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Salidroside suppresses ferroptosis in HT22 cells following oxygen-glucose
deprivation/reoxygenation through regulation of non-ubiquitinated
FUNDC1-dependent mitophagy pathway

DU Qiu-si LIAO Jun"
( Medical School Hunan University of Chinese Medicine Changsha 410208 China)

Abstract  This study aims to investigate whether the mitophagy receptor FUN14 domain-containing 1 ( FUNDC1) serves as a
molecular link between mitophagy and neuronal ferroptosis and to determine whether salidroside ( Sal) can inhibit neuronal ferroptosis

after oxygen-glucose deprivation/reoxygenation ( OGD/R) by inducing FUNDC1 expression and regulating mitophagy thereby exerting
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neuroprotective effects. An in vitro model of neuronal ischemia—reperfusion injury was established with HT22 cells subjected to OGD/R.
The experiment consisted of three parts: (D control OGD/R ferrostatin-1 ( Fer-1) FUNDCI overexpression ( OV-FUNDC1)  and
OVFUNDCI+Fer-1 groups; @ control OGD/R  3-methyladenine ( 3MA an autophagy inhibitor) Sal and Sal+3MA groups; 3
control OGD/R Sal FUNDCI silencing ( SiFUNDC1) and Sal+Si-FUNDCI groups. In the first part of the experiment the survival
rate of cells in each group was detected by the CCK-8 assay and the protein levels of p62 microtubule-associated protein light chain
3 (LC3) acyl-CoA synthetase long-chain family 4 ( ACSL4) and glutathione peroxidase 4 ( GPX4) were measured by Western blot.
The results showed that compared with the control group the OGD/R group had down-regulated protein levels of p62 and GPX4 ( P<
0.05 P<0.01) and up—regulated protein level of ACSI4 ( P<0.01); compared with the OGD/R group the OVFUNDCI group
showed increased protein levels of LC3 and GPX4 ( P<0.05 P<0.01) and decreased protein levels of p62 and ACSI4 ( P<0.05 P<
0.01) . In the second part of the experiment after Sal intervention the protein levels of FUNDC1 p62 LC3 ACSI4 and GPX4
were determined by Western blot and changes in mitochondrial membrane potential were measured via JC-1. The results showed that
compared with the OGD/R group the Sal group had up-regulated protein levels of FUNDC1 LC3 and GPX4 ( P<0.01) down-
regulated protein levels of p62 and ACSI4 ( P<0.01) and increased mitochondrial membrane potential ( P<0.01) ; the 3MA group
showed decreased mitochondrial membrane potential ( P<0.01) . In the third part of the experiment after silencing of FUNDC1 the
intracellular Fe** content was measured via a ferrous ion assay kit; reactive oxygen species ( ROS) levels were measured by flow
cytometry; the mitochondrial function was assessed via MitoTracker Red; adenosine triphosphate( ATP) and glutathione ( GSH) levels
were detected using assay kits; the expression of ACSIL4 and GPX4 was detected by immunofluorescence; the protein levels of p62
LC3 ACSLA and GPX4 were measured by Western blot. The results showed that compared with the SiFUNDC1 group the Sal group
had decreased Fe®* concentration ( P<0.01)  reduced ROS level ( P<0.01) increased MitoTracker Red fluorescence intensity ( P<
0.01) and GSH content ( P<0.01) weakened ACSI4 fluorescence intensity ( P<0.01) enhanced GPX4 fluorescence intensity ( P<
0.01) up-regulated protein levels of L.C3 and GPX4 ( P<0.01) and down-regulated protein levels of p62 and ACSI4 ( P<0.01) .
This study reveals that FUNDCI may be a key protein linking mitochondrial autophagy and ferroptosis in neurons after ischemia—
reperfusion injury and Sal intervention can inhibit neuronal ferroptosis after ischemia—reperfusion by promoting the non-ubiquitinated
FUNDC1-dependent mitophagy pathway.
Key words  cerebral ischemia—teperfusion injury; mitophagy; ferroptosis; salidroside
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2 FUNDC1 p62.LC3.GPX4  ACSLA4 (xxs n=3)
Table 2 Proteins expression of p62 LC3 GPX4 and ACSIA in cells after overexpression of FUNDC1( x+s n=3)
p62/B-actin LC3/B-actin GPX4/B-actin ACSLA4/B-actin
Con 1. 000. 09 1. 00=0. 08 0.91=0. 05 1. 0020. 06
OGD/R 0.78+0. 10" 1. 11=0. 11 0. 56+0. 05 1.53+0.18%
Fer-1 0. 68+0. 08 1. 18+0. 03 0. 99+0. 13% 0. 690. 149
OVFUNDCI 0.510. 06% 1.52+0.03 9 0. 87+0. 09¥ 0. 68+0. 06
OVFUNDCI+Fer-1 0. 66+0. 05 1. 36=0. 07 0.99x0. 119 0. 58+0. 149
Fer-1 3 P<0.01,
3 (xxs

n=3)
Table 3 Effects of different concentrations of salidroside on via—

bility of normal cells( x+s n=23)

/umol + 17! 1%
0 100. 50+6. 21
25 97.48+8. 98
50 89. 68+4. 92
75 87.20+7. 81
100 87.55+5.39
200 93.64+7.71 3MA.3- (56 )o
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Table 4 Effects of different concentrations of salidroside on cell
viability after OGD/R treatment( x+s n=3) 3.5 OGD/R HT22 Jc-
ol L % OGD/R JC4 /
Con - 100. 10£6. 18 ( P<0.01)
OGD/R - 68. 64+3. 227 ;. OGD/R jc1 7/
Sal 25 82.81+3.86" ( P<0.01)
50 75.83+2. 88
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Table 5 FUNDCI p62 LC3 GPX4 and ACSI4 proteins expression of cells in each group( x+s n=3)
FUNDC1/B-actin p62/B-actin LC3/B-actin GPX4/B-actin ACSIA/B-actin
Con 0. 57+0. 03 1. 09+0. 04 0.57+0. 03 0.78+0. 04 0.95=0. 01
OGD/R 0. 50+0. 06 0. 96+0. 022 0. 50+0. 06 0.59+0. 02" 1. 0320. 06
Sal 1.03+0. 01% 0. 60+0. 03¥ 1.03+0.01% 0.92+0. 09% 0.70£0. 059
3MA 0. 67+0.01° 0. 92+0. 02° 0. 67+0. 01 0. 40+0. 04 1. 02+0. 09°)
Sal+3MA 0.79+0. 03 0. 74x0. 02 0.79+0. 03 0.63+0. 12 0. 83+0. 01
Sal 9 P<0.01(  6.7.10.11 ),
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4 ACSLA.GPX4 ( x400)
Fig.4 ACSL4 and GPX4 fluorescence intensity detected by immunofluorescence( x400)

11 ACSIA.GPX4 (x+s n=3)
Table 11  Comparison of ACSL4 and GPX4 fluorescence inten—

sity of cells in each group( #+s n=3)

ACSLA GPX4
Con 2 977430 19 289+400
OGD/R 15 699+391? 6 176+258?
Sal 7 969+262* © 14 884+403* ©
SiFUNDC1 21 943+441° 2 12942059
Sal+SiFUNDCI 11 810+252 10 883+224

2 OGD/R HT-22 M2

( M2-exos) HT-22
FUNDC1
o FUNDCI1 5 p62.LC3 . ACSL4. GPX4
o Fig.5 Bands of p62 LC3 ACSL4 and GPX4 proteins of cells
FUNDC1 HT22 OGD/R in each group
Fer- FUNDC1
LC3 ; FUNDC1 ( Fer-1) 2
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