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Effect of iron death inhibitor on hypoxia/reoxygenation injury

of cardiomyocytes and its mechanism

HAN Yue', LI Feng-xiang”, YANG Guo-hong’, YUAN Hui’, ZHANG Xyu-dong®, SUN Jian**
(Mudanjiang Medical University, Mudanjiang 157011, China)
[ ABSTRACT] Objective: To investigate the effects of ferrostatin-1 ( Fer-1) on cardiomyocyte hypoxia/reoxygenation injury and its
mechanisms. Methods: The original generation of myocardial cells were extracted from 1 ~3 d newborn SD rats, which were randomly
divided into normal control group (control) , hypoxia reoxygenation (H/R) group and hypoxia reoxygenation + iron death inhibitors
group (H/R + Fer-1). After 52 h of culture, cells in H/R group were added with 4 mmol/L Na,S, 0, solution. After 1 h of hypoxia,
cells were reoxygenated with DMEM medium containing 10% calf serum for 3 h. The H/R+ Fer-1 group was pretreated with Fer-1 (2
pmol/L) for 24 h and then subjected to hypoxia and reoxygenation. The release rate of lactate dehydrogenase (LDH) was measured by
UV spectrophotometry, the cell survival rate was measured by CCK-8 method, SOD was measured by xanthine oxidase method, MDA
was measured by chemical coloration, and the changes of mitochondrial membrane potential and reactive oxygen species (ROS) were
observed by immunofluorescence. Western blot was used to detect the expressions of ACSI4 and GPX4. Results: Compared with the
control group, the cell activity, SOD release and MMP level were decreased ( P<0.05), the levels of LDH, MDA and ROS were in-
creased (P<0.05), the protein expression of ACSI4 was increased (P<0.05) , and the protein expression of GPX4 was decreased ( P
<0.05) in H/R group. Compared with the H/R group, the cell activity, SOD release and MMP level were increased ( P<0.05) , the
level of LDH, MDA and ROS were decreased (P<0.05), the protein expression of ACSI4 was decreased (P<0.05), and the protein
expression of GPX4 was increased (P<0.05) in H/R+Fer-1 group. Conclusion; Fer-1 can inhibit the production of intracellular reac-
tive oxygen species by regulating ACSI4 and GPX4, thereby alleviating the hypoxia and reoxygenation injury of primary cardiomyocytes
caused by iron death.
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Fig. 1
light microscope( x 200)
A: 0 ~5 h myocardial cell; B: 24 h myocardial cell; C.
48 h myocardial cell; D: 72 h myocardial cell

2.2 EROAMEAE cTnT £t

BEMLIZEHL 5 ASPREF , OG5 £ 10 3lss T ml I
TnT PHPEZI R 460, (18 2A) , DAPL Y4 i 52 i
@ (E2B) T o TnT BH: 240 i 2 A5 1 T 45 B
(O WL LAY 263 (97.35+0.80) %

Morphology of primary cultured cardiomyocytes under

Fig. 2 Immunofluorescence staining of primary cardiomyocytes
(x200)
A: ¢TnT positive cells is green; B: DAPI staining of the
nucleus is blue; C: A+B Merge
2.3 A[EIRE NaS,0, 330 L4 A 77iE & LDH 7k
500 B bl 3
R 1 PrR, 5 control 41 HE%E, Na,S,0, WK
4 mmol/L IF.Cx {JLZH M A7 1 % B . F [ (P< 0.05) ,
LDH B &8 8 & FF+ (P<0.05), AT UL 4 mmol/L
Na,S, O, 4k 3 J5 %R 5 W i, 805 2250 50 % 4
mmol/L Na,S,0, 171 5

Tab. 1 Comparison of effects of different concentrations of Na,
S,0, on cardiomyocyte survival and LDH level (x+s, n
=10)

Group 0D Vall.le Cell survival LDH

(Cell survival) (%) (U/L)

Control 0.220+0. 005 100 358+28

Na,5,0, I mmol/L  0.217+0.009 * 97" 39660 *

Na, 5,0, 2 mmol/L  0.205+0.003 " 82" 423+41"

