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Abstract: This study aims to investigate the mechanism of the regulation of oxygen-glucose deprivation (OGD) in
PC12 cells by schisanlactone E (SE) via phosphatase and tensin homolog (PTEN)/mammalian target of
rapamycinm (mTOR)/hypoxia-inducible factor la(HIF-1a) pathway. In this study, OGD-PC12 cells models were
constructed in vitro, which were divided into control group (Con), OGD group, SE group, bisperoxovanadium
(Bpv) group, and Bpv+SE group. Relevant indexes were detected by thiazolyl blue staining (MTT) method, flow
cytometry, transmission electron microscopy, monodansylcadaverine (MDC), and western blot. The results
indicate that, compared to the OGD group, the SE group exhibited a marked improvement in cell survival rate
(P<0.01) and a corresponding decrease in apoptosis rate (P<0.01), both the SE and Bpv groups showed a reduction
in the number of autophagosomes and lysosomes (P<0.01), as well as a diminished fluorescence intensity of
autophagosomes (P<0.01), there was an elevation in the expression levels of sequestosomel (p62) and
p-mammalian target of rapamycinm (p-mTOR)/mTOR proteins (P<0.01 or P<0.05), the microtubule-associated
proteinl light chain 3-1I/I (LC3-II/LC3-I), recombinant beclinl(Beclinl), PTEN, and HIF-1a protein levels were
significantly decreased (P < 0.01). The Bpv+SE group showed a decrease in the number of autophagosomes and
lysosomes compared to the Bpv group (P<<0.01), the fluorescence intensity of autophagosomes also decreased (P
<< 0.01), while the expression levels of p62 and p-mTOR/mTOR proteins increased (P << 0.01 or P < 0.05).
Additionally, the expression levels of LC3-1I/LC3-1, Beclinl, PTEN, and HIF-1a proteins decreased (P<<0.01). At
a concentration of 0.1 umol/L, SE can achieve the optimal effect in protecting neurons from autophagic injury and
exert an inhibitory effect on OGD-PC12 cell autophagic damage. By adding PTEN inhibitor, mTOR can be
upregulated, leading to downregulation of HIF-1a. The combined use of SE and PTEN inhibitor shows more
significant effects. This study can provide a certain experimental basis for the research and development of local
natural ethnic products SE and its molecular mechanism against ischemic stroke (IS) ischemic injury. It also
accumulates experience in serving human health with local ethnic natural products and promoting local economic
development.
Key words: schisanlactone E; oxygen-glucose deprivation; cellular autophagy; PTEN/mTOR/HIF-1a; PTEN
inhibitor
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Fig. 2 Effects of different concentrations of SE on the survival rate of OGD-PC12 cells ( xts,n= 3)
VE: 5 Con ZHMEL, *P<0.01; 5 OGD 4k, *P<0.05, "P<0.01, FIH.,
Note: Compared with Con group, #P<0.01 ; Compared with OGD group,”P<0.05, **P<0.01, the same below.
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Fig. 3 Effects of different concentrations of SE on apoptosis rate of OGD-PC12 cells ( x+s, n=3)
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Fig. 4 Effects of SE and Bpv on the number of autophagosomes and autolysosomes in OGD-PC12 cells
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Fig. 5 Effects of SE and Bpv on the fluorescence intensity of autophagosomes in OGD-PC12 cells ( xts,n=3)
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Table 1 The fluorescence intensity of autophagosomes in OGD-PC12 cells ( xts,n=3)

Al PGS
Group Fluorescence intensity (FIU)
Con 12.28+1.03
OGD 122.66+0.79%
SE 73.96+0.62""
Bpv 106.70+0.77"
Bpv+SE 76.10+0.454 4
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Fig. 6 Effects of SE and Bpv on autophagy-related protein expression in OGD-PC12 cells ( x+s,n=3)
3 WHit5L

ISTELH S YE [l A I a1 BRI AR G4, LR R AMISE TR AR 08, ISH 0 BE AL
M TCHET:, P TTe N B By i L HO 20, 72 58 4 BREEUS L2 A it A B AN RT3t R 4
A R AL 200, P AR ) B O O PR 440 5 R B 1 R AR AR Y E B g A, AE
Mo UL E RO, BEFARHIRY, & 2 W] RE S e 2 IR AT VRSO h — PR A B R A
PRI SR, T KA 2 Bl S (e BE A AT .



PTEN 2 Z4 (0 fA10°5 LB RIBEIRIG 55Kk ) R I RIE AL R, RA B IR IRl K v, 7
RPN RGP 2 RIE), H S5IS% YIRS, PTENZmTOR M B i 5 A7, CHIE
W25 J R KA K RIS RER), mTORE — M 22 2 /77 2 IR e, £~ B e s £k
HEREH . mTOREMTORCIAMMTORC241 /%, mTORCIZ H LS HICHEE AR E &Y
A, HHE RN, i P mTORIE 2% AT HIOGD 5 3 (1 40 i 15 W20, 4 1 Wik 1 Th e e
£ 5 mTORFIHIF-1 038 #% 2 [0 25 V) HH 5261, HIF- 1o S Fa S O BSUR I A5 700, 78 B/ Bl i
IR 3 HFRIE, CIEISH I A3 2 ORI 2 (IR, §FFCR P8, HIF-1aft 311
HEES 5 T A TS S SR EA . LSRR, PTEN/mTOR/HIF-1af5 5 @ ¥ 7] fig
257 YA A R .

