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[Abstract] Objective To investigate whether ferroptosis after ischemic stroke mediates myocardiac injury via
the cyclic GMP-AMP synthase (¢cGAS) -stimulator of interferon genes (STING) pathway. Methods Male C57BL/
6 mice aged 6-8 weeks were randomly divided into a sham surgery group, a middle cerebral artery occlusion (MCAO)
model group, and an RAS-selective lethal 3 (RSL3) intervention group. The MCAO model was prepared using a
modified wire embolization method. At 72 h after model establishment, neurological deficits were assessed using Zea-
Longa scores, with Triphenyl tetrazolium chloride (TTC) staining to detect cardial and cerebral infarct volume,

electrocardiogram  (ECG) to monitor cardiac electrophysiological —changes, and Western blot and
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immunohistochemistry to detect immunoprotein expression. Results

Compared with the sham surgery group, the

model group showed increased neurological deficit scores (P<C0.05) , increased cerebral infarct volume (P<C0.05) ,

and decreased survival rates (P<Z0.05). The RSL3 intervention further exacerbated these changes. ECG showed

bradycardia and ST-segment elevation in the model group, with aggravated ST-segment elevation in the RSL3

group (P<C0.01), but no difference in infarct volume was observed between groups in cardiac TTC staining. At the

molecular level, RSL3 significantly inhibited the expression of glutathione peroxidase 4 (GPX4) and ferritin heavy

chain 1 (FTH1) in brain and cardiac tissues (P<C0.05), while upregulating cGAS/STING/interferon regulatory factor

3 (IRF3) expression (P<C0.05). Immunohistochemistry confirmed that GPX4 downregulation was negatively

correlated with activation of the cGAS pathway. Conclusion

Ferrosis activates the cGAS-STING pathway by

inhibiting GPX4, which may lead to non-infarct cardiac electrophysiological disorders after ischemic stroke. This study

provides a theoretical basis for clinical avoidance of GPX4-promoting depletion drugs and offers new ideas for managing

multiple organ injuries after ischemic stroke.
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Figure 1 ECGs of mice in each group
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Figure 2 3-day Survival rates of mice in the three groups
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Table 2 Infarction volume of brain and cardiac tissues
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215 i 48 45 B A L A A B 1A AR
BF A4 0.0740.02 18.90+1.32
I 4 0.17+0.02" 15.50+2.97
RSL3-+ 15 44 0.2640.02* 17.03+3.95
F1i 89.370 0.996
P{H <0.001 0.423
PE<C0.05 58 FARA LS “PEH<0. 05 558 4 H # (SNK-¢
K
2.5 RSL3 X IS /)y Bl 41 28 Fn o0 fiE 4 2009 7 H

HE Z& (4, $F£f RSL3 % MCAO #5718 B 40 20 Fn
D IE SR e B s, 25 R BoR . 7E I 4 21



+ 1060 -

FNE AN S SN 14

HATE WM

9
'
®
3
b

BFARA [otictii| RSL3+E AL
3 WETICEREREINER
Figure 3  Cerebral infarct volume assessed by TTC

staining and the corresponding analysis results
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Figure 4 Cardiac infarct volume assessed by TTC

staining and the corresponding analysis results
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Figure 5 Pathological morphological changes in the brain and heart of mice in each group (HE staining X200)
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Table 3 Comparison of the expression of ferroptosis-related proteins and inflammatory pathway

proteins in mouse brain tissues

(n=6,7+s)
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group (Immunohistochemistry X400)
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Figure 7 Changes in the expression of c¢GAS,

group (Immunohistochemistry X400)
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Table 4 Comparison of changes in the expression of GPX4,FTH,cGAS and STING in mouse cardiac tissues in each group
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Figure 8 Changes in the expression of GPX4 and FTH in mouse cardiac tissues in each group (Immunohistochemistry

