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Protection and mechanism of oxygen glucose deprivation exposed astrocytes by
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[Abstract] Objective To analyze the protective effect and mechanism of nuclear factor-erythroid 2-
related factor 2 (Nrf2) signal pathway agonist tertiary butylhydroquinone (tBHQ) on astrocytes under oxygen
glucose deprivation (OGD). Methods Astrocytes were divided into 3 groups: the control group, the OGD
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group, and the tBHQ group. The cell proliferation activity after OGD and tBHQ intervention was assessed
using the CCK-8 assay. Oxidative stress levels were evaluated by measuring superoxide dismutase (SOD)
activity and malondialdehyde (MDA) content. The relative expression levels of pyroptosis - related genes
(Caspase-1, NLRP3, IL-1B, IL-18) and antioxidant-related genes (HO-1, NQOI) were detected using real
time fluorescent quantitative polymerase chain reaction (PCR). Results Significant differences were
observed among different treatment groups in cell proliferation activity (F = 8.676, P =0.003), SOD activity
(F=5.818, P=0.013), MDA content (F =9.049, P =0.004), relative expression of pyroptosis-related genes
Caspase-1 (F =17.926, P=0.003), NLRP3 (F =10.164, P =0.012), IL-1B (F =13.472, P =0.006), IL-18 (F =
8.292, P =0.019), and antioxidant-related genes HO-1 (F =30.468, P = 0.001), NQOI1 (F =29.621, P =
0.001). Compared with the control group, the OGD group exhibited reduced cell proliferation activity (¢ =
4.114, P =0.001) and SOD activity (1 =2.149, P = 0.029), increased MDA content (t = -2.852, P = 0.015),
upregulated expression of pyroptosis-related genes Caspase-1 (1 =-3.759, P=0.009), NLRP3 (t=-4.119, P=
0.006), IL-1B (t=-4.747, P = 0.003) and IL-18 (t =-3.122, P =0.021), and downregulated expression of
antioxidant-related genes HO-1 (1 =3.816, P =0.009) and NQOI (¢t =5.303, P =0.002). Following tBHQ
intervention, cell proliferation activity increased (t=2.621, P=0.019), SOD activity increased (¢=3.292, P =
0.005), MDA content decreased (1 =-4.160, P =0.001), expression of Caspase-1 (¢t =-5.916, P =0.001),
NLRP3 (t=-3.647, P=0.011), IL-1B (t=-4.193, P =0.006) and IL-18 (t=-3.825, P =0.009) decreased, and
expression of HO-1 (t=7.805, P =0.000) and NQOI (t=7.483, P =0.000) increased. Conclusions OGD
can suppress the expression of antioxidant-related genes HO-1 and NQOI, promote astrocytes pyroptosis and
oxidative stress, and inhibit cell proliferation activity. Nrf2 signal pathway agonist tBHQ can enhance the
expression of HO-1 and NQOI, reduce oxidative stress in OGD-exposed astrocytes, reverse pyroptosis, and
exert protective effects on the cells.

[Key words] Ischemic stroke; Cell hypoxia;  Glucose;  Astrocytes; NF-E2 -related factor 2;
Cell proliferation; Pyroptosis; Cells, cultured
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Table 1. Comparison of proliferation activity of astrocytes
among different treatment groups (x s, 0D,y ,.)

451 KL 2 o 334 57 9 FAH P
X B2 6 1.189 +0.058
U ) 2F 2 6 1.079 +0.043 8.676  0.003
tBHQ 21 6 1.149 £0.036

tBHQ, tertiary butylhydroquinone, BT RN Wy . The same for
Table 2
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Table 2. Pairwise comparison of proliferation activity of
astrocytes among different treatment groups
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Table 3. Comparison of SOD activity and MDA content
of astrocytes among different treatment groups (x +s)
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Table 4. Pairwise comparison of SOD activity and MDA

content of astrocytes among different treatment groups
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Table 5. Comparison of pyroptosis-related genes expression of astrocytes in different treatment groups (x +s)
21 5 FEAEL Caspase-1 NLRP3 IL-1B IL-18
X IR 41 3 1.000 +0.054 1.000 +0.022 1.000 + 0.055 1.000+0.110
SEE 25 4L 3 1.188 £0.082 1.144 £0.044 1.178 +0.033 1.244 +0.062
tBHQ 4H 3 0.893+0.038 1.017 £0.055 1.022 +0.047 0.949+0.103
F1H 17.926 10.164 13.472 8.292
P1H 0.003 0.012 0.006 0.019

tBHQ, tertiary bulylhydr()quin()ne,*#T%)(ifﬂ'i:@}o The same for tables below
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Table 6. Pairwise comparison of pyroptosis-related genes expression of astrocytes in different treatment groups
- Caspase-1 NLRP3 11-18 1L-18
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XFHEZH - tBHQ 4 2.157 0.074 -0.472 0.645 -0.554 0.600 0.703 0.508
AWEH Y - BHQA  -5.916 0.001 -3.647 0.011 -4.193 0.006 -3.825 0.009
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Table 7.

