 SR 5 o) g0 RE B AR . i R
“1.27 R KR B 24 h, W SR BRSO
PBS ZZ nhl Ve A ML, BALIMA 200 pL FUv ) 4 il
2, vk FIR 2% 30 min, 4 °C. 12000 remin "
B0 15 min J5 BBV, BUE & 40 M 24 AR T B
iz B BCA R &l 45 AU BE b B LR BB 5 1) 100 pl
FEIRE & B3 WP A 200 pl. MDA K0 T 18 %,
AT IR 21 o KR A W CE T 100 Cb /K W R

(dimethyl sulfoxide,
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15min, WAKBHEZR. KBS HFES T 1000 g
20> 10 min, HL100 pL b %7€ B AR AL %K 532 nm
Ab I E 4520 AE . ARTEARHEN L, THE A AR
' MDA /K-,
1.6 XA &L GC-24 P GSH/GSSG
Yodd UL T ECE KRBT GC-2 410, LUty
F& 4X 10" 20 J 1) 25 B2 45 b T 6 FL 4t i 15 3R A
BALMA 2 mL 58 R FR 5, o RO RE S R o i IR
“1.27 ORIk A M S PG AR PR 24 h, WS R R 5
B, PBS 2 M U AH L, 20 MR ) s 4
4°C, 12000 remin ' &.0> 10 min, 3 L. MA
STERBIE I LBRFI M, vKIRHEF e, A%
Flt 3 ; VK EFE Smins, 4°C. 12 000 remin”"
B30 10 min B Vg o HOE B 40 M R R LN, HR
BCA H [ B2 D 7 3 500 65 0 5 45 2H8F o ) 48 11 vk
JE. S GSHWE : WOE &G, InAE GSH
TAEW, RA), SIEMFE 5 mine MIA 50 pll i J5 R
Mok i i 22 0% — 4% 7 R B R (nicotinamide adenine
dinucleotide phosphate, NADPH) # &, & 2J,
25 min J5 7€ 412 nm PR AL 2 AH; GSSG kI
W B AR, A GSH IS KR T A/E W A1 GSH ¥ %
W, RGIRA, ERBCE 1hE . #IEE GSH
W E A R . R R S GSH M GSSG #r i i 28 11
BORE S GSH+GSSG Al GSSG ) & & . GSH
(mmol-g )=[(GSH+GSSG) —GSSG] X2/%HH
W ¥ . GSH /K *F (pmol-g ') =C1—C2X2/C,.;
Cl: BGSHHEEARMWEE (pmol-L7"); C2: GSSGHE
IR E (pmol-L ™5 C,.: HHAWE (gL ).
1.7 %ABHENEEMGC-24 M+ ROS £ &
HOAL T X 8 KW GC-2 4 L, DA Z T 2%
LO™A™ 200 JH Py %85 J32 2 ol 224 A 4 BRI A 1% 6 L 240 L 5%
FEM, BALINA 2 mL e R IR EE, o B e B
Feo M 127 Iy R 24 h, ]
FERG R A, WA A PBS 22 b i 18 15 vk 4 40 i
2WJE, AT mL FH G I T 8 % 2 R R G vk B
J910 pmol-L ' {1y 2/, 7-" & AR NEK LK
(2", 7'-dichlorofluorescin diacetate, DCFH-DA) T
PEWR K FLAR A 0] 40 it 5% 55 4 b ke G E 20 min;
2:B% DCFH-DA TAEW , JH i filf 15 5% B 52 58 Uk %
3o I JETE DG WAUEE T WA 5 G 4 1% L I R
LEBER
1.8 #AEHMENELMELGC2MB T R ERBL
oA PO T ECE R GC-2 40, LA T

2107~ 4 ff %) % 5 42 Fh 2245 A AN I A 19 6 FL 4
Mds Fe kb, BALIMA 2 mL 5E 28 5L, w0y
BESE SR, M 127 POkl R A 24 h,
WG SRS IR T PBS 28 vl R SR E T A0 i
2WJE, ML AR SR IC-1 (1X) 4 fh
TAEW A 1 mL, BEIRAT, B FL AR IR 40 g % 5%
i, RO TR 20 min, WHFIC-14 M
TAEW, HIIC-1 (1X) 4o 22 vl 5 5% Uk U 40 e
3o Hla, TR T WA YL (01 Bl I R 4
KIR1E B