Na, 5,0, 4 mmol/L 0. 190+0. 006 ™ 79" 538+52™

Na,S,0, 8 mmol/L 0. 164+0. 003 ** 60 ™ 557+48 ™

"P<0.05, "P<0.01 vs control
2.4 4 mmol/L Na,S,0,5 7 [E]5R & B i8] X7 0 AL 48
P 5z 4 87 22 2 i ) L 282

IEH W 4 A %2 2 76 IR/ 453 (Bl 3-Control ) 5 4
mmol/L Na,S,0, 45 7RO WA ER 4R 10 min, H
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WTEE Ly 54 YR/ 4% (T 3-10 min) 3 48 20 min, HARi 2
24337 /%3 (E 3-20 min) 5 5% 30 min, HAT R 2 28
/43 (1 3-30 min) 5 B4 1 b, HARRLA 1 /50 (E
3-1 h);BREC 1.5 h 4SBT (& 3-1.5 h) . AT Lk
A1 h BCR I SOk S 2 S T b LA
Jl

Fig. 3 Comparison of the effects of 4 mmol/L Na, S, 0, and

different hypoxia time on the precontractile rate of cardio-

myocytes
2.5 4 mmol/L Na,S,0, 58 % 1 v AR E & /tE
AL TFE R K LDH 7K 2 Mmi bh 42

mFE 2 Fin, 5 control A M4, B4 1 h B4 3
h AT BRI AR FFER (P<0.05) , LDH il
HRFE LTH(P<0.05) o 4PREWIEE 1T h Z%3 h
ROR B, MUE 252560 %8 ] 4 mmol /L Na, S,0,
BAA 1T h A3 b LI,
Tab. 2 Comparison of the effects of 4 mmol/L Na,$S, 0, and

hypoxia 1 h/ different reoxygenation time on the sur-

vival rate and LDH level of cardiomyocytes(x+s, n=

10)

Group 0D Vall?e Cell survival LDH

(Cell Survival ) (%) (UrL)
Control 0.248+0. 009 100 364+58
H/R(1/1) 0.229+0.008 " 85" 507£39 "
H/R(1/2) 0.217£0.005 " 82" 538+44 "
H/R(1/3) 0.204+0.004 ™ 75" 571£53"
H/R(1/4) 0.185+0.004 ™ 64" 62947

“P<0.05, “P<0.01 vs control
2.6 AERE Fer-1 X404 AETEEZEF0 LDH 7K
BN B L8R

W% 3 Fisn, 5 control 41 %5, control +2 pumol/
L Fer-1 4 AMMAFTG RICH 24 5, VLI 245 vk
JEXTIE H Al B IC R IR, 1 control+4 wmol/L Fer-1 41
MG R B F % (P<0. 05 )o 5 control 41 It
B H/R ALANMAF 2R 8 35 T R (P<0.05) \LDH &
R R B TH(P<0.05) ,5 H/R 41 H#, H/R+Fer-
1 2H(2 pmol/L) A MIAFIG Z W 2% F = (P<0.05) |
LDH Bl B & /0 (P<0.05) , 25 R UESE Fer-1
(2 pmol/L) AbFHLH 5 H/R 41 A Giit 24 X H.
X IEH A /)N, B 2252 95 3% Fer-1(2 pumol/
L) TAb 3R,
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Tab. 3 Comparison of the effects of different concentrations of
Fer-1 on the survival rate and LDH level of cardiomyo-

cytes(xts, n=10)

Group oD vah.le Cell Survival ~LDH
(Cell survival ) (%) (U/L)
Control 0.249+0.007 100 327+74
Control+2 pmol Fer-1 0.245+0.008 96 34159
Control+4 pmol Fer-1 0.217+0.005 " 78" 462+41°
H/R 0.204+0.004 " 65" 57153
H/R+1 pmol Fer-1  0.206+0.002 67 558+65
H/R+2 pmol Fer-1  0.231+0. 006 83* 386+89*
H/R+4 pmol Fer-1  0.234+0.005* 85* 357+61*
H/R+8 pmol Fer-1  0.212+0. 003 71 43948

*P<0.05 vs control; *P<0.05 vs H/R
2.7 Fer-1(2 pmol/L) 3t ALZHKE H/R A MDA
& SOD & 4RI 20