TRTVIEREE, ERMERE Rk, MESIREMACLKZ, AN k1
Kadsura heteroclita(Roxb)Craibffi 25, 153 kgt Z2M AR Hal $2 802 2 Hi 1 080 mg[#ISENe, 437
A NC30HuaOs, 73T EH468.67, HAMERIER, HTE R SERIR 7K 2 PS4
JrTil, FLAEIS b [ W7 T ORI b« B Al P S e B B s T AN B T

Bpvse — R RUMPTENSIH ). BFFRIE, M chits)s BWasioE, PTENSIH AT
DAAH g, AT R 2R 45 45 40 22 o6 4B S 290, PTENHI 1] 771 6 % 4171 il PTENFN S0 B Mg I AL
FE-3-3H§ (phosphatidylinositol 3-kinase, PI3K) /AKT/mTOR{E i@ H, MM E &
P i R 2 R R T I AR SR T, R EE ARG GRS R RO [ A B SR,
PTEN/mTORE 42 il 1L o453 5 /5 1) 4ok 28 JC A M AE T 8 G B2, K BRI v 3 ik A 2
BAY  PTENAI 1] 771 7] DAE i B0 mT ORI % sk /D> e i 4 o 437 49 15 - R A 42 e 4 M R BB T
S 3 P D BEAE AR AR 22

ARFFEE R ER, PCI241B50GDAIALL, 7ESE (0.001. 0.01. 0.1, 1 pmol/L) [T
T, IS RIER . VTR, IF HAE0.1 pmol/Lik FE N RENS R HE LA 4 It E Wi
RAENR . OGDALS ConfHAHLL, HWENMEIIRREAIEZ, HWZOEHE M, LC3-II/LC3-1.
Beclinl. PTEN. HIF-1a% (A& iE &I, p62. p-mTOR/mMTORZE & iA &/ . Hta i,
PC124H i /EOGD )= H M 5 . PTENER H3&E LTt i@ i APTENH 71 i — P WAIEPTEN
FEOGD-PCI124H g i (A FH K H 5 40 B WOk R . 45 R W, #0# PTEN J5 fg % i /b
OGD-PCI2 41 il [ W, F# K LC3-I/LC3-1. Beclinl < HIF-la 2 (1 £ ik =, 3 i p62 .
p-mTOR/mTORE (A F£ X & . U@ IMHIPTEN, 4kifi EimTOR, FifHIF-la. SEZ¥T
Pife, SPTENSMHIFIER A 25 XCR B &

Zi LTI, ISEAR B T B0 S s A B SR R ILAE TS, 1T H MEEIS S M 2 LR A



WO PR AR, 8 ] B T 2 AROGDE S A A5 . T [ RAEISHh 75 2 Bl
—RINE T TR, KEVHIRR AW SISKIARE . RIEEVIASS, (BRI
AU AR P)SE ] @ i PTEN/mTOR/HIF-1af5 5 1@ ¥ HLOGD A L B W4 17, &
A RS E T o ARRTONFZIR T RIRRIR Y, RITISBIva A BORIR IR TT Lo 5l
il ET R L, BRI RRN, B WEAEIS BFE I ALH R 28T 90, XIS Hil R IR T B A
SE AR

1 Zhang L,Bai XY,Sun KY.et al. A new perspective in the treatment of ischemic stroke:ferroptosis[J].Neurochem
Res,2024,49:815-833.

2 Feigin VL,Brainin M,Norrving B,et al. World Stroke Organization(WSO):global stroke fact sheet 2022[J].Int J
Stroke,2022,17:18-29.

3 Campbell BCV,Khatri P.Stroke[J].Lancet,2020,396:129-142.

4 Paul S,Candelario-Jalil E.Emerging neuroprotective strategies for the treatment of ischemic stroke:an overview
of clinical and preclinical studies[J].Exp Neurol,2021,335:113518.

5 Jiang S,Xu Y.Annexin a2 upregulation protects human retinal endothelial cells from oxygen-glucose deprivation
injury by activating autophagy[J].Exp Ther Med,2019,18:2901-2908.

6 Xie D,Deng T,Zhai Z,et al.The cellular model for Alzheimer's disease research:pcl2 cells[J].Front Mol
Neurosci,2022,15:1016559.

7 Peng ZJi D,Qiao L,et al.Autophagy inhibition by ATG3 knockdown remits oxygen-glucose
deprivation/reoxygenation-induced injury and inflammation in brain microvascular endothelial
cells[J].Neurochem Res,2021,46:3200-3212.