1.9 Western blotting % # 0 & 41 GC-2 &8 je. &
HO-1.GPX4 # FTH1 & & & & & K F Wk F Xt
BAERKIE GC-2410, AT 4<X10° /4> 40 i i)
R E A AIC R 6 FLAN I TR AR R, A
LA 2 mL 58 4 85 32 5k, S RERE IR . H IR
“1.27 IR XG5 BE 24 h, TR PBS %%
RSV 2k, RBUERE A IR E E AR E G,
HEAT R I BERC FLUK . 4 B AR S LATE R R A
A (polyvinylidene difluoride, PVDF) BfE, Tl
LT YL (O S HG JEER F1 2500 500 BT 9k % il &
M 1h, X595 HO-1(1:3000) .GPX4(1:1000) .
FTH1 (1:1000) F1 B-tubulin (1:10 000) #i &
4CWEE . W —9T, fnkik-20 /) Tris 2 sh &k
% W (Tris-buffered saline with Tween® 20, TBST)
EWVE IS 3V, AEYK 10 min, 2 IR0 F B A Ak
Y (horseradish peroxidase, HRP) #5ic B T
1Th, TBST WM 3, BIK 10 min, 3§51k
%3¢ (enhanced chemiluminescence, ECL) JEBEG
2kl s >R M Image TR 43 7 86 1 2% IR BE ML, DA
B-tubulin AW Z, A HMEHREKFE, HIE
HRBKF=HMEAFZEKEME/ NSEA KT
IR BEAH

1.10 £EEAENELAGC2HF HO-1%Y
REBE BUEFXHAERKBWNGC-241, LI
FL 110~ 40 f 1% %85 13 42 b T2 A 40 L TE 1% 6 FL
MM RE AP, A RGRERE SR, LR 127 oy
BN M A B 24 h, W B KE R WL, PBS &%
OB R B 3R, AV ZRWEE T E IR M & 30 min,
PBS 28 ¥ % 3 ; 0.25% Triton X-100 i %
10 min, PBSZZ iR Pk 3 UK, K C F B s 7F
B b, AR G A X, S SO0 B R
B 1.5 hy fin A FR B A TROR B B e 8 9 —
HLHO-1 (1:100) 4°CH&IEE ., PBS &Ml vk %
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3, XA EES I P (1:1000) = &k
JEH 1h, PBSZE MR VESR 3K, fEEEKMET N
A H1 PBS 2% ol B 47, 6- % bk Rk -2- 4 5 ng|
(4', 6-diamidino-2-phenylindole, DAPI) (1:800)
Je 4 L #% 20 min, PBS Zwh W UL & 3k, Bk
10 min, BEEAME FIE YT, AE Y (0 X ek i bt
PEGVEIG G B o TEBOGIL R AL B0 T W5 g
BRI RERBGE L . DaadobE HO-1E
FRIBEN, Sa7O0MME, HO-1 RikMm,; &t
5SS, HO-1 A5,

1.11 %# %24 KA GraphPad Prism 9. 0 4k {f
PEAT ST 2400 B o 4% 21 GC-2 41 i 1% 40 i 3% o Fn
GC-241 g b SOD i ¥ . MDA /K- GSH/GSSG
FAE DL & HO-1, GPX4 #l FTHI % H & ik K F 3
A IEBSA, VhaotsF£R, ZAHMEEEARLE L
BRI R I 22001, 2 TR RE AR 249 8090 PR LL 4
K LSD- ¥ 8 . LA P<<0.05 N 22 % A 4 it 2
B,

2 8 B

21 RAMNEFIprAEZEGC2@BER 5
0 pmol-L " Ipr 40 o %, 0.001, 0.010 F0
0.100 pmol-L " Ipr 4] GC-2 40 g 1% ¥ JC W . A5 1k,
ERIGH#E L (P>0.05); 1.000, 10.000 F1

100. 000 pmol-L ' Ipr 40 GC-2 41 M 1% P B & 1% {I%
(P<<0.01), W31, B, A5 1.0,
2.5M15.0 pmol-L ™" Iprifk— A 4bH GC-2 41l .

1 AFFE pribBE&HGC-2 4 E
Tab. 1 Cell activities of GC-2 cells in various groups after

treated with different doses of Tpr (n=3, x5, /%)

Concentration of Ipr (pmol-1.~ ") Cell activity
0 100.00£2.75
0.001 99.2944.43
0.010 99.0443.13
0.100 97.4944.41
1.000 85.64+3.00°
10.000 67.70£3.82
100.000 31.08+4.68

"P<<0.01 vs 0 pmol+L " Ipr group.