of astrocytes in different treatment groups (x £s)
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Comparison of antioxidant-related genes expression
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PAY 0.001 0.001 SFBERIZFAL  BHQZL  7.805  0.000 7.483  0.000

R 8  ANImI Ak BELH ALY B J5T 20 M A0 A A R DG B DA AR X
IR T Y LE AR
Table 8.

related genes expression of astrocytes in the different

Pairwise comparison of the antioxidant -

treatment groups
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SR 2 B T e IO 400 L 4 Ak L 9 B A T I T P AL
J& W ABHQ AT 30 % 00 1 25 LT I 0 240 Jif X it 48 Ak
HH O Jk DR 22 3K 0 52 W), 7R 98 0 B A Ak A OG 2k I
HO-1J2 NQOT 132 35 J& (BHQ 8 4 48088 3 ¢ BB e
O 240 it 4R A IO 3 R AR T I TR TE BIL A o

4 41 Jif 7 30 A Ak 7 U s Al SRR, Nef2 3
A B0 5 A0 M 5T A Keap 1 (945 1 iF A 41 I 0F 5 ARE
gif AR — RONPUEAL L S HO-1 3
PRl 2 Nrf2 i % B 28 H AR 52 2 —  Nef2 3 % 5 HO-1
P XIS ASS A Ll HEEEH T HO-1)R 8 71X,
& i HL A o | 3R W] Nef2 i B% ) 4R HO-1 8 1
A B o AR R — R G il Y BT I B, HO- 1 2R [ 43 i
I 218 A i — 48 A Bk (CO) IHZT 3R B k45 4R
7R, R R PR BT R AR . HO-1 8 H
AL PR T A DG ER HAY R 3K, W0 Bel-2 RIGE H
Caspase 3§ , il 98 7215 = F% S % 0 38005 , R FEHT
PR LAk, HO-1 2 7= 42 1) CO 38 1 5% i 28 7
(T 1 B2 ST NS S 110007 2 e Wb 4 Y 0 1
S5 4B /R Nef2 38 J 8 I iF HO-1 3L 3835 48 bt
SACHLE A BY T30 4 i £ 1. NQOT EEH IR R
Nrf2 3 % (1 H AR FE R, 7E Bt A A ML b & 35 2 0 T
ZAEM o NQOT B X 1 57 9 it — Fb B A5 Bt A6/
(4 1, 2 5 98 15 20 P 4R AR 3 DT A 5 AT A T A4 i
W2 A AL Y dn s k28 A5 W, A BT B AL
W, SR AR, B R U 407 5 38 T 38 B Caspase
Z 5T M AT . Caspase & $UAT 40 M 08 - 19 4%
OB, 2 540 MPATHTE S Y. NQOT
F A E A0 A2 Nof2 38 P 14 RS B I8 455, Nef2 38 3% 80 I
HEAMMEAZ G, 5 NQOT VAR X AL A 2 #E NQO T
B 5% ORI NQO L 2 A A, LA i At i 4 Ak g
U R R AT 4 R B, Nef2 38 H3 8h )  BHQ il
P HO-1 FINQO T HE PR 338 A7 8080 5% A Ak
RN A BT A 4 AR T

AR B 538 5 4 o T I O 2 i AR R < AR A
PRI Nref2 18 38 3h 7 (BHQ 78 U 5 20 i 4816 1% 84 A

BT E 8 R P A AL AR DGR I HO-1 FINQO I
() O T VE T, S Nef2 3 5% 70 i 2 4 3 b i 0
TE R FHANAE L Stk it P4 4 v (4 40 S0 R o7 42 10T 1Y
BB o SRTASBIE ST Ry AR A1 S50, 08 75 2l P 455 18 R I
IROF S — 20 500k o )5 20 50 ml ok 4 i 3l
B, HE— 2P 52 38 s i M A P S Nef2 3l AL ) F
G, 0 Il R B A B A R S

Flamoe &

2 £ x #t

[1] Dunbar M, Kirton A. Perinatal stroke[J]. Semin Pediatr Neurol,
2019, 32:100767.