X400)
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Figure 9 Changes in the expression of cGAS and STING in mouse cardiac tissues in each group (Immunohistochemistry

X 400)
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Table 5 Changes in the protein expression of SLC7A11, GPX4, and FTH in mouse brain tissues in each group
(n=8,7=%s)
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Figure 10 Protein expression of SLC7A11, GPX4, and

FTH in mouse brain tissues in each group
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Table 6 Changes in the protein experssion of SLC7A11, GPX4, ¢cGAS, and IRF3 in mouse cardiac tissues in each group
(n=8,7+s)
21 51 SLC7A11 GPX4 cGAS IRF3
BT AU 31007+4 084 37 35248590 10 392+1 658 11 867+527
LRI 20 20 247+808" 24 299+6 337 1597242 674" 19 029+2 926"
RSL3-+ AR 2] 6 05941 5807 9773+10277 22369417717 30 00643 2047
FIH 81.540 20.710 24.790 37.580
P1E <0.001 <0.001 <0.001 <0.001

PH<0.05 5B TRUALE “P{E<C0. 05 BRI 4 (SNK-¢g £ 5)



e BE R OR % % R

HATE WM .

1065 -

7~ IS Ji GPX4 33K FE AR 0T fig 3 i 006 STING 3 %
R RAE RN o e P 2 LAk 24 G 1 JL Western blot
PRI 25 R W, MRS R4 cGAS M IRF3 3Rk i
EIbE, W RSL3THE#E—2 Bl (P<0.0D),
LKW GPX4ZM# J5 cGAS/STING il (197 1F B 3
BaBE . FRZEH R, RSL3HH GPX4 %3kl A
BTG cGAS/STING/IRF3 48 5iF i %, AR T
IS /N B 28 D) BB B A, 300 SR U 11 4 1 it
PR . PR, A O 58 82 W AE R BIL R B U . R
I B 2 ok 2 GPX4 il — B B ad | AL B R >4k
KR 7 S &R A DNA B 00 cGAS-STING
i P IRF 3 4% 5% A — AR A S i — 0 L A B ZE L
AR AT R I S T 0 S 36 96 Ik DG B Y

AW 584 7, e I AR v AN S AT i R i 4
ZUERAE T, W] 5| & AE 9K 18 Pk BE 5T M0 B 4504 o
AL AL T G 0 RSLS AY - 10 52 56 F — A IE 52
IS 51 & W &AL T Al 3L 0 cGAS/STING 4 E i
FEA T AR kg MR SE M 1, GPX4 2% B A%
Lo o X 5 RO TR ABR A IS X0 N i 48
R G0 F G0 52 e B 0 AR I R RS 4 it T
WA, SR, AR AEAE — & R BRE . (GE i
R IBKFRIERIE T & 4, RS ok A
i S LB WL B ORI S R L A DU T T KT —
A BAAIE o AR S50 A KRR S MR R, E
T HlE B b 30 S DR IR R S G N i i
WAL, IF I R R B W 2% 58 35 AH N SE 5 E
e

[ &% 3]

[1] Wang Q, Liu CJ, Chen MR, et al. Mastoparan M promotes
functional recovery in stroke mice by activating autophagy and
inhibiting ferroptosis [J]. Biomed Pharmacother, 2024,
174(5):116560.

[2] Venketasubramanian N. Stroke epidemiology in asia [J].
Cerebrovasc Dis Extra, 2025,15(1):81-92.

[3] Hata J, Ninomiya T. Epidemiology of stroke in a general
japanese population: The hisayama study [J]. J Atheroscler
Thromb, 2023,30(7):710-719.

[4] Gonzalez-aquines A, Cordero-perez AC, Mohammadnezhad
M, et al. Effectiveness and safety of mechanical thrombectomy
for acute ischaemic stroke in Latin American countries: A
systematic review[ J]. J Stroke Cerebrovasc Dis, 2023,32(4) :
106972.