2.2 %% GC-2% % SOD i F MDA K F &
GSH/GSSG wAd 57 X IRAI R, abHi24h)g,
1.0 pmol-L " Ipr 41 GC-2 40 jfg H SOD 3 1 Fl MDA
KAF-LA B GSH/GSSG W HB B A2k, 25
GiitEE L (P>0.05); 2.5M15.0 ymol-L ™" Ipr4dl
GC-2 40 g rh SOD 7% M Al GSH/GSSG HAH B 8 &
fik (P<<0.01), MDA JKF W] & 7 & (P<<0. 05 5k
P<<0.01), W2,

K2 KHGC-240HH SODFEHM MDA KF K GSH/GSSG WK
Tab.2 Activities of SOD, levels of MDA and ratios of GSH/GSSG in GC-2 cells in various groups (n=3, x+s)

MDA level [2,/(mol-g )] Ratio of GSH/GSSG

Group SOD activity [A,/(U-mg )]
Black control 74.6+2.8

1.0 pmol-L ™" Ipr 71.845.2

2.5 pmol-L ™" Ipr 56.94-3.8™

5.0 pmol- L~ " Ipr 46.341.2"

5.8240.55 1.354£0.44
7.07+1.24 1.1040.02
9.73+1.31" 0.45+0.05™
12.91+2.79" 0.0940.05™

'P<<0.05, "P<20.01 vs blank control group.

2.3 B GC-2@mMF ROS &£ & Fo &, 5 4k L & 4%
Has P A, WA prik E TS, GC-2
M ROS ARG I, RICHAFERROS L@
POt BB W MR ; 5.0 pmol-L ! Ipr &b P 24 h
Ji, GC-2 4 ROS % A7 5 4 3 1Y X B W 4
K, WE L, SRR AR RER: 550
X BEZH He S, 1.0 pmol- L~ Tpr 25 40 Mg Y 21 ¢ Fil 4
05 AT T o A AL A I H 7 R WL B AR Ak
2.5815.0 pmol- L~ Ipr £ GC-2 40 g b £ (4 55 e {5
S, s ETOEE SN, 2 B Ipr AR AR

WER T GC-2 4 M Ze bR B i A7 ) R B . ILIAT 2,
2.4 B@GC-2#M % GPX4.FTH1 & HO-1% @
RZAKFE  Western blotting AR M 45 R o : 525
X B Fe#, 1.0, 2.5 5.0 pmol-L ™" Tpr 41
GC-2 40 g v HO-1 1 R B KB Tk (P<
0.01); 1.0 pmol-L ™" Ipr 41 GC-2 40 }g b GPX4 F0l
FTHI&E (I RKRKFTLEH BB, ZREKIT¥E
X (P>0.05), 2.5815.0 pmol-L. " Ipr 4 GC-2 41
Lt GPX4 Al FTHL & [ 3R ik 7K F W] W B% A%
(P<<0.058% P<<0.01), WL 3ME3, GEXGIE
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Fig. 1 Fluorescence microscope images of intracellular ROS levels in GC-2 cells in various groups
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J-aggrerates

100 pm

Monomer

Merge

Bz R 52\ 4 s, 1.0, 2.5/
5.0 pmol-L " Ipr 41 GC-2 41 g th HO-1 25 11 % % i
JERGm, JFEFEAOsvE. W4,

3 % i

A2, BYEAT B Oy — T IR Y B2 S
PRI, FLEUR N R AR AL | S MR S A
SRR LRSS DL RORS AR OB AR AR .
B0 0 7 2R e e R B, R
KT, SSRGS, HAU AT RE S O 7R R
W B Ak BT R WT . RS il
A TR AL )Xo B 200 M 3 St 47, R R T A 2 0 R B
KRR D, FEON T KA ZBHNS . ABETE4S
RN B Tprsfl a8, GC-2 41 i i P W]

1.0 pmol-L ™' Ipr

100 pm

100 pm 100 um 100 pm

100 um 100 pm

B2 &4 GC-2 411 SR B £ i 5%t B A E R

Fig. 2 Fluorescence microscope images of mitochondrial membrane potential in GC-2 cells in various groups

2.5 punol-Lf1 Ipr 5.0 pmol-L ™' Ipr

100 pm

100 m

100 pm
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