[2] Wei B, Huang J, Zhang Y, Hu X, Ma C, Li Y, Chen P.
Restoration of RECK expression attenuates liver fibrosis
induced by carbon tetrachloride through the Nrf2-MMP9 axis
[J]. Int Immunopharmacol, 2024, 143(Pt 2):113475.

[3] Bersano A, Gatti L. Pathophysiology and treatment of stroke:
present status and future perspectives[J]. Int J Mol Sci, 2023,
24:14848.

[4] Orellana - Urzta S, Rojas I, Libano L, Rodrigo R.
Pathophysiology of ischemic stroke: role of oxidative stress[]J].
Curr Pharm Des, 2020, 26:4246-4260.

[5] Huang CY, Chiang WC, Yeh YC, Fan SC, Yang WH, Kuo HC,
Li PC. Effects of virtual reality-based motor control training on
inflammation, oxidative stress, neuroplasticity and upper limb
motor function in patients with chronic stroke: a randomized
controlled trial[ J]. BMC Neurol, 2022, 22:21.

[6] Sanghvi VR, Leibold J, Mina M, Mohan P, Berishaj M, Li Z,
Miele MM, Lailler N, Zhao C, de Stanchina E, Viale A, Akkari
L, Lowe SW, Ciriello G, Hendrickson RC, Wendel HG. The
oncogenic action of NRF2 depends on de -
fructosamine-3-kinase[ J]. Cell, 2019, 178:807-819.

[7] Li C, Fan J, Sun G, Zhao H, Zhong X, Huang X, Zhu X, Qi X.

Nrf2 pathway activation promotes the expression of genes

glycation by

related to glutathione metabolism in alcohol-exposed astrocytes
[J]. Peer], 2024, 12:e17541.

[8] Wang L, Zhang X, Xiong X, Zhu H, Chen R, Zhang S, Chen G,
Jian Z. Nrf2 regulates oxidative stress and its role in cerebral
ischemic stroke[ J]. Antioxidants (Basel), 2022, 11:2377.

[9] Patabendige A, Singh A, Jenkins S, Sen J, Chen R. Astrocyte
activation in neurovascular damage and repair following
ischaemic stroke[J]. Int J Mol Seci, 2021, 22:4280.

[10] Xu S, Lu J, Shao A, Zhang JH, Zhang J. Glial cells: role of the
immune response in ischemic stroke [J]. Front Immunol, 2020,
11:294.

[11] Liu H, Wu X, Luo J, Wang X, Guo H, Feng D, Zhao L, Bai H,
Song M, Liu X, Guo W, Li X, Yue L, Wang B, Qu Y.
Pterostilbene attenuates astrocytic inflammation and neuronal
oxidative injury after ischemia-reperfusion by inhibiting NF-kB
phosphorylation[ ] ]. Front Immunol, 2019, 10:2408.

[12] Hao L, Zhang A, Lv D, Cong L, Sun Z, Liu L. EGCG activates
Keap1/P62/Nrf2 pathway, inhibits iron deposition and apoptosis
in rats with cerebral hemorrhage[ﬂ. Sci Rep, 2024, 14:31474.

[13] Kim EN, Trang NM, Kang H, Kim KH, Jeong GS. Phytol
suppresses osteoclast differentiation and oxidative stress through
Nrf2/HO-1 regulation in RANKL-induced RAW264.7 cells[J].
Cells, 2022, 11:3596.

[14] Feng Y, Cui R, Li Z, Zhang X, Jia Y, Zhang X, Shi J, Qu

K, Liu C, Zhang J. Methane alleviates acetaminophen -



440 - o PR A 2 24 2025 4F 5 A 45 25425 5] Chin J Contemp Neurol Neurosurg, May 2025, Vol. 25, No. 5

induced liver injury by inhibiting inflammation, oxidative
stress, endoplasmic reticulum stress, and apoptosis through
the Nrf2/HO-1/NQO1 signaling pathway[J]. Oxid Med Cell
Longev, 2019:ID7067619.

[15] Sun YY, Zhu HJ, Zhao RY, Zhou SY, Wang MQ, Yang Y, Guo

ZN. Remote ischemic conditioning attenuates oxidative stress
and inflammation via the Nrf2/HO -1 pathway in MCAO mice
[J]. Redox Biol, 2023, 66:102852.

