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(GPX4) % & # &34 (P<0.05 3 P<0.01), Z5if VTM *T4p4) U251 2u fbed 32 75, 4T3t 2w i 1 ROS A= Fe* 89 & A7, A i F-4k st T,
LR AR R T A% 5 9845 Nrf2/HO-1/GPX4 45 5 i@ 3% A %

KB BB I G A T AR R R T A & 2AB K B T 2/ 4 F Am BB 1/ B kL RAL A B 445 5 8 54

Effects and mechanism of veratramine on the proliferation of human glioblastoma U251 cells
CAO Zizhen, ZHANG Lin, FU Ruogqiu, ZHAO Yibo, CHEN Xiang, CHEN Jianhong (Dept. of Pharmacy, Army
Medical Center of PLA, Chongging 400042, China)

ABSTRACT OBJECTIVE To explore the effects and potential mechanism of veratramine (VTM) on the proliferation of human
glioblastoma U251 cells. METHODS The network pharmacology methods were adopted to screen the targets of ferroptosis related
to the effects of VIM on glioblastoma, and to conduct gene ontology and Kyoto Encyclopedia of Genes and Genosomes
enrichment analysis. Using U251 cells as the object, CCK-8 assay, the observation of cell morphological changes, DCFH-DA
fluorescence probe method, FerroOrange fluorescence probe method and Western blot assay were used to validate the inhibitory
effects of VTM on U251 cell proliferation and its possible mechanism. RESULTS Totally 462 targets of ferroptosis related to the
effects of VIM on glioblastoma were screened out; they mainly enriched in biological processes such as oxidative stress and
apoptosis, and cellular components such as cytoplasmic vesicles and mitochondrial membranes; they affected molecular functions
such as iron ion (Fe*) binding and DNA transcription processes, as well as iron death and phosphoinositide 3-kinase/protein kinase
B signaling pathways. VTM with 40, 60, 80, 100, 120 and 140 pwmol/L could significantly reduce the cell survival rate (P<<
0.01) ; VIM with 40, 80 and 120 wmol/L could cause cell atrophy and nuclear fragmentation, significantly inhibit the clone
formation, increase the levels of intracellular reactive oxygen species (ROS) and Fe* levels, increase the expressions of nuclear
factor-erythroid 2-related factor 2 (Nrf2) and heme oxygenase 1 (HO-1) protein to different extents, while down-regulate the
expression of glutathione peroxidase 4 (GPX4) protein (P<<0.05 or P<<0.01). CONCLUSIONS VTM can inhibit the proliferation
of U251 cells, and promote the accumulation of intracellular ROS and Fe*, thus inducing ferroptosis; its mechanism might be
related to the regulation of the Nrf2/HO-1/GPX4 signaling pathway.
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JB2 J5 B 4 1 74 (glioblastoma, GBM) X FREMEE BT WX M2 SR GERR B 33% , BAT BRI i BOER S |
R R G WA IS R IR, A BT R R BET, GBM I RIAYT LA ARG
SR G T B S A P AL Gy 7k o L HI% 7k

ABESTE ERWUF R AT IR DB /R 5 H (No. N E}i@ﬁ, ‘%%%ﬁf%/fkﬁﬁﬁgjﬂ%ﬁ}aﬁ%m, Jﬂﬁiﬂ
YKCSZ23057) ; TP LA A: Z h B 25RHEI H (No.ZY201801004) T o T S N

— 25 i, Hii g2 oo G252 E-mail: : ‘ )\ P = :
1129425::835(?; ;’;Ufﬁ RO TR A el UEAER | TR 7= W) 7 o Je A 5% 4008k 0 Y 1 o A
. 255 = . N N .

# B EALLHIT, SO Wtk BB, BFS0 T « fomh ik @L%f' i ( Veraiamlne;VT‘M ) jy fi 1@%@@%&% ,
S A THUR KSR 25 IR i 02368746056, E- = H o PHEMIZE P RUA ORI Z — o IRSMIFFEIRI,
mail: chenjh-110@263.net VTM A 38 43375 S g 4 B B s O TSl il a0

- 2734 - China Pharmacy 2023 Vol. 34 No. 22 HHEZ G 202345 34 555 22 1



BRAE T I — ol H AR R i J5 7% 1k 4 (reactive oxygen
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GO HIKEGG & 4/ Hr 45 R . 7n , VIM 1 Hil GBM
WK Z G T, b S AN RSB T AE S Y
HEZSETT . T 0 AT e 5 AL VI RSt T3
FH 5 B9 45 538 5 Nrf2/HO-1/GPXA® W 5 2L biF 52 Y
gy

China Pharmacy 2023 Vol. 34 No. 22 + 2735 -



response to oxidative stress

cellular response to chemical stress
response to nutrient levels

cellular response to oxidative stress
response to oxygen levels

neuron death

response to decreased oxygen levels
regulation of neuron death
regulation of apoptotic signaling pathway
response to hypoxia

response to metal ion

cellular response to external stimulus
response to reactive oxygen species
cellular response to oxygen levels

cellular response to decreased oxygen levels

focal adhesion
cell-substrate junction
vesicle lumen

secretory granule lumen
cytoplasmic vesicle lumen
membrane raft

membrane microdomain
organelle outer membrane
outer membrane

cytosolic ribosome
melanosome

pigment granule
ficolin-1-rich granule lumen
small ribosomal subunit

cytosolic small ribosomal subunit

DNA-binding transcription factor binding
RNA polymerase I -specific DNA-binding
transcription factor binding

ubiquitin-like protein ligase binding

ubiquitin protein ligase binding
DNA-binding transcription activator activity,
RNA polymerase I -specific

DNA-binding transcription activator activity
cadherin binding

protein serine/threonine kinase activity
cytokine activity

cytokine receptor binding

transcription coregulator binding

iron ion binding

p53 binding

antioxidant activity

type | interferon receptor binding

AL R
® 10
® 50
@60
@0

P

4.06%107%
3.05%10°%
2.03X107%
102X 107

6.43Xx107"

A.BP

0.100

0.125
[2g =i

0.150

AL
® 20
@30
@0
@50

P -8
8.0X10
6.0x10°°
4.0X107°
2.0X10°°

0.04

B.CC

0.06

0.08

0.10

WAL L

B
e 10
® 20
® 30
@0
@50

P

1.0X107°
5.0X107"

0.025 0.050 0.075 0.100 0.125
AL T

C.MF

1 VIMFHFIGBM I GOhEES

SERSBE(E

EEE A LHEAR 154L)
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K FI DCFH-DA GRS TR . BBOWHAE K
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