[5] Jiang YL, Hui DC, Pan ZY, et al. Curcumin promotes
ferroptosis in hepatocellular carcinoma via upregulation of
ACSL4[J].J Cancer Res Clin Oncol, 2024 ,150(9) :429.

[6] H/NE, Tz, XIMEE, % .cGAS-STING {7 5 i #% 76 5k i
I 2 R A AL % BF 5 R (] e 2 i ) 2 2 0, 2024,

[9]

[12]

[14]

[16]

[19]

[20]

40(4) :520-524.

Chen S, LiJ, Yan L, et al. Electroacupuncture alleviates the
symptom of depression in mice by regulating the cGAS-
STING-NLRP3 signaling [J]. Aging, 2024, 16 (8) : 6731~
6744.

Sposato LA ,Lam M, Allen B, et al. First-ever ischemic stroke
and incident major adverse cardiovascular events in 93 627
older women and men[J]. Stroke, 2020,51(2):387-394.
Buckley BJR, Harrison SL, Hill A, et al. Stroke-heart
syndrome: Incidence and clinical outcomes of cardiac
complications following stroke[J]. Stroke, 2022,53(5) : 1759-
1763.

i 2%, 0, 00, A5 BT IBE A e S DI R T e a A G A
FUARG 1. 3% i S AMPK/GFAT-1/VEGF {5538 & 1 g m [ 1]
R R R 2k AL 2025, 53(2) :201-204, 240.

WA, G FHFEK,F T VEGF/PI3K/AKT {5 538
PR DL AR BR B4 X e 1t A i A v /0N B S o R FE LR [T/
OL . ¥ g B2 2 Bt 27 4l , 1-18[ 2026-06-03 .

Sun XF, Zhang Q, Lin XH, et al. Imatinib induces ferroptosis
in gastrointestinal stromal tumors by promoting STUBI1-
mediated GPX4 ubiquitination [J]. Cell Death Dis, 2023,
14(12):839.

A, 2 SCH kN A Sk B IR PPARY/NF-kB
5 7 S /N T A N A P e e A i 2 v R B A
B3I 4RI 9T L 2025, 500100 : 1152-1160.

Liu CD, Peng Q, Wang SY, et al. Circ_0008146 exacerbates
ferroptosis via regulating the miR-342-5p/ACSL4 axis after
cerebral ischemic/reperfusion [J]. J Inflamm Res, 2024,
17(1):4957-4973.

KB AT H 5L, L 4% T RIPKT/RIPK3/MLKL {5 %5
T PR T P o R A ) IR BE A O T e D B K v Bl ik
PA] S /745 E A 2R T 52 U B 4 9 BL R [0/ OL ] o ] 52 4 5 541
Ik, 1-16[2026-06-03].

Calvet C, Seebeck P. What to consider for ECG in mice-with
special emphasis on telemetry [J]. Mamm Genome, 2023,
34(2):166-179.

Feigin VL, Brainin M, Norrving B, et al. World stroke
organization: Global stroke fact sheet 2025[J]. Int J Stroke,
2025,20(2):132-144.

Fan XH, Cao JY, Li MX, et al. Stroke related brain-heart
crosstalk:  Pathophysiology, clinical — implications, and
underlying mechanisms[J]. Adv Sci, 2024,11(14) :e2307698.
Wang L,Ma L, Ren C, et al. Stroke-heart syndrome: Current
progress and future outlook [ J]. J Neurol,2024,271(8) :4813-
4825.

Hu JR, Abdullah A, Nanna MG, et al. The brain-heart axis:
Neuroinflammatory interactions in cardiovascular disease [J].
Curr Cardiol Rep,2023,25(12) :1745-1758.

Battaglini D, Robba C, Lopes da silva A, et al. Brain-heart
interaction after acute ischemic stroke [J]. Crit Care, 2020,
24(1):163.

Chen Z, Venkat P, Seyfried D, et al. Brain-heart interaction:

Cardiac complications after stroke[ J]. Circ Res,2017,121(4):



1066 -

FIEVKEE BT CGAS-STING il J§ A 5% Bl M P s 4 o J5 2R B8 T %0 453 43 114 52 1l

(23]

[27]

[29]

[30]

451-468.

Lv S, Fan L, Chen X, et al. Jian-Pi-Gu-Shen-Hua-Yu
decoction alleviated diabetic nephropathy in mice through
reducing ferroptosis [J]. J Diabetes Res, 2024, 2024 (1) :
9990304.

Wu XQ, Wang Y, Han W, et al. Effect of electroacupuncture
pretreatment on ferroptosis in neurons of rats with cerebral
ischemia-reperfusion injury[J]. Zhen Ci Yan Jiu, 2023,48(8):
754-763.

Dixon SJ, Olzmann JA. The cell biology of ferroptosis[J]. Nat
Rev Mol Cell Biol, 2024 ,25(6) :424-442.

Shah S, Dahal K, Subedi P, et al. Cardiac
complications (arrhythmias and heart failure) in patients with
ischemic stroke: A meta-analysis [J]. Mol Med (Baltim) ,
2024,103(25):e38619.

SRR, i T, SCRLEE  4F 2k T HIF-1a/ VEGF i B 1K 0
W BTG T 2o T R B RR A O RO A JILAB A0 9 A AL
HE g (], e b 25225, 2025, 5007) : 1889-1899.
kWYY, B 0, B, S S AR BE A R L 4 R B A
I R &5 A AE B L BB [T 1 S 8 05 ) 25 AR
2024,30(1)>:112-119.

Zhang Q, Yang J, Yang CH, et al. Eucommia ulmoides oliver-
tribulus terrestris 1. drug pair regulates ferroptosis by mediating
the neurovascular-related ligand-receptor interaction pathway-
A potential drug pair for treatment of hypertension and
prevention of ischemic stroke [J]. Front Neurobiol, 2022,
13(5):833922.

Gao GF, You LH, Zhang JH, et al. Brain iron metabolism,

redox balance and neurological diseases [J]. Antioxidants,

[31]

[37]

2023,12(6):1289.

Ding H, Yan CZ, Shi HL, et al. Hepcidin is involved in iron
regulation in the ischemic brain[J]. PLoS One, 2011, 6(9) :
e25324.

Li M, Meng ZL, Yu SC, et al. Baicalein ameliorates cerebral
ischemia-reperfusion injury by
regulating GPX4/ACSL4/ACSL3
Interact, 2022,366(19):110137.

inhibiting  ferroptosis  via
axis [J]. Chem Biol
Zhang Q, Luo Y, Peng L, et al. Ferroptosis in cardiovascular

diseases: Role and mechanism [J]. Cell Biosci, 2023,
13(1):226.

Ma FY, Ye YH, Han QQ, et al. Effects of geniposide on
cerebral ischemia/reperfusion-induced neuron damage by
inhibiting cGAS-STING [1].
Neuropharmacology, 2025, 280(23) : 110677.

Li QY, Yang LF, Wang KX, et al. Oxidized mitochondrial

DNA activates the ¢cGAS-STING pathway in the neuronal

autophagy via

intrinsic immune system after brain ischemia-reperfusion injury
[J]. Neurotherapeutics, 2024 ,21(4) : e00368.

Liu PW, Chen WH, Kang Y, et al. Silibinin ameliorates
STING-mediated neuroinflammation via downregulation of
ferroptotic damage in a sporadic Alzheimer's disease model[ J].
Arch Biochem Biophys, 2023, 744(1):109691.

Dai EY, Han L, Liu J, et al. Ferroptotic damage promotes
through a TMEM173/STING-
dependent DNA sensor pathway [J]. Nat Commun, 2020,
11(1):6339.

pancreatic tumorigenesis

(R 3% 4% ATH)