3 4 PR, 5 control 4L, H/R 41 MDA F
TR G IN (P<0.05) (SOD Bt i 3 F B (P<
0.05) ;5 H/R A%, H/R+Fer-1 20 MDA Btz
T EFEAK (P <0.05) . SOD Bk & B & i (P<
0.05),
Tab. 4 Effects of Fer-1 (2 wmol/L) on the activities of MDA

and SOD in H/R of cardiomyocytes (x+s, n=10)

MDA SOD

MMP
Group (pmol/g) (U/mg) ROS
Control 6.35£0.27 23.2644.63  7.35+2.46 17.64:4.27
H/R 12.89+0.46" 9.77+6.347 39.54+1.61 " 8.53+2.75"

H/R+Fer-1 8.47+0.39% 14.69+5.26% 11.58+2.74" 12.61+3.94"

*P<0.05 vs control; *P<0.05 vs H/R
2.8 Fer-1(2 pmol/L) 3 ALZ8 A H/R 1 ROS
KEHIR M

W% 4 Pz, 5 control 20 HL#, H/R 2% (62¢
SR R, U B 40 ) ROS K- BH 3 & (P <
0.05) , FHAPIET- WAL ; 5 H/R A3, H/R+
Fer-1 4 ROS 7KV & 2 T [ (P<0.05) , #&/R Fer-1
AEf% BB A O LN ROS 7K ok 42 200 it 5 s I
R EA(E ),
2.9 Fer-1(2 pmol/L) 30 ALZHARE H/R &AL
FEFE AL ( MMP) 7K 3 B9 8200

nZE 4 s , 5 control 4 It % ,H/R 4 MMP
IR SR R (P<0.05) 55 H/R 41 He#s, H/R+Fer-
1 21 MMP 7K 3 755 (P<0.05) , #7R Fer-1 REMS
PRS0 WLAIE MMP K R e bR gq - (& S) o
2.10 ORLZEAE ACSLA GPX4 EHKRIL

2 6 Fin, 5 control 4H L, H/R 4H# GPX4

Chin J Appl Physiol, 2024, 40(1)

HARBEETHE(P<0.05) ,ACSLA H A RIL L
THE (P<0.05), 5 H/R 4 He#, H/R + Fer-1 41
GPX4 HHHEIK B FE TR (P<0.05) , ACSL4 1 %
K E TR (P<0.05)

DAPI Merge

ROS
- ..-
) .. |

Fig. 4 Effect of Fer-1 (2 wmol/L) on ROS levels in H/R of

cardiomyocytes Ros fluorescence images, ROS ( green fluo-

H/R+Fer-1

rescence) , DAPI staining of the nucleus ( blue fluores-
cence) ,Merge is ROS+DAPI ( blue-green fluorescence ) ,
scale (=50 pm)

JC-1monomer J-aggregates DAPI Merge

o ...

. .
H/R+Fer-1

Fig. 5 Effect of Fer-1 (2 wmol/L) on mitochondrial mem-
brane potential (MMP) level in H/R of cardiomyocytes the
representative fluorescence images of JC-1 staining, aggre-
gation (red fluorescence) ,monomer ( green fluorescence) ,
DAPI staining of the nucleus ( blue fluorescence ) and
Merge is JC-1 aggregation + JC-1 monomer + DAPI ( Red-

Green-Blue fluorescence ) , (scale=50 pwm)

Control H/R H/R+Fer-1

ACSL4 |... p— __.} 79 KD

GPX4 |,- ” . ..--J 17 KD

/)’—actionl _—_— ( 43 KD

Fig. 6 Expressions of ACSI4 and GPX4 protein in cardiomyo-

cytes
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Tab. 6 Expressions of ACSI4 and GPX4 protein in cardiomyo-

cytes(xts, n=5)

Group Gpx4 Acsl4
Control 0.88+0.09 0.28+0.07
H/R 0.39+0.01" 0.63+0.05"
H/R+Fer-1 0.61x0.01" 0.37+0.06"