8 Liu D,Tang W,Zhang H.et al.Icariin protects rabbit BMSCs against OGD-induced apoptosis by inhibiting
ERs-mediated autophagy via MAPK signaling pathway[J].Life Sci,2020,253:117730.

9 Tao Z,JFeng C,Mao C,et al.Mir-4465 directly targets PTEN to inhibit AKT/mTOR pathway-mediated
autophagy[J].Cell Stress Chaperones,2019,24:105-113.

10 Wang Y,Mang X,Li D.,et al.Piezoeletric cold atmospheric plasma induces apoptosis and autophagy in human
hepatocellular carcinoma cells through blocking glycolysis and AKT/mTOR/HIF-1a pathway[J].Free Radic
Biol Med,2023,208:134-152.

11 Yu HH.Effect and mechanism of Tujia drug Xuetong against rheumatoid arthritis[D].Hunan:Hunan University

of Chinese Medicine(i# B H [25 25 K 2%),2017.



12 Cao L,Shehla N,Li B,et al.Schinortriterpenoids from Tujia ethnomedicine Xuetong-the stems of Kadsura
heteroclita[J].Phytochemistry,2020,169:112178.

13 Yu H,Fan J,Shehla N,et al. Biomimetic hybrid membrane-coated Xuetongsu assisted withlaser irradiation for
efficient rheumatoid arthritis therapy[J].ACS Nano,2022,16:502-521.

14 Su W.Study on chemical constituents and biological activities of chloroform parts of Xuetong[D].Hunan:Hunan
University of Chinese Medicine(i#] i H 5 % K %%),2016.

15 Wang W,Liu JZ,Ma XC,et al.Three new cyclolanostane triterpenoids from the ethanol extract of the stems of
Kadsura heteroclita[J].Helv Chim Acta,2006,89:1888-1893.

16 Wang W,Liu J,Han J,et al.New triterpenoids from Kadsura heteroclita and their cytotoxic activity[J].Planta
Med,2006,72:450-457.

17 Tian MZ,Long JX,Chen XY,et al.Effect of f-nicotinamide mononucleotide on autophagy in oxyglucose-
deprived PC12 cells[J].Nat Prod Res Dev(RIRF=*¥IHE 1 571 %),2024,36:260-267.

18 Zong P,Lin Q,Feng J.et al.A systemic review of the integral role of TRPM2 in ischemic stroke:from upstream
risk factors to ultimate neuronal death[J].Cells,2022,11:491.

19 Lipton P.Ischemic cell death in brain neurons[J].Physiol Rev,1999,79:1431-1568.

20 Stavoe AKH,Holzbaur ELF.Autophagy in neurons[J].Annu Rev Cell Dev Biol,2019,35:477-500.

21 Chen W,Sun Y,Liu K,et al.Autophagy:a double-edged sword for neuronal survival after cerebral
ischemia[J].Neural Regen Res,2014,9:1210-1216.

22 Shi GD,OuYang YPet al.PTEN deletion prevents ischemic brain injury by activating the mTOR signaling
pathway[J].Biochem Bioph Res C0,2011,404:941-945.

23 Xu W,Zhang M,Li Y,et al. YAP manipulates proliferation via PTEN/AKT/mTOR-mediated autophagy in lung
adenocarcinomas[J].Cancer Cell Int,2021,21:30.

24 Deleyto-Seldas N,Efeyan A.The mTOR-autophagy axis and the control of metabolism[J].Front Cell Dev
Bio0l,2021,9:655731.

25 Yu X,Wu H,Han L,et al.Wenyang-Yiqi Granule inhibits OGD-induced autophagy by activating mTOR
pathway[J].Faseb J,2019,33:471.28.

26 Chen G,Zhang W,Li YP,et al.Hypoxia-induced autophagy in endothelial cells:a double-edged sword in the
progression of infantile haemangioma?[J].Cardiovasc Res,2013,98:437-448.

27 He Q,Ma Y,Liu J,et al.Biological functions and regulatory mechanisms of hypoxia-inducible factor-la in

ischemic stroke[J].Front Immunol,2021,12:801985.



28 Lu N,Li X,Tan R,et al.HIF-1a/Beclinl-mediated autophagy is involved in neuroprotection induced by hypoxic
preconditioning[J].J Mol Neurosci,2018,66:238-250.

29 Yu H,Shao J,Huang R,et al.Targeting PTEN to regulate autophagy and promote the repair of injured
neurons[J].Brain Res Bull,2020,165:161-168.

30 Walker CL,Wu X,Liu NK,et al.Bisperoxovanadium mediates neuronal protection throughinhibition of P
TEN and activation of PI3K/AKT-mTOR signaling after traumatic spinal injuries[J].J Neurotraum,2019,

36:2676-2687.

Wk Hi: 2024-06-26 e H -

WHRES: MEE AR EEETHE (20200090500 ; HIEE EE &SRB EXETRHA
(HNJG-2022-0134) ; #F 72 A= 635 ML I 25381 (CX20230828) ; KA BIHT AL N2t (S202310541068 )

*E{E/E# E-mail: DKKTZTG@163.com