[16] Liu D, Wang H, Zhang Y, Zhang Z. Protective effects of

chlorogenic acid on cerebral ischemia/reperfusion injury rats by

regulating oxidative stress-related Nrf2 pathway[J]. Drug Des

Devel Ther, 2020, 14:51-60.

[17] Lu Q, Zhang Y, Zhao C, Zhang H, Pu Y, Yin L. Copper

induces oxidative stress and apoptosis of hippocampal neuron
via pCREB/BDNF/ and Nrf2/HO-1/NQO1 pathway[J]. J Appl
Toxicol, 2022, 42:694-705.

[18] Ross D, Siegel D. The diverse functionality of NQOT and its

roles in redox control[ J]. Redox Biol, 2021, 41:101950.

[19] Drolet J, Buchner-Duby B, Stykel MG, Coackley C, Kang JX,

Ma DWL, Ryan SD. Docosahexanoic acid signals through the
Nrf2 - Nqol pathway to maintain redox balance and promote
neurite outgr()wth[ﬂ. Mol Biol Cell, 2021, 32:511-520.
Clicis H 99:2025-01-16)
(R SCH B RATF S

H 5 32 X R % 1A 3R (1 )

ANTLHfE artificial intelligence(AI)

—YERf ] KB  three-dimensional time-of-flight(3D-TOF)
5% F A 4E disability adjusted life year( DALY )
WRES>]  deep learning(DL)

P& HHEE  neurofilament light chain(NfL)
MM G neurovascular unit(NVU)
2855 S MLAS A A A A

STandards for Reportlng Vascular changes on nEuroimaging

(STRIVE)
MR win ratio(WR)
WAL APE > Visual Analog Scales(VAS)
S LARRAE I 22
receiver operating characteristic curve(ROC [lil] &)

LIRS B e

damaged-associated molecular patterns(DAMP)
fi2- L7 fetal bovine serum(FBS)
B2-H#EEH 1 B2-glycoprotein 1(p2-GP1)
BEAL ML E 1 glycosylated hemoglobin(HbA1c)
PEILHE AR BELEE  elycosylphosphatidylinositol (GPT)
M JEAK impaired glucose tolerance(IGT)
FET XK Z W tertiary butyl hydroquinone(tBHQ)
S PTG Bl 4F O R

Activities-Specific Balance Confidence Scale( ABC)
REFEHC  body mass index(BMT)
[A B P e 22 homocysteine(Hey)
W S0 FE AL R T ) 2 4K

receptor for advanced glycation end product(RAGE)
M FE5  microembolic signals(MES)
TCAE ARAE PP Y i

asymplomalic intracranial hemorrhage(asICH)
AN {425 PAS0  cytochrome P450(CYP450)
MM ARFE T extracellular matrix(ECM)

- )~ ] L -

ZIN Sl I A A R /N 1 A8

arteriosclerotic cerebral small vessel disease(aCSVD)

oL 3 M) R JOR D % v i) A B

midregional pro-atrial natriuretic peptide(MR-proANP)

DR PEREZE  cardiac embolism(CE)
BAIF|JREMAK  B-type natriuretic peptide( BNP)
A8 P AR P

vascular endothelial growth factor( VEGF)

1% NIEIT  endovascular treatment(EVT)
M55 E % -2 angiopoietin-2( Ang-2)

M3 PESIR% vascular dementia( VaD)
M/NRAT A A KA -G

platelet-derived growth factor CC(PDGF-CC)

EHEF|ZF oxygen glucose deprivation(OGD)
Toll £ 3Z4&  Toll-like receptor( TLR)
9 A% M P R A 5K A

hereditary hemorrhagic telangiectasia( HHT)

FadEPERE Y cryptogenic stroke(CS)

HNEEH B apolipoprotein B(ApoB)

B ZINEEEAL  early neurologic deterioration(END)
WL diagnostic odds ratio( DOR)

R T I45 %0 Oscillatory Shear Index(OSI)

AR it P A 1

symptomatic intracranial hemorrhage (sICH)

YHRNTEMEAE in-stent restenosis(ISR)
e PR 0 B T A OC i B is 2R

neutrophil gelatinase-associated lipocalin(NGAL)

Uk R JER S I subarachnoid hemorrhage(SAH)
EMMHE M subjective visual vertical(SVV)
S E L total cholesterol(TC)

HAEHB B cathepsin B(CTSB)

HAVRIFE IR BE YY) tissue plasminogen activator(t-PA)