"P<0.05 vs control; *P<0.05 »s H/R

3 it

O ILBR I B A ER O 04 R BT = IR YT
SO LR I P Ty 2 ek e i/ P Y AT 00
THIE 14 B 1717 A 14 85 0/ PV T 4649 2 X LA s G 1Y)
O WUt R 5 A A0 A 136 5 A0 LG 1 ek
A5 A 5N B2 O LA B3 47 F B R0 e B 5 i
LDH B 5.0 WA i 32 45 R 8 52 IE AR G, %
WAREREN (Na, S, 0, ) & — Fh SR IE J5 5], BE2F Huas X
HR S K Na,S, 0, VE I FES, Al HRGH T #E 40 i 855
FRIEF A E R, A O WL, e 2y
A TFEEIR R 2 ARSLERZS T 4 mmol/L Na,S, 0,
RILO LB AR A AR | 3 8 CCKS8 & K il 4
JAETE R 45 R0 5 control 2H FL#, H/R 440 Jifg
TEPEREAK LLDH ZKSF T, JIE B AR S 560 i D & T
MWKz R i T i

2012 4F Doxin'*’ FIER RIS T —Fi AR
T HABRF A AE TR 20 BRE T, BN —Fp 4
HAIAET IR S A T INAE T AR A
FET- 2 AU ], G S — il Bk 4 1k 4 i 8 T %
W o/ 1) U we A W OE RS (T 1), U AR
AR HOBK (GSH) 19 15 #E | g T 2 & 1k T 1 4R
(ROS) MR £, ROS J&— 2K B A & S Pk 1Y 7 4
TEPEYI, it B ROS A8 B0 A I8 A ok SR Ak KL it
FALRGE AL, SOD #Efk 1 A P B T A h ks fk
i FALE R, e — R E A A H SRR,
MDA fi& S BB S 3 R B T dife ot sl 4L ofF
SRR B L7 ( MMP ) FEAR A LR AR 8 T8 42 19 3%
T S SO I 40 MR 2 — 2P R, R, MMP ROS
MDA ,SOD4 W] {E Jy J2 it 41 i 4% 5 T 19 5 B2 48 A,
T ERRIET X0 WL 48052 S 405 1) 5 ), A B
gk A EA O WA 7. H/R #0070 | 00 2k 51
T LA H/R s R e 45 SRR 7E O
WLAHE H/R 3455 #& o SOD BE il & FF 1, MDA |
ROS B FRAR, SRR BB A2 (MMP) TR, DL b
SEELH FEOAIE H/R KA Fe b A 2R T 1Y
kA,

AW, BRAE Tt 2 4 i A 1 Y EE LR R
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SIA J& T B i Wk 40 i 22 e, T AR PUFA 9 4L
Az DO s BRAREAL M B 2B DU B CoA , I B AR SC
[, Bt e AR B AR R, SR R AE T GPX4 &
— PSS ()5 B AL A R, T B T T 4R
TR R A B I B G 5, JE RS BUARSE T %0
M, ALY Western blot F2A, 25 SR B0 L5k
AR E P T 250 UL M ACSIA Rk £ |
GPX4 Fikiw /b, #2750 Il ACSIA | GPX4 13RIk 2
5T 0N E R A kR R

ARFFEUESE M W A R EGE DL H/R
A IR IT SR . Ferrostatin-1 /2 —Fh P A1k
N, BEA SRS S R A AR, FRATTRY
SCEGSE SR LI, 5 H/R R, BB T RS R
ACSLA FEHFEIALE H/R+Fer-1 41 FF&, 1 GPX4 &
35T 5, H/R + Fer-1 2.0 LA40 I A2 35 R T+ 5,
SOD MMP 7K3F-F+i , LDH MDA .ROS &1L, %
W Fer-1 0]yl 2 B 5 ok 480 P 9 0RO 400 A 4
PRI R = A | e — A 0 O LA AR B A

L5 TR AR S0 R ) B T 0 LG AR A AR
Db | A S 2% S e BRI it ol S/ 42 SR A0 5
A ERRIE T AR O LA I AE I 5 S MMP 7K P
B E AR, ROS R0 3 44 fin Ak 36 T4 o 541
Ferrostatin-1 i 15 i 45 ACSL4 F1 GPX4 11+ 28 g N
WM (ROS) B Az, O LA A7 16 8 S MMP 7K
S-S5 ZE BN, MR A K AT T R 0 SR R WL
B A, AR T B RBE T SR A I R O L
A A SRR 1 A
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