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Acrolein—induced Neuronal Ferroptosis in Vitro and in Vivo: A Preliminary Study
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Abstract : [0bjective] To explore whether acrolein can induce ferroptosis in vitro and in vivo. [Methods] HT22 cells
were treated with acrolein and then incubated with ferroptosis inhibitor ferrostatin—1 (Fer—1) and deferoxamine (DFO).
MTT assay was used to detect the cell survival rate. Dihydroethidium (DHE) and FerroOrange probes were used to detect
the contents of free radicals and ferrous ions in cells. A transmission electron microscope observed the structure of mito-
chondria in standard and acrolein groups. Western blot was used to detect the levels of ferroptosis—related proteins GPX4,
COX-2, and FTHI in vitro. In vivo, male C57BL/6 mice were given 3 mg/kg acrolein every day at the age of 7-8 weeks for
1, 2, and 4 weeks, and the levels of ferroptosis—related proteins GPX4, COX-2, and FTH1 in the hippocampus was de-
tected by western blot. [ Results] Acrolein significantly reduced the survival rate of HT22 cells and induced mitochondrial
shrinkage, and decreased the number of cristae. Meanwhile, acrolein could remarkably increase intracellular free radical
and ferrous ions. In addition, acrolein promoted the increase in the expression of Cyclooxygenase—2 (COX-2) and Ferritin
Heavy Chain 1 (FTH1) at the cellular level and decreased the expression of Glutathione peroxidase 4 (GPX4). At the ani-
mal level, acrolein promoted the increase of COX—-2 expression and decreased the expressions of GPX4 and FTHI.[ Con-
clusion] Acrolein induced neuronal ferroptosis in vitro and in vivo, suggesting ferroptosis inhibitors could attenuate acrole-
in—associated diseases in CNS, such as Alzheimer’s disease.
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A: Cells were pretreated with or without Fer—1 (12 pmol/L) and DFO (100 pwmol/L) for 2 h and then incubated with 15 pmol/L acrolein for a further
24 h. Then morphological changes were observed via phase—contrast microscopy (scale bar = 100 wm). B: Cells were exposed to different concentrations
of acrolein, and then cell viability was measured. C: Cells were pretreated with or without Fer—1 (12 pmol/L) and DFO (100 pwmol/L) for 2 h and then in-
cubated with 15 pmol/L acrolein for a further 24 h, and then cell viability was measured. MTT assays determined cell viability. The results are ex-
pressed as the percentage of values in the untreated control group (mean + SEM; n = 3~5, F=42.08, P<0.001). 1) P < 0.05, 2) P < 0.001 between two
groups by Dunnett’s t—test after ANOVA.
1 SRIETHIHIF Fer-1 5 DFO RIIR D T G B 1A S 4 AR 5 14

Fig.1 Fer-1 and deferoxamine reduced acrolein—induced cytotoxicity in HT22 cells

CT

Acrolein

Cells were incubated with or without 15 pmol/L acrolein for a further 12 h, transmission electron microscopy pictures of the perinuclear area and
mitochondrial of HT22 cells from control and acrolein groups (scale bar=1 pm and 200 nm).
B2 RGEESERERE SR

Fig.2 Acrolein induced mitochondrial shrinkage and cristae reduction
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A: Cells were pretreated with Fer—1 (12 pmol/L) and DFO (100 pmol/L) for 2 h and then incubated with or without 15 pmol/L acrolein for a further

12 h, and then ROS formation was measured with a fluorescence microscope (20X, insets, scale bar =50 pwm), and ROS levels were calculated with a flu-

orescence plate reader. The results are expressed as the percentage of values in the untreated control group. (mean + SEM; n =3, F=53.64, P<0.001). B:

Immunofluorescence experiments were carried out to detect intracellular Fe** (scale bar = 25 wm). And quantification of fluorescence intensity of

Fe™ specifically detected by FerroOrange in HT22 cells. The fluorescence intensity of the CT group was defined as 100%. The results are expressed as

the percentage of values in the untreated control group. (mean + SEM; n = 3, F=14.20, P<0.001). 1) P < 0.05, 2) P < 0.01, 3) P < 0.001 between two

groups by Dunnett’s t—test after ANOVA.

B3 AARESEATERRESIHEF~4%

Fig.3 Acrolein induced the production of excessive free radicals and ferrous ions in vitro
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Cells were exposed to different concentrations of acrolein (5,10, 15 wmol/L) for 12h, and then protein levels of COX~-2, FTHI, and GPX4 in cells
was measured. The results are expressed as the percentage of values in the untreated control group. (mean + SEM; n = 3, COX-2: F=16.10, P=0.001;
FTHI: F=6.52, P<0.05; GPX4: F=7.94, P<0.01), 1) P < 0.05,2) P < 0.01, 3) P < 0.001 between two groups by Dunnett’s ttest after ANOVA.

E4 WHEBEZIEAT22 APPSR THXEANERE

Fig.4 Acrolein affected the level of ferroptosis—related proteins in HT22 cells
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Oral exposure to Acrolein for 1, 2, and 4 weeks (W) induced up-regulation of COX~2 level in the hippocampus, down-regulation of FTH1 and
GPX4 level in the hippocampus. Then protein levels of COX-2, FTH1 and GPX4 in cells were measured. The results are expressed as the percentage of
values in the untreated control group. (mean + SEM; n = 3, COX-2: F=8.31, P<0.01; FTH1: F=4.05, P=0.05; GPX4: F=2.24, P=0.16), 1) P < 0.05, 2)
P <0.01 between two groups by Dunnett’s (~test after ANOVA.

E5 AHEBRENREDIPESKATCHEXEARENE

Fig.5 Effects of Acrolein on the ferroptosis—associated pathologies in mice